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Abstract

:

Extreme body mass index (BMI) values (i.e., above the 97th and below the 3rd percentiles) are inaccurately represented on the Centers for Disease Control and Prevention’s growth curves, which may limit the utility of BMI percentile and BMI z-score for capturing changes in clinical outcomes for patients at extreme weights. Modeling child obesity severity based upon the percentage of BMI in excess of the 95th percentile (BMI95pct) has been proposed as an improved metric to better capture variability in weight at extreme ends of growth curves, which may improve our understanding of relationships between weight status and changes in clinical outcomes. However, few studies have evaluated whether the use of BMI95pct would refine our understanding of differences in clinical psychosocial constructs compared to previous methods for categorization. This cross-sectional study evaluated child obesity severity based on BMI95pct to examine potential group differences in a validated, obesity-specific measure of Health-Related Quality of Life (HRQoL). Four hundred and sixty-five children with obesity completed Sizing Me Up, a self-report measure of HRQoL. Children were classified into categories based on BMI95pct (i.e., class I: ≥100% and <120%; class II: ≥120% and <140%; class III: ≥140%). The results indicate that children with class III obesity reported lower HRQoL than children with class I and class II obesity; however, there were no differences between Class II and Class I. In much of the previous literature, children with class II and class III obesity are often combined under the category “Severe Obesity” based upon BMI above the 99th percentile. This study suggests that grouping children from various classes together would neglect to capture critical differences in HRQoL. Future research including children with severe obesity should consider obesity classes to best account for functioning and clinical outcomes.
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1. Introduction


Pediatric obesity affects one sixth of all U.S. children, and 5.8% of these children are considered to have severe obesity [1,2]. Obesity is defined by a Body-Mass-Index (BMI) ≥ 95th percentile for age and gender, while severe obesity classifies those with BMIs ≥ 99th percentile on the 2000 Centers for Disease Control and Prevention (CDC) growth curves [2]. These curves were developed using statistical smoothing and normalizing procedures that allowed for the calculation of percentiles between the 3rd and 97th percentile and data outside of these ranges were not modeled as part of these curves. Subsequently, while BMI percentile and standardized BMI scores (BMIz or BMI z-score) are regularly used as objective measures of treatment outcomes and for providing obesity education to patients and families [3,4], these original curves most accurately reflect patients with BMI scores between the 3rd and 97th percentiles.



These curves have also been used to plot and model children at higher levels of obesity, despite significant limitations. Per Freedman and colleagues [5,6], there are several additional reasons why representing extreme BMI percentile values on the CDC curves is problematic. First, at extreme BMI values, BMIz scores become compressed, with multiple BMI values equating to a similar z-score. Thus, individuals with very similar z-scores may have vastly different clinical profiles, meaning that at very high BMIz scores, weight loss may not be represented in BMIz change scores. Second, there exists a theoretical maximum value for BMIz that can be obtained for a given sex and age [7], and there is large variability regarding these values in children with severe obesity [8]. Consequently, existing models are a poor fit for individuals with extreme BMI values (e.g., above the 97th percentile and below the 3rd percentile) [2,9,10] and their use has been cautioned against when representing the weight status of those outside this range [9,11].



As a solution, several researchers have recommended that pediatric weight status in the extreme upper values is better represented as percentage of the 95th BMI percentile (BMI95pct) [2,9,10]. Instead of comparing a child’s BMI to the normative population, as is done with BMI percentile or BMI z-score, BMI95pct evaluates a child’s BMI as compared to the expected BMI at the 95th percentile for the child’s age, height, weight, and gender. This metric significantly expands the range of measurement for severe obesity and allows for better differentiation of weight status for children with severe obesity. For example, a child whose BMI95pct score is equal to 100 has a BMI that is on the 95th percentile, whereas a child whose BMI95pct score is equal to 120 has a BMI that is 20% higher than their expected BMI score at the 95th percentile—effectively measuring obesity according to a new reference point (i.e., the 95th percentile instead of the normal population).



New obesity severity classification systems have been proposed utilizing BMI95pct [12,13,14,15]. In this new system, class I obesity is defined as BMI95pct ≥100% and <120%, class II obesity BMI95pct ≥120% and <140%, and class III obesity is BMI95pct ≥140%. Using this classification system, the National Health and Nutrition Examination Survey (NHANES) data from 1999 through 2016 revealed that 31.2% of children between 2 and 19 years old had overweight, while 16.4% presented with class I obesity, 5.1% with class II obesity, and 1.5% with class III obesity [13].



This classification system is also being increasingly used to evaluate medical outcomes in children with severe obesity. Studies have found that children with class II obesity demonstrated greater risk for abnormal levels of HDL cholesterol, systolic blood pressure, and glucose, and those with class III obesity had significantly worse levels of triglycerides, diastolic blood pressure, and glycated hemoglobin compared to children with class II obesity [12,16]. Such data support the use and inclusion of class II and class III obesity for predicting some clinical metrics, such as metabolic risk in children, and demonstrate that the two classes have different health risk factors and complications. The 2007 American Academy of Pediatrics expert recommendations for pediatric obesity do not differentiate between classes of obesity [17], while more recent recommendations, such as those from the Endocrine Society [18], do advocate for a classification approach. This evolution in classification using Class I-III obesity may allow for increased discrimination of clinical differences among patients with a BMI greater than the 95th percentile [12,13]. However, further evidence for the clinical utility of this classification system is needed, particularly among other health-related and psychosocial outcomes.



The Current Study


Health-related quality of life (HRQoL) is a well-established and meaningful multidimensional indicator of patient well-being and functioning and is utilized in pediatric obesity literature [19,20]. Poorer HRQoL has been well-documented amongst children with higher weight status [20,21,22], and has also been shown to differ across racial and ethnic groups on some subscales [23]. While previous literature has demonstrated the unique association between higher classes of severe obesity and impaired HRQoL among adults [24,25], to the best of our knowledge, no study has evaluated psychosocial outcomes by obesity class according to BMI95pct classification in a pediatric sample. The current cross-sectional study explores the clinical utility of BMI severity classification according to BMI95pct by examining relationships and group differences in one measure of psychosocial functioning (i.e., Health-Related Quality of Life). It is hypothesized that children with class III obesity will exhibit significantly poorer HRQoL than children with class I and class II, and that children with class II obesity will also exhibit significantly poorer HRQoL than children with class I obesity.





2. Materials and Methods


2.1. Participants and Procedure


Participants were children with obesity and their families seeking treatment in one of two family-based behavioral pediatric weight-management programs. Inclusion criteria for both programs included having a BMI over the 85th percentile for age and gender and having an English- or Spanish-speaking parent or caregiver who could attend the program with the child. Exclusion criteria included diagnoses that would preclude participation in a group (e.g., severe autism). Additional information about the format of the treatment programs is available elsewhere [26,27]. The present analysis included children between the ages of 5 and 13 years with BMIs above the 95th percentile from either program. Weight, height, and self-reported HRQoL were taken at baseline for each program, at a separate visit from their initial study visit. All baseline visits were conducted within 2 weeks of the first program visit. This study was reviewed and approved by the Institutional Review Boards of both study sites, the University of Kansas Medical Center’s (#10351) and Children’s Mercy Hospitals’ (#11120473).




2.2. Measures and Materials


2.2.1. Demographics and Anthropometry


Participant age, sex, and race were obtained from the medical record. Height was measured to the closest 0.1 cm using a stadiometer and weight was measured to the closest 0.1 kg using a digital scale. Height, weight, age, and sex were used in conjunction with Statistical Analysis System (SAS) code available through the CDC to calculate BMI95pct [28].




2.2.2. Health Related Quality of Life (HRQoL)—Sizing Me Up


HRQoL was assessed via Sizing Me Up (SMU), a 22-item obesity-specific self-report measure designed to evaluate HRQoL in children between 5 and 13 years of age [22]. SMU consists of a Total HRQoL score and several subscales (i.e., Emotional Functioning, Physical Functioning, Social Avoidance, Positive Social Attributes, and Teasing/Marginalization) which capture children’s perceptions of how their size makes them feel, inhibits their ability to engage in physical activities, inhibits their ability to engage in social activities, relates to positive traits, and makes them feel excluded or teased by peers. For younger children, and as needed, SMU was administered by a research assistant by either reading survey questions to the child or by clarifying terms and word meaning. SMU has good internal consistency among the different scales (α = 0.68–0.85, αTotal = 0.82), test–retest reliability (r = 0.35–0.74, rTotal = 0.78), and convergent validity with other similar HRQoL measures (e.g., PedsQL; r = 0.35–0.65, rTotal = 0.38–0.55). Reliability of the SMU in this study ranged from α = 0.775–0.857 across the three obesity classes. Scores range from 0–100 and higher scores indicate better obesity-specific HRQoL.




2.2.3. Statistical Analysis


Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 18.0 [29] and SAS University Edition. [28] Descriptive statistics were calculated for all variables, and correlations (i.e., Pearson’s and point-biserial) and regression coefficients were calculated to evaluate covariability between age, sex and HRQoL. Sex was dummy coded with male = 0. Pearson’s correlations were also conducted between HRQoL and BMI95pct to evaluate preliminary relationships between quality of life and weight status. An Analysis of Covariance (ANCOVA), controlling for sex and age, compared HRQoL between the three subgroups of children (i.e., class I, class II, and class III obesity). To evaluate the appropriateness of ANCOVA (i.e., model diagnostics), Levene’s Test was used to evaluate error variance across the obesity groups, and White’s Test of Heteroskedasticity was used to evaluate differences in error variances across groups. Fisher’s Least Significant Difference was utilized to evaluate post hoc pairwise comparisons. Cohen’s d was calculated to evaluate effect size and is interpreted (e.g., small [d = 0.1], medium [d = 0.3], large [d = 0.5]) according to recommendations introduced by Cohen [30]. Statistical significance is set at α = 0.05 (i.e., p < 0.05). No individuals were omitted from the primary analyses due to missing data; however, four participants did not identify race or ethnicity and were omitted from ethnicity-based analyses. The Benjamini–Hochberg procedure was used to account for multiple test corrections within sets of analyses, with a conservative false discovery rate of 0.05 [31]. A post hoc power analysis was also conducted using G*Power 3.1 [32]. For two-tailed correlational analyses, with an estimated power of β = 0.8 and error probably of α = 0.05. For whole sample (n = 465) correlations, this study is powered to detect correlations above r = 0.13, and correlations of r = 0.22 or greater for each obesity class. Post hoc power analyses for a 3-group ANCOVA with 2 covariates and standard power and error assumptions (β = 0.8, α = 0.05) demonstrates that with this study’s sample size, medium effect sizes can be detected (d = 0.35).






3. Results


3.1. Demographic Data and HRQoL


Of the children and families who enrolled in either of the treatment programs (n = 557), 465 met inclusion criteria and had complete data (i.e., demographic, anthropometric, and HRQoL) (see Table 1 for Demographics). Participants had a mean age of 10.84 years old (SD = 1.89), and 53.8% were female. Child race was reported as: 23% White, 32% Black/African American, and 43% Hispanic/Latino. On SMU, children reported a Total HRQoL score of 68.25 (SD = 14.80) (see Table 2 for subscale scores). Average BMI percentile was 98.48 (SD = 0.96) and did not significantly differ between the two treatment sites (p = 0.131). Participants were well balanced across obesity classes.




3.2. Demographic Covariates and HRQoL


To determine whether participant age and sex needed to be included as covariates for other analyses, child correlations between age and sex and individual HRQoL subscales were conducted (see Table 1). Several subscales, including Total HRQoL were significantly (i.e., p < 0.05) correlated with age and sex. Subsequently, age and sex were included as covariates in the ANCOVA.




3.3. Obesity Class Comparisons


BMI95pct was significantly associated with Total HRQoL (r = −0.19, p < 0.001), and was significantly associated with Emotional Functioning (r = −0.15, p < 0.001), Physical Functioning (r = −0.23, p < 0.001), Social Avoidance (r = −0.15, p < 0.001), and Teasing/Marginalization (r = −0.26, p < 0.001). Obesity classes were then compared using a one-way ANCOVA and were found to significantly differ from one another, F(2, 460) = 13.46, p < 0.001. Post hoc pairwise comparisons found that children with class III obesity reported lower Total HRQoL than children with class I obesity (p < 0.001) and children with class II obesity (p < 0.001), and that this group difference was a medium effect size (d = 0.50). All of these reported analyses were significant after family-wise error correction. However, total and subscale scores for children with class I and class II obesity did not differ from each other. Estimated marginal means and comparisons for Total HRQoL and subscale scores are presented in Table 3.




3.4. Obesity Class Differences across Ethnicity Groups


BMI95pct significantly differed across the three ethnicity groups, F(2, 453) = 13.216, p < 0.001. Tukey’s post hoc pairwise comparisons found that children who identified as Black or African American (M = 142.22, SE = 1.81, 95% CI: 138.67, 145.77) had significantly greater BMI95pct than Hispanic/Latino children (M = 125.27, SE = 1.58, 95% CI: 122.16, 128.37) (p = 0.003), but not White/Caucasian children (M = 135.82, SE = 2.09, 95% CI: 131.72, 139.91) (p = 0.069). White/Caucasian children did not significant differ from Black/African American children on mean BMI95pct (p = 0.351). Additionally, a Chi-Square test of independence was conducted to examine proportional differences in race/ethnicity across the three obesity groups, and the distribution of race/ethnicity was not equal across the three obesity groups, χ2 (4) = 37.50, p < 0.001. Within-group percentages across obesity groups are shown in Table 1. While White/Caucasian children are fairly evenly distributed across obesity groups, Black/African American children are most likely to present with Class III obesity (47.3%) and least likely to present with Class I (18.9%). Conversely, Hispanic/Latino children were most likely to present with Class I obesity and least likely to present with Class III obesity (19.6%).




3.5. HRQoL Differences between Ethnicity Groups and Obesity Classes


Total HRQoL was compared across race/ethnicity groups via ANCOVA and found to differ significantly across groups, F(2, 453) = 3.584, p = 0.007. Post hoc analyses (see Table 4) found Hispanic/Latino children presented with poorer Total HRQoL than White/Caucasian children (p = 0.049). However, when analyzed within each obesity class, no statistically significant differences in Total HRQoL were found (p > 0.05).





4. Discussion


This study was the first to assess the relationship between obesity class and HRQoL in a pediatric sample, and the first, to our knowledge, that evaluated a psychosocial outcome by childhood obesity class. This study found that severe obesity class differences are present in this important psychosocial outcome. This aligns with previous research reporting a relationship between obesity class and medical outcomes in pediatric patients. Not only has the use of BMI95pct been shown to be a statistically better fit for extreme obesity values [10,11], the results of this study align with clinical studies that have found BMI95pct to be more predictive of medical complications and risk factors associated with pediatric obesity than previous classifications [4,13,15], providing further support for the use of a severe obesity classification system among pediatric populations.



Surprisingly, study hypotheses were only partially supported. Children with class III obesity reported significantly lower HRQoL than those with class II and class I obesity. These group differences were not small—the medium effect sizes suggest that group differences observed in this study were not an artifact of a large sample size and may represent clinically meaningful effects. However, in contrast to our expectations, and of particular interest, HRQoL total and subscale scores for children with class II obesity did not differ from those for children with class I obesity. Thus, while children with class III obesity were distinct from their peers, children with class II obesity did not report significantly greater impairment than those with class I obesity.



The unique effect of class III obesity on HRQoL and other psychosocial outcomes has been seen in the adult literature. In a meta-analysis of eight studies, Ul-Haq and colleagues (2013) demonstrated that, while reductions in physical HRQoL evidenced a dose relationship between the three severe obesity classes, emotional HRQoL was significantly reduced among adults with class III obesity, but not significantly different among those with class I or class II obesity. Further, significant differences in sleep quality and depression have been shown among female cancer survivors with class III obesity [33], which suggests that the association between the upper levels of severe obesity and poorer HRQoL may be related to other sequelae of obesity. Future research is needed to further elucidate the factors that may contribute to poorer HRQoL among children with class III obesity, such as sleep disturbances, depressed mood, and decreased physical activity.



This study demonstrates that impairment in psychosocial functioning is also not uniform across children with severe obesity and that children with the greatest amount of excess body weight (class III) self-report subjectively greater impairment compared to children with both class I obesity and class II severe obesity. The qualitative experience of children with class III severe obesity is unique compared to those with class II. While this may seem intuitive, these differences would not have been fully captured utilizing more traditional BMI severity classifications based on BMI percentile, which would have combined class III and class II. For example, while this study found a significant relationship between BMI95pct and HRQoL, when children were categorized and compared by obesity class, it becomes clear that this relationship is being driven largely by the poor HRQoL being reported by those with class III severe obesity. As such, reporting on psychosocial outcomes of children with obesity, which combines these different class groups, may inadvertently miss or misattribute study findings. Additionally, in alignment with other research on HRQoL in pediatric obesity [22,23,34], this study found a difference in BMI95pct and functioning across racial and ethnic groups. Most notably, not only was BMI95pct greater in Black and African American children compared to others, when evaluated categorically, Black and African American children were more likely than other children to present with Class III obesity. Furthermore, when evaluated across the entire sample, Black and African American children reported poorer HRQoL; however, this result did not survive post hoc analyses, so it cannot be said that the racial and ethnic groups differed from each other within each obesity class.



This study supports the use of sub-classifications of obesity and demonstrates that, considering children with severe obesity, according to BMI95pct and obesity class, better accounts for differences in psychosocial functioning (HRQoL) reported by children in this study. Though previous studies have documented differences in psychosocial functioning in children with obesity (95th–99th percentile) compared to children with overweight (85th–95th percentile) and/or children with severe obesity (i.e., ≥99th BMI percentile) [35,36,37,38], the current study showed that children with class III severe obesity had HRQoL, which differed significantly from those with less severe obesity. This may help inform the prioritization of clinical resources for treatment planning and/or clinic development. This further demonstrates that including children with class III severe obesity in the same group with children with class II severe obesity may overlook the unique experiences of these children and lead to either missed effects or potential overgeneralization of relationships and study effects. Clinically, this study supports practices to assess the psychosocial needs and function of children presenting for weight management, having available staff and resources to address identified psychosocial needs, and being prepared for more significant needs for those children with the most severe obesity.



Strengths and Limitations


The strengths of the current study include the recruitment of a large, ethnically diverse, clinical sample of children with pediatric obesity compared to similar studies that also collect psychosocial measures. This study is also well-powered as per post hoc power analyses to capture the study effects. This sample also includes a broad age range, and a sample that is well distributed across each obesity class, including a substantial number of children with class III obesity. However, the current study is limited in that it only included a single measure of psychosocial functioning. Though this measure of HRQoL is well established, valid, and reliable, generalizations to specific areas of psychosocial functioning (e.g., anxiety and depression) are limited. This study also does not include other clinical measures of risk, such as cholesterol, blood pressure, and blood glucose. Thus, it is not known how well these differences in psychosocial functioning correlate to differences across other clinical metrics. Additionally, while this study is ethnically diverse, and well distributed for biological sex, it is unknown how results could vary according to identified gender. Furthermore, there are other potentially confounding variables (such as family socioeconomic status) that were not included due to a lack of consistency in data collection between treatment programs and lack of availability for this analysis. Finally, the sample was from a single Midwest metropolitan area and would need to be replicated in other rural or regional metropolitan areas to further validate results.





5. Conclusions


The primary goal of the current study was to evaluate whether the classification of severe obesity according to BMI95pct and class of obesity provides a meaningful differentiation of children at the upper extreme of pediatric obesity. This study found that by further analyzing children by severity classification, meaningful differences in reported psychosocial functioning were found. This paper supports the recommendations of recent extant literature to utilize BMI95pct as an alternative metric to BMI percentile or BMIz, and future studies should continue to use BMI95pct to classify and evaluate children with severe obesity. Additionally, the clinical implication supports increased evaluation of the psychological impact of obesity, especially those with class 3 severe obesity. Indeed, additional research is needed to determine other variables that may predict HRQoL and/or are related to obesity class.







Author Contributions


Conceptualization, W.R.B. and K.B.B.; methodology, W.R.B., K.B.B., A.M.D. and M.T.B.; formal analysis, W.R.B. and M.T.B.; writing—original draft preparation, W.R.B., K.B.B. and M.T.B.; writing—review and editing, A.M.D., M.L.D.G., B.S. and S.E.H.; supervision, A.M.D., M.L.D.G., B.S. and S.E.H.; funding acquisition, A.M.D. and M.L.D.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research study was funded by the Health Care Foundation of Greater Kansas City, now known as the Health Forward Foundation.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review Board of the University of Kansas Medical Center’s (#10351) (initial approval date 8 January 2008) and Children’s Mercy Hospitals’ Institutional Review Boards (#11120473) (initial approval date 16 February 2004). Data were collected as part of clinical research programs that are ongoing and have had yearly IRB renewal since their inception.




Informed Consent Statement


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




Data Availability Statement


The data that support the findings of this study are available from the corresponding author, [W.R.B.] reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Ogden, C.L.; Carroll, M.D.; Lawman, H.G.; Fryar, C.D.; Kruszon-Moran, D.; Kit, B.K.; Flegal, K.M. Trends in Obesity Prevalence Among Children and Adolescents in the United States, 1988–1994 Through 2013-2014. JAMA 2016, 315, 2292–2299. [Google Scholar] [CrossRef]

	



Kuczmarski, R.J.; Ogden, C.L.; Guo, S.S.; Grummer-Strawn, L.M.; Flegal, K.M.; Mei, Z.; Wei, R.; Curtin, L.R.; Roche, A.F.; Johnson, C.L. 2000 CDC Growth Charts for the United States: Methods and Development; Vital and health statistics. Series 11, Data from the national health survey; US Department of Health and Human Services, Centers for Disease Control and Prevention, National Center for Health Statistics: Hyattsville, MD, USA, 2002; pp. 1–190.

	



WHO. BMI Classification. Available online: https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight (accessed on 30 August 2015).

	



Marcus, M.D.; Foster, G.D.; El Ghormli, L. Stability of relative weight category and cardiometabolic risk factors among moderately and severely obese middle school youth. Obesity 2014, 22, 1118–1125. [Google Scholar] [CrossRef]

	



Freedman, D.S.; Berenson, G.S. Tracking of BMI z Scores for Severe Obesity. Pediatrics 2017, 140, e20171072. [Google Scholar] [CrossRef]

	



Freedman, D.S.; Butte, N.F.; Taveras, E.M.; Lundeen, E.A.; Blanck, H.M.; Goodman, A.B.; Ogden, C.L. BMI z-Scores are a poor indicator of adiposity among 2- to 19-year-olds with very high BMIs, NHANES 1999–2000 to 2013–2014. Obesity 2017, 25, 739–746. [Google Scholar] [CrossRef]

	



Centers for Disease Control and Prevention. Modified z-Scores in the CDC Growth Charts. Available online: http://www.cdc.gov/nccdphp/dnpa/growthcharts/resources/BIV-cutoffs.pdf (accessed on 9 September 2019).

	



Freedman, D.S.; Butte, N.F.; Taveras, E.M.; Goodman, A.B.; Ogden, C.L.; Blanck, H.M. The Limitations of Transforming Very High Body Mass Indexes into z-Scores among 8.7 Million 2- to 4-Year-Old Children. J. Pediatrics 2017, 188, 50–56.e51. [Google Scholar] [CrossRef] [PubMed]

	



Kuczmarski, R.J.; Ogden, C.L.; Grummer-Strawn, L.M.; Flegal, K.M.; Guo, S.S.; Wei, R.; Mei, Z.; Curtin, L.R.; Roche, A.F.; Johnson, C.L. CDC Growth Charts: United States; US Department of Health and Human Services, Centers for Disease Control and Prevention, National Center for Health Statistics: Hyattsville, MD, USA, 2000; pp. 1–27.

	



Flegal, K.M.; Wei, R.; Ogden, C.L.; Freedman, D.S.; Johnson, C.L.; Curtin, L.R. Characterizing extreme values of body mass index-for-age by using the 2000 Centers for Disease Control and Prevention growth charts. Am. J. Clin. Nutr. 2009, 90, 1314–1320. [Google Scholar] [CrossRef]

	



Flegal, K.M.; Cole, T.J. Construction of LMS parameters for the Centers for Disease Control and Prevention 2000 growth charts. Natl. Health Stat. Rep. 2013, 16, 1–3. [Google Scholar]

	



Skinner, A.C.; Perrin, E.M.; Moss, L.A.; Skelton, J.A. Cardiometabolic Risks and Severity of Obesity in Children and Young Adults. N. Engl. J. Med. 2015, 373, 1307–1317. [Google Scholar] [CrossRef] [PubMed]

	



Skinner, A.C.; Ravanbakht, S.N.; Skelton, J.A.; Perrin, E.M.; Armstrong, S.C. Prevalence of Obesity and Severe Obesity in US Children, 1999–2016. Pediatrics 2018, 141. [Google Scholar] [CrossRef] [PubMed]

	



Skinner, A.C.; Skelton, J.A. Prevalence and trends in obesity and severe obesity among children in the United States, 1999–2012. JAMA Pediatrics 2014, 168, 561–566. [Google Scholar] [CrossRef]

	



Salvatore, D.; Satnick, A.; Abell, R.; Messina, C.R.; Chawla, A. The prevalence of abnormal metabolic parameters in obese and overweight children. JPEN. J. Parenter. Enter. Nutr. 2014, 38, 852–855. [Google Scholar] [CrossRef]

	



Fox, C.K.; Kaizer, A.M.; Ryder, J.R.; Rudser, K.D.; Kelly, A.S.; Kumar, S.; Gross, A.C. Cardiometabolic risk factors in treatment-seeking youth versus population youth with obesity. Obes. Sci. Pract. 2018, 4, 207–215. [Google Scholar] [CrossRef]

	



Barlow, S.E. Expert committee recommendations regarding the prevention, assessment, and treatment of child and adolescent overweight and obesity: Summary report. Pediatrics 2007, 120 (Suppl. 4), S164–S192. [Google Scholar] [CrossRef]

	



Styne, D.M.; Arslanian, S.A.; Connor, E.L.; Farooqi, I.S.; Murad, M.H.; Silverstein, J.H.; Yanovski, J.A. Pediatric Obesity—Assessment, Treatment, and Prevention: An Endocrine Society Clinical Practice Guideline. J. Clin. Endocrinol. Metab. 2017, 102, 709–757. [Google Scholar] [CrossRef]

	



Quittner, A.L. Measurement of quality of life in cystic fibrosis. Curr. Opin. Pulm. Med. 1998, 4, 326–331. [Google Scholar] [CrossRef]

	



Schwimmer, J.B.; Burwinkle, T.M.; Varni, J.W. Health-related quality of life of severely obese children and adolescents. JAMA 2003, 289, 1813–1819. [Google Scholar] [CrossRef] [PubMed]

	



Tsiros, M.D.; Olds, T.; Buckley, J.D.; Grimshaw, P.; Brennan, L.; Walkley, J.; Hills, A.P.; Howe, P.R.; Coates, A.M. Health-related quality of life in obese children and adolescents. Int. J. Obes. 2009, 33, 387–400. [Google Scholar] [CrossRef]

	



Zeller, M.H.; Modi, A.C. Development and initial validation of an obesity-specific quality-of-life measure for children: Sizing me up. Obesity 2009, 17, 1171–1177. [Google Scholar] [CrossRef]

	



Black, W.R.; Davis, A.M.; Gillette, M.L.; Short, M.B.; Wetterneck, C.T.; He, J. Health-related quality of life in obese and overweight, treatment-seeking youth. Ethn. Dis. 2014, 24, 321–327. [Google Scholar]

	



Cuevas, A.G.; Chen, R.; Thurber, K.A.; Slopen, N.; Williams, D.R. Psychosocial Stress and Overweight and Obesity: Findings From the Chicago Community Adult Health Study. Ann. Behav. Med. 2019, 53. [Google Scholar] [CrossRef]

	



Ul-Haq, Z.; Mackay, D.F.; Fenwick, E.; Pell, J.P. Meta-analysis of the association between body mass index and health-related quality of life among children and adolescents, assessed using the pediatric quality of life inventory index. J. Pediatrics 2013, 162, 280–286.e281. [Google Scholar] [CrossRef] [PubMed]

	



Davis, A.M.; Daldalian, M.C.; Mayfield, C.A.; Dean, K.; Black, W.R.; Sampilo, M.L.; Gonzalez-Mijares, M.; Suminski, R. Outcomes from an urban pediatric obesity program targeting minority youth: The Healthy Hawks program. Child. Obes. 2013, 9, 492–500. [Google Scholar] [CrossRef] [PubMed]

	



Gillette, M.L.D.; Odar Stough, C.; Best, C.M.; Beck, A.R.; Hampl, S.E. Comparison of a condensed 12-week version and a 24-week version of a family-based pediatric weight management program. Child. Obes. 2014, 10, 375–382. [Google Scholar] [CrossRef]

	



Centers for Disease Control and Prevention. A SAS Program for the 2000 CDC Growth Charts. Available online: https://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm (accessed on 30 August 2015).

	



Statistics, P. PASW Statistics Version 18.0; SPSS. Inc.: Chicago, IL, USA, 2009. [Google Scholar]

	



Cohen, J. Statistical power analysis for the behavioral sciences: Jacob Cohen. J. Am. Stat. Assoc. 1988, 84, 19–74. [Google Scholar]

	



Benjamini, Y.; Hochberg, Y. Controlling the False Discovery Rate: A Practical and Powerful Approach to Multiple Testing. J. R. Stat. Soc. Ser. B 1995, 57, 289–300. [Google Scholar] [CrossRef]

	



Faul, F.; Erdfelder, E.; Lang, A.G.; Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral, and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [Google Scholar] [CrossRef]

	



Nock, N.L.; Dimitropoulos, A.; Zanotti, K.M.; Waggoner, S.; Nagel, C.; Golubic, M.; Michener, C.M.; Kirwan, J.P.; Alberts, J. Sleep, quality of life, and depression in endometrial cancer survivors with obesity seeking weight loss. Supportive Care Cancer 2020, 28, 2311–2319. [Google Scholar] [CrossRef]

	



Wallander, J.L.; Kerbawy, S.; Toomey, S.; Lowry, R.; Elliott, M.N.; Escobar-Chaves, S.L.; Franzini, L.; Schuster, M.A. Is obesity associated with reduced health-related quality of life in Latino, Black and White children in the community? Int. J. Obes. 2013, 37, 920–925. [Google Scholar] [CrossRef]

	



Tyler, C.; Johnston, C.A.; Fullerton, G.; Foreyt, J.P. Reduced quality of life in very overweight Mexican American adolescents. J. Adolesc. Health 2007, 40, 366–368. [Google Scholar] [CrossRef] [PubMed]

	



Phillips, B.A.; Gaudette, S.; McCracken, A.; Razzaq, S.; Sutton, K.; Speed, L.; Thompson, J.; Ward, W. Psychosocial functioning in children and adolescents with extreme obesity. J. Clin. Psychol. Med. Settings 2012, 19, 277–284. [Google Scholar] [CrossRef]

	



Zeller, M.H.; Modi, A.C.; Noll, J.G.; Long, J.D.; Inge, T.H. Psychosocial functioning improves following adolescent bariatric surgery. Obesity 2009, 17, 985–990. [Google Scholar] [CrossRef] [PubMed]

	



Harcourt, B.E.; Pons, A.; Kao, K.-T.; Twindyakirana, C.; Alexander, E.; Haberle, S.; McCallum, Z.; Sabin, M.A. Psychosocial measures and weight change in a clinical paediatric population with obesity. Qual. Life Res. 2019, 28, 1555–1564. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Overall Demographics and Demographics by Obesity Class.






Table 1. Overall Demographics and Demographics by Obesity Class.





	

	

	
Overall

	
Class I (n = 153)

	
Class II (n = 160)

	
Class III (n = 152)




	

	
N

	
%

	
n

	
%

	
n

	
%

	
n

	
%






	
Gender

	

	

	

	

	

	

	

	




	

	
Male

	
215

	
46.2

	
68

	
44.4

	
68

	
42.5

	
79

	
52.0




	

	
Female

	
250

	
53.8

	
85

	
55.6

	
92

	
57.5

	
73

	
48.0




	
Ethnicity *

	

	

	

	

	

	

	

	




	

	
White/Caucasian

	
107

	
23.2

	
23

	
21.2 (29.9)

	
35

	
21.9 (32.7)

	
40

	
26.7 (37.4)




	

	
Black/African American

	
148

	
32.1

	
28

	
18.5 (18.9)

	
50

	
31.3 (33.8)

	
70

	
46.7 (47.3)




	

	
Hispanic/Latino

	
199

	
43.2

	
87

	
57.6 (43.7)

	
73

	
45.6 (36.7)

	
39

	
26.0 (19.6)




	

	
Other

	
7

	
1.5

	
4

	
2.6

	
2

	
1.3

	
1

	
0.7




	

	

	
M

	
SD

	
M

	
SD

	
M

	
SD

	
M

	
SD




	
Age

	

	
10.84

	
189

	
10.57

	
1.90

	
10.84

	
1.77

	
11.13

	
1.99




	
BMI-Z

	

	
2.35

	
0.30

	
2.02

	
0.15

	
2.36

	
0.10

	
2.70

	
0.15




	
BMI95pct

	

	
133.09

	
22.39

	
112.26

	
5.34

	
128.78

	
5.48

	
158.59

	
19.15








* Parentheses show within group percentages for the three largest race/ethnicity groups. M = mean; SD = standard deviation; BMI-Z = Body Mass Index Z-score.
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Table 2. Health-Related Quality of Life and Covariates.






Table 2. Health-Related Quality of Life and Covariates.





	

	
M (SD)

	
S.E.Mean

	
Md

	
95% CI

	
Age

	
Sex




	
HRQoL (n = 465)

	

	

	

	
r (p)

	
B (S.E.)

	

	
B (S.E.)






	
Emotion

	
69.33 (26.93)

	
1.25

	
75

	
66.88–71.85

	
−0.19 (<0.001) *

	
−2.49 (0.64)

	
−0.22 (<0.001) *

	
−11.51 (2.41)




	
Physical

	
76.54 (21.74)

	
1.01

	
80

	
74.55–78.52

	
0.04 (0.407)

	
0.506 (0.53)

	
−0.03 (0.029)

	
−4.51 (2.02)




	
Teasing

	
76.27 (28.06)

	
1.30

	
83.33

	
73.72–78.82

	
0.07 (0.137)

	
1.12 (0.68)

	
−0.12 (0.009) *

	
−7.01 (2.59)




	
Positive Attributes

	
42.32 (21.30)

	
0.99

	
38.89

	
40.81–44.26

	
−0.18 (<0.001) *

	
−2.00 (0.52)

	
0.04 (0.396)

	
2.09 (1.96)




	
Avoidance

	
87.04 (16.93)

	
0.78

	
93.33

	
85.50–88.58

	
0.06 (0.185)

	
0.59 (0.41)

	
−0.07 (0.119)

	
−2.57 (1.57)




	
Total HRQoL

	
68.25 (14.80)

	
0.69

	
71.21

	
66.90–69.60

	
−0.09 (0.054)

	
−0.65 (0.36)

	
−0.13 (0.004) *

	
−3.83 (1.37)








M = mean; SD = standard deviation; S.E.Mean = standard error of the mean; 95% CI = 95th percent confidence interval; B = beta weight; r = Pearson’s correlation; rpb = point biserial correlations. * Significant after family-wise error correction.
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Table 3. HRQoL Differences across Obesity Groups.
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Class I (n = 153)

	
Class II (n = 160)

	
Class III (n = 152)

	




	

	
F (p)

	
M (S.E.)

	
95% CI

	
M (S.E.)

	
95% CI

	
M (S.E.)

	
95% CI

	
d *






	
Emotion a,b

	
8.47 (<0.001)

	
71.95 (2.07)

	
67.90–76.02

	
73.46 (2.11)

	
69.49–77.42

	
62.35 (2.08)

	
58.26–66.44

	
0.41




	
Physical a,b

	
11.24 (<0.001)

	
79.32 (1.72)

	
75.94–82.70

	
80.27 (1.68)

	
76.97–83.59

	
69.82 (1.73)

	
66.42–73.22

	
0.44




	
Teasing a,b

	
16.61 (<0.001)

	
82.72 (2.19)

	
78.42–87.02

	
79.90 (2.13)

	
75.71–84.09

	
65.97 (2.20)

	
61.65–70.29

	
0.44




	
Positive Attributes

	
0.23 (0.792)

	
42.72 (1.71)

	
39.37–46.08

	
42.84 (1.63)

	
39.57–46.11

	
41.35 (1.72)

	
37.98–44.73

	
0.11




	
Avoidance a,b

	
6.93 (0.001)

	
87.82 (1.35)

	
85.17–90.48

	
90.05 (1.32)

	
87.45–92.64

	
83.09 (1.36)

	
80.42–85.77

	
0.38




	
Total HRQoL a,b

	
13.46 (<0.001)

	
70.22 (1.16)

	
67.95–72.50

	
71.06 (1.13)

	
68.84–73.28

	
63.31 (1.17)

	
61.02–65.59

	
0.50








F = ANCOVA F score; M = estimated marginal means, adjusting for age and sex; S.E. = standard error; 95% CI = 95th percent confidence interval a—Significant difference between class 1 and class 3; b—Significant difference between class 2 and class 3. d *—Cohen’s d for the difference between class III and class II.
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Table 4. Total HRQoL Differences across Ethnicity Groups and Obesity Classes.
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Overall Total HRQoL

	
Class I (n = 153)

	
Class II (n = 160)

	
Class III (n = 152)




	

	
M (S.E.)

	
95% CI

	
M (S.E.)

	
95% CI

	
M (S.E.)

	
95% CI

	
M (S.E.)

	
95% CI






	
White/Caucasian (n = 107)

	
65.80 (1.43)

	
62.98–68.61

	
69.42 (2.44)

	
64.60–74.24

	
69.26 (2.07)

	
65.17–73.36

	
59.54 (2.73)

	
54.16–64.94




	
Black/African American (n = 148)

	
68.56 (1.24)

	
66.12–71.00

	
72.88 (2.60)

	
67.74–78.03

	
73.08 (1.83)

	
69.46–76.70

	
64.13 (2.08)

	
60.02–68.25




	
Hispanic/Latino (n = 199)

	
69.40 (1.09)

	
67.27–71.53

	
69.71 (1.49)

	
66.77–72.64

	
70.50 (1.48)

	
67.8–73.43

	
66.04 (2.96)

	
60.16–71.88
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