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ABSTRACT OF THE DISSERTATION

ASSOCIATIONS BETWEEN DIET AND PHYSICAL ACTIVITY AND OBESITY
IN EARLY ADOLESCENCE

Chris Fradkin

Doctor of Philosophy in Psychological Sciences
(Health Psychology)

University of California, Merced, 2014

Professor Jan Wallander, Chair

Over the past thirty years, the prevalence of obesity among children in the U.S. has
tripled. In response to this epidemic, weight management programs have addressed issues
of dietary and activity behaviors, through programs aimed at upgrading children’s
nutritional intake and increasing their physical activity. While obesity increase among
children seems to have plateaued over the last few years, the challenge of reducing
obesity remains.

This dissertation examined the associations between diet and physical activity behaviors
and obesity risk among a diverse sample of 4,414 children (Hispanic = 38%, African
American = 36%, White = 26%), who were assessed longitudinally in both 5™ and 7"
grade. Direct measurements of height and weight were used to calculate body mass index
(BMI) and classify participants into obese vs. non-obese. Four dietary and two physical

Xiv



activity behaviors were indexed based on self-report. Household education level indexed
socioeconomic status (SES).

In the first portion of the dissertation, as the primary aim, I examined whether physical
activity is differentially associated with obesity risk in African American, Hispanic, and
White youth and whether such associations are moderated by gender. To this end, main
effects of obesity risk were calculated within six racial/ethnic, gender subgroups (3
racial/ethnic x 2 gender), and associations were examined while controlling for
socioeconomic differences. As the secondary aim, I examined differences in physical
activity across racial/ethnic and gender groups.

In light of unexpected findings (see below) in the first portion of the dissertation, I
expanded the focus in the second portion to examine the association between four dietary
(fruit, vegetable, fast food, sugar-sweetened beverage intake) and two physical activity
(exercise and television viewing) behaviors and obesity risk. As the primary aim, I
examined the joint and unique contributions of these behaviors to obesity risk by
race/ethnicity and gender at 5™ and 7™ grade assessments, while controlling for
socioeconomic differences. As the secondary aim, I examined differences in behavioral
prevalences across racial/ethnic and gender groups.

Overall, the findings of both portions of this dissertation suggest that the proximal
determinants of children’s weight class, namely diet and physical activity, not only have
a differential association with obesity risk among the different racial/ethnic, gender
groups examined, but also have an unexpected and largely absent (> 50% of subgroups
examined) association with obesity risk. With regard to physical activity, the findings
indicate an inverse relationship between physical activity and obesity risk, but in less than
half the racial/ethnic, gender subgroups that were examined. In lieu of these sparse and
unexpected findings, further research should identify moderating influences on
adolescent weight status beyond the presumed “proximal” dietary and activity influences.
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INTRODUCTION

According to a recent report (Ogden, Carroll, Curtin, Lamb, & Flegal, 2010),
almost 17% of all children and adolescents in the United States are obese (BMI >
95th%ile) and almost 32% are overweight (BMI > 85th%ile). This figure represents a
tripling in the obesity rate of children over the last three decades. Physically, obesity
affects almost every organ system in the child: orthopedic, neurological, pulmonary,
gastroenterological, and endocrine (Must & Strauss, 1999). Children with obesity have
higher rates of hyperinsulinaemia, glucose intolerance, hypertension, sleep apnea and
dyslipidemia (Deckelbaum & Williams, 2001), as well as more frequent reports of
asthma, early menarche, and non-alcoholic fatty liver disease (NAFLD) (Lobstein, Baur,
& Uauy, 2004). These complications present heightened risk for type 2 diabetes,
coronary heart disease (CHD), and other lifetime, chronic health conditions that often
manifest in early adulthood.

In addition to physical impairment, children with obesity also deal with
psychosocial hardships, many stemming from the stigma of obesity. Wallander and
colleagues (2009) found children of obese weight reporting significantly lower
psychosocial quality of life (QL) than their peers of healthy weight. In examining self-
worth and body dissatisfaction, the authors theorized that excess body weight may
negatively impact the child's sense of who they are. In a study of 7 and 10 year olds,
Klaczynski (2008) found healthy children holding strong and significant biases against
children of obese weight. In a study of preschool children (N = 4,718), Boneberger and
colleagues (2009) found a strong association between peer relationship problems and
overweight/obesity among 5 and 6 year old girls, suggesting that the stigma of obesity is
present from a very young age.

The presence of obesity also affects children's education. In a study of attendance
records for 4™ to 6 graders (N = 1,069), Geier, Foster, Womble, McLaughlin,
Borradaile, Nachmani, et al. (2007) found that children of obese weight class had higher
school absenteeism than their peers of healthy weight for the academic school year. And
for one of two children of obesity weight class, this trend of absenteeism continues in
adulthood where, as adults of obese weight class, they take more sick days and have
lower productivity than their peers of healthy weight (Gates, Succop, Brehm, Gillespie, &
Sommers, 2008).

Along with the increase in obesity comes the increased burden on the nation's
health care system. Wang and Dietz (2002) report that obesity-related annual hospital
costs have tripled for children (6-17 years) between the early 1980s and the late 1990s
(from $35 million/year in 1979-1981 to $127 million in 1997-1999), an increase directly
related to the 3-fold rise in childhood obesity that occurred in the same period. Payment
for these increased hospital costs are passed on to the public in the form of increased
health insurance premiums (Le Masurier & Corbin, 2006). These increases are borne by
families of children at high risk for obesity-related health care as well as families of
children at low risk.



In response to the present epidemic, weight management programs have
addressed issues of dietary and activity behaviors, through programs (e.g., Let’s Move!,
2011) aimed at upgrading children’s nutritional intake and increasing their physical
activity. These programs have addressed the current crisis focusing on the presumed
proximal determinants of weight class, namely dietary and activity behavior, through a
platform built on behavioral change. There are some experts, however, that challenge this
approach. Kelly Brownell, for one, of the Rudd Center for Food Policy and Obesity at
Yale University, is especially critical of the present behavioral approach, and insists that
the obesity epidemic can be more reasonably be contained through policy-based change
(e.g., sugar-sweetened beverage taxes) than behavioral change (Schwartz & Brownell,
2010). Other factions oppose the encroachment of government on individual choice
(Creighton, 2010). But independent of these arguments is a fundamental question: Are
diet and physical activity associated with obesity in children?

The relationship between diet and physical activity and obesity in children is a
holistic one—it involves a constellation of dietary and activity behaviors that influences
the weight class of the child. The relationship of these presumed proximal determinants
of weight class with obesity risk in children has been studied, but infrequently in
constellation form, and no study to my knowledge has examined the relationship between
multiple dietary and activity behaviors and obesity risk in children through an integrated
analysis among a diverse youth population, over multiple assessment points in time.

The goal of this dissertation, therefore, was to examine the association between
dietary and physical activity behaviors and obesity risk among a diverse sample of early
adolescents. I focused on this developmental period (ages 10-13) because children
frequently adopt weight-related behaviors in this period that sustain into adulthood
(WHO, 2004; Windle et al., 2004). Of interest were the potential differential relationships
dietary and physical activity behaviors may have with obesity risk, within and between
different racial/ethnic and gender subgroups. Of secondary interest were potential
differences in dietary and activity prevalences that may exist across racial/ethnic and
gender subgroups.

The above research needs were addressed in two manuscripts, which contribute to
a deeper understanding of the differential relationships diet and physical activity have
with obesity risk among diverse early adolescents. The first manuscript, “Is Physical
Activity Associated With Obesity in Early Adolescence?” examined the sometimes
termed “controversial” (Thibault, Contrand, Saubusse, Baine, & Maurice-Tison, 2010)
relationship that exists between physical activity and obesity risk; while the second, “Are
Diet and Physical Activity Associated With Obesity in Early Adolescence?” expanded
the focus to the holistic or “constellational” relationship that exists between multiple
dietary and activity behaviors (four and two, respectively) and obesity risk.

In this dissertation, I (a) examined the relationship between physical activity and
obesity risk, and whether that relationship is moderated by race/ethnicity or gender, (b)
examined the relationship between multiple dietary and physical activity behaviors and
obesity risk, and whether those relationships are moderated by race/ethnicity or gender,
and (c) examined between-groups differences in obesity risk, dietary and physical activity
behavior prevalences, and socioeconomic status. Analyses were conducted on data from



4,414 children (Hispanic = 38%, African American = 36%, White = 26%) from the
Healthy Passages™ study, who were assessed longitudinally in both 5" and 7 grade.

This dissertation presented a framework for a more nuanced understanding of the
differential associations that dietary and physical activity behaviors have with obesity
risk, among a diverse sample of early adolescents, across two assessment points,
race/ethnicity and gender. Using a within- and between-groups approach, this framework
revealed unexpected findings about the associations between the presumed proximal
determinants of children’s weight class (diet, physical activity) and their actual, BMI-
based weight risk. Based on these findings, implications for clinical care, policy, and
research were discussed, as well as the utility of current decision-based weight
management programs.

Reference (Unique to Introduction)

Creighton, R. (2010). Fat Taxes: The Newest Manifestation of the Age-Old Excise Tax.
Journal of Legal Medicine, 31, 123-136.
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Abstract

Objective: This study examined whether physical activity is differentially associated
with obesity in African American, Hispanic, and White youth and whether relationships
are moderated by gender.

Methods: Data are from 4,824 5™ graders (ages 10-11) in the Healthy Passages'™ study,
a population-based, longitudinal study conducted in three U.S. metropolitan areas, who
were re-assessed 2 years later with 93% retention. Obesity was classified from measured
BMI (27% in 5" grade). Physical activity was classified from child-report using
guideline criteria into Optimal (> 5 days/week 60+ minutes/day moderate-vigorous
physical activity) and Sub-Optimal (76% in 5™ grade).

Results: Racial/ethnic-gender subgroup analyses showed that optimal physical activity
was associated with reduced obesity risk only among Hispanic and White males in 7™
grade. There was no relationship between physical activity and obesity risk among youth
in 5 grade, females, or African American males or females.

Conclusions: Physical activity is associated with obesity risk differentially across
gender, racial/ethnic groups, and different ages during early adolescence. The reduced
weight risk generally attributed to physical activity does not appear to apply universally
for all youth. Further research should identify influences on weight status beyond
physical activity, especially among Hispanic and White females and African American
youth of either gender.

Keywords: obesity, children, adolescents, physical activity



Introduction

Programs in the U.S. that address childhood obesity typically target caloric
expenditure, through the increase of physical activity. The targeting of physical activity is
the hallmark of both large-scale programs with a national commitment (Let’s Move!,
2011), as well as smaller-scale lifestyle interventions (e.g., Janicke et al., 2008; Sweat et
al., 2011). However, the empirical support for these strategies may be less consistent than
one would expect given their ubiquitousness. In fact, there is increasingly inconsistent
evidence supporting the notion that physical activity is inversely associated with obesity
risk for children. This study will examine the association between physical activity and
obesity risk for diverse groups of young adolescents.

Some studies on children and adolescents indeed have reported the expected
inverse relationship between physical activity and obesity risk (Janssen & LeBlanc, 2010;
Jiménez-Pavon, Kelly, & Reilly, 2010; Norman et al., 2010). However, others have
reported no relationship at all (Goran, Hunter, Nagy, & Johnson, 1997; Sallis, Prochaska,
& Taylor, 2000; Treuth et al., 1998), and one study we are aware of has reported a
positive relationship between physical activity and obesity risk (Gazzaniga & Burns,
1993). Whereas differences in methodology may explain these inconsistencies, the
relationship between physical activity and healthier weight has nonetheless been
described as controversial (Goran, Reynolds, & Lindquist, 1999; McMurray, Harrell,
Deng, Bradley, Cox, & Bangdiwala, 2000; Thibault, Contrand, Saubusse, Baine, &
Maurice-Tison, 2010).

The conflicting findings on the relationship between physical activity and obesity
risk in children are further complicated by the variability that occurs in both physical
activity and obesity risk across race/ethnicity and gender. Physical activity is higher
among male than female youth (Belcher et al., 2010; Gortmaker et al., 2012; McMurray
et al., 2000), and precipitously declines in adolescence for both genders (Kimm et al.,
2002). In addition to the lower prevalence of physical activity among teenage girls,
within-gender research also suggests that African American girls are less physically
active than White girls (Kimm et al., 2002).

Obesity 1s more than twice as frequent among African American and Hispanic
children than among White children (Singh, Siahpush, & Kogan, 2010 ). Research
suggests that much of this disproportionate risk in obesity can be explained by the
marked differences in socioeconomic resources that on average disfavor African
American and Hispanic youth (Goodman, Slap, & Huang, 2003; Goodman, 1999).
Studies indicate, however, that within specific racial/ethnic groups, higher SES is
differentially associated with obesity risk. In fact, in a study of close to 4,000 African
American, Hispanic, and White youth, higher SES was reported to be a risk factor among
African Americans, with overweight increasing as family income rose (Alaimo, Olson, &
Frongillo, 2001).

Although studies have been informative as to differences in physical activity and
obesity risk specific to race/ethnicity and gender, no studies we are aware of have
examined the relationship between physical activity and obesity risk in childhood with an
integrated analysis taking into account both race/ethnicity and gender. Furthermore, there



are no studies that we know of that have examined this relationship in Hispanic youth,
now the second largest racial/ethnic group in the U.S. Consequently, this study aims to
examine the association between physical activity behavior and obesity risk in a diverse
sample including the three largest racial/ethnic groups in the U.S. (African American,
Hispanic, White) and both genders during early adolescence (age 10-13). We choose this
early adolescent period because children commonly adopt weight-related behaviors
around this time that sustain through adolescence into adulthood (WHO, 2004; Windle et
al., 2004).

The primary aim for this research was to examine whether physical activity is
differentially associated with obesity risk across racial/ethnic groups, gender, and
different ages in early adolescent development. Because the most recent prior studies
support that physical activity is inversely associated with obesity, we will test the
hypothesis that physical activity is inversely associated with obesity universally
regardless of race/ethnicity, gender, and age in early adolescence. A secondary aim will
be to examine whether there are differences in physical activity and obesity related to
race/ethnicity and gender in early adolescence. As this is a secondary aim, we will refrain
from hypothesizing potential main effects differences.

Method

We used data from Healthy Passages'", a multi-site longitudinal community
cohort study of adolescent health and health behaviors and their correlates initiated in
2004 (Schuster et al., 2012; Windle et al., 2004). Data were collected from the same
cohort of youth while in 5t grade and then two years later when they generally were in
7™ grade. Institutional review boards at each research site approved the Healthy
Passages'" study.

Participants

Participants were recruited from public schools in: (1) 10 contiguous public
school districts in and around Birmingham, Alabama, (2) 25 contiguous public school
districts in Los Angeles County, California, and (3) the largest public school district in
Houston, Texas. Eligible schools had an enrollment of at least 25 5"-graders,
representing over 99% of students enrolled in regular classrooms in the three areas. To
ensure adequate sample sizes of non-Hispanic African-American, Hispanic, and non-
Hispanic white youth, we took a random sample of schools using probabilities that were a
function of how closely a school’s racial/ethnic mix corresponded to the site’s
racial/ethnic target, as detailed elsewhere (Windle et al., 2004). Information was
disseminated to the 5" graders in 118 selected schools, with 11,532 students, to bring to
their parents (or caregivers). Permission to be contacted was returned by 6,663, of which
5,147 (77%) completed both a parent and a youth interview. Exclusion criteria included
not attending a regular academic classroom or having a parent who could not complete
interviews in English or Spanish. The 6% who were not identified by their parents as
being African-American, Hispanic, or white (details below) were omitted from analysis,
resulting in 4,824 with the unweighted (weighted) distribution of 36% (30%) African-



American, 38% (47%) Hispanic, and 26% (23%) White, 51% (51%) females, and youth
age M =11.11 (SD = .56) at the 5th grade assessment. Additional detailed demographic
information appears elsewhere (Schuster et al., 2012). The retention at the 7™ grade
assessment, at age M = 13.06 (SD = .59), was 93%, resulting in 4,491 participants with an
essentially identical distribution across race/ethnicity and gender as at 5™ grade.

Procedures

The full Healthy Passages™ assessment protocol was completed with a child and
parent separated in private spaces at their home or another setting by two trained
interviewers using both computer-assisted personal interview and computer-administered
self interview methods (Windle et al., 2004). The parent could choose whether material
would be presented in English or Spanish (prepared using standard back-translation
methods). The same procedures were used for the 7" grade assessment.

Measures

Obesity. Body Mass Index (BMI) calculations were based on weight and standing
height obtained according to standard anthropometric protocols (Centers for Disease
Control and Prevention, 1998) by trained and certified interviewers. Height was
measured, with the participant in bare feet or socks, to the nearest millimeter using a
portable stadiometer. Weight was measured to the nearest 0.1 kg using a Tanita electronic
digital scale. Sex-specific ratios of children’s weight for height by age (months) were
calculated according to CDC guidelines (Kuczmarski et al., 2000), with obese defined as
BMI > 95th percentile.

Physical activity. One item adapted from the PACE+ Adolescent Physical
Activity Measure was used to measure frequency of moderate-to-vigorous physical
activity (Prochaska, Zabinski, Calfas, Sallis, & Patrick, 2000): “On how many of the past
7 days did you exercise or take part in any kind of exercise or physical activity in which
you were moving for at least 60 or more minutes?”” This item has shown strong test-retest
reliability (ICC = 0.72) as well as moderate correlation with accelerometer (» = 0.37, p <
.001) (Prochaska, Sallis, & Long, 2001). Responses ranged from 0 to 7 days, which were
dichotomized into optimal (5-7 days/week) and sub-optima” (< 5 days/week) physical
activity categories, as per guidelines for this age group (Butcher, Sallis, Mayer, &
Woodruff, 2008).

Race/ethnicity. The parent was asked which one or more of seven racial/ethnic
categories describe the child. The child was classified as Hispanic if so indicated
regardless of other racial/ethnic indication. Children not categorized as Hispanic were
classified as non-Hispanic African American, non-Hispanic White, or other (6%, which
was excluded from analysis).

Socioeconomic Status (SES). Parent report of highest year of education
completed in the household was used to index SES. Experts consider this the most salient
and stable indicator of SES (Williams & Collins, 1995) for members of racial/ethnic
minority groups, who do not receive the same financial gains for equivalent years of
education as do whites (Kaufman, Cooper, & McGee, 1997; Williams, 1999). Response
was made among seven categories (< 8th grade, some high school, high school graduate,



GED, some college, 4-year college degree, > 4-year college degree). These categories
were then reduced to six categories (aggregating high school graduate and GED) for
purposes of these analyses.

Data Analysis

All analyses were performed using the SPSS Complex Sampling module with
weighted data to adjust for the complex survey design, which included cluster sampling
of schools with unequal probability to improve the ability to estimate racial/ethnic
disparities (see Windle et al, 2004, for details). The analysis sample consisted of youth
who provided data on all variables of interest (obesity, physical activity, SES,
race/ethnicity, gender) at both the 5™ and 7™ grade assessments. The general analysis
approach relied on crosstabulations to estimate prevalences and logistic regression to
estimate significant differences between different groups. Odds ratios (ORs) were tested
with 95% confidence intervals (CIs). The first set of crosstabulations and logistic
regression analyses addressed the secondary aim regarding differences in prevalence of
obesity and optimal physical activity at the level of interactions among gender and
racial/ethnic groups, repeated at two ages in early adolescence. SES was included as a
covariate in these analyses to adjust for differences among racial/ethnic groups. We do
not present statistics for the main effect comparisons of females vs. males or 5" vs 7"
grade, but prevalences are fully detailed in Table 1. A second set of crosstab and logistic
regression analyses addressed the primary aim by testing differences in obesity
prevalence at optimal versus suboptimal physical activity within subgroups as defined by
race/ethnicity and gender, again at two ages in early adolescence. SES was included as a
covariate in these analyses as well. The final set of analyses assessed the impact of
missing data by examining differences in the prevalence of obesity, optimal physical
activity, and higher SES between youth who participated and provided complete relevant
data in the 7™ grade assessments and those who did so only in 5t grade.

Results

The final sample consisted of 3,775 youth who provided data on the variables of
interest in both 5™ and 7™ grades. SES was included as a covariate in all analyses.

Prevalence of Obesity and Physical Activity

Differences in prevalences are presented within same-gender groups. As shown
in Table 1 and Figure 1, at both the 5™ and 7" grade assessments, African American
females had a higher obesity prevalence than White females (Sth grade OR =2.28, 95%
CI[1.40, 3.72]; 7t grade OR =2.20, 95% CI [1.31, 3.69]), whereas Hispanic and African
American males had a higher obesity prevalence than White males (Hispanic 5t grade
OR =2.80, 95% CI [1.66, 4.71]; 7™ grade OR = 2.66, 95% CI [1.61, 4.42]; African
American 5™ grade OR = 1.76, 95% CI [1.04, 2.98]; 7" grade OR = 1.89, 95% CI[1.18,
3.03]). There were no other significant differences in obesity within same-gender groups
at 5™ or 7™ grade.
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As shown in Table 1 and Figure 2, there were no significant racial/ethnic
differences in optimal physical activity prevalence for either gender at the 5t grade
assessment. At 7" grade, Hispanic females and males had a significantly lower
prevalence of optimal physical activity compared to their White gender counterparts
(female OR = 0.45, 95% CI[0.31, 0.65]; male OR = 0.55, 95% CI [0.38, 0.79]). There
were no other differences in optimal physical activity within same-gender groups at 7t
grade.

Associations between Obesity and Physical Activity

Among the sample as a whole, at the 5t grade assessment, there was no
significant difference in obesity between youth of optimal versus sub-optimal physical
activity. At the 7t grade assessment, youth with optimal physical activity had a lower
prevalence of obesity than youth with sub-optimal physical activity (20% vs 26% obesity,
OR =0.77,95% CI [0.64, 0.94]). Among females at both 5" and 7™ grade, as well as
males at 5™ grade, there was no significant difference in obesity related to physical
activity. At 7t grade, males with optimal physical activity had a lower prevalence of
obesity risk than males of sub-optimal physical activity (18% vs 28% obesity, OR = 0.62,
95% CI110.48, 0.80]).

Obesity risk related to physical activity is presented in Figure 3. Among females
at both 5™ and 7™ grade, as well as males at 5™ grade, there was no statistically significant
difference in obesity risk between youth of optimal versus sub-optimal physical activity
within any racial/ethnic-gender subgroup. At 7" grade, Hispanic and White, but not
African American, males of optimal physical activity had a significantly lower
prevalence of obesity risk compared to their racial/ethnic counterparts of sub-optimal
physical activity (Hispanic: 23% vs 34% obesity, OR = 0.57, 95% CI [0.40, 0.80]; White:
8% vs 17% obesity, OR = 0.45, 95% CI [0.24, 0.82]).

Missing Data

Missing data represented youth who did not participate in the 70 grade assessment
(7%), or youth who, while participating, did not provide data for one or more of the
variables of interest (7%). As detailed in Table 2, youth who were missing 7thgrade data
had a significantly higher obesity prevalence (OR = 1.51, 95% CI [1.26, 1.81]) and a
significantly lower prevalence of higher SES (OR = 0.78, 95% CI [0.64, 0.96]) than those
who provided complete 7" grade data. There was no difference in optimal physical
activity prevalence. To assess the impact of excluding youth missing SES measurements
(the most frequently omitted variable), a sensitivity analysis was conducted. Results,
however, were not materially different than those presented above.

Discussion

The results show that physical activity is associated with obesity risk
differentially across racial/ethnic groups, gender, and ages during early adolescence. Of
the six groups examined (3 racial/ethnic x 2 gender groups) at two time points, physical
activity was associated with reduced obesity risk for only Hispanic and White males, and
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only in 7" grade. There was an absence of significant associations with obesity for
physical activity for African American youth of either gender, and for females of any
race/ethnicity. Although not consistent with the hypothesis based on prior research, these
findings are consistent with other literature that has described the relationship between
obesity and physical activity in children as “controversial” (Goran, Reynolds, &
Lindquist, 1999; McMurray et al., 2000; Thibault et al., 2010). Our findings suggest that
among females of any race/ethnicity, and among African American youth of either
gender, obesity risk occurs independent of physical activity.

As a secondary aim, this study also examined differences in obesity risk and
physical activity in relation to race/ethnicity and gender in early adolescence. Findings
indicate a racial/ethnic-gender interaction in obesity risk with African American females
and Hispanic males at highest risk compared to their same-gender cohorts. This finding is
consistent with the literature (Singh, Siahpush, & Kogan, 2010), as is the finding of a
lower prevalence of optimal physical activity among African American youth of both
gender, as well as Hispanic females, compared to their same-gender White cohorts, in 7"
grade (Kimm et al., 2002). Consistent with much literature (e.g., Goodman, Slap, &
Huang, 2003; Goodman, 1999) as well is the finding of lower average parental education
for African American and Hispanic youth than White youth. As we included household
education level as a covariate in our analyses, our findings describe the relationship
between physical activity and obesity risk independent of the marked racial/ethnic
differences in household education.

The finding that physical activity is not universally, but rather is differentially
associated with obesity risk is counter to the expectation that healthy weight in children is
in part related to exercise. This expectation has been fostered by weight management
campaigns (e.g., Let’s Move!, 2011) built on reducing children’s obesity through
improved quality of diet and quantity of exercise. With regard to exercise, our findings
suggest that this approach may not be sufficient, especially for those children in our
sample (> 50%) for whom obesity risk appears not to be associated with physical activity.
The finding that physical activity is not associated with obesity risk for more than half the
children in our sample is consistent with a recent meta-analysis on the efficacy of school-
based physical activity and nutritional education interventions in reducing the BMI of
children and adolescents (Guerra, Nobre, da Silveira, & Taddei, 2014). This review of
thirty-eight studies found that school-based physical activity and nutritional education
interventions offered no statistically significant benefits of BMI reduction to the children
in attendance (Guerra, Nobre, da Silveira, & Taddei, 2014). These findings offer further
support to the argument that the approach by current weight management programs in the
U.S. may not be sufficient.

This study aimed to examine the association between physical activity and obesity
risk within a sample balanced for race/ethnicity and gender in early adolescence. While
previous studies have examined racial/ethnic differences in obesity risk (Singh, Siahpush,
& Kogan, 2010), as well as racial/ethnic and gender differences in physical activity
prevalence (Kimm et al., 2002), this is the first study we are aware of that has examined
the association between physical activity and obesity risk in this age range with an
integrated analysis where both race/ethnicity and gender are examined within subgroups.
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In addition, we have examined these relationships at two points in adolescent
development, 5" and 7™ grade. These dual assessments allow us to believe that the
differential association between physical activity and obesity risk may manifest in youth
around 6" or 7" grade, at about ages 11-13.

This study has implications for clinical care, policy, and research. The finding that
physical activity is inversely associated with obesity risk for only certain racial/ethnic-by-
gender subgroups, brings question to the comprehensive utility of healthy weight
promoting programs (e.g., Let’s Move!, 2011) built solely upon platforms of reducing
weight risk through “improving children’s diet and increasing exercise.” Based on these
findings, one might wonder whether programs such as these are sufficient, or whether
they may be underserving racial/ethnic-gender subgroups of particularly high risk (e.g.,
African American females). At a minimum, future studies should assume within-groups
differences and include race/ethnicity- by-gender interactions in the design. In sum, these
findings suggest that both research and policy should address pediatric weight risk with a
more targeted approach, with added focus on the groups at highest risk.

Among limitations is that, as with all studies examining cross-sectional
associations, causality should not be inferred. Second is the self-reporting method of the
child’s physical activity. When compared to objectively measured physical activity (e.g.,
by accelerometer), adolescents appear to over-report weekly physical activity
(Slootmaker, Schuit, Chinapaw, Seidell, & van Mechelen, 2009). There may also be
variability of self-reporting across gender, because adolescent females appear to over-
report activity at a slightly higher rate than males (Slootmaker et al., 2009). Finally, the
Hispanic portion of our sample has roots primarily in Mexico and Central America, and
because of the heterogeneity among this ethnic group, findings should not be generalized
to other Hispanics with origins in other regions (e.g., Puerto Rican, Cuban).

In lieu of the differential association between physical activity and obesity risk
across groups, future research should consider additional influences. Variables such as
parenting style, child’s self-esteem, quality of life, and family structure are just a few
potential moderators that are understudied as to their influence on obesity risk among
youth. In examining these influences, research should assess these and other variables
within racial/ethnic-by-gender subgroups, under the assumption that these mechanisms
also may vary across subgroups. Whereas the prospect of separate analyses within
specific racial/ethnic and gender subgroups may be challenged by statistical power
requirements, this approach is needed in assessment of weight-risk mechanisms in the
U.S. if we wish to gain a higher understanding of the complexities of weight risk among
youth.
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Table 1

Obesity, Physical Activity, and Socioeconomic Prevalences (weighted %)

Optimal .
Obese Plfysical Héihser
Activity
(weighted (> 95" %ile  (5-7 days/ (= college
N)* BMI) week) degree)

5™ grade assessment” (3,817) 26.0 24.5 29.2
Female” (1,877) 24.4 22.5 26.8
African American (575) 31.6 19.6 21.5
Hispanic (883) 23.9 23.0 8.8
White (419) 15.4 25.4 71.9
Male® (1,940) 27.7 26.5 31.6
African American (609) 25.7 27.7 25.7
Hispanic (831) 36.1 24.4 11.0
White (500) 16.0 28.6 72.9
7™ grade assessment” (3,801) 23.7 33.1 29.5
Female” (1,871) 23.7 28.6 27.2
African American (571) 30.6 32.0 22.6
Hispanic (886) 23.8 20.9 10.0
White (414) 13.9 40.4 70.4
Male” (1,930) 23.8 37.4 31.8
African American (598) 229 40.7 27.1
Hispanic (841) 30.8 27.8 11.2
White (491) 12.8 50.0 72.6

Note. SPSS complex sampling results for dichotomous variables expressed as weighted
%. Assessments conducted in 5™ and 7™ grades with the same participants.

*Weighted N based on sampling plan specific to each assessment.

®Aggregated racial/ethnic proportions are not representative of 2013 U.S. population
distribution.
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Table 2

Comparison at 5™ Grade Between Youth with Complete and Missing Data in the 7
Grade Assessment (weighted %)

Obese Optimal Higher SES
Physical
Activity
(weighted (> 95™ile (5-7 days/ (> college
N) BMI) Week) degree)
Complete data (4,487) 27.3 24.3 28.5
5t grade
Complete data (3,817)° 26.0 24.5 29.2
7t grade
Missing data (669) 34.7 23.2 24.3
7™ grade®
OR [CI] 1.51 0.93 0.78
[1.26,1.81] [0.71,1.21] [0.64, 0.96]
OR [CI] with SES covariate 1.47 0.94 --

[1.23,1.76] [0.71, 1.23]

Note. Weighted data from SPSS complex sampling results for dichotomous variables.
SES, socioeconomic status.

*Missing from 7t grade due to not participating in the 70 grade assessment or, if
participating, BMI, PA, or SES measure was not completed.

bWeigh‘[ed N of 3,817 based on Wave 1 complex samples plan.
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Figure 2. Optimal physical activity prevalence across race/ethnicity and gender at 5™ and
7t grade assessments. Afr-Amer, African American; Ref, reference category;
*statistically-significant (p <.05) odds ratio (OR) as referenced to reference-category
group (Ref); SES included as a covariate.
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Figure 3. Obesity prevalence across physical activity level for racial/ethnic and gender
groups at 5" and 7" grade assessments. Afr-Amer, African American; Hi PA, optimal
physical activity; Low PA, sub-optimal physical activity; within-groups *statistically-
significant (p <.05) odds ratio (OR) as referenced to optimal physical activity group; SES
included as a covariate.
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Abstract

Objective: Research finds considerable variability in the associations between dietary and
physical activity behaviors and obesity, among youth of different racial/ethnic groups.
This study examined the relationship between dietary and physical activity behaviors and
obesity risk during early adolescence in African American, Hispanic, and White youth.
Methods: Data were from the Healthy Passages™ study, which enrolled 4,824 African
American, Hispanic, and White 5t graders in a population-based, longitudinal study, and
assessed them again 2 years later. Weight status was classified using standard criteria
from measured BMI into Non-Obese and Obese (27%, in 5t grade). The dietary
behaviors of fruit, vegetable, fast food, and sugar-sweetened beverage consumption and
the physical activity behaviors of moderate/vigorous activity and TV viewing were
measured based on self-report from child. Results: Within-racial/ethnic-gender groups
analyses revealed associations between dietary and physical activity behaviors and
obesity risk in fewer than half the racial/ethnic-gender groups examined. No association
was found between any of the behaviors and obesity risk among African American youth.
There was also unexpected directionality in the associations between fruit, fast food, and
sugar-sweetened beverage intake and obesity risk. Physical activity was the only behavior
examined that displayed the expected (inverse) association with obesity risk.
Conclusions: These findings suggest that diet and physical activity have sparse and
sometimes unexpected associations with obesity risk among early adolescents, and that
there is variability in these associations among racial/ethnic-gender groups. Further
within-groups studies are needed to consider unexamined moderators among this age

group.

Keywords: obesity, children, adolescents, diet, physical activity
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Introduction

Approaches to address childhood obesity in the U.S. are grounded on the
assumption that dietary and physical activity behaviors are directly linked to weight
status. This assumption appears well-founded based on studies that find: fruit and
vegetable consumption (a common proxy for a healthy diet) is linked to healthy weight
(USDA, 2010); fast food and sugar-sweetened beverage consumption (common proxies
for an unhealthy diet) is linked to unhealthy weight (Babey, Jones, Yu, & Goldstein,
2009; Malik, Shulze, & Hu, 2006); physical activity is linked to healthy weight (Butcher,
Sallis, Mayer, & Woodruff, 2008); and sedentary behavior is linked to unhealthy weight
(Rennie, Johnson, & Jebb, 2005). On the most basic level, children’s weight is a product
of energy intake (through foods and beverages consumed) and energy expenditure
(through physical activity, resting metabolic rate, and the thermic effect of food; Hill,
Whyatt, & Peters, 2012). For children to maintain healthy weight as their body size
increases across development, these components must be balanced over time (Woods &
Seeley, 2005). While acknowledging other components that affect the energy balance
equation (e.g., genetics, psychosocial health, built environment, policies, marketing), we
will focus here on the proximal determinants of this energy balance, namely dietary and
physical activity behaviors, and their associations with obesity in youth.

Research has reported differences in these weight-related behaviors across
racial/ethnic, and gender groups (Arcan, Kubik, Fulkerson, & Storey, 2009; McNutt et
al., 1997). For example, soda and fast food consumption among African American youth
is notably higher than among non-Hispanic White youth (Hastert, Babey, Diamant, &
Brown, 2005). And physical activity among male youth is notably higher than among
female youth (McMurray et al., 2000). There are also marked differences in obesity risk,
with the prevalence for African American and Hispanic being higher than White youth
(Ogden, Carroll, Kit, & Flegal, 2012). However gender differences are also present, with
African American female and Hispanic male youth being at higher risk for obesity than
their same gender racial/ethnic peers (Kumanyika & Grier, 2006). Whereas these studies
have been informative as to differences in obesity risk specific to race/ethnicity and
gender, few studies have examined the relationship between dietary and activity
behaviors and obesity within an integrated analysis across racial/ethnic groups with
consideration also for gender differences.

Healthy weight-promoting programs (e.g., Let’s Move!, 2011) promote
consumption of fresh fruit and vegetables. While fresh fruit and vegetable consumption
among overweight adults has been linked to slower weight gain (Ledoux, Hingle, &
Baranowski, 2011), among children this relationship is less consistent. In fact, a review
of fruit and vegetable intake and adiposity found the expected inverse relationship among
children in only half the studies (Ledoux et al., 2011). This inconsistent association
suggests that other factors influencing weight status must also be considered, such as
intake of less-than-healthy foods (fast foods, sugar sweetened drinks) and physical
activity (Ledoux et al., 2011).

The relationship between fruit and vegetable consumption and weight may also be
moderated by gender. For example, one longitudinal study of 9-14 year-olds found an
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inverse relationship between vegetable intake and Body Mass Index (BMI) change
among the boys, but not among the girls (Field, Gillman, Rosner, Rockett, & Colditz,
2003). Nonetheless, some studies do find diets with a minimum of five servings of fruits
and vegetables a day to be inversely associated with adiposity in children (ADA, 2006;
McCrory et al., 1999). Although studies have examined children’s fresh fruit and
vegetable consumption in home (MacFarlane, Crawford, Ball, Savige, & Worsley, 2007)
and school (Robinson-O'Brien, Burgess-Champoux, Haines, Hannan, & Neumark-
Sztainer, 2010) environments, we are aware of no study that has examined fresh fruit and
vegetable consumption across and within racial/ethnic and gender groups to clarify
possible disparities in these associations.

Studies more consistently indicate that fast food consumption is linked to obesity
in children (Giammattei, Blix, Marshak, Wollitzer, & Pettitt, 2003; Tucker, Seljaas, &
Hager, 1997). Historically, fast food consumption among 2- to 18-year-olds has
“increased 5-fold” from the mid-1970s to the mid-1990s (Davis & Carpenter, 2009), a
period during which obesity in children more than tripled (Ogden et al., 2012). Although
studies have examined the impact of socioeconomics and the built environment on fast
food availability and consumption (Algert, Agrawal, & Lewis, 2006) and have theorized
about the impact of today’s larger serving portions on the weight of children
(Deckelbaum & Williams, 2001), again we are aware of no study that has examined fast
food consumption and its relationship with obesity across and within racial/ethnic and
gender groups.

Along with fast food, consumption of soda and other sugar-sweetened beverages
has risen to the point where the average adolescent now consumes around 39 pounds of
sugar annually from these products (Babey et al., 2009). As with fast food consumption,
sugar-sweetened beverage consumption is linked to obesity risk in youth (Harnack,
Stang, & Story, 1999; Malik, Shulze, & Hu, 2006). Whereas studies have examined
variability of sugar-sweetened beverage consumption across race (Arcan, Kubik,
Fulkerson, & Storey, 2009), no study we are aware of has examined the association of
this consumption with obesity risk with due consideration for race/ethnicity and gender in
youth.

The second component of the energy balance equation, energy expenditure, is
derived primarily from physical activity. Studies have found a gradient relationship
between physical activity and weight status in children, with reduction in BMI, and
related indicators of weight status, mostly along the continuum of physical activity.
(Lohman et al., 2006; Ness et al., 2007). Whereas these studies are consistent in their
portrayal of the relationship between physical activity and pediatric weight risk, they
have neglected to address possible differences across and within racial/ethnic and gender
groups.

Furthermore, there are no studies that we know of that have examined the joint
and unique associations between a range of dietary and physical activity behaviors and
obesity risk within specific racial/ethnic and gender groups. We focus here on the
developmental period of early adolescence (ages 10-13) because children frequently
adopt weight-related behaviors around this time that sustain through adolescence into
adulthood (WHO, 2004; Windle et al., 2004). Driven by the main research question
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whether diet and physical activity behaviors have different associations with obesity risk
across and within racial/ethnic and gender groups, we hypothesize based on prior
research, that there will be: (1) an inverse relationship between fruit and vegetable
consumption and obesity risk; (2) a positive relationship between fast food and sugar-
sweetened beverage consumption and obesity risk; and (3) an inverse relationship
between physical activity and obesity risk in general. We will test these hypotheses both
between and within African American, Hispanic, and White male and female groups at
two time points in early adolescence, in 5" and 7™ grade, to examine developmental
trends in dietary and physical activity behaviors and their associations with obesity risk.

Method

We used data from Healthy Passages'", a multi-site longitudinal community
cohort study of adolescent health and health behaviors and their correlates initiated in
2004 (Schuster et al., 2012; Windle et al., 2004). Data from Waves I and II were used,
collected from the same cohort of youth while in 5™ grade and then two years later when
they generally were in 7" grade. Institutional review boards at each research site
approved the Healthy Passages™™ study.

Participants

Participants were recruited from public schools in: (1) 10 contiguous public
school districts in and around Birmingham, Alabama, (2) 25 contiguous public school
districts in Los Angeles County, California, and (3) the largest public school district in
Houston, Texas. Eligible schools had an enrollment of at least 25 Sth—graders,
representing over 99% of students enrolled in regular classrooms in the three areas. To
ensure adequate sample sizes of non-Hispanic African-American, Hispanic, and non-
Hispanic White youth, we took a random sample of schools using probabilities that were
a function of how closely a school’s racial/ethnic mix corresponded to the site’s
racial/ethnic target, as detailed elsewhere (Windle et al., 2004). Information was
disseminated to the Sth—graders in 118 selected schools, with 11,532 students, to bring to
their parents (or caregivers). Permission to be contacted was returned by 6,663, of which
5,147 (77%) completed both a parent and a youth interview. Exclusion criteria included
not attending a regular academic classroom or having a parent who could not complete
interviews in English or Spanish. The 6% who were not identified by their parents as
being African-American, Hispanic, or White (details below) were excluded from the
analysis, resulting in 4,824 with the unweighted (weighted) distribution of 36% (30%)
African-American, 38% (47%) Hispanic, and 26% (23%) White, 51% (51%) females,
and youth age M = 11.11 (SD = .56) at 5th grade. Other demographic information for this
sample has been presented elsewhere (Schuster et al., 2012). The retention rate at 7"
grade assessment was 93%, resulting in 4,491 with age M = 13.06 (SD = .59) with an
essentially identical distribution across race/ethnicity and gender as at 5t grade.
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Procedures

The full Healthy Passages™ assessment protocol was completed with a child and
parent separated in private spaces at their home or a research facility by two trained
interviewers using both computer-assisted personal interview and computer-administered
self interview methods (Windle et al., 2004). The parent could choose whether material
would be presented in English or Spanish (prepared using standard back-translation
methods; Bravo, Woodbury-Farifia, Canino, & Rubio-Stipec, 1993). The same
procedures were used for the 7t grade assessment.

Dependent Variable: Obesity

Body Mass Index (BMI) calculations were based on weight and standing height
obtained according to standard anthropometric protocols (Centers for Disease Control
and Prevention, 1998) by trained and certified interviewers. Height was measured, with
the participant in bare feet or socks, to the nearest millimeter using a portable
stadiometer. Weight was measured to the nearest 0.1 kg using a Tanita electronic digital
scale. Sex-specific ratios of children’s BMI, based on weight for height by age (months),
were calculated according to CDC guidelines (Kuczmarski et al., 2000), with obese
defined as BMI > 95th percentile.

Dietary and Physical Activity Variables

Dietary behavior was measured by child report using items adapted from the
School-Based Nutrition Monitoring (SBNM) secondary level student questionnaire
(Hoelscher, Day, Kelder, & Ward, 2003), a food frequency questionnaire (FFQ) covering
dietary behavior over the past seven days. The SBNM has been found to be an
appropriate instrument for assessment of dietary behavior of early adolescents (Hoelscher
et al., 2003). Validity testing comparing the SBNM dietary items to responses on a 24-
hour recall, considered the gold standard method (McPherson, Hoelscher, Alexander,
Scanlon, & Serdula, 2000), found agreement ranging from 51-54%, with « statistics of
0.33 and Spearman correlations ranging from 0.40-0.57, and reproducibility testing
found agreement ranging from 72-81%, with « statistics from 0.60-0.71 and correlations
from 0.73-0.87 (Hoelscher et al., 2003). Baranowski and Domel (1994) indicate that
accuracy of dietary recall is present in children by age 10. The following specific dietary
variables were obtained:

Fruit consumption was measured by items that separately assessed the youth’s
consumption of fruit and 100% fruit juice over the past week. For example: “During the
past 7 days, how often did you eat a serving of fruit?”” and “During the past 7 days, how
often did you drink a cup, glass, bottle, or can of 100% fruit juices such as orange juice,
apple juice, or grape juice? Do not count punch, Kool-Aid, sports drinks, Sunny Delight.”
Fruit and 100% fruit juice intake was totaled and transformed into servings/day and then
dichotomized into “higher” (3+ servings/day) and “lower” (< 3 servings/day) categories
to resemble USDA daily intake guidelines (USDA, 2010).

Vegetable consumption was measured by items that separately assessed the
youth’s consumption of salad, potatoes (excluding French fries and chips), carrots, and
miscellaneous vegetables over the past week. For example: “During the past week, how
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often did you eat a serving of green salad? A green salad is made with lettuce, spinach,
and other leafy green vegetables.” Items were totaled and transformed into servings/day
and then dichotomized into “higher” (3+ servings/day) and “lower” (< 3 servings/day)
categories to resemble USDA daily intake guidelines (USDA, 2010).

Fast food consumption was measured by items that addressed the number of fast
food meals or snacks the youth consumed in the last week. For example: “During the past
7 days, how often did you eat a meal or snack from a fast food restaurant, such as
McDonalds, Pizza Hut, Burger King, Kentucky Fried Chicken, or Taco Bell?”” Items were
totaled and then dichotomized into “higher” (> 2 meals or snacks/week) and “lower” (<2
meals or snacks/week) categories. In the absence of any formal guidelines regarding fast
food consumption, this resulted in identifying approximately the upper quartile in
consumption.

Sugar sweetened beverage consumption was measured by items that addressed the
number of sodas and non-soda sugar-sweetened drinks (e.g., punch, Kool-Aid, sports
drink) the youth consumed in the last week. For example: “During the past 7 days, how
often did you drink a glass, can, or bottle of soda or soft drinks?” and “During the past 7
days, how often did you drink a cup, box, bottle, or can of any punch, Kool-Aid, sports
drinks, Sunny Delight, or other sweet drinks?” Soda and non-soda sugar-sweetened
beverage intake was totaled and transformed into servings/day and then dichotomized
into “higher” (> 14 servings/week) and “lower” (< 14 servings/week) categories. In the
absence of any formal guidelines regarding sugar sweetened beverage consumption, this
resulted in identifying approximately the upper quartile in consumption.

Physical activity was assessed by self-report using one item adapted from the
PACE+ 60-minute screening measure for moderate-to-vigorous physical activity
(MVPA) (Prochaska, Zabinski, Calfas, Sallis, & Patrick, 2000): “On how many of the
past 7 days did you exercise or take part in any kind of exercise or physical activity in
which you were moving for at least 60 or more minutes?” This item has shown strong
test-retest reliability (ICC = 0.72) as well as moderate correlation with accelerometer (r =
0.37, p <.001) (Prochaska, Sallis, & Long, 2001). Responses ranged from 0 to 7 days.
Scores were dichotomized into “higher” (5-7 days/week) and “lower” (<5 days/week)
categories, with the higher category corresponding with the physical activity guideline
recommendations for this age group (Butcher, Sallis, Mayer, & Woodruff, 2008).

Television viewing was measured by five items that assessed the youth’s
television viewing across the week (school day afternoon, school day night, Friday night,
Saturday, Sunday). For example for the school night: “On a usual school night, that is
Monday, Tuesday, Wednesday, or Thursday, about how many hours do you watch
television from 7pm until you go to bed?” Items were totaled and then dichotomized into
“higher” (30+ hours/week) and “lower” (< 30 hours/week) categories, with the higher
category corresponding with the “at-risk™ categories for sedentary behavior for this age
group (Crespo et al., 2001; Staiano, Harrington, Broyles, Gupta, & Katzmarzyk, 2013).

Exposure variables
For race/ethnicity, the parent was asked which one or more of seven racial/ethnic
categories describe the child. The child was classified as Hispanic if so indicated
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regardless of other racial/ethnic indication. Children not categorized as Hispanic were
classified as non-Hispanic African American, non-Hispanic White, or other (which was
excluded from analysis).

SES was indexed by parent report of household’s highest year of education
completed (7 levels) because it is the most stable indicator of SES (Williams & Collins,
1995) and is considered best for use with members of racial/ethnic minority groups, who
do not receive the same financial gains for equivalent years of education as do Whites
(Kaufman, Cooper, & McGee, 1997; Williams, 1999). Seven categories reflected the
highest education completed (< 9" grade to > 4-year college degree), which were
dichotomized into “higher” (> 4-year college degree) and “lower”’(< 4-year college
degree) categories for purposes of these analyses.

Data Analysis

All analyses were performed using SPSS Complex Sampling module with
weighted data to adjust for the complex survey design, which included clustered
sampling of schools with unequal probability to improve the ability to estimate
racial/ethnic disparities (see Windle et al, 2004, for details). Preliminary crosstabs
analyses were conducted to describe prevalence of obesity, dietary and physical activity
behaviors, and SES; logistic regression tests were then conducted separately for males
and females to estimate differences across race/ethnicity. Bonferroni adjustments were
applied constraining differences to significance at p <.0167 (.05/3 groups).

The main analysis examined the unique and joint contributions to obesity risk
from the dietary and physical activity variables, separately in each racial/ethnic and
gender group at each assessment occasion. For this purpose, all six dietary and physical
activity variables were simultaneously entered in a logistic regression with obesity status
as the dependent variable, controlling for SES. Significance of individual variables was
tested with ORs with 95% Cls, whereas the significance of the regression model as a
whole was tested with Wald F, with significance at p <.05. Because all variables were
examined simultaneously in these analyses, the results represent the individual
contribution of each behavioral variable to obesity risk independent of, or adjusted by,
the other variables and SES.

To provide full information about the association of the dietary and physical
activity variables with obesity, bivariate logistic regression analyses were conducted in
addition. Significant differences in obesity risk associate with a specific behavior were
expressed in odds ratios (ORs) with 95% confidence intervals (CIs). Whereas findings
from these bivariate analyses are presented in tabular form, they are not discussed further
because we emphasized the multivariable analysis that provides information about unique
contribution of the dietary and physical activity behaviors to obesity risk when
considered simultaneously rather than in isolation.

Results

Prevalences of Obesity and Dietary and Physical Activity Behaviors
The following results are shown in Table 1.
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Obesity. Although not a focus of this study, for completeness we report and
compare obesity prevalences. African American and Hispanic females had significantly
higher obesity prevalence than White females at both the 5™ and 7" grade assessments.
At the 5 grade assessment, African American females had significantly higher obesity
prevalence than Hispanic and White females Hispanic males had significantly higher
obesity prevalence than White males at both the 5™ and 7™ grade assessments. At the 7t
grade assessment, African American and Hispanic males had higher obesity prevalence
than White males.

Fruit consumption. At the 5" grade assessment, Hispanic females had a
significantly higher fruit consumption (3+ servings/day) than African American and
White females, while Hispanic males had a significantly higher than White males. At the
7t grade assessment, for both males and females, Hispanic youth had a significantly
higher fruit consumption than White youth.

Vegetable consumption. At the 5™ grade assessment, Hispanic females had a
significantly higher vegetable consumption (3+ servings/day) than White females, while
African American and Hispanic males had a significantly higher vegetable consumption
than White males. At the 7" grade assessment, there were no significant differences in
higher vegetable consumption between racial/ethnic groups for either males or females.

Fast food consumption. At the 5t grade assessment, for both males and females,
African American youth had a significantly higher fast food consumption (> 2 meals or
snacks/week) than Hispanic and White youth. At the 7" grade assessment, for both males
and females, African American youth had a significantly higher fast food consumption
than Hispanic youth, who were higher than White youth.

Sugar-sweetened beverage consumption. At the 5t grade assessment, for both
males and females, African American youth had a significantly higher sugar-sweetened
beverage consumption (> 14 servings/week) than Hispanic and White youth. At the 7%
grade assessment, for both males and females, African American youth had a
significantly higher prevalence of higher sugar-sweetened beverage consumption than
Hispanic youth, who were higher than White youth.

Physical activity. At the 5" grade assessment there were no significant
differences in higher physical activity (5-7 days/week) among the three racial/ethnic
groups for either males or females. At the 70 grade assessment, for both males and
females, White youth had a significantly higher physical activity than African American
youth, who were higher than Hispanic youth.

Television viewing. At both the 5™ and 7" grade assessments, for both males and
females, African American youth had a significantly higher television viewing (30+
hours/week) than Hispanic youth, who were higher than White youth.

Associations of Dietary and Physical Activity Behaviors with Obesity Risk

Results from the multivariable examination of the unique and joint contribution of
dietary and physical activity behaviors are emphasized in this study and presented in
Table 2. Results of bivariate associations of the same behaviors with obesity risk are
presented in Table 3 for completeness.
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Females. At the 5™ grade assessment adjusting for the contribution of all other
behaviors and SES, increased obesity risk was associated only with higher television
viewing among African American females, and only with higher fruit consumption
among Hispanic females. Among White females, a reduced obesity risk was associated
only with higher fast food consumption. At the 7" grade assessment, there was a reduced
obesity risk associated only with higher fast food consumption among African American
females and only with higher sugar sweetened beverage consumption among Hispanic
females. Among White females, obesity risk was not associated with any of the behaviors
at this assessment.

Males. At the 5™ grade assessment, obesity risk was not associated with any of
the behaviors for males of any racial/ethnic group. At the 7" grade assessment when
adjusting for the contribution of all other behaviors and SES, a reduced obesity risk was
associated with higher physical activity among Hispanic and White males, while in
addition among White males, there was an increased obesity risk associated with higher
fast food consumption,. Among African American males in 7™ grade, obesity risk was
not associated with any of the behaviors.

Discussion

The primary aim of this study was to examine the unique and joint contribution of
the dietary and activity variables presumed to be associated with obesity risk among a
racially- and ethnically-mixed sample of early adolescents. The results portray largely an
absence of and unpredictability of relationships between the dietary and physical activity
behaviors examined here and obesity risk in diverse youth assessed in 5™ and 7™ grade.
Among the six groups examined (3 racial/ethnic x 2 gender groups) at two time points, a
relationship between any of the behaviors and obesity risk was observed in only four of
12 analyses (for 5™ and 7" grade Hispanic females, 5™ grade White females, 7 grade
White males), when controlling for SES. There was no relationship between any of the
six behaviors and obesity risk in the remaining two thirds of the groups. Of note was an
absence of relationship between the dietary and physical activity behaviors and obesity
risk among African American youth of either gender at either time point. None of the
relationships that were observed were replicated across the two assessment occasions.
Findings also revealed an unexpected directionality between specific dietary behaviors
and obesity risk among certain racial/ethnic-gender groups (e.g., higher fruit consumption
associated with increased obesity risk among 5t grade Hispanic females; higher fast food
consumption associated with reduced obesity risk among 5™ grade White females). Of
note as well is the finding that of the six behaviors examined (4 diet, 2 activity), only
physical activity and television viewing displayed expected associations (inverse and
positive, respectively) with obesity risk.

Consequently, these dietary and physical activity behaviors had differential
associations with obesity risk across racial/ethnic and gender groups and ages. Moreover,
vegetable intake, a dietary variable with purported beneficial effects on obesity risk, had
no significant association among any of the racial/ethnic-gender groups at either time
point of assessment. The associations between several of the dietary behaviors (fruit, fast
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food, sugar-sweetened beverages) and obesity risk were in the opposite direction from
hypotheses, and inconsistent with current weight management programs based upon the
premise of increasing children’s intake of fruit and vegetables while decreasing their
consumption of “junk foods.” These implications will be discussed later.

As a secondary aim, this study examined differences in diet and activity behaviors
among different to racial/ethnic and gender groups in early adolescence. In all but one
instance, African American and Hispanic youth reported higher fruit, vegetables, fast
food, and sugar-sweetened beverage intake and television viewing, as well as less
physical activity compared to same-gender White youth. The higher intake of fruit among
Hispanic compared to White youth is consistent with prior research (McCarthy, Wolff,
Bianco-Simeral, Crozier, & Goto, 2012), as is the higher intake of fast food and sugar-
sweetened beverages among African American compared to White youth (Hastert,
Babey, Diamant, & Brown, 2005). Also consistent with the literature is finding higher
television viewing among African American and Hispanic compared to White youth
(Crespo et al., 2001). Whereas these group differences in behaviors are consistent with
past studies, the relationship especially between the dietary behaviors and obesity risk is
unexpected, and in some ways controversial.

Our finding that fast food and sugar-sweetened beverage consumption was
associated with reduced obesity risk among certain subgroups (5™ grade White and 7
grade Hispanic girls) is counter to the expectation that consumption of high-caloric, high-
fat food increases obesity risk. One possible explanation for this finding may be that
children in these groups under-report their consumption of fast food and sugar-sweetened
beverages. If so, this would be consistent with studies that link energy intake
underreporting with weight status, with higher underreporting among girls of obese and
overweight BMI compared to girls of healthier BMI (Lanctot, Klesges, Stockton, &
Klesges, 2008). The counterintuitive finding that fruit intake was associated with
increased obesity risk among the subgroup of 5t grade Hispanic may be explained by the
significantly higher intake of fruit among Hispanic (40%) girls when compared to
African American (24%) and White (22%) girls in our sample.

This study aimed to illuminate the relationship that diet and physical activity have
with obesity risk within a sample balanced for race/ethnicity and gender in early
adolescence. Previous studies have examined racial/ethnic differences in obesity risk
(Singh, Siahpush, & Kogan, 2010), as well as racial/ethnic and gender differences in
physical activity prevalence (Kimm et al., 2002). However, this is the first study we are
aware of that has examined the relationship between both diet and physical activity and
obesity risk in this age range with an integrated analysis where both race/ethnicity and
gender are examined as well as their interaction. In light of differences in diet and activity
behaviors across race/ethnicity and gender (Arcan, Kubik, Fulkerson, & Storey, 2009;
McCarthy et al., 2012), this within-subgroups approach is needed to better understand the
associations between behavior and weight status in youth. Also of note is the multivariate
(vs. bivariate) approach in this study, which reveals the unique and joint association of
behaviors with obesity, as they function within the constellation of the whole. As no
single behavior is solely responsible for weight status and they do not occur in isolation,
examining the “constellation” of behaviors appears more relevant to untangling the
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relationship between the hypothesized proximal behaviors of diet and activity and weight
status, than a methodology where each is examined only individually.

Among limitations must be noted that, as with all studies examining cross-
sectional associations, causality should not be inferred. Second is the self-reporting of the
child’s dietary and physical activity behavior. As previously noted (Forrestal, 2011;
Lanctot et al., 2008), there may be underreporting of fast food and sugar-sweetened
beverage consumption among certain subgroups of our sample (higher BMI, African
American). In addition to underreporting, there is also reliance on recall of these
behaviors, which was over seven days. The 24-hour recall method for assessing dietary
intake is generally acknowledged to be preferable (Burrows, Martin, & Collins, 2010;
McPherson et al., 2000), but is challenging to implement in very large samples as here.
Corroborating child’s self-report with proxy report, as has been done in other studies
(Williams, Wake, Hesketh, Maher, & Waters, 2005), however would be an enhancement.
Finally, the Hispanic portion of our sample has familial roots primarily in Mexico, and
because of its within-group heterogeneity, findings should not be generalized to other
Hispanic ethnicities (e.g., Puerto Rican, Cuban).

In light of the unexpected and differential associations that specific dietary and
physical activity behaviors evidence here with obesity risk in diverse early adolescents,
future research should consider moderators to illuminate under which conditions
associations may and may not occur. Variables such as parenting style, child’s self-
esteem, and family structure are just a few potential moderators as of yet incompletely
examined for their influence on obesity risk among diverse youth. Additionally, in
examining these influences, research should assess such variables within racial/ethnic-
gender subgroups, under the assumption that their roles may vary across the different
groups. Whereas the prospect of separate analyses within specific racial/ethnic and
gender subgroups may challenge statistical power requirements, this approach appears
necessary to gain a better understanding of the complexities of obesity risk in youth. This
approach is especially needed in a country as diverse as the U.S., if we wish to
understand between-groups differences in obesity risk and how those mechanisms differ.

This study may have preliminary implications for interventions and policy
regarding obesity in childhood. The finding that diet and physical activity behaviors that
are generally thought to be associated with reduced obesity, but are so only among
certain racial/ethnic-gender subgroups, brings question to the utility of healthy weight
promoting programs built solely on a platform of “improving children’s diet and
increasing exercise” (see Schwartz & Brownell, 2010 for critiques of such programs).
Based on these findings, one might argue that such programs would be reducing
children’s weight risk primarily for White children, who are at lowest obesity risk among
the three major racial/ethnic groups, and less so for the groups at highest risk, African
American girls and Hispanic boys. At a minimum, future efforts should assume group
differences and address race/ethnicity-by-gender interactions in designing such programs.
In sum, findings from this study suggest that both obesity intervention and policy should
address pediatric obesity risk with a more targeted approach, with added focus on the
groups at highest risk (e.g., African American girls and Hispanic boys).
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Table 1

Prevalences of Obesity, Diet and Activity Behaviors, and Socioeconomic Status (weighted %)

39

Obese High Fruit High High Fast High SSB High Physical ~ High TV High SES
Vegetable Food Activity Viewing
(Y] >95™ o4ile 3+ servings/ 3+ servings/ > 2 servings/ > 14 servings/  5-7 days/ 30+ hrs/ > college
BMI day day week week week week degree
5" Grade (age M=11.11)

Female (2,196) 252 30.8 24.1 19.7 19.4 22.6 26.7 26.7
Afr Amer (671) 33.0° 24.1° 22.6% 26.9° 25.0° 19.9° 41.1° 21.5°
Hispanic (1,031)  24.7° 39.5° 27.9* 17.9° 18.7° 23.0° 23.9° 8.7°
White (494) 15.7° 21.9° 18.1° 13.9° 13.4° 24.8° 13.1° 71.4°

Male (2,290) 294 27.0 203 20.7 21.1 26.0 26.5 30.2
Afr Amer (688) 25.7° 25.1% 22.0° 32.0° 31.1° 27.6° 38.0° 23.9°
Hispanic (1,027)  38.5° 31.1° 22.9° 16.3° 15.9° 23.9 25.3 11.5°
White (575) 17.5° 21.8° 13.7° 15.2° 18.7° 28.0° 14.8° 71.2°

7" Grade (age M = 13.06)

Female (1,998)  25.1 353 25.3 27.6 28.3 28.4 27.6 27.2
Afr Amer (607) 31.5° 37.7% 26.7° 38.4° 40.7° 32.0° 40.8° 23.3%
Hispanic (951) 25.5° 36.2° 25.0° 26.3° 25.3° 20.4° 26.9° 9.9°
White (439) 15.5° 29.9° 24.1° 15.7° 17.6° 40.8° 10.7° 70.2°

Male (2,080)  24.8 34.0 23.9 25.9 29.6 37.4 25.7 31.2
Afr Amer (650) 23.7° 32.5% 25.0° 35.6° 42.3° 40.6° 927" 26.6°
Hispanic (915) 32.0° 39.6° 25.5° 26.8° 28.2° 28.0° 20.8° 11.1°
White (514) 13.5¢ 25.8° 19.7° 12.1° 15.9¢ 50.3¢ 12.9¢ 72.6°




Note. Results are from SPSS complex sampling analysis for dichotomous variables. Aggregated racial/ethnic proportions not
representative of 2013 U.S. population distribution. Assessments conducted in 5™ and 7" grades with the same participants. Afr
Amer, African American; SSB, Sugar-sweetened beverage; SES, socioeconomic status.

“PCDifferent superscripts within gender and race/ethnicity subgroups for column variable indicate statistically significant
difference between subgroups (with p <.05/3 =.0167 to adjust for simultaneous hypotheses).
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Table 2

Logistic Regression of the Joint and Unique Associations of Dietary and Activity Behaviors with Obesity Risk by Race/Ethnicity
and Gender at 5" and 7" Grade Assessments

High Fruit High High Fast High SSB High Physical  High TV High SES
Vegetable Food Activity Viewing
N) 3+ servings/ 3+ servings/ > 2 servings/ > 14 servings/  5-7 days/ 30+ hrs/ > college Model
day day week week week week degree Wald F*

5" Grade (age M =11.11)

Female (2,196) - -- -- -- -- 1.65 0.60 8.88**
[1.27,2.14] [0.47,0.77]
Afr Amer (671) - — = = - 1.52 - -
[1.08,2.12]
Hispanic (1,031) 1.72 -- -- -- -- -- 0.63 4.07**
[1.22,2.43] [0.41, 0.99]
White (494) - -- 0.31 -- -- -- -- 3.58%**
[0.10, 1.00]
Male (2,290) - -- 0.69 -- -- -- 0.47 6.55%*
[0.52, 0.91] [0.35, 0.62]

Afr Amer (688) -- - = = = - - -
Hispanic (1,027) - -- -- -- -- -- 0.54 2.54*

[0.35, 0.85]
White (575) - - - - - _ - -

(table continues)
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7" Grade (age M = 13.06)

Female (1,998) - - - - - 1.41 0.51 4.35%%
[1.10, 1.81] [0.38, 0.69]

Afr Amer (607) -- -- 0.65 -- -- -- -- --
[0.47, 0.89]
Hispanic 951) -- -- -- 0.46 -- -- 0.41 2.89%
[0.27, 0.78] [0.24, 0.73]
White (439) -- -- -- -- -- -- 0.38 --
[0.17, 0.86]
Male (2,080) -- -- -- -- 0.71 -- 0.52 4.59%*
[0.56,0.91] [0.39, 0.70]
Afr Amer (650) - - = = = — - -
Hispanic 915) -- -- -- -- 0.71 -- -- --
[0.50, 1.00]
White (514) -- -- 2.79 -- 0.51 -- 0.54 3.26%*
[1.52,5.14] [0.29, 0.92] [0.32, 0.92]

Note. Only significant results from SPSS complex sampling analysis are presented. Simultaneous regressions of dichotomous
variables. ORs reflect independent contribution of each variable while controlling for the others. Assessments conducted in 5™ and
70 grades with the same participants. Afr Amer, African American; SSB, Sugar-sweetened beverage; SES, socioeconomic status.
*Wald F significant at *p <.05 or **p <.01.
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Table 3
Bivariate Lozgistic Regression of Obesity Risk Associated with Individual Dietary and Activity Behaviors by Race/Ethnicity and
Gender at 5" and 7" Grade Assessments
High Fruit High High Fast High SSB High Physical High TV High SES
Vegetable Food Activity Viewing
N) 3+ servings/ 3+ servings/ > 2 servings/ > 14 servings/  5-7 days/ 30+ hrs/ > college
day day week week week week degree

5" Grade (age M =11.11)

Female (2,196) -- -- -- -- -- 1.72 0.56
[1.34,2.21] [0.45,0.71]
Afr Amer (671) -- -- -- -- -- 1.53 --
[1.10, 2.13]
Hispanic (1,031) 1.53 -- -- -- -- -- 0.63
[1.08,2.18] [0.40, 0.99]
White (494) -- - - - -- 1.88 0.42

[1.03,3.45] [0.20, 0.88]

Male (2,290) = 1317 0.71° = = = 0.47°
[1.03, 1.66] [0.55, 0.93] [0.36, 0.62]

Afr Amer (688) -- - = = - - -
Hispanic (1,027) - -- -- -- -- -- 0.53

[0.34,0.82]
White (575) - ~ - - - ~ -

(table continues)



Female

Afr Amer

Hispanic

White

Male

Afr Amer

Hispanic

White

(1,998)

(607)

(951)

(439)

(2,080)

(650)

(915)

(514)

0.65
[0.48, 0.88]

2.91
[1.60, 5.28]

7" Grade (age M = 13.06)

0.52
[0.33,

2.38
[1.09,

0.83]

5.18]

0.64
[0.50, 0.81]

0.68
[0.49, 0.94]

0.49
[0.28, 0.84]

1.43
[1.13,

251
[1.31,

1.81]

0.51
[0.38, 0.69]

0.44
[0.26, 0.77]

0.30
[0.13, 0.70]

0.50
[0.38, 0.66]

0.47
[0.29, 0.77]
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Note. Only significant results from SPSS complex sampling bivariate regressions analyses are presented. Assessments conducted

in 5™ and 7™ grades with the same participants. Afr Amer, African American; SSB, Sugar-sweetened beverage; SES,
socioeconomic status.



Summary and Conclusions

This dissertation examined the relationship between dietary and physical activity
behavior and obesity risk among a diverse sample of adolescents. In the examination of
the relationship between physical activity and obesity risk, an inverse association
between physical activity and obesity risk was found, but only among Hispanic and
White males in 7 grade. There was no relationship between physical activity and obesity
risk among youth in 5™ grade, females, or African American males or females.
Racial/ethnic differences in obesity prevalence and physical activity were found as well.
When controlling for socioeconomic differences, in 5" and 70 grade, African American
females had higher obesity prevalence than White females, and African American and
Hispanic males had higher obesity prevalence than White males. In 7" grade, White
females and males reported higher physical activity than their same gender Hispanic
counterparts. In the examination of the holistic relationship between multiple dietary and
activity behaviors (4 and 2, respectively) and obesity risk, associations between behavior
and obesity risk were present in fewer than half the racial/ethnic-gender groups
examined. Vegetable intake, a dietary variable with purported beneficial effects on
obesity risk, had no significant relationship with obesity risk among any of the
racial/ethnic-gender groups at either time point of assessment.

The results also revealed unexpected directionality in the associations between
fruit, fast food, and sugar-sweetened beverage intake and obesity risk. In fact, of the six
behaviors examined, physical activity was the only behavior that displayed the expected
(inverse) association with obesity risk, and that in fewer than half the racial/ethnic-gender
groups examined. No association was found between any of the behaviors and obesity
risk among African American youth. Racial/ethnic differences in obesity prevalence,
SES, and dietary and physical activity behaviors were found as well. African American
females and Hispanic males had the highest obesity prevalence within their same gender
groups. White youth had higher SES than African American youth who had higher SES
than Hispanic youth. And in all but one instance, African American and Hispanic youth
reported higher fruit, vegetables, fast food, and sugar-sweetened beverage intake and
television viewing, as well as less physical activity compared to same gender White
youth. Thus, the behavioral variables examined evidenced differential association with
obesity risk among the racial/ethnic-gender groups contained within the sample.

Methodologically, this dissertation takes a somewhat different tack. It does so for
the sake of story impact (read- and relate-ability). With the exception of the holistic
analysis of the joint and unique associations of dietary and activity behaviors with obesity
risk by race/ethnicity and gender (see p. 41), most analyses contained herein compared
main effects within the six racial/ethnic-gender subgroups noted earlier. While it could be
argued that a regression based format may be more sophisticated, I stand by the
methodology herein. In this dissertation, the within-groups output describes unique
associations between variables of distinct population groups (e.g., 5™ grade Hispanic
female, 7™ grade White male); while a regression-based output would have described a
collective association between variables (39) with moderation as per demographic coding
(B1x1 = race/ethnicity; B,x» = gender; B2x, = SES; Bsx3 = assessment time, etc.). For
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sanctity of story, I opted for the emphasis on distinct population groups that the within-
groups approach used herein employed.

The findings of this dissertation have implications for interventions and policy. In
fact, the findings challenge a concept fundamental to many policy makers and social
scientists: the notion of the presumed proximal determinants of adolescent weight (diet
and physical activity behavior). Based on these findings, the proximal determinants of
weight appear less proximal and less determinant than policy makers give them credit for.
This discovery suggests that there are behind the scenes variables that moderate the
relationship between diet and physical activity behavior and obesity risk, and that these
variables may have a much larger role in adolescent weight risk than previously
presumed. The need for a wider scope in addressing obesity risk is supported by a recent
review that found that school-based physical activity and nutritional education
interventions yielded no statistically significant benefits of BMI reduction to the children
in attendance (Guerra, Nobre, da Silveira, & Taddei, 2014). These findings offer support
to the argument that the “proximal determinant” approach of current weight management
programs in the U.S. (e.g., Let’s Move!, 2011) may not be sufficient.

In addition to the sparse relationship between the behavioral variables examined
and obesity risk, this dissertation also revealed differential association between the
individual behavioral variables and obesity risk across the six racial/ethnic-gender groups
examined. This finding cries out for a more targeted approach from weight management
programs in their interventions for the nation’s youth. Particularly notable in the findings
was an absence of association between any of the six behavioral variables examined and
obesity risk among African American youth. In light of African American female youth
being at highest risk for obesity among their same gender peers (see p. 18), this finding
begs for research aimed at sorting out the correlates of weight class among this highly at-
risk group.

Among limitations of this research is that, as with all correlational research,
causality should not be inferred. Second is the self-reporting of the child’s dietary and
physical activity behavior. As previously noted (Forrestal, 2011; Lanctot et al., 2008),
there may be underreporting of fast food and sugar-sweetened beverage consumption
among certain subgroups of our sample (higher BMI, African American). In addition to
underreporting, there is also reliance on recall of these behaviors, which was over seven
days. The 24-hour recall method for assessing dietary intake is generally acknowledged
to be preferable (Burrows, Martin, & Collins, 2010; McPherson et al., 2000), but is
challenging to implement in very large samples as here. Corroborating child’s self-report
with proxy report, as has been done in other studies (Williams, Wake, Hesketh, Maher, &
Waters, 2005), however would be an enhancement. Self-reporting of child’s physical
activity may be an issue, too. When compared to objectively measured physical activity
(e.g., by accelerometer), adolescents appear to over-report weekly physical activity
(Slootmaker, Schuit, Chinapaw, Seidell, & van Mechelen, 2009). There may also be
gender variability, because adolescent females appear to over-report activity at a slightly
higher rate than males (Slootmaker et al., 2009). Finally, the Hispanic portion of our
sample has familial roots primarily in Mexico, and because of its within-group
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heterogeneity, findings should not be generalized to other Hispanic ethnicities (e.g.,
Puerto Rican, Cuban).

Management of pediatric obesity requires understanding of the mechanisms of
obesity, and how these mechanisms may vary among different population groups. The
findings of this dissertation suggest that the mechanisms of obesity risk may be much
more complex than presumed. This evidence on its own challenges the utility of weight
management programs that are solely grounded on reduction of weight risk though
modification of children’s diet and activity. The findings herein call for future research to
consider the moderating influences of parenting style, child’s self-esteem, quality of life,
and family structure, and their place in the energy balance equation. The findings also
call for a more targeted approach to weight management for youth. In a nation as diverse
ethnically and culturally as the U.S., research and policy must account for variability
between racial/ethnic-gender subgroups and design studies, policy, and programs
accordingly.





