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Obesity is the most prevalent chronic disease in the pediatric population. Despite continued efforts to prevent obesity in the population, obesity rates continue to climb, and there has been a dramatic increase in severe obesity (body mass index (BMI)>/=40). With the current concerns about obesity and adiposity related conditions on the health and quality of life, we should have treatment options that serve to reduce this burden on the patient population to improve morbidity and mortality. We need treatment options that are intensive, prescriptive, or deliverable in multidisciplinary settings (i.e. family, school, and medical environment).
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Editorial on the Research Topic
 Pediatric Obesity: A Focus on Treatment Options



Obesity is the most prevalent chronic disease in the United States with 17.8% of youth aged 2–19 with obesity and 5.8% with severe obesity (1). In 2015, it was noted that the average weight of children had risen an average of more than 5 kg within 3 decades, but it is also noteworthy that low-income and middle income countries have reported similar or even more rapid increases in the prevalence of obesity (2, 3). While it is important to continue efforts to promote prevention of obesity in children and adolescents, we must ensure that efforts also target the treatment of obesity to ensure that gains in life expectancy throughout the world do not decline due to the deleterious impacts of this chronic disease of obesity. Our issue seeks to address issues surrounding treatment of obesity in the pediatric population.

In our topic, there are three reviews on: (1) genetics and the role it plays in obesity, (2) vascular disease and atherosclerosis and its role in fatty liver in the pediatric population, and (3) the role of pediatric obesity in eating disorders. Genetics play a large role in the development of obesity, but its role in common (multifactorial/polygenic) obesity is less pronounced than in persons with monogenic and syndromic obesity (4). Mǎrginean and colleagues review genetic and obesogenic environmental factors and the roles they play in the prevalence of childhood obesity in their review, Mǎrginean et al. In Karjoo seeks to discern if there is a correlation between atherosclerosis and fatty liver disease in adolescents due to the early incidence of these entities in children and adolescents. Finally, De Giuseppe and colleagues evaluate the impact of multi-disciplinary treatment of eating disorders to decrease obesity in this population in De Giuseppe et al.

With the rise in obesity in the pediatric population, are patients being adequately referred for management of their obesity? Imoisili and colleagues seek to provide insights about childhood obesity referral types as it relates to clinicians, clinical practice, and patient characteristics in Imoisili et al. When pediatric patients with overweight and obesity are evaluated, is there a clear algorithm that clinicians may follow to ensure standardized care? Cuda and Censani present a pediatric algorithm for the care of patients with obesity in Cuda and Censani.

In Schumaker and Censani present the case of a 10 year old male with severe obesity who presented with growth failure and excessive weight gain and treatment strategies for the care of this patient. Outside of behavioral and lifestyle therapies, there is often minimal use of evidence-based treatments for pediatric patients with obesity in the US and around the world. In Fox and Kelly demonstrate the utility of weight loss medications in the treatment of obesity in the pediatric population. Dr. Campoverde Reyes and colleagues evaluate weight loss surgery utilization in adolescents and young adults in several academic institutions in Campoverde Reyes et al. to ascertain whether the most effective treatment for moderate to severe obesity, metabolic and bariatric surgery, is utilized in the patients most likely to garner benefit. When metabolic and bariatric surgery is utilized in adolescents and young adults, it is important to recognize that there is often an overestimation of resting energy expenditure (REE), a tool that may be utilized to govern behavioral strategies in the postoperative setting, as noted by Rickard et al.

It is well-known that racial and ethnic minority populations have disproportionately higher levels of obesity and subsequent lower levels of treatment compared to majority populations (5). As such, Srivastava and colleagues evaluated the feasibility of shared medical appointments (SMA) in African-American families with obesity in an urban safety net hospital in their original research, Srivastava et al. Thornton and colleagues also evaluated chronic disease management for diseases such as obesity in families and how it plays a role in adolescent family members and their health behaviors in Thornton et al. Finally, Showell and colleagues sought to examine the association between neighborhood factors and obesity in overweight in racial and ethnic minority preschool children in Showell et al.

With this issue, Stanford and Fitch we have presented a wide spectrum of work surrounding the diagnosis and treatment of obesity in diverse pediatric populations. Much is needed to ensure that children, adolescents, and young adults receive adequate care for overweight or obesity.
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Background: Childhood obesity care management options can be delivered in community-, clinic-, and hospital-settings. The referral practices of clinicians to these various settings have not previously been characterized beyond the local level. This study describes the management strategies and referral practices of clinicians caring for pediatric patients with obesity and associated clinician characteristics in a geographically diverse sample.

Methods: This cross-sectional study used data from the DocStyles 2017 panel-based survey of 891 clinicians who see pediatric patients. We used multivariable logistic regression to estimate associations between the demographic and practice characteristics of clinicians and types of referrals for the purposes of pediatric weight management.

Results: About half of surveyed clinicians (54%) referred <25% of their pediatric patients with obesity for the purposes of weight management. Only 15% referred most (≥75%) of their pediatric patients with obesity for weight management. Referral types included clinical referrals, behavioral referrals, and weight management program (WMP) referrals. Within these categories, the percentage referrals ranged from 19% for behavioral/mental health professionals to 72% for registered dieticians. Among the significant associations, female clinicians had higher odds of referral to community and clinical WMP; practices in the Northeast had higher odds of referral to subspecialists, dieticians, mental health professionals, and clinical WMP; and clinics having ≥15 well child visits per week were associated with higher odds of referral to subspecialists, mental health professionals, and health educators. Not having an affiliation with teaching hospitals and serving low-income patients were associated with lower odds of referral to mental health professionals, and community and clinical WMP. Compared to pediatricians, family practitioners, internists, and nurse practitioners had higher odds of providing referrals to mental health professionals and to health educators.

Conclusion: This study helps characterize the current landscape of referral practices and management strategies of clinicians who care for pediatric patients with obesity. Our data provide insight into the clinician, clinical practice, and reported patient characteristics associated with childhood obesity referral types. Understanding referral patterns and management strategies may help improve care for children with obesity and their families.

Keywords: pediatric obesity, obesity management, weight management programs, clinician referrals, clinician characteristics

INTRODUCTION

Childhood obesity is a serious health problem associated with both physical and psychological consequences, including hypertension, hyperlipidemia, insulin resistance, asthma, weight stigma, and bullying, among others (1–6). Approximately 18.5% of children ages 2–19 in the United States have obesity (body mass index [BMI] kg/m2 ≥95th percentile for age and sex) (7), and childhood obesity tracks into adulthood (8). Among children with obesity, reductions of BMI in childhood might decrease the risk of developing insulin resistance, dyslipidemia, and hypertension (9, 10), as well as have positive benefits for psychological well-being (11). To treat childhood obesity, coordinated action is needed in the places where children live, learn, and play. With 13.7 million U.S. children aged 2–19 already living with obesity (7), weight management services can help children achieve and maintain a healthy weight, and promote behavior change (12). A collective, multidisciplinary approach will likely require childhood obesity treatment and care management options delivered in community venues, clinics, and hospital-based settings, and involve different types of healthcare providers (13–16).

Clinical guidelines and recommendations exist to support childhood obesity prevention and management by healthcare providers, including the 2007 Expert Committee Recommendations Regarding the Prevention, Assessment, and Treatment of Child and Adolescent Overweight and Obesity (17), the 2017 Screening for Obesity in Children and Adolescents United States Preventive Services Task Force (USPSTF) Recommendation Statement (18), and the 2017 Endocrine Society Clinical Practice Guideline on Pediatric Obesity—Assessment, Treatment, and Prevention (19). Commonalities of these recommendations are that children be screened for obesity using BMI, and that children with obesity be referred to programs or services for the purpose of weight management. The Expert Committee recommendations promote staged prevention and treatment pathways, and the Endocrine Society also delineates clinical steps for management, whereas the USPSTF provides sufficient evidence to recommend children with obesity be referred to comprehensive behavioral interventions with moderate to high intensity, in order to promote a healthy weight status.

The implementation of these recommendations in practice likely vary, depending on factors, such as patient sociodemographics, intervention setting, payer type, and other key factors (13, 20–24). For example, referrals for pediatric weight management may include primary care providers, subspecialty providers, registered dietitians, physical or exercise therapists, health educators, behavioral counselors, mental health professionals, comprehensive, multidisciplinary pediatric weight management programs, and others. Such professionals are recognized as potential healthcare providers for children with obesity in the aforementioned recommendations. Children might also be referred to clinical subspecialists for management of comorbidities associated with obesity (25), such as those requiring management by endocrinologists or gastroenterologists due to comorbidities, such as type 2 diabetes, nonalcoholic fatty liver disease or gastroesophageal reflux disease (19, 26). Due to a lack of data beyond the local level, the current landscape of referral practices and management strategies for childhood obesity in the United States is not well understood. Exploring data that have more geographic diversity may be helpful in understanding the uptake of evidence-based practices regarding the management of childhood obesity across the nation. This paper aims to describe the management strategies and referral practices of clinicians who care for pediatric patients with obesity. We also explore clinician characteristics associated with these referrals.

METHODS

Design

This cross-sectional study used data from the 2017 DocStyles survey, a web-based panel survey of U.S. clinicians designed to further understand healthcare provider practices. DocStyles survey is administered by Porter Novelli Public Services, a public relations and social marketing firm.

Study Sample

Respondents were sampled from the SERMO Global Medical Panel—a global market research provider (27). From the SERMO panel, which included 51,000 primary care providers (PCPs, including internists), 12,700 Pediatricians, and 2,400 Nurse Practitioners, Porter Novelli set sample size quotas that included 1,000 primary care physicians (including family practitioners and internists), 250 pediatricians, 250 obstetrician/gynecologists, 250 nurse practitioners, 250 oncologists, 150 retail pharmacists, and 100 hospital pharmacists. When comparing physician respondents from DocStyles survey 2017 to physicians in the American Medical Association Physician Master File, survey respondents were more male (69.6 vs. 58.0%), slightly older (48.1 vs. 47.0 years), and practiced for a shorter duration (17.6 vs. 19.3 years). From June 8th to August 9th, 2017, responses were obtained (28). Panelists were verified via a double opt-in sign up process with telephone confirmation at their place of work. An honorarium of $23–$85 was paid to respondents for completing the survey, and was determined by the number of questions they were asked to complete.

Eligibility criteria for DocStyles survey 2017 included clinicians within the United States who have actively seen patients for at least 3 years in an individual, group, or hospital practice. There were 2,260 clinicians who completed the survey (Figure 1). For this particular analysis, questions were only asked of pediatricians, internists, family practitioners and nurse practitioners (n = 1,509). Furthermore, use of skip patterns narrowed the respondents to clinicians who reported caring for pediatric patients (age ≤ 17 years; n = 1,023). The final analytic sample consisted of 891 respondents, as 132 clinicians (12.9%) had missing data on referral to weight management programs for childhood obesity. These clinicians who were excluded from this study due to missing data did not differ by demographics, but differed by specialty [higher proportion of internists (27 vs. 13%) and nurse practitioners (27 vs. 15%)] and work setting [higher proportion of inpatient clinicians (23 vs. 5%)]. The CDC licensed the results of the DocStyles 2017 survey post-collection from Porter Novelli. Since personal identifiers were not included in the data files, IRB approval was not needed for this project because CDC was not engaged in human subjects research.
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FIGURE 1. Analytic sample flow chart for DocStyles survey, 2017.



Outcome Measures

The primary outcomes for this analysis were clinician referrals to clinical specialists, behavioral specialists, and Weight Management Programs. The questions to clinicians were presented as follows: “The next few questions are about your referral practices for children with obesity (i.e., BMI ≥95th percentile). Among your patients aged 6–18 years with obesity, approximately what percentage do you refer to services or programs for the purpose of weight management?” Respondents provided a numeric value from 0 to 100. Subsequently, clinicians were asked: “What action(s) do you typically take for children with obesity (i.e., BMI ≥95th percentile) for the purpose of weight management?” Respondents could select all relevant options, which were not mutually exclusive. Response choices included: (1) Schedule a follow-up visit for obesity, or referral to (2) a subspecialty, such as endocrinology or gastroenterology; (3) a registered dietitian; (4) a behavioral/mental health profession; (5) a health educator/coach (6) a community-based weight management program/organization (e.g., YMCA, Weight Watchers); and (7) a clinic- or hospital-based weight management program/organization. Based on the response options, the main outcome variables for the analysis were the percentage of patients with obesity referred for services, and the types of referrals that clinicians typically made for children with obesity. Scheduling for a follow-up visit was considered a management strategy, while the other options were considered to be referrals.

Covariates

Covariates for these analyses were grouped into clinician, clinical practice, and reported patient characteristics. Clinician characteristics included clinician age (<45 or ≥45 years), gender (male and female), and race/ethnicity (non-Hispanic white, non-Hispanic Asian, and other). Age categories were determined by prior studies (29, 30) and respondent distribution. Clinical practice characteristics were comprised of practice location Census region (Northeast, South, Midwest, West), medical specialty (family practice, internal medicine, pediatrics, nurse practitioner), primary work setting (inpatient, individual outpatient, or group outpatient), teaching hospital privileges (yes or no), and number of well-child visits per week (<5, 5–14, or ≥15 visits, reported as a continuous variable, and categories were determined by distribution of the data). Clinicians reported on two characteristics of their patient population: income and weight status. They were asked to select the income category that best described the approximate household income of the majority of their patients. These responses were subsequently grouped into three categories based on distribution of the sample, and included low-income (<$50,000), middle-income ($50,000– <$100,000), and high-income (≥$100,000). Respondents also reported what percentage of their pediatric patients had obesity; these were categorized as <10, 10– <20, 20– <40, and ≥40% based on the data distribution.

Statistical Analysis

SAS version 9.4 (SAS Institute Inc., Cary, North Carolina) was used to perform statistical analyses. Crude associations between reported referral and personal, clinical practice, and patient characteristics were assessed by chi-squared tests; the criterion for statistical significance was p < 0.05. A multivariable logistic regression model estimated the adjusted odds ratios (aOR) and 95% confidence intervals (CI) for characteristics associated with referral. All covariates (i.e., clinician, clinical practice, and reported patient characteristics) were included in one model after a diagnostic assessment did not reveal significant collinearity between variables.

RESULTS

Table 1 shows the clinician, clinical practice, and patient characteristics of the 891 clinicians in the analytic sample. The majority of respondent clinicians were white non-Hispanic (73%) and worked in a group outpatient setting (76%). Just over half of clinicians (54%) reported referring less than a quarter of their pediatric patients with obesity for the purposes of weight management (Figure 2). Additionally, 15% reported referring 25– <50% of their pediatric patients with obesity, and 17% referred 50– <75% of their pediatric patients. Only 15% referred ≥75% of their pediatric patients with obesity for weight management.


Table 1. Characteristics of clinicians who see children, clinical practice, and patients, DocStyles survey 2017 (N = 891).
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FIGURE 2. Percentage of clinicians who refer pediatric patients with obesity for weight management services, DocStyles survey 2017 (N = 891).



Over two-thirds of clinicians (68%) scheduled pediatric patients for follow-up visits (Table 2). The most common clinical referral reported was to a registered dietitian (72%), followed by referral to a subspecialist (27%). The most common behavioral health referral was to a health educator/coach (26%) followed by behavioral/mental health professional (19%). Finally, approximately one-third of clinicians referred their pediatric patients with obesity to weight management programs, whether community-based (35%) or hospital/clinic-based (32%) (Table 2).


Table 2. Characteristics of clinicians, clinical practice, and patients associated with referral practices, DocStyles survey 2017 (N = 891)a.
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When we examined clinician characteristics, odds of clinical referrals to subspecialists were lower among clinicians ≥45 years of age (aOR = 0.7, 95% CI = 0.5–1.0) compared to clinicians < 45 years (Table 3). Female clinicians had higher odds of referral to both community- and clinic/hospital-based weight management programs (aOR = 1.4, 95% CI = 1.0–2.0, and aOR = 1.5, 95% CI = 1.1–2.1, respectively).


Table 3. Adjusted Odds Ratiosa of pediatric obesity referral practices by characteristics of clinicians, clinical practice, and patients, DocStyles survey 2017 (N = 891)b.
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Among the clinical practice characteristics, we found significant differences in referral practices by Census region and clinical subspecialty. Clinicians based in the West had higher adjusted odds of scheduling a follow-up visit vs. clinicians in the South (aOR = 1.8, 95% CI = 1.2–2.7). Odds of a clinical referral to a dietitian were higher in the Northeast and the Midwest vs. the South (aOR = 1.6, 95% CI = 1.0–2.4; aOR = 1.6, 95% CI = 1.1–2.5, respectively). Odds of referrals to a behavioral/mental health professional were higher in the Northeast compared to the South (aOR = 1.6; 95% CI = 1.0–2.6). Odds of referral to a hospital or clinic based weight management program were higher in in the Northeast and the Midwest vs. the South (aOR = 1.5, 95% CI = 1.0–2.2 and aOR = 1.6, 95% CI = 1.1–2.4, respectively). Clinical practice specialty was also associated with clinical referrals; family practitioners were less likely to refer to subspecialists compared to pediatricians (aOR = 0.5, 95% CI = 0.3–0.8). For behavioral referrals, all other specialties (family practitioners, internists, and nurse practitioners) had significantly higher odds of referrals to mental health professionals (aOR range: 2.4–3.5) or health educators (aOR range: 2.8–5.1) compared to pediatricians. Clinicians who primarily work in inpatient settings had higher odds of referral to health educators/coaches (aOR = 2.7, 95% CI = 1.4–5.3) compared to clinicians in group outpatient settings. Clinicians without teaching hospital privileges had lower odds of referring to a mental health professional (aOR = 0.7, 95% CI = 0.5–1.00) vs. clinicians with privileges. Finally, clinicians in practices that perform ≥5 well child visits per week had significantly higher odds of referral to subspecialists compared to those in practices that perform less than five per week (aOR: 1.7). Additionally, clinicians in practices that perform ≥15 well child visits per week had approximately twice the odds of a behavioral health referral (aOR range: 1.9–2.2) compared to those in practices that performed less than five per week.

Referral patterns also differed by clinician reported patient characteristics. When compared with clinicians serving high-income patient populations, clinicians serving low-income patient populations had lower odds of referral to a subspecialist (aOR = 0.6, 95% CI = 0.4–0.9). In addition, clinicians serving patients with middle-income populations had lower odds of scheduling a follow-up visit (aOR = 0.6; 95% CI = 0.5–0.9), but had higher odds of referral to a clinic/hospital-based weight management program (aOR = 1.9; 95% CI = 1.3–2.7). Odds of specific types of referrals did not differ based on the estimated percentage of children in the clinician's practice who had obesity.

DISCUSSION

Overall, about two-thirds of clinicians in this study reported scheduling patients for follow-up appointments as a management strategy for pediatric obesity. Approximately half of respondents reported referring less than one-quarter of their pediatric patients with obesity to services or programs for the purposes of weight management, and only 15% reported referring most (≥75%) of their pediatric patients with obesity.

The most common referral made among survey respondents was to registered dietitians, with almost three-quarters of clinicians reporting referral of children with obesity to this profession. Dietitians are specifically trained in nutrition and can be key members of multidisciplinary obesity management teams. A recent review found that for adults with type 2 diabetes, individual nutrition therapy conducted by dietitians resulted in better health outcomes, including a lower BMI, than care by other providers, such as physicians and nurses (31).

Approximately one-quarter of respondents reported referral to clinical subspecialists; similarly about one-quarter of surveyed clinicians also reported referral to health educators/coaches. However, we found that less than one in five reported referring pediatric patients with obesity to behavioral/mental health professionals. About one-third of clinicians referred pediatric patients with obesity to either a community-based or a clinic/hospital-based weight management programs. All of the aforementioned referral practices are potential referral options presented within the Expert Committee and USPSTF recommendations for childhood obesity. This study is the first to examine the frequency with which these referrals are made using data beyond one geographic location within the country. We also found that these referral practices differed based on clinician, clinical practice, and reported patient characteristics.

Clinician Characteristics

Older clinicians had lower odds of subspecialty referral compared to younger physicians in our study. A previous study of referral practices among primary care physicians found that years in practice, which likely correlates with physician age, was associated with lower subspecialist referral (32). Female clinicians in this study had higher odds of referral to both types of weight management programs. Women have been shown to be more likely to engage in preventive care, and more likely to make referrals to weight loss programs for adult patients with obesity to weight loss programs (33, 34). Our results are consistent with these findings, but demonstrated this association within a pediatric patient population with obesity.

Clinical Practice Characteristics

Respondents in the Northeast had higher odds of referrals to subspecialties, registered dietitians, behavioral/mental health professionals, and clinic/hospital-based weight management programs vs. those in the South. The Northeast region generally has a higher concentration of urban areas compared to other regions in the United States (35). Therefore, within this region resources for patients with obesity might be more attainable, with fewer geographic barriers, such as distance prohibiting access to weight management programs (36). Professionals, such as dietitians are more concentrated in the Northeast and Midwest (37). These factors could possibly contribute to the higher odds of referral to dietitians and clinic based weight management programs in the Midwest vs. the South.

Clinician specialty was also associated with some referrals, with all surveyed non-pediatric specialties having higher odds of behavioral referrals for childhood obesity, compared to pediatricians. Pediatricians are trained specifically to care for children and might have been taught about pediatric weight management while in training (38, 39). While self-efficacy for weight management holds value, evidence suggests non-traditional healthcare providers, such as health coaches (40) might be beneficial in pediatric weight management. In addition, inter-professional collaborations (i.e., between dietitians, exercise therapists, and others) are beneficial for childhood obesity management (17, 23). Family practitioners had lower odds of referral to clinical subspecialists, and to clinic/hospital-based weight management programs, compared to pediatricians. This is consistent with a prior study that also documented significant differences between the approaches of family practitioners and pediatricians in the treatment of children, with family physicians in that study having significantly lower odds of referral of pediatric patients for further evaluation and management for weight related care (41).

Work setting and teaching hospital privileges were also associated with respondents' likelihood of behavioral referrals. Clinicians who practice inpatient had higher odds of referring to a health educator/coach in our study. These clinicians might be able to take advantage of inpatient health educators during patient admissions (42). Respondents without teaching hospital privileges had lower odds of referral to a behavioral/mental health professional and to clinic/hospital based weight management programs in the present study. It is possible that privileges with a teaching hospital could mean belonging to a referral network that facilitates patient access to such resources. For instance, a higher percentage of teaching hospitals offer psychiatric outpatient services compared to non-teaching hospitals (43).

In our study, the number of well-child visits per week per practice was associated with increased odds of referrals to clinical subspecialties and behavioral referrals. A greater number of well child visits per week might be indicative of a larger or more pediatric focused practice. In a study among primarily family practitioners, clinicians in solo or small group practice were less likely to make referrals compared to physicians in larger practices (32). Having larger patient volumes might mean less time per patient (44), and potentially more referrals.

Reported Patient Characteristics

In the present study, clinicians working with middle-income patients were less likely to schedule patients for a follow-up visit; however, they also had higher odds of referring their patients externally to clinic/hospital-based weight management programs. A previous study demonstrated that attending a pediatric weight management program after referral is associated with socioeconomic status and insurance status (45). However, data have not formally shown whether perceived likelihood of patient attendance affects clinician odds of referral. In addition, clinicians who reported caring for low-income patients had a lower odds of referrals to clinical subspecialists. It might be more difficult for patients with lower incomes to find subspecialists who will take their insurance, such as Medicaid (46–48).

Strengths and Limitations

This study is subject to several limitations. First, the DocStyles survey is a panel survey based on quota sampling, resulting in a sample that is not necessarily representative of the population, and thus the findings might not be generalizable to clinicians nationwide. In addition, survey respondents may differ compared to those who did not participate in the survey. However, this study uses a sample with more geographic diversity than previous samples rather than a limited local sample. Second, DocStyles data are based on the report of clinicians both about their personal practices and perceptions about their patient population; no objective measures were obtained. Thus, their responses are subject to reporting biases. Nevertheless, querying clinicians directly can provide insight into what influences their referral practices. Finally, the possibility exists that there are factors that confound or modify the association between clinician, clinical practice, or clinician reported patient characteristics and referral type that might not have been accounted for; for example, location in an urban or rural environment. Despite these limitations, this study adds valuable information to the literature by describing current practice and characteristics that may influence childhood obesity referral practices of clinicians in the United States.

CONCLUSION

In this study, clinicians caring for children with obesity referred patients to a wide range of providers and services for the purposes of weight management; although half of clinicians referred less than one-quarter of their pediatric patients with obesity for these interventions. Most respondents referred pediatric patients with obesity to dietitians, and the majority scheduled follow-up appointments, which is a recommended practice. Clinicians also referred to clinic-based weight management programs, clinical subspecialists, health educators, and behavioral/mental health professionals with varying frequencies, ranging from 19% for behavioral/mental health professionals to 72% for registered dieticians. Referrals were generally consistent with recommendations from the AAP or USPSTF to address the complex nature of childhood obesity management. Our findings contribute to understanding the current landscape of referral practices and management strategies of clinicians who care for pediatric patients with obesity. Our data also provide insight into the clinician, clinical practice, and reported patient characteristics associated with childhood obesity referral types. Understanding referral patterns and management strategies can help inform strategies to improve the uptake of current recommended care.
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Objectives: Disparities in obesity care exist among African-American children and adults. We sought to test the feasibility of a pilot program, a 1-year family-based intervention for African-American families with obesity [shape up and eat right (SUPER)], adopting the shared medical appointment model (SMA) at an urban safety net hospital.

Outcomes: Primary outcomes: (1) family attendance rate and (2) program satisfaction. Secondary outcomes: change in body mass index (BMI), eating behaviors, and sedentary activity.

Methods: Adult parents (BMI ≥ 25 kg/m2) ≥18 years and their child(ren) (BMI ≥ 85th percentile) ages 6–12 years from adult or pediatric weight management clinics were recruited. One group visit per month (n = 12) consisting of a nutrition and exercise component was led by a nurse practitioner and registered dietitian. Height and weight were recorded during each visit. Participants were queried on program satisfaction, food logs and exercise journals, Food Stamp Program’s Food Behavior, and the Expanded Food and Nutrition Education Program food checklists.

Results: Thirteen participants from lower socioeconomic zip codes consented [n = 5 mothers mean age 33 years, BMI of 47.4 kg/m2 (31.4–73.6 kg/m2); n = 8 children; mean age 9 years, BMI of 97.6th percentile (94–99th percentile); 60% enrolled in state Medicaid]. Average individual attendance was 23.4% (14–43%; n = 13); monthly session attendance rates declined from 100 to 40% by program completion; two families completed the program in entirety. Program was rated (n = 5 adults) very satisfactory (40%) and extremely satisfactory (60%). Pre-intervention, families rated their eating habits as fair and reported consuming sugar-sweetened beverages or sports drinks, more so than watching more than 1 h of television (p < 0.002) or video game/computer activity (p < 0.006) and consuming carbonated sodas (p < 0.004). Post-intervention, reducing salt intake was the only statistically significant variable (p < 0.029), while children watched fewer hours of television and spent less time playing video games (from average 2 to 3 h daily; p < 0.03).

Conclusion: Attendance was lower than expected though children seemed to decrease screen time and the program was rated satisfactory. Reported socioeconomic barriers precluded families from attending most sessions. Future reiterations of the intervention could be enhanced with community engagement strategies to increase participant retention.

Keywords: shape-up and eat right families, weight loss in ethnic minorities, shared medical appointments, family-based weight loss, disparities to obesity care, maternal-child health, childhood obesity

INTRODUCTION

Obesity causes significant cardiovascular disease, diabetes, hypertension, and overall morbidity and mortality in the United States (US) (1, 2). Over one-third of US adults are afflicted with obesity (35% men and 40% women) and specifically women, not men, had worsening disease severity and progression to class III [body mass index (BMI) ≥40 kg/m2] between 2005 and 2014 (3). About 18 and 7.9% of children and adolescents have obesity and severe obesity (≥120% of 95th percentile for BMI; class II and class III obesity) respectively (4). There also has been a rise in obesity in adolescents between the ages of 16–19 years with 41.5% having obesity and 4.5% meeting criteria for class III obesity (>140% of 95th percentile for BMI); children ages 6–11 years have had similar increase in obesity prevalence to 37.3% with respective 12.8% meeting criteria for class II and III obesity (4). In particular, in the US, the epidemic is marked by racial and ethnic disparities: non-Hispanic Black (15.8%) adolescents have the highest prevalence of this disease than non-Hispanic Whites (13.1%), non-Hispanic other race or multi-race (10.9%), and Hispanic (15.2%) adolescents with obesity (5). A lower percentage of non-Hispanic Blacks (35%) seek weight loss treatments compared to their non-Hispanic White counterparts (39%) (6); non-Hispanic Blacks are also more likely to avoid care (OR 0.49, 95% CI 0.26–0.90) and less likely to initiate weight loss discussion with their providers than non-Hispanic Whites (7). Persistent barriers and disparities to care among racial/ethnic minorities exist likely due to a combinatory effect of social, economic, biological, and environmental factors affecting macro- and micro-environments (8) with US medical professionals not adept or trained at addressing the complexity of care and higher attrition rates for medical weight loss visits (9–12).

As a result, it becomes more essential to evaluate novel effective obesity-care delivery models among various populations. In regards to chronic diseases and obesity, shared medical appointments (SMAs) are innovative, patient-receptive, cost-effective methods of clinical practice (13–16) with a family-based approach particularily utilized for pediatric interventions, such as in childhood obesity (17, 18). SMAs are a redesign of chronic care models where groups of patients (8–20) are seen by a multidisciplinary team in 1 h in efforts to improve clinic throughput and efficiency and have shown improved cardiovascular benefit and quality improvement in diabetes management (19). These group-based patient visits address the gaps in knowledge, skills, and support necessary to maintain overall health and well-being, while increasing the time allocated to discuss lifestyle modification and healthy behaviors, especially in the context of a busy clinical practice where an individual visits may last only 15–20 min (13). Moreover, in an effort to increase accessibility to care and address disparities, SMAs have been adopted as novel methods to address those needs among healthcare systems (20). However, to date, SMAs have not been studied in challenging or culturally relevant populations, such as in African-Americans, where attrition rates are typically higher and patients often present with decreased literacy, non-adherence to recommendations, and transportation concerns, along with patient–physician weight bias, all of which present remarkable barriers to effective treatment for obesity (21–23). SMAs may provide burgeoning solutions to more effective care for these populations in the long-term through group engagement, where individuals may identify themselves with others of similar background and through use of family friendly tools to enhance motivational change. Furthermore, previous studies evaluating group medical visits have shown the shift in focus of the provider to that of an adjudicator advocating self-care norms based on medical knowledge in the context of the patient’s lived experience and subsequently the patient disseminating these norms to others within the family unit (24). Medical group visits may have tangible benefits to bridging challenging social needs, complex chronic diseases, and improving patient–provider experiences (25). Additionally, SMAs are typically age-specific, targeting either adult or pediatric patients (but not both) with specific disease process or health goals, rather than being an all-inclusive design with common health targets. Thus, we sought to determine feasibility of a unique monthly parent–child-based weight loss intervention among African-American families utilizing a novel family centered SMA model at an adult and pediatric weight management center associated with an urban safety net academic hospital.

MATERIALS AND METHODS

Shape-up and eat right (SUPER) families was a pilot program to identify the feasibility of a family-based multidisciplinary group program for weight loss at Boston Medical Center (BMC) over a period of 1 year to foster healthy eating and exercise patterns for the entire family. The study was a collaboration between two weight management programs at BMC: a pediatric program, the nutrition and fitness for life (NFL) and an adult program, the nutrition and weight management center (NWMC). The primary outcomes were: (1) family attendance rate and (2) satisfaction with the program. Secondary outcomes included (1) change in BMI and (2) change in eating and sedentary behaviors.

Recruitment

The study was approved by the BMC/Boston University Medical Campus institution review board. It was supported by the Vela Foundation. Inclusion criteria were as follows: African-American parents ≥18 years from the NWMC with either overweight or obesity (BMI ≥ 25 kg/m2) with one or more children aged 6–12 years with at least overweight status (BMI ≥ 85th percentile for weight and height based on the Centers for Disease Control (CDC)′s BMI Percentile Calculator for Child and Teen [http://nccd.cdc.gov/dnpabmi/]) or if the parent and/or guardian from the NWMC had a child currently being treated at the NFL program or if a child from NFL had a parent with overweight or obesity who may have not been part of NWMC. Exclusion criteria were as follows: (1) families not currently enrolled in either NFL or NWMC, (2) primary language other than English, (3) inability or not willing to provide informed consent/assent, (4) ethnicity other than African-American, and (5) non-overweight or obesity in adult or child. Informed consent was obtained from parents of children at the time of enrollment and children aged 6–12 years provided assent. Once consent was obtained, all contact information was updated. The initial contact was made in the respective clinic or telephone based. Demographic information querying zip code, race, ethnicity, level of education, primary source of income, employment status, insurance coverage, health of household members, and number residing in the household were collected. An abridged self-reported physical activity questionnaire modified from PAQ-C and PAQ-A (26) was also completed by telephone, assisted by the nurse practitioner, with the purpose of guiding exercise education and physical activity component of the group sessions. The participants were then notified of the first group visit by phone, email, and/or postal mail. The pilot program aimed to enroll at least six families (at least one adult parent/guardian and one child) based on allocated funding from the Vela Foundation. Because families were recruited directly from either NFL or NWMC and this was a feasibility study, there was no randomization. To protect the children participating in this study, children were not separated from the parents. All materials provided to the children were “child-friendly,” while adult materials were written at a fifth grade reading level. All program visits occurred at BMC.

Monthly Group Visits (Visit #1–11)

There were 12 monthly 60–90 min sessions scheduled over a period of 1 year. A nurse practitioner with a Masters in Exercise Science, registered dietitian, and research coordinator were present at each group. A routine medical intake was completed by the nurse practitioner during the initial visit. Attendance was recorded at each visit. During monthly group visits, anthropometric measurements (height/weight) were taken for both adults and children. The Food Stamp Program’s Food Behavior Checklist (FBC) (27), which measures basic dietary behaviors, including frequency of fruit, vegetables, juice and low-fat dairy consumption, food insecurity, shopping, and cooking techniques, was administered at the first and last group session to assess changes in dietary behavior. A second questionnaire, The Expanded Food and Nutrition Education Program (EFNEP) Food Checklist (28–31), which evaluates the way families plan and prepare food and assesses sedentary and screen-time behaviors in children was also administered during the first and last group session. Adult participants were encouraged to use a free pedometer application if they had a smartphone; all families were provided a pedometer. All participants were given a food journal and a log to record their daily steps as well as a physical activity goal-setting worksheet. Degree of satisfaction was assessed using a validated five-point satisfactory Likert scale (32) at the end of each group visit and the end of the program. A mid-point survey was collected at 6 months to determine if program adjustments were needed. Families were contacted via telephone, email, and postal mail between visits.

Group visits included topics for nutrition, exercise, and stress management. Sessions began with a 20–30 min of exercise training (body weight/calisthenics) including moderate cardiovascular exercise led by a nurse practitioner trained in exercise science. Physical activity and exercise education were adapted from the guidelines promoted by the American College of Sports Medicine (ACSM) and the CDC. Workouts included a dynamic warm up and a combination of calisthenics (burpees, alligator walks, kicks, jumps) and body weight exercises (push-ups, lunges, and plank exercises). Participants were monitored by clinical study staff for any exercise-related adverse events and were asked to report during and after exercise if they were experiencing any chest pain, dizziness, leg pain, calf pain, or hip pain. Families were expected to do these exercises on their own as a family for 2–3 times per week with written explanations of the workouts provided upon request. Families were also expected to perform moderate-to-vigorous cardiovascular exercise 2–3 times weekly to achieve the ACSM/CDC recommended minimal levels of physical activity weekly. Specific, measurable, attainable, relevant/realistic, time-based short-term and long-term goal worksheets were also provided to patients during each visit, along with pictures and description of potential exercises which could be conducted within the home without the need for access to a gym, to help improve dietary intake and physical activity.

The second part of each session was devoted to nutrition education and counseling led by the dietitian. This included the basics of healthy eating (macronutrient content and calories), options for navigating dietary changes with children, plus optional healthy cooking demonstrations biweekly located at the demonstration kitchen on campus. The nutrition curriculum utilized in this pilot study was adapted from myplate.gov “10 Tips Nutrition Education series” and developed by NFL’s registered dietitians. Information was adapted and provided in an age appropriate format.

Attendance was calculated by totaling the number of group visits completed, divided by the number of group visits offered. Satisfaction was measured via survey using a 1–5 Likert scale (32). Weight status was measured by comparing the height and weight from baseline to the end of the program. SPSS program was used for descriptive statistical analysis of the data.

Final Visit (Visit #12)

The final SUPER-families visit concluded the study. During this visit, families completed a final EFNAP and FBC program satisfaction questionnaires; and final heights and weights were recorded. Participants were also asked to identify long-term family dietary, nutrition, and/or stress-related goals. FitBits® were distributed as a reward for completion of the program.

Retention

Families were sent at least three reminder phone calls from study staff and letters prior to each group visit. If a family missed a session, every effort was made to contact the family, identify the reason, and encourage participation in the next session.

RESULTS

Demographics

Though a total of initial six families consented to participation, one family canceled on start date. Thus, a total of five families [five adult parents (all mothers though fathers and grandparents/and or guardians were also invited)] and eight children consented to the program and were present at initiation of the intervention. Adult average age was 33 years with average BMI of 47.4 kg/m2 (31.4–73.6 kg/m2). Average age for the children was 9 years with average BMI of 97.6th percentile (94th–99th percentile). All participants were of African-American descent living in an urban metropolitan area in lower socioeconomic zip codes; 60% of participants were enrolled in Mass Health Medicaid program. The highest educational degree attained by any of the parents was a college degree (n = 2); one family’s source of child support was food stamps. All of the families spoke English as their primary language.

Primary Outcomes: Attendance Rates and Program Satisfaction

Attendance was lower than expected. Three families completed some of the sessions and two families completed the entire 12-month program. Individual attendance ranged from 14 to 43% (average 23.4%; n = 13) with session attendance rates declining from 100 to 40% by the end of the program. Parents were queried about barriers to attendance; the perceived barriers reported by 60% of the families included time conflicts due to other family member activities, transportation, loss of employment/housing, moving, new birth, and lack of personal time. Satisfaction survey (n = 5 adults) showed that 40% of the parents were very satisfied and 60% were extremely satisfied with the monthly sessions.

Secondary Outcomes: Change in BMI, Eating, and Sedentary Behaviors

Change in BMI (Figure 1) was calculated for the families completing the study. Adult mothers had an average BMI decrease of −1.71 kg/m2 (range: −10.0 to 3.26 kg/m2) and the children experienced an average BMI decrease of −2.6 kg/m2 (range: −3.8 to −1.4 kg/m2). There were no statistically significant differences in these outcomes, however (p > 0.05). Changes in eating behaviors were assessed based on families completing both pre- and post-questionnaires, food journals, and written feedback at the end of the sessions.
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FIGURE 1 | Shape-up and eat right families body mass index changes pre- and post-intervention (last observation carried forward).



Eating and Food Behaviors Questionnaires

Prior to the intervention, families reported drinking milk often, eating an average of at least one serving of fruit and vegetable per day, having an average of at least one serving of fish daily, and rating their eating habits as fair (average rating 3.1, 1 = poor; 10 = excellent); the differences in these reported behaviors post-intervention were not statistically significant. Upon initial visit, families were less likely to have meat or dairy sit out for more than 2 h (p < 0.002) or thaw frozen foods at room temperature (p < 0.0005; Figure 2). Comparing prices was the highest variable affecting eating behaviors among the families with an inclination toward choosing healthy foods for the family (Figure 2). Planning meals, shopping with a list, and reading food labels were less likely to occur among the families. Most of the families had children who ate within 2 h of waking up. Families reported consuming 2.4 servings daily of sugar-sweetened beverages or sports drinks, more so than watching more than 1 h of television (p < 0.002) or video game/computer activity (p < 0.006) and consuming carbonated sodas (p < 0.004). The consumption of carbonated sodas (EFNEP checklist provided images of carbonated sodas on the questionnaire) was low among all of the families [an answer of “1” (serving) was reported]. No statistically significant changes were noted among frequency of sugar-sweetened beverage or soda consumption (Figure 3).
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FIGURE 2 | Eating behaviors of shape-up and eat right-families prior to intervention. Legend: 1 = no, 2 = sometimes, 3 = often, 4 = very often, 5 = almost always; **Frequency on Y-axis corresponds to number variable; *p < 0.05.
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FIGURE 3 | Food and nutrition behaviors of shape-up and eat right families pre- and post-intervention (data for program completers). Legend: 1 = no, 2 = sometimes, 3 = often, 4 = very often, 5 = almost always; *p = 0.029, **p = 0.034; for sugary drinks and soda intake, value on Y-axis corresponds with numeric value per day.



Reducing table salt when preparing food post-intervention was statistically significant (p < 0.029; data for families pre- and post-survey completers; Figure 3). Results from the EFNEP Food Checklist also showed that children watched fewer hours of television and spent less time playing video games (from average 3 to 2 h daily; p < 0.03 for survey completers; Figure 3) and reported an increase in sports participation after the intervention. No statistically significant changes were noted among frequency of sugar-sweetened beverage or soda consumption based on questionnaire results (Figure 3).

Food Journals and Written Feedback

Though the questionnaires post-intervention did not show statistically significant changes associated with frequency of sugar-sweetened or carbonated beverage consumption, patient-reported changes in behavior based on food journals, and written feedback were favorable indicating a change to ingesting less fruit drinks, sports drinks, or punch and increasing servings of fruit from 1 to 2 per day. Families reported healthier food habits, including adding more fish to their diet, reading labels more often, and increased meal planning. Families planned to exercise more frequently together. Families also reported being very satisfied with the sessions and were very hopeful the program would continue in the future.

Physical Activity

Though pedometers were distributed to each family member with instructions to self-document step count on goal worksheets provided, participants did not record their step count and forgot to bring their pedometers during the visits. Thus, physical activity data was not quantifiable.

DISCUSSION

A parent–child group intervention for the treatment of overweight and obesity among African-American families had low attendance despite being deemed satisfactory by enrollees. The intervention was designed specifically taking disparities to care into account such as level of education (materials designed at fifth grade reading level), occurrence during evening hours to accommodate work/school schedules, and all-inclusive free visits, including accessibility to dietitians and medical providers on-site. A program fee was also not charged to any of the participants. Those who attended were likely quite motivated and thus rated the program as satisfactory. Parents were queried about barriers to attendance and reasons for this low affluence included several socioeconomic concerns; primary stability and sustainability of the family unit barred from attending medical group visits in the SUPER-families. The lack of participation and overall completion rate of this program reinforces current research noting and addressing significant barriers to care and health disparities among African-Americans (33–36).

In our study, the SMA model was within a traditional clinical academic urban hospital setting, rather than outsourced or integrated within a community or neighborhood. Barriers predominately at the socioeconomic and community level precluded attendance at the sessions and suggest that group-based interventions such as SUPER-families will likely be more successful in a community-based neighborhood setting with closer proximity and improved accessibility to care adopting the SMA model. However, probably more important than placement of these SMAs in community-based locations, is community engagement to determine strategies that might work in enhancing attendance. Though barriers to attendance were queried, parents were not queried on strategies to help overcome low attrition and attendance rates, which should be included in future reiterations of this intervention. Furthermore, though the urban inner-city academic hospital where the study took place serves a diverse racial/ethnic minority underserved population, efforts to engage the community in recruitment of community-based participatory research needs attention. A previous study from this institution has cited challenges in recruitment for pediatric obesity trials even with financial incentives (out of 179 eligible, only 4 attended the visits) (37). Recently, the Communication, Awareness, Relationships, and Empowerment (C.A.R.E.) model to engage at-risk African-American population in the Washington, DC area cultivated not only a visible presence at community events, but also through partnerships with churches, health organization, academic institutions, and governmental agencies, was able to successfully recruit and retain the study participants (38). Other strategies have included establishment of a community advisory board for at-risk populations in the metro area, which was able to conduct focus groups and pilot web-based and wearable technology through members representing churches in a cardiovascular health and needs assessment study (39). Community-based interventions have been shown to promote weight loss or positively influence diet and physical activity behavior in a culturally congruent manner, such as in churches or school-based programs, among African-Americans (40–43). For example, recently churches have been recognized as powerful outreaches for health services and interventions in an effort to address disparities among lower income, African-Americans families given the pastors’ view on holistic health with integrated faith, such as their perspectives on obesity and infant mortality (44). Scalable, community-based weight loss programs with combination interventions, such as portable kiosks for assessments, email/text supports, and online-health coaches utilized in the Weigh and Win study of 40,038 adults, which combine outreach, effectiveness, and costs may help reduce disparities among African-Americans (45). Other studies have shown some benefit with incorporation of other resources such as tailored, interactive text-messages to enhance weight loss success among African-Americans with obesity (46). The use of a community-based participatory research approach to recruit African-Americans into pilot interventions and innovative health promotion programs has demonstrated success and feasibility along with scalability of the intervention as it applies to minority at-risk populations (47). Thus, though this current pilot SUPER-families SMA model was not successful in a hospital-based setting due to attrition and retention, programmatic elements could be better applied using the C.A.R.E. model for community engagement.

Though not statistically significant, it is noteworthy that the pilot study suggested an improvement of an average BMI change of −2.6 kg/m2 in the children post-intervention. The study possibly suggests that this type of parent–child group-based intervention may potentially have long-term benefits for younger children with obesity. The education provided during the intervention did improve healthy living behaviors for all participants involved without determining overall effects on weight. Children may perhaps be more receptive to an intensive group-based education and weight loss intervention when paired with a parent/and or guardian. Moreover, the intervention improved sedentary time and decreased screen time behaviors for the children involved in the study. Of important consideration is that the rate of severe obesity has significantly increased in pre-school age children 2–5 years, since the 2013–2014 cycles (4). Because childhood obesity correlates closely with adolescent and adult obesity leading to worsening disease severity when older (48–51), and because children have a natural affinity toward their mothers, this SMA pilot intervention utilizing the mother–child relationship has a potential prospective of being adopted in pregnancy with a focus on prevention, rather than treatment. Early nutrition and growth in the initial years of life are important determinants of later body weight and metabolic health (52–54). Therefore, future SUPER-family models may consider preventive strategies targeting either pregnant African-American women or younger children ages 2–5 years, rather than 6–12 years old.

Furthermore, the pilot study, though a small number of enrolled participants, suggests an improvement in overall basic education around nutrition, eating, and sedentary behaviors with increased likelihood of implementation of these positively learned behaviors in the future, especially with regards to reducing salt intake and decreasing screen (video/computer) time. Reported screen time >3 h independent of physical activity has been associated with cardiometabolic risk factors and high BMIs in children (55, 56). Also noteworthy that these two behaviors (reduced salt intake and screen time) were simple, inexpensive, and could be implemented without difficulty and without much disruption to regular household duties, reinforcing that obesity interventions most likely need to be simplified in this specific population. Additionally, cost of food was of highest concern for the SUPER mothers though they preferred healthier foods. Recent studies have highlighted higher costs of healthier foods (57, 58), which could potentially be a challenging factor adversely affecting nutrition among African-American families. Research around understanding alternative healthier, affordable food patterns in this population to alleviate disparities to nutrition is recommended. Interestingly, differences in consumption of sugary beverages pre- and post-intervention in the study were not statistically significant though participants reported an average consumption of 2.4 drinks per day. A decrease in soda consumption could have led to cost savings, and the possibility of participant underreporting pre-intervention should be considered. Recent efforts discouraging sodas consumption from a public policy standpoint and overall public awareness (59–61) may have resulted in participant stigmata when answering the question relevant to beverage consumption. Because high fructose corn syrup found in sugary beverages has been well known to correlate with higher childhood adiposity and detrimental effects on metabolism (62, 63), more emphasis on avoidance of sugary beverages may be needed in future SUPER-families studies including clarifying the families’ perception and understanding of these beverages given the negative statistical significance on the questionnaires compared to the food journal and written feedbacks.

Last, the study has several limitations. First, because the primary objective of the study was to estimate rate of participation, drop-out, or compliance, with a pre-determined number of minority families (n = 6) recruited based on funding allocated, data has limited interpretation due to small sample size, high attrition, and low retention rates, and cannot be generalizable to a whole population. A robust sample size is likely needed to determine overall effects of the study on primary and secondary outcomes. In addition, self-reported data on food journals, logs, and written feedback likely contain potential bias due to exaggeration and attribution. The families enrolled were already seeking treatment for weight loss prior to enrollment into the study and preselected without randomization. Thus any failure to lose weight may have been attributed to their perceived barriers to success and positive nutrition or physical activity behaviors exaggerated. Also, the study emphasized maternal–child pair, rather than father–child, or coparent–child relationship though fathers, grandparents, and/or legal guardians of the children were also invited to be part of the study. The latter relationships may yield different results. All adults in the study were mothers through self-selection and motherhood may reflect a greater role in child healthcare among this population. Though the study was done in African-Americans, the study cannot be generalized to other racial and/or ethnic minorities. Future improvements could also tailor culturally relevant exercises, rather than body weight and calisthenics conducted in the study.

CONCLUSION

In conclusion, although the study demonstrated an overall benefit in children more than adults in this particular population and was deemed satisfactory by enrollees, a family-based SMA intervention for weight loss in African-American families does not address barriers precluding high attrition rates for monthly nutrition and exercise visits, and would be more successful if applied in a field-based community setting. Despite acknowledging satisfaction and barriers half-way through the program, changes made were not enough to overcome barriers to care experienced by African-Americans in urban communities. Future research is needed to develop novel ways to deliver knowledge on nutrition and exercise, valued by families within a group program such as the one designed in this pilot study. New programs may include community-based locations, home visits, and web-based interventions to disseminate nutrition and physical activity education and tools in an effort to eliminate barriers to care and improve health outcomes as they relate to overweight and obesity within the African-American community. Moreover, because community engagement perpetuates scalability of the intervention, future re-design of the intervention might consider community-based advisory boards and partnerships for participant recruitment and retention.
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Background: Despite improvements in cardiovascular disease (CVD) prevention and treatment, low-income African Americans experience disparities in CVD-related morbidity and mortality. Childhood obesity disparities and poor diet and physical activity behaviors contribute to CVD disparities throughout the life course. Given the potential for intergenerational transmission of CVD risk, it is important to determine whether adult disease management interventions could be modified to achieve family-level benefits and improve primary prevention among high-risk youth.

Objective: To explore mechanisms by which African-American adults' (referred to as index patients) participation in a hypertension disease management trial influences adolescent family members' (referred to as adolescents) lifestyle behaviors.

Design/Methods: The study recruited index patients from the Achieving blood pressure Control Together (ACT) study who reported living with an adolescent ages 12–17 years old. Index patients and adolescents were recruited for in-depth interviews and were asked about any family-level changes to diet and physical activity behaviors during or after participation in the ACT study. If family-level changes were described, index patients and adolescents were asked whether role modeling, changes in the home food environment, meal preparation, and family functioning contributed to these changes. These mechanisms were hypothesize to be important based on existing research suggesting that parental involvement in childhood obesity interventions influences child and adolescent weight status. Thematic content analysis of transcribed interviews identified both a priori and emergent themes.

Results: Eleven index patients and their adolescents participated in in-depth interviews. Index patients and adolescents both described changes to the home food environment and meal preparation. Role modeling was salient to index patients, particularly regarding healthy eating behaviors. Changes in family functioning due to study participation were not endorsed by index patients or adolescents. Emergent themes included adolescent care-taking of index patients and varying perceptions by index patients of their influence on adolescents' health behaviors.

Conclusions: Our findings suggest that disease management interventions directed at high-risk adult populations may influence adolescent family members' health behaviors. We find support for the hypotheses that role modeling and changes to the home food environment are mechanisms by which family-level health behavior change occurs. Adolescents' roles as caretakers for index patients emerged as another potential mechanism. Future research should explore these mechanisms and ways to leverage disease management to support both adult and adolescent health behavior change.

Keywords: cardiovascular diseases, family health, hypertension, health promotion, disease management, health disparities

INTRODUCTION

Preventing and treating child and adolescent obesity is essential for reducing cardiovascular disease (CVD) risk over the life course. An estimated 17% of U.S. children and adolescents are obese (1–3). Despite recent improvements in available CVD prevention and treatment (4), low-income African Americans experience excess CVD-related morbidity and mortality (4, 5). Excess obesity risk among low-income African-American children and adolescents contributes to disparities in lifetime CVD risk (6, 7). Furthermore, racial/ethnic and socioeconomic disparities in childhood obesity (8, 9) have not improved over the past decade (10), and may even be worsening (11, 12).

Lifestyle modifications aimed at weight loss and promoting healthy diet and physical activity (PA) behaviors are important for primary and secondary prevention of CVD and related morbidity in adults (13, 14) and adolescents (15). Parent and family involvement is important for preventing child and adolescent obesity and decreasing CVD risk over the life course. Parent and family involvement may also improve disease management outcomes among adults (7, 13, 16, 17). Yet, the potential for adult disease management interventions to achieve intergenerational benefits via family-level effects has not been extensively studied and may represent a missed opportunity to address CVD-outcome disparities and optimize primordial and primary prevention among high-risk youth.

Our overall goal was to investigate mechanisms by which adult disease management interventions may positively influence adolescent health behaviors. We did this by exploring the extent to which adults with uncontrolled hypertension (index patients) and their adolescent family members (adolescents) perceive spillover effects of participation in a blood pressure control disease management comparative effectiveness trial on adolescents' diet and physical activity behaviors. Spillover is a well-developed concept in family psychology, describing the notion that participation in one domain (e.g., self-care) can affect participation in another domain (e.g., family) (18–20).

For example, a parent's role as a participant or index patient in a disease management intervention could produce spillover to the family domain and elicit behavior change among other family members, including children or adolescents. Qualitative research suggests that dietary behavior change among adults with diabetes can produce changes in children's diet (21) and sugar sweetened beverage intake (22). Other studies have found that weight loss and behavior change interventions targeting overweight parents can simultaneously produce improvements in diet and physical activity behaviors for their children (23–25).

Adolescence is a critical window for intervention, with elevated BMI in adolescence associated with increased risk of premature death and CVD in adulthood (26). Increases in BMI during transition from adolescence to adulthood have accelerated in recent decades, particularly for African-American females (6). Research suggests interventions to improve healthy diets among adolescents should target parental diet and the home food environment (27, 28). Given the important relationship of the home environment with adolescent obesity and CVD risk and the role of adult family members as agents of change (29), CVD risk reduction interventions solely targeting adults may represent missed opportunities to simultaneously address adolescent CVD and obesity risk.

This work highlights the importance of developing strategies for modifying adult-focused disease management interventions to achieve positive family-level effects (30). Yet, a review by Barr-Anderson and colleagues (31) examining family-focused PA, diet, and obesity interventions in African-American girls found that, despite face validity to family engagement, there is a lack of clear evidence regarding how family engagement can best be used to achieve significant decreases in obesity risk. In this study, we investigate potential mechanisms by which adult patients' participation in a blood pressure control disease management intervention could produce spillover effects on the adolescent family members (adolescents) who live with them. We use guiding hypotheses grounded in existing research literature regarding mechanisms by which parental involvement has been shown to be an effective component of childhood obesity prevention and treatment interventions. Based on the existing literature, this qualitative study was developed with the guiding hypotheses that adult patients (index patients) would identify the following salient mechanisms for producing spillover: role modeling of healthy diet and physical activity behaviors, changes to the home food environment, changes in family meal preparation, and improvements in family functioning.

METHODS

Study Sample/Population

This study was approved by the Johns Hopkins Medical Institutions Institutional Review Board. Adult patients with uncontrolled hypertension who participated in the Achieving Blood Pressure Control Together Study (ACT Study) comparative effectiveness trial were recruited to participate in an in-depth interview following completion of a 12-months follow-up questionnaire (32). The ACT Study tested the relative effectiveness of social and behavioral interventions to improve BP control among an urban, low-income African-American population in Baltimore. The intervention components were tailored and combined using principles of community based participatory research with the goal of improving their effectiveness and sustainability in the specified patient population. All three intervention arms involved blood pressure self-monitoring training plus the use of community health workers. One arm also involved a brief patient and family activation intervention known as “Do My Part.” This intervention was delivered to patients one-on-one in the clinical setting and could have also included an adult family member if he/she was accompanying the index patient to a medical visit but did not involve child or adolescent family members. Another arm also involved an 8-week-long problem-solving intervention delivered to index patients in groups.

Index patients who indicated willingness to be contacted for future research were re-contacted to participate in in-depth interviews that were conducted at their home or in a private conference room at the primary care clinic where index patients received primary care services. Index patients were eligible if they: (1) had completed the 12-months follow-up questionnaire after participating in one of the three arms of the ACT Study and (2) lived with at least one adolescent family member age 12–17 years old who was also willing to be interviewed. Adolescent respondents were eligible if they were 12–17 years old, self-identified as African American, and lived in a household with an index patient participating in an in-depth interview. Index patients and adolescents were recruited, and all interviews were conducted between September and November 2015. Informed consent was obtained by all index patients and primary caregivers of adolescents. Adolescents provided assent prior to study participation as well. Adult index patients were remunerated fifty dollars and adolescent family members forty dollars for their study participation. Interviews were audio recorded and were conducted one-on-one and separately for index patients and adolescent family members.

Measures

In-depth interview guides were developed for both index patient interviews and adolescent interviews. The interviews were conducted by trained staff. In-depth interviews focused on potential mechanisms by which ACT Study involvement might produce spillover effects on diet and PA behaviors among adolescents and whether family-level behavioral and environmental factors could mediate these effects. The major domains discussed included the general experience of ACT Study involvement, descriptions of the relationship between index patients and adolescent family members, role modeling of healthy diet and PA behaviors by index patients, and the influence of index patient participation in the ACT Study on family food environment, family meal preparation, and family functioning. The interviews were intended to explore the a priori hypotheses regarding mechanisms by which the ACT Study interventions were likely to produce spillover effects on adolescent family members' health behaviors.

Table 1 presents some of the questions included in the index patient and adolescent interview guides to provide examples of the types of questions asked and the content covered in these interviews. Of note, interviewers probed as appropriate based on index patients' and adolescents' responses to glean the richest and most complete picture possible of the relationship of index patients' participation in the ACT study and potential spillover effects on their adolescent family members' health behaviors. The goal was to engage index patients and adolescents in a dialogue around the topics outlined in the interview guide. The specific questions asked varied by interview and were responsive to topics discussed by the index patient and adolescent respondents. Interviews were audio-recorded using a digital recording device. They were subsequently transcribed verbatim. Transcripts were cleaned and verified by a study staff member prior to analysis.


Table 1. Example questions in ACT study index patient and adolescent interview guides.
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Data Analysis

Verbatim transcripts from the audio-recorded in-depth interviews and typed field notes from team debriefs after interviews were reviewed prior to analysis. Interview transcripts were coded and then analyzed to identify key themes. Analysis included both deductive hypotheses drawn from the interview guides and inductive findings that emerged from the interviews. A trained member of the study team created code books for use in coding index patient and adolescent interview transcripts with a priori codes drawn from the in-depth interview guides and emergent codes based on initial analysis of interview transcripts. The codebook was refined using an iterative process and then applied to all transcripts. Two independent coders trained in qualitative research methods read and coded index patient interview transcripts (KJ and TY). Codes were grouped into categories based on a priori and emergent themes. The study team used ATLAS.ti 7 Software to facilitate interview transcript coding and data management (33).

Disagreements in coding were discussed with the study PI (RT). The adjudication process was tracked for all transcripts. The index patient codebook underwent iterative revisions during coding to better capture data relevant to the study's research questions. Analytical coding reports for index patient interviews were generated and organized by theme and discussed between the study PI and the research team. One independent coder read and coded adolescent family member interview transcripts. A second study team member analyzed the coded adolescent transcripts to identify potential areas of convergence or divergence with index patient interviews. Memos were used to document the iterative process of codebook development and emergent themes.

Thematic analysis of the interviews explored the mechanisms through which the parent study may have produced spillover effects, including role modeling of healthy behaviors and changes to the home food environment and meal preparation. Analysis also explored the relationship of family functioning with the index patient's disease management and behavior change. Emergent themes were also developed through this process. The adolescent interviews were coded and analyzed to compare perspectives related to a priori and emergent themes with the index patients' interviews.

RESULTS

Twenty-six percent (41 of 159) of index patients enrolled in the ACT Study reported having children in the household ranging in age from 2 to 17 years old (mean = 10.6 years old). The number of children per household ranged from 1 to 5 (mean = 1.7). The mean age of index patients was 54 years old (range 34–75 years old). Sixteen index patients were in the CHW arm, 13 in CHW plus problem solving classes, and 12 in CHW plus Do My Part. Relationships between index patients and child or adolescent family members fell into eight relationship categories: grandmother-granddaughter, grandmother-grandson, grandfather-grandson, mother-daughter, mother-son, stepmother-stepdaughter, father-daughter, and father-son. Among those ACT Study index patients who agreed to be re-contacted for future research, there were 21 who reported living with at least one adolescent family member ages 12–17 years old. Thirteen of these index patients expressed interest in completing in-depth interviews. Ultimately, 11 index patients and 11 adolescents were consented and completed one-on-one in-depth interviews as part of this study.

These 11 ACT index patients consenting to an in-depth interview were similar in age to all ACT index patients living with child or adolescent family members; and the children and adolescents in their household were also of similar age to all children living with ACT index patients. The mean age of ACT Study index patients consenting to the sub-study was 54 years old (range 42–70 years old). Adolescents who participated in this sub-study were between the ages 12–17 years old (mean = 14.3 years old).

Consistent with a priori hypotheses, index patients and adolescents described role modeling (Theme 1), changes in the food environment (Theme 2), and changes in meal preparation (Theme 3) as areas where index patient's participation in the ACT Study produced spillover influences on adolescent behavior. Counter to a priori hypotheses, however, physical activity and changes to family functioning were not identified by index patient or adolescent interviews as salient mechanisms for spillover. Two emergent themes relating to spillover were also identified: perceptions of caregiver influence on adolescent family members' health behavior (Theme 4) and adolescent caretaking behaviors (Theme 5). The former (Theme 4) was frequently described in index patient interviews as related to spillover mechanisms, and the latter (Theme 5) emerged in the context of discussions regarding adolescents' recognition of index patients' health status, respectively.

Theme 1: Role Modeling

Role modeling was very salient to index patients' descriptions of how they thought their participation in disease management interventions produced spillover on adolescents' health behaviors. Most of the role modeling discussions focused on healthy eating behaviors and not physical activity. Index patients described serving as role models to adolescents but also to other friends and family members in the area of disease management. One index patient and father describes his own dietary changes and how he used his behavior change as motivation to also improve his daughter's diet:

“And sometimes we get off the wagon, go to McDonald's or something like that, yeah, sometimes. But not regular. She [adolescent family member] loves McDonald's. I'm trying to teach her eventually if you keep going, you're going to have high cholesterol. We try to avoid all of that fast food and if we do go, I get the wrap…I see they got the grilled chicken and stuff like that, and that's about it.” 66 years-old father of daughter

This disease management role modeling also seems to provide another avenue for educating adolescents about chronic disease. Some index patients describe getting support from their adolescents to engage in disease management related behaviors. These index patients articulate a sense that engaging their adolescents in this process could help them avoid similar health challenges as adults:

“It's just m[e] and my daughter are the only two with high blood pressure, so he [adolescent] [is] on her about [taking] her meds, and I'm on her about [taking] her meds. And they talk to me, you take your medicine, you know, this that and the third. But we basically, you know, we concerned about each other health issues. So, we stick together with the health thing….”−50 years-old grandmother of grandson

Thus, index patients made connections between being in the ACT study and influencing health behaviors within their families. They identified ways in which they served as a role model to encourage spillover of positive health behavior changes they made in response to participation in the disease management interventions that were part of the ACT study. Yet they also saw their condition as a warning of sorts to adolescent family members and hoped that they could encourage adolescents to make healthy choices so as to prevent or delay onset of illnesses, such as hypertension.

Theme 2: Changes to the Home Food Environment

Changing the home food environment is often discussed by index patients. Strategies for changing the home food environment described by index patients include avoiding certain foods, changing the environment around mealtimes, and making healthier choices when purchasing meals and snacks for consumption at home. One index patient and stepmother describes judiciously avoiding meats that she knows can negatively affect cardiovascular health:

“… But now, you know, I'm more in tuned to my health. I take my vitamins, you know. I exercise, you know. I watch what I eat. I don't eat no beef. I don't eat no pork. It's strictly like chicken, turkey and seafood, you know…”−46 years-old stepmother of stepdaughter

Another index patient and grandmother specifically describes efforts to change the dynamics in the household around mealtimes and how these have helped her to stick to eating foods that she knows are healthy but that she may find less palatable than the unhealthy foods that adversely affect her blood pressure control:

“…Everybody ate at a separate time, you know, everybody ate at their own time. And now that I'm retired and I'm home, uh, we were finding less time to eat together too, but then, uh, when I joined the ACT study, we just, we just sat down and ate together you know. We'd just sit down and eat together. Um, and, um, that way, um it's very distracting, as I said, from what you're eating, especially if it doesn't have the taste that you're used to. So, uh, we find it beneficial for both reasons, health reasons and then, uh, you know, just to sit down and have conversation or whatever.”−72-years-old grandmother of granddaughter

Another index patient discussed the way that his increased awareness of health vs. unhealthy foods affects food purchases during shopping trips with his son:

“He [IFM] goes to the market with me sometimes. Well, the majority of the times, he [adolescent family member] did go to the market with me, because I need him to carry the bags. But he goes. He's getting better because he doesn't grab junk like he used to. He might grab chips and he might grab—he doesn't grab junk like he used to. He'll probably grab some Twizzlers and that's it, and some chips. He grabs granola bars now, and he's drinking a lot of water, so he's better with that. So, I just really—I noticed it but it didn't really dawn on me. But he's getting better with grocery shopping.”−44 years-old father of son

As these examples demonstrate, some index patients discussed removing certain items from the home entirely or limiting purchases of certain foods, and others changed the environment around meal times in an effort to improve dietary behaviors of their whole household, thus facilitating spillover. Respondents describe these approaches as directed toward improving their own health but also as a means of creating a home environment that fosters healthier eating behaviors among their adolescents and other family members in the household.

Theme 3: Changes in Meal Preparation

Given the varied responsibilities of adolescents in the household, the issue of meal preparation was frequently discussed. Index patients describe different approaches to addressing needs for healthier meal preparation techniques for themselves as a means of supporting blood pressure control. Some families adopted a policy of making two separate meals, and others modified meal preparation techniques for the entire household. In several cases, adolescents were actively involved in cooking and meal preparation. As a result, they also learned about and implemented healthier meal preparation methods based on input from index patients:

“They cut down on the, uh, the fried food. Most of the stuff we grill or bake. So, you know, it calls attention to what they eat too….

“But she, she [adolescent] does a lot of cooking, uh, for me. So, when she cooks, I come down and keep her company. While she cook, she may ask me, you know, so if I put this in there, will it do this, or will it do that? And you know, and I have to tell her, you know, the best, and know how, um, what's right, and what's not right, what's good for me, and what's not. But she, she eats, uh, a lot of the times what I eat too.”−72 years-old grandmother of granddaughter

As this example illustrates, through their involvement in cooking for index patients, adolescents gain insight into healthier cooking techniques, which has the potential of producing spillover effects on adolescents' dietary behaviors, particularly when they eat the same foods that they cook for index patients.

Emergent Themes

Theme 4: Varying Perception of Caregiver Influence on Adolescent Family Members

While there were many examples from index patient interviews describing their efforts to produce spillover effects of their behavior changes on adolescents, index patients expressed varying levels of confidence about their ability to influence adolescents. Index patients' attitudes about the extent to which their behavior changes influenced adolescents may have affected parental engagement and the likelihood of giving advice. As such, index patients expressed a wide range of opinions about their ability to influence adolescents' health behaviors. Some index patients were intentional about changing adolescents' behaviors and felt they exerted a lot of influence while others were tentative about changing adolescents' behaviors and skeptical of their ability to influence adolescents because they believe they would be ineffective.

In general index patients fell into three categories along a continuum with respect to parental influence: (1) strong influence (i.e., index patients describe intentional efforts to influence adolescents' health behaviors because they felt they were highly influential in adolescents' health behavior decisions), (2) moderate influence (i.e., index patients did not intentionally influence adolescents' health behaviors but did observe changes in adolescents' behaviors that they associated with their own behavior change), and (3) limited influence (i.e., index patients explicitly described that they were ineffectual in influencing adolescents' health behaviors and were unaware if their own health behavior changes had any influence on adolescents). Yet, we found relatively consistent references in adolescent interviews to the fact that adolescents paid attention to what index patients were doing and saying about health behaviors. And, in many cases, we found that the actions and recommendations of index patients influenced adolescents to either make changes, or contemplate health behavior change.

Table 2 presents the index patients' perception of their influence on adolescents' behaviors juxtaposed with exemplar quotes from adolescents, thus representing perspectives from both members of the dyad. These examples are used to demonstrate observed variation in the extent to which index patients perceive that adolescents internalized messages about health behavior change. Because of the contrast between index patient and adolescent perspectives for this emergent theme, Table 2 includes paired quotes from index patient and adolescent interviews.


Table 2. Exemplar quotes: parental influence and teen behavior change.
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Theme 5: Adolescent Caretaking of the Parent

In addition to describing the ways in which their own attempts at health behavior change influenced adolescents; some index patients described adolescents as being in a caretaking role. Some index patients felt that this caretaking role was another way that disease management programs produced spillover effects on adolescents because they were familiar with the health behaviors that were required to manage high blood pressure and prevent adverse health outcomes related to hypertension (Table 3). While not specific to healthy dietary or physical activity behaviors, one index patient described her grandson's knowledge about the importance of medication adherence and blood pressure monitoring and his caretaking role in reminding her of the importance of these:

“First thing he [adolescent] will ask is did you take your medicine granny? I'm like yeah. I took my medicine. You take your pressure today. Yeah, I took my pressure. Was it normal? Was it high? Oh, it was okay. Then you know, he'll go get the blood pressure cuff. Then he'll turn it on. Then he'll read it. Oh, that was good. It's like such and such points lower than what it was yesterday. Now, you know, this is better than what this reading was all week, you know. He's a good boy and, you know, he's concerned about everybody's health, yeah, very much.”−50-years-old grandmother of grandson


Table 3. Exemplar quotes: adolescent caretaking behaviors.
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Implicit in many descriptions of adolescent caretaking behaviors is this notion that involvement in the ACT study not only made index patients more aware of the need to improve their health behaviors but it provided an avenue by which adolescent family members had a better understanding of the types of behaviors that would help keep their family members healthy and they wanted to be involved in supporting disease management.

Additional Findings

Two hypothesized spillover mechanisms were not corroborated by index patient or adolescent interviews: changes in physical activity, and changes in family functioning due to study participation. Family functioning in particular was not the primary focus areas of most disease management interventions included in the ACT study. Yet, while the issue of family functioning associated with the parental role was discussed explicitly by some, there were also implicit references to family challenges as a source of stress. And some index patients made a clear connection between family stress, blood pressure control, and health behaviors. As one father put it:

“I'm stubborn, I've got to the point now I hollers a lot at her [adolescent]. Instead of talking to her, I'll holler and—because it seems that when I tell her to do something, she don't even do it. And then before I knew it… I'll be done blowed up and then that's run the pressure up a lot. And then I have to count to 10. And say hey, it's a child you're talking to, count to 10.”−66-years-old father of daughter

This recognition that role stress can affect blood pressure may suggest that there is untapped potential for family-engaged disease management interventions. Such interventions may provide support to index patients and family members to address role stress and family dynamics that produce physiologic and behavioral responses to stress that are counterproductive to achieving blood pressure control and maintaining healthy diet and physical activity behaviors. While interesting and provocative, however, this sentiment was not articulated as clearly as the themes described above.

DISCUSSION

We found that index patients see themselves as important role models of behavior change for adolescent family members. We also found support from index patients' reported perceptions that their participation in a disease management intervention may produce spillover effects on adolescents' dietary behaviors, particularly via role modeling, changes in the home food environment, and meal preparation. These changes were perceived to be associated with increasing knowledge and awareness of healthy eating behaviors among adolescents in addition to improving index patients' own awareness of healthy foods and meal preparation techniques. In contrast, we did not find evidence to suggest significant spillover effects on adolescents' physical activity behaviors. While, there were a few interviews in which physical activity was briefly discussed, in general much more of the discussion focused on dietary behaviors. While it is possible that this difference in spillover for dietary vs. physical activity behaviors reflects a difference in the extent to which these behaviors are susceptible to intergenerational spillover, more likely these differences reflect the fact that the ACT study placed significant emphasis on promoting dietary behavior change as a method for improving blood pressure control (e.g., via intervention messages intended to decrease index patients' consumption of sodium and fried foods).

Because this study relied entirely on data from interviews with index patients and adolescents, we are unable to corroborate index patients' and adolescents' perceptions with objective data related to adolescents' health. Ideally future research would measure adolescents' perceptions of spillover alongside use of objective measures to assess their health behaviors and their objective health status including anthropometric measurements, assessment of weight status, and potentially evaluation of blood pressure and other clinical indicators, such as blood glucose and cholesterol levels.

Beyond these hypothesized mechanisms for adult disease management program participation producing spillover effects on the behaviors of adolescent family members, many index patients described an explicit effort to encourage adolescents to adopt healthier lifestyle behaviors. We also found that, despite variation in index patients' perceptions of their influence over adolescents, most adolescents recalled the advice related to diet behaviors that index patients passed onto them after participating in disease management programs. Thus, this study provides evidence to suggest that adolescents are internalizing the new knowledge and behavior changes of their adult family members acquired via disease management program participation. Furthermore, some adolescents employ new skills and disease management techniques to support disease management and minimize negative health outcomes for their adult family members by taking on an active caretaking role, reminding index patients of what they should do to support their own health.

Findings from this research suggest that disease management interventions addressing health behaviors among high-risk populations have untapped potential to produce family-level influences on adolescent health behavior change. This research also suggests a need for more focus on ways to increase family engagement in disease management programs. We argue, in particular, that such family-engaged or family level intervention strategies could increase the influence of disease management interventions over the life course in addressing CVD disparities. It could also be important for reducing childhood obesity and long-term CVD risk among high-risk children and adolescents living with adults family members with chronic disease who may be particularly motivated to prevent intergenerational transfer of CVD risk via health behavior change.

For example, work by Grandes and colleagues suggests that the presence of comorbid conditions associated with obesity can affect adult patients' readiness for behavior change (34). Rhee and colleagues have also found the same regarding parents' receptiveness to addressing obesity in their child (35). Thus, developing family-level disease management programs and increasing family engagement in existing programs targeting high-risk populations may be particularly important as a strategy for engaging adults living with child family members because they are motivated to change their own behavior when they are confident they can also influence health behavior change in other family members, particularly children and adolescents.

This research is exploratory and, while it suggests avenues for further inquiry, these findings are hypothesis generating and should not be viewed as exhaustive in terms of the mechanisms by which spillover may operate in the context of disease management programs. Furthermore, given the qualitative methodology of this study, the findings cannot be used to generalize to a broader population of families. Because we did not collect objective measures of health behaviors or clinical indicators, these findings merit further exploration and verification via more rigorous research that links self-reported perceptions of spillover with health behavior data and clinical measures for both adult patients and adolescent family members.

Additionally, there are risks that some responses were influenced by social desirability bias since index patients were educated about healthy behaviors via participation in the ACT study. Similarly, adolescent family members may have been influenced by social desirability bias. There is also a risk that interviewers who conducted in-depth interviews inadvertently gave index patients and adolescents cues regarding the types of responses they were expecting. This could further compromise the validity of the study findings. Future research should involve more in-depth use of qualitative and quantitative methods, potentially over time during implementation of a family-level intervention so as to prospectively evaluate both perceptions of spillover and objective measures of health behavior change and clinical outcomes. Such a study is important for better understanding the timing of adolescents' perceived health behavior changes and the relationship between the changes and the family-level disease management intervention. Ideally such research would also corroborate reports of behavior change using clinical indicators to track changes in weight status and diet composition. Future research should also involve larger patient and family populations and pay special attention to evaluating the factors and circumstances that are associated with both the presence and the absence of spillover effects among some adolescents. In particular, research to better understand the circumstances that prevent spillover effects on adolescents would be important to understand in more detail as understanding conditions that prevent effective spillover effects could inform future intervention development efforts.

Despite these caveats, we believe these findings are intriguing and warrant further, rigorous investigation and that they provide evidence to support the hypothesis that adult disease management interventions may produce spillover effects on adolescent family members. Future research should not only rigorously evaluate spillover effects of existing disease management programs on child family members, but it should also involve development, testing, and implementation of family-focused disease management programs that explicitly target adult chronic disease management and primordial or primary prevention via health behavior change among child family members. While potential for social desirability bias is important to consider, Our findings were generally consistent with existing literature about parental influence on adolescents. Future interventions could bolster parental confidence in their influence on their adolescent family members and help empower parents to exert role modeling and influence their child's behavior.
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Introduction: Low-income and racial/ethnic minority preschoolers (aged 2–5 years) are disproportionately affected by obesity and its associated health consequences. Individual-level factors (e.g., diet) and environmental factors (e.g., neighborhood conditions) contribute to these disparities. However, there is limited research examining the role of neighborhood factors on obesity risk specifically among high-risk preschoolers. The objectives of this study are to describe the geographic distribution of preschool patients receiving care at two primary care pediatrics clinics affiliated with an academic medical center, and explore whether exposure to neighborhood crime and poverty is associated with obesity risk among this population.

Methods: Cross-sectional multilevel study linking clinical administrative data on patient visits between 2007 and 2012 with data from the American Community Survey and the Baltimore City Police Department. Home addresses of 2–5 year-old patients were geocoded to their neighborhood (i.e., census block group) of residence. We used logistic regression to examine the cross-sectional relationship between obesity and overweight and neighborhood-level factors. All analyses were adjusted for age and gender, and stratified by race/ethnicity (Black, Hispanic, and White).

Results: The majority of preschool patients lived in moderate or high crime (84%) or high poverty (54%) neighborhoods. A significantly higher proportion of Black preschoolers lived in high poverty neighborhoods compared to White preschoolers (61% vs. 38%, p < 0.001). Among this clinic-based sample of preschoolers, living in high crime or high poverty neighborhoods was not associated with a clinically significant increased odds of overweight or obesity.

Conclusions: This study examines the association between neighborhood factors and obesity and overweight among a clinic-based population of low-income racial/ethnic minority preschoolers. The neighborhoods where preschoolers in this sample lived, on average had higher crime counts and poverty than the citywide average for Baltimore. Our findings also suggest that Black preschoolers are exposed to higher levels of neighborhood poverty compared to Whites. While no meaningful association between these neighborhood factors and odds of obesity or overweight was found in this cross-sectional analysis, our findings suggest avenues for future studies informative to the development of clinic-based obesity management interventions aimed at effectively addressing neighborhood contributors to early childhood obesity disparities.

Keywords: obesity, neighborhood crime, neighborhood poverty, primary care pediatrics, intervention

INTRODUCTION

More than 20% of preschoolers (ages 2–5 years) are overweight or obese by the time of school entry (1). Obese preschoolers children are more likely to become obese adults and resultantly are at higher-risk for obesity-related health complications including hypertension, diabetes, and cardiovascular disease (2, 3). While national data suggests obesity rates may be declining among preschoolers, racial/ethnic and socioeconomic (SES) disparities in obesity prevalence in this age group are persistent (4); and threaten to curtail efforts to curb the childhood obesity epidemic.

The mechanisms responsible for producing and sustaining racial/ethnic- and SES-based obesity disparities are likely multifactorial and are hypothesized to include both individual risk factors (e.g., television viewing, increased intake of sugar-sweetened beverage intake) and neighborhood conditions including neighborhood SES, neighborhood safety, and neighborhood crime exposure (5–7).

Neighborhood SES and crime are postulated to influence obesity risk in part through their potential effects on physical activity. Though emerging, data exists supporting an association between these neighborhood conditions and physical activity among children. For instance, a recent systematic review of cohort studies demonstrated that living in unsafe neighborhoods was associated with a reduction in children's (aged ≤ 17 years) physical activity level (8). The majority of studies examined in the aforementioned review incorporated perceived neighborhood safety measures and a lesser number of studies utilized objective measures of crime (8). A prior review conducted by Davison and Lawson, demonstrated that objectively measured local crime rates were inversely associated with children's reported physical activity level (9). Notably, most studies, particularly those focused on preschoolers, have solely utilized subjective measures of neighborhood safety with significant heterogeneity or have examined these types of neighborhood environmental exposures over large geographic areas such as census tracts or counties (9–12).

Despite the potential importance of neighborhood factors such as SES and crime on childhood obesity risk, research examining the association between such factors and obesity risk itself is limited, particularly among low-income racial/ethnic minorities who experience disparities in obesity risk throughout the life course and are also more likely to reside in potentially obesogenic neighborhoods characterized by lower SES and higher levels of crime (6, 8, 13). Fewer studies still have explored the association of neighborhood SES and crime with obesity risk among clinic-based pediatric patient populations (14, 15). The findings of such studies can be particularly informative to the development of clinic-based obesity management interventions that integrate strategies responsive to the neighborhood social contexts in which patients live.

In this study, we used data from two urban hospital-affiliated pediatric primary care practices in Baltimore, Maryland to: (1) describe the geographic distribution of residence and neighborhood levels of crime and SES among preschool-aged patients and (2) determine the association of neighborhood levels of crime and SES with the prevalence of obesity and overweight among this clinic-based sample of preschoolers.

MATERIALS AND METHODS

Study Design

This study was a cross-sectional analysis of primary care patient data from preschoolers from October 1, 2007 to November 6, 2012. Patient data were extracted from electronic medical records and manual chart reviews and linked with neighborhood poverty data from the American Community Survey (16) and crime data from the Baltimore City Police Department (BCPD) (17). The Johns Hopkins School of Medicine Institutional Review Board approved this study protocol.

Setting and Participants

Patient data were from two urban, hospital-based pediatric primary care clinics (Clinic A and Clinic B) affiliated with a large academic medical center in Baltimore, Maryland. Clinic A serves a population that is 65% Hispanic, the majority of whom are children of Mexican and Central American immigrants to the U.S. Clinic B serves a patient population that is approximately 90% non-Hispanic Black. Both sites serve predominantly low-income populations; more than 80% of patients at each site receive health insurance through the state Medicaid program. Preschool-aged patients from both clinic sites were included in this study if they met the following criteria: (1) documented address within Baltimore City limits; (2) ≥1 clinic visit documented in data extraction period with a clear record of height, weight, gender, race/ethnicity and insurer; (3) race/ethnicity documented as White, Black or Hispanic; (4) valid address for geocoding; and (5) biologically valid height, weight and body mass index z-score.

Data Sources

Patient data were obtained for all study participants from the most recent preventive health visit in each calendar year. The clinic data included the following information from the most recently recorded visit date: date of birth, gender, residential address, zip code, insurance provider/guarantor, language preference, race/ethnicity, patient weight, and patient height.

Measures

The main outcome measure of overweight and obese was calculated using child age-and sex-specific body mass index (BMI) percentile. We used reported height and weight, and gender, date of birth, and date of visit to calculate the BMI percentile for each patient using standard methodology (18). We report results based on the Centers for Disease Control and Prevention growth chart cutoffs for underweight, normal weight, overweight, and obese. The calculated BMI percentiles were then standardized to produce a BMI z-score for each patient using the 2006 World Health Organization (WHO) Child Growth Standards for children under 60 months of age (19).

The two main neighborhood variables of interest were crime and neighborhood SES. Geographic information system (GIS) software (20) was used to characterize neighborhood crime and neighborhood SES of participants based on geocoded residential addresses. Participant neighborhoods were defined as the 2010 census block group (CBG) using ArcGIS software. Using BCPD data, we operationalized neighborhood crime as the average number of violent crimes (e.g., homicide, aggravated assault) per 1,000 residents in each CBG over the 5-calendar years from 2006 to 2010. Tertiles of neighborhood crime were calculated using the distribution of crime density across the 653 CBGs in the city as the reference. Low-crime neighborhoods had <48 crimes/mi2, moderate-crime neighborhoods had 48–103 crimes/mi2 and high-crime neighborhoods had >103 crimes/mi2. Because Baltimore generally has a high crime rate, and there are not nationally accepted thresholds for determining what constitutes high vs. low crime across all neighborhood contexts, we elected to assess crime as a continuous exposure as opposed to defining high vs. low crime neighborhoods based on the distribution of crime counts across Baltimore CBGs. Using data from the 5-year 2013 American Community Survey (aggregated data from 2008 to 2012) (16), we operationalized neighborhood SES as the percent of households living below the Federal Poverty Line within a CBG. This approach has been used in previous research and is thought to be a more accurate measure of neighborhood poverty level for children as compared to neighborhood median income because it takes into account the number of individuals per household (21). Poverty was dichotomized as high (≥20% of households living below the poverty line) and low (<20% of household living below the poverty line). Thus, the threshold for identifying high poverty or low SES neighborhoods was independent of the median poverty rate across Baltimore City and is based on accepted standard measures.

Data Analysis

Summary statistics were used to describe the study population by individual and neighborhood level factors overall and by race/ethnicity. We examined potential differences in individual child and neighborhood-level factors by race/ethnicity using Chi-square tests for categorical variables and ANOVA test for continuous variables. Logistic regression was used to evaluate the association between the odds of overweight or obesity and number of violent crimes and separately, neighborhood poverty per CBG. Resulting estimates of associations were calculated for the overall study sample and stratified by race/ethnicity. For neighborhood violent crimes, estimates are reflected as odds ratios for an increase of 10 violent crimes in each child's CBG. For neighborhood SES, estimates are reflected as odds ratios comparing patients living in CBGs with high poverty to patients living in CBGs with low poverty. Statistical significance was defined as an odds ratio that did not cross 1.0 and a p-value that was <0.05. All logistic models were adjusted for age and gender.

RESULTS

Data Extraction

The initial study population included 5,433 unique study participants and 10,975 unique clinic visits (Figure 1). Among these, 2,769 of visits were excluded because the listed residential address was outside the Baltimore City limits. Three hundred and eighty-two of visits with missing or unclear records for height, weight, gender, race/ethnicity, or insurer were also excluded as were children whose race/ethnicity was not listed as White, Black or Hispanic (n = 31 visits), children with missing/invalid addresses (n = 286 visits) or those where height, weight, or body mass index z-score deemed biologically implausible (n = 377 visits). The final study population included 3,684 study participants with 7,130 visits, representing 68 and 65% of initial total patients and total visits, respectively.
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FIGURE 1. Flow Chart patient data extraction process.



Patient Sample Characteristics and Geographic Distribution

Figure 2 demonstrates the geographic distribution of neighborhoods of residence for all patients receiving care at Clinic A and Clinic B who live within the Baltimore City limits. This figure demonstrates that the majority of the CBGs with the largest number of clinic patients fall within a1.5-mile buffer of each clinic location. This buffer size was chosen to capture the overlapping area between the two clinic sites. 54.5% (N = 2,148) of all patients lived in CBGs that are completely or partially inside the 1.5-mile buffer for the two clinics. The patient population for Clinic A is concentrated within 1.5 miles with 73.9% (N = 1,203 patients) residing within this catchment area while only 37.4% (N = 865 patients) of clinic B patients reside within 1.5 miles of the clinic. Together, the patients from these two clinics represent 29.1% of all children residing within the catchment area.
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FIGURE 2. Geographic distribution of neighborhoods of residence for patients residing within Baltimore City limits who received care at two urban, hospital-affiliated primary care clinics. Neighborhoods are depicted as census block groups, and 1.5-mile buffer around each clinic and point location of each clinic are shown.



The median crime count for the neighborhoods where the study population lived was 75 crimes per CBG as compared to a median crime count of 64 crimes per CBG for Baltimore neighborhoods overall. And, 54% of preschoolers in the study population live in high poverty neighborhoods (≥20% of families living below the federal poverty line) compared to 40% of all Baltimore residents who live in high poverty neighborhoods.

Table 1 provides more detail regarding the demographic characteristics of all patients under study. On average White patients attending these clinics were younger (Whites: mean age 3.8 years vs. Hispanics: mean age 4.0 years, p < 0.001), more likely to have private insurance (Whites: 28% vs. Hispanics: 1%, p < 0.001), and less likely to be obese as compared to Hispanic patients (Whites: 14% vs. Hispanics: 23%, p < 0.001). Black patients were more likely to live in CBGs with high poverty compared to Whites (61 vs. 38%, p < 0.001). Similarly, Black and Hispanic patients were both more likely to reside in CBGs with a high number of violent crimes compared to Whites (Blacks: 42%; Hispanics: 44% vs. Whites: 34%, p < 0.001).


Table 1. Individual and neighborhood characteristics overall and by race/ethnicity among a primary care-based clinic sample of preschoolers, October 1, 2017–November 6, 2012, Baltimore City, Maryland.
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Neighborhood Violent Crime

Table 2 shows estimates of associations between overweight, obesity and number of violent crimes per CBG of patient residence. The odds of obesity or overweight for Hispanic and White preschoolers were not associated with living in a higher crime neighborhood (Hispanics: odds ratio−0.994, 95% CI: 0.974–1.013; Whites: odds ratio−1.008, 95% CI: 0.979–1.037). There was, however, a statistically significant association of the odds of obesity with crime among Black children such that adjusted odds of obesity was 0.978 for every increase of 10 violent crimes in a child's neighborhood (95% CI, 0.959 to 0.998, p = 0.031). This result was in the opposite direction of what was hypothesized and was only observed for Black preschoolers. A sensitivity analysis examining whether this association was the result of differences in the neighborhood crime exposure for preschoolers of different races demonstrated that these results were consistent for Black children even after four children living in extremely high crime neighborhoods were excluded (not shown), and when stratifying preschoolers by neighborhood poverty level (not shown).


Table 2. Associations between obesity, overweight and overweight or obese and average number of violent crimes in each census block group of patient residence.
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Neighborhood Poverty

Table 3 displays estimates of associations between overweight, obesity and neighborhood SES operationalized as neighborhood poverty level dichotomized as high poverty (≥20% of households living below the federal poverty line) and low poverty (<20% of households living below the federal poverty line). Although neighborhood crime and poverty rates are closely related (Pearson correlation estimate 0.23, 95% CI 0.15–0.31, p < 0.001), poverty is not associated with obesity or overweight in unadjusted and adjusted analyses in this patient population, overall, and among any of the three racial/ethnic groups studied (Table 3).


Table 3. Associations between obesity, overweight and overweight or obese and poverty per CBG of patient residence. Associations are shown as odds ratios comparing those in CBGs with 20% or more of households below poverty line (high poverty) vs. those with less than 20% (low poverty).
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DISCUSSION

In this clinic-based population of 3,684 low-income, predominantly racial/ethnic minority preschoolers, we found that the majority of patients lived in neighborhoods with high levels of crime and poverty. Among this sample of children from predominantly high poverty neighborhoods we found no statistically significant association between neighborhood SES and child overweight or obesity. Furthermore, while we found a statistically significant association between neighborhood crime and obesity among Black preschoolers such that there was a statistically significantly lower odds of obesity for every 10 count increase in crimes, this is likely not a clinically significant association nor is it consistent across all racial/ethnic groups within the study sample.

Our findings are in contrast to some other studies that have found statistically significant associations between neighborhood SES and neighborhood crime and child obesity (11, 22–24). Potential explanations for the lack of associations observed in our study include unmeasured neighborhood-level exposures that may contribute to obesity risk such as the neighborhood food environment and proximity to parks or other recreational facilities. Additionally, we were unable to capture additional individual- or family-level contributors to obesity risk among children including child diet, sedentary and physical activity behaviors, and parent weight status or parent diet and physical activity behaviors. Our analysis further relies on violent crime reports obtained from the Baltimore City Police Department and does not take into account parental perceptions of neighborhood crime or safety.

Our study utilizes a convenience sample of a clinic-based populations serving predominantly low-income Black and Hispanic patients who received primary care, and hence may have limited generalizability to other populations. We found that these preschoolers live in higher crime neighborhoods and in lower SES neighborhoods on average than do residents in Baltimore, Maryland overall. Also, the preschoolers in our sample represent only 29% of all children living in the included CBGs and, thus, may not be representative of all children in the included neighborhoods.

Furthermore, though we assume that the number of violent crimes within a CBG is reflective of a child or family's experience of crime and is relatively stable over time. This may not hold true for all patients. Perceptions or fear of crime may represent a stronger driver of behavioral patterns than objective measures. Additionally, the cross-sectional design of our study may hinder our ability to detect true associations between neighborhood exposures and child overweight and obesity.

Despite these limitations, our study makes an important contribution to the existing literature on neighborhood context and child obesity risk. First, this is one of a few studies to describe the geographic distribution and neighborhood environmental exposures with respect to crime and SES for preschool-aged primary care patients. Secondly, the neighborhood exposures of interest are objectively measured and assessed on a granular scale since we use census block groups as the neighborhood geography of interest, which, in an urban context, is frequently synonymous with an area that is only a few square blocks in size. As such, we measure the neighborhood exposure in the immediate vicinity around a child's neighborhood of residence, which is strength of our methodological approach. We argue that measuring neighborhood exposures in a small geographic area is critically important for understanding the association of SES, crime and obesity risk among preschoolers because, in many cases, the environment immediately surrounding their home most closely reflects their lived experience (25, 26). Other strengths of this study include a robust sample size of over 3,600 participants and use of objectively measured height and weight data obtained from the electronic health record.

Our approach to understanding the catchment areas of the clinics in an attempt to further elucidate the potential impact of neighborhood SES and crime on the health of preschool-aged patients is underutilized in the existing literature. Instead of assuming a certain geographic radius around each clinic as the catchment area, this study describes the distribution of patients and demonstrates that a significant proportion of preschool aged patients from each clinic live within a 1.5-mile radius of each clinic. As such, this study can inform how other clinical practices characterize the patient population they serve using geography and neighborhood exposures to augment what is known about individual patients and families.

CONCLUSIONS

In summary, in this clinic-based sample of preschool-aged patients, we found that the majority of preschoolers lived in neighborhoods characterized by high or moderate crime and high poverty. Furthermore, Black preschoolers lived in higher poverty neighborhoods compared to Whites. While no clinically significant association was found between the odds of overweight or obesity and neighborhood poverty and crime among this sample, findings from this study have implications for future research centered on the development of interventions addressing child obesity disparities.

FUTURE IMPLICATIONS

Our findings suggest avenues for future research examining the relationship of neighborhood conditions and childhood obesity risk. In particular, future studies using data from clinical populations should include comprehensive data regarding sociodemographic characteristics of patients and families, intermediate behavioral indicators (child-and parent-level) such as diet and physical activity patterns, and other neighborhood-level exposures. Future research should incorporate both perceived and objective measures of neighborhood environments and examine associations between neighborhood exposures and growth trajectories over time. Building this body of work is a critical step in designing and implementing effective clinic- and community-based multi-level pediatric obesity management interventions that are responsive to neighborhood conditions where children and families live.
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Introduction: Obesity is associated with early co-morbidities and higher mortality. Even though weight loss surgery (WLS) in adolescents with severe obesity reliably achieves safe and lasting improvement in BMI and superior resolution of comorbid diseases, its utilization among young patients in the clinical practice stands unclear.

Objective: To show the prevalence of weight loss surgery utilization rates in adolescents and young adults among several healthcare institutions in the United States.

Method: WLS in 14–25 years old between 2000 and 2017 was obtained from Washington University, Morehouse Medical, University of Texas, Wake Forest Baptist Medical Center, Beth Israel Deaconess Medical Center, Boston Children's Hospital, Boston Medical Center, and Partners Healthcare using the Shared Health Research Information Network (SHRINE) and Research Patient Data Registry (RPDR) web-based query tools. ICD-9 codes were used for bariatric surgery.

Results: Among 2500635 individuals, 18008 (0.7%) had severe obesity. At Partners, 1879 patients had severe obesity, of which 404 (21.5%) underwent WLS, whereas at Washington University, 44 (2.5%) of 1788 the underwent WLS. 13 (2.3%) of the 575 at BIDMC, 43 (1.5%) of the 2969 at BMC, and 37 (0.4%) of 8908 at BCH underwent WLS (p < 0.0001 for all).

Discussion: Even though WLS has shown to be the most effective treatment to create sustainable changes in metabolic derangements for moderate to severe obesity and its comorbidities, it has been underutilized. Further studies need to be conducted to ensure WLS is utilized for those patients who would achieve the most benefit.

Keywords: obesity surgery, weight loss, adolescent, youth, bariatric surgery

INTRODUCTION

Obesity rates have reached pandemic levels in the United States with prevalence rates of 39.8% in adults and 18.5% in youth (1). Current reports in children and adolescents show a significant increase in severe obesity in children and an upward trend in many subgroups, including adolescents (2, 3).

Severe obesity is defined as a BMI ≥ 99th percentile for age and gender, equivalent to a BMI Z-score of +2.5, which is an adult BMI of 30 kg/m2 (4). A high BMI for age, especially in those with severe obesity, is associated with early co-morbidities, such as type 2 diabetes, non-alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis (NASH), dyslipidemia, obstructive sleep apnea (OSA), hypertension (HTN), heart disease, and early mortality. About 4% of children in the US have a BMI ≥99th (5).

Obesity is the most significant threat to the health of younger generations due to its cumulative health impact (4). Current indications for WLS in adolescents include a BMI ≥35 kg/m2 or ≥120% of the 95th percentile with clinically significant comorbid conditions such as OSA (apnea-hypopnea index (AHI) >5 events/h), type 2 diabetes, idiopathic intracranial hypertension, NASH, Blount's disease, slipped capital femoral epiphysis, gastroesophageal reflux disease or HTN; or BMI ≥40 kg/m2 or ≥140% of the 95th percentile (6). In adolescents with severe obesity, WLS reliably achieves a safe and lasting improvement in BMI and resolution of comorbid diseases superior to other treatment modalities (7–11). Long term remission of comorbidities such as diabetes, dyslipidemia, HTN, NAFLD, and OSA have been reported in adolescents. WLS is recommended as a reasonably safe and effective approach in adolescents and young adults. (4, 9, 12–15). However, dietary supplementation and lifelong vitamin level monitoring are required since inadequate absorption of calcium, vitamin D, iron, vitamin B1, B6, B12, A, and folate has been reported in these patients (4, 6).

Ensuring a multidisciplinary team (MDT) optimizes preoperative selection and education, as well as postoperative outcomes (6, 16). Many academic institutions in the US do not offer this treatment modality. Even though WLS is the most effective treatment to date to create sustainable changes in metabolic derangements for those with moderate to severe obesity and its comorbidities, its utilization among young patients in the clinical practice remains unclear. Our hypothesis is that WLS in adolescents and young adults with severe obesity is highly underutilized, despite its benefits. In our study, we evaluate the prevalence of severe obesity and WLS utilization in individuals between 14 and 25-years-old among several academic healthcare institutions in the United States.

METHODS

The prevalence of obesity, severe obesity, and WLS utilization between 2000 and 2017 in patients between 14 and 25-years-old were obtained using the Scalable Collaborative Infrastructure for a Learning Health System (SCILHS) and the Research Patient Data Registry (RPDR) query web-based tools. The SCILHS covers more than 8 million patients across 10 health systems, enabling a national research network formed on an advanced information technology infrastructure (17). The RPDR is a centralized clinical data registry that gathers clinical information from various hospitals in the Partners Healthcare system (PHS), such as Massachusetts General Hospital (MGH) and Brigham and Women's Hospital (BWH), covering around 4 million patients.

Data on gender, age, race, and WLS utilization were available from 8 healthcare systems: Washington University in St. Louis, Morehouse Medical School, University of Texas-Houston, Wake Forest Baptist Medical Center, Beth Israel Deaconess Medical Center (BIDMC), Boston Children's Hospital (BCH), Boston Medical Center (BMC), and PHS. Individuals with obesity were identified utilizing ICD-9 code for obesity, BMI>30 kg/m2, and BMI pediatric ≥ 95th percentile for age. Individuals with severe obesity were identified using the ICD-9 code for severe obesity, morbid obesity, and BMI ≥40. Data for WLS were also obtained using ICD-9 codes:: gastric restrictive procedure, gastric bypass for morbid obesity; short limb Roux-en-Y with small intestine reconstruction to limit absorption, laparoscopic surgical gastric restrictive procedure with gastric bypass, and Roux-en-Y gastroenterostomy. Statistical analyses involved a series of univariate analyses consisting of Fisher's exact test to evaluate the difference in WLS utilization rates between each healthcare institution and PHS. This study was approved by the Partners Healthcare Institutional Review Board. The study contained only de-identified information, and we have followed the principles in accordance with the Declaration of Helsinki.

RESULTS

Prevalence of Obesity

Our study collected information on 2,500,638 individuals 14–25 years old. As illustrated in Table 1, we ascertained demographics of the total population, of individuals with obesity and with severe obesity, by gender, race and academic institution. For the total population, gender distribution was overall even. Overall, Partners Healthcare had the highest percentage of individuals between 14-25 years old (38.8%), followed by BCH (22.3%). We found that 18008 (0.7%) patients had severe obesity, of whom 61% were female, 39% were male. By healthcare institution, BCH had the highest proportion of individuals with severe obesity.


Table 1. Demographics of individuals by gender, race and healthcare institution.
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Utilization of WLS

Only 3% of individuals with severe obesity underwent WLS. The gender distribution was 2:1 in favor of women, and utilization was higher in the White population (42.3%), followed by Unknown (24.4%), Other (15.5%), African American (6.5%), and Asian (0.7%). The distribution of WLS by healthcare institution was as follows: at PHS, 404 (21.5%) of 1879 patients with severe obesity underwent WLS. In contrast, 44 (2.5%) of 1788 at Washington University, 13 (2.3%) of the 575 at BIDMC, 43 (1.4%) of the 2969 at BMC, and 37 (0.4%) of 8908 individuals with severe obesity at BCH underwent WLS. As illustrated in Figure 1, we used Fisher's exact test to determine whether each of the other institutions differed from PHS in WLS utilization rates among those with severe obesity. There was a statistically significant difference in WLS utilization rates between each of the other healthcare institutions and PHS (p < 0.0001 for all).


[image: image]

FIGURE 1. Weight loss surgery utilization in patients 14-25 years old in several healthcare academic institutions in US.



DISCUSSION

Despite evidence that adolescent bariatric surgery is a safe, effective, and appropriate consideration when severe obesity in the adolescent patient does not respond to behavioral changes or medical interventions, our results demonstrate low utilization rates of WLS in adolescent and young adult patients with severe obesity in a nationwide sample of institutions. We compared WLS utilization rates in other academic health care institutions to that within the PHS (based on the obviously higher utilization of WLS in the latter). A vast difference was found among academic institutions, despite some being localized in the same city. Of the institutions evaluated, PHS has the longest history of providing care to patients in a tertiary multidisciplinary weight management program (which includes the availability of weight loss surgery), and this may have influenced its highest percentage of WLS utilization when compared to peer institutions. Patients with severe obesity can only undergo WLS after being carefully selected, and WLS can produce meaningful short term and long term weight loss, improvements in cardiometabolic risk factors, diabetes mellitus, and quality of life (12, 18). To our knowledge, all academic institutions included in our analyses utilize a multidisciplinary weight management program for their patient population.

Numerous factors are believed to impact WLS utilization. These include limited medical education about the physiology of obesity and its treatment, obesity bias with healthcare providers assuming it is the patient's deficient effort to achieve weight loss that results in severe obesity, limited decisional capacity and autonomy in adolescents, a limited ability to manage challenging lifestyle changes, lack of awareness that adolescents and young adults are eligible for WLS, inequities in access to healthcare resources, differences in socioeconomic status (SES), obstacles obtaining treatment authorization from insurance carriers, and limited studies on long-term outcomes (12, 18, 19). The adolescent years are a very vulnerable time of one's life and are characterized by a peak in psychological and social development. Severe obesity may leave a more significant metabolic imprint in adolescents than in adults, for which is imperative to consider WLS as an approach if applicable. In patients with severe obesity, the embracing of a new lifestyle after WLS potentially results in a more energetic, healthy, and sociable young individual, with a better self-esteem and a sense of self-empowerment, however these benefits must always outweigh the risks of micronutrient deficiencies and possibility of more abdominal procedures in the future (7.9%) (4, 12, 13, 20). Limitations of this research included not having access to insurance and SES. Further studies are required to elucidate the reasons of WLS underutilization in an adolescent and young adult population.

CONCLUSION

Management of severe obesity is a lifelong challenge and requires a multidisciplinary and individualized approach that includes a combination of lifestyle changes, behavioral therapy, nutrition education, medications, and possibly WLS. WLS is a safe and effective treatment for adolescents and young adults with severe obesity; however, it is widely underutilized. More tertiary multidisciplinary weight management centers are necessary to ensure the beneficial early intervention outcomes of WLS. Inadequate education and awareness, suboptimal support and inadequate tools and access to navigate the decision-making process regarding WLS might influence this outcome. These factors remain unclear and further measures are necessary to ensure that WLS is adequately utilized for those patients who would achieve the most benefit.
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Introduction: Resting energy expenditure (REE) is often evaluated in adults and adolescents with obesity to estimate caloric requirements when advising dietary changes. However, data are lacking regarding the accuracy of methods used to clinically assess REE in adolescents with severe obesity. Moreover, there are no data regarding the effects of sleeve gastrectomy (SG) on REE in adolescents. We evaluated the accuracy and error rate between estimated and measured REE in adolescents with severe obesity and changes in REE following (SG).

Materials and Methods: Cross-sectional study (CSS): 64 adolescents and young adults, 14–22 years old, with moderate to severe obesity were enrolled. We measured REE (mREE) by indirect calorimetry and estimated REE (eREE) using Derumeaux (Deru), Mifflin-St Jeor (MS), Harris Benedict (HB), and World Health Organization (WHO) equations. DXA was used to determine body composition. Bland Altman analysis evaluated agreement between eREE and mREE. Longitudinal study: 12 subjects had repeat indirect calorimetry and DXA 1 year after SG. Longitudinal analysis was used to assess changes in REE and body composition.

Results: CSS: Median BMI was 45.2 kg/m2 and median age was 18.0 (16.3–19.9) years. mREE correlated strongly with eREE . Bland Altman analysis demonstrated that only a few points were beyond the 1.96 SD limit of disagreement. However, there was considerable overestimation of mREE by most equations. Longitudinal Study: In the subset that underwent SG, after 12-months, absolute REE decreased from 1709 (1567.7–2234) to 1580.5 (1326–1862.5) Calories (p = 0.002); however, the ratio of REE/Total Body Weight (TBW) increased from 13.5 ± 2.3 at baseline to 15.5 ± 2.2 at 1 year (p = 0.043). When evaluating parameters affecting % total weight loss, we found that it correlated positively with REE/TBW at 12 months (R = 0.625; p = 0.03) and negatively with % fat mass at 12 months (R = −0.669; p = 0.024).

Discussion: In adolescents with moderate-severe obesity, despite a correlation between mREE using indirect calorimetry and eREE using the Deru, MS, HB, and WHO equations, there is significant over-estimation of REE at the individual level, challenging their clinical utility. One year after SG, REE/TBW increased and strongly correlated with % total weight loss in adolescents.

Keywords: obesity, adolescents, resting energy expenditure, calorimetry, equation, sleeve gastrectomy

INTRODUCTION

Childhood and adolescent obesity is a growing public health concern. Currently, more than 20% of children in the United States have obesity, placing them at increased risk of obesity and its comorbidities as adults (1).

While obesity is a multifactorial disease, it is ultimately the result of a state of positive energy balance combined with a genetic predisposition for weight gain (2). To address energy imbalance, current recommendations for treating childhood obesity include family based lifestyle interventions with diet and exercise modifications (3). As part of this current strategy, energy requirements are often measured to guide the development of appropriate recommendations to achieve weight loss or maintenance. Indirect calorimetry is the current gold standard to measure resting energy expenditure (REE), but this technique is expensive and often difficult to access in clinical practice. Equations that estimate REE have been developed, however their accuracy in children with obesity is questionable, which makes it difficult to rely on these estimates in a clinical setting for this patient population (4).

Bariatric surgery is a useful treatment option for adolescents with severe obesity (5). When weight loss is achieved through diet and exercise, there is an associated decrease in REE (6, 7), which makes continued weight loss challenging. In adults, bariatric surgery results in decreases in absolute REE, but this decrease in REE is not evident when controlled for total body weight, suggesting that REE actually does not change (7). There are only a few studies in adults that have evaluated changes in REE after sleeve gastrectomy (SG), and results are conflicting (8, 9). To our knowledge, there are no studies that have assessed metabolic changes in adolescents after SG.

The primary objectives of this study are to (i) evaluate the accuracy of predictive equations used in clinics to estimate REE in adolescents with moderate to severe obesity, and (ii) to explore metabolic adaptations in adolescents and young adults with severe obesity 12 months following SG. We hypothesized that REE predictive equations would be inaccurate in adolescents with severe obesity, and that SG would lead to metabolic adaptations, causing a reduction in REE.

METHODS

This study was carried out in accordance with the Belmont principles and was approved by the Institutional Review Board of Partners Healthcare System. All subjects gave written informed consent in accordance with the Declaration of Helsinki. Subjects ≥18 years of age, and parents of subjects <18 years of age provided written informed consent, and informed assent was obtained from subjects <18 years of age. Sixty-four adolescents and young adults, ranging from 14–22 years of age, with moderate to severe obesity, BMI > 35 kg/m2 were enrolled. Exclusion criteria included untreated thyroid dysfunction, smoking >10 cigarettes/day, substance abuse disorder, pregnancy or breast feeding as these effect REE. Four of our participants were on medications for attention deficit hyperactivity disorder (ADHD)—three were on dextroamphetamine and one on methylphenidate. Although, considered stimulant drugs, literature suggests that these medications do not alter REE (10). We did not exclude adolescents on stimulant medications given the frequency of their use in the general population, as this would limit the generalizability of our results. No participant was on stimulant medications for weight loss.

MEASUREMENTS

Indirect calorimetry (MetCart) was used to measure fasting REE under thermal neutrality using VMAX Encore 29 metabolic cart (Viasys Healthcare, Carefusion; San Diego, CA). All measurements were conducted at the Clinical Research Center of our institution. Subjects fasted for at least 8 h before measurement and were instructed to refrain from heavy exercise, tobacco, and alcohol the night before. Subjects did not alter their usual food intake the day prior to the visit. They rested for 20 min before measurement. Dual energy x-ray absorptiometry (Hologic QDR 4500) was used to measure body composition, specifically total fat and lean mass. Activity levels were recorded using the Paffenberger questionnaire.

Four REE equations were used to compare measured vs. estimated REE. These included the Derumeaux, Harris Benedict, World Health Organization/Food and Agriculture Organization and Mifflin- St Jeor equations (Table 1). These equations were chosen because clinically they are the most commonly used equations, and/or because younger populations were included in their initial derivation. Twelve subjects underwent SG and had repeat indirect calorimetry and DXA measurements 12 months after surgery.


Table 1. REE equations evaluated in adolescents with moderate-severe obesity.
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STATISTICAL ANALYSIS

JMP Pro12 (SAS Institute, Cary, NC, USA) was used for data analysis. The variables were assessed for normality of distribution and descriptive analysis is presented accordingly. The percentage of subjects with accurate prediction of REE on an individual level was also calculated, where an accurate prediction was defined as the estimated REE being between 90 and 110% of the measured REE (based on previous studies and clinical impact) (15). If the eREE was < 90% of mREE, this was defined as an under prediction, whereas if the eREE was >110% of the mREE this was considered an over prediction. The percentage of the maximum positive/maximum negative error refers to the maximum positive and negative individual value of eREE that was the furthest away from the mREE (over and under prediction, respectively). Correlation is simple linear correlation between eREE and mREE. Bland Altman plots were used to evaluate the agreement between four predictive equations and measured REE (16).

For the longitudinal component of the study, we used the paired samples t-test or the Wilcoxon signed rank test, depending on distribution, to test if there was a significant within- group change over 12 months. For correlational analysis, Pearson's or Spearman's correlation was used depending on data distribution.

RESULTS

Subject Characteristics

The demographic and anthropometric characteristics of the 64 adolescents and young adults with moderate to severe obesity included in this study are displayed in Table 2. Almost half of our participants were Caucasians and 40% were Hispanic in ethnicity. The median hours of vigorous activity per week was 3.8 (0–7).


Table 2. Subject characteristics.
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Accuracy of REE Predictive Equations

Table 3 shows the difference between measured REE using indirect calorimetry and predicted REE using the four representative predictive equations (Table 1). The percentage of accuracy, over prediction, bias, maximum positive and negative error are listed. The Mifflin equation had the lowest difference from the mREE with a mean difference of 303.6 kcal/day. The WHO equation was the furthest from the mREE, showing a mean difference 683.3 kcal/day. Over all, the Mifflin equation performed best in our subjects with the lowest bias (18.9%), and an accurate prediction of REE in 25% of subjects. The WHO equation performed the poorest showing the highest bias (39.3%) and giving an accurate prediction in only 3.1% of subjects. The maximum positive error was estimated using the WHO equation, where one subject was predicted to have an REE that was 87.4% higher than the measured value. More than a third of the time, all four equations over predicted REE.


Table 3. Comparison of measured REE and estimated REE in adolescents with moderate-severe obesity.
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Bland Altman plots, Figure 1, shows the distributions of differences against the means, obtained with the two different methods, and the limits of agreement. Most subjects were within the suggested limits of agreement across the four equations, and there was no evidence of dependency of the differences in the entire range of energy expenditure levels suggesting the lack of systematic error.


[image: image]

FIGURE 1. Bland-Altman plots comparing absolute differences between measured and estimated REE and average of measured and estimated REE for the four equations. [image: yes], Mean; [image: yes], +/−1.96SD, [image: yes]Subject.



REE and Metabolic Changes After Sleeve Gastrectomy

Weight, body composition and metabolism changes from baseline to 12 months in adolescents and young adults undergoing SG (N = 12) are shown in Table 4. The group was composed of mostly white (9/12) females. About 42% were of Hispanic ethnicity. The mean age baseline was 18.8 ± 2.2. As expected, they had a decrease in weight, BMI, total and % fat mass and total lean mass. Although the group showed a decrease in absolute REE, REE was unchanged after controlling for lean mass. Further, REE/total body weight increased 12 months after SG.


Table 4. Anthropometric and metabolic changes 1 year after sleeve gastrectomy.
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Correlation of Weight Loss With Body Composition and REE After Sleeve Gastrectomy

In an effort to seek the factors that could affect weight loss, we evaluated the correlation between total percent weight loss and body composition and REE parameters at baseline (before surgery) and after surgery. There was no correlation between percent total weight loss and body composition and REE parameters at baseline. However, percent total weight loss was positively associated with REE/TBW at 12 months and negatively with fat mass and % fat mass at 12 months. This is shown in Table 5.


Table 5. Correlation of % total weight loss and body composition and measured REE before and after surgery.
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Correlation of Changes in Measured and Estimated REE Before and After Sleeve Gastrectomy

To evaluate if the routinely used equations can at least be used to track the changes in REE before and after surgery, we ran a correlation analysis on the changes in REE obtained with indirect calorimetry (mREE at 12 months—mREE at baseline = ΔmREE) with the changes in estimated REE obtained by each of the four equations (eREE at 12 months—eREE at baseline). We found that Δ mREE with Δ Mifflin eREE (r = 0.48; p = 0.06); Δ mREE with Δ Harris-Benedict eREE (r = 0.41; p = 0.11); Δ mREE with Δ WHO eREE (r = 0.52; p = 0.04) and Δ mREE with Δ Deru eREE (r = 0.43; p = 0.10).

DISCUSSION

Resting Energy Expenditure Equations in Adolescents and Young Adults With Severe Obesity

This study questions the utility of using predictive equations clinically to estimate REE in adolescents and young adults with moderate to severe obesity because of the high degree of variability in these predictions with a meaningful clinical error. Even the Mifflin equation, which provided the most reliable estimates, only accurately predicted REE in approximately one quarter of the subjects in our cohort. All four equations tended to overestimate REE with a high degree of bias (20–40%) above the measured REE. The Bland-Altman plots, which quantify the agreement between the two quantitative measures, showed reasonable agreement for all the equations tested (16). While these agreements are acceptable at the population level, the degree of discrepancy at the individual level limits the clinical utility of using the equations in guiding weight management treatment. The average calorie deficit recommended to achieve a weight loss of 1–2 pounds/week is about 500 kcal/day and most of these equations overestimated the individual calorie goal by that amount.

Previous scientific literature has also found that equations are inaccurate in predicting REE for adolescents with obesity (4, 11, 15, 17). However, our results seem to have even lower accuracy when compared to other studies. Even when looking at the same equation, for example, Derumeaux, our study found an accuracy prediction in 14.1% of subjects, compared to Marra et al. (4), who found accurate predictions in 43% of females and 48% of males. Lazzer et al. (15) also tested the Derumeaux equation, finding an accurate prediction in 22% of subjects. The results of our study, and in the context of these other similar studies, suggest that predictive REE equations should be used with caution in this age and weight group.

Similarly, other research has reported inaccuracies between measured and predicted REE in adults with obesity (18). Marra et al. evaluated 1851 adults with obesity to find that overall prediction accuracy was low. Testing 15 different equations, an average of 55% of subjects were found to have an accurate predicted REE. When compared with our results, the accuracy of REE prediction in adolescents with obesity is far lower, reaching a mean 12.9% between the four equations.

There are different reasons for the lack of accuracy of these equations and these should be considered before applying them to patients. For example, in our study, the Harris Benedict equation accurately predicted REE in 6.3% of subjects, overestimating REE in the majority (91.7% of subjects). Harris and Benedict developed this equation using data from normal-weight adults aged 20–70 in 1918, and the equation was not designed to predict REE in a younger population with excess weight. Though the Harris Benedict equation takes height, weight and age into account, other factors that contribute to REE such as fat free mass (11) and race (19) are not considered. In comparison, the Derumeaux equation includes fat free mass as a variable, but it was developed using data from children with obesity in a French population and does not take age into account for calculations in subjects. The ethnic diversity of our subjects may also contribute to the inaccuracy of this equation in predicting REE. Since REE can be affected by many factors at an individual level namely, lean mass, sleep, macronutrient composition of the previous meal and season of the year, it is extremely challenging to develop a precise equation at an individual level. Inaccuracy between measured REE and calculated REE has been reported in other studies of adolescents with obesity (4, 15, 17), and given these results we suggest using caution while using these equations to predict REE in adolescents with obesity unless validated in the specific population being assessed.

Energy Expenditure, Calorie Counting, and Weight Loss

In clinical practice, an assessment of energy requirements has been a key component to guiding dietary recommendations for weight loss. The Academy of Nutrition and Dietetics, Intervention of the treatment of overweight and obesity in adults (20) suggest that the Mifflin equation should be used to estimate metabolic rate in adults, followed by a dietary intervention to decrease consumption of energy. The National Institute of Health (NIH) suggests a deficit of 500–750 kcal/day is required for weight loss. It provides a website and body weight planner based on the research by Hall et al. (21), with targeted deficits to achieve desired weight loss based on REE predictions. Eat for Health (22) is an initiative by the Australian Government that contains a similar calorie calculator. The initiative, in line with the Australian Dietary Guidelines and health promotion, suggests “any energy intake above the estimated requirement is likely to result in weight gain.” Furthermore, many gym and fitness programs use predictive equations to guide their programs. Equinox, a worldwide luxury fitness company uses REE equations in their initial consultations to help individuals achieve their specified fitness goals. Popular phone application “My Fitness Pal”, was founded in 2005 and has over 19 million monthly users. It aims to helps its users achieve their weight goals by asking them to input height, weight, gender and amount of desired weight loss, using predictive equations to give a daily net calorie goal as well as a specific date that your weight goal should be achieved. Weight Watchers uses a very similar approach, allocating an individual a number of “points” to eat per day based on the Mifflin equation. Textbooks such as Handbook of Clinical Nutrition and Dietetics (23) include whole chapters on predictive equations and how to use them.

New forms of technology including hand held indirect calorimeters and arm bands are being tested as a cheaper and more accessible option to measure REE accurately for continued use in the clinical setting (24, 25). On a different note, recent research suggests that perhaps the quality of calories ingested and not the quantity should be the primary focus for weight loss (26). In a study by Gardner et al. adult subjects with overweight and obesity were placed on a healthy diet with either low fat or low carbohydrate content and received instructional sessions every 2 weeks on healthy eating over 12 months, educating patients to eat more vegetables and less processed foods without following a caloric target. Subjects in both groups lost an average of 5–6 kilograms at 12 months regardless of diet in the absence of any caloric targets (26).

In addition to the inaccuracy of REE calculations, the accuracy of food labels, which are often used to estimate the caloric content, needs to be considered. Furthermore, the amount of calories extracted from any one food may differ from person to person. Studies have shown that our individual microbiome can affect digestion and the energy required to break down different foods (27). Thus, there are many variables that may impact the accuracy of calorie counting, leading to very crude estimations even in the hands of an astute patient.

The mental health effects of recommending calorie counting in adolescents should also be considered. Adolescents with obesity are at increased risk of developing an eating disorder and are more likely to use maladaptive behaviors to control weight (e.g., use of laxatives or induced vomiting) when compared to normal weight peers (28, 29). Students who diet by severely restricting their energy intake are at much greater risk of developing an eating disorder compared to those who do not diet (30).

Thus, given these inaccuracies in estimation of REE, compounded by the fact that it is difficult to get an accurate estimate of caloric intake and doing so may not be beneficial to the overall well-being of adolescents with obesity, we should challenge the utility of this practice. Providers, government recommendations and the health and fitness industry should move away from inaccurate energy expenditure calculations, calorie goals, and weight targets, and instead focus on promoting healthy lifestyle habits.

Changes in Energy Expenditure After Bariatric Surgery

Bariatric surgery is an effective weight loss tool (31), which results in long term weight loss and improvement in metabolic outcomes across the age spectrum (32). There are many factors that affect weight loss and weight regain after surgery, and alteration in REE is postulated to be one of these factors. Sleeve gastrectomy is currently the most commonly used bariatric procedure. To our knowledge, this is the first study that evaluates changes in REE after SG in adolscents (33). Our results show that absolute REE decreases after SG, consistent with reductions in total lean mass. When comparing these changes to a historical cohort where adults with obesity lost weight by lifestyle intervention (The Biggest Loser), we found a smaller reduction in REE in our cohort who underwent SG. After 7 months, Knuth et al. found that participants of the Biggest Loser lost 35 ± 7.1% body weight, associated with a 617 kcal/day reduction in REE (7). Interestingly, our cohort who underwent SG, lost a similar percentage of body weight to the biggest loser participants, however had a far lesser decrease in REE after 12 months. The smaller reduction in energy expenditure after SG or a “blunting” of adaptive metabolic change may be an additional mechanism to explain how SG is more effective as a weight loss strategy than conventional diet/exercise weight loss over time.

Despite a reduction in absolute REE, REE controlled for total body weight increases after SG in adolescents. This is likely a reflection of the relatively greater decrease in metabolically inactive fat mass compared to metabolically active lean mass. We also found a very strong correlation between percent total weight loss and the ratio of REE/TBW, suggesting that this may be a significant factor that affects the degree of weight loss in adolescents after SG as seen in adults after gastric bypass (9). Further monitoring is needed to determine whether this contributes to weight loss maintenance and if it can be an early predictor of response to surgery.

Moreover, when we evaluated the changes in REE as obtained by indirect calorimetry before and after surgery with the changes estimated using the equations before and after surgery in our small cohort, we did not find a strong correlation. This suggests that the predictive equations are not reliable to even monitor the trend after sleeve gastrectomy. This finding further emphasizes the guarded use of these equations in a surgical setting as well.

Limitations of this study include the small sample size. Due to limited numbers, we were unable to assess the accuracy of predictive REE equations in specific ethnic groups. We were unable to compare metabolic changes in bariatric surgery with adolescents with those who lost a comparable amount of weight with diet and exercise alone, given the practical difficulty of losing 20–30% of body weight by lifestyle measures.

CONCLUSION

Treating obesity remains a challenge. Predictive REE equations in adolescents with moderate to severe obesity have a considerable margin of error and should be used with caution in the clinical setting. It is time to shift away from calorie counting based on predictive estimates, given that these estimations are imprecise and may also be detrimental to the mental health of adolescents. Instead, providers should focus on promoting a healthy lifestyle in the absence of caloric targets. SG, the most commonly used bariatric procedure in adolescents, is associated with increases in REE after controlling for total body weight, likely from the proportionally greater loss of metabolically inactive fat mass and maintenance of lean mass. These changes in REE also correlate with percent total weight loss 1-year post-surgery.
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Introduction: Childhood obesity is occurring at alarming rates in both developed and developing countries. “Obesogenic” environmental factors must be associated with variants of different risk alleles to determine polygenic or common obesity, and their impact depends on different developmental stages.The interaction between obesogenic environment and genetic susceptibility results in the so-called polygenic forms of obesity. In contrast, monogenic and syndromic obesity are not influenced by environmental events. Therefore, this review aimed to underline the roles of some of the most studied genes in the development of monogenic and polygenic obesity in children.

Results: Among the most common obesity related genes, we chose the fat mass and obesity-associated (FTO) gene, leptin gene and its receptor, tumor necrosis factor alpha (TNF-α), the melanocortin 4 receptor gene (MC4R), Ectoenzyme nucleotide pyrophosphate phosphodiesterase 1 (ENPP1), and others, such as peroxisome proliferator-activated receptor gamma (PPARG), angiotensin-converting enzyme (ACE), glutathione S-transferase (GST), and interleukin-6 (IL-6) genes. The roles of these genes are complex and interdependent, being linked to different cornerstones in obesity development, such as appetite behavior, control of food intake and energy balance, insulin signaling, lipid and glucose metabolism, metabolic disorders, adipocyte differentiation, and so on.

Conclusions: Genetic predisposition is mandatory, but not enough to trigger obesity.Dietary interventions and proper lifestyle changes can prevent obesity development in genetically predisposed children. Further studies are needed to identify the precise role of both genetic and obesogenic factors in the development of childhood obesity in order to design effective preventive methods.

Keywords: obesity, genetics, children, etiology, dietary interventions

SUMMARY

Childhood obesity has become recently a global epidemic due to its high rates in both developed and developing countries. In Romania, a recent study found that one in four children is overweight or obese, and identified male gender, prepuberal age, and urban environment as risk factors for overweight. This major public health problem is a result of the interaction between environmental factors and individual genetic susceptibility. “Obesogenic” environmental factors must be associated with variants of different risk alleles to determine polygenic or common obesity, and their impact depends on different developmental stages.

INTRODUCTION

Recently, childhood obesity has become a global epidemic, occurring at high rates in both developed and developing countries (1). Most studies regarding this health burden were performed on adult populations, and only a few of them included children. In Romania, a recent study found that one in four children is overweight or obese and identified male sex, prepubertal age, and urban environment as risk factors for incidences of overweight (2). This major public health problem is a result of the interaction between environmental factors and individual genetic susceptibility. Heritability plays a key role in the development of childhood obesity, with a rate of determinism as high as 70%, and it was proven to be higher in children than adults (3, 4). Obesogenic environment is only a trigger, and not the leading-cause for excessive weight gain, a genetic susceptibility to fat gain being mandatory for an individual to become obese (5–7). Therefore, environmental factors just favor the phenotypic expression in individuals programmed to become obese (8). Moreover, the impact of obesogenic environment differs during different developmental stages. For example, Silvenstoinen et al. performed a systematic review on twins and adopted children and proved that environmental factors moderately influence BMI variation only up to the age of 13 years, their effect disappearing beyond this age (6). It is true BMI curve in children is therefore genetically programmed, but at the same time environmental circumstances are able to modify this curve (8). Another well-documented fact is that fetal and early postnatal environmental events, such as maternal nutritional status during pregnancy, maternal smoking, gestational diabetes, increased birth weight, rapid weight gain, or feeding practices, may also influence the development of obesity later in life (8–16). In addition, the expression of genetic risks predominates during infancy and early childhood leading to an earlier adiposity rebound and higher BMI in children that carry a genetic susceptibility (17–19).

Therefore, it is apparent that “obesogenic” environmental factors alone are not responsible for the development of obesity; they must be associated with variants of different risk alleles to determine polygenic or common obesity (20). Many studies focused on assessing the role of different genes in the determination of obesity and found that certain variants are associated with weight regulation and adipose tissue accumulation (21). Therefore, recent genome-wide association studies identified over 50 genetic loci that can be associated with obesity (22), resulting in polygenic forms of obesity. Polygenic' variants are defined as any of a group of alleles at different gene loci that express a combined effect on controlling the inheritance of a quantitative phenotype or which can modify the expression of a qualitative character. Therefore, certain traits can be the result of the simultaneous presence of DNA changes in multiple genes. In case of quantitative traits, it was proved that each allele owns a small effect and these effects can be additive or non-additive. It is generally assumed that many of these polygenic variants are involved in body weight regulation and in individuals who harbor multiple of these variants, obesity can occur. Thus, the hypothesis of polygenic obesity implies that every obese individual carries his own specific set of polygenic variants which are unlikely to be same in another subject with obesity (21).

On the other hand, there are also rare forms of obesity that lack the influence of environmental factors, the so-called recessive monogenic obesity; examples include mutations affecting the leptin gene or its receptor, proopiomelanocortin and pro-hormone convertase subtilisin/kesin type, all leading to a fast and dramatic weight gain (8). These forms present complete penetrance in comparison to the particular form of obesity related to MC4R, and probably MC3R as well; polymorphisms in these genes are associated with forms of obesity that are more severe than typical polygenic obesity but less severe than homozygous gene mutations (8). In contrast to these types of monogenic obesity, the syndromic ones usually occur after infancy, such as Prader-Willi syndrome, Bardet-Biedl syndrome, Albright's hereditary osteodystrophy, Alström syndrome, and WAGR (Wilms' tumor, aniridia, genitourinary anomalies, and retardation) syndrome. Apart from obesity, these syndromes involve dysmorphic features, cognitive impairment, and malformations of major organs (23).

This review summarizes information about the roles of genetic mutations and polymorphisms in the pathogenesis of polygenic obesity in childhood.

FAT MASS AND OBESITY-ASSOCIATED (FTO) GENE AND OBESITY

The FTO gene is located on chromosome 16, position 16q12.2, and comprises 9 exons. This gene is expressed in the hypothalamus, at the level of the arcuate nucleus, which is responsible for appetite behavior and fatty acid metabolism, among others (24, 25). Therefore, a recent cross-sectional study was performed on 406 Brazilian children and adolescents aged 7–17 years, among whom 34.5% were overweight or obese. The study proved a positive association between AA genotype of the rs9939609 FTO gene polymorphism and the risk of overweight/obesity (26). Similarly, Cecil et al. stated that the A allele is related to increased fat mass and body mass index (BMI) in Scottish children aged 4–10 years (27). In addition, a study performed on 289 subjects aged 6–19 years proved that the carriers of the AT or AA genotype more frequently expressed a tendency toward intake of food with higher fat content and a loss of food intake control (28). Similarly, a Chinese study performed on children and adolescents found that the AA genotype carriers expressed a preference for a meat-based diet in comparison with those carrying the TT genotype, who preferred a plant-based diet (29). Contradictory results were reported by de Araújo Pereira et al. who did not find any association between FTO gene polymorphisms and overweight or obesity risk in a study performed on 195 obese/overweight individuals with a mean age of 11 years (30). Another study that included 478 African-American children also failed in identifying any association between different FTO gene variants and BMI (31). Therefore, ethnicity might be an important variable regarding the role of FTO gene polymorphism in obesity development. A recent study performed on Polish young adults, which assessed multiple polymorphisms of the FTO gene (rs1121980, rs1421085, rs9930506, and rs9939609), found that this population expressed two disparate haplotypes of the FTO gene variants: TCGA risk haplotype and CTAT protective haplotype, the alleles provided in the previously mentioned order (20). Nevertheless, the genetic susceptibility for obesity can be influenced by dietary interventions in combination with exercise, as stated by Zou et al. in a study performed on obese children carrying the at-risk FTO rs9939609 genotype (32). The rs9939609 FTO gene polymorphism was associated with certain obesity complications, such as high blood pressure, percentage body fat and fat mass, plasma insulin levels, and insulin resistance (33). In contrast, anthropometrical neonatal parameters can influence the nutritional status further on in life. Therefore, a recent study emphasized that a lower PI [i.e., PI, an index computed as birth weight (kg) divided by birth length (m) cubed] suggests that an individual is more vulnerable to the negative effects of the A risk allele of FTO polymorphism on body fat mass (34). In contrast, it was also shown that mothers carrying the variant A allele of rs9939609 FTO polymorphism had newborns with a lower BMI (9). Further functional studies are needed to determine the precise role of the FTO gene in determining obesity and its complications.

LEPTIN AND OBESITY

Leptin is a hormone synthesized and secreted into the blood flow by white adipocytes and plays a key role in regulating control of food intake and energy balance. It was proven that, in obese individuals, there is an endogenous leptin resistance mechanism that limits these regulatory effects, explaining the correlation between serum leptin levels and body fat mass (35). This leptin resistance mechanism was related to the presence of the A allele variant of the FTO gene (36), partially explaining the associations of the FTO gene polymorphisms with increased dietary consumption (37) or a hyperphagic phenotype (27, 28). During pregnancy, leptin is synthesized by not only the adipose tissues of both the mother and fetus but also the placenta, and it was proven that the leptin levels in the umbilical cord are positively correlated with birth weight (38, 39). Leptin exerts its roles through the leptin receptor; therefore, the leptin receptor gene is considered a biological pathway related to obesity development (9). A recent study focused on the positive effect of neonatal and maternal leptin gene receptor rs1137101 polymorphism on birth weight and BMI (9). The congenital deficit of leptin results in morbid obesity, severe hyperphagia, hyperinsulinemia or type 2 diabetes mellitus, hypogonadotropic hypogonadism, hypofunction of T cells, and endocrine or metabolic dysfunctions (40, 41). However, mutations in the leptin gene are associated with T cells of normal function and moderate obesity (42). It is well-documented that serum leptin levels depend on age and sex and are correlated with body fat mass (42–44). A study performed on white children assessing 223, 492, and 1019 leptin receptor gene polymorphisms concluded that the most frequent combinations in children with obesity were AG/GG/GA, AG/GG/GG, and AA/GG/GA (10). The same study also underlined that anthropometrical parameters and leptin and adiponectin levels are correlated with the variant genotype of the leptin receptor 223 gene. Therefore, it is well documented that leptin gene receptor 223, 1019, 492, and 976 polymorphisms can modulate the nutritional status in both normal and overweight/obese children (10), but these effects also depend on environmental, nutritional, and social factors. Thus, it was proven that even from birth, weight is positively correlated with maternal fat mass, total body water, body metabolism rate, and metabolic age, whereas it is negatively correlated with maternal smoking status (11). Leptin and leptin gene receptor polymorphisms play a well-established role in childhood obesity.

TUMOR NECROSIS FACTOR ALPHA (TNF-α) AND OBESITY

TNF-α is a proinflammatory cytokine expressed as a cell surface transmembrane protein involved in the pathogenesis of multiple inflammatory disorders located on the chromosome 6, site p21.1–21.3. It is also proven to have a catabolic role in infection and cancer but can also be a mediator of cachexia with associated hyperlipidemia (45). Therefore, TNF-α is involved in lipid metabolism leading to hypertriglyceridemia as a result of decreasing lipoprotein lipase activity (46) and increasing the hepatic de novo synthesis of fatty acids (47). It is well known that in subjects with obesity, TNF-α expression is high and correlated with hyperinsulinemia (48). Furthermore, TNF-α was found to regulate leptin expression and secretion (49). A G/A substitution in the promoter region (G-308) of the TNF-α gene was identified (50). Thus, the G-308A polymorphism of this gene is associated with hypertension, leptin levels, and hypercholesterolemia, resulting in metabolic syndrome development (51). In contrast, studies on Caucasian (52) and Chinese (53) populations found correlations between TNF-α 308 G allele and obesity risk. Regarding the presence of different genotypes, Sobti et al. emphasized that the AA and GA genotypes of this gene are more frequently associated with obesity in men, whereas in women, the AG genotype was associated with a higher risk for obesity (54). Nonetheless, a study performed on Iranian subjects failed to prove any correlation between TNF-α 308 G>A gene polymorphism and obesity (55). Similarly, a study performed on Romanian children showed that the variant genotype of TNF-α 308 G>A gene polymorphism was found most frequently in normal weight children (12). Based on all previously mentioned studies, the role of TNF-α 308 G>A gene polymorphism is not clear, but obesity can indeed be considered an inflammatory status.

MELANOCORTIN 4 RECEPTOR (MC4R) AND OBESITY

The MC4R gene is located on chromosome 18q21.32 and, similar to the FTO gene, plays a regulatory role in food intake control and energy balance (56, 57). The common rs17782313 MC4R gene polymorphism was associated with obesity in both European adults and children showing a synergistic effect with FTO gene on obese phenotype (58–60). Rarely, mutations in MC4R gene leading to function loss can lead to monogenic forms of obesity (58), but MC4R-linked obesity is better defined as a particular form which stands between rare recessive monogenic obesity forms and common polygenic ones (8). The rs12970134 and rs17782313 polymorphisms of the MC4R gene were identified to be associated with child and adult obesity, respectively in both Asian and European populations (58, 61–65). A recent study underlined a strong effect of MC4R rs17782313 on body size and fat distribution, proving that the C/C genotype is associated with higher BMI (66). Another study that assessed the same polymorphism of MC4R gene highlighted a significant association with obesity in Mexican children (67). In addition, the authors also identified that both MC4R and FTO risk genotypes increase the metabolic risk in children with obesity (67). The same findings were also identified in Greek children and adolescents with obesity, but the study failed to show an association with the metabolic profile of these children (60). Another important recent discovery is that adiponectin may be involved in mediating the effect of MC4R gene on obesity, based on the findings of Wu et al. who reported that the rs17782313 MC4R gene polymorphism is associated with adiponectin in Chinese children (68). A study performed on newborns in Greece assessed both risk FTO and MC4R variants and concluded that approximately 80% of the Greek population are genetically predisposed to obesity development further on in life (69). According to the results of several studies, the individuals at high risk for obesity development may be homozygous for both FTO and MC4R genes or may be homozygous for one of the two genes and heterozygous for the other (70–72). In contrast, it has also been proven that the rs17782313 MC4R polymorphism has a key role in the eating behavior and control of the eating behavior. Therefore, a recent study performed on children with obesity showed that obese girls that carry the C allele of this genotype express lower satiety responsiveness and higher uncontrolled eating scores in comparison to noncarriers, whereas, in obese boys, the carriers of the same allele present a lower rewarding value of food compared with those who do not carry the C allele Similarly, other studies performed on both adults and children showed that the expression of MC4R and FTO genes can be modulated by lifestyle and physical activity (73, 74).

ECTOENZYME NUCLEOTIDE PYROPHOSPHATE PHOSPHODIESTERASE 1 (ENPP1) AND OBESITY

ENPP1 or plasma cell glycoprotein 1 (PC-1) is located on chromosome 6q23.2 and was identified to encode a protein that inhibits insulin signaling (75). The role of this gene in energy metabolism and fat tissue physiology has been widely assessed in the literature (76). K121Q polymorphism was associated with insulin resistance, type 2 diabetes mellitus, and obesity, but the results are contradictory (75, 77–81). In addition to this polymorphism, Bockenski et al. also identified the rs997509 ENPP1 gene polymorphism as a potential contributor to the development of type 2 diabetes mellitus among individuals with obesity (82). Similarly, a study performed on children with obesity underlined the potential role of K121Q ENPP1 polymorphism in not only early perturbations of glucose and insulin metabolism but also subsequent obesity development (83). A large study performed on 1,685 obese and normal-weight Mexican children found nominal associations between different gene polymorphisms, like those in ENPP1 rs7754561 and MC4R rs17782313, and obesity risk or BMI (84). Interestingly, the same authors identified a different pattern for the risk allele of ENPP1 rs7754561 in Mexican individuals showing a protective role in obesity development compared with that in European individuals where the same gene presented positive associations with obesity risk (84). It has also been proven that the overexpression of ENPP1 in human adipocyte cell lines leads to impaired adipocyte maturation (85). In addition to insulin resistance, the K121Q polymorphism was also proven to be associated with different obesity-related phenotypes such as percentage of body fat, fat mass, and plasma insulin levels (86).

OTHER GENES AND OBESITY

The peroxisome proliferator-activated receptor gamma (PPARG), located on chromosome 3p25.2, plays a role in regulating adipocyte differentiation and influences BMI and glucose metabolism (87). The rs1801282 Pro12Ala polymorphism of this gene has been associated with obesity risk, insulin resistance, type 2 diabetes mellitus, and cardiovascular events (88, 89). A recent study confirmed the association between PPARG and obesity in young adults (66). In addition, a study performed on mothers and their newborns emphasized that homozygous CC carriers of the PPARG genotype presented a higher risk for obesity than heterozygous newborns (13). Moreover, the same authors showed that mothers carrying the homozygous CC genotype of the same gene gave birth to newborns with increased risk for obesity (13).

Angiotensin-converting enzyme (ACE) located on chromosome 17q23.3 has also been shown to have a potential role in obesity development. The ACE rs4646994 has been associated with adiposity and metabolic disorders (90, 91). A potential functional correlation between the PPARG and ACE genes has been underlined based on the fact that PPARG controls the renin-angiotensin system through the transcriptional modulation of renin, angiotensinogen, ACE, and angiotensin II receptor 1 (92). Nevertheless, the results reported in the literature remain contradictory. Certain studies performed on children found that I/I carriers of the ACE gene are associated with higher BMI,14 whereas others reported that the D/D genotype of the same gene is linked with increased values of the anthropometric parameters (91, 93). Moreover, other findings have failed to identify any association between ACE gene polymorphisms and body composition (66).

Another class of gene associated with a potential role in obesity development is the glutathione S-transferase (GST), which is involved in different intermediary chemical reactions with glutathione (94). It was proven that the null genotype of both the M1 and T1 alleles of the GST gene (GSTM1 and GSTT1) plays a major protective cellular role against xenobiotic toxic substances and oxidative stress (95, 96). Multiple studies focused on the correlations between these genotypes and neonatal birth weight (15, 97–102).

Interleukin (IL) 6 is a proinflammatory cytokine found to modulate the function of adipose tissue by regulating energy balance, presenting high levels in both obesity and cardiovascular diseases (103–106). Certain genetic studies proved that different polymorphisms of the IL-6 gene present a key role in transcriptional regulation and influence plasmatic cytokine levels, supporting the fact that this gene interacts with metabolic modulation, resulting in different metabolic conditions, such as obesity (107). The G alleles of both IL-6 174 and IL-6 572 genes were associated with obesity and type 2 diabetes mellitus (108). Similarly, in a study performed on Caucasian children, the IL-6572CC, IL-6 190 CC, and IL-6 174 CG genotypes were encountered more frequently in children with obesity, whereas the IL-6 174 CC genotype was found to be a protective factor for childhood obesity (16). Nevertheless, further studies are needed to fully understand the role of the genome in childhood obesity onset.

CONCLUSIONS

Even though recent genetic studies identified over 50 genetic loci, dietary interventions and proper lifestyle changes can prevent obesity development in genetically predisposed people. Therefore, screening programs could be useful in identifying high-risk children, who could benefit from proper prophylactic measures. Perhaps, further studies should also focus on developing targeted genetic therapies designed for children that carry the burden of obesity risk.
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Carotid intima media thickness (cIMT) and brachial flow-mediated dilation (FMD) evaluated by ultrasound are non-invasive markers of atherosclerosis. Increased cIMT in adults has been correlated to early vascular damage. Several studies show similar correlations of elevated cIMT in children with obesity, hyperlipidemia, and metabolic syndrome. Additionally, several articles have correlated non-alcoholic fatty liver disease (NAFLD) with elevated cIMT, indicating early atherosclerosis. It is alarming that these vascular changes may be seen in children as young as 10 years of age. Children with NAFLD may also have an increased pulse wave velocity that correlates to increased arterial stiffness and increased left ventricular dimension, mass, and diastolic dysfunction. These articles are persuasive, indicating a correlation of Pediatric NAFLD and early vascular disease. However, study limitations include the use of elevated alanine aminotransferase (ALT) and echogenic changes on ultrasound that may have low accuracy to identify NAFLD. Ultrasound has low sensitivities and specificities for detection of NAFLD and therefore is not recommended for diagnosis. In comparison, studies that used liver biopsy or proton magnetic resonance spectroscopy to identify NAFLD did not find a correlation with elevated cIMT or reduction in FMD. Due to these conflicting findings, more studies looking at cIMT and FMD changes in children with NAFLD are needed with more accurate diagnostic methods for steatosis to identify if there truly is a correlation of increased liver steatosis to early atherosclerosis.
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INTRODUCTION

The prevalence of obesity in the United States has increased in the past 4 years to 1 in 5 children (1). There has also been a considerable increase in the prevalence of obesity from 2015 to 2016 in children ages 2–5 years (1). Recent data shows increased rates of obesity in children of Hispanic and African American heritage as compared to other races (1). Obesity is a disease that effects the whole body. Non-alcoholic fatty liver disease (NAFLD) is just one finding in patients with obesity. As the rates of obesity increase, so does the prevalence of NAFLD (2). NAFLD is truly a histological diagnosis defined as steatosis >5% (3), and often is clinically asymptomatic. It occurs in higher frequency in individuals of Hispanic origin (especially from South America) and of Middle Eastern origin (4, 5). It also occurs with intermediate frequency in Whites, and less commonly in Blacks (4, 5). Those individuals of Hispanic heritage with fatty liver may have a higher rate of progression to fibrosis (5). In addition, it now well-known that children with the rs738409 C>G adiponutrin/patatin-like phospholipase domain-containing 3 (PNPLA3) polymorphism gene mutation have a higher risk of severe steatosis and progression to fibrosis (6). NAFLD can progress over time to a condition called nonalcoholic steatohepatitis (NASH), which has features of ballooning steatosis, fibrosis, and inflammation (4). There are concerns that NASH in young adults will become the leading cause of liver transplants in the future (7). In addition to liver damage, could the finding of NAFLD be correlated to early cardiac disease?

Historically, Berenson et al. published their post mortem autopsy findings of individuals ages 2–39 years, showing that aortic or coronary artery fatty streaks and fibrous plaques were strongly correlated to elevated body mass index (BMI), elevated blood pressure, and mixed hyperlipidemia (8). One non-invasive method to assess vascular changes is evaluation of carotid intima media thickness (cIMT) via carotid ultrasound. Increased cIMT in adults has been correlated to early vascular damage (9, 10). In addition, there are findings of coronary artery disease and altered ventricular function in adults with NAFLD (11–13). Adults with NAFLD were found to have coronary artery stenosis, higher coronary artery calcium, and all types of plaque (calcified and non-calcified) as compared to controls (14). Similarly, the authors of a systematic review and meta-analysis study showed increased left ventricular mass in adult patients with NAFLD as compared to controls (15). Clearly, there are many well-described associations of atherosclerosis and structural heart disease in adults who have NAFLD.

As discussed previously, there are racial difference with the prevalence of NAFLD. Similarly, there may be different prevalence and onset of cardiac disease in certain racial groups. In one recent adult study, the authors found that NAFLD was highest in patients who were of Hispanic heritage and lowest in Blacks and Chinese (16). Overall, the total prevalence of abdominal aortic calcification was highest in Whites, followed by Chinese, Blacks, and Hispanics (16). However, when evaluating the participants with NAFLD, the abdominal aortic calcification was highest in Hispanics, followed by Chinese, then Blacks, and finally Whites (16). The authors concluded that NAFLD did have an increased association with abdominal aortic calcification, and may affect different racial groups differently (16).

Such studies looking at the association of NAFLD and atherosclerosis with different racial groups has not been evaluated in children. This may be a possible topic for future Pediatric NAFLD research, looking at the differences and the onset of cardiac disease in various racial groups.

However, several pediatric articles have been published demonstrating the association of cIMT or brachial flow-mediated dilation (FMD) changes in children with NAFLD (17–34). In comparison, fewer and more recent articles have been published that do not show this association (35–37). The pediatric data currently published may have limitations and may not be generalizable to all children with NAFLD, due to the different onset and progression of heart disease in different racial groups. Overall, there likely is an association when taking into account the significant amount of published studies showing a link between NAFLD and vascular disease. However, better well-designed studies are needed with more accurate methods to identify NAFLD while taking into account racial onset and prevalence of hepatic steatosis. The articles published regarding the association of NAFLD with cIMT and FMD changes are reviewed in this article.

METHODS

The articles were identified with the help of an unbiased medical librarian at Johns Hopkins All Children's Hospital. Two independent searches 6 months apart was conducted. Embase and PubMed were used to identify articles that fit the criteria. The search was limited to ages 0–18 years, and key words of NAFLD, cIMT, FMD, hyperlipidemia, obesity, and atherosclerosis. Each term was used in combination to limit articles and each item was also searched independently. Articles that were relevant to this review were used. Articles were excluded if they did not have research subjects with NAFLD.

Studies Supporting Association of NAFLD With Elevated cIMT and Low FMD

Overall, there have been more articles in the literature in support of early vascular changes like elevated cIMT and low FMD in children with NAFLD and obesity (17–34). What is interesting is that these articles used either abdominal ultrasound alone or abdominal ultrasound and elevated liver enzymes (alanine aminotransferase in most studies >40 U/L) to identify steatosis and NAFLD (17–34, 38). One study also used magnetic resonance imaging (MRI) findings as well to identify patients with steatosis (19). In some papers, a grading system was used to identify the level of steatosis or changes on liver ultrasound (18, 21–23, 26, 28, 29, 33). Many of the papers either used BMI percentile (14, 17–19, 21–23, 25, 26, 28, 32, 38, 39) or a fixed BMI >28–30 kg/m2 to define obesity (27, 29–31, 33). Echocardiography and carotid ultrasound were used to identify cIMT. FMD was evaluated via Doppler ultrasound imaging before and after an ischemic event caused by reduced blood flow from an inflated sphygmomanometer (19, 21, 37). All the papers excluded patients if they had systemic diseases or significant alcohol use.

There has been a series of articles by Pacifico et al. that have dominated the research in this area. In one of their studies, the authors found reduced FMD in obese children with NAFLD when exposed to ischemia (30). Children with NAFLD and obesity had elevated cIMT which was even higher if they had metabolic syndrome (30). In another study by the same group, the patients who had hepatic steatosis had higher mean and maximum cIMT measurements (23). They also found elevated cIMT was associated with elevated blood pressure, insulin resistance, NAFLD, and high triglyceride to high density lipoprotein cholesterol (TG/ HDL-c) ratio (12). The authors also demonstrated that after 12 month intervention of diet and exercise in children with NAFLD and obesity, the FMD improved but elevated cIMT did not regress (19). Failure of improvement of cIMT with lifestyle intervention is concerning, and further studies need to be done to see if this is a reproducible finding in children.

Other authors have also found similar correlations of elevated cIMT with NAFLD (18, 20–22, 25–28, 31, 33, 34), and have linked increased severity of steatosis to even higher cIMT values (18, 25), and lower FMD values (21). The inclusion of hepatic steatosis on ultrasound may improve the cIMT predictability of cardiac disease as compared to metabolic syndrome alone (28). A correlation of higher cIMT measurements was found with elevated aspartate aminotransferase to platelet ratio index (APRI), which is a marker for hepatic fibrosis (33).

Structural heart changes have also been reported such as increased thickening of the left ventricle, higher interventricular septal thickness in systole, increased left ventricular posterior wall thickness in diastole, increased left atrial and aortic diameters, higher left ventricular mass, and higher left ventricular mass index in children with NAFLD and obesity (22, 30, 31). The authors of one study looked at applanation tonometry to measure arterial stiffness via pulse wave velocity (29). They found that those patients who had NAFLD with other high risk metabolic abnormalities had greater pulse wave velocity as compared to those without metabolic complications (29).

In summary, there are many articles showing an association of early signs of structural heart disease and atherosclerosis in children with NAFLD. Perhaps practitioners need to be more concerned with the finding of NAFLD, as this may be a sign of early heart disease in children.

Studies Lacking Association of NAFLD With Elevated cIMT and Low FMD

What is interesting is that some newer articles do not support the association of elevated cIMT and low FMD in children who have NAFLD. What is unique about these articles is the use of either magnetic resonance spectroscopy or liver biopsy to define steatosis (35–37). When comparing degree of steatosis, inflammation, and fibrosis, there was no correlation with elevated right or left cIMT values (36). Steatosis and serum ALT was not correlated to elevated cIMT or arterial wall stiffness (35) either. The only predictor was BMI for abnormalities on cIMT (36). In addition, there was no association of hepatic fat fraction and FMD changes (37).

Diagnosis of Liver Steatosis, Fibrosis, and NAFLD

At this time, the North American Society of Pediatric Gastroenterology Hepatology and Nutrition (NASPGHAN) clinical practice guideline for NAFLD in children recommends the use of serum ALT at the age of 10 years (40) for screening. Ultrasound has fallen out of favor for the screening and diagnosis of NAFLD due to the low sensitivities and specificities (40, 41). There are new radiologic techniques like magnetic resonance elastography with better sensitivities and specificities that are validated for the evaluation of hepatic steatosis and fibrosis (40, 42) in children. Magnetic resonance elastography also has ~88% sensitivity and 85% specificity for detecting fibrosis (43). Ultimately, the gold standard for the evaluation of liver steatosis and fibrosis is histology of liver biopsy samples (3, 38, 44). Liver biopsy or magnetic resonance imaging are more accurate but also more expensive techniques for diagnosis (43). Liver biopsy is also invasive and can have complications of bleeding and damage to the gallbladder. There is also an added cost of anesthesia and 12–24 h hospital admission for observation post liver biopsy. To reduce the cost of diagnosis, non-invasive fibrosis scores, or serum biomarkers are under evaluation. In children, thus far, fibrosis scores that are typically used in adults are not accurate in predicting liver fibrosis (43). Equally, serum fibrosis biomarkers like caspase-cleaved cytokeratin 18 (CK18) show promise in recent research studies, but need further validation before it is recommended as part of clinical practice (43).

CONCLUSIONS

Overall, there are many studies correlating elevated BMI, hepatic steatosis, and metabolic syndrome with increased cIMT, lower FMD, possible increased arterial stiffness, and ventricular dysfunction in children. These articles predominantly used liver ultrasound with or without serum ALT to identify NAFLD. Some authors also used ultrasound grading of the echogenicity to correlate with severity of hepatic steatosis. Recently, ultrasound has fallen out of favor for screening for NAFLD due to the sensitivities and specificities of the test, and may not be an accurate way to identify hepatic steatosis. In comparison, the articles that define NAFLD with liver biopsy or proton magnetic resonance spectroscopy did not find this correlation to structural heart or vascular changes.

There is also a different prevalence of NAFLD in different racial groups. Perhaps the onset of cardiac disease, therefore, is different in different ethnic groups as well. One limitation of these studies is generalizability of the findings to all races and populations. Robust studies are needed which use more accurate diagnostic techniques for NAFLD, and take into consideration the differences of the disease frequency in different ethnic groups.

With the global health and economic impact of increased rates of obesity and therefore NAFLD in children, it is important for future research to identify if there is a correlation of hepatic steatosis to early atherosclerosis and at what age this occurs. The information from the future research would help create clinical programs for early diagnosis and intervention before significant vascular disease begins.
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The prevalence of obesity in children/adolescents has increased worldwide during the past 30 years, becoming a significant public health concern; prevention, and management of pediatric obesity onset is one of the most critical public health goals for both industrialized and developing countries. Pediatric obesity has been identified as a risk factor for various psychopathologies, including eating disorders (ED). Although it has been demonstrated that a comprehensive multidisciplinary treatment (MT), with small steps and practical approaches to lifestyle change, can be an effective treatment for children and adolescents with obesity, to the best of our knowledge, this is the first systematic review investigating the effect of MT on the development, progression or decrease of ED symptoms (EDS) in this target population. PubMed and Web of Science databases were searched (last search on 18 February 2019) according to a predetermined search strategy, in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Guidelines and Statement. Original studies published in English examining the effect of MT on pediatric overweight/obesity, paying particularly attention at the development of EDS, were eligible for inclusion. Seven hundred and forty-four records have been identified; nine articles with study quality ranging from weak to moderate have been included. MTs were heterogeneous in nature including length, number, frequency and type of sessions, parent-involvement and use of technology, besides several psychometric questionnaires were used to screen for EDS, since there are no standardized criteria. In 3 studies there was a significant decrease in external and emotional eating and in four studies a significant increase in restraint eating post MT. Two studies found a significant decrease of binge eating symptoms and other two studies showed an improvement of self-perception, weight, and shape concern. A statistical significant decrease in BMI, BMIz, BMISDS, and adjusted BMI was observed after all MTs, except one. A narrative summary of the evidences reported highlighted the positive impact of MT on the EDS. Moreover, since weight loss post MTs was not necessarily related to EDS, clinicians should also look for the presence of EDS and treat them accordingly.

Keywords: pediatric obesity, eating disorders, multidisciplinary treatment, obesity prevention, obesity management

INTRODUCTION

Pediatric obesity is one of the greatest health challenges of the Twenty-first century (1). Prevalence of overweight or obesity in infants and young children (0–5 years) has increased globally and rapidly over time from 32 million in 1990 to 41 million in 2016 (2). In the United States, more than 10% of infants or toddlers and more than 17% of children and teens are affected by obesity while in Europe (3), 19–49 and 18–43% respectively of boys and girls are affected by either overweight or obesity (4). If the current rates keep on rising, the number of infants and young children with overweight or obesity will reach 70 million by 2025 (2). In addition, evidence show that at least 25–50% of children and adolescents defined as having a healthy Body Mass Index (BMI)-for-age have excessive body fat and this may indicate a dangerous underestimation of “obesity” comorbidities risk (5–7). Indeed, childhood and adolescent obesity is associated with a number of negative health sequelae, including hypertension, hyperlipidemia, respiratory problems, endocrine consequences, orthopedic complications, which contribute to a significant decrease in quality of life and life expectancy (8).

Recently, the Childhood Obesity Task Force (COTF) of the European Association for the Study of Obesity (EASO) classified obesity as not just a health risk but as a chronic disease in children and adolescents, in order to develop tailored interventions and health policies to prevent and treat obesity at both public and individual level (1).

Furthermore, there is increasing evidence that childhood-onset obesity is not only a risk factor for metabolic complications in adulthood, but also associated with an increased risk of developing eating disorders (EDs) during adolescence (9–13).

Children with obesity or overweight experience psychosocial distress that significantly affects their quality of life and well-being, so mental health of these children has also gained the attention of researchers and clinicians (11, 14–16).

Additionally, pediatric obesity has been identified as a risk factor for psychopathology, that may manifest itself through eating disorder symptoms (EDS) like excessive shape and weight concerns, body image dissatisfaction, dieting, and other unhealthy weight control methods, or binge eating (17, 18), sneaking, hiding or hoarding food, eating in the absence of hunger and inhibition or embarrassment when eating in front of others (19).

ED symptoms do not always correspond in severity or specificity to full-syndrome ED (20); they encompass a broad array of dimensional maladaptive cognitions and behaviors relating to eating and weight, that are found across the range of full syndrome ED diagnoses as well as in subsyndromal variants (21). This is probably why they are continuously underdiagnosed by pediatric professionals, although they are more common than metabolic disorders in childhood and adolescence and are associated with high morbidity and mortality (20). Overweight adolescents have a 2 1/2 to 5 times higher risk of developing eating disorders than teens whose weight is in the healthy range (21, 22).

Prevention and management of obesity onset is one of the most critical public health goals, and childhood represents the ideal time for lifestyle intervention, throughout multidisciplinary treatment (MT), as lifestyle habits in youth are not yet ingrained (23, 24). In fact, evidences show that behavioral lifestyle interventions are effective for weight loss in most children and adolescents (25). Success in treatment of childhood obesity requires a multifaceted approach to nutrition patterns and physical activity, with particular attention paid to the family and other environmental factors that may significantly affect outcomes (26).

The 2016 WHO Commission on Ending Childhood Obesity report, recommended “family-based, multicomponent, lifestyle weight management services for children and young people who are obese” as part of the universal child and adolescent health care (2). There is no specific definition of “multidisciplinary treatment” (MT), but some authoritative sources [WHO (2); Endocrine Society (27)] underlined it should include some common components such as nutrition and physical activity, besides family counseling and psychosocial support.

The multidisciplinary approach should also include health professionals such as physicians, dieticians, health coaches, and psychologists or other mental health care providers able to offer behavioral counseling (28, 29). Working in teams allows for modification of assessment and treatment providing effective integral interventions in the management of childhood obesity.

Multidisciplinary treatments (MTs) have proven beneficial and effective in combating obesity reducing body mass index (BMI) as well as the risk of future comorbidities (30–32).

Treatment of overweight and obesity mainly aims at achieving weight loss and BMI reduction, fat mass decrease, risk factors for metabolic syndrome decline and increased health-related quality of life (33, 34). However, despite weight reduction is a common and legitimate outcome to pursue, psychosocial contributors to eating behaviors not be neglected (35–37).

Objectives

Since the effects of MT on eating behavior in children with overweight/obesity are largely unknown, in this systematic review, we attempted to address the question: is multidisciplinary treatment effective on eating disorder symptoms in children with obesity?

This systematic review has been conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines recommending to present a full electronic search strategy for at least 1 major database (38).

METHODS

Data and Search Strategy

Two electronic databases (PubMed and Web of Science) were searched from 2008 to 2019 using the following structured search strings: childhood obesity OR childhood overweight OR pediatric obesity OR pediatric overweight OR obesity in children OR overweight in children OR multidisciplinary treatment* OR multidisciplinary approach* OR multidisciplinary intervention* OR multidisciplinary program*, combined to eating behavior* OR binge eating OR sneaking food* OR hiding food*OR hoarding food* OR reward OR overeating.

Eligibility Criteria

All studies were assessed according to the following inclusion and exclusion criteria summarized below:

Participants

Eligible participants were children with overweight/obesity (as defined in the selected studies), age ranging from 6 to 18 years at the beginning of MT. Participants with pre-existing disease or organic cause for obesity and on medications that could affect weight were excluded.

Intervention

MT was defined as an approach covering lifestyle intervention on nutrition and healthy behavior dietary patterns and/or physical activity. According to this, we selected only studies that included MTs considering also EDS.

Assessment of EDS was obtained through a variety of different psychometric tests: DEBQ (Dutch Eating Behavior Questionnaire) (39), ChEDE (Child Eating Disorder Examination) (40), YEDE-Q (Youth Eating Disorder Examination Questionnaire) (41, 42), CEBQ (Children Eating Behavior Questionnaire) (43), TEFQ (Three-Factor Eating Questionnaire) (44), BES (Binge Eating Scale) (45), BITE (Bulimic Investigatory Test, Edinburgh) (46), EDI—II (Eating Disorder Inventory) (47), EES-C (Emotional Eating Scale for Children and Adolescents) (48), QWEP (Questionnaire on Weight and Eating Patterns) (49), EI (Eating Inventory) (50).

Comparison

Different study designs (i.e., randomized controlled-trials, case–control studies and pre–post uncontrolled studies with no comparison group) were included in this review.

Outcome

The outcome of this systematic review was to evaluate for the first time MT impact on EDS in children affected by overweight/obesity.

We also evaluated weight reduction and/or fluctuations, expressed as Body Mass Index (BMI), BMI z score (BMIz), BMI Standard Deviation Score (BMISDS) as a possible confounding factor.

Exclusion Criteria

The comprehensive search strategy inadvertently retrieved studies that were unrelated to the aim of this systematic review and were subsequently excluded. Narrative reviews, systematic reviews and case reports were excluded, as well as case series, descriptive studies, letters, comments, articles that did not correspond to the objective of this review or had no full-text accessible in English.

Selection Process

Titles and abstracts were screened by two authors (Di Napoli Ilaria, Porri Debora) for inclusion. Reference lists of primary articles and related reviews were checked to identify any other study appropriate for inclusion. Studies assessed as eligible, potentially eligible or unclear, were retrieved in full text whenever available. Any uncertainty concerning the inclusion of specific studies was resolved by discussing with a third author (De Giuseppe Rachele). Last search date 18/02/2019.

Data Extraction

Study's characteristics (e.g., multidisciplinary treatment, participants, aim, outcome of interest, and study design) were extracted into standardized tables. Data items extracted were used to investigate the effect of MT on EDS in children affected by overweight/obesity.

Data Synthesis

Due to the heterogeneity of study population characteristics and MTs features (such as length of the treatment, outcomes measured, and timing of assessment), we were not able to perform a meta-analysis. However, we conducted a narrative summary of the findings.

Quality Assessment and Risk of Bias

Study quality was assessed in duplicate using a designed appraisal tool, the Effective Public Health Practice Project Quality Assessment Tool for Quantitative Studies, a useful tool for systematic reviews, which evaluates randomized and non-randomized intervention studies (51).

Individual component quality rankings, including the risk of bias measures are included in the Supplementary Table 1.

Component and overall quality ratings were scored as “strong,” “moderate” or “weak” according to instructions accompanying the tool (52, 53).

RESULTS

Overview of Studies

A flowchart summarizing the study selection procedure is presented in Figure 1.
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FIGURE 1. Studies selection.



Electronic searches returned 1,160 records. Duplicates (n = 142) were firstly removed. Secondly, 194 studies were retained after screening the titles and abstract. Finally, 170 studies were further excluded after reading throughout full texts. Of the 184 excluded records, 17 referred on a wrong population, in 140 MT was not considered, in 10 was considered an intervention on parents and in 18 were not evaluated EDS post MT. Only 9 eligible studies met the inclusion criteria and were included in this review.

Data abstraction revealed 6 programs that had multiple publications either protocols, additional cohorts, further follow-up time-points or different outcome measures/other secondary analysis (see references in Supplementary Table 1). Hence, studies were grouped by program cohort for reporting and analysis. Disagreements were resolved via discussion.

Study Characteristics

Characteristics of selected studies are reported in Table 1. All studies have been published between 2008 and 2019.


Table 1. Characteristics of selected studies.
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Four studies were conducted in Europe (56, 57, 59, 61), two studies took place in US (55, 60) while one study was conducted in Canada (54), one study was conducted in Brazil (58), and one in Iran (62).

The programs were evaluated as controlled trials (n = 4) (54, 59, 60, 62) both randomized (n = 3) (54, 59, 60) and non-randomized (n = 1) (62), and as interrupted time series without comparison group (n = 5) (55–58, 61).

Study quality was assessed to be weak for three studies (56, 57, 61); moderate for six (54, 55, 58–60, 62). Eight studies (54–57, 59–62) were rated as being weak for selection bias as they involved self-referrals from community advertisements and public service announcements, as is commonplace for community interventions, and thus participants were not randomly selected from the eligible population.

The sample size ranged from 60 to 504 children and adolescents while age of participants ranged from 7 to 18 years old.

In all studies, selected multidisciplinary treatment of pediatric obesity was provided. MTs were heterogeneous in nature, including length, number, frequency and type of sessions, parent-involvement and technology involvement.

Among selected studies, eight of them (54–57, 59–62) required either active and frequent participation of at least one parent/caregiver during MT or a “family-based intervention.”

As regards the characteristics of the various MT approaches, all treatments (54–62) included either advice on healthy nutritional habits or advice on physical activity and healthy lifestyle.

Particularly, in one study (54), besides nutritional and lifestyle advice, both dietary treatment and structured physical activity were performed, while in other three studies (58, 61, 62) besides lifestyle advice, MT included the prescription of structured physical activity sessions, under the supervision of a skilled trainer.

Additionally, four studies (56, 57, 60, 61) combined an inpatient multidisciplinary program, ranging from 6 weeks to 10 months, with a strict control of children's daily dietary intake and lifestyle habits. De Niet et al. (59), evaluated the effect of Short Message Service (SMS) maintenance treatment (SMSMT) by means of smart devices.

Finally, only one study reported the use of medications (e.g., sibutramine) during MT (60).

Concerning psychological aspects in MT, all studies selected in this review (54–62) included support group therapy, with exception of Adam's (57) study for which we were not able to establish it since the protocol, described previously elsewhere, was written in German. Only Raimunda Damaso et al. (58) included also individual therapy in MT.

All MT approaches (54–62) included cognitive behavioral therapy (CBT), with parents' involvement promoting parent-child interaction patterns change toward a supporting relationship, instead of a parental controlling behavior, giving positive feedback and reinforcement. Three (56, 59, 61) of these nine studies analyzed also the psychosocial consequences of obesity and the relationships of children with their peers. Considering the duration of the various MT approaches, except one study (55) that did not state MT length, we reported different lengths of treatments ranging from 16 weeks (62) to 12 months (54, 56–60). As for follow ups three studies (56, 57, 61) reported follow ups ranging from 12 to 60 months post MT.

Outcome

The focus of this review was to evaluate MT outcome on ED symptoms in children affected by overweight/obesity (Table 4).

Different questionnaires have been used (Table 2) and administered at baseline, at the end of MT and during follow-up for ED symptoms screening in children and adolescents, since the lack of a standardized method.


Table 2. Description of questionnaires used in the different selected studies to assess ED symptoms.
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MT features as sessions, length, follow-up, focus, prescriptions, target, and parental involvement are described in Table 3 while the outcome of selected studies is reported in Table 4.


Table 3. Description of studies' multidisciplinary treatments.
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Table 4. Outcome of selected studies.
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Additionally, we evaluated BMI fluctuations, expressed as BMI, BMIz, BMISD, or adjusted BMI, as a possible confounding factor, at end of treatment (MT) (54–62) and during follow-up period (56–58, 61) (Table 4).

Raimunda Damaso et al. (58) identified symptoms of binge eating and bulimia at baseline in 6% of their sample of adolescents with obesity, by means of BES and BITE questionnaires; at 12 months' follow up, the percentage of adolescents with binge eating symptoms had significantly decreased (2%) (Table 4).

Similarly, Bishop-Gilyard et al. (60) assessed symptoms of binge eating in adolescents affected by obesity by QWEP and EI questionnaires (Table 2), complemented by an interview to estimate the amount of food consumed during binging episodes and evaluate loss of control. The Authors (60) reported at baseline binge eating symptoms in 24% of participants with a significant decrease after 6 and 12-months' post MT, respectively 8 and 3%. Moreover, hunger and disinhibition significantly dropped, while cognitive restraint significantly increased over time (Table 4).

Concerning BMI reduction/fluctuation, the authors (60) also noticed that adolescents with obesity and binge eating episodes lost the same amount of weight as those without these episodes.

Besides binge eating, other eating disordered symptoms were identified by means of several others questionnaires as described in Table 2.

Choen et al. (54) conducted an RCT aimed at examining changes in EDS by means of CEBQ (Table 2) in children with overweight and obesity participating in a 12 months-MT protocol, based on a family-centered lifestyle intervention, according to Canadian dietary and physical activity guidelines. As shown in Table 3, the subjects were divided into three groups: control (Ctrl), standard (StnTx) and modified (ModTx) treatment. The StnTx and the ModTx attended 6 sessions plus a final of “prevention of relapse” session at the end the eighth month MT (Table 3) while the Ctrl group received the same session but at the end of 12 months of the study. CEBQ scores were then categorized as either Food Approach or Food Avoidance (Table 2), meaning for Food Approach food responsiveness, enjoyment of food, emotional overeating, and desire to drink scoring and for Food Avoidance slowness in eating, food fussiness, satiety responsiveness, and emotional under-eating scoring. Food Approach resulted significantly decreased only in the StnTx group and not in the ModTx group when compared to Ctrl group. Food Avoidance did not significantly change among groups (Table 4). Notably, this is the only study that used a parent-completed questionnaire (CEBQ).

Adam et al. (57) evaluated four parameters of EDS (disinhibition, cognitive control/restrained eating, flexible control, rigid control), by means of TFEQ questionnaire (Table 2) at baseline, at the end of MT and 24 and 48 months post treatment (MT). The Authors reported that cognitive control/restrained eating, flexible control, and disinhibition improved significantly at the end of MT as well as 24 and 48 months post MT, when compared to the baseline; rigid control improved but reached the significance only 24 and 48 months post MT (Table 4).

Goossens et al. (61) and Balantekin et al. (55) assessed different aspects such as restraint, eating, shape, weight concerns and loss of control (LC) overeating identified as objective binge eating (OBE) and subjective binge eating (SBE) on adolescents and children with overweight/obesity by using ChEDE, as described in Table 2. Balantekin et al. (55) used YEDE-Q (a version of ChEDE adapted for adolescent population) and EES-C to rate children desire to eat facing emotions; Goossens et al. (61) additionally used EDI-II (Table 2) aimed at assessing both eating attitudes and related ego dysfunction characteristics (such as drive for thinness, bulimia, and body dissatisfaction).

Previous findings (63) hypothesized that EDS in youngsters with overweight, would remain stable or decrease over a certain period post MT. Similarly, Goossens et al. (61) investigated the stability of EDS in youngsters at 60 months post MT, reporting that some ED symptoms (like OBE, Restraint, Weight, and Shape Concerns) remained stable, while others decreased (like SBE, Eating Concern, Drive for Thinness, Bulimia, and Body Dissatisfaction) (Table 4).

Balantekin et al. (55) quantified each different aspect (restraint, eating, weight and shape concerns and loss control) investigated through ChEDE questionnaire (Table 2), identifying at baseline 4 different EDS patterns: (i) LOW (subjects with a very low probability to develop ED); (ii) SWC (subjects with a high probability to develop shape and weight concerns); (iii) OLOC (subjects at risk of loss of control eating); (iv) HIGH (subjects with a high probability to develop ED). The Authors (55) reported that after 16 MT sessions (Table 4), there was a significant decrease in weight concern from baseline to post treatment for the entire sample, with a significant time-by-group interaction. Compared with LOW children, HIGH, and SWC ones reported significantly greater reductions in weight concern; no differences were detected between children in LOW and OLOC and no significant change in shape concern from baseline to post treatment was observed for the entire sample. However, there was a significant time-by-group interaction; in fact, compared to LOW children, the HIGH, and SWC ones experienced a significantly greater reduction in shape concern. No significant change in the number of LOC eating episodes nor in the time-by-group interaction was found for the entire sample (Table 4). Interestingly, although the significant reduction in BMIz and weight concern after the MT in the whole study sample, Balantekin et al. (55) reported a lower decrease in BMIz in HIGH and SWC group when compared to LOW group. Moreover, shape and weight concern in HIGH group was not significantly related to BMIz reduction (55).

Finally, three studies (56, 59, 62) used DEBQ questionnaire (Table 2), in order to evaluate external, emotional and restrained eating in children and/or adolescent with overweight /obesity post MT.

Particularly, a RCT performed by de Niet et al. (59) and a non-RCT performed by Sarvestani et al. (62) reported a significant reduction in the emotional eating after 12 months and 6 months' MT, respectively (Table 4). Sarvestani et al. (62) also observed a significant increase in restraint eating (Table 4).

Similarly, Halberstadt et al. (56) in an interrupted time series with no control group study, noticed a significant increase of restraint eating in girls and, in agreement with others (62), a significant decrease in emotional eating but only in boys (Table 4).

The authors (56) also reported a significant reduction of BMI and BMISDS post MT that was maintained during follow-up. However, a slight increase in BMI and BMISDS occurred after 12 months, showing that weight re-gain influenced significantly the increase of restraint and external eating post MT, only in girls.

Concerning external eating, all studies (56, 59, 62) reported a significant decrease after MT (Table 4).

DISCUSSION

Multidisciplinary treatment for children/adolescents with overweight and obesity should focus on diet and healthy eating habits, physical activity, and family coping strategies (64, 65).

Assessment and treatment of childhood obesity and associated medical conditions, including psychological consequences, should be ensured.

It is well known that psychological distress and risk for eating disorders in pediatric population with a history of obesity are frequent (19); however classifying eating disorders in youth is challenging (66).

During childhood, eating disorders often present with atypical or sub-threshold criteria. This is particularly true for Binge Eating, one of the most common ED symptom associated with childhood obesity (19). Despite binge eating symptoms in children with obesity are common, the diagnosis of binge eating disorder (BED) in youth is rare (67–69); compulsive eating and stereotypical disordered eating behaviors such as hiding food, eating in secret, purging, exercising excessively, can be frequently observed (20).

Previous research showed an association between pediatric obesity and EDS, such as dietary restraint, self-dieting, and body image dissatisfaction (70). Moreover, results confirmed by Boutelle et al. (71) suggested that external eating, satiety sensitivity, eating in the absence of hunger, loss of control eating, and emotional eating were related to adiposity and excessive weight gain in children.

Assessment and management of EDS caused by or consequent to excessive weight gain are not always contemplated with due caution; however, pediatric obesity should be considered a significant risk factor for the development of eating disorders during adolescence and childhood (17).

Although multidisciplinary treatments are well supported by the literature in their effectiveness to reduce BMI and risk of future co-morbidities (30–32), to the best of our knowledge the effect of MT on the development, progression or reduction of EDS in children/adolescents with overweight/obesity has never been evaluated.

In our systematic review, the first aim was to evaluate the effectiveness of MT on EDS in children with obesity.

Concerning MT efficacy on dietary restraint, results (56, 57, 60, 62) presented are conflict.

Adam et al. (57) found a significant decrease of dietary restraint after MT; they also reported a significant reduction of flexible control, a typical behavior characterized by a graduated “more or less” approach to eating and weight control, which is considered a permanent behavior (57).

These effects were also maintained during the whole follow-up period (57) and can reflect a success of MT since dietary restraint is often considered a determinant of overeating and a precursor of EDS (72). In fact, as previously demonstrated by Stice et al. (73) in a 60 months prospective study on 496 adolescent girls, children and adolescents with higher dietary restraint scores appeared to have an increased risk of developing obesity later on.

On the contrary, other findings (56, 60, 62) described in our systematic review, reported that children or adolescents with obesity, especially girls (56) showed a significant increase in dietary restraint after MT.

However, in the light of what has been described above, it is also important to note that while dietary restraint is often conceptualized as maladaptive for individuals with ED, in the context of obesity, a moderate degree of dietary restraint may be beneficial in facilitating weight loss, improving physical health and maintaining weight control after treatment (74).

It should be noted that dietary restraint scales measure the intention to eat less rather than the real energy intake restriction (75); although some people may develop an intention to restrict their food intake, this intention is not always translated into action (73, 75). Planning, maintenance self-efficacy and action control are suggested to be important variables that may explain the gap between intention and behavior; subjects showing higher food restriction intention are more vulnerable to future eating disorders and weight gain (76).

Similarly, self-dieting is common among adolescents but it is not always a harmless behavior (17, 77). In fact, if self-dieting is not supervised or controlled, may lead to negative emotions that increase the risk of binge eating and use of inappropriate compensatory behaviors (17, 78).

Additionally, binge eating is a cognitive and behavioral process that is particularly important in the context of obesity (74), as recently demonstrated by a meta-analysis (79) binge eating symptoms are prevalent in more than one quarter of children and adolescents with overweight and obesity (19, 79).

Goossens and Bishop-Gilyard (60, 61) found a significant decrease in binge eating symptoms in adolescents post MT, confirming the importance of a structured MT rather than self-made -diets. They also distinguished between OBE, with the onset of LC over eating a larger amount of food that other people would not do, and SBE, with the onset of LC over eating a subjective large amount of food, that other people would not quantify as unambiguously large (61). The authors (61) reported a decrease of SBE after MT while OBE did not change (Table 4). This may occur since SBE seems quite common in youngsters, and its association with obesity and psychological impairment has already been demonstrated (80) while OBE is more common in adults (80).

Moreover, children and adolescents with obesity can develop body dissatisfaction which is linked to unhealthy weight control behaviors, binge eating, and lower physical activity levels (81); in addition, children and adolescents with obesity or overweight may experience weight stigma that exacerbates weight gain and creates additional barriers to healthy behavioral changes (82).

However, concern for body image, which is central to adolescents' overall sense of self-esteem, can play a dual role according to personal and environmental interactions (83, 84). In fact, it may exert negative or positive feedback, respectively, pushing toward dieting and triggering overeating or acting as a motivational driver toward healthier eating and lifestyle behaviors (83, 84). Studies reported in our systematic review (55, 61) assessed concern for body image throughout different questionnaires, investigating self-perceptions, weight, and shape concern. Only Balantekin et al. (55) and Goossens et al. (61) showed an improvement of self-perception, weight and shape concern, post MT.

Among the EDS, emotional and external eating can be considered behaviors related to overeating. Emotional eating means eating in response to emotional states, such as hunger, fear or anxiety, while external eating identifies eating in response to environmental food stimuli, such as sight and smell of food, regardless of hunger, and satiety stimuli (85).

Moreover, disinhibition leads to increase food intake and overeating if exposed to emotional stimuli (57).

Studies described in our systematic review (56, 57, 59, 62) showed that MT had a positive impact on external eating, disinhibition of control and emotional eating. Many authors (56, 57, 59, 62) concluded by agreeing that MT could influence eating behavior and that children/adolescents with overweight/obesity undergoing MT learned to react to emotional stress and external stimuli.

In this systematic review, we also investigated the weight and/or BMI reduction/fluctuation, as possible confounding factor.

A statistically significant decrease in BMI was observed in all MT approaches (54–62) except for Bishop-Gilyard et al. (60) where the decrease did not reach the significance.

Some authors (55, 56, 60) also analyzed the relation between EDS, such as weight and shape concern (55), binge eating episodes (60), dietary restraint, and external eating (56) and BMI reduction and/or fluctuation post MT.

Balantekin et al. (55) reported that BMIz was not strictly related to weight and shape concern improvement. In fact, although the authors (55) described a significant reduction in BMIz and weight concern post MT in the whole study sample. They reported a lower reduction in BMIz in subjects with a high probability to develop ED and in subjects with a greater likelihood of developing weight and shape concerns, when compared to subjects with a low risk of ED. Moreover, shape and weight concern in subjects with at high risk of ED was not significantly related to BMIz reduction (55).

Bishop-Gilyard et al. (60) revealed that adolescents with obesity and binge eating episodes lost the same amount of weight as those without binge.

Halberstadt et al. (56) described a BMI re-gain impact on EDS, showing that weight re-gain affected the increase of restraint and external eating post MT, only in girls.

Therefore, given the small numbers of the studies mentioned above (55, 56, 60), we could only hypothesize that weight status and EDS improvement after MT were independent factors.

Notably, all selected studies (54–62) provided MT approaches including CBT and eight of them (54–61) considered either active and frequent participation of the parents/caregivers during MT or “family-centered” approaches.

Multiple organizations, including the American Dietetic Association, the American Academy of Pediatricians, and the National Academy of Medicine, support family-based treatments, encouraging healthy nutrition and parent education/modeling (86, 87). Nowadays, supporting parents to improve their skills regarding healthy child growth is considered an important public health goal (65, 88). In fact, it is well known (89) that parents impact child's behaviors throughout home environmental influence. For instance, parenting practices and lifestyle such as eating pattern, provision of nutritious food, physical activity reinforcement, and counteracting sedentary behaviors could influence children eating behavior. On the other hand, family-based interventions are an effective method, positively impacting pediatric obesity treatment outcome and improving the probability for children and adolescents to be adherent and successful once engaged in a weight loss program (90, 91).

Strength and Limitations

The strength of this systematic review includes the development of a comprehensive search strategy applied, for the first time, on the effect of MT on the development and/or progress of EDS in children with overweight/obesity.

The assessment of risk of BIAS reported that the quality of the included studies was variable. Weak studies were included in this review and study quality was generally limited by participants selection (see Table S1, column “selection bias”). In fact, participants were no more likely to be representative of the target population, according to the tool that was used in this systematic review (51–53); in the selected studies, participants are often referred from a clinic or self-recruited via fliers, newspapers, television, radio, referrals from schools and community providers.

Another limit is that MTs were largely heterogeneous in length, period of discharge of patient, frequency and intensity of sessions, parents' involvement. Finally, quite a number of behavioral and psychosocial variables were assessed, by means of different validated questionnaires.

CONCLUSIONS

Evidence showed that comprehensive MTs for children and adolescents with obesity reduce BMI and risk of future co-morbidities.

Although obesity and ED have traditionally been conceptualized as separate conditions, EDS in the pediatric population, with a history of obesity, are not unusual. Overweight and obesity in childhood and adolescence significantly increase the risk for ED development.

Results from this systematic review highlighted, for the first time, the positive short- and long-term impact of MTs on ED symptoms, which are not always associated to BMI reduction in children. Therefore, awareness amongst clinicians who treat children and adolescents with overweight and obesity should be raised so that EDS could be identified and treated accordingly.
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Childhood obesity is a growing global health problem. Despite the highest rates of childhood obesity in the United States and other developed countries over the last 30 years, there is still no clear treatment strategy. Practitioners often do not know where to turn to find guidance on managing the nearly one third of their population who present for medical care either with obesity that coexists with other medical problems or because of obesity. The Pediatric Obesity Algorithm is an evidence based roadmap for the diagnosis and management of children with obesity. In this article, we summarize topics from the Pediatric Obesity Algorithm pertaining to pediatric obesity diagnosis, evaluation, and management including assessment, differential diagnosis, review of systems, diagnostic work up, physical exam, age specific management, comorbidities, use of medications and surgery, and medication associated weight gain. Identifying and treating children with obesity as early as possible is important, as is identifying comorbid conditions. Earlier and more comprehensive management through resources such as the Pediatric Obesity Algorithm serve to help guide health care practitioners with a practical and evidence based approach to the diagnosis and management of children with obesity, and provide families with the tools needed for a healthy future.
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BACKGROUND

Childhood obesity is a growing global health problem. Despite a continual rise in the rate of childhood obesity in the United States and other developed countries over the last 30 years, there is still no clear treatment strategy. A great deal of the research effort into solving the problem of childhood obesity is directed toward prevention. There are few evidence based studies specifically addressing the treatment of childhood obesity, thus the management and treatment of the child with obesity is left to the practitioner to use clinical judgment and persuasion to modify the family's dietary and lifestyle habits (1–3).

Often, societal barriers pose roadblocks to early diagnosis and referral for treatment. Parents frequently do not recognize the problem until it is advanced and practitioners are neither adequately trained nor have the clinical support they need to provide the ongoing chronic care needed to manage a child with obesity. Pediatric weight management clinics are spread across the country leaving large swathes of areas where referral to these clinics is not reasonable. Bariatric surgery, while being done more frequently in adolescents, is still reserved for adolescents with severe obesity, and is best accomplished in a center with expertise.

Newer medications have come onto the market for the treatment of adults with obesity, but none of these newer medications are currently FDA approved for use in children with obesity. Endoscopic procedures are also in clinical trials, but adults are the target group. In the meantime, rates of severe obesity continue to increase, especially in minority and low income children (3).

Practitioners often do not know where to turn to find guidance on managing the nearly one third of their population who present for medical care either with obesity that coexists with other medical problems or because of obesity. The Pediatric Obesity Algorithm (4) is an evidence based roadmap for the diagnosis and management of children with obesity. These age specific recommendations are meant to be used by practicing clinicians managing children with obesity. The topics addressed range from assessment to the diagnosis and treatment approach of obesity comorbidities. The Pediatric Obesity Algorithm was created by a collaboration of clinicians from the Obesity Medicine Association who reviewed and summarized the literature and is intended for use by health care providers in clinical practice, research, and education. This manuscript is based on the initial version of the Pediatric Obesity Algorithm, sponsored by the Obesity Medical Association and launched in September 2016 (4).

INITIAL ASSESSMENT

Epigenetics is a term used to describe processes that result in heritable regulation of gene expression without a change in the base sequence of DNA sequence. Epigenetics is thought to play a large role in the precipitous rise in obesity over the past 30 years. Children are at increased risk for obesity if their parents have obesity: there is a 30% chance of obesity if one parent has obesity and a 90% chance if both parents have obesity. Obesity in childhood is associated with a maternal preconception BMI (body mass index) ≥30 kg/m2, excessive gestational weight gain, and gestational diabetes mellitus (5–7). Infants who are small for gestational age due to tobacco abuse or insufficient maternal weight gain are also at risk for obesity and metabolic disease in childhood. Other exposures that can result in obesogenic epigenetic changes include but not are limited to: toxins, nutrition, medications, antibiotics, infection, and exogenous hormones (8–10).

Weight assessment of a child with obesity is accomplished by considering both the age of the child and the severity of the obesity. For infants up to the age of 2, BMI is not assessed. Instead, the infants' weight percentile is compared to length percentile. There are two options for the use of growth charts in infants up to the age of 2 years: Center for Disease Control (CDC) charts which are based on a cohort of mostly Caucasian American infants who were mostly bottle fed or WHO charts which are based on infants from multiple areas of the planet with diverse racial and ethnic backgrounds who were mostly breastfed. An infant whose weight for length percentile is increasing, or “jumping” percentile lines needs closer monitoring than one who is maintaining growth along the same percentile.

Body mass index charts are used for children between the ages of 2–20 years. These CDC charts were developed in 2000 and are color coded by BMI percentile: < 5th percentile (red), 5th−85th percentile (green), 85th−95th percentile (yellow), and >95th percentile (red). The chart extends to a BMI of 35 kg/m2. These charts were developed using five cross sectional nationally representative health surveys taken between the years of 1963–1994 (11). An additional BMI chart has been developed for children aged 2–20 years with severe obesity (12). On this chart, percentile lines are included for BMI measurements between 110 and 190% of the CDC 95th percentile. Both of these BMI charts display a “J” shaped curve with the BMI of young children decreasing normally between the ages of 2 and 6 years and then steadily increasing between the ages of 6–20 years. This decrease or dip and subsequent rise in the BMI curve is referred to as adiposity rebound. If a child's BMI either has no decrease or prematurely rises between the ages of 2 and 6 years, the child is at risk or has obesity. This phenomenon is called early adiposity rebound.

In June 2012 the American Medical Association declared obesity a disease. Children, like adults, suffer from the manifestations of obesity on most aspects of their physical and psychological health. Adiposopathy is a term used to describe endocrine and immune responses to increased adipose tissue while fat mass disease describes the physical response to increased adipose tissue (13, 14). A careful history that includes family history, prenatal, birth and postnatal care, followed by any medical complications in childhood and medications used both for the management of comorbid conditions and the management of obesity should be obtained.

In addition, psychological issues arise as a result of obesity and affect quality of life (Figure 1). The quality of life of children with obesity may be poor. They are at increased risk for isolation from peers, they are subject to bullying, they are at increased risk for anxiety and depression, and they are at increased risk for eating disorders, especially binge eating disorder, night eating disorder, and bulimia (15–17).
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FIGURE 1. Obesity as a disease.



Social history includes not only a dietary recall, but also a history of breast or bottle feeding, the timing of introduction of complementary foods and parenting style. In addition, an assessment of the child's activity level including access to safe areas to exercise and support for a high level of activity is important. Finally, the clinician needs to assess sedentary time and non-academic screen time.

The differential diagnosis of children with obesity starts with an assessment of linear growth. Linear growth proceeds in children until fusion of growth plates. Children with obesity due to nutritional, also referred to as endogenous, obesity have consistent or accelerated growth. These children are at risk for early development of secondary sexual characteristics and may have bone age development that exceeds their chronological age by more than 2 standard deviations. In contrast, a child with obesity who has an underlying endocrinopathy will typically have decreased linear growth. It is in the children with a deceleration in growth that testing for thyroid hormones is indicated. If there is clinical suspicion of Cushing's syndrome, a dexamethasone suppression test or 24 h urinary free cortisol level is indicated (1, 2, 14).

Genetic causes of obesity should be considered in children with severe obesity before the age of 5 years. These young children may present with developmental delay, short stature, dysmorphic facies, or hyperphagia. Screening involves DNA methylation studies, exome sequencing and karyotyping looking for known syndromes: Prader Willi, Bardet-Biedl, Fragile X, Algrights Hereditary Osteodystrophy, Alstrom, Congenital Leptin deficiency, POMC deficiency, MC4R deficiency, and Cohen syndrome. However, many other genetic causes of obesity not associated with known syndromes no doubt contribute as well (18–20).

Children with special needs are at increased risk of developing obesity (21). Some of these children are at increased risk due to associated difficulties with movement or coordination. Developmentally delayed or special needs children can present with decreased or normal growth. Presentation is highly variable and the practitioner should take a careful family history and consider a referral to a geneticist.

Clinical evaluation of the child with obesity includes a focused review of systems. Figure 2 lists the more commonly presenting signs or symptoms and their related comorbidities (22).
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FIGURE 2. Focused review of systems.



The diagnostic work up of a child with obesity is driven by a careful history of prenatal factors, family history, feeding history, sleep duration and issues, exercise, family and cultural expectations, screen time, location and timing of meals, bullying or social isolation, motivation and ability to make modifications of the family, and finally financial constraints. Appropriate labs and studies are considered according to the age, BMI percentile, and presence of risk factors as summarized in Figure 3 (1–3, 23, 24).
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FIGURE 3. Diagnostic work up: labs and studies.



Children with obesity presenting with deceleration of growth, symptoms of hypo or hyper thyroidism or other endocrinopathies, symptoms of diabetes, sustained hypertension, hirsutism, a family history of early cardiovascular disease, snoring, and/or daytime sleepiness will need additional workup. In addition, there are many other complications of obesity that require further investigation, some of which are discussed in the section on comorbidities.

APPROACH TO PHYSICAL EXAM

The physical exam is both important and challenging in children with obesity. While increased adiposity is usually apparent, children may go to considerable effort to conceal problems, for example removal of excess hair. Children with obesity commonly present wearing more clothing than called for by climatic conditions and may be wearing spandex or other restraining garments under their loose outerwear. The practitioner should take particular care to preserve the child or adolescent with obesity's need to cover up while still examining the patient. Instead of asking the child or adolescent to fully unclothe, the practitioner can examine the patient sequentially, taking care to reclothe the body parts that are exposed before moving on to the next body part. A thorough discussion of all of the physical findings that can be associated with obesity does not follow, however we highlight a few areas that should be assessed in every child.

Acanthosis nigricans is a cutaneous marker associated with hyperinsulinemia which is frequently perceived by the parents or the child as being due to dirt or eczema, not melanin. An explanation of the cause can be reassuring to the child and the parent and provide opportunity for education of the physiology of glucose metabolism and underlying process of insulin resistance.

Pubertal or tanner staging helps the clinician determine growth potential as well as address the issue of premature thelarche in females or gynecomastia in males. These findings are exacerbated by excess adiposity. Pubertal status also informs laboratory results as some normal values change as puberty progresses.

The clinician should be aware of the skeletal problems that occur in children with obesity. Young children with the bowed tibias of Blount's disease are usually ambulatory and may be “early walkers” and unaware of any problem. A radiologic diagnosis is necessary. Slipped capital femoral epiphysis can present as knee or hip pain or without pain resulting in the diagnosis being missed. Prompt assessment and referral to an orthopedic surgeon if the diagnosis is made is necessary. Scoliosis is harder to detect due to adiposity despite occurring in children with obesity at as great or greater a frequency than in normal weight children (25–27). The practitioner should have a high index of suspicion for physical abnormalities and should carefully examine the child. Children with obesity are frequently poorly evaluated by the medical community until symptoms become severe.

A careful examination of the entire body for intertrigo, especially if this complaint is inhibiting the child's activity level should be performed. A sensitive examination of the status of excess hair in females should occur. Other findings from the review of systems may determine the examination: for example a history of snoring should prompt a thorough exam of the tonsillar pillars as well as neck circumference.

MANAGEMENT OF OBESITY

In considering how to modify the food intake of a child with obesity, there is no universally accepted approach. An understanding of appropriate intake for a normal weight child is necessary as a starting point. For easy reference, the algorithm breaks down intake guidelines for age groups between infancy and adulthood (Figure 4).


[image: image]

FIGURE 4. General intake guidelines (normal weight): 5–18 years.



Managing a child with obesity is age dependent. In the first 6 months of life, exclusive breast feeding is the nutrition of choice. Complementary foods should ideally be delayed until 6 months of age. Increased BMI in childhood and adolescence is associated with early introduction of complementary foods. Infants with obesity should not be given any sugar sweetened beverages, nor any fast food or desserts. Infants already struggling to maintain their weight should have age appropriate amounts of formula, and should not be given juice in their bottles. Infants should not be watching TV or any screen of any kind for the first two years of life. Normal infants may need to sleep up to 18 h a day, and should sleep at least 12 h a day. Infants should be allowed to be as active as possible, either on the floor or in a playpen and the parents should be encouraged to have as much direct interaction with them as possible (Figure 5).
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FIGURE 5. Management of the infant with obesity.



A toddler (age 2–4 years) with obesity should have three meals plus 1–2 snacks every day. They should not be offered sugar sweetened beverages, nor any fast food. Portion sizes should be age appropriate and they should be praised for trying new foods. Parents should model the eating behavior they want their child to have. Toddlers should have a routine sleep pattern. Snoring in this age group is frequently associated with tonsillar hypertrophy. If the tonsils cause significant obstruction, removal may be indicated.

Up to the age of 2 years, no screen time is recommended. Between the ages of 2 and 4, screen time should be kept to a minimum. Obesity is directly correlated with screen time in this age group. The family should adopt good meal hygiene to include meals at the table, no media while eating, no food rewards, no over controlling behaviors toward consumption of meals, and family based meals.

Obesogenic medications may be a factor for the young child with obesity (aged 5–9 years). The use of second generation antipsychotics should be minimized and asthma should be managed with controller medications instead of systemic steroids if clinically possible. Children at this age may also develop hypertension as a complication of their obesity, however etiologies other than obesity must be considered.

Parents are strong role models for children at this age and involvement of the family in the care of the child with obesity is highly recommended. Total non-academic screen time should be kept to a minimum. Replacement of screen time with moderately vigorous physical activity is associated with a decrease in obesity. Sleep is still very important with children in this age group needing between 11 and 14 h of sleep, preferably all at once and not achieved by napping during the day due to deficits at night.

Children with obesity in the 5–9 age group should be consuming 3 meals per day plus 1–2 nutritious snacks. Food groups should include 3 servings of protein per day, 1–2 servings of dairy per day, and 4–5 servings of non-starchy vegetables per day. They should not be consuming any sugar sweetened beverages, nor any fast food. Portion sizes should be age appropriate and children should be praised for trying new foods (Figure 6).
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FIGURE 6. Management of the young child with obesity.



Children 5–9 years of age start to be involved in organized sports as well as continuing to need active play. Activity should be daily, as vigorous as possible, but fun. Sixty minutes or more per day of moderate to vigorous physical activity is recommended. Children ages 5–9 with obesity should be encouraged to exercise as often and as vigorously as normal weight children. Limitations due to adiposity are rare in this age group.

As children with obesity go through puberty and adolescence, management evolves. Many of the same recommendations as made in younger children are still valid, although must be adapted to the older child. In particular, meals should continue to be consumed at 3 a day and can include 1–2 snacks. Older children and adolescents with obesity frequently skip meals leading to overindulgence at the next meal or eating the majority of their intake starting in the afternoons and into evenings. Techniques for dealing with the almost constant exposure to non-nutritious foods should be discussed with the older child and adolescent since they are increasingly consuming food outside of the family home and school.

Older children and adolescents with obesity are able to track their exercise and meal intake using newer technologies which allow them to share their progress and compare themselves to their peer groups. In the age of the smart phone, children in this age group are rarely without their devices. These devices function as convenient activity trackers (28). After puberty, adolescents become less active in general. However, for the adolescent with obesity it is important to develop a regular exercise routine of 60–90 min of moderate to vigorous activity per day (Figure 7). This increased activity will preserve or increase cardiorespiratory fitness which mediates the development of Type II diabetes mellitus and/or the metabolic syndrome (29–31). A gradual increase in activity in those who are starting from relative inactivity is suggested.
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FIGURE 7. Activity recommendations (normal weight): 5 to 12 years.



Duration and quality of sleep should be addressed. Adolescents in particular may reverse their sleep wake cycles by staying up late at night, usually on social media or video games, and then sleep until midday or later. Correction of the sleep wake cycle is necessary to allow for a normal pattern of eating, especially eating with other family members. Electronic devices should be removed from bedrooms to allow uninterrupted sleep. Inadequate sleep contributes to hunger. Adolescents frequently need up to 10 h or more of sleep per night (32, 33).

OBESITY COMORBIDITIES

Comorbidity management complicates the treatment of children with obesity. Although children with obesity can present with all the same disease processes seen in normal weight children, certain disease processes occur secondary to obesity. The significance of these disease processes cannot be understated as they progress through adulthood and are associated with premature morbidity.

Hypertension occurs with an increased incidence in children with obesity as compared to normal weight children. The diagnosis of hypertension must be based on three separate measurements at least 1 week apart. Guidelines for diagnosis of hypertension in children now differ between children less than or greater than the age of 13. After the age of 13, a systolic blood pressure of 120–129 mm Hg and a diastolic pressure < 80 mm Hg is considered elevated, while pressure of 130–139 mm Hg over 80–89 mm Hg are Stage I hypertension, and >140/90 mm Hg is Stage II hypertension. For children < 13, diagnosis should be made by referring to normative date based on age, sex, and height. A diagnosis of stage II hypertension in a child or adolescent with obesity should include as assessment of end organ damage. Diagnostic studies may include a renal Doppler ultrasound, ECHO, serum uric acid, urine protein, and BUN/creatinine levels. Treatment should include a trial diet and lifestyle modifications prior to use of medication. A low sodium (< 1,500 mg/day) or DASH (Dietary Approaches to Stop Hypertension) diet is usually recommended. Pharmacotherapy is used if the blood pressure is persistently elevated over 3 separate measurements and does not respond to lifestyle intervention. The primary treatment for obesity associated hypertension is weight loss (34–37).

Dyslipidemia is commonly found in children with obesity. Typically, the dyslipidemia of obesity is a high triglyceride level and low high density lipoprotein (HDL) level. This pattern usually quickly responds to dietary modification. The clinician should be aware that children with obesity can present with any dyslipidemia that occurs in normal weight children. If the pattern of dyslipidemia is different than an elevated triglyceride level and/or low HDL level, work up and treatment is detailed in the National Heart, Lung, and Blood Institute guidelines. On initial presentation, a child with obesity who consumes a large amount of sugar sweetened beverages can present with a triglyceride level between 150 and 400 mg/dl. Removing the refined carbohydrates from the child's diet will usually have a profound effect on the triglyceride level. If there is no response, further evaluation is needed (38, 39).

Sleep Disorders in children with obesity can have varied presentations including apnea associated with snoring or disrupted sleeping, daytime sleepiness, hyperactivity, depression, audible pauses in breathing, new onset nocturnal enuresis, irritability, and learning difficulties. The clinician's index of suspicion must be high as sleep disorders can also occur in the absence of symptoms. Referral for sleep studies or possible removal of tonsils and/or adenoids is based on clinical evaluation (40–42).

Impairment in glucose metabolism is important to screen for in children with obesity. Impaired fasting glucose is defined as a fasting plasma glucose of ≥100 mg/dl but < 126 mg/dl on repeat measurements. Impaired glucose tolerance is defined as a 2 h plasma glucose on oral glucose tolerance test (OGTT) of ≥140 mg/dl but < 200 mg/dl. Type 2 diabetes mellitus is the endpoint of metabolic decompensation that may evolve over months to years. In insulin resistance, the body produces insulin but muscle, fat, and liver do not respond properly to insulin and thus cannot easily absorb glucose from the bloodstream, with progression from insulin resistance to prediabetes with impaired glucose tolerance and impaired fasting glucose over time (39). Clinical findings of insulin resistance on physical exam include acanthosis nigricans, skin tags, and hyperpigmentation in axillae, umbilicus, groin, and popliteal fossae. Insulin resistance is also associated with polycystic ovarian syndrome. Treatment is weight loss through aggressive diet and lifestyle intervention including modified carbohydrate diets and low glycemic index food choices (43–47). Metformin is an insulin sensitizer that is FDA approved in children ≥10 years of age for the treatment of type 2 diabetes mellitus. Metformin decreases hepatic glucose production, decreases glucose intestinal absorption, and improves insulin sensitivity through increasing peripheral glucose use and uptake (48, 49).

Excessive weight gain can be associated with menstrual irregularity. Irregular menses is defined in adolescence as < 21 days or >45 day intervals or < 9 cycles in 12 months at gynecological age >18 months, and cycles < 3 days or >7 days duration. Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders affecting young women seen with oligomenorrhea or amenorrhea and clinical or biological hyperandrogenism with frequent presence of obesity, glucose intolerance, dyslipidemia, and obstructive sleep apnea. PCOS can present in lean adolescents as well as adolescents with obesity. In the evaluation of irregular menstrual cycles, hormonal evaluation is indicated including free testosterone, total testosterone, early morning 17 OH progesterone to rule out late onset congenital adrenal hyperplasia, DHEA-S, sex hormone binding globulin, thyroid function tests, and prolactin as well as consideration for pelvic ultrasound and a 2 h OGTT. Treatment is symptomatic and individualized. Oral contraceptive pills (OCPs) are first line treatment for most adolescent patients to help to regulate menstrual cycles and to lower the level of testosterone to improve acne and hirsutism. Progestin monotherapy is an alternative if OCPs are contraindicated. Treatment includes lifestyle modification and dietary control with studies finding metformin therapy when indicated to be effective in combination with weight loss (50, 51). Additional treatments such as antiandrogen therapy may be considered but are outside the scope of the Algorithm. An example of the approach to diagnosis, evaluation, and management of obesity comorbidities in the Pediatric Obesity Algorithm is found in Figure 8 pertaining to PCOS.
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FIGURE 8. PCOS and menstrual irregularity.



Vitamin D is a fat soluble vitamin essential for skeletal health in growing children. It plays an important role for bone health through the absorption of calcium from small intestine, and is available in diet and through synthesis from sunlight. Vitamin D deficiency has been defined by the Institute of Medicine and Endocrine Society clinical practice guidelines as a serum 25-hydroxyvitamin D [25(OH)D] < 20 ng/mL. Current recommendations for children aged 1–18 years include treatment with 2,000 IU daily of vitamin D2 or vitamin D3 for at least 6 weeks or 50,000 IU of vitamin D2 or D3 once a week for at least 6 weeks to achieve a blood level of 25(OH)D above the deficient range, followed by maintenance therapy of 600–1,000 IU daily. There should be special considerations for at risk patient populations including children with obesity, malabsorptive syndromes, or on medications affecting vitamin D metabolism such as anticonvulsants, glucocorticoids, antifungals, and antiretrovirals. Lower levels of vitamin D in obesity have been linked to decreased sun exposure and reduced dietary intake, in addition to decreased vitamin D bioavailability secondary to storage of fat soluble vitamin D in adipose tissue. These children may require 2 to 3 times the dose of vitamin D to achieve the same serum 25(OH)D levels as children without these conditions (52–56).

MEDICATIONS AND SURGICAL APPROACH

Bariatric surgery is reserved as treatment for severe obesity in adolescents. The number of surgeries performed is increasing each year. Surgical options include gastric sleeve resection, Roux-en-y gastric bypass, and laparoscopic adjustable gastric banding under the treatment of an experienced surgical center. Current adolescent bariatric recommendations include BMI >35 kg/m2 with moderate to severe comorbidities or BMI >40 kg/m2 and skeletal and sexual maturity (generally age 14 for girls and 15 for boys). Participation in a weight loss program with a multidisciplinary team involving pediatric surgery, nutrition, psychology, and pediatric specialists is recommended. Females are counseled on increased fertility and all adolescents give informed consent. Significant psychiatric disease is considered an exclusion criteria. There are limited data outcomes; however, one 3 year outcome study found mean percent weight loss of 27%, normalized blood pressure in 74%, normalized lipid levels in 66%, and over 50% of patients with T2DM in remission (57–61).

The use of weight loss medications in children with obesity is limited. Although there are several new medications on the market for adults, none have been FDA approved for children. Of the approved medications, orlistat can produce a small amount of weight loss but is associated with oily stools, a side effect not tolerated by many children. Topiramate is used in children as an antiepileptic medication but is not FDA approved in children for weight loss. Although the mechanism is unclear, it can help control cravings. However, topiramate must be used with caution due to side effects of paresthesias of the extremities, and cognitive disruption, especially at higher doses. In addition, it can cause cleft palate in the fetus, making it more complicated to use in an adolescent female. Phentermine is approved in children >16 years of age for weight loss. The associated weight loss is small to moderate (62–68). Phentermine may cause anxiety, tremors, and slightly increased blood pressure (Figure 9).
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FIGURE 9. Pharmacology.



Medication associated weight gain is a significant management issue. The use of second generation antipsychotics, most of which are associated with weight gain, has increased markedly over the past decade. Many other commonly used medications in children include but are not limited to antidepressants, anxiolytics, mood stabilizers, antiseizure medications, migraine medications, antihypertensives, diabetic medications, glucocorticoids, and progestins. On assessing a child with obesity on medications, the clinician must first work within the pathology of the underlying problem. If possible, a substitution for a less obesogenic medication may aid in controlling weight gain. Metformin is frequently used to offset weight gain secondary to psychiatric medication. Controversy concerning the efficacy of the use of Metformin for this purpose exists (69, 70). Figures 10, 11 summarize commonly used medications for children and their effects on weight.
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FIGURE 10. Medication effects on weight status.
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FIGURE 11. Review of medications: psychiatric medications.



CONCLUSION

Obesity is a chronic disease which when originating in childhood can lead to medical and psychological complications and premature comorbidity and mortality. An increasing amount of children with obesity presenting for treatment have BMIs well above the 95th percentile and the increased amount of children with severe obesity concerns most clinicians. Identifying and classifying these children as early as possible is important, as is identifying comorbid conditions. Frequently the management of a child with obesity is not just to decrease their BMI but to minimize their disease state and change their development of further complications. A slowing of weight gain or lack of continued acceleration of weight gain can delay the onset of T2DM and early cardiovascular disease. In fact, addressing comorbid conditions such as obstructive sleep apnea, behavioral disorders, polycystic ovarian syndrome may be a necessary precursor to successful weight management. Clearly more needs to be done in our attempt to stop and eventually reverse this epidemic. Medical management of children with obesity is conservative based not only on the lack of evidence based studies but also on societal mores and cultural sensitivities. However, the epidemic of childhood obesity is permeating most other medical problems and it is increasingly clear that our current approach to managing obesity in children is not aggressive enough. Earlier and more comprehensive management through resources such as the Pediatric Obesity Algorithm serve to help guide health care practitioners with an evidence based roadmap for the diagnosis and management of children with obesity, and provide families with the tools needed for a healthy future.
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We report the case of a 10 year old male with severe obesity who presented with a 2 year history of significant growth failure and excessive weight gain that was subsequently diagnosed with serum negative Hashimoto's thyroiditis and acquired hypothyroidism. Initial investigations revealed a markedly elevated thyroid stimulating hormone (TSH) concentration >100 uIU/mL and an undetectable free thyroxine with total thyroxine 0.56 ug/dL. Thyroid antibodies were negative, however ultrasound findings were consistent with Hashimoto's thyroiditis. After treatment with levothyroxine supplementation, he had significant weight loss and marked improvement in his growth velocity. This case emphasizes the need to recognize excessive weight gain and growth failure as an initial presentation of Hashimoto's thyroiditis and highlights management and approach to treatment. Diagnosis and treatment is vital as prolonged undiagnosed hypothyroidism can result in incomplete catch up growth and compromised final adult height.

Keywords: weight gain, obesity, hypothyroidism, Hashimoto's thyroiditis, growth

BACKGROUND

Hypothyroidism is the most common disorder of thyroid function in children. Primary hypothyroidism is characterized by high serum thyroid stimulating hormone (TSH) and low serum free thyroxine (T4) concentrations. Autoimmune, or Hashimoto's, thyroiditis is the most common cause of acquired thyroid disease in children and adolescents in the western world. Although autoimmune thyroiditis, is usually characterized by positive serum anti-thyroperoxidase (TPO) antibodies and/or positive thyroglobulin antibodies, about 5% of patients have no measurable thyroid antibodies (1). Hypothyroidism can be associated with fatigue, constipation, dry skin, cold intolerance, coarse, and brittle hair; however, growth delay may present for years before other symptoms occur. Although change in school performance is uncommon at diagnosis and more often declines, it may actually improve in patients with long standing hypothyroidism, and can delay diagnosis secondary to decreased distractibility and improved concentration. Given the long term effects of prolonged undiagnosed hypothyroidism resulting in incomplete catch up growth and compromised final adult height, this case emphasizes the importance of recognizing the combination of excessive weight gain and growth failure, even in the absence of additional symptoms, as an initial presentation of acquired hypothyroidism in a child.

CASE PRESENTATION

A 10 year old male was referred to endocrinology clinic for evaluation of obesity, rapid weight gain, and growth deceleration. His mother noted he was previously one of the tallest children in his class, but now was one of the shortest. Review of previous growth charts revealed growth at the 90th percentile for height at 8 years of age with decrease to the 75th percentile at 9 years, and the 50th percentile by 10 years. His weight was consistently at the 95th percentile, but he had gained 5.5 kg (12 lbs) in the past year with weight now at the 97th percentile and body mass index (BMI) 27.5 kg/m2 at the 99th percentile, meeting criteria for extreme obesity.

His mother noted he had been markedly hyperactive as a child and that this behavior had decreased over the past 1–2 years with great improvement in his grades over the past year. His medical history was unremarkable and he did not take medication. Review of systems was unremarkable and he denied fatigue, muscle weakness, constipation, or cold intolerance. He had a good energy level and there were no recent changes in appetite or concentration. He had occasional dry skin. Family history was remarkable for maternal grandmother and mother with hypothyroidism. His midparental target height was 176.5 cm (69.5 inches) at the 50th percentile for height.

On physical examination, the patient measured 134.9 cm (26th percentile) and weighed 50.2 kg (97th percentile) with BMI 27.5 kg/m2 (99th percentile). He had a normal blood pressure 104/55 mm Hg and heart rate of 84 bpm. The patient was well appearing without dysmorphic features and had a normal affect. He had cherubic facies and fundi appeared normal. His thyroid was palpable and smooth with right and left lobe each measuring 4 cm with no lymphadenopathy. His chest, heart, and abdomen were normal. He had Tanner stage 1 genital development with 3 cc testes and no pubic hair. Skin examination was negative for rash, acanthosis, or striae.

FINAL DIAGNOSIS

Laboratory evaluation revealed a markedly elevated TSH (thyroid stimulating hormone) concentration >100 uIU/mL (0.5–4.3 uIU/mL), an undetectable free T4 (thyroxine) < 0.25 ng/dL (0.9–1.4 ng/dL), and total T4 0.56 ug/dL (5.6–14.9 ug/dL) with negative thyroid peroxidase and antithyroglobulin antibodies. A thyroid ultrasound showed an enlarged heterogeneous thyroid consistent with autoimmune thyroiditis.

CLINICAL COURSE

The patient was started on levothyroxine 50 mcg (1 mcg/kg) daily with dose titrated over the next several months (Table 1). Normalization of thyroid levels was achieved on levothyroxine 100 mcg daily with TSH 0.55 uIU/mL, free T4 1.6 ng/dL, and total T4 9.6 ug/dL at 7 months post initiation of levothyroxine supplementation. His growth parameters dramatically improved on treatment (Figure 1). His weight decreased from 50.2 kg (97th percentile) to 43.4 kg (86th percentile) with 6.8 kg (15 lb) weight loss, and BMI decreased from 27.5 kg/m2 (99th percentile) to 22 kg/m2 (93rd percentile). By 7 months post initiation of treatment, his height increased from 134.9 cm (26th percentile) to 140.5 cm (42nd percentile) with 5.6 cm (2.2 inches) of growth in 7 months, giving an annualized growth velocity of 9.7 cm (3.8 inches) per year.


Table 1. Thyroid function tests at presentation and months post levothyroxine initiation.

[image: image]




[image: image]

FIGURE 1. (A) Boys Stature-for-age and Weight-for-age Curve. Linear Growth Curve reveals a crossing of percentiles from the 90th to the 25th percentile prior to levothyroxine initiation. Weight curve shows excessive weight gain and subsequent weight loss after levothyroxine initiation. (B) Body mass index-for-age Curve. BMI shows a significant decline from severe obesity to overweight status after levothyroxine initiation.



DISCUSSION

This case highlights that pediatric patients presenting with excessive weight gain and a declining growth velocity with crossing of height percentiles should be evaluated for hypothyroidism, even in the absence of other associated features of hypothyroidism including constipation, declining school performance, or cold intolerance. Acquired hypothyroidism can be related to thyroid disease (primary hypothyroidism) or hypothalamic-pituitary disease (central hypothyroidism). However, most childhood cases of hypothyroidism are primary and are caused by chronic autoimmune thyroiditis. It usually presents in adolescence and has a female predilection, affecting females three to five times more commonly than males (1). Other rare causes of acquired hypothyroidism include excess iodine ingestion, anti-thyroid drugs and thyroid injury secondary to external radiation, thyroidectomy or infiltrative diseases. Iodine deficiency also remains an important cause of acquired hypothyroidism worldwide.

Autoimmune hypothyroidism is characterized by antibodies against thyroglobulin and thyroperoxidase (TPO) and by lymphocytic infiltration of the thyroid gland, which can result in thyromegaly (2). It has been documented that although around 90% of patients have positive anti-TPO antibodies and 50% have positive thyroglobulin antibodies, about 5% of patients with a diagnosis of Hashimoto's thyroiditis based on clinical grounds or by appearance on ultrasound have no measurable thyroid antibodies. In cases of seronegative autoimmune thyroiditis, thyroid ultrasound examination is considered the cornerstone for diagnosis as well as for differentiating this chronic inflammatory condition from other forms of non-autoimmune hypothyroidism of genetic origin (3).

In has been reported in adult literature that patients with Hashimoto's thyroiditis and negative thyroid antibodies have a milder form of the disease; however, pediatric literature regarding the clinical course of seronegative thyroiditis is sparse (3). Our patient presented with significant effects on growth parameters. Hashimoto's disease may be associated with a euthyroid state, hypothyroidism or transient hyperthyroidism. Patients with anti-TPO antibodies are at risk for developing hypothyroidism, however, it is known that some individuals with large goiters and high antibody levels can remain euthyroid for many years (4).

Among children who develop thyroid autoimmunity, a significant number go on to develop hypothyroidism, with one recent study showing that of the children with positive thyroid antibodies, about 20% began treatment with levothyroxine within 3 years after diagnosis. A concurrent diagnosis of celiac disease, an elevated baseline TSH and higher antithyroid antibody titers have been associated with an increased risk of progression to hypothyroidism (5).

CLINICAL PRESENTATION AND NATURAL HISTORY

The most common presentation of thyroiditis is thyroid gland enlargement, followed by clinical symptoms of hypothyroidism and then those found incidentally as part of routine screening or a work up for an unrelated condition (1, 6). The most common clinical manifestation of hypothyroidism in children is actually declining growth velocity, which can also be accompanied by increased and sometimes excessive weight gain. The growth delay is usually insidious in onset, and may be present for a few years before other symptoms occur (1). Children that present with severe growth failure usually have very low T4 values, often < 2 ug/dL and an extremely elevated TSH, often >250 uIU/mL. Unfortunately, prolonged juvenile acquired hypothyroidism that is undiagnosed can result in incomplete catch up growth and the severity of the height deficit is proportionate to the duration of the hypothyroidism (7).

The signs and symptoms of hypothyroidism in children are often elusive and depend on severity and duration. Hypothyroidism can be associated with fatigue, constipation, dry skin, cold intolerance, coarse and brittle hair, and myxedema. However, these symptoms may escape detection and may only be discovered retrospectively. Change in school performance is uncommon at diagnosis and was documented in only 3.3% of children in one study (8). Although performance more often declines, it may actually improve in patients with long standing hypothyroidism and can delay diagnosis. This is thought to be secondary to decreased distractibility and improved concentration.

Of note, it is important to differentiate that in individuals with obesity, a slightly elevated TSH level in the setting of a normal T4 are physiologic and reflect the body's attempt to increase metabolism and do not necessitate treatment. With weight loss, TSH levels often normalize in these patients with obesity (9).

TREATMENT AND PROGNOSIS

The treatment of choice for acquired hypothyroidism is daily oral thyroxine. Recommendations for dosing are not standardized as there is variation in the effect of thyroxine replacement in different individuals. The initiation of treatment and subsequent monitoring typically requires the assistance of the pediatric endocrinologist. A low starting dose of 0.25–0.5 mcg/kg/day has been recommended to avoid potential acceleration of skeletal age advancement disproportionate to height gains (2). Once TSH concentrations normalize and catch up growth is complete, thyroid function tests can be monitored throughout puberty 2–3 times yearly (10).

In most patients, hypothyroidism will be permanent. However, there may be periods of remission with thyroid function fluctuation and therefore it may be appropriate to trial patients off thyroxine for 6–8 weeks after the completion of growth and puberty to determine if hypothyroidism is permanent (10). Those that had elevated TSH values while on thyroxine replacement do not need a trial of thyroxine withdrawal.

CONCLUSION

Given that prolonged undiagnosed hypothyroidism can result in incomplete catch up growth and a compromised final adult height, thyroid function tests should be strongly considered in the initial evaluation of a child with growth deceleration and weight gain. Our patient's decreasing height percentile and increasing weight, on review of his pediatrician's growth charts, were the major clues to his underlying diagnosis. His improved behavior was subsequently attributed to suppression of his ADHD symptoms due to his severe hypothyroidism and highlights the importance of recognizing change in academic performance as another sign of thyroid dysfunction. In contrast to adult literature with a milder disease state documented in serum negative autoimmune thyroiditis, our patient had severe overt hypothyroidism and significantly affected growth parameters, suggesting a more severe presentation in the pediatric population. Regardless of etiology, it is imperative to recognize growth failure as the possible initial presentation of acquired hypothyroidism in pediatric patients, even in the absence of commonly described symptoms. Laboratory assessment and early intervention can ultimately prevent the development of symptomatology and the loss of final adult height.
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There is a gap in treatment modalities for pediatric patients with obesity for whom lifestyle modification therapy, on the one hand, may be insufficient to meaningfully reduce BMI, and bariatric surgery, which on the other hand, may not be indicated, available or desired. Although pharmacotherapy may help fill this treatment void, there is a paucity of FDA-approved medications indicated for pediatric obesity and further, most are single agents with only modest mean treatment effects. In contrast, combination pharmacotherapy, such as phentermine/topiramate, appears to offer greater weight loss efficacy in adults and may prove to be superior to monotherapy for pediatric patients as well. This case report describes the clinical management of severe obesity in a 10 year old girl with lifestyle modification therapy and subsequent addition of first topiramate and later phentermine. Using the case as a platform, the current state of pharmacotherapy for pediatric obesity will be described thereby highlighting the limited efficacy of single agents. Additionally, the biological rationale for combination pharmacotherapy, including potential mechanisms which may account for the poor response to single agents, will be discussed.
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BACKGROUND

Lifestyle modification therapy (LSMT), which consists of dietary and physical activity counseling supported by behavioral strategies, is the cornerstone of obesity treatment. However, multiple studies indicate that for youth, particularly adolescents, with severe obesity, LSMT is often insufficient for achieving clinically significant and durable BMI reduction (1–4). Some data suggest that fewer than 2% of youth with severe obesity are able to achieve and maintain clinically-meaningful reduction in BMI.1

The challenge of weight loss maintenance stems from both behavioral and physiological responses to the reduced energy stores and negative energy balance. While long-term adherence to behavior changes tends to wane with time, the drive behind the waning effect is primarily physiological in nature. As fat stores decrease, fasting leptin and insulin decrease, thereby conveying a message of energy depletion to the hypothalamus resulting in increased hunger sensation. Additionally, cross talk between the hypothalamus and “non-homeostatic” hedonic and cognitive brain regions leads to a heightened sense of food palatability. Concurrently, total energy expenditure decreases due to decreased body mass and enhanced metabolic efficiency (5, 6) This process is termed “metabolic adaptation” and the net result is weight regain.

Obesity pharmacotherapy may address some of the physiological adaptations and counter-regulatory mechanisms that contribute to weight regain primarily via their effect on appetite and hunger. In this case report, we describe the use of medications, specifically topiramate and phentermine, for weight regain after success with LSMT in a 10 year old girl with severe obesity.

CASE PRESENTATION

A 10 year old white girl with severe (class 3: BMI ≥140% of the 95th percentile for age and sex) obesity and otherwise normal development presented to the Pediatric Weight Management Clinic with her mother. The mother reported that the patient had been at the 75th percentile for height and weight for most of the patient's life but she experienced a “20 to 30 pound” weight gain over the past year. The mother further explained that this recent weight gain coincided with treatment of seasonal allergies with montelukast and she wondered if this may have been the cause of the weight increase. The patient had no prior weight loss attempts.

The patient was born full term, weighing 3.18 kg. The mother's pregnancy was uncomplicated, as was the patient's newborn course. Aside from seasonal allergies, the patient was healthy. She had no history of hospitalizations, surgeries, or mental health concerns. She was not taking any medications.

The patient was eating regularly-spaced meals consisting primarily of highly processed foods and simple carbohydrates (e.g., pastries for breakfast, potatoes with cheese for dinner). The family was eating fast food three times per week on average. The patient endorsed having a big appetite and feeling hungry all the time. She was eating while watching TV and when bored. She denied binge eating, loss of control eating, emotional eating, sneaking/hiding food, or eating during the night. Her physical activity was limited to gym class at school three times per week.

The patient was living with her mother and her mother's partner. The patient's parents divorced when she was very young and the mother's partner had been living with them since the patient was a toddler. The patient saw her biological father rarely. She had no siblings. She was attending fourth grade and enjoyed reading and writing. The mother and her partner worked full-time and the patient was cared for by a baby sitter after school a few times per week. They had no food insecurity. The family history was notable for obesity in both biological parents and type 2 diabetes in the maternal grandmother.

The patient's review of systems was negative. She reached menarche several months prior to presentation. On physical examination, her weight was 70.31 kg (155 lbs.), height was 142 cm (4'8”), and BMI was 34 kg/m2 (145% of the 95th percentile). Her blood pressure was 105/65 mmHg and pulse was 74 beats per minute. Her physical examination was normal. The results of her fasting labs were: total cholesterol 176 mg/dL (normal: < 170 mg/dL), HDL-c 49 mg/dL (>45 mg/dL), LDL-c 96 mg/dL (< 110 mg/dL), triglycerides 157 mg/dL (< 90 mg/dL), ALT 27 (< 50 U/L), AST 29 (< 50 U/L), glucose 98 mg/dL (70-99 mg/dL), and HbA1c 5.5% (0-5.6%). Her Pediatric Symptom Checklist (routinely obtained in the Pediatric Weight Management Clinic) score was 8 (> 28 is considered abnormal).

The patient and family were started on a program of lifestyle modification therapy and responded particularly well with decreasing fast food consumption and liquid calories. Further, the patient started bringing her lunch to school instead of eating the school fare and was able to keep a food log almost daily. The patient's physical activity, however, continued to be limited. Over the course of 5 months, the patient's BMI decreased 5 units (15%), from 34 kg/m2 to 29 kg/m2 (145% of the 95th percentile to 125% of the 95th percentile).

At the end of the 5 month period, coinciding with the end of the school year and beginning of summer vacation, the patient's sleep/wake cycle became irregular. Because she did not like the hot weather, she chose to stay inside all day. Her mother left prepared meals for the patient to encourage healthy eating while mom was at work. Despite this, the patient's BMI began to trend upward from 29 kg/m2 to 31 kg/m2 over the summer months. Upon school resuming in the fall, the patient's sleep/wake cycle normalized and eating behaviors and patterns improved, returning to those of the previous school year. The patient's BMI stabilized for a few months but then increased further. The patient expressed frustration because she believed that she was eating well, which was indeed reflected in her daily food logs. She continued to attend monthly visits with the Pediatric Weight Management Clinic dietician, psychologist, and pediatrician with specialized training in obesity medicine. Yet, the patient's BMI continued to increase such that by 2 years after her initial appointment, the patient's BMI returned to baseline (135% of the 95th percentile) (see Figure 1).
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FIGURE 1. BMI growth chart of patient.



Suspecting that metabolic adaptation was causing the patient's weight rebound, adjunct pharmacotherapy was recommended. Orlistat was considered but not started because of concern about gastrointestinal side effects and lack of insurance coverage. Metformin may have been another reasonable option but the patient's fasting glucose and HbA1c were in the normal range and she did not have acanthosis nigricans on physical examination which would have suggested insulin resistance. She was ultimately started on topiramate 75 mg daily in addition to ongoing LSMT. She and her mother were cautioned that although topiramate is not FDA-approved for the indication of obesity (in children or adults), multiple studies have demonstrated clinically-meaningful weight loss efficacy in adults. Additionally, it was explained that the side effect profile in children is well established stemming from its use for epilepsy treatment.

After 4 months of treatment with topiramate, the patient's BMI trajectory plateaued yet was not decreasing as was desired. Recognizing that the combination of topiramate and phentermine is the most effective weight loss medication currently available for adult obesity, phentermine 15 mg daily was added to the topiramate 75 mg daily. The patient and mother were informed that phentermine is FDA-approved only for individuals older than 16 years and for “short-term use.” With combination treatment for ~22 months, the patient experienced good BMI reduction, from 34.1 to 25.7 kg/m2. Her blood pressure and heart rate were monitored regularly and though her blood pressure did not increase, her heart rate increased slightly from 60 to 70 s, in line with the mechanisms of action of phentermine (stimulant-like effects). Later, the patient reported that she was experiencing some “memory” issues but noted no change in her academic performance. Although it seemed unusual for this type of symptom to emerge 10 months after starting topiramate, the topiramate dose was decreased from 75 to 50 mg daily and the memory issues resolved. Written informed consent was obtained from the parent of the patient for the publication of this case report.

DISCUSSION

Although the patient in the case presentation was able to impressively reduce her BMI via LSMT by nearly 15% over the course of 5 months, she was unable to maintain her BMI reduction despite her efforts in sustaining the dietary and physical activity behaviors that allowed her to reduce her BMI initially. This is not unexpected and highlights the effect of metabolic adaptation and the need for obesity pharmacotherapy to help sustain weight loss in many patients.

In the pediatric population there are only two FDA-approved medications indicated for obesity: orlistat and phentermine. Orlistat, a lipase inhibitor (which does not necessarily address physiological adaptations to weight loss), is FDA-approved for patients ≥12 years of age. In the largest study examining the effect of orlistat on BMI change in youth, 539 adolescents with obesity were randomized to either LSMT plus orlistat (120 mg three times daily) or placebo for 1 year. At the end of the study, BMI decreased 0.55 kg/m2 in the orlistat group and increased 0.31 kg/m2 in the placebo group. This translates into a treatment effect of ~3% decrease in BMI from baseline. Further, there were no clinically significant changes in blood pressure, fasting lipids, insulin, or glucose tolerance. Mild to moderate gastrointestinal adverse events (most commonly fatty/oily stool) occurred in 9%-50% of the orlistat group compared to 1–13% of the placebo group (7).

Phentermine, a sympathomimetic (norepinephrine reuptake inhibitor), was approved by the FDA in 1959 for individuals >16 years of age for “short term use” and is currently the most widely prescribed medication for the treatment of obesity in adults (8). Although there are no randomized, controlled studies of this medication in adolescents that are more than 1-month in duration, a retrospective chart review of adolescents with severe obesity treated in a pediatric weight management clinic reported the six-month outcomes of phentermine plus LSMT on BMI. In this study, 25 adolescents with severe obesity treated with LSMT plus phentermine (most commonly 15 mg daily) were compared to 274 age- and BMI-matched adolescents treated with LSMT alone. At six months, the LSMT plus phentermine group decreased their BMI by 1.6 kg/m2 [95% CI (−2.8 kg/m2, −0.4 kg/m2); p = 0.011] more than the LSMT alone group, translating into a treatment effect of 4% [(−7.1%, −1.0%); p = 0.009] decrease in BMI. There were no significant differences in blood pressure between groups, though heart rate was higher (but not statistically significant) in the phentermine group (9). These findings of no increase in blood pressure with phentermine are consistent with what has been found in adults. In adults, phentermine is not associated with increase in heart rate either (10). Further, phentermine abuse, psychological dependence, and withdrawal do not occur in adult patients treated with phentermine for obesity, even after years of treatment (11).

Among the other medications that have been studied for the indication of obesity in the pediatric population, metformin, exenatide, and topiramate have the most data. Metformin is FDA approved for type 2 diabetes in children ≥ 10 years of age and has modestly favorable weight loss properties. A meta-analysis of 14 randomized clinical trials examining metformin for pediatric obesity demonstrated an overall effect size of−1.16 kg/m2 (12). Total cholesterol, but not other lipid outcomes or blood pressure, decreased slightly more with metformin compared with the control groups. Gastrointestinal adverse events were reported in 26% of the metformin group and 13% of the control group.

Exenatide, a glucagon-like peptide-1 receptor agonist, belongs to the class of incretins that also includes liraglutide which is FDA approved for adult obesity. In adolescents, two pilot placebo-controlled studies examined the effect of exenatide on BMI. In the first, 12 adolescents were randomized to exenatide 5 mcg twice daily or placebo for 3 months. The exenatide group decreased their BMI by 0.9 kg/m2 and the control group increased their BMI by 0.84 kg/m2. The treatment effect was −4.92% [(−8.61, −1.23); p = 0.009] BMI reduction (13). In the second, 26 adolescents were randomized and exenatide elicited a 2.7% [(−5.02,−0.37); p = 0.03] BMI reduction at 3 months. There were no significant changes in blood pressure, heart rate, lipids, or glucose. Nausea was the most common adverse event reported in 62% of the exenatide group and 31% of the placebo group (14).

Finally, topiramate, an antiepileptic agent that is FDA approved for seizures in children ≥ 2 years of age, has been extensively studied for the treatment of adult obesity (15). For youth, a retrospective chart review of 28 adolescents treated with LSMT plus topiramate (most commonly 75 mg daily) in a pediatric weight management clinic demonstrated a 4.9% [(−7.1, −2.8), p < 0.001] BMI reduction at 6 months (16). In a double blind pilot study, 30 adolescents with severe obesity completed four weeks of meal replacement therapy followed by randomization to 24 weeks of either topiramate 75 mg daily or placebo. There was a modest reduction in BMI (~2%) that was not statistically significant between the topiramate group and the placebo group. The most common side effect was paresthesia and there were no adverse changes in cognitive function measured by highly sensitive instruments (17).

The outcomes of studies examining single medications, in contrast to combination medications, for the treatment of obesity in both adults and children demonstrate only modest effects of 3–5% weight or BMI reduction. This is true of the patient in the case. In fact, the patient in the case only experienced a suspension in her BMI increase, and not a BMI decrease, with topiramate monotherapy. It was not until phentermine was added to the topiramate that her BMI decreased significantly.

Combination pharmacotherapy may have advantages over monotherapy for several reasons. One is that there are redundant processes involved in the control of body weight. By employing medications with different mechanisms of action, the ability to effect more than one of these processes is enhanced thereby increasing the opportunity for a greater impact on adiposity. Second, employing more than one medication at a time allows for the possibility of using lower therapeutic doses of each of the medications which may mitigate side effects. This is particularly relevant to the pediatric population given the long duration of treatment. For example, the weight loss effects of topiramate is dose dependent but neurocognitive side effects, such as cognitive dulling and fatigue, tend to emerge above doses of 100 mg daily (15). This may limit its utility as a monotherapy. By combining a moderate dose of topiramate (i.e., <100 mg) with another weight loss medication that has a different side effect profile, such as phentermine, maximum weight loss effect may be achieved with limited adverse effects. Indeed, the combination of phentermine plus topiramate is the most effective weight loss medication currently FDA-approved for adult obesity.

CONCLUSION

Severe pediatric obesity is a serious and chronic disease. For many patients, LSMT is insufficient for achieving clinically significant and durable BMI reduction because LSMT does not address the biological underpinnings of this disease. Pharmacotherapy may hold promise as a safe and effective adjunct tool for the management of severe obesity in the pediatric population, yet more clinical trials are needed. Further, as in adults, combination medications, in contrast to monotherapy, may prove to be more advantageous.
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Clinicians characteristics All respondents

n (%)%
Total 891 (100)
AGE
<45 years 357 (40)
245 years 534 (60)
GENDER
Male 499 (56)
Female 392 (44)
RACE/ETHNICITY
White, non-Hispanic 652 (79)
Asian, non-Hispanic 135 (15)
Other 104 (12)
CLINICAL PRACTICE CHARACTERISTICS
Census region
Northeast 196 (22)
South 319(36)
Midwest 188 (21)
West 188 21)
Specialty
Family practitioner 420 (47)
Internist 113(13)
Pediatrician 208 (26)
Nurse practitioner 130 (15)
Work setting
Individual outpatient 170(19)
Group outpatient 673 (76)
Inpatient 48(5)
Teaching hospital privileges
Yes 401 (45)
No 490 (55)
Number of well-child visits per week
<5 190 21)
5-14 324 (36)
>15 377 (42)
CLINICIAN REPORTED PATIENT CHARACTERISTICS
Patient income
Low (<850,000) 302 34)
Middle (850,000-<$100,000) 314 (35)
High (>$100,000) 275 (31)
% Pediatric patients with obesity
<10% 165 (19)
10-<20% 260 (29)
20-<40% 333 (37)
240% 133(15)

Number and percentage indicates respondents who answered the question in the
affirmative. ®Due to rounding, the sum of percentages in each category may not exactly
equal 100.
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Clinical referral Behavioral referral Weight management program referral
Schedule Subspecialty, such as Registered Behavioral/Mental Health Community-based Clinic/Hospital based

follow-up visit, endocrinology o dietitian,aOR health professional,  educator/Coach,  weight management weight management
aOR (95% CI)°  gastroenterology, aOR (95% Cl) (95% CI) aOR (95% CI) aOR(95%Cl)  program, aOR (95% Cl)  program, aOR (95% Cl)

CLINICIANS CHARACTERISTICS.

Age

<45 years 1.0 10 1.0 1.0 1.0 1.0 1.0

245 years 12(0.8-1.6) 0.7 (0.5-1.0) 08(06-1.1) 1.0(0.7-1.5) 08(06-1.1) 1.0(0.7-13) 1.0(0.7-13)

Gender

Male 10 1.0 1.0 10 1.0 10 1.0

Female 1.3(0.9-1.8) 1.2(09-1.7) 1.2(08-1.6) 09(0.6-1.4) 0.7 (05-1.1) 1.4(1.1-2.0) 1.5 (1.1-2.1)

Race/Ethnicity

White, 1.0 1.0 1.0 1.0 1.0 1.0 1.0

non-Hispanic

Asian, 08(0.6-1.9) 0.8(05-1.2) 09(0.6-1.3) 08(05-1.9) 09(0.6-1.4) 08(05-1.9) 1.0(0.7-1.6)

non-Hispanic

Other 1.0(0.6-1.6) 0.7 (04-1.1) 0.7 0.4-1.1) 08(0.5-15) 1.3(0.8-2.1) 1.0 (0.7-1.6) 1.4 (09-22)

CLINICAL PRACTICE CHARACTERISTICS
Census region

Northeast 1.1(0.7-1.6) 15(1.0-2.2) 1.6 (1.0-2.4) 1.6 (1.0-2.6) 08(05-1.2) 08 (0.5-1.1) 15 (1.0-2.2)
South 10 10 1.0 1.0 10 1.0 1.0
Midwest 0.9(0.6-1.3) 0.8(0.5-1.3) 1.6 (1.1-2.5) 1.1 (0.6-1.7) 0.7 (0.4-1.1) 1.0 (0.7-1.5) 1.6 (1.1-2.4)
West 18(1.2-27) 09(0.6-1.3) 1.3(0.9-1.9) 1.4 (08-2.2) 08(05-1.2) 1.2(08-18) 1.0(0.7-15)
Specialty

Family practitioner 12(08-1.8) 05(0.3-0.8) 0.7 (05-1.1) 24(1.4-4.0) 28(1.7-4.5) 1.2(08-1.9) 05 (0.3-0.8)
Internist 09(05-1.7) 0.8(0.5-1.5) 1.0(0.6-1.8) 35(1.8-6.8) 5.1(2.7-9.4) 1.7 (10-29) 0.8(0.4-1.8)
Pediatrician 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Nurse practitioner 0.9 (0.5-1.5) 0.7 (0.4-1.3) 1.2(0.6-2.1) 3.0 (1.6-5.8) 4.2(23-7.8) 1.4(0.8-2.4) 0.7 (0.4-1.2)
Work setting

Individual 1.0(0.7-1.5) 0.8(0.5-1.3) 09(0.6-1.4) 08(0.5-1.3) 1.1(0.7-1.7) 12(0.8-1.8) 09(0.6-1.4)
outpatient

Group outpatient 10 10 1.0 1.0 10 1.0 1.0
Inpatient 13(0.7-2.6) 1.0(05-2.0) 06(03-12) 06(03-1.5) 27(1.4-5.3) 1.1(06-2.0) 09(05-1.7)
Teaching hospital privileges

Yes 1.0 1.0 1.0 10 10 1.0 1.0

No 08(0.6-1.1) 1.0(0.7-1.4) 1.0(0.7-1.4) 0.7 (0.5-1.0) 08(05-1.1) 06(0.4-0.8) 05(0.4-0.7)
Number of well-child visits per week

<5 1.0 1.0 1.0 10 1.0 1.0 1.0
5-14 1.3(0.9-2.0) 1.7 (1.0-2.6) 1.0(0.7-1.5) 1.3(0.8-2.1) 1.4(09-2.2) 1.0(0.7-1.5) 09(06-13)
215 1.3(0.8-2.0) 1.7(1.0-2.9) 12(0.7-1.8) 22(1.33.7) 1.9 (1.2-3.1) 15(1.0-2.9) 1.10.7-1.7)

CLINICIAN REPORTED PATIENT CHARACTERISTICS
Patient income

Low (<$50,000) 1.1(0.8-1.6) 0.6 (0.4-0.9) 13(0.9-1.9) 09(0.6-1.4) 1.1(08-1.7) 1.1(0.80-1.63) 1.4(0.9-2.00)
Middle ($50,000~ 0.6 (0.5-0.9) 0.8(06-1.1) 1.1(0.8-1.6) 0.9(0.6-1.4) 12(0.8-1.8) 13(0.9-1.8) 1.9 (1.3-2.7)
=8100,000)

High ($100,000) 1.0 1.0 1.0 10 1.0 1.0 10

% Pediatric patients with obesity

<10% 10 1.0 1.0 1.0 1.0 1.0 1.0
10-<20% 08(0.5-12) 1.3(08-2.0) 1.4(09-2.1) 07 (0.4-1.2) 0.7 (0.4-1.1) 08(05-1.2) 08(05-1.8)
20-<40% 08(0.5-1.2) 1.2(08-1.9) 1.10.7-1.7) 0.8(0.5-1.4) 0.7 (05-1.1) 0.8(0.5-1.2) 0.9(06-1.4)
>40% 1.0(0.6-1.7) 0.9(0.5-1.5) 0.7(0.4-1.2) 0.9(0.5-1.5) 1.0(0.6-1.7) 1.0 (0.6-1.7) 0.7 (0.4-1.1)

@Al provider personal, medical practice, and patient characteristics were included in one model for each referral option. ®Bold font indlicates statistical significance as 95% confidence interval does not include 1.0. “Adjusted odds ratio
(95% confidence interval).
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Clinical referral Behavioral referral Weight management program referral

Schedule Subspecialty, suchas  Registered Behavioral/  Health educator/ Community-based ~ Clinic/Hospital based
follow-up  endocrinology or dietitian, (%)  Mental health Coach, (%)  weight management weight management
visit, (%) gastroenterology, (%) professional, (%) program, (%) program, (%)

Total (N = 891)° 68 27 72 19 26 35 32

CLINICIANS CHARACTERISTICS

Age

<45 years 67 31 75 19 30 36 33

(n=2857)

245 years ) 2 70 18 23 34 32

(n="534)

Gender

Male (1=499) 66 2 70 19 27 32 2

Female (1=392) 70 30 75 18 24 39 a7

Race/Ethnicity

White, 68 28 75 19 25 35 31

non-Hispanic

(n=1652)

Asian, 64 2 70 17 25 33 32

non-Hispanic

(n=135)

Other (1 = 104) 70 22 65 17 33 39 39

CLINICAL PRACTICE CHARACTERISTICS.
Census region

Northeast 68 a7 7 24 25 31 39
(n=196)

South (n = 319) 66 25 67 16 29 35 28
Midwest (0 = 188) 62 22 77 18 23 36 37
West (n = 188) 76 24 72 20 23 38 28
Specialty

Family practitioner 68 20 68 19 26 32 25
(n=420)

Internist (0 = 113) 64 27 72 24 42 40 35
Pediatrician 69 38 76 14 15 35 44
(n=250)

Nurse practitioner 6 29 78 22 32 40 33
(n=130)

Work setting

Individual 67 22 69 17 28 38 28
outpatient

(n=170)

Group outpatient 68 28 73 19 23 34 33
(n=673)

Inpatient (n = 48) 73 31 ) 17 52 40 35
Teaching hospital privileges

Yes (n = 401) 70 30 73 22 29 40 4
No (n = 490) 6 2 7 16 23 30 25
Number of well-child visits per week

<5 (n=190) 63 18 70 15 23 32 28
5-14 (0 = 324) 69 2 70 19 29 32 27
215 (0 =377) 8 33 75 21 25 39 39
CLINICIAN REPORTED PATIENT CHARACTERISTICS

Patient income

Low (<850,000) 73 2 74 18 26 35 31
(n=302)

Middle (50,000~ 60 26 72 19 27 37 38
<$100,000)

n=314)

High (>$100,000) 7 33 70 20 24 32 27
=275

% Pediatric patients with obesity

<10% 71 2 70 21 31 38 33
10-<20% 65 29 76 17 22 32 32
20-<40% 66 29 73 19 23 33 35
>40% 72 23 65 20 33 42 28

“Bold font indicates statistical significance based on chi-square test for report of referral to each option (selected or not selected), P < 0.05. °Number and percentage incicates
respondents who answered the question in the affimative.
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Range Presentation 1 3 5 7
month months months months

TSH@UUWmL) — 05-43 >100 6545 1086 442 182

Free T4 (ng/dl)  0.9-1.4 0.25 0.68 11 14 1.03
Total T4 ug/dl)  5.6-149 056 569 74 112 934
TPO-Ab (U/mL)  0.0-9.0 461
Tg-Ab (U/ml)  0.0-4.0 151

TSH, Thyroid stimulating hormone; Free T4, free thyroxine; Total T4, total thyroxine;
TPO-Ab, Antithyroid peroxidase antibodies; Tg-Ab, Anti-thyroglobulin antibodies.
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Study design

Randomized Controlled Trial
Interrupted time series without comparison group

Interrupted time series without comparison group
Interrupted time series without comparison group
Interrupted time series without comparison group

Randomized Controlled Trial
Randomized double blinded placebo-controlled trial

Interrupted time series without comparison group
Non Randomized Gontrolled Trial

Quality score

moderate
moderate

weak
weak
moderate

moderate
moderate

weak
moderate

Simple size

78
241

120
604
97

144
82

Age

6-8 year old
7-11 years old

8-19 years old
10~ 15 years old
15-19 years old.

8-12 years old.
13-17 years old

10-17 years old
11-15 years old.

Questionnaire

CEBQU3)

‘ChEDE (40)
YEDE-Q (41, 42)
DEBQ (39)
TFEQ (44)

BES (45)

BITE (46)

DEBQ (39)
QWEP (49)
€1(50)

ChEDE (40)
DEBQ (39)
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Variables assessed

Items aimed at investigating:

1) Food Approach: food responsiveness, enjoyment of food,
emotional overeating and desire to drink

2) Food Avoidance: headings slowness in eating, food fussiness,
satiety responsiveness and emotional under eating.

Items aimed at investigating four major areas of eating disorder

psychopathology: restraint, eating, shape, and weight concerns.

Adaption of ChEDE for adolescents.

Items aimed at investigating: external eating, emotional eating and
restrained eating.

Items aimed at evaluating: disinhibition, cognitive control, flexible
control and rigid control
Items aimed at evaluating Bulimia symptorms,

tems aimed at describing both behavioral manifestations and
feeling/cognitions surrounding a binge episode and cognitive
phenomena thought to be related to binge eating.

Items aimed at measuring the ability to control food intake, loss of
control over eating, and reported hunger

Items aimed at measuring the BED diagnostic criteria.

tems aimed at assessing both eating attitudes and related ego
dysfunction characteristics. For the purpose of this study, nag
eating attitudes (ie., drive for thinness, bulimia, and body
dissatisfaction) were evaluated

‘Questionnaires

CEBQ (49)
Children Eating Behaviour Questionnaire

ChEDE (40)
Child Eating Disorder Examination

YEDEQ (41, 42)

Youth Eating Disorder Examination Questionnaire
DEBQ (39)

Dutch Eating Behaviour Questionnaire

TFEQ(4)
Three-Factor Eating Questionnaire
BITE (46)

Bulimic Investigatory Test, Edinburgh
BES (45)

Binge Eating Scale

EI(50)
Eating Inventory

QWEP(49)

Questionnaire on Weight and Eating Pattems
EDHI (47)

Eating Disorder Inventory
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Multidisciplinary treatment

Based on Canadian diet and physical

activity guidelines. Children were

randomized into 3 groups:

~ Control (Ctr; no intervention)

~ Standard treatment (StnTx: 2 servings
milk and alternatives/day (d), 3x/week.
weight bearing physical activity)

~ Modified treatment (ModTx: 4 servings
milk and altematives/day; dily weight
bearing physical activity). Ctr received
counseling after 12 months

Family-based behavioral weight loss

treatment

Combined muttdisciplinary
lfestyle intervention.

Two months or 6 months period of
inpatient treatment during weekdays
requiring active and frequent participation
of the parents/caregivers.

The DAK program, designed for one year
with an intial mulcisciplinary inpatient
treatment followed by an outpatient farily
based treatment.

Mutidiscipiinary treatment with the
supenvision of an exercise physiologist

SMS maintenance treatment

(SMSMT) program

After the first 8 months of treatment where

children and parents were involved into

educational session group, participants

were randomly assigned to:

~ Intervention group, receiving SMSMT for
9months, or to

~ Control group (no SMSMT)

Participants attending at a family based

behavioral weight loss program were

randomly assigned to:

~ Intervention group (sibutramine 15
mg/d) or to

~ Control group received placebo.

Inpatient non-diet healthy lfestyle
program.

Participants were randormized into:

~ Intervention group receiving lfestyle
counseling and structured sessions of
physical activity

~ Control group attended only three
sessions of the same treatment.

Sessions Length Follow-up

StnTx and ModTx participated in 6 sessions, 12 months NO
which were held at the end of each month for

the first 5-months of the study, then a final

“relapse prevention” session at the end of the

8th month. Ctr group recelved the

interventions after the end of the study.

16 session of family-based behavioral
treatment.

Not specified  NO

The MT had a period of inpatient treatment ~ 12months 12 months
during weekdays of either 2 months and
biweekly return visits of 2 days during the next
4 months or 6 months, followed by 6 monthly
return visits of 2 days

The details of MT was previously published 12 months 48 months
elsewhere. The protocol was written in
Germany (see Supplementary Table 1)
Once a week, the adolescents had dlasses on 12 months ~ NO
topics related to improved food consumption.

Adolescents underwent therapy support group

weekly

Adolescents were involved in structured

session of physical activity three times a week.

1 intake session; 12 months NO
8 children sessions;

3 parent sessions; for 3 months.

The treatment was structured into 2 phases. 12 months  NO
Phase 1: Both intervention and control group
attended a behavioral counseling for 4 months
followed by bi-weekly visits for an additional 2
months. Parents were instructed in methods of
supporting ther children.

Phase 2: After the initial 6 months all participant
received sibutramine for 6 months.

Each child received 4 hours of individual guided
exercises. Al children had facilties to take part
in exercise programs for at least 14 hours per
week.

Al children received a 12-week cognitive
behavioral treatment.

10 months 60 moths

Four-hour structured sessions of physical 4months  NO
activity were held weekly for 16 weeks; each

session involved 2 hours of behavior

modification or dietary instruction and 2 hours

of yoga therapy.

Focus

~ Physical activity
~ Nutrition

~ Eating behavior
- Parenting skills

~ Nutrition,
~ Physical activity,
- Eating behavior
~ Parenting skills

~ Nutrtion,

~ Physical activity
~ Eating behavior
~ Parenting skills

~ Nutrition,

- Physical activity
~ Eating behavior
~ Parenting skills
~ Physical activity
~ Nutrition

~ Eating behavior

- Physical activity
~ Nutition
~ Eating behavior

Diet or physical  Inpatient
activity period
prescribed by a
specialist

YES (diet, NO
structured physical

activity)

NO NO
NO YES
YES (diet and YES
structured physical

activity)

YES (structured  NO
physical activity)

NO NO

~ Technology involvement

- Parenting skills

~ Physical activity
~ Nutrition

~ Eating behavior
~ Parenting skils

~ Physical activity
~ Nutrtion

Eating behavior
- Parenting skills

~ Physical activity
~ Nutrition

~ Eating behavior
- Parenting skils

YES (diet) NO
YES (structured  YES
physical activity)

YES (structured  NO
physical activity)

Parents
involved

YES

YES

YES

YES

NO

YES

YES

YES

YES
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‘Outcome

StTx:
- Food Approach {

- Food Avoidance not significantly change

- BMizy

ModTx:

- Food Approach |

- Food Avoidance not significantly change

- BMiz|

ctr:

- Food Approach <

- Food Avoidance not significantly change

- BMizo*

Entire sample:

- Weight concern |

- Shape concern no significant change

- LOC no significant change

- BMIizZ™"

HIGH and SWG (compared with LOW):

- Weight concern |

- Shape concern |

Girls:

- Restraint eating 1~

- External eating)

Boys:

- Emotional eating |~

External eating ™

Entire sample: BMISDS |

Cognitive control/Restrained eating 1™

- Flexible control +*

Disinhibition 4"

Rigid control l(at 24 months and at 48
months)***

BMISDS |

Percentage of adolescents with binge eating
symptoms 4"

- BMIYTT

Emotional eating |

External eating |

BMISDS |

Percentage of adolescents with binge eating
symptoms |

- Hunger ™
Disinhibition 4"
Cognitive restraint
BMI |

OBE <

Restraint <

- Weight concern <
Shape concern «

SBE |

Eating Concern |
Drive for Thinness 4
Bulimia |

Body Dissatisfaction |
adjusted BMI L™
Emotional eating |
Restraint eating 1~
External eating |

- BMIY

SBE, subjectie binge eating episodes; OBE, objective binge eating episodes; LOC, loss
of control; HIGH, high probabilty to develop ED pathology group; SWC, shape and weight
concern group; LOW; Low probabilty to develop ED pathology group; BMiz, BMI z score;
BMISDS, BMI Standard Deviation Score; |, decrease; < remain stable; 1 increased. 'p
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N=64

18.0 (16.3-19.9)
16 Male, 48 Female

Caucasian (%) 484
African American (%) 219
More than one race (%) 125
American Indian (%) 34

Hispanic (%) 406

Non-Hispanic (%) 594
Weight, kg 125.3 (111.9-144.9)
Height, om 1675 £7.7
BMI, kg/m? 45.2 (40.4-49.0)
9 Ideal BMI for age 2006 (190.1-220.8)
% Fat Mass 49.8 (45.7-52.3)
% Lean Mass 48.8 (46.8-63.1)
Vigorous exercise, h/wk 3.8(0.0-7.0)
Sleeping hours, h/wk 542118

Values are presented as median (IQR) or mean % SD or as a % of total subjects. BMI,
body mass index.
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Author Sex
Derumeaux-Burel et al. (11) Male
Female
Harris et al. (12) Male
Female
Miffin et al. (13) Male
Female
WHO (14) Male
Female

Age

>18
<18
>18
<18

Equations to estimate resting energy expenditure

REE = 01096 x FFM + 2.8862
REE = 01371 x FFM—0.1644 x age+3.3647

REE = 66473+ (13.752 x W)+ (5.008 x H)—(6.755 x age)
REE = 665.096 + (9.5634 x W)+ (1.849 x H)— (4.6756 x age)
REE= (999 x W)+ (625 x H) - (492 x age)+5

REE= (999 x W)+ (625 x H) - (4.92 x age) - 161

REE= 158 x W+679

EE= 175 x W+651

REE = 153 x W +496

REE= 122 x W+746

REE, resting energy expenditure; Deru, Derumeaux; WHO, World Health Origination; FFM, free fat mass; kg, W, weight, kg; H, height; cm, age in years.
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Characteristics Pre-surgical Post-surgical
Weight (k) 1435+ 30.4 100.1(90-115.5)
Excess body weight (%) 532+69 41.4 £ 137
BMI (kg/m?) 50.1%86 33.9(31-53)
Fat mass (kg) 69.7 + 13.1 449+115
9% Fat mass 504358 437£6.1
Lean Mass (kg) 65.7£96 55386

9% Lean mass 478+36 546456
REE (kcal/day) 1700 (1567.7-2234) 15805 (1326-1862.5)
REE/LBM (keal/day/kg) 0.027 (0.025-0.028) 00284 0.002
REE/TBW (kcal/day/kg) 185+£23 155+£22

P-value

0.0005
0.0005
0.034
0.001
0.005
0.001
0.003
0.002
0.577
0.043

Velues are presented as mean == SD or as median (IQR). Excess body weight, weight
ideal bodly weight (50th for age). BMI, body mass index; REE, resting energy expenditure;

LBM, lean body mass; TBW, total body weight. Bold values indicate p < 0.05.
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Predictive Absolute Accurate Under Over Bias Maximum Maximum Correlation with

equations difference prediction prediction prediction (%)  negative error positive error mREE*
(eREE -mREE) (%) (%) (%) (%) (%)
(Kcal/day)
Deru 480.7 14.4 16 84.4 279 ~185 622 070
HB 4353 94 16 89.1 256 -155 708 078
Miffin 3086 2 16 734 189 —16.7 4838 080
WHO 683.3 31 0 969 393 NA 87.4 078

Accurate prediction: percentage of patients predicted by equation within 10% of measured value,
Under prediction: percentage of patients prediicted by this equation <10% of measured value.

Over prediition: percentage of patients predicted by this equation 10% of this measure value.

Bias: mean percentage error between predictive equation and measured value.

EREE, estimated resting energy expenditure; MREE, measured resting energy expenditure; Deru, Derumeaux; HB, Harrs Benedict; WHO, World Health Organization. *P-value for all
corelation < 0.0001.
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Pre-surgical Post-surgical
t/Rho P-value 1/Rho P-value

PERCENT OF INITIAL WEIGHT LOST

% Fat Mass 0.003 0.992 —0.669 0.024
Fat mass (kg) 0.271 0.490 —0.642 0.033
% Lean Mass -0.106 0.759 0.576 0.064
Lean Mass (kg) 0.233 0.419 0.082 0.926
REE -0.035 0914 0.028 0.931
REE /LBM —0.264 0.433 0.436 0.178
REE /TBW -0.152 0.637 0.625 0.03

Linear Correlation- Spearman's test for non-paremetric and Pearson for perametric
distribution. BMI, body mass index; REE, resting energy expenditure; LBM, lean body
mass; TBW, total body weight. Bold values indicate p < 0.05.
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Overall By race/ethnicity P

Black Hispanic White

N 3,684 2,531 904 249

Age-mean years (SD) 42(12) 43(12) 40(1.2) 38(12) <0001
Source of insurance <0001
Public 3,365 (91%) 2,200 (90%) 895 (99%) 180 (72%)
Private 319 (9%) 241 (10%) 9(1%) 69 (28%)
Weight status <0001
Below normal 130 (4%) 104 (4%) 15 (2%) 11 (4%)
Normal 2,363 (64%) 1,677 (66%) 516 (657%) 170 (68%)
Overweight 589 (16%) 394 (16%) 162 (18%) 33 (13%)
Obese 602 (16%) 356 (14%) 211 (23%) 35 (14%)
Gender 0218
Male 1,858 (50%) 1,301 (51%) 436 (48%) 121 (49%)
Female 1,826 (50%) 1,230 (49%) 468 (52%) 128 (51%)

1,992 (54%) 1,648 (61%) 350 (39%) 94 (38%)
CBG number of violent crimes-mean (SD) 105.1 (73.0) 107.0(71.9) 1083 (69.8) 93.0(91.6) 0010
CBG crime tertile within Baltimore City <0001
High crime (>108) 1,542 (42%) 1,059 (42%) 399 (44%) 84 (34%)
Moderate crime (48-103) 1,550 (42%) 1,112 (44%) 335 (37%) 103 (42%)
Low crime (fess than 48) 591 (16%) 360 (14%) 170 (19%) 61(25%)

“Significance for the association or difference anywhere between race/ethnicity group and given factor, determined by a Chi-square test for categorical factors or ANOVA test for
continuous factors.
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Black patients Hispanic patients White patients
Est. 95% Cl P Est. 95% Cl p Est. 95% ClI p
CDC-STANDARDIZED BMI PERCENTILE

Obesevs. Normal weight ~ Bivariate 0979 (0961,0998) 0028 0985  (0.960,1010) 0288 0999  (0962,1.038) 0962
Adjusted” 0978 (0959,0.998) 0031 0987  (0.962,1.013) 0330 1007  (0.969,1.046) 0718

Overweight vs. Normal Bivariate 0.998 (0.983, 1.013) 0.745 1.004 (0.980, 1.027) 0.761 1.013 (0.982, 1.044) 0.424
Adjusted” 0.998 (0.982, 1.014) 0.790 1.003 (0.979, 1.027) 0.836 1.012 (0.981, 1.045) 0.446
Overweight OR Obese Bivariate 0.990 (0.977,1.002) 0.108 0.994 (0.974,1.013) 0.522 1.008 (0.979, 1.037) 0.599

Adjusted” 0990 (0976,1.003)  0.434 0995  (0.975,1.015) 0594 1011 (0982, 1.041) 0469

Associations are shown as odds ratios for an increase of 10 crimes. *Adjusted for age, gender and proportion of households lving under the poverty line in each census block group.
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Black patients Hispanic patients White patients
Est. 95% Cl p Est. 95% Cl p Est. 95% CI p
CDC-STANDARDIZED BMI

Obese vs. Normal weight Bivariate 0.896 0.710, 1.131) 0.356 0.989 (0.711, 1.375) 0.947 1.604 (0.771, 3.336) 0.208
Adjusted* 0.884 (0.700, 1.117) 0.302 0.970 (0.695, 1.354) 0.859 1.548 (0.740, 3.236) 0.246

Overweight vs. Normal Buvarate  1.048  (0836,1314) 0686  1.413  (0777,1506) 0559  1.104  (0514,2371) 0800
Adjusted” 1080 (0.828,1.304) 0742 1125  (0.784,1.616) 0522 1089  (0.505,2.348) 0827
Overweight OR Obese Buvariate 0972  (0815,1.160) 0754 1041  (0.792,1.369) 0771 1841  (0.768,2373) 0314

Adjusted* 0.963 (0.807, 1.149) 0.676 1.042 (0.791, 1.373) 0.768 1314 (0.740, 2.332) 0.351

*Adjusted for age and gender:
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Strong
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Limited

Parent exemplar quote

“I'mean, | take my other kids, too, so they'll know also, but | mostly tell him
[teen], you go, you get certain things. | also let him know what I'm looking
for, he'll read the label, and everything on the box. Ifit doesn't say what |
want, he doesn't bring it back to me, cause he knows that's not what |
want” ~43-years-old female (mother)

*....she [adolescent family member] watch what | eat. She know that | don't
eat no beef, or no pork....She know | don't do the salt at all. So she, she
pays attention. | may not think she paying attention, but she is. She
is."~46-years-old female (stepmother)

“s0, in terms of [adolescent family member], he can fry it up. He can fry
anything he want to fry. | tried to get him away from frying, but he he's got to
fry his food. Got to fry those potatoes, and for chicken nuggets, | try to get
him to put them in a pan, stick them in the oven, and heat them up that
way, but he won't do it."—66-years-old male (grandfather)

Corresponding adolescent family member quote

1: Who do you look for, or who do you look to for examples on
how to be healthy?

F: My father and my mother .... Like sometimes she'll findex
participant] say | need to stop eating a lot of junk food and stuf,
and like | can't have junk food every day, and | need to-even
though I'm gaining weight, | need to stop doing
that.—12-years-old male (son)

Because the way how she index participant] eat is so healthy, like
she eat weird healthy food, like, uh, asparagus and stufflike that.
I'm like | wonder how that taste. Like she be, she make sure we
eat alot of healthy food, and make sure we drink a lot of
water..."~16-years-old female (stepdaughter)

He [index participant likes to lie enforce us eating healthier foods.
Like he always tells me—us to eat healthy and say | should always
eat fruit. He thinks | don't eat fruit but | do..... | just—like, he buys a
ot of bananas and stuff. Like | ke oranges and stuf lie that, so
like when he always buys bananas—like I'l eat a banana, but ke
not regularly. But lie he'll say | don't eat any fruits or whatever
because | don't eat the bananas..."—15-years-old male (grandson)
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Theme

Question

Role modeling

Sometimes we look to others for
examples of how to make healthy
choices about what we eat or how
active we are. Who do you look to for
examples about how to live a healthy
lifestyle?

Changes to the home food
environment

What kinds of foodis are available in
your home?

Since you/your family member
participated in the ACT Study, how
has anything about the food available
in your home changed?

Changes in meal preparation

What kinds of foods do you eat for
meals like breakfast, lunch, and
dinner?

Since you/your family member
participated in the ACT Study, how
has anything about mealtime in your
home changed?

Family functioning

Have you noticed any changes in
the way members of your family
get along with one another since
youlyour family member
participated in the ACT Study? i
S0, what are these changes?
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“And when | set her down and explain to her ‘fadolescent family member],' | said, ‘I'm sick.” ‘No, daddy, you've got to do things. That's what's wrong. If | do
everything, you'lljust lay down and don't do nothing.” Like hey, 'm going to make you work. | said, ‘No, you do your part and Daddy going to do his

part.” —66-years-old male (father)

“(Other child in household] always concerned about my health, always concered. How you feel? Um, you need some water. Um, um, you take your needle shot
(laughter). I'm like yeah [other child in household]. Yes [other child]. Yes [other chid]. You know, he, very concered, and when | was going to the Saturday meetings,
he was like you coming back. I'm yeah, I'm coming back, you know. And, ‘cause he was just so worried that | was going to go in the hospital, you know. So i, it really
helped. And he see how | eat now, you know. And | be telling him boy, I'm getting readiy to, getting ready to put you on that diet with me. Sure s, ‘cause he is, he done
out grew all his clothes, new clothes that we just bought him he can't fit at all. 'm like yeah, you, getting ready to do some exercises and all that with me. And he be
like okay (laughter). He, that's my boy. That's, he like my right hand man. | take him everywhere."—46-years-old female (stepmother)

“That's the main time when | see him [adolescent farmily member], when he needs something. But as far as that, he really doesn't bother me because he knows my
condition, because he knows I'm probably upstairs, with oxygen. And he doesn't really bother because 'm on a lot of medication and stuff. So if he needs something,
he comes upstairs, or if he wants something. But as far as that, he'll come to say hi.” —44-years-old (father)
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Total Population Individuals with obesity Individuals with severe obesity

(n = 2500638) (n = 78867) (n = 18008)
1271087 (50.8%) 44802 (56.8%) 10967 (61.0%)
1228202 (49.1%) 34059 (43.2%) 7031 (39.0%)
White 1215940 (48.6%) 32844 (41.0%) 7279 (40.4%)
American Indian 4306 0:2%) 129.(0.2%) 13(0.1%)
Asian 75255 (3.0%) 2078 (2.6%) 210 (1.2%)
African American 283826 (11.4%) 17656 (22.4%) 4612 (25.6%)
Pacific Islander 674 (0.02%) 18 (0.02%) 0
Other 241630 (9.6%) 14810 (18.8%) 3107 (17.3%)
Unknown 679004 (27.2%) 11832 (15%) 2787 (15.5%)
BIDMC 139000 (5.6%) 3157 (4.0%) 575 (3.2%)
Wake Forest 173500 (6.9%) 8750 (1.1%) 654 (3.6%)
U'Texas 207884 (8.3%) 5230 (6.6%) 1115 (6.2%)
Boston Chidren's Hospital 558159(22.3%) 21347 (27.1%) 8908 (49.5%)
BMC 112505(4.5%) 8670 (11.0%) 2969 (16.5%)
Washington University 333338(13.3%) 6173 (7.8%) 1788 (0.9%)
Partners Healthcare System 970010(38.8%) 24944 (31.6%) 1879 (10.4%)

Morehouse 6242 (0.3%) 587 (0.7%) 120 (0.7%)
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