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ABSTRACT OF THE DISSERTATION 

 

Consequences of BMI Trajectories during Childhood and the Protective and Risk Effects of 

Parental Factors 

 

By 

 

Anna S. Hsu 

 

Doctor of Philosophy in Psychology and Social Behavior 

 

University of California, Irvine, 2017 

 

Professor Chuansheng Chen, Chair 

 

 

 Childhood and adolescent overweight and obesity have been a global health concern in 

recent years with many negative implications for children's health and development. Previous 

research has suggested that as compared to normal weight children, children who are overweight 

or obese perform worse academically (Falkner et al., 2001), have more emotional problems 

(Storch et al., 2007; Zavodny, 2013), and encounter more problems in their interpersonal 

relationships with peers (Gable et al., 2012). These findings, however, are not always consistent. 

Three major limitations in the literature can be identified. First, many studies of the associations 

between children's and adolescents' weight or BMI and developmental outcomes have relied on 

BMI from a single-time point without considering the trajectory of children's and adolescents' 

weight development. To study the cumulative effects of overweight and obesity, it is important 

to examine children's and adolescents' weight patterns and to address questions such as whether 

children and adolescents who are consistently overweight are at higher risk for negative 

outcomes than are children and adolescents who become overweight over time. Second, most 

studies did not have nationally representative samples that would allow for an examination of 

ethnic differences. Third, no study has examined the protective (moderating) role of parenting 
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when investigating the influence of children's and adolescents' weight trajectories on 

developmental outcomes.  

 To overcome the above limitations of previous research, I used data from a nationally 

representative subsample of children in the Early Childhood Longitudinal Study, Kindergarten 

1998-99 cohort (ECLS-K). First, I identified adolescents' different BMI trajectories across 

kindergarten to eighth grade by using Nagin & Land's (1993, 2012) group-based trajectory 

modeling (GBTM). Second, because previous research had shown ethnic and gender differences 

in the rates of childhood overweight as well as varying patterns of weight development, the 

influence of gender and ethnicity on weight trajectory membership was examined. Third, I 

examined the associations between different BMI trajectories and academic achievement, 

emotional outcomes, and peer relationships in eighth grade. Fourth, I explored the effects of 

parental warmth and parental involvement on these associations. I focused on parental warmth 

and involvement because previous research (e.g., Rohner's Parental Acceptance-Rejection 

Theory and Epstein's Framework of Six Types of Parental Involvement) had shown these as 

positive aspects of parenting practices that were associated with favorable academic achievement, 

emotional outcomes, and peer relationships. These parenting practices may serve as protective 

factors against negative developmental outcomes for adolescents in the higher risk BMI 

trajectory groups. Fifth, I examined whether the protective effects of parental factors varied by 

gender. Due to limited sample sizes for ethnic minority groups’ various BMI trajectory groups, 

this question was not examined for ethnicity. 

 I identified three distinct BMI trajectories for the total sample as well as for boys and 

girls separately: consistently low to normal BMI group (~64-66%), gradually increasing BMI 

group (~27-29%), and consistently higher BMI group (~6-7%). Although there were no gender 
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differences in trajectory group membership, there were ethnic differences in trajectory group 

membership. White and Asian adolescents were more likely than were Black and Hispanic 

adolescents to be in the consistently low to normal BMI trajectory group, whereas the latter two 

groups were more likely than the former two groups to be in the gradually increasing BMI 

trajectory group and consistently higher BMI trajectory group. Adolescents in the gradually 

increasing BMI group and consistently higher BMI group were shown to have less favorable 

academic achievement, emotional outcomes, and peer relationships compared to adolescents in 

the consistently low to normal BMI group. In terms of the protective role of  parental warmth, 

the most consistent results were that parental warmth in eighth grade played a protective role for 

girls, but not for boys, suggesting important gender differences in the influence of parental 

warmth on adolescents' school achievement in the context of overweight and obesity. Parental 

involvement showed complex and mixed results. These results suggest that the protective and 

non-protective effects of parenting factors depend on the gender of the child, type of parenting 

factors, and specific outcome in the context of adolescent overweight and obesity.  
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Chapter 1: Introduction 

 In the last few decades, rises in the rate of overweight and obesity have caught public 

attention as many negative health consequences of being overweight or obese have been 

identified. Studies have suggested that children and adolescents who are overweight or obese are 

more likely than their normal-weight peers to perform poorly in their academic work (Falkner et 

al., 2001), have more emotional problems (Storch et al., 2007; Zavodny, 2013), and encounter 

more problems in their relationships with peers. Much of the research on childhood overweight 

and obesity has aimed to identify the potential factors that contribute to these problems, 

recognize potential health problems related to childhood overweight and obesity, and come up 

with effective treatment or intervention programs to combat childhood overweight and obesity.  

 Most studies, however, have relied on cross-sectional data, which cannot address 

children's and adolescents' development over time. The idea that children's and adolescents' 

growth is a continuous and ongoing process is commonly acknowledged, but few studies have 

applied methods that study children's and adolescents' growth patterns to study childhood 

overweight and obesity. Using a nationally representative sample from the Early Childhood 

Longitudinal Study- Kindergarten cohort (ECLS-K), I was able to identify BMI trajectory groups 

of adolescents from kindergarten to 8th grade using group-based trajectory analyses, to explore 

ethnic and gender differences in BMI trajectories, and to examine whether different BMI 

trajectories were associated with eighth grade academic achievement, emotional outcomes, and 

peer relationships. These domains have been regarded as critical components of children's future 

success and well-being. Since eighth grade marks a critical transition from childhood to early 

adolescence, academic achievement, emotional outcomes, and peer relationships during this time 

are likely to have crucial implications for successful future developments.  
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 The idea that parents are able to influence their children's developmental outcomes is also 

discussed and examined in the context of overweight and obesity. Specifically, the present study 

examined whether parental warmth and parental involvement have protective effects against 

negative developmental outcomes for adolescents who are in the higher BMI trajectory groups 

(to be described later). Finally, because previous research has shown gender differences in the 

association between weight statuses and children's and adolescents' developmental outcomes, 

this study will examine gender differences in the associations between adolescents' BMI 

trajectory group memberships and developmental outcomes. Ethnic differences in such 

associations were not examined due to limited sample sizes of ethnic minorities for various BMI 

trajectories. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 

 

Chapter 2: Literature Review and Theoretical Framework 

 

Childhood and Adolescent Overweight/Obesity 

 

 The last few decades have witnessed rapid increases in the rates of childhood overweight 

and obesity. Globally, 22 million children under 5 years old are overweight  (Center for Disease 

Control and Prevention, 2006), and in the U.S. about 17% (12.7 million) of children and 

adolescents between 2-19 years old are currently or have been overweight or obese (Ogden et al., 

2014). Although some studies have reported a decline or leveling off of the prevalence of 

childhood obesity in the U.S. in recent years (Kranjac & Wagmiller, 2016; Skinner et al., 2016), 

a recent study using nationally representative data concluded that there is no evidence for 

declines from 1999 to 2014 in the prevalence of obesity for children and adolescents between 2 

and 19 years of age (Skinner et al., 2016). These decline rates are still far short of the Healthy 

People 2020 goal of a 10% reduction in childhood and adult obesity (US Department of Health 

and Human Services, 2012). 

 Overweight in children is clinically defined as excessive fat accumulation in the adipose 

tissue that can potentially impair health (Caterson & Gill, 2002; Khan et al., 2014) and medically 

defined as being at or above the 95th percentile of body mass index (BMI = weight in kg/square 

of height in meters) for age and sex (CDC growth chart, 2000). Many potential causes of 

childhood overweight and obesity have been identified, including genetics (Han et al., 2010; 

Meng et al., 2014), increased consumption of fast foods, soda, and sweets (Bowman et al., 2004; 

Ludwig et al., 2001), insufficient physical activity (Trost et al., 2001), and the emergence of  

“obesogenic environments” that promote weight gain (Egger & Swinburn, 1997; Whale et al., 

2014). These environments encompass factors that support being obese (e.g. increased 

availability of fast food in a community). 



4 

 

 The overweight and obesity epidemic has serious consequences (Lydecker & Grilo, 2016; 

Puhl & Latner, 2007). At the national level, the total national health care expenditure spent for 

medical costs related to overweight and obesity for the general population of the U.S. is 

estimated to approximate 5-10% of the annual health care spending (Tsai et al., 2011). The 

estimated percentage of deaths related to obesity and obesity- related health conditions have 

increased by about 77% in the overall population since 1991, signifying dramatic increases in 

obesity-related mortality in the past two decades (Khan et al., 2014; Mokdad et al., 2004). At the 

individual level, there are lasting impacts of overweight and obesity across various domains of 

daily life ranging from physical health (Dietz, 1998; Maffeis & Tato, 2001; Reilly & Kelly, 2011) 

to psychological (Pulgarón, 2013; Strauss, 2000) and academic development (Datar, Sturm, & 

Magnabosco, 2004). Physically, children who are overweight or obese are more likely to face 

negative health consequences such as diabetes both early and later in life (Dietz, 1998; Maffeis 

& Tato, 2001; Reilly & Kelly, 2011). These children are also more likely to grow up to be 

overweight or obese adults (Augustine & Kimbro, 2013; Guo & Chumlea, 1999; Whitaker et al., 

1997) and to develop, in later adulthood, various chronic health problems including multiple 

cardiovascular-related health problems (Flores & Lin, 2013), metabolic complications, 

dyslipidemia, and hypertension (Caprio et al., 2008). Psychologically, overweight or obese 

children tend to display more behavioral problems (Stradmeijer et al., 2000) and lower levels of 

self-esteem compared to normal-weight children (Hesketh et al., 2004; Strauss, 2000).  

Since childhood overweight and obesity has significant implications for children and 

adolescents' present and future development across multiple domains, examining the weight 

trajectories of children and adolescents in their critical years of development in relation to 

different domains of their lives is an important goal of research.   
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Childhood and Adolescent Overweight/Obesity Across Racial and Ethnic Groups 

 Race and ethnicity are crucial variables for obesity researchers to consider given that 

children's beliefs and behaviors associated with their weight statuses are impacted by the cultural 

norms of their racial or ethnic group. In the US, the prevalence of childhood obesity among 

African Americans, Mexican Americans, and Native Americans is higher than that of other 

ethnic groups, while Asian Americans have the lowest rates of obesity (Ogden et al., 2014; 

Caprio et al., 2008). Hispanic and African American children are reported be more likely to show 

accelerated trajectory patterns of weight gain compared to children other ethnic groups (Danner 

& Toland, 2012; Guerrero et al., 2016). Researchers, however, have suggested that these 

differences in the prevalence of obesity by race or ethnicity seem to be decreasing partly due to 

the rapid increases in obesity in white children (Caprio et al., 2008).   

 In recent years, a number of studies examining parental misperception of their children's 

weight status have emerged, suggesting that overweight or obese Black and Hispanic boys were 

at high risk of being misperceived by their parents as having normal or healthy weight (Twarog 

et al., 2016).Various racial groups may also hold different views and beliefs in regard to what 

constitutes obesity, whether obesity is an illness, or whether being overweight is considered to be 

desirable or undesirable. For instance, perceptions of body image are significantly influenced by 

culture. Studies have shown that African American females' ideal body size is much larger than 

it is for White females. African American males also expressed higher preferences for larger 

body size in females compared to White males (Powell & Kahn, 1995). Among non-Hispanic 

Whites, mothers' perceptions of their daughters' risk for obesity have been shown to influence 

young daughters' dieting and weight (Birch & Fisher, 2000). Latino mothers sometimes prefer 

thin figures for themselves but fuller figures for their children (Contento et al., 2003). Some 
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cultures view overweight status even more positively, in that it is seen as an indication of wealth 

(Chen et al., 2015). Therefore, it is likely that children's weight trajectories differ across ethnic 

groups due to different cultural norms and beliefs. Identifying cross-ethnic differences in 

children's weight trajectories can provide more insights into the role of culture in children's 

weight development and the associations between children's weight and developmental outcomes.  

Childhood and Adolescent Overweight/Obesity and Academic Achievement  

 There are reasons to expect a negative association between children’s overweight or 

obesity status and academic outcomes. For example, being overweight or obese may impede 

academic performance if children have weight-related health conditions that prevent them from 

studying efficiently or if teachers discriminate against students who are overweight or obese 

(Sabia, 2007). Children who have weight-related health conditions are likely to have more 

absences from school due to their conditions (Baxter et al., 2011; Geier et al., 2007; Schwimmer 

et al., 2003). Also, in order to compensate emotionally and psychologically for poor school 

performance, children may eat excessively, contributing to increases in weight (Sabia, 2007). 

Finally, child overweight may be indirectly associated with children's academic outcomes 

through the influences of other mediating or moderating factors such as SES. 

 Indeed, previous research has found a generally negative relationship between 

overweight and obesity and children's academic achievements (e.g. Shore et al., 

2008).Overweight or obese children and adolescents demonstrate lower school functioning (e.g. 

grades, and tests and assessments in various domains such as reading and mathematics, and etc.). 

Specifically, obese children and youth (5-18 years old) self-reported lower levels of school 

functioning (Schwimmer et al., 2003), poorer academic achievement, and lower future 

educational goals (Falkner et al., 2001). Moreover, obese adolescents (from 7th to 11th grade) 
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also perceived themselves to be worse students than did normal weight adolescents (Falkner et 

al., 2001). These negative perceptions carry over to adulthood. For example, young women 

between 18 and 31 years old who were obese completed  fewer years of college than  their non-

obese peers (Gortmaker et al., 1993) and enrolled in college or graduated from college at a lower 

rate (Crosnoe, 2007). 

 Although the negative associations between children's overweight or obesity status and 

academic achievement seem robust in these previous studies, they are not always consistent, 

especially across gender. For example, using the Early Childhood Longitudinal Study - 

Kindergarten cohort, Datar and Sturm (2006) found that girls who became overweight between 

kindergarten and third grade scored lower on mathematics and reading tests than other weight-

change groups, but no significant differences were found for boys. Similarly, Ding et al. (2009) 

reported that 10th to 12th grade girls showed a significantly stronger negative association 

between BMI and academic attainment than did boys. Such inconsistencies in these previous 

findings between boys and girls may be compounded by external factors that may have different 

impacts on boys and girls, one being the influences from parents (such as parenting behaviors).  

In addition to external factors, several other potential reasons may have contributed to the 

inconsistent findings across studies and across samples in the studies mentioned above. Across 

studies, methodological differences are important. In some studies, cross-sectional correlations 

between weight statuses and academic outcomes were examined whereas in other studies, 

researchers were able to examine longitudinal associations. Since children's weight status 

changes continually and overweight and obesity emerge over time, cross-sectional analyses may 

not be sufficient to capture the pattern of association between weight status and academic 

outcomes. Another possible explanation for cross-study differences may lie in the different types 
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of academic outcomes examined, including self-reported grade-point averages, teacher reports, 

and test scores in various subjects. In addition, many studies were limited in the objectiveness 

and range of school outcomes examined as well as the representativeness of the sample. For 

gender and ethnic differences within the same study, one possible explanation is group 

differences in BMI trajectories, as mentioned earlier in the previous section. Thus, it is 

imperative to use more representative samples, more objective measures of outcomes, and a 

trajectory analysis to further our understanding of the association between children’s and 

adolescents' BMI trajectories and academic achievement.   

Childhood and Adolescent Overweight/Obesity and Emotional Outcomes 

 Children's and adolescents' overweight status has been suggested to influence 

psychological and emotional development (Cornette, 2008; Huang et al., 2013). During 

elementary and middle school years, children's and adolescents' self-esteem and internalizing and 

externalizing behaviors are particularly crucial components of  emotional development as they 

influence children's and adolescents' daily lives and interactions with others. Indeed, overweight 

or obesity status is often associated with lower self-esteem, higher rates of depression, negative 

self-image, and being teased or bullied (Storch et al., 2007; Zavodny, 2013). However, the 

prevalence and magnitude of the associations between overweight status and emotional 

outcomes are still unclear, and mixed findings have been reported across studies. 

Self-Esteem. William James (1980) defined self-esteem as the balance between an 

individual's goals or aspirations and his/her achievements while others suggest that self-esteem is 

the social aspect of the self that is largely influenced by how an individual is treated by others 

(French, Story, & Perry 1995). Previous studies of self-esteem have used various measures of 

self-esteem: global self-evaluation and specific self-evaluation (e.g. Rosenberg et al., 1995), self-
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evaluation with respect to distinct domains such as physical appearance (e.g. Harter, 2000) and 

school performance (e.g. Baumeister et al., 2003). Regardless of the different measures across 

studies, self-esteem has been shown to have significant associations with children's and 

adolescents' behavioral, social, emotional, and cognitive development (Wang et al., 2009).  

When cultural preferences and the media place emphasis on having slim figures, 

overweight or obese children and adolescents often become victims of peer bullying or rejection 

(e.g. Brixval et al., 2012; Puhl, Luedicke, & Heur, 2011). Some overweight or obese children 

and adolescents attribute their overweight to internal causes, believing that they are responsible 

for their weight statuses. These internal weight attributions may lead to more negative feelings 

toward the self and influence children’s self-perceptions and self-esteem across several life 

domains. Overweight children who attributed responsibility for their weight status to themselves 

rather than to external factors such as parental influences reported lower self-esteem (Pierce & 

Wardle, 1997). 

Across studies, self-esteem has generally been shown to be lower in overweight and 

obese children than in normal weight children (Hesketh et al., 2004; Strauss, 2000; Swallen et al., 

2005). This association has been shown for various gender and ethnic groups. For instance, 

obese Hispanic and White females showed significantly lower levels of self-esteem by early 

adolescence (Strauss, 2000). Similarly, girls who were very overweight reported lower physical 

self-esteem and higher dissatisfaction with their bodies than did girls who were moderately 

overweight (Israel & Ivanova, 2002; Sands & Wardle, 2003). Additionally, it has been shown 

that children who have lower self-esteem will be more likely to engage in behaviors that will 

contribute to excessive weight gain (French et al., 1996; Wang et al., 2009).   
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Although the association between weight status and self-esteem has been demonstrated in 

previous research, the magnitude of this association has been controversial (Hesketh et al., 2004). 

Despite the number of studies showing negative associations between weight status and self-

esteem, other studies have shown non-significant associations (Gortmaker et al., 1993; Kimm et 

al., 1991; Klesges et al., 1992). Still other studies suggest that low self-esteem may only be a 

characteristic of obese children in certain ethnic groups (Kaplan & Wadden, 1986). In sum, 

previous studies provide important information on the association between children's and 

adolescents' weight and self-esteem, but mixed findings across studies as well as questions 

related to the magnitude of the association and whether this association varies by ethnic groups 

warrant further investigation with a better sample and a different approach (i.e., weight trajectory 

analysis).It is possible that overweight and obesity is linked to self-esteem only for children and 

adolescents with certain patterns of  weight trajectories. 

Internalizing and Externalizing Behaviors. Internalizing and externalizing behaviors 

have also been studied in relation to childhood and adolescent obesity (Anderson et al., 2010; 

Lumeng et al., 2003). Since overweight or obese children are often teased by peers and family 

members (Eisenberg et al., 2003), it has been hypothesized in previous research that 

psychological problems, including internalizing and externalizing behaviors, are among the more 

severe consequences of childhood and adolescent obesity (Datar & Sturm, 2004; Dietz, 1998; 

Tillery et al., 2015). Obese children and adolescents have been shown to exhibit more 

internalizing behavior problems including depression, somatoform problems, anxiety, social 

withdrawal, and isolation (Bradley et al., 2008; Datar & Sturm, 2004; Puder & Munsch, 2010). 

In the Datar & Sturm (2006) study, girls who were obese in third grade were reported to have 

higher levels of internalizing behaviors. Because internalizing behaviors are associated with 
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social functioning and academic performance, children and adolescents who are psychologically 

distressed are also less likely to be well-adjusted to school (Juvonen et al., 2000). Furthermore, 

fifth-grade girls who were reported to exhibit higher levels of externalizing behaviors were more 

likely to stay or become obese at eighth grade (Chang & Halgunseth, 2015). Parents of obese 

children also reported that their children exhibited more behavioral problems compared to their 

children's non-obese peers (Braet et al., 1997). 

The association between childhood and adolescent obesity and internalizing or 

externalizing behaviors, however, is not always consistent. For instance, Erickson et al. (2003) 

reported significant cross-sectional associations between depressive symptoms and BMI among 

third-grade girls but not among third-grade boys. This finding suggests that the association 

between children's weight and internalizing behaviors may differ between boys and girls. The 

period in which weight status is associated with more prominent internalizing or externalizing 

behaviors may also differ depending on the age of the child or adolescent. Bradley et al. (2008) 

reported that overweight status led to internalizing symptoms but indicated that this association 

did not emerge until middle childhood. In another study, there were no significant associations 

between being overweight or obese and behavioral problems in 5-year-old boys and girls 

(Lawlor et al., 2005). In the same study, girls who were overweight at 14 were more likely to 

have behavioral problems, while no association was shown for boys. Since most of these studies 

examined the association between weight statuses and behavioral problems cross-sectionally, 

they may be missing important information that would enhance our understanding of this 

association. For example, in the above-mentioned study by Lawlor et al. (2005), even though 

cross-sectional analyses suggested that the association between overweight status and behavioral 

problems might not exist before age 5, little information was provided in regard to changes that 
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might occur between 5 and 14. Thus, more research utilizing longitudinal analyses is needed to 

further the understanding of the association between children's weight status and internalizing 

and externalizing behaviors.  

Childhood and Adolescent Overweight/Obesity and Peer Relationships 

 The interpersonal relationships of children and adolescents in the elementary and middle 

school years usually include the individuals in their immediate surroundings, including parents, 

other family members, peers, and teachers. Among them, and especially as children grow older, 

peer relationships may be of particular importance to their healthy social and emotional well-

being and development (Zeller, Reiter-Purtill, & Ramey, 2008). In the context of childhood and 

adolescent obesity, overweight and obese children's and adolescents' problems in relationships 

with peers may range from having difficulties in making friends to not being socially accepted, 

discriminated against, and being victimized or bullied (Juvonen et al., 2017; Pearce, Boergers, & 

Prinstein, 2002; Zeller, Reiter-Purtill, & Ramey, 2008). Overweight or obese children are also 

more likely to become both victims and perpetrators of bullying compared to normal weight 

children (Janssen et al., 2004). During preschool years, overweight and obese or "chubby kids" 

are often more likely to be labeled as "mean" instead of "nice" because preschool children tend 

to use physical appearance to make attributions about another person's character (Cramer & 

Steinwert, 1998; Gable et al., 2012). Similarly, teachers have reported that obese children are 

often less popular and often are more frequently rejected and isolated (Gable et al., 2012; 

Mahoney et al., 2005; Zeller, Reiter-Purtill, & Ramey, 2008). These experiences may hinder 

children's and adolescents' short- and long-term psychological and social development.  

 Like academic achievement and emotional outcomes, however, the association between 

weight status and peer relationships should be interpreted with caution. Obese girls were reported 
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to have poorer peer relationships, whereas no significant association was found for obese boys in 

two studies (Datar & Sturm, 2006; Gable, Krull, & Chang, 2009). These findings suggest the 

possibility that specific associations between weight status and peer relationships may differ 

across gender or by weight trajectories. 

Using Group-Based Trajectory Model to Study Children's and Adolescents' Weight and 

Development 

 Many earlier studies that examined children's and adolescents' weight and development 

used cross-sectional data. The limitations of such studies are well-known. Research designs that 

examine children's and adolescents' weight trajectories are essential in achieving further 

understanding of children's development. Researchers (Li et al., 2007; Ventura et al., 2009) have 

demonstrated heterogeneity in children's development of obesity through the identification of 

distinct weight change patterns across childhood and adolescence. Methodologies have been 

developed in recent years that allow researchers to use different types of analyses to examine the 

development of childhood overweight and obesity. Of the different methods that have emerged, 

the trajectory-based approach has gained increasing importance because it emphasizes over-time 

change rather than weight at a given time point (Lin et al., 2014). This approach provides 

insights into children's distinct patterns of weight change and links them to developmental 

outcomes.  

 Nagin and Land's (1993, 2012) group-based latent trajectory analysis was originally 

introduced in a study examining individuals' offending and crime patterns. Following its 

introduction, group-based latent trajectory models became more widely used in the field of 

criminology such that more than 80 criminology studies using this method have been identified 

(Nagin & Odgers, 2010; Piquero, 2008). This method was also applied in other disciplines 
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including clinical research that focused on psychiatric and physical disorders. Group-based latent 

trajectory models have been utilized in several previous studies to examine children's weight 

trajectories.  

 Four latent BMI growth trajectories of obesity were identified for 5-16 year olds in three 

studies: consistently normal weight, chronically obese, late onset obesity, and early onset obesity 

(Danner & Toland, 2012; Mustillo et al., 2003; Ventura, Loken, & Birch, 2009). In another study 

with Taiwanese children and adolescents who were 7 to 12 years old, four BMI trajectories (i.e. 

normal or slightly underweight, persistently normal weight, overweight becoming obese, and 

persistently obese) were identified for both boys and girls (Lin et al., 2014). These studies, 

however, did not use nationally representative samples. Li et al. (2007) and Balistreri and Van 

Hook (2010) used more nationally representative samples and identified three distinct patterns of 

obesity in children: not obese, early onset obesity, and late onset obesity (Li et al., 2007); never 

overweight, became overweight gradually, and remained overweight during the duration of the 

study (Balisteri & Van Hook, 2010). Although these studies suggest that children and 

adolescents exhibit multiple patterns of weight trajectory and that some ethnic differences may 

exist, none of the existing research, to my knowledge, has used group-based trajectory analyses 

to examine associations between children's and adolescents' BMI trajectories and academic 

achievement, emotional outcomes, and peer relationships.  

Parental Influences on Children's and Adolescents' Weight and Developmental Outcomes 

 During childhood, children are socialized into the larger society around them through 

formal learning and informal social, emotional, and cognitive exchanges with others. Parents 

serve as key sources of socialization, as they are both caretakers and decision-makers who make 

decisions and convey attitude and beliefs that impact their children on a daily basis. For example, 
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parents may influence their child's eating behavior simply through their own eating behaviors 

(Kral & Rauh, 2010). If children routinely see their parents consuming fast foods and sweet 

drinks, it is likely that they will engage in the same behavior through role modeling and social 

learning. With a high level of consumption of fast food and sweets, children’s weight status and 

BMI would also likely increase, if not offset by an increase in physical activities.  

Parents - especially, parents of young children, decide which kinds of food they expose 

their children to and are in a position to exert control on what and how much they eat. Parents 

also may restrict the amount of time their children spend in sedentary activities such as watching 

TV or browsing the internet. While having some control is beneficial, studies have shown that 

too much parental control may increase children's preference for restricted foods and their 

consumption of these foods and having diminished self-control in eating behaviors (Golan & 

Crow, 2004). Positive parenting practices such as expressing greater warmth toward children and 

engaging in more cognitively stimulating activities with children have been associated with 

lower likelihood of children being or becoming overweight or obese (Avula et al., 2011).  

 Parental Warmth and Children's and Adolescents' Developmental Outcomes.  

Parental attitudes and behaviors toward the child have long-term effects on parent-child 

relationships as well as children's functioning (Chen et al., 2000; Levine, 1988). Among the 

many aspects of parenting, parental warmth has received much attention in research. In previous 

literature, parental warmth refers to the emotional and affectionate caregiving that parental 

figures express toward their child (MacDonald, 1992; Operario et al., 2006). Parental warmth is a 

crucial factor in fostering individuals' secure attachments and positive relationships with parents, 

siblings, peers, and romantic partners (DeHaan et al., 2013; MacDonald, 1992; Rothbaum & 

Weisz, 1994; Youngblade & Belsky, 1992). In contrast, the absence of parental warmth has been 
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linked to children's feelings of low self-worth, aggressive behaviors, depression, internalizing 

and externalizing behaviors, and peer rejection (Dodge et al., 1994; Hale et al., 2008; Manzeske 

& Straiht, 2009; Muris, Meesters, & van den Berg., 2003; Whitbeck, Conger, & Kao, 1993).  

Bronfenbrenner and Morris's Bioecological Theory of Development. As 

Bronfenbrenner and Morris posited in their Bioecological Theory of Development 

(Bronfenbrenner & Morris, 2006), individuals develop and thrive through networks of ecological 

subsystems, in which the relationships between children and their parents occur in the child's 

most proximal subsystem (microsystem). Parental warmth, the emotional and affectionate 

caregiving parental figures express toward their child (MacDonald, 1992; Operario et al., 2006), 

allows the child to internalize these positive interactions with their parents and translate them to 

motivations to focus on other developmental outcomes such as school functioning (Patel, 2011). 

For instance, adolescents (grades 6-12) who perceive their parents to be warmer or more loving 

have been shown to have higher GPAs (Kim & Rohner, 2002).  

Although previous research has reported positive effects of parental warmth on a wide 

range of children's outcomes, little is known about the influences parental warmth may have on 

children’s and adolescents’ development in the context of childhood obesity. Few studies 

examined parental warmth in the study of parental influences on children's weight status in 

association with developmental outcomes. From the perspective of the bioecological model 

(Bronfenbrenner & Morris, 2006), it would be expected that the extent to which parental warmth 

impacts each individual will vary. For overweight or obese adolescents, having more loving and 

accepting parents may protect them against negative outcomes that have been documented in 

previous research (e.g., Schwimmer et al., 2003; Falkner et al., 2001), but the extent to which 
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parental warmth may serve as a protective factor for adolescents in different weight groups 

requires further research. 

In addition to proximal processes such as parental warmth, Bronfenbrenner theorized that 

personal characteristics such as gender may influence interactions within the proximal subsystem 

and contribute to gender differences in proximal processes (Bronfenbrenner & Morris, 2006). As 

discussed earlier, previous research has shown gender differences in the association between 

adolescents' weight status and academic outcomes (e.g. Datar & Sturm, 2006; Ding et al., 2009). 

In addition to these gender differences, the extent to which parents influence the daily 

functioning of boys and girls also differs. It has been suggested, for example, that compared to 

boys, girls have a tendency to be more impacted by closeness and emotional attachment (or the 

lack thereof) with parents (Geuzaine, Debry, & Liesens, 2000; Operario et al., 2006). For 

example, parental attachment was a protective factor for adolescent girls against depression and 

misconduct but served as a risk factor for these outcomes for boys (Formoso, Gonzales, and 

Aiken, 2000; Operario et al., 2005). In another study (Garnefski & Okma, 1996), significant 

associations between problems at home and externalizing behaviors were shown for adolescent 

girls, but not adolescent boys.  

Rohner's Parental Acceptance-Rejection Theory. Rohner's Parental Acceptance-

Rejection Theory (1980, 1986, 2005), known as PAR or PART and recently renamed IPART, 

placed parental warmth on a continuum. On one end of the continuum is parental warmth, which 

includes verbal or physical expressions of parental acceptance, warmth, affection, and love. On 

the other end of the continuum is parental rejection, which includes verbal or physical 

expressions of absence or withdrawal of warmth, affection, or love by parents toward their 

children. This theory addresses the relationship between parental acceptance-rejection and 
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children's expressive behaviors and attempts to explain and predict children's behavioral 

outcomes as a function of acceptance-rejection. For instance, children who are rejected by their 

parents are suggested to be more likely to have impaired self-esteem and to be more emotionally 

unstable (Khaleque & Rohner, 2002; Rohner, 1980). Of relevance to the present study, some 

children whose parents show low warmth toward them attempt to cope emotionally by eating, 

thus contributing to their weight status (Topham et al., 2011). 

 Previous research has reported positive effects of parental warmth on children's and 

adolescents' academic, emotional, and peer relationship outcomes (Kim & Rohner, 2002; Rohner 

& Khaleque, 2005). Children and adolescents whose parents are warm and supportive are 

predicted to have fewer psychological problems (Baumrind, 1991; Operario et al., 2006; Pettit et 

al., 1997) as well as lower levels of internalizing behaviors (Bayeret al., 2006). Parental warmth 

and positive expressivity toward children are linked to greater peer acceptance and social 

competence in children (Attili et al., 2015; Booth, 1994; Davidov & Grusec, 2006; Zhou et al., 

2002). In sum, parenting that is characterized by higher parental warmth is generally reported to 

have positive influences on children's developmental outcomes. However, less is known about 

the influences parental warmth have on children's development in the context of childhood 

obesity, and few studies have included parental warmth to study the influences of parents on 

children's and adolescents' weight status and developmental outcomes. For children and 

adolescents who are overweight or obese, having more loving and accepting parents may protect 

them against negative outcomes since they are less likely to cope emotionally through unhealthy 

habits such as overeating. However, whether parental warmth serves as a protective factor for 

overweight or obese children and adolescents against negative developmental outcomes requires 

further research.  
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 Parental Involvement and Childhood and Adolescent Overweight/Obesity. Much of 

the existing research on parental involvement and childhood obesity has focused on the influence 

of parental involvement in terms of treatments or interventions for childhood overweight and 

obesity (Golan & Crow, 2004; Kingsley & Shapiro, 1977; Kirschenbaum, Harris, & Tomarken, 

1984). As mentioned earlier, parents are the providers of the child’s home environment; thus, 

they play important roles in promoting and modeling healthy eating behaviors to their children 

(Kral & Rauh, 2010) as mentioned earlier. Despite the important role parents play in children's 

daily lives, recent research on parental involvement and childhood obesity has not gone beyond 

the domains of obesity prevention, intervention, or treatment. Moreover, most existing theories 

on parental involvement have not been extended to research on childhood overweight or obesity. 

Thus, studies extending parental involvement to children's developmental domains within the 

framework of childhood overweight or obesity are still lacking.  

 Epstein’s Framework of Six Types of Parental Involvement. Many theories and 

framework in developmental and educational psychology have focused on parents and the 

interactions between parents and their children. Of the many theories, Epstein's framework of 

parental involvement has been extensively studied in the parent-school context. Epstein (1995, 

2005) proposed six types of parental involvement.  

 Among the six types of parental involvement, two types are especially relevant to the 

current study. Parenting, which refers to parents establishing home environments and providing 

for the basic needs of children to foster environments that support learning, and learning at home, 

which encompasses participating in children’s learning activities as well as engaging in activities 

with children outside of school, are the two types that may have the most direct relevance to 

children's development within the parent-child dyad. For instance, if parents provide their child a 
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secure and cognitively stimulating home environment, the child will be likely to spend more time 

focusing on learning and less time worrying about his or her safety as compared to a child who 

lives in a less secure environment. Parents also may directly influence children and adolescents 

through monitoring children's and adolescents' food selection (Klesges et al., 1991) and 

determine the types of food they want to expose their children to by providing the food 

environment. By engaging in activities with their children, parents have increased time to 

communicate and interact with, and thus to socialize their children. At the same time, parents 

may serve as role models and source of knowledge for their children during parent-child 

interactions. Thus, although existing research on Epstein's parental involvement theory have 

generally been studied within the parent-school context, extension of the theory to other domains 

should be considered.  

Parental Involvement and Children's and Adolescents' Developmental Outcomes. 

Parental involvement has received tremendous attention in research, given the popular belief that 

parental involvement has positive effects on children's academic success (Epstein, 1989, 1994, 

2005; Hoover-Dempsey & Sander, 1995). Many people, including policy makers, school 

administrators, teachers, parents, and children themselves perceive parental involvement as a 

critical component in children's developmental success. A meta-analysis by Fan and Chen (2001) 

reported a small-to-moderate association between parental involvement and children's academic 

achievement.  

However, the findings from existing research on the influence of parental involvement on 

academic achievements have been inconsistent. Some studies found that parental involvement in 

middle and high school is positively associated with adolescents' academic achievement (e.g. 

Castro et al., 2015; Catsambis, 2001; Hill et al., 2004; Hill & Tyson, 2009; Wang & Sheikh-
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Khalil, 2014), while other studies showed that parental involvement is not associated with 

academic achievement (e.g. Balli, Wedman, & Demo, 1997). In addition, some researchers 

posited that whether parental involvement was associated with academic achievement depended 

on the types of parental involvement that was examined (Wilder, 2014).  

Another question examined in previous research is the idea that in face-to-face 

interactions with their parents, children have opportunities to learn, practice, and refine social 

and emotional skills that are crucial for successful relationships with peers (Isley et al., 1999). 

Children who express more positive affect during interactions with their parents have been rated 

as more popular by peers than children who express more negative emotions during such 

interactions (Isley et al., 1999).   

It has also been suggested that parental involvement plays an important role in the 

emotional well-being of both boys and girls (Wenk et al., 1994). Findings in regard to the 

association between parental involvement and emotional outcomes, however, have been mixed. 

Children whose parents are more involved exhibit lower rates of externalizing problems 

(Scaramella, Conger, & Simmons, 1999). Similarly, higher levels of parental involvement, as 

indicated by the amount of time parents engage in activities with their children, have been 

associated with higher self-esteem in children (Ho, 2003; James & Amato, 2013). However, 

other studies have found little evidence for the association between parental involvement and 

children's self-esteem (Amato & Fowler, 2002; Gecas & Schwalbe, 1986).  

In summary, parental involvement has been suggested to make significant contributions 

to children's academic, social, and emotional development, but research on the association 

between parental involvement and these developmental outcomes in the context of childhood and 

adolescent overweight and obesity is lacking. 
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CHAPTER 3: The Present Study 

 The present study investigates the eighth-grade academic achievement, emotional 

outcomes, and peer relationships of adolescents with different BMI trajectories and explores the 

potential protective effects of parental factors using data from the Early Childhood Longitudinal 

Study- Kindergarten 1998-1999 cohort (ECLS-K), a seven-wave longitudinal study. Due to the 

longitudinal nature and breadth of measures available in the ECLS-K, this data set was optimal 

for conducting BMI trajectory analyses in relation to children's outcomes, as children's weight 

and height were measured at different time points between kindergarten and 8th grade. A 

conceptual model of the present study is shown in Figure 1.  
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Figure 1. A conceptual model of the study. Encircled numbers represent each of the aims of the 

study.  

BMI Trajectories 

(K-8th grade) 

Parental Factors  

[parental warmth (3
rd

 and 

8
th

 grade),  

parental involvement (8
th

 

grade): parent report] 

 

1 

3 

Gender & 

(Ethnicity) 

2 

Academic Achievement 

(Reading &math t-scores) 

Emotional Outcomes 

(Self-esteem: child report 

Internalizing behavior: child 

report) 

Peer Relationships 

(child report) 

 
4 

5 

5 

4 



23 

 

Aims and Research Hypotheses  

 As numbered in Figure 1, the aims of the study were 1) to determine and identify the 

number and types of relatively homogenous clusters of trajectories of body mass index (BMI) 

over time, from kindergarten to eighth grade in a nationally representative of children; 2) to 

determine whether gender and ethnicity affect BMI trajectory membership; 3) to examine the 

association between different BMI trajectories and academic achievement (standardized reading 

and math test scores), emotional outcomes (internalizing behaviors and self-esteem), and peer 

relationships in eighth grade; 4) to explore the potential protective effects of parental factors 

(parental warmth and parental involvement) on the associations between BMI trajectories and 

adolescents’ outcomes; and 5) to examine the consequences of BMI trajectories and the 

protective effects of parents (parental warmth and parental involvement) separately by gender 

(however, the sample size for each ethnic group was too small to allow me to address these 

questions by ethnicity).  

1) BMI trajectories 

 H1) Based on the findings of previous research on children’s and adolescents' BMI 

trajectories, three or four BMI trajectories were expected to be identified: (a) consistently under 

or normal weight, (b) gradually becoming overweight or obese/at risk of overweight or obesity, 

(c) accelerated overweight or obese/at risk of overweight or obesity, and (d) consistently 

overweight or obese.  

2) Gender, Ethnicity, and BMI trajectories 

 H2) Boys and girls are predicted to have somewhat different patterns of trajectory 

membership. Previous studies have shown similar trajectory patterns for consistently normal 

weight and overweight boys and girls, but a more accelerated pattern of weight gain for boys as 
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compared to girls (Balisteri & Van  Hook, 2011). Likewise, adolescents from different ethnic 

groups (White, Hispanic, African American, and Asian American) were predicted to have 

varying patterns of trajectory membership. Findings from previous research have indicated that 

Hispanic and African American children are more likely to show accelerated patterns of weight 

gain (Danner & Toland, 2012). Thus, higher percentages of Hispanic and African American 

children are predicted to fall into the trajectory of at-risk for overweight or obesity, compared to 

children in other ethnic groups, since past research has shown that Hispanic and African 

American youths tended to have higher BMI compared to youths in other ethnic groups (Caprio 

et al., 2008; Ramirez, Gallion, & Despres, 2014).  

3) Eighth-grade outcomes (academic achievement, emotional outcomes, and peer relationships). 

 H3) Adolescents who were in the consistently overweight or obese trajectory groups were 

predicted to have the poorest outcomes (academic achievement, emotional, and peer 

relationships), followed by adolescents in the accelerating overweight or obese/at risk of 

overweight or obesity group, gradually becoming overweight or obese/at risk of overweight or 

obesity group, and consistently under or normal BMI group respectively. Adolescents in the 

consistently under, or normal weight trajectory group were predicted to have the best outcomes.  

4) Parental factors (parental warmth and involvement) 

 H4) For the trajectory groups with lower or poorer academic achievement, emotional 

outcomes, and peer relationships, parental warmth in the 3
rd

 and 8
th

 grade and parental 

involvement in the 8
th

 grade were predicted to serve as protective factors against negative 

outcomes. Positive parenting practices, consisting of higher levels of parental warmth and more 

frequent engagement in activities with the child, were predicted to be associated with better 

academic achievement, emotional outcomes, and peer relationships across all trajectory groups.  
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5) BMI trajectories, developmental outcomes, and parental factors by gender 

 H5) Boys and girls were predicted to show varying patterns of association between BMI 

trajectories and developmental outcomes (academic achievement, emotional outcomes, and peer 

relationships) as well as different patterns of trajectory group memberships (see H4 above). Girls 

who were in the accelerated or consistently overweight or obese groups were predicted to have 

more negative outcomes than boys, since previous findings suggest that girls are subjected to 

more weight-related stigmatization and bullying (McKinley, 2006). Higher parental warmth and 

involvement were predicted to exert protective effects against negative outcomes for both boys 

and girls who were consistently overweight or at risk of overweight, although the extent of the 

effect may differ by gender, perhaps favoring girls based on the aforementioned evidence that 

the negative effect of overweight and obesity was not pronounced for girls than for boys. 
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Chapter 4: Methods 

 

Data Set 

 

 The present study used data collected in the Early Childhood Longitudinal Study-

Kindergarten cohort (ECLS-K), conducted by the National Center for Education Statistics 

(NCES) of the U.S. Department of Education. The children in the ECLS-K study were selected 

through a multi-stage probability sampling design in which 930 public and 350 private schools 

were selected across 100 counties or groups of counties. Within each school, 24 kindergarteners 

were randomly selected through equal probability systematic sampling for participation in the 

study. Parents of selected children were invited to participate in the study and provided informed 

consent for their children. A nationally representative sample of 21,260 kindergarteners from 

diverse socioeconomic and racial/ethnic backgrounds were recruited into the study and followed 

through seven time-points from kindergarten to 8
th

 grade: Spring of Kindergarten (1999), Fall of 

first grade (1999), Spring of first grade (2000), Spring of 3
rd

 grade (2002), Spring of 5
th

 grade 

(2004), and Spring of 8
th

 grade (2007). At each time-point, extensive information related to 

children's cognitive, social, emotional, and physical development were collected from the child, 

parents, teachers, and school administrators. Additionally, information regarding children’s 

school and home environment, educational activities and curriculum, parental involvement, and 

teacher qualifications was collected.  

 A variety of methods, including one-on-one in person assessments, computer-assisted 

telephone interviews, and self-administered paper and pencil questionnaires, were used to collect 

data from children, parents, teachers, and school administrators. Trained evaluators measured 

children’s height and weight, reading and mathematics skills, and perceptions of various 

academic, social, and emotional topics through un-timed, one-on-one interviews with each child 
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during school visitations. Computer-assisted interviewing methodology was also used in direct 

child assessments in 3
rd

, 5
th

, and 8
th

 grade. Information from parents was collected through 45-50 

minute telephone interviews at home by trained interviewers. Parent responses were recorded via 

computer-assisted interviewing methods. If a child’s family did not have a telephone, in-person 

interviews were conducted. To facilitate understanding of the interview material for children 

with special needs and families whose primary language was not English, translators were used 

when available. Responses from teachers and school administrators were collected through paper 

and pencil surveys (Tourangeau et al., 2009). 

Present Study 

 In the current study, BMI composite scores from six of the seven time-points were used 

to identify homogenous clusters of trajectories of BMI change over time. BMI scores from the 

fall of first grade were not used since BMI was only assessed for about 30% of children at that 

time point. Academic achievement (reading and math T-scores), emotional outcomes (self-

esteem and internalizing behavior), and peer relationships from 8th grade were selected since 

they provide the most recent measures of child outcomes available. Items for parental factors 

were drawn from 3rd grade and 8th grade: parental warmth items from 3
rd

 and 8
th

 grade and 

parental involvement items from 8
th

 grade. Although parental warmth and involvement at other 

time points may be important to consider, these variables were not assessed at all time points. 

Parental warmth was only assessed in kindergarten, 3
rd

, and 8
th

 grade. Parental warmth in 

kindergarten was not included in the current study since children are only beginning to adjust to 

the school setting and parental warmth during this time may have less influence on children's 

outcomes in 8
th

 grade as compared to parental warmth in 3
rd 

and 8
th

 grade. Parental involvement 

that used items of interest in the current study was only assessed in 8
th

 grade. It should be noted 
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that the majority of data on parental warmth and involvement were reported by mothers (~79.5% 

mothers, 8.1% fathers).  

 As with most multi-wave longitudinal data sets, the issue of sample attrition and non-

response was present. To adjust for biases that may arise from attrition, non-response, and the 

diversity of survey methodologies across waves, sampling weights were used. The sampling 

weight C2_FP0  (includes the full sample of children and parent interview data for spring of 

kindergarten, spring of 1
st
 grade, 3

rd
 grade, 5

th
 grade, and 8

th
 grade) was applied in the current 

study to obtain a representative sample of kindergarten children in 1998-99 (Tourangeau et al., 

2009).  

Participants 

 Since the main goal of the current study was to examine adolescents' BMI trajectories 

and eighth grade academic outcomes, 8791 adolescents with valid BMI measures in eighth grade 

were included. To ensure that our sample was representative of the children included in the total 

Kindergarten cohort, sampling weights were used in our analyses to account for oversampling. 

Tourangeau et al. (2009) systematically examined the attrition bias of this sample and concluded 

that, for the whole study, “the non-response bias of the estimates from the eighth grade was 

present but small” (pp. 7.36 – 7.37). 

 Of the 8791 adolescents, approximately 1950 adolescents were excluded by the Group 

Based Trajectory Modeling STATA plug-in for missing risk variables [time-stable psycho-social 

or other characteristic factors (such as IQ or adverse home environments) that are associated with 

measured covariates and membership in trajectory groups] or weights equal to zero. Thus, in the 

present study, our final sample consisted of around 6800 adolescents (~50% girls) who were 

followed up at eighth grade and fitted into BMI trajectory groups. To determine potential 
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attrition bias of this final sample, we compared them to the total original Kindergarten sample 

and found little bias in gender distribution (49% girls in the total Kindergarten sample, 50% girls 

in the eighth grade sample used in this study) and BMI (mean BMI in Fall of Kindergarten = 

16.3 in the total Kindergarten sample; mean BMI in Fall of Kindergarten = 16.3 in the eighth 

grade sample). In term of ethnic composition, however, the White majority was more likely to be 

followed up whereas ethnic minority groups (especially Blacks) were somewhat more likely to 

drop out of the study. For the total Kindergarten sample and eighth-grade samples in the present 

study, in that order, the comparative data are as follows: ethnic composition (55.1% vs. 

66.7%White, 15.1% vs. 8.5% Black, 17.9% vs. 15.4% Hispanics, 6.4% vs. 4.4% Asians, and 5.5% 

vs. 5.0% Others). SES was also slightly associated with attrition, with higher SES linked to 

lower attrition (17.6% vs. 12.6% First Quintile, 18.2% vs. 18.1% Second Quintile, 18.6% vs. 

20.5% Third Quintile, 19.3% vs. 21.9% Fourth Quintile, 20.4% vs. 26.8% Fifth Quintile, and 5.9% 

vs. 0% missing). Due to missing data across different variables, slightly varying sample sizes 

were used for different analyses (see Missing Data section below for more details). 

Measures 

 

 BMI. Body Mass Index (BMI = weight/height
2
) has traditionally been used as a measure 

of weight status in obesity-related research. For each of the seven waves of the ECLS-K, 

children's height and weight were measured twice with a portable digital scale stadiometer (Shorr 

Board) and a digital bathroom scale, respectively. The two measures were then averaged. 

Composite BMI for each child was computed based on the composite height and weight 

measures. We used children's BMI measures across six waves (Fall of kindergarten, Spring of 

kindergarten, Spring of first grade, Spring of third grade, Spring of fifth grade, and Spring of 

eighth grade) to classify children into various BMI trajectory groups. As mentioned previously, 
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BMI from the fall of first grade (wave 3) was not used in this study because weight and height 

were only assessed for a small number of children at this time point (~30%).  

Adolescents' eighth-grade outcomes 

 Academic achievement: reading and math. Adolescents' basic reading skills and 

conceptual and problem-solving mathematics skills in eighth grade were measured through two- 

stage assessments to ensure that all adolescents were tested with items that were appropriate to 

their abilities (Tourangeau et al., 2009). In the first stage, pencil-and-paper routing tests were 

administered. Based on their performance on the first test, adolescents were given tests of 

appropriate difficulty level. For each adolescent, item response theory (IRT) scores were 

computed for reading and mathematics, providing estimates of the number of questions the 

adolescent would have responded to correctly if they had answered all the questions on the 

reading and mathematics tests, respectively. The IRT scores were then converted to T-scores. 

Reading and math assessments included items that were specifically created for the study as well 

as items adapted from commercial assessments and items from other studies conducted by the 

National Center for Education Statistics (NCES).Content validity of these assessments was 

established by curriculum experts and teachers based on national and state performance 

standards in each subject (Tourangeau et al., 2009).   

 The reading assessment measured grade-appropriate basic skills (e.g. print familiarity, 

letter recognition, beginning and ending sounds, recognition of common words, and decoding 

multisyllabic words), vocabulary knowledge (e.g. receptive vocabulary and vocabulary-in-

context), and passage comprehension incorporating a variety of literary genres. The eighth grade 

reading assessment emphasized reading comprehension more than basic skills, requiring 

adolescents to develop and demonstrate understanding, interpretation, personal reflection, and 
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critical stance based on reading passages. Reliability for the eighth grade reading assessment was 

0.87.  

 The math assessment measured conceptual knowledge, procedural knowledge, and 

problem solving in various domains (e.g. number sense, properties and operations; measurement; 

geometry and spatial sense; data analysis, statistics and probability; and patterns, algebra, and 

functions). Emphasis was placed on number sense, properties, and operations. Reliability for the 

eighth grade math assessment was 0.92. 

 Emotional outcome: self-esteem. Adolescents' self-esteem was assessed with the Self-

Concept scale, which included items adapted from the Rosenberg Self-Esteem Scale (RSE) 

(Rosenberg, 1965).The items in this scale provided measures of general perceptions and feelings 

about oneself rather than esteem in specific domains such as body esteem. Adolescents were 

asked, "How do you feel about the following statements?" Then, they rated seven items about 

their perceptions of themselves on a four-point scale (1 = strongly disagree, 2 = disagree, 3 = 

agree, 4 = strongly agree). Responses that were marked as refused, don't know, or not 

ascertained were coded as missing data. Of the seven items, three items are reverse-coded so that 

higher scores indicate higher self-esteem. A complete list of the eight items is available in the 

Appendix (α = .81). 

 Emotional outcome: internalizing behaviors. Measures of internalizing behaviors were 

based on adolescents' self-reports on the Internalizing Problems scale (Tourangeau et al., 2009). 

Adolescents were asked  the question, "How true is each of these statement about you?" and then 

were asked to rate eight statements pertaining to feelings of sadness, loneliness, and anxiety on a 

four-point scale ( 1 = not at all true, 2 = a little bit true, 3 = mostly true, 4= very true). Responses 

that were marked as refused, don't know, or not ascertained were coded as missing data. 
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Examples of items in this scale include, "I feel sad a lot of the time," "I worry about finishing my 

work," and "I feel angry when I have trouble learning." A complete list of the eight items is 

available in the Appendix (α = .75). 

 Peer relationships. Adolescents' peer relationships were measured by five adolescent-

reported items pertaining to the adolescents’ perceptions of how well they were liked by their 

classmates. On a five-point scale (1 = never, 2 = seldom, 3 = sometimes, 4 = often, 5 = always), 

adolescents rated items based on the question, "How often are the following statements true?" 

Responses that were marked as refused, don't know, or not ascertained were coded as missing 

data. Examples of items include "My classmates think it is important to be my friend," "My 

classmates like me as much as they like others," and "My classmates really care about me." A 

complete list of the five items is available in the Appendix (α = .92).  

Parental Factors 

 Parental warmth in third grade. Parental warmth in third grade was assessed using eight 

items. Parents were asked to rate items pertaining to how often they expressed warmth toward 

their child or engaged in warmth behaviors. On a four-point scale (1 = completely true, 2 = 

mostly true, 3 = somewhat true, 4 = not at all true), parents indicated how true each statement 

was. Please note that on this original response scale, a higher number indicated lower agreement, 

which was later reversed for intuitive interpretation. Responses that were rated as refused, don't 

know, or not ascertained were coded as missing data. Sample items are as follows: "Child and I 

often have warm, close times together," "Most of the time I feel that child likes me," "Even when 

I'm in a bad mood, I show child a lot of love." "I express affection by hugging, kissing and 

praising child."(α =.60). The summary scores were centered using group means for ease of 

interpretation of the interaction analyses. 
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 Parental warmth in eighth grade. Parental warmth in eighth-grade was assessed using 

three items. The main-caretaker (mother, father, or guardian) was asked to indicate the number 

of times in the past week they "told child that you love him/her," "praised child for doing 

something worthwhile," and had "shown child physical affection such as kiss, hug, or pat or rub 

his/her back." Although only three items were used to measure parental warmth in the large-scale 

ECLS-K, these items reflect three aspects of parental acceptance and warmth that have been 

commonly included in longer measures of parental warmth [i.e. Parental Acceptance-Rejection 

Scale (Rohner & Khaleque, 2005), Parental Warmth and Acceptance Scale (Greenberger & Chen, 

1996)]. Moreover, these specific items had been used in previous studies (i.e. Hofferth et al., 

2000; Turney, 2011) to reflect parental warmth or warmth-related parenting behaviors. We 

summed the three items to indicate the amount of parental warmth parents displayed toward their 

children, with higher scores indicating more warmth (α = 0.85).The summary scores were 

centered using group means for ease of interpretation of the interaction analyses. 

 Parental Involvement in eighth grade. Previous research has shown that parental 

involvement may take different forms, among them: instrumental, in which parents provide 

income or resources to their children and expressive, in which parents provide caregiving, 

companionship, and sharing leisure activities with their children (Finley, Mira, & Schwartz, 

2008). In the current study, parental involvement in eighth grade was assessed with thirteen 

items on the parent questionnaire. Parents were asked to respond to items pertaining to how 

frequently they engaged in various activities together with their children in the past year on a 

four-point scale (1 = never, 2 = rarely, 3 = sometimes, 4 = frequently). Examples of these items 

include "attending school activities such as sports, plays, or concerts," "working on homework or 

school projects," "attending religious services," and "attending family social functions such as 
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party or wedding." Items that were rated as refused or don't know were coded as missing data. A 

complete list of the thirteen items of parental involvement is available in the appendix (α = .72). 

 Covariates. On the basis of prior findings in childhood overweight and obesity research, 

adolescents' ethnicity (dummy-coded as 1 = Whites, 2 = Others), age, and household 

socioeconomic status (SES) were included as covariates in the analyses. Previous findings have 

shown significant relationships between SES and weight status (Shrewsbury & Wardle, 2008; 

Sobal & Stunkard, 1989; Wang, 2001) and SES and children's school performance (Bradley & 

Corwyn, 2002; White, 1982). In this study, SES was indexed as the average of the standardized 

scores of up to five measures: father and mother's education, father and mother's occupation, and 

household income. Since separate gender analyses were conducted, gender was not included as a 

covariate.  

Missing Data 

 Missing data are a common problem for longitudinal studies. Of the 12,129 participants 

who were followed up in the eighth grade, 3,308 did not have BMI information, and were thus 

excluded from the analyses. In addition, we excluded 31 adolescents who had BMI measures in 

the eighth grade, but were missing at least three other BMI measures across the six waves. For 

the remaining 8791 participants, missing BMI measures, reading scores, math scores, and eighth 

grade parental warmth items were imputed using Full Information Maximum Likelihood (FIML) 

based on data collected from previous waves. Using FIML, we considered the missing data to be 

missing at random (MAR). Based on these methods and assumptions, we were able to minimize 

selection bias and maintain the largest possible sample of adolescents. 
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Chapter 5: Results 

 

 Descriptive statistics for the variables used in this study are shown in Table 1. 

 

Aim 1: Identifying BMI Trajectories Using Group-Based Trajectory Modeling  
 

 Using a maximum likelihood approach, group-based trajectory modeling estimated 

multiple regression models simultaneously and calculated from the model parameters the 

probability of each adolescent belonging to each trajectory group. In order to determine the 

shapes and appropriate number of trajectory groups to include in the model, I fitted 2 to 5 group 

models and used several criteria to select the best-fitting model (see Table 2). First, I compared 

Bayesian Information Criteria (BIC) between models to decide on the appropriate number of 

trajectory groups. A smaller BIC value indicated a better fit (Nagin, 1999), but as the number of 

groups was increased across models, the additional reduction of BIC became smaller (see Table 

2).  Following the existing guideline (Jones & Nagin, 2001; Nagin & Tremblay, 2005), I chose 

the model when additional groups failed to increase BIC by at least half of the BIC in the 

previous model. After the number of groups was selected, I determined the shape of each 

trajectory group using a step-wise approach in establishing polynomial order, with all groups 

initially set to cubic order. As the orders of each trajectory were made less complex (using 

quadratic, linear, and intercept only), I compared changes in BIC and the significance of 

parameters across models. Results suggested that quadratic trajectory pattern with three 

trajectory groups best fitted the data. Once a model was selected, I examined the posterior 

probabilities for each trajectory group to ensure all groups provided evidence for adequate model 

fit. A general rule required an acceptable model to have a minimum average posterior probability 

of 0.70 for all trajectories (Nagin, 2005). In this study, average posterior probabilities for all 

trajectories were at least 0.90.  
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Table 1 

Descriptive Statistics  
 All Sample  Boys  Girls  

Variables M SD %  M SD %  M SD % 

            

Age (in months)             

148 to less than 163   1.4    1.3    1.6 

   163 to less than 169   30.7    28.2    33.8 

   169 to less than 176   46.0    45.8    45.4 

   175 to less than 181   20.3    22.0    17.7 

   181 to 203   1.5    2.6    1.5 

Not ascertained   0.1    0.1    0.0 

SES            

   First Quintile   12.6    15.2    15.5 

   Second Quintile   18.1    18.8    19.1 

   Third Quintile   20.5    20.2    20.5 

   Fourth Quintile   21.9    20.9    20.5 

   Fifth Quintile    26.8    24.9    24.4 

Ethnicity             

   White   66.7    61.9    61.1 

   African America or Black    8.5    10.3    10.3 

   Hispanics   15.4    17.5    16.9 

   Asians   4.4    5.0    5.9 

   Others   5.0    5.3    5.8 

BMI Trajectory Groups             

   Consistently low to    

   normal BMI 

  65.0    67.2    62.7 

   Gradually increasing BMI   27.8    27.0    29.3 

Consistently higher BMI   7.2    5.8    7.1 

Parental Warmth (3rd)* 0.0 2.79   -0.1 2.8   0.1 2.7  

Parental Warmth (8th)* 21.3 11.8   20.3 11.2   21.9 12.3  

Parental Involvement (8th)* 0.0 4.85   -0.1 2.8   0.1 4.7  

Reading T-Scores  52.6 9.6   50.7 10.0   52.4 9.6  

Math T-Scores  51.5 9.7   52.0 9.87   50.9 9.4  

Self-Esteem 22.8 3.6   23.0 3.4   22.6 3.7  

Internalizing Behaviors 16.3 4.3   15.7 4.2   16.8 4.4  

Peer Relationship 18.9 4.5   18.2 4.5   19.6 4.4  

            

* indicates variable is centered.
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Table 2 

Bayesian Information Criteria (BIC)  

Model Bayesian Information Criteria (BIC) 

2 group   -119545.38 

3 group   -112509.69 

4 group  -109077.65 

5 group   -106866.38 

  

 

 Using the censored normal distribution option of the "TRAJ" program in Stata, I modeled 

three trajectory groups with quadratic terms (see Figure 2), with children's BMI from six waves 

(fall of kindergarten, spring of kindergarten, spring of first grade, spring of third grade, and 

spring of eighth grade) as the longitudinal “outcome” and year and month of assessment as the 

time variable. Adolescents were assigned to the trajectory group in which they had the highest 

posterior probability. Although some previous research suggested that no trajectory groups 

should include less than 10% of the sample (Balistreri & Hook, 2011), this had not been 

established as a set rule of GBTM. Moreover, the group with less than 10% of the sample may 

provide meaningful information about the characteristics of the group when a sufficiently large 

sample is present. Separate models were then established for males and females, each including 

three trajectory groups (see Figures 3 & 4).  
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Figure 2. BMI Trajectories (Full sample: N = 6847). Note. Group 1 = consistently low to normal 

BMI group, Group 2 = Gradually increasing BMI group, Group 3 = Consistently higher BMI group; 

Original full sample included 8791 participants, but 1944 participants were "excluded by if condition, 

missing risk variables, or weights = 0", which leaves 6847 participants in the three trajectory groups. 
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Figure 3. BMI Trajectories (Boys only: N = 3458). Note. Group 1 = consistently low to normal BMI 

group, Group 2 = Gradually increasing BMI group, Group 3 = Consistently higher BMI group; Original 

boys only sample included 4421 participants, but 963 participants were "excluded by if condition, missing 

risk variables, or weights = 0", which leaves 3458 participants in the three trajectory groups. 
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Figure 4. BMI Trajectories (Girls only: N = 3389). Note. Group 1 = consistently low to normal BMI 

group, Group 2 = Gradually increasing BMI group, Group 3 = Consistently higher BMI group; Original 

boys only sample included 4370 participants, but 981 participants were "excluded by if condition, missing 

risk variables, or weights = 0", which leaves 3389 participants in the three trajectory groups. 

 

 Using group-based trajectory modeling, three BMI trajectory groups across kindergarten 

to eighth grade were identified: 1) consistently low to normal BMI group (~64-66%), 2) 

gradually increasing BMI group (~27-29%), and 3) consistently higher BMI group (~6-7%) (see 

Figure 2). Based on the 2000 CDC growth chart, the last group’s age-adjusted percentiles for 

eighth grade ranged from 90.0 to 99.8, with a mean percentile of 98.5 (S.D. = 0.016). For each 

gender, I also identified three BMI trajectory groups (see Figures 3 & 4) and conducted separate 

analyses using "boys only" and "girls only" samples. Overall, 100% of the participants were 
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classified into the same trajectories in both sets of analyses (whole sample and separate samples 

by gender), suggesting the robustness of our results. Means and standard deviations of eighth 

grade outcomes (reading and math T-scores, self-esteem, internalizing behaviors, and peer 

relationships) for each BMI trajectory group in Table 3 (also see Figures 5-9). 
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Table  3  

Descriptive statistics of eighth grade outcomes (reading T-scores, math T-scores, self-esteem, internalizing behavior, and peer 

relationship) by BMI Trajectory groups  
Variables   Group 1  Group 2  Group 3 

  Mean Std. 

dev. 

N  Mean Std. 

dev. 

N Cohen's 

d 

 Mean Std. 

Dev. 

N Cohen's 

d 

               

All               

   Reading T-Scores  53.10 9.61 4513  51.65*** 9.84 1884 0.15  49.93*** 8.79 450 0.34 

   Math T-Scores  53.15 9.47 4513  51.33*** 9.51 1884 0.19  50.50*** 8.70 450 0.29 

   Self-Esteem  23.03 3.49 4491  22.46*** 3.65 1863 0.16  22.19*** 3.56 447 0.24 

   Internalizing behavior  16.00 4.14 4494  16.47*** 4.52 1868 -0.11  16.74** 4.48 447 -0.17 

   Peer relationships  19.21 4.31 4468  18.55*** 4.66 1856 0.15  17.95*** 4.90 444 0.27 

               

Boys               

   Reading T-Scores  52.22 9.90 2288  50.61*** 9.96 957 0.16  49.93** 9.30 213 0.24 

   Math T-Scores   53.84 9.72 2288  51.45*** 9.83 957 0.24  52.09* 8.60 213 0.19 

   Self-Esteem  23.25 3.37 2278  22.52*** 3.54 946 0.21  22.60** 3.27 211 0.20 

   Internalizing behavior  15.49 4.02 2279  16.13*** 4.47 947 -0.15  16.00 4.33 211 -0.12 

   Peer relationships  18.52 4.33 2261  17.77*** 4.68 939 0.17  17.14*** 4.95 209 0.30 

               

Girls                

   Reading T-Scores  54.01 9.22 2225  52.73*** 9.59 927 0.14  49.93*** 8.32 237 0.46 

   Math T-Scores  52.45 9.15 2225  51.20*** 9.17 927 0.14  49.08*** 8.56 237 0.38 

   Self-Esteem  22.80 3.60 2213  22.40** 3.76 917 0.11  21.83*** 3.96 236 0.26 

   Internalizing behavior  16.53 4.21 2215  16.82 4.55 921 -0.07  17.40** 4.52 236 -0.20 

   Peer relationships  19.92 4.55 2207  19.35** 4.50 917 0.13  18.66*** 4.75 235 0.27 

               

*** indicates mean is significantly different from the mean of group 1 at p < .001. 

** indicates mean is significantly different from the mean of group 1 at p < .01. 

* indicates mean is significantly different from the mean of group 1 at p < .05. 

Note. Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing BMI group, Group 3 = Consistently higher BMI 

group;  Covariates not controlled for. 
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Figure 5. Mean Eighth Grade Reading T-Scores Across BMI Trajectory Groups. 
*** indicates mean is significantly different from the mean of group 1 at p < .001. 

** indicates mean is significantly different from the mean of group 1 at p < .01. 

* indicates mean is significantly different from the mean of group 1 at p < .05. 

Note. Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing  BMI group, Group 3 = 

Consistently higher BMI group; Error bars indicate standard errors for each group. 

 

 
Figure 6. Mean Eighth Grade Math T-Scores Across BMI Trajectory Groups. 
*** indicates mean is significantly different from the mean of group 1 at p < .001. 

** indicates mean is significantly different from the mean of group 1 at p < .01. 

* indicates mean is significantly different from the mean of group 1 at p < .05. 

Note. Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing  BMI group, Group 3 = 

Consistently higher BMI group; Error bars indicate standard errors for each group. 
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Figure 7. Mean Eighth Grade Self-Esteem Across BMI Trajectory Groups. 
*** indicates mean is significantly different from the mean of group 1 at p < .001. 

** indicates mean is significantly different from the mean of group 1 at p < .01. 

* indicates mean is significantly different from the mean of group 1 at p < .05. 

Note. Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing  BMI group, Group 3 = 

Consistently higher BMI group; Error bars indicate standard errors for each group. 

 
 

 
 

Figure 8. Mean Eighth Grade Internalizing Behaviors Across BMI Trajectory Groups. 
*** indicates mean is significantly different from the mean of group 1 at p < .001. 

** indicates mean is significantly different from the mean of group 1 at p < .01. 

* indicates mean is significantly different from the mean of group 1 at p < .05. 

Note. Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing  BMI group, Group 3 = 

Consistently higher BMI group; Error bars indicate standard errors for each group. 
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Figure 9. Mean Eighth Grade Peer Relationships Across BMI Trajectory Groups. 
*** indicates mean is significantly different from the mean of group 1 at p < .001. 

** indicates mean is significantly different from the mean of group 1 at p < .01. 

* indicates mean is significantly different from the mean of group 1 at p < .05. 

Note. Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing  BMI group, Group 3 = 

Consistently higher BMI group; Error bars indicate standard errors for each group. 

 

Aim 2: Determine whether gender and ethnicity affected trajectory membership 

 I conducted chi-square tests to determine whether gender and ethnicity affected trajectory 

membership. My results indicated that gender did not affect BMI trajectory group membership, 

as the distributions of boys and girls in each trajectory group were relatively similar [𝑋2(2, N = 

6847) = 1.94, p = 0.38] (see Figure 10). Also, as mentioned previously, 100% of the participants 

were classified into the same trajectories in both sets of analyses (whole sample and separate 

samples by gender).  
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Figure 10. Distribution of Boys and Girls Across BMI Trajectory Groups. 

 

 BMI trajectory group membership was affected by ethnicity [𝑋2 (8, N = 6847) = 117.13, 

p < 0.001] (see Figure 11). Over 65% of non-Hispanic White adolescents and Asian adolescents 

were categorized in the consistently low to normal BMI group (White: 69.3%, Asian: 66.4%), 

whereas less than 60% of Black and Hispanic adolescents were in that group (Black: 57.5%, 

Hispanic: 56.11%). In contrast, Black (11.5%) and Hispanic adolescents (9.5%) were more likely 

than White (5.2%) and Asian adolescents (3.4%) to be in the consistently higher BMI group. 

Black (31.1%) and Hispanic adolescents (34.4%) were also somewhat more likely than White 

(25.5%) and Asian adolescents (30.2%) to be in the gradually increasing BMI group. These 

distribution patterns were consistent with findings from past research that indicated Asian 

Americans had the lowest rates of childhood obesity while African Americans and Hispanics had 
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higher prevalence of childhood obesity (Caprio et al., 2008) and accelerated patterns of weight 

gain (Danner & Toland, 2012). 

 

Figure 11. Distribution of Ethnic Groups Across BMI Trajectory Groups. 

 

Aim 3: Examining the associations between different BMI trajectories and academic 

achievement, emotional outcomes, and peer relationships 

 Once BMI trajectories had been identified, I examined the relationship between different 

BMI trajectories and adolescents' academic achievement, emotional outcomes, and peer 

relationships. To identify whether there were mean differences between trajectory groups for 

each outcome, one-way ANOVA was used to compare the means of the gradually increasing 

BMI group (group 2) and consistently higher BMI group (group 3) with those of the consistently 

low to normal BMI group (group 1) (see Table 3 and Figures 5-9).  
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Academic Achievements (reading and math T-scores) 

Consistent with previous findings, adolescents in the consistently low to normal BMI 

group (group 1) had higher mean reading T-scores and math T-scores compared to adolescents in 

the gradually increasing BMI (group 2) and consistently higher BMI group (group 3) (see Table 

3 and Figures 5 & 6). When the mean scores across groups were compared separately by gender, 

similar patterns were observed, suggesting that boys and girls in the gradually increasing BMI 

group (group 2) and consistently higher BMI group (group 3) tended to have poorer academic 

achievement than their same- gender peers in the consistently low to normal BMI group (group 

1).   

Emotional Outcomes (self-esteem and internalizing behaviors) 

 Adolescents in the consistently low to normal BMI group (group 1) had higher mean self-

esteem and lower mean levels of internalizing behaviors compared to adolescents in the 

gradually increasing BMI (group 2) and consistently higher BMI groups (group 3) (see Table 3 

and Figures 7 & 8). When the means across groups were compared separately by gender, similar 

patterns were observed for boys' and girls' self-esteem and internalizing behaviors, indicating 

that boys and girls in the gradually increasing BMI group (group 2) and consistently higher BMI 

group (group 3) tended to have lower self-esteem compared to  adolescents in the consistently 

low to normal BMI group (group 1). Although girls in the gradually increasing BMI group 

(group 2)  and boys in the consistently higher BMI group (group 3) reported higher levels of 

internalizing behaviors compared to their peers in the consistently low to normal BMI group 

(group 1),the mean differences between these groups were not significant.  
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Peer Relationships 

 Compared with adolescents in the consistently low to normal BMI group (group 1), 

adolescents in the gradually increasing BMI (group 2) and consistently higher BMI groups 

(group 3) reported less favorable peer relationships (see Table 3 and Figure 9). When peer 

relationship means were compared separately by gender, the same pattern was observed, 

suggesting that boys and girls in the gradually increasing BMI group (group 2) and consistently 

higher BMI group (group 3) tended to have less favorable peer relationships compared to 

adolescents in the consistently low to normal BMI group (group 1). 

Aims 4 & 5: Explore the potential protective effects of parental factors (parental warmth 

and parental involvement) and examine the consequences of BMI trajectories and the 

protective effects of parents separately by gender. 

 Multiple linear regressions were used to examine the potential protective or risk 

(moderating) effects of parental factors (parental warmth and parental involvement). For 

significant interactions, I used methods developed by Preacher, Curran, & Bauer (2006) to probe 

interaction effects to determine where significant effects occurred.  
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Table 4 

Multiple linear regression estimates of the relationship between BMI trajectory groups and adolescents' academic achievement, 

emotional outcomes, and peer relationship and the moderating  effects of parental warmth in third grade (All sample) 
           

Models Reading T-Scores Math T-Scores Self-Esteem Internalizing 

Behaviors 

Peer Relationships 

 b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI 

           

Age 0.10 

(0.22) 

-0.32, 0.53 -0.02 

(0.24) 

-0.49, 0.45 0.14 

(0.09) 

-0.03, 0.31 0.02 

(0.11) 

-0.20, 0.25 0.08 

(0.11) 

-0.14, 0.30 

Ethnicity (White =1, 

Others =2) 

-2.66*** 

(0.39) 

-3.42, -1.90 -2.28*** 

(0.42) 

-3.10, -1.46 0.42** 

(0.16) 

0.11, 0.73 0.01 

(0.20) 

-0.38, 0.41 0.18 

(0.21) 

-0.23, 0.59 

SES 5.42*** 

(0.24) 

4.95, 5.90 5.04*** 

(0.26) 

4.52, 5.56 0.78*** 

(0.09) 

0.59, 0.97 -0.57*** 

(0.12) 

-0.80, -0.34 0.53*** 

(0.12) 

0.30, 0.76 

Trajectory Group 2 0.19 

(0.42) 

-0.64, 1.01 -0.72 

(0.45) 

-1.59, 0.16 -0.27 

(016) 

-0.58, 0.04 0.44* 

(0.20) 

0.05, 0.83 -0.40 

(0.21) 

-0.82, 0.03 

Trajectory Group 3 0.41 

(0.68) 

-0.93, 1.75 0.22 

(0.64) 

-1.04, 1.48 -0.53* 

(0.26) 

-1.04, -0.02 0.39 

(0.32) 

-0.23, 1.01 -1.51*** 

(0.34) 

-2.17, -0.86 

Parental Warmth  

(3rd grade) 

0.35*** 

(0.08) 

0.18, 0.51 0.27** 

(0.09) 

0.10, 0.45 0.10** 

(0.03) 

0.04, 0.17 -0.07 

(0.04) 

-0.14, 0.01 0.10* 

(0.04) 

0.02, 0.18 

PW x Group 2 -0.19 

(0.16) 

-0.49, 0.12 -0.26 

(0.17) 

-0.59, 0.08 0.11 

(0.06) 

-0.02, 0.24 -0.06 

(0.07) 

-0.20, 0.08 -0.02 

(0.09) 

-0.20, 0.15 

PW x Group 3 0.07 

(0.21) 

-0.34, 0.48 0.25 

(0.23) 

-0.20, 0.71 0.03 

(0.10) 

-0.16, 0.22 -0.16 

(0.12) 

-0.39, 0.07 -0.15 

(0.12) 

-0.39, 0.08 

           

Constant 51.68*** 

(0.66) 

50.39, 52.97 52.36*** 

(0.74) 

50.91, 53.81 22.35*** 

(0.27) 

21.83, 22.88 15.97*** 

(0.35) 

15.28, 16.66 18.76*** 

(0.37) 

18.04, 19.47 

F 108.66***  87.67***  13.90***  7.00***  7.72***  

* p <.05; ** p < .01;***p < .001.  

Note. Regression coefficients are unstandardized; Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing BMI group, 

Group 3 = Consistently higher BMI group 
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Table 5 

Multiple linear regression estimates of the relationship between BMI trajectory groups and adolescents' academic achievement, 

emotional outcomes, and peer relationship and the moderating  effects of parental warmth in third grade (boys only & girls only 

samples) 
           

Models Reading T-Scores Math T-Scores Self-Esteem Internalizing 

Behaviors 

Peer Relationships 

 b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI 

 

Boys only 

          

 Age 0.28 

(0.29) 

-0.29, 0.85 -0.16 

(0.34) 

-0.82, 0.50 0.13 

(0.12) 

-0.11, 0.37 0.07 

(0.16) 

-0.24, 0.38 0.29 

(0.16) 

-0.02, 0.60 

 Ethnicity (White 

=1, Others =2) 

-2.87*** 

(0.53) 

-3.91, -1.82 -2.29*** 

(0.60) 

-3.46, -1.12 0.52* 

(0.23) 

0.08, 0.97 0.10 

(0.29) 

-0.47, 0.67 0.20 

(0.31) 

-0.40, 0.80 

 SES 5.68*** 

(0.32) 

5.05, 6.31 5.51*** 

(0.39) 

4.74, 6.29 0.82*** 

(0.14) 

0.55, 1.08 -0.53** 

(0.17) 

-0.86, -0.20 0.45** 

(0.17) 

0.12, 0.78 

 Trajectory Group 2 0.08 

(0.59) 

-1.09, 1.24 -1.20 

(0.67) 

-2.51, 0.11 -0.55* 

(0.23) 

-1.00, -0.10 0.67* 

(0.27) 

0.13, 1.20 -0.64* 

(0.32) 

-1.26, -0.02 

 Trajectory Group 3 1.33 

(1.04) 

-0.70, 3.37 1.23 

(0.99) 

-0.71, 3.18 -0.19 

(0.31) 

-0.80, 0.43 0.03 

(0.45) 

-0.85, 0.91 -1.63*** 

(0.45) 

-2.51, -0.74 

 Parental Warmth  

 (3rd grade) 

0.26* 

(0.12) 

0.03, 0.50 0.29* 

(0.13) 

0.03, 0.54 0.09* 

(0.04) 

0.01, 0.17 -0.09 

(0.05) 

-0.19, 0.01 0.10 

(0.06) 

-0.01, 0.20 

 PW x Group 2 0.03 

(0.21) 

-0.38, 0.44 -0.03 

(0.24) 

-0.50, 0.45 0.12 

(0.10) 

-0.08, 0.32 -0.04 

(0.10) 

-0.23, 0.16 0.06 

(0.14) 

-0.22, 0.34 

 PW x Group 3 0.06 

(0.35) 

-0.63, 0.74 -0.15 

(0.37) 

-0.87, 0.58 0.02 

(0.11) 

-0.19, 0.24 -0.16 

(0.15) 

-0.46, 0.14 -0.11 

(0.15) 

-0.39,0.18 

Constant 50.24*** 

(0.92) 

48.45, 52.04 53.27*** 

(1.06) 

51.20, 55.34 22.55*** 

(0.37) 

21.83, 23.27 15.25*** 

(0.48) 

14.30, 16.20 17.47*** 

(0.51) 

16.47, 18.48 

 F 72.72***  56.47***  7.56***  4.19***  4.63***  

 

Girls only 

          

 Age 0.03 

(0.31) 

-0.58, 0.65 0.04 

(0.34) 

-0.63, 0.71 0.15 

(0.13) 

-0.10, 0.40 0.04 

(0.16) 

-0.28, 0.36 0.00 

(0.16) 

-0.31, 0.32 

 Ethnicity (White 

=1, Others =2) 

-2.56*** 

(0.53) 

-3.61, -1.51 -2.37*** 

(0.57) 

-3.48, -1.26 0.31 

(0.22) 

-0.12, 0.75 -0.12 

(0.27) 

-0.66, 0.41 0.10 

(0.27) 

-0.43, 0.64 

 SES 5.14*** 

(0.35) 

4.45, 5.82 4.53*** 

(0.35) 

3.86, 5.21 0.74*** 

(0.13) 

0.48, 0.99 -0.61*** 

(0.15) 

-0.91, -0.32 0.57** 

(0.16) 

0.25, 0.89 

 Trajectory Group 2 0.34 

(0.57) 

-0.78, 1.46 -0.19 

(0.57) 

-1.31, 0.93 0.04 

(0.22) 

-0.39, 0.46 0.20 

(0.29) 

-0.37, 0.76 -0.15 

(0.27) 

-0.69, 0.39 
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 Trajectory Group 3 -0.59 

(0.91) 

-2.39, 1.20 -0.37 

(0.80) 

-1.94, 1.19 -0.71 

(0.38) 

-1.47, 0.04 0.52 

(0.42) 

-0.30, 1.34 -1.63** 

(0.47) 

-2.55, -0.70 

 Parental Warmth  

 (3rd grade) 

0.38*** 

(0.11) 

0.18, 0.59 0.27* 

(0.12) 

0.04, 0.50 0.13* 

(0.05) 

0.02, 0.23 -0.07 

(0.06) 

-0.18, 0.04 0.07 

(0.05) 

-0.04, 0.17 

 PW x Group 2 -0.38 

(0.21) 

-0.79, 0.03 -0.51* 

(0.23) 

-0.95, -0.07 0.08 

(0.08) 

-0.08, 0.24 -0.07 

(0.10) 

-0.26, 0.12 -0.09 

(0.09) 

-0.26, 0.09 

 PW x Group 3 0.09 

(0.27) 

-0.43, 0.62 0.41 

(0.27) 

-0.11, 0.93 -0.01 

(0.14) 

-0.28, 0.26 -0.10 

(0.15) 

-0.40, 0.20 -0.11 

(0.17) 

-0.43, 0.22 

Constant 52.86*** 

(0.92) 

51.05, 54.67 51.71*** 

(1.03) 

49.70, 53.73 22.16*** 

(0.39) 

21.39, 22.94 16.55*** 

(0.50) 

15.58, 17.52 19.72*** 

(0.51) 

18.73, 20.73 

 F 48.69***  40.12***  7.49***  3.75***  4.12***  

* p <.05; ** p < .01;***p < .001.  

Note. Regression coefficients are unstandardized; Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing BMI group, 

Group 3 = Consistently higher BMI group 
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Parental Warmth in Third Grade 

Academic achievement: BMI trajectory groups x parental warmth in third grade 

As shown in Table 4, SES and ethnicity were consistently associated with academic 

achievement for the total sample, with higher achievement in both reading and math for 

adolescents from higher SES and white families. When analyzed separately by gender, similar 

patterns were shown for boys and girls (Table 5).  

 Parental warmth in third grade was positively associated with reading and math T-scores 

[Reading: b = 0.35, SE = 0.08, (95% CI: 0.18, 0.51), p < 0.001; Math: b = 0.27, SE = 0.09, (95% 

CI: 0.10, 0.45), p = 0.002] (see Table 4). However, there were no significant interactions 

between third-grade parental warmth and BMI trajectory groups for the total sample. 

 When I conducted separate gender analyses, parental warmth in third grade was 

positively associated with the eighth-grade reading and math T-scores of both boys and girls (see 

Table 5), indicating that higher levels of parental warmth expressed at a previous time point 

tended to predict boys' and girls' later reading and math achievement when measured in eighth 

grade. Most relevant to my hypotheses, there was a significant interaction between third-grade 

parental warmth and gradually increasing BMI trajectory group (group 2) for girls' math 

achievement [b = -0.51, SE = 0.23, (95% CI: -0.95, -0.07), p = 0.024] (see Table 5 & Figure 12). 

However, in contrast to my hypothesis, higher levels of parental warmth at an earlier time point 

were associated with lower (not higher) math achievement for girls in the gradually increasing 

BMI group (group 2).  

 Following the procedure proposed by Preacher (2006), I further probed the interaction to 

determine where significant effects occurred. Results showed that the significant group 2 

(gradually increasing BMI group) effect occurred outside the range from -7.01 to 3.05 for third-
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grade parental warmth. Because the true range of parental warmth (centered) was from-14.36 to 

3.64, only at a high level of parental warmth was the effect significant (see shaded area in Figure 

12).  

 

 

Figure 12. Interaction of Third-Grade Parental Warmth and BMI Trajectories on Math 

Outcomes: girls only. Note. Group 1 = Consistently low to normal BMI group, Group 2 = 

Gradually increasing BMI group, Group 3 = Consistently higher BMI group; Parental warmth 

was centered and is shown above as mean +2 SD. Shaded area reflects region of significance. 

 

Emotional outcomes: BMI trajectory groups x parental warmth in third grade 

 As shown in Table 4, SES was associated with adolescents' self-esteem and internalizing 

behaviors, with higher self-esteem and lower levels of internalizing behaviors among adolescents 

from higher SES. In addition, ethnicity was significantly associated with self-esteem, with higher 

46 

48 

50 

52 

54 

8
th

 G
ra

d
e
 M

a
th

 T
-S

c
o
re

s
 L

in
e

a
r 

P
re

d
ic

ti
o
n

 

-5.4 -4.4 -3.4 -2.4 -1.4 -.4 .6 1.6 2.6 3.6 4.6 
Parental Warmth in 3rd Grade (centered) 

Group1 Group2 

Group3 

Math T-Scores: Parental Warmth x Trajectory Groups (girls only) 

m = -0.24 

m = 0.27* 

m = 0.68** 



 

55 

 

self-esteem among adolescents white families. Similar patterns were observed for boys and girls 

in our separate gender analyses (see Table 5), with the exception that ethnicity was not 

significantly associated with girls' self-esteem.  

 For adolescents' (i.e., eighth graders’) self-esteem, greater parental warmth was 

associated with higher self-esteem [b = 0.10, SE = 0.03, (95% CI: 0.04, 0.17), p = 0.002] (see 

Table 4). However, there were no significant interactions between third-grade parental warmth 

and BMI trajectory groups for adolescents' self-esteem and internalizing behaviors.  

 When separate gender analyses were conducted (see Table 5), greater parental warmth 

was associated with higher self-esteem for both boys [b = 0.09, SE = 0.04, (95% CI: 0.01, 0.17), 

p = 0.034] and girls [b = 0.13, SE = 0.05, (95% CI: 0.02, 0.23), p = 0.015]. However, there were 

no significant interactions between third-grade parental warmth and BMI trajectory groups for 

boys' and girls' self-esteem and internalizing behaviors.  

Peer relationships: BMI trajectory groups x parental warmth in third grade 

 Higher levels of parental warmth in third grade were associated with more favorable peer 

relationships [b = 0.10, SE = 0.04, (95% CI: 0.02, 0.18), p = 0.013], but there were no significant 

interactions between parental warmth in third grade and BMI trajectory groups. When analyzed 

separately by gender, there were no main effects of parental warmth in third grade on boys’ and 

girls’ peer relationships nor any significant interactions between parental warmth and BMI 

trajectory groups for either boys' or girls' peer relationships (see Table 5).   

 As reported in Table 4, SES was associated with adolescents' peer relationships, with 

more favorable peer relationships among adolescents from higher SES. Similar patterns were 

observed for boys and girls (see Table 5). 
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Table 6 

Multiple linear regression estimates of the relationship between BMI trajectory groups and adolescents' academic achievement, 

emotional outcomes, and peer relationship and the moderating  effects of parental warmth in eighth grade (All sample) 
           

Models Reading T-Scores Math T-Scores Self-Esteem Internalizing 

Behaviors 

Peer Relationships 

 b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI 

           

Age 0.04 

(0.22) 

-0.38, 0.47 -0.05 

(0.24) 

-0.53, 0.42 0.10 

(0.09) 

-0.07, 0.27 0.06 

(0.12) 

-0.16, 0.29 0.03 

(0.11) 

-0.18, 0.25 

Ethnicity (White =1, 

Others =2) 

-2.76*** 

(0.40) 

-3.53, -1.98 -2.40*** 

(0.41) 

-3.21, -1.59 0.37* 

(0.16) 

0.05, 0.69 0.05 

(0.20) 

-0.34, 0.44 0.06 

(0.21) 

-0.35, 0.46 

SES 5.52*** 

(0.24) 

5.05, 5.99 5.07*** 

(0.26) 

4.56, 5.57 0.83*** 

(0.10) 

0.64, 1.02 -0.58*** 

(0.11) 

-0.80, -0.35 0.56*** 

(0.12) 

0.33, 0.79 

Trajectory Group 2 0.35 

(0.43) 

-0.49, 1.19 -0.61 

(0.45) 

-1.49, 0.26 -0.33* 

(0.17) 

-0.65, -0.01 0.50* 

(0.20) 

0.11, 0.89 -0.40 

(0.22) 

-0.82, 0.02 

Trajectory Group 3 0.43 

(0.65) 

-0.85, 1.70 0.24 

(0.66) 

-1.06, 1.54 -0.54* 

(0.27) 

-1.07, -0.01 0.41 

(0.31) 

-0.21, 1.03 -1.37*** 

(0.34) 

-2.03, -0.72 

Parental Warmth  

(8th grade) 

-0.00 

(0.02) 

-0.04, 0.04 -0.02 

(0.02) 

-0.06, 0.02 -0.00 

(0.01) 

-0.02, 0.02 0.01 

(0.01) 

-0.00, 0.03 -0.01 

(0.01) 

-0.03, 0.01 

PW x Group 2 -0.01 

(0.04) 

-0.08, 0.07 -0.01 

(0.04) 

-0.09, 0.07 -0.02 

(0.02) 

-0.05, 0.02 0.00 

(0.02) 

-0.03, 0.04 -0.01 

(0.02) 

-0.05, 0.03 

PW x Group 3 0.03 

(0.05) 

-0.08, 0.13 0.09* 

(0.04) 

0.00, 0.18 -0.02 

(0.02) 

-0.06, 0.03 -0.01 

(0.03) 

-0.06, 0.05 0.02 

(0.03) 

-0.03, 0.08 

           

Constant 51.81*** 

(0.66) 

50.50, 53.11 52.43*** 

(0.74) 

50.99, 53.88 22.49*** 

(0.27) 

21.96, 23.02 15.79*** 

(0.35) 

15.10, 16.49 18.94*** 

(0.36) 

18.23, 19.65 

F 107.76***  81.31***  11.76***  5.90***  7.04***  

* p <.05; ** p < .01;***p < .001.  

Note. Regression coefficients are unstandardized; Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing BMI group, 

Group 3 = Consistently higher BMI group, PW = Parental warmth  
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Table 7  

Multiple linear regression estimates of the relationship between BMI trajectory groups and adolescents' academic achievement, 

emotional outcomes, and peer relationship and the moderating  effects of parental warmth in eighth grade (boys only & girls only 

samples) 
           

Models Reading T-Scores Math T-Scores Self-Esteem Internalizing 

Behaviors 

Peer Relationships 

 b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI 

 

Boys only 

          

 Age 0.25 

(0.30) 

-0.34, 0.83 -0.16 

(0.34) 

-0.83, 0.51 0.06 

(0.12) 

-0.18, 0.30 0.09 

(0.16) 

-0.22, 0.41 0.23 

(0.16) 

-0.08, 0.53 

 Ethnicity (White 

=1, Others =2) 

-2.94*** 

(0.53) 

-3.99, -1.90 -2.36*** 

(0.59) 

-3.52, -1.21 0.53* 

(0.22) 

0.09, 0.96 0.05 

(0.28) 

-0.51, 0.60 0.08 

(0.30) 

-0.51, 0.67 

 SES 5.84*** 

(0.32) 

5.21, 6.46 5.55*** 

(0.38) 

4.80, 6.29 0.88*** 

(0.14) 

0.61, 1.16 -0.57** 

(0.17) 

-0.90, -0.24 0.51** 

(0.17) 

0.18, 0.84 

 Trajectory Group 2 0.31 

(0.62) 

-0.91, 1.52 -1.11 

(0.69) 

-2.46, 0.23 -0.54* 

(0.25) 

-1.03, -0.06 0.71* 

(0.28) 

0.17, 1.25 -0.59 

(0.33) 

-1.23, 0.05 

 Trajectory Group 3 1.41 

(1.01) 

-0.57, 3.40 1.46 

(1.00) 

-0.50, 3.42 -0.16 

(0.32) 

-0.78, 0.46 -0.07 

(0.42) 

-0.90, 0.75 -1.51** 

(0.44) 

-2.38, -0.65 

 Parental Warmth  

 (8th grade) 

0.01 

(0.03) 

-0.05, 0.06 -0.01 

(0.03) 

-0.07, 0.05 0.01 

(0.01) 

-0.02, 0.03 0.01 

(0.02) 

-0.02, 0.04 -0.00 

(0.01) 

-0.03, 0.02 

 PW x Group 2 0.01 

(0.06) 

-0.12, 0.13 0.01 

(0.07) 

-0.12, 0.14 -0.02 

(0.03) 

-0.08, 0.04 -0.01 

(0.03) 

-0.07, 0.05 -0.03 

(0.04) 

-0.10, 0.04 

 PW x Group 3 -0.15* 

(0.07) 

-0.28, -0.01 -0.01 

(0.08) 

-0.16, 0.15 0.00 

(0.03) 

-0.06, 0.07 -0.06 

(0.04) 

-0.14, 0.02 0.03 

(0.04) 

-0.04, 0.11 

Constant 50.24*** 

(0.92) 

48.44, 52.05 53.19*** 

(1.05) 

51.13, 55.24 22.73*** 

(0.37) 

22.00, 23.46 15.19*** 

(0.49) 

14.23, 16.15 17.65*** 

(0.51) 

16.65, 18.66 

 F 68.04***  50.70***  6.99***  3.55***  4.25***  

 

Girls only 

          

 Age -0.03 

(0.32) 

-0.65, 0.59 0.00 

(0.34) 

-0.67, 0.67 0.14 

(0.12) 

-0.11, 0.38 0.10 

(0.16) 

-0.22, 0.42 -0.04 

(0.16) 

-0.34, 0.27 

 Ethnicity (White 

=1, Others =2) 

-2.67*** 

(0.56) 

-3.77, -1.56 -2.43*** 

(0.57) 

-3.55, -1.31 0.21 

(0.23) 

-0.24, 0.66 -0.02 

(0.27) 

-0.55, 0.52 -0.04 

(0.27) 

-0.58, 0.49 

 SES 5.15*** 

(0.34) 

4.48, 5.83 4.58*** 

(0.34) 

3.91, 5.26 0.79*** 

(0.13) 

0.53, 1.04 -0.60*** 

(0.15) 

-0.89, -0.31 0.59*** 

(0.16) 

0.28, 0.91 

 Trajectory Group 2 0.37 

(0.58) 

-0.77, 1.50 -0.05 

(0.57) 

-1.17, 1.08 -0.10 

(0.23) 

-0.54, 0.35 0.26 

(0.29) 

-0.31, 0.83 -0.25 

(0.27) 

-0.78, 0.28 
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 Trajectory Group 3 -0.88 

(0.81) 

-2.47, 0.72 -0.66 

(0.83) 

-2.28, 0.97 -0.73 

(0.40) 

-1.53, 0.06 0.53 

(0.42) 

-0.28, 1.35 -1.51** 

(0.47) 

-2.44, -0.58 

 Parental Warmth  

 (8th grade) 

-0.02 

(0.03) 

-0.08, 0.04 -0.03 

(0.03) 

-0.08, 0.03 -0.01 

(0.01) 

-0.03, 0.02 0.01 

(0.01) 

-0.01, 0.03 -0.02 

(0.02) 

-0.05, 0.01 

 PW x Group 2 -0.01 

(0.05) 

-0.12, 0.09 -0.04 

(0.05) 

-0.13, 0.06 -0.02 

(0.02) 

-0.05, 0.02 0.02 

(0.02) 

-0.03, 0.06 0.00 

(0.02) 

-0.04, 0.05 

 PW x Group 3 0.14* 

(0.07) 

0.01, 0.28 0.16** 

(0.05) 

0.05, 0.26 -0.02 

(0.03) 

-0.09, 0.05 0.02 

(0.03) 

-0.04, 0.09 0.02 

(0.04) 

-0.05, 0.09 

Constant 53.15*** 

(0.93) 

51.32, 54.98 51.83*** 

(1.02) 

49.83, 53.83 22.26*** 

(0.39) 

21.50, 23.03 16.29*** 

(0.50) 

15.31, 17.27 19.97*** 

(0.49) 

19.00, 20.94 

 F 52.53***  38.94***  6.02***  3.36***  4.35***  

* p <.05; ** p < .01;***p < .001.  

Note. Regression coefficients are unstandardized; Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing BMI group, 

Group 3 = Consistently higher BMI group 
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Parental Warmth in Eighth Grade 

Academic achievement: BMI trajectory groups x parental warmth in eighth grade 

 Four significant interactions between eighth-grade parental warmth and BMI trajectory 

groups were found. First, for the total sample, there was a significant interaction between eighth-

grade parental warmth and being in the consistently higher BMI trajectory group (group 3) with 

respect to math achievement [b = 0.09, SE = 0.04, (95% CI: 0.00, 0.18), p = 0.046] (see Table 6). 

When the level of parental warmth was low, adolescents in the consistently higher BMI group 

(group 3) had the poorest math achievement; however, when the level of parental warmth was 

high, adolescents in the consistently higher BMI group (group 3) performed as well as or better 

than adolescents in the other two groups (see Figure 13). Results showed that the significant 

group 3 (consistently higher BMI group) effect occurred outside of the range from -58.69 to 

13.78, for parental warmth. Because the true range of parental warmth (centered) was from -

21.09 to 41.91, only at a high level of parental warmth was the effect significant (see shaded area 

in Figure 13).  
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Figure13. Interaction of Eighth-Grade Parental Warmth and BMI Trajectories on Math 

Outcomes: All Sample. Note. Group 1 = Consistently low to normal BMI group, Group 2 = Gradually 

increasing BMI group, Group 3 = Consistently higher BMI group; Parental warmth was centered and is 

shown above as mean +2 SD. Shaded area reflects region of significance. 
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 Second, for girls, I found that the interaction between parental warmth and being in the 

consistently higher BMI group was significant for both reading and math achievements [Reading: 

b = 0.14, SE = 0.07, (95% CI: 0.01, 0.28), p = 0.031; Math: b = 0.16, SE = 0.05, (95% CI: 0.05, 

0.26), p = 0.004] (see Table 7). Specifically, when the level of eighth-grade parental warmth was 

low, girls in the consistently higher BMI group (group 3) had the poorest reading and math 

achievements of the three BMI trajectory groups. However, with high levels of parental warmth, 

consistently higher BMI girls actually performed  as well or better in both reading and math than 

did girls in the consistently low to normal BMI and gradually increasing BMI groups (see 

Figures 14 and 15). I found that for reading T-scores, the significant two-way interaction 

(parental warmth x trajectory group 3) shown in Figure 12 indicated that the region of 

significance on parental warmth was outside of -4.38 to 522.92. Again with true range parental 

warmth (centered) from -21.09 to 41.91, a significant effect of BMI trajectory was evident when 

parental warmth was low (see shaded area in Figure 14). For math T-scores, the region of 

significance was outside of -8.90 to 17.70, with significant effects for both low and high levels of 

parental warmth (see shaded regions in Figure 15).  
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Figure 14. Interaction of Eighth-Grade Parental Warmth and BMI Trajectories on Reading 

Scores: Girls Only. Note. Group 1 = Consistently low to normal BMI group, Group 2 = Gradually 

increasing BMI group, Group 3 = Consistently higher BMI group; Parental warmth was centered and is 

shown above as mean +2 SD. Shaded area reflects region of significance. 
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Figure 15. Interaction of Eighth-Grade Parental Warmth and BMI Trajectories on Math Scores: 

Girls Only. Note. Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing 

BMI group, Group 3 = Consistently higher BMI group; Parental warmth was centered and is shown above 

as mean + 2 SD. Shaded areas reflect region of significance. 

 

 Finally, for boys, I found a significant interaction between parental warmth and being in 

the consistently higher BMI group [b = -0.15, SE = 0.07, (95% CI: -0.28, -0.01), p = 0.035 ], 

with the consistently higher BMI boys performing worse in reading when parental warmth level 

was high  (see Table 7 & Figure 16).The region of significance was outside of -3.61 to 146.10, 

suggesting that trajectory differences occurred when parental warmth was low (see shaded area 

in Figure 16).  
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Figure 16. Interaction of Eighth-Grade Parental Warmth and BMI Trajectories on Reading 

Scores: Boys Only. Note. Group 1 = Consistently low to normal BMI group, Group 2 = Gradually 

increasing BMI group, Group 3 = Consistently higher BMI group; Parental warmth was centered and is 

shown above as mean + 2 SD. Shaded area reflects region of significance. 

 To directly assess whether the above-noted gender differences in the moderating role of 

parental warmth were statistically significant, three-way interaction terms (parental warmth x 

trajectory groups x gender) as well as all associated two-way interaction terms were added to the 

regressions for reading and math achievement. I found a significant three-way interaction for 

adolescents' reading achievement [b = 0.28, SE = 0.10, (95% CI: 0.09, 0.48), p = 0.005], 

indicating that there were significant differences between the reading T-scores of adolescent 

boys and girls who were in the consistently higher BMI group (group 3). The three-way 

interaction terms were not significant for math achievement. 
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Emotional outcomes: BMI trajectory groups x parental warmth in eighth grade 

 For adolescents' self-esteem and internalizing behaviors, there were no significant main 

effects of eighth-grade parental warmth nor significant interactions between eighth-grade 

parental warmth and BMI trajectory groups either for the total sample (see Table 6), for boys 

only, or for girls only samples (see Table 7).  

Peer relationships: BMI trajectory groups x parental warmth in eighth grade 

 There were no significant main effects of parental warmth nor interactions between 

eighth-grade parental warmth and BMI trajectory groups for adolescents' peer relationships (see 

Table 6). Similar patterns were observed for boys and girls when separate gender analyses were 

conducted (see Table 7). 
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Table 8  

Multiple linear regression estimates of the relationship between BMI trajectory groups and adolescents' academic achievement, 

emotional outcomes, and peer relationship and the moderating  effects of parental involvement in eighth grade (All sample) 
           

Models Reading T-Scores Math T-Scores Self-Esteem Internalizing 

Behaviors 

Peer Relationships 

 b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI 

           

Age 0.02 

(0.22) 

-0.41, 0.44 -0.08 

(0.24) 

-0.55, 0.40 0.12 

(0.09) 

-0.05, 0.29 0.04 

(0.11) 

-0.18, 0.27 0.04 

(0.11) 

-0.18, 0.25 

Ethnicity (White =1, 

Others =2) 

-2.77*** 

(0.39) 

-3.53, -2.00 -2.34*** 

(0.41) 

-3.15, -1.53 0.44** 

(0.16) 

0.13, 0.76 -0.00 

(0.20) 

-0.40, 0.39 0.16 

(0.21) 

-0.25, 0.56 

SES 5.59*** 

(0.24) 

5.11, 6.06 5.18*** 

(0.26) 

4.67, 5.69 0.61*** 

(0.10) 

0.42, 0.80 -0.50*** 

(0.12) 

-0.72, -0.27 0.33** 

(0.12) 

0.10, 0.56 

Trajectory Group 2 0.35 

(0.43) 

-0.49, 1.18 -0.70 

(0.45) 

-1.57, 0.18 -0.31 

(0.16) 

-0.63, -0.00 0.46* 

(0.20) 

0.08, 0.85 -0.39 

(0.21) 

-0.80, 0.02 

Trajectory Group 3 0.47 

(0.65) 

-0.80, 1.73 0.28 

(0.66) 

-1.01, 1.56 -0.66* 

(0.27) 

-1.18, -0.13 0.45 

(0.31) 

-0.16, 1.06 -1.47*** 

(0.33) 

-2.12, -0.83 

Parental 

Involvement  

-0.05 

(0.04) 

-0.14, 0.03 -0.02 

(0.05) 

-0.12, 0.08 0.13*** 

(0.02) 

0.09, 0.17 -0.03 

(0.02) 

-0.07, 0.01 0.14*** 

(0.02) 

0.09, 0.19 

PI x Group 2 0.05 

(0.08) 

-0.11, 0.21 -0.11 

(0.09) 

-0.28, 0.05 -0.02 

(0.03) 

-0.08, 0.05 -0.04 

(0.04) 

-0.11, 0.04 -0.02 

(0.04) 

-0.10, 0.07 

PI x Group 3 0.05 

(0.13) 

-0.22, 0.31 -0.01 

(0.13) 

-0.26, 0.24 -0.09 

(0.05) 

-0.19, 0.01 -0.02 

(0.05) 

-0.12, 0.07 -0.15* 

(0.07) 

-0.29, -0.01 

           

Constant 51.90*** 

(0.66) 

50.60, 53.19 52.49*** 

(0.73) 

51.06, 53.93 22.42*** 

(0.27) 

21.90, 22.94 15.87*** 

(0.35) 

15.19, 16.56 18.89*** 

(0.35) 

18.20, 19.59 

F 105.62***  81.51***  19.30***  6.45***  11.48***  

* p <.05; ** p < .01;***p < .001.  

Note. Regression coefficients are unstandardized; Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing BMI group, 

Group 3 = Consistently higher BMI group, PI = Parental Involvement  
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Table 9  

Multiple linear regression estimates of the relationship between BMI trajectory groups and adolescents' academic achievement, 

emotional outcomes, and peer relationship and the moderating  effects of parental involvement  in eighth grade (boys only & girls 

only samples) 
           

Models Reading T-Scores Math T-Scores Self-Esteem Internalizing 

Behaviors 

Peer Relationships 

 b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI 

 

Boys only 

          

 Age 0.20 

(0.29) 

-0.38, 0.77 -0.21 

(0.34) 

-0.87, 0.45 0.08 

(0.12) 

-0.15, 0.32 0.07 

(0.16) 

-0.24, 0.39 0.21 

(0.15) 

-0.08, 0.51 

 Ethnicity (White 

=1, Others =2) 

-2.95*** 

(0.53) 

-3.99, -1.90 -2.36*** 

(0.59) 

-3.51, -1.20 0.57* 

(0.23) 

0.13, 1.01 0.06 

(0.29) 

-0.50, 0.62 0.20 

(0.30) 

-0.39, 0.80 

 SES 5.91*** 

(0.32) 

5.28, 6.54 5.70*** 

(0.38) 

4.96, 6.44 0.67*** 

(0.13) 

0.41, 0.94 -0.55** 

(0.16) 

-0.88, -0.23 0.24 

(0.17) 

-0.10, 0.57 

 Trajectory Group 2 0.31 

(0.61) 

-0.90, 1.51 -1.29 

(0.68) 

-2.63, 0.05 -0.50* 

(0.23) 

-0.95, -0.06 0.70** 

(0.27) 

0.17, 1.23 -0.54 

(0.31) 

-1.15, 0.08 

 Trajectory Group 3 1.38 

(1.09) 

-0.75, 3.51 1.40 

(1.05) 

-0.66, 3.45 -0.20 

(0.30) 

-0.80, 0.39 -0.08 

(0.42) 

-0.91, 0.74 -1.63*** 

(0.44) 

-2.49, -0.76 

 Parental 

Involvement  

-0.04 

(0.06) 

-0.16, 0.07 0.03 

(0.07) 

-0.11, 0.17 0.11*** 

(0.03) 

0.06, 0.16 -0.01 

(0.03) 

-0.06, 0.05 0.16*** 

(0.03) 

0.09, 0.22 

 PI x Group 2 0.06 

(0.11) 

-0.15, 0.27 -0.20 

(0.12) 

-0.44, 0.05 -0.02 

(0.05) 

-0.12, 0.08 0.01 

(0.05) 

-0.09, 0.11 -0.04 

(0.06) 

-0.16, 0.09 

 PI x Group 3 -0.28 

(0.22) 

-0.71, 0.15 -0.20 

(0.22) 

-0.62, 0.22 -0.02 

(0.07) 

-0.15, 0.11 -0.09 

(0.06) 

-0.21, 0.04 -0.08 

(0.09) 

-0.26, 0.09 

Constant 50.37*** 

(0.91) 

48.59, 52.15 53.38*** 

(1.04) 

51.34, 55.41 22.65*** 

(0.37) 

21.93, 23.37 15.23*** 

(0.48) 

14.28, 16.18 17.65*** 

(0.50) 

16.67, 18.62 

 F 69.27***  51.69***  9.48***  4.02***  7.46***  

 

Girls only 

          

 Age -0.05 

(0.32) 

-0.67, 0.57 -0.00 

(0.35) 

-0.68, 0.67 0.14 

(0.12) 

-0.10, 0.39 0.07 

(0.16) 

-0.24, 0.38 -0.00 

(0.16) 

-0.31, 0.31 

 Ethnicity (White 

=1, Others =2) 

-2.67*** 

(0.55) 

-3.75, -1.59 -2.35*** 

(0.57) 

-3.48, -1.23 0.32 

(0.23) 

-0.12, 0.76 -0.11 

(0.27) 

-0.64, 0.42 0.10 

(0.27) 

-0.44, 0.63 

 SES 5.24*** 

(0.36) 

4.53, 5.95 4.67*** 

(0.35) 

3.99, 5.36 0.54*** 

(0.13) 

0.28, 0.80 -0.44** 

(0.15) 

-0.74, -0.14 0.41** 

(0.16) 

0.11, 0.72 

 Trajectory Group 2 0.37 

(0.58) 

-0.76, 1.50 -0.07 

(0.57) 

-1.19, 1.05 -0.11 

(0.22) 

-0.55, 0.33 0.24 

(0.28) 

-0.32, 0.79 -0.25 

(0.27) 

-0.77, 0.28 
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 Trajectory Group 3 -0.89 

(0.81) 

-2.47, 0.69 -0.60 

(0.83) 

-2.23, 1.03 -0.88* 

(0.39) 

-1.63, -0.12 0.63 

(0.42) 

-0.18, 1.45 -1.53** 

(0.45) 

-2.42, -0.64 

 Parental 

Involvement 

-0.08 

(0.06) 

-0.20, 0.05 -0.07 

(0.08) 

-0.22, 0.08 0.15*** 

(0.03) 

0.10, 0.20 -0.06* 

(0.03) 

-0.11, -0.00 0.11** 

(0.04) 

0.04, 0.18 

 PI x Group 2 0.02 

(0.11) 

-0.21, 0.24 -0.03 

(0.12) 

-0.26, 0.20 -0.01 

(0.04) 

-0.09, 0.06 -0.11 

(0.06) 

-0.22, 0.00 -0.01 

(0.06) 

-0.12, 0.10 

 PI x Group 3 0.34* 

(0.17) 

0.01, 0.68 0.21 

(0.14) 

-0.06, 0.49 -0.14* 

(0.07) 

-0.28, -0.01 0.01 

(0.07) 

-0.12, 0.15 -0.22* 

(0.10) 

-0.41, -0.03 

Constant 53.20 

(0.93) 

51.37, 55.04 51.81*** 

(1.03) 

49.78, 53.83 22.19*** 

(0.39) 

21.43, 22.95 16.41*** 

(0.49) 

15.45, 17.37 19.78*** 

(0.50) 

18.81, 20.76 

 F 45.91***  37.11***  12.36***  4.84***  5.23***  

* p <.05; ** p < .01;***p < .001.  

Note. Regression coefficients are unstandardized; Group 1 = Consistently low to normal BMI group, Group 2 = Gradually increasing BMI group, 

Group 3 = Consistently higher BMI group 
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Parental Involvement in Eighth Grade 

Academic achievement: BMI trajectory groups x parental involvement in eighth grade 

 One significant interaction between BMI trajectory groups and parental involvement in 

eighth grade was found. For girls, eighth-grade parental involvement and also being in the 

consistently higher BMI trajectory group (group 3) was associated with lower reading 

achievement [b = 0.34, SE = 0.17, (95% CI: 0.01, 0.68), p = 0.046] (see Table 9 & Figure 17), 

suggesting that when the level of eighth-grade parental involvement was low, girls in the 

consistently higher BMI group (group 3) had the worst reading achievement of the three BMI 

trajectory groups. However, with higher levels of parental involvement, consistently higher BMI 

girls actually performed as well or better in reading than did girls in the consistently low to 

normal BMI and gradually increasing BMI groups. I found that for girls' reading, the region of 

significance was outside of -1.99 to 193.34. With true range parental involvement (centered) 

from -22.39 to 8.61, a significant effect of BMI trajectory was evident when parental 

involvement was low (see shaded area in Figure 17).  
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Figure 17. Interaction of Eighth-Grade Parental Involvement and BMI Trajectories on Reading 

Scores: Girls only. Note. Group 1 = Consistently low to normal BMI group, Group 2 = Gradually 

increasing BMI group, Group 3 = Consistently higher BMI group; Parental involvement was centered and 

is shown above as mean + 2SD. Shaded area reflects region of significance. 

Emotional Outcomes: BMI trajectory groups x parental involvement in eighth grade 

 Parental involvement was positively associated with higher self-esteem for the total 

sample [b = 0.13, SE = 0.02, (95% CI: 0.09, 0.17), p < 0.001] (see Table 8), boys [b = 0.11, SE 

= 0.03, (95% CI: 0.06, 0.16), p < 0.001], and girls [b = 0.15, SE = 0.03, (95% CI: 0.10, 0.20), p 

< 0.001]. These findings suggest that overall, higher levels of parental involvement are related to 

higher self-esteem in adolescents (see Table 9). Interestingly, for girls, I found a significant 

interaction between parental involvement and being in the consistently higher BMI group  

[b = -0.14, SE = 0.07, (95% CI: -0.28, -0.01), p = 0.034], with the consistently higher BMI girls 
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having lower self-esteem when parental involvement was high (see Table 9 & Figure 18).The 

region of significance was outside of -61.46 to -1.09 (see shaded area in Figure 18).  

 

Figure 18. Interaction of Eighth-Grade Parental Involvement and BMI Trajectories on Self-

Esteem: Girls only. Note. Group 1 = Consistently low to normal BMI group, Group 2 = Gradually 

increasing BMI group, Group 3 = Consistently higher BMI group; Parental involvement was centered and 

is shown above as mean + 2SD. Shaded area reflects region of significance. 

 

 Parental involvement was negatively associated with girls' internalizing behaviors [b =-

0.06, SE = 0.03, (95% CI: -0.11, -0.00), p = 0.037], indicating that more parental involvement 

was associated with less internalizing behaviors in girls (see Table 9). There were no significant 

interactions between parental involvement and BMI trajectory group for adolescents' 

internalizing behaviors. 
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Peer Relationships: BMI trajectory groups x parental involvement in eighth grade 

 For adolescents' peer relationships, I found two significant interactions between BMI 

trajectory groups and parental involvement. First, for the total sample, there was a significant 

interaction between parental involvement and being in the consistently higher BMI group (group 

3) [b = -0.15, SE = 0.07, (95% CI: -0.29, -0.01), p = 0.030] (see Table 8 & Figure 19), 

suggesting that, in contrast with my hypothesis, greater parental involvement was associated with 

less favorable peer relationships for adolescents in that group (group 3). For peer relationships, 

the significant two-way interaction (parental involvement x trajectory group 3) shown in Figure 

19 indicated the region of significance for parental involvement was outside of the range -106.23 

to -4.47. Again with true range parental involvement (centered) from -30.39 to 8.61, a significant 

effect of BMI trajectory was evident when parental involvement was high (see shaded area in 

Figure 19). 

 Second, the interaction between being in the consistently higher BMI group (group 3) and 

parental involvement for girls (see Table 9 & Figure 20) was significant for peer relationships [b 

= -0.22, SE = 0.10, (95% CI: -0.41, -0.03), p = 0.025]. Similar to the significant interaction 

observed for the total sample (and in contrast with my hypothesis), more parental involvement 

was associated with less favorable peer relationships for girls in this group (group 3). The region 

of significance was outside of -49.12 to -2.78, suggesting that trajectory differences occurred 

when parental involvement was high (see shaded area in Figure 20).  

 To directly assess whether the above gender differences in the moderating role of 

parental involvement were statistically significant, three-way interaction terms (parental 

involvement x trajectory groups x gender) as well as all associated two-way interaction terms 

were added to the regression for peer relationships. The three-way interaction terms were not 
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significant for peer relationships, suggesting that there were no significant differences in the peer 

relationships of adolescent boys and girls across BMI trajectory groups.  

 

Figure 19. Interaction of Eighth Grade Parental Involvement and BMI Trajectories on Peer 

Relationships: All sample. Note. Group 1 = Consistently low to normal BMI group, Group 2 = 

Gradually increasing BMI group, Group 3 = Consistently higher BMI group; Parental involvement was 

centered and is shown above as mean + 2SD. Shaded area reflects region of significance. 
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Figure 20. Interaction of Eighth Grade Parental Involvement and BMI Trajectories on Peer 

Relationships: Girls only. Note. Group 1 = Consistently low to normal BMI group, Group 2 = 

Gradually increasing BMI group, Group 3 = Consistently higher BMI group; Parental involvement was 

centered and is shown above as mean + 2SD. Shaded area reflects region of significance. 
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Chapter 6: Discussion 

 

Using data from the Early Childhood Longitudinal Study- Kindergarten cohort (ECLS-K), 

I identified three distinct BMI trajectories (consistently low to normal BMI, gradually increasing 

BMI, and consistently higher BMI) in a sample of adolescents from the US who were followed 

from kindergarten to eighth grade. These findings were consistent with my expectations as well 

as research by Balistreri and Hook (2011) and Li et al. (2007) which identified similar trajectory 

patterns. Whereas Balistreri and Hook (2011) and Li et al. (2007) examined risk factors that 

contributed to these trajectories, my study examined adolescents' developmental outcomes that 

are associated with these weight trajectories. Specifically, I examined the association between 

these different BMI trajectories and adolescents' academic achievement (reading and math test 

scores), emotional outcomes (self-esteem and internalizing behaviors), and peer relationships in 

eighth grade. Additionally, I explored the potential protective effects of parental warmth and 

parental involvement against poor outcomes across BMI trajectory groups, and examined gender 

differences in these associations. To my knowledge, no prior studies have focused on the impacts 

of parental warmth and parental involvement in the context of adolescents' weight status in 

relation to academic achievement, emotional outcomes, and peer relationships. 

As mentioned previously, for the overall sample and separate samples by gender, I 

identified three BMI trajectory groups for each sample: 1) consistently low to normal BMI group, 

2) gradually increasing BMI group, and 3) consistently higher BMI group. My analyses indicated 

that inconsistent with my expectation, gender did not affect BMI trajectory group membership as 

the distribution of boys and girls in each trajectory group was similar. Although ethnicity was 

shown to affect BMI trajectory group membership, I did not have sufficient sample size to 

conduct separate analyses by ethnic groups. However, the patterns of ethnic distribution across 
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the three BMI trajectory groups were somewhat consistent with ethnic differences that were 

shown in previous research (i.e. Caprio et al., 2008).  

BMI Trajectories, Academic Achievement, and Parental Factors 

 Consistent with my hypotheses and findings from previous research (Datar & Sturm, 

2006; Ding et al., 2009; Falkner et al., 2001), my results showed that adolescents with higher 

BMI generally had lower reading and math test scores compared to adolescents with lower BMI. 

These negative associations between adolescents' BMI and academic achievement reflected the 

influences that adolescents' overweight and obesity status have on school achievements and 

further highlighted the need for researchers to explore factors that may reduce these negative 

associations. Findings from the current study showed that eighth-grade parental warmth 

protected adolescents who were in the consistently higher BMI group from poor math 

achievement. When parents expressed lower levels of parental warmth, adolescents in the 

consistently higher BMI group had the lowest achievement of the three BMI trajectory groups. 

However, with high levels of parental warmth, consistently higher BMI adolescents were shown 

to achieve as well academically as adolescents in the other two trajectory groups. One possible 

explanation for this finding is that adolescents who had consistently higher BMI were also 

experiencing more stress associated with their weight status. As a result of increased stress, these 

adolescents might have found it more difficult to focus on improving their academic 

achievement. However, parents, through expressing more warmth toward their children, may 

alleviate some of the stress experienced by these adolescents since adolescents may feel 

encouraged and valued by their parents. With some of the weight-related stress removed, 

adolescents may thus be better able to concentrate on their academic achievements. 
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 When I conducted the analyses separately by gender, the same pattern was found for girls. 

Girls who were in the consistently higher BMI group were protected by parental warmth in 

eighth grade from poor academic achievement. When parents provided a low amount of warmth, 

girls who were in the consistently higher BMI group had the lowest achievement in both reading 

and math test scores compared to girls in the other two BMI trajectory groups. The patterns in 

adolescents' achievement shifted with higher levels of parental warmth. Girls in the consistently 

higher BMI group whose parents expressed high parental warmth performed  as well as (if not 

better than) girls in the other two BMI trajectory groups in both reading and math, suggesting 

that girls who were in the consistently higher  BMI group might benefit academically when 

parents express greater warmth toward them.  

 Similarly, girls in the consistently higher BMI group were also protected by parental 

involvement from poor reading achievement. When parents were less involved in activities with 

their children, girls who were in the consistently higher BMI group had the lowest achievement 

in reading compared to girls in the other two BMI trajectory groups. As parental involvement 

increased, the pattern in girls' reading achievement shifted positively, indicating that girls who 

were consistently higher in BMI may benefit academically when parents were more involved in 

activities with them. This finding is consistent with results from previous research that suggested 

a positive relationship between parental involvement and children's and adolescents' academic 

achievement (e.g. Castro et al., 2015; Catsambis, 2001; Hill et al., 2004; Hill & Tyson, 2009; 

Wang & Sheikh-Khalil, 2014). Through more parental involvement, parents may promote 

academic success by cognitively stimulating their children to foster cognitive growth (Hawes & 

Plourde, 2005).  
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 In contrast to the associations shown for girls, results for boys’ reading achievement 

indicated a different pattern of association. Whereas girls in the consistently higher BMI group 

had higher reading achievement when parents expressed higher parental warmth in eighth grade, 

boys in the consistently higher BMI group achieved higher scores when parents expressed less 

warmth. It has been suggested in past research that parental attachment serves as a protective 

factor for adolescent girls against depression and misconduct, but as a non-protective factor for 

adolescent boys (Formoso, Gonzales, and Aiken, 2000; Operario et al., 2005). Thus, one 

possibility may be that girls whose parents expressed higher warmth were indirectly influenced 

by encouragements from their parents. Namely, these encouragements might enhance girls' 

emotional well-being, allowing girls to spend more time focusing on their schoolwork. In 

addition, girls have been suggested to perceive parental warmth to be more important than do 

boys and they tended to be more impacted functionally by the closeness and emotional 

attachment with parents (Geuzaine, Debry, & Liesens, 2000; Operario et al., 2005). As a result, 

girls may be more influenced developmentally by their parents' warmth (Deslandes et al., 1998; 

Linver & Silverberg, 1997). In sum, consistently higher BMI girls may perceive higher parental 

warmth as a source of empowerment and encouragement, from which their emotional needs and 

attachments were satisfied, but boys may be less influenced emotionally by the closeness and 

attachment with parents due to society's socialization of boys to be more independent. The way 

in which girls' and boys' developmental outcomes were influenced by parental warmth and 

parental involvement warrants further research.  

 It is also interesting to note that although parental warmth in eighth grade exerted 

important influences on adolescents' academic achievement for adolescents in the consistently 

higher BMI group (group 3), the impacts for adolescents in the other two BMI trajectory groups 
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were less distinct. The math and reading achievement of adolescents in the consistently low to 

normal BMI group and the gradually increasing BMI group remained relatively stable when 

adolescents were exposed to different levels of parental warmth, and the same patterns were 

observed for boys and girls. This finding further supported the idea of higher levels of parental 

warmth as a protective effect—it is activated only when needed as in the case of girls who had 

consistently higher BMI.  

 One outlier finding needs to be discussed. The relationship between parental warmth 

from an earlier time point (third grade) and later math achievement in eighth grade was negative 

for girls in the gradually increasing BMI group. This was contrary to my hypothesis. Because 

this was the only significant finding in relation to third-grade parental warmth, it may have 

occurred by chance. Another possible explanation may be that the time elapsed between third 

grade and eighth grade may be too long in which to detect, the moderating role of early parental 

factors (i.e., third-grade parental warmth) five years later. Additional research is needed to test 

the above explanations.  

BMI Trajectories, Emotional Outcomes, and Parental Factors 

 Consistent with my hypotheses and findings from past research (Bradley et al., 2008; 

Datar & Sturm, 2004; Hesketh et al., 2004; Puder & Munsch, 2010; Swallen et al., 2005), results 

in this study indicated that gradually increasing BMI and consistently higher BMI adolescents in 

the total sample had lower self-esteem and more internalizing behaviors compared to 

consistently low to normal BMI adolescents. However, the effects were modest and consequently 

not significant for boys. One possible reason for the lack of difference in the rates of 

internalizing behaviors across BMI trajectory groups for boys and girls is that other factors such 

as early- or late onset puberty (Huddleston & Ge, 2003) or psychological distress such as anxiety 
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(Steinberg & Morris, 2001) may mask the impacts that weight status have on internalizing 

behaviors.  

 Parental warmth at third grade, but not at eighth grade, was positively associated with 

adolescents’ self-esteem for the total sample as well as for boys and girls separately. Thus, it 

appears that the same parenting factor may have different effects at different developmental time 

periods. I should hasten to add, however, that parental warmth was measured differently at the 

two time points in this study (as mentioned earlier). Consistent with the results for third-grade 

parental warmth, eighth-grade parental involvement was positively associated with self-esteem. 

Past research had suggested that parental involvement has positive benefits for children's self-

esteem (Bulanda & Majumdar, 2009; Ho, 2003; James & Amato, 2013). Parents who were more 

involved place more emphasis and take more responsibilities for the learning and well-being of 

their children (Gonzalez-DeHass, Willems, & Holbein, 2005). Through direct interactions and 

more time spent engaging in activities with their children, parents may be able to more directly 

motivate and communicate with their adolescent children, while also modeling and reinforcing 

positive behaviors (Hoover-Dempsey et al., 2001). Based on these findings, these interactions 

between parents and their children should thus foster more positive emotional development in 

adolescents.  

 However, this study did show a significant, negative interaction between parental 

involvement and trajectory membership in the consistently higher BMI group for girls’ self-

esteem, suggesting that more parental involvement did not protect consistently higher BMI girls 

from lower self-esteem as I had expected. Indeed, although parents may be able to motivate and 

communicate with their children directly through increased involvement, it is possible that 

adolescents’ self-esteem may be more influenced by their peers in the adolescent years. 



 

81 

 

Additionally, parental influences on adolescents’ self-esteem may be undermined by peer 

influences. Thus, a possible reason for this negative association may be similar to the one that 

explains the negative associations between trajectory membership in the consistently higher BMI 

group and more parental involvement shown for girls’ peer relationships.  When consistently 

higher BMI girls spend more time with more involved parents, they may spend less time bonding 

with their peers. Consequently, these adolescent girls end up with less favorable peer 

relationships that, in turn, negatively impact their self-esteem. 

Finally, the two parental factors (parental warmth and involvement) and their interactions 

with BMI trajectory groups were not significantly associated with internalizing problems. Given 

the number of significant findings for all outcome variables, this consistent lack of the effects of 

parental factors on internalizing problems (although other factors such as SES and BMI 

trajectory group were significant) was somewhat puzzling and needs additional research. 

BMI Trajectories, Peer Relationships, and Parental Factors 

 As hypothesized, adolescents in the higher BMI groups had less favorable peer 

relationships compared to adolescents in the consistently low to normal BMI group. This finding 

is consistent with previous research that showed overweight and obese children to be more 

frequently isolated and rejected by peers (Gable et al., 2012; Mahoney et al., 2005). Negative 

associations between adolescents' BMI and peer relationships reflected the impacts that 

adolescents' weight status have on relationships with peers and further emphasized the 

importance for researchers to explore factors that may counteract or reduce these negative 

associations. As is well-established, peer relationships are highly influential for adolescents' 

well-being.  
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 In contrast to my hypotheses and to previous research by Isley et al. (1999), indicating 

interactions with parents provide children with opportunities to refine social skills that contribute 

to successful relationship with peers, my findings showed that eighth-grade parental involvement 

did not protect adolescents who were in the consistently higher BMI group from less favorable 

peer relationships. Moreover, when parents were more involved in activities, adolescents in the 

consistently higher BMI group had the least favorable peer relationships. When I conducted the 

analyses separately by gender, the same pattern was found for girls. Adolescent girls in the 

consistently higher BMI group whose parents were more involved had the least favorable peer 

relationships. As mentioned previously, adolescent girls were more influenced developmentally 

by parental warmth than were boys  (Deslandes et al., 1998; Linver & Silverberg, 1997) and 

were protected by parental attachment against depression and misconduct (Formoso, Gonzales, 

and Aiken, 2000; Operario et al., 2005). To prevent having negative feelings, girls may choose to 

spend more time bonding with and seeking support from their parents. Therefore, it is possible 

that consistently higher BMI girls who spent more time with more involved parents were 

spending less time bonding with their peers as peer-oriented adolescents viewed their parents to 

be less controlling and less supportive compared to parent-oriented adolescents (Condry & 

Siman, 1974; Montemayor, 1982). Thus, adolescents in the consistently higher BMI group may 

be disposed to be more parent-oriented than peer-oriented overall, especially when overweight or 

obese adolescents have been shown to be more likely to become both victims and perpetrators of 

bullying (Janssen t al., 2004) among their peers. 

 Through in-person interactions with parents, adolescents have the opportunities to learn, 

practice, and refine social and emotional skills that are crucial for forming relationships with 

peers (Ladd & Gregory, 2002; Putallaz & Heflin, 1990). To more fully understand the reasons 
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for, and extent of, the effects of parental involvement on adolescents (in particular, girls) with 

higher BMI, additional research is needed.  

Limitations 

 Although results of the present study provided insights into the workings of parental 

warmth and involvement on the association between adolescents' BMI trajectories and 

developmental outcomes (academic achievement, emotional outcomes, and peer relationships), 

these findings should be carefully interpreted. First, even though I was able to associate 

adolescents' BMI trajectories with academic achievement, emotional outcomes, and peer 

relationships in eighth grade and examine whether these association were influenced by parental 

warmth and involvement, my findings did not allow me to assume causality. Second, parental 

warmth and involvement in the current study were reported by parents. Adolescents' perceptions 

of how much warmth parents expressed or how involved parents were in adolescents’ daily lives 

were not examined in the ECLS-K. In addition, the measure of parental warmth consisted of only 

three items in eighth grade, leaving out other important warmth- related behaviors. On a related 

note, parental warmth in third grade and eighth grade were measured using different items. 

Therefore, it cannot be assumed that parental warmth in third and eighth grade captured the same 

underlying construct. Third, the measurement of academic functioning was limited to two 

variables of academic achievement. Other variables related to academic functioning (e.g. school 

competence, GPA, school readiness) were not included in the current study. Fourth, other 

important predictors (such as adolescents' IQ, work habits, and personality) that contribute to 

adolescents' academic achievement were not measured in the ECLS-K. For emotional outcomes, 

externalizing behaviors were not measured during eighth grade, so only internalizing behaviors 

were assessed at that time point. Fifth, due to the limitation in sample sizes, I was unable to 
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assess ethnic differences in trajectory memberships and the association between trajectories and 

developmental outcomes. Sixth, there has been increased controversy in recent years regarding 

the use of BMI as an indicator of overweight status. Some researchers (Shah & Braverman, 2012; 

Tomiyama et al., 2016) have argued that BMI status may actually not have as significant an 

impact on health status as researchers previously assumed. Being overweight or obese may 

involve mechanisms related to physical health as well as social mechanisms (as mentioned 

earlier). However, even if BMI is not an ideal index of health risk, it is a significant factor in 

social relationships.  

Implications and Future Directions 

 The present study provided new insights on the relationship between adolescents' weight 

status in relation to academic achievement, emotional outcomes, and peer relationships and the 

protective and non-protective effects parental warmth and involvement have on these outcomes 

of adolescents in the higher BMI trajectory groups. Findings from the present study have 

important implications for awareness and intervention programs aimed at promoting the well-

being and development of overweight and obese adolescents, especially since findings from 

previous research and the current study demonstrated that adolescents with higher BMI do show 

more negative outcomes compared to normal weight peers. In particular, results in this study 

provided insights to how parents may impact adolescent development in the context of 

overweight and obesity. Specifically, the protective and non-protective effects of parental 

warmth in eighth grade were only shown for consistently higher BMI boys’ and girls’ academic 

achievement and the effects of parental involvement were observed mainly for consistently 

higher BMI girls’ reading, self-esteem, and peer relationships. Thus, it is important for 

researchers who are designing education, awareness, and intervention programs targeting to 
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improve the outcomes of overweight and obese adolescents to be informed of the potential 

effects parents may have on adolescents of particular BMI trajectory groups (i.e. consistently 

higher BMI group). This information will help researchers to design more precise programs that 

are aimed to improve particular developmental outcomes for specific groups of adolescents who 

are at risk for poor outcomes. It should be noted, however, that due to the small effect sizes in the 

present study, these implications are tentative and should be carefully considered.  

 This study indicates the need for future research with samples of sufficient sample sizes 

to allow for separate analyses by ethnic groups. The present study did not have large enough 

sample size for the higher BMI groups although chi-square tests indicated that ethnicity does 

affect BMI trajectory group membership. In addition, the types of parental involvement and their 

influence should be more carefully considered since previous studies have shown different types 

of parental involvement to have varying effects on adolescents' outcomes (e.g. Hill & Tyson, 

2009).  Since the majority of data were reported by mothers in the present study, it will be 

informative to examine data collected from fathers in future studies. Last, this study did not 

examine the mechanisms that contribute to the negative associations between BMI trajectory 

groups and adolescents' developmental outcomes. Thus, it is crucial for future research to 

investigate possible mechanisms more closely to increase further understanding of childhood and 

adolescent overweight and obesity and to identify more effective ways to combat the risks they 

pose to academic achievement and well-being.    
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Appendix 1. List of items used for each variable. 

 

** indicates items that are reverse-coded  

 

Self-Esteem - 8th grade (child report) -- 7 items adapted from the Rosenberg Self-Esteem Scale 

How do you feel about the following statements? 

(1 = strongly disagree, 2 = disagree, 3 = agree, 4 = strongly agree) 

 1. I feel good about myself. 

 2. I feel I am a person of worth, the equal of other people. 

 3. I am able to do things as well as most other people. 

 4. On the whole, I am satisfied with myself. 

 5. I certainly feel useless at times.** 

 6. At times I think I am no good at all.** 

 7. I feel I do not have much to be proud of. ** 

 

Internalizing Behaviors - 8th grade (child report) -- 8 items (α = .75) 

How true is each of these about you?  

(1 = not at all true, 2 = a little bit true, 3 = mostly true, 4= very true) 

 1. I feel angry when I have trouble learning. 

 2. I worry about taking tests. 

 3. I often feel lonely. 

 4. I feel sad a lot of the time. 

 5. I worry about doing well in school. 

 6. I worry about finishing my work. 

 7. I worry about having someone to hang out with at school 

 8. I feel ashamed when I make mistakes at school. 

 

Peer Relationships (child report) -- 5 items  

How often are the following statements true? 

(1 = never, 2 = seldom, 3 = sometimes, 4 = often, 5 = always) 

 1. My classmates think it is important to be my friend. 

 2. My classmates like me the way I am. 

 3. My classmates care about my feelings. 

 4. My classmates like me as much as they like others.  

 5. My classmates really care about me.  

 

Parental Warmth - 3rd grade (parent report) -- 8 items  

Please say whether each statement is completely true, mostly true, somewhat true, or not at all 

true.  

(1 = completely true, 2 = mostly true, 3 = somewhat true, 4 = not at all true) 

 1. Child and I often have warm, close times together.** 

 2. Most of the time I feel that child likes me and wants to be near me.** 

 3. Even when I'm in a bad mood, I show child a lot of love.** 

 4. I express affection by hugging, kissing, and praising child.** 

 5. Child does things that really bother me. 

 6. I feel myself giving up more of my life to meet child's needs than I ever expected. 
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 7. I often feel angry with child. 

 8. Child seems harder to care for than most.  

 

Parental Warmth - 8th grade (parent report) -- 3 items  

How many times in the past week have you... 

 1. Told child that you love him/her? 

 2. Praised child for doing something worthwhile? 

 3. Shown child physical affection such as kiss, hug, or pat or rub his/her back?  

 

Parental Involvement - 8th grade (parent report) -- 13 items 

(1 = never, 2 = rarely, 3 = sometimes, 4 = frequently) 

During the past year, how frequently did you or another adult family member and (Child) 

participate in the following activities together?  

 1. Attending school activities such as sports, plays, or concerts. 

 2. Working on homework or school projects. 

 3. Attending concerts, plays, or movies outside of school. 

 4. Attending sporting events outside of school. 

 5. Attending religious services. 

 6. Attending family social functions such as party or wedding. 

 7. Taking day trips or vacations. 

 8. Working on hobby or playing sports. 

 9. Going shopping. 

 10. Going to restaurants/eating out.  

 11. Spending time just talking together. 

 12. Watching TV together. 

 13. Doing something else fun together.  

 

 

 

 

 

 




