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ABSTRACT OF THE DISSERTATION 

 

 

Finding the Gut Microbiome Connection to the Risk of Childhood Obesity Through an 

Examination of Gut Microbiota Among Children in Los Angeles, California: 

 A Cross-Sectional Pilot Study 

 

by 

 

Cecille Marie Basilio 

Doctor of Philosophy in Nursing 

University of California, Los Angeles, 2024 

Professor Felicia S. Hodge, Chair 

 

Background: Childhood obesity has emerged as one of the most critical public health 

problems in the 21st century of national and global epidemic concern. Globally, in 2020, the 

number of children and adolescents between the ages of 5 and 19 who were classified as obese 

reached 150 million, and projections suggest this number could escalate to 254 million by 2030, 

according to the World Health Organization (WHO) 2021. In the United States (U.S.), obesity 

affects approximately 14.7 million children and adolescents aged 2-19 years (Centers for Disease 

Control and Prevention [CDC], 2022a). Considering the accelerating incidence of childhood 

obesity and its related comorbidities, environmental predispositions underlying childhood 

obesity and associated metabolic disorders need to be further explored. The cause of obesity is 

multifactorial. Genetic factors may determine an individual’s susceptibility to obesity, and 
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environmental and lifestyle factors play a crucial role in the development of obesity. Thus, the 

gut microbial ecosystem has emerged as a significant environmental factor involved in the 

pathogenesis of childhood obesity. An altered gut microbiota has been linked to adult obesity. 

However, very little is known about the association of altered gut microbiota with childhood 

obesity.  

Purpose: The purpose of this study was to examine the association between gut 

microbiota composition and child obesity. The specific aims were to: 1) evaluate the impact of 

child obesity status on three related outcomes to be assessed by extracting DNA from children’s 

stool samples using 16S rRNA gene sequencing: alpha diversity of gut microbiota composition, 

Firmicutes: Bacteroidetes ratio, and abundance of SCFA-generating gut microbes between obese 

and non-obese school children;  2) compare the dietary habits and intakes between obese and 

non-obese school children; and 3) evaluate the association of body mass index differences in gut 

microbiota composition between obese and non-obese school children.  

Methods: This pilot study used a cross-sectional design. Stool samples were collected 

and sequenced at the 16S rRNA gene in the V4 region. We recruited 27 participants, 13 in the 

obese and 14 in the lean groups. The outcomes are diversity of gut microbiota composition, 

Firmicutes: Bacteroidetes ratio, and abundance of short-chain fatty acid-generating gut microbes. 

We compared these outcomes between obese and non-obese school children using two sample T-

tests. A logistic regression model was used to estimate the association between obese status and 

microbiota-related outcomes, adjusting for age, race/ethnicity, education of caregiver, and 

nutrition status. 

Results: The alpha diversity was similar between the obese and non-obese groups. The F: 

B ratio in the o/o group was significantly increased (99.54 ±264.52) compared with non-o/o 
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children (31.25 ± 56.25) but not statistically significant at p = 0.38. There were no significant 

differences in the abundance of Firmicutes between non-o/o (0.71 ± 0.12) and o/o (0.69 ± 0.11) 

with p = 0.59. Overweight/obese children had an increased gut microbiota-producing SCFA 

(0.63 ± 0.25) compared with the non-o/o children (0.52 ± 022); however, it was not statistically 

significant (p = 0.25). Although o/o children consumed more calories (2021.46 ± 570.83) than 

non-o/o children (1744 ± (415.37), it was not significant at p = 0.16). The overweight/obese 

children also ate more foods rich in saturated fats (32.69 ± 21.01) than non-o/o children (24.07 ± 

6.26), but it was insignificant at p = 0.18. Overweight/obese children had a higher diversity of 

fiber-rich foods (1.8 ± 1.77) than non-o/o children (1.39 ± 0.82). The differences were not 

significant (p = 0.46). There was no significant relationship between BMI z-score and 

Firmicutes, and BMI z-score was not a good predictor of the relative abundance of Firmicutes. 

Discussion: There were no significant differences in alpha diversity at the phylum level 

between non-o/o and o/o groups. This suggests that obesity could not be determined as a 

causality of an alteration or dysbiosis in the gut microbiota among the o/o children in this study. 

The study's results provided limited evidence to support the F: B ratio as a biomarker for obesity. 

This study showed that SCFA-generating gut microbes were increased in o/o children compared 

with non-o/o children; however, it did not reach statistical significance. The daily gut microbiota 

friendliness score (DGMFS) was not statistically significant when comparing dietary intakes of 

high-energy, saturated fats, and fiber-rich foods. The study's results did not show an association 

between  BMI z-score and relative abundance of Firmicutes. 
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INTRODUCTION 

Childhood obesity has emerged as one of the most critical public health problems in the 

21st century of national and global epidemic concern. Globally, in 2020, the number of children 

and adolescents between the ages of 5 and 19 who were classified as obese reached 150 million, 

and projections suggest this number could escalate to 254 million by 2030, according to the 

World Health Organization (WHO) 2021. In the United States (U.S.), obesity affects 

approximately 14.7 million children and adolescents aged 2-19 years (Centers for Disease 

Control and Prevention [CDC], 2022a). 

There are direct and indirect consequences of high childhood obesity rates. The 

immediate consequences have health and social implications for children (CDC, 2022b; Ling et 

al., 2022). Compared with children at a healthy weight, those who are overweight or obese 

children and adolescents are at significant immediate and long-term risk for a range of health 

problems and obesity-related comorbidities, including metabolic syndrome, type 2 diabetes 

(T2D), certain cancers, joint and musculoskeletal problems (CDC, 2022b; Ling et al., 2022;  

Minghelli et al., 2015; Stohl, 2023; Taylor et al., 2006; Valerio et al., 2012), respiratory disorders 

(CDC, 2022b; Minghelli et al., 2015; Stohl, 2023), high blood pressure and high cholesterol, 

(CDC, 2022b; Magnussen et al., 2009; Minghelli et al., 2015), and orthopedic complications 

(CDC, 2022b; Valerio et al., 2012). Social implications of childhood obesity have been related to 

psychological and social problems that include anxiety, depression, low self-esteem, poor health-

related quality of life, bullying, and social stigma (Beltrán-Garrayo, 2023; CDC, 2022b; Halfon 

et al., 2013; Ling et al., 2022; Morrison et al., 2015).  

Childhood obesity accounts for $1.32 billion annually in medical care costs in the U.S. in 

2019 dollars (Ward et al., 2021). Increases in childhood obesity can lead to rising healthcare 
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costs as it predicts additional increases in adult obesity and comorbidities (Ward et al., 2021; 

Ling et al., 2022). It is projected that by 2050, childhood obesity in the U.S. will cost nearly $14 

billion annually in direct medical costs and $49 billion in indirect costs (Ling et al., 2022). The 

increase in total medical costs was found to be highest among adolescents aged 12 -18, 

attributable to increased health risks of obesity in developing chronic comorbidities such as type 

2 diabetes and cardiovascular diseases in adolescence (Ling et al., 2022). 

 Metagenomics, first illustrated by Handelsman et al. (1998), involves the collective 

analysis of genomes from various microorganisms found in a particular environment (Zhang et 

al., 2021).  Metagenomics represents an innovative approach for examining microorganisms in a 

specific habitat through techniques like functional gene screening or sequencing analysis. 

Metagenomic research primarily focuses on microbial diversity, community composition, 

genetic and evolutionary connections, functional roles, symbiotic interactions, and environmental 

interplay. The application of metagenomics is swiftly expanding across various domains, 

including medicine, agriculture, and environmental conservation (Zhang et al., 2021). 

Through metagenomics, evidence is accumulating to implicate alterations in the 

composition and diversity of the gut microbiome as a heretofore underappreciated novel 

pathophysiological factor (Gill et al., 2006) in the development of obesity (Backhed et al., 2004; 

Cox & Blaser, 2013; Le Chatelier et al., 2013; Ley et al., 2005; Turnbaugh et al., 2008a; 

Turnbaugh et al. 2008b) and obesity-related metabolic disorders (Larsen et al., 2010; Le 

Chatelier et al., 2013; Qin et al., 2012). Studies have documented profound changes in the 

composition and metabolic function of the gut microbiota in obese subjects (Le Chatelier et al., 

2013; Turnbaugh et al., 2008a; Turnbaugh et al., 2008b). In addition, some studies have 

demonstrated that the enormous capacity of the gut microbiota to harvest energy from the diet 
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influences host energy expenditure and storage within the host, thereby influencing /causing a 

chronic positive energy balance and systemic low-grade inflammation (Backhed et al., 2004; Ley 

et al., 2005; Turnbaugh et al., 2008a; Turnbaugh et al. 2008b). Other studies report that factors 

such as age, diet, geographical location (De Filippo et al., 2010; Mueller et al., 2010; Yatsunenko 

et al., 2012), mode of birth delivery (Azad et al., 2013; Dominguez-Bello et al., 2010; Jacobsson 

et al., 2014), breastfeeding (Notarbartolo et al., 2022) and the use of antibiotics (Aloisio et al., 

2014; Greenwood et al., 2014) affect the composition of the gut microbiome with diet as the 

most significant influence of all (David et al., 2013; De Filippo et al., 2010; Singh et al., 2017). 

However, there is a lack of research on the impact of dietary habits on the gut microbiota in 

overweight/obese and normal-weight school-aged children. 

Childhood Obesity 

The COVID-19 pandemic has significantly intensified the existing epidemic of childhood 

obesity. Research involving 432,302 children in the U. S. revealed that the increase in Body 

Mass Index (BMI) has doubled during the pandemic, particularly affecting preschool and school-

age children the most (Ling et al., 2022). During the COVID-19 pandemic, children and 

adolescents spent more time outside the traditional educational environment (Lange et al., 2021). 

This change particularly impacted households already grappling with factors that contribute to 

obesity. Many of these families faced further challenges, such as changes in income, food 

availability, and other critical health-related social factors (Lange et al., 2021). Consequently, 

children and adolescents were likely exposed to conditions that could promote rapid weight gain, 

including heightened stress, inconsistent eating schedules, limited availability of healthy food 

options, more time spent in front of screens, and reduced chances for physical exercise (Lange et 

al., 2021). 
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 Obesity has increased over the past two decades throughout the U. S. (Trust for 

America’s Health [TFAH], 2023).  Data from the National Health and Nutrition Examination 

Survey indicate a 37% increase in obesity rates among adults aged 20 and above and a 42% 

increase among children and teenagers aged 2 to 19 between 1999-2000 and 2017-2020 (TFAH], 

2023). 

In March 2020, field operations for the National Health and Nutrition Examination 

Survey were suspended due to the outbreak of COVID-19 (Stierman et al., 2021). The 

incomplete 2019–2020 cycle data, denoted as 2019–March 2020, lacked national representation. 

To address this, the data were merged with the 2017–2018 data set to yield estimates 

representative of the national population. The National Health Statistics Report No. 158 

documents the process of developing the 2017–March 2020 data files before the pandemic, 

outlines the recommended uses and potential limitations of these files, and provides calculated 

prevalence rates for specific health outcomes such as obesity among children and adolescents 

using these combined data sets (Stierman et al., 2021). The prevalence of obesity in 2017 – 2020 

for children aged 2 – 19 years has more than tripled in the U.S. for more than four decades, from 

5.5% to 19.7% (Fryar et al., 2020; Stierman et al., 2021). Obesity prevalence among children 

aged 2 – 5 years was 12.7%, 20.7% among children aged 6 – 11, and 22.2% among 12 – 19-year-

olds (Stierman et al., 2021). Data from the National Survey of  Children’s Health (NSCH) 

indicate that in 2020-2021, an estimated 17.% of youth in the U.S. aged 10 – 17 were obese, 

while 16.3% were overweight (NSCH, 2021). In the 2022 NSCH, the incidence of obesity and 

overweight among children aged 10 to 17 showed minimal variation, holding at 16.6% for obese 

and 15.2% for overweight individuals in that age group (NSCH, 2022).  



 

 

5 

According to NSCH data, there are marked racial and ethnic disparities in childhood 

obesity among youth aged 10-17 in 2021-2022, with higher prevalence observed in non-Hispanic 

Black (22%), Hispanic (22.7%), and non-Hispanic American Indian/Alaska Native (21.4%) 

children compared to non-Hispanic Asian (9.6%) and non-Hispanic White (13.1%) children 

(Robert Wood Johnson Foundation [RWJF], 2023). Among youth aged 2 -19, the prevalence of 

obesity was observed at 26.2% among Hispanic children, 24.8% for non-Hispanic Black 

children, 16.6% for non-Hispanic White children, and 9.0% for non-Hispanic Asian children 

(Stierman et al., 2021). 

Obesity has been addressed in multiple health initiatives (CDC, 2023; U. S. Department 

of Agriculture and National Institute of Food and Agriculture, n.d.), including Healthy People, 

with no U.S. State meeting the proposed goals of lower obesity prevalence in children and 

adolescents in 2000 (National Center for Health Statistics [NCHS], 2001) and 2010 (NCHS, 

2012). The Office of Disease Prevention and Health Promotion (ODPHP, 2020) created Healthy 

People 2020 to reduce child obesity risk among children and adolescents aged 2 -19 by achieving 

the target of a 14.5% obesity rate, which was met with little or no change (NCHS, 2021). This 

objective was established without giving parents actionable advice on reducing their children's 

body fat percentage. 

Once considered a problem exclusive to high-income countries, the prevalence of 

childhood obesity is now on the rise in low – and middle-income developing countries (WHO, 

2020). In 1995, the global count of obese children under five was 18 million (WHO, 2020). By 

2020, this figure had more than doubled, nearing 39 million and is expected to reach 

approximately 40 million by 2030 (WHO, 2021). In 2020, children 5 – 19 years old with obesity 



 

 

6 

were estimated at 150 million; if current trends continue unabated, the global number of obese 

children in this age range is predicted to increase to 254 million by 2030 (WHO, 2021).  

The global challenge of childhood obesity is escalating at an alarming rate, marking a 

critical public health issue that transcends geographical and socio-economic boundaries. 

Initiatives like the WHO's Commission on Ending Childhood Obesity (ECHO) have outlined 

comprehensive strategies focusing on policy interventions, education during critical life-course 

periods, and specialized treatment for affected children, highlighting the need for a multifaceted 

and inclusive approach (Swinburn & Vandervijvere, 2016). Meanwhile, the Global Convention 

to Protect and Promote Healthy Diets by Consumers International and the World Obesity 

Federation underscores the urgency for high-level international commitments and actions akin to 

those in the battle against tobacco use (Vandevijvere, 2014). These efforts, combined with global 

initiatives like the United Nations' Decade of Action on Nutrition, which addresses obesity and 

undernutrition, signify a growing recognition of and response to this multifaceted crisis (Hanson 

et al., 2016).  

In addition, school meal programs can play a crucial role in combating child obesity by 

providing nutritionally balanced meals and creating a supportive environment for healthy eating 

habits. Research highlights the significant impact of initiatives in the U.S., such as: 

• The Healthy, Hunger-Free Kids Act (HHFKA) of 2010 enhanced nutrition standards 

for school meals, leading to a notable decline in obesity risk among children living in 

poverty. Obesity in this group would have been 47% higher in 2018 without the 

passage of the HHFKA (Kenney et al., 2020).  
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School nutrition programs, especially when part of a coordinated health intervention, 

have been shown to maintain healthy body mass index percentiles over time in low-

income, multiethnic children (Natale et al., 2017). 

• Implementations like Breakfast in the Classroom (BIC) increased meal program 

participation without leading to feared increases in obesity, pointing towards the 

potential of well-structured programs to promote health without adverse weight-

related outcomes (Corcoran et al., 2014). 

These findings suggest that school meal programs, when well-designed and effectively 

implemented, can be a valuable strategy in curbing child obesity and promoting a healthier future 

for children, particularly those from low-income families. 

Obesity is a consequence of behaviors that affect excess weight gain. These behaviors 

include eating excess high-fat, high-calorie, and sugary foods, insufficient amounts of minimally 

processed fruits, vegetables, legumes, nuts, and seeds (Cohen et al., 2010; Zhang et al., 2022), 

low levels of physical activity (CDC, 2023) increase in sedentary behaviors (e.g., increased 

amounts of television screen time, video game playing) (Riddoch et al., 2009; Vinciguerra et al., 

2019), and short sleep duration and unhealthy sleep patterns (Chaput et al., 2006; Kanellopoulou 

et al., 2021).  

Elevated levels of technology utilization have been linked to an increase in childhood 

obesity, primarily due to heightened caloric intake and diminished physical activity (Murphy & 

Blackstock, 2018). 

The exposure to technology begins at increasingly younger ages. In a 2021 U.S. survey, 

data revealed that children aged 8 to 18 with smartphones were at 94 percent, a slight increase 

from the 91 percent reported two years earlier. Additionally, there was a rise in the number of 
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children with access to streaming services, which climbed to 84 percent (Laricchia, 2023). 

Children spend a considerable amount of time online devoted to viewing television and movies. 

Recent statistics reveal that children between the ages of 8 and 12 spend two hours and 40 

minutes daily watching TV or videos, compared to a mere nine minutes spent reading books 

(Guttmann, 2023). Children also spend a significant amount of time on social media platforms. 

In 2022, the United States found that children allocate approximately 113 minutes daily to 

TikTok and 90 minutes daily on Snapchat (Laricchia, 2024). 

Research has demonstrated a significant relationship between screen time and childhood 

obesity. A study in Saudi Arabia found a correlation between increased screen time and higher 

BMI in children, suggesting that excessive screen time is linked with overweight and obesity in 

children aged less than one year to 5 years old (Alsaedi, Alasmari & Alzahrani, 2022). An 

analysis of overweight and obese students' screen time and physical activity levels found that 

screen time was a significant predictor of relative body mass index (RBMI) in children, with 

higher screen time associated with higher RBMI (Hosseinzadeh & Ahmadabad, 2015) and 

sedentary lifestyle which contributes to adiposity (Hingle & Kunkel, 2012). 

In addition, research has shown that obese children and adolescents have lower 

educational engagement, more behavioral problems, and absences (An et al., 2017; Carey et al., 

2015; Martin et al., 2018; Roberts et al., 2010). In addition, these studies have found that obese 

students are more likely to repeat a grade, have lower grade point averages and reading scores 

(Roberts et al., 2010), and demonstrate lower academic effort. Students with better academic 

grades have healthier behaviors. According to data from the 2019 National Youth Risk Behavior 

Surveillance System, students with higher grades are more likely to be physically active and less 

likely to watch television or play video games for three or more hours a day (CDC, 2020b). In 
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addition, students with higher grades are more likely to have healthy dietary behaviors, including 

eating breakfasts, fruits and vegetables, and avoiding soda (CDC, 2020b). 

Obesity imposes immediate and long-term effects on health if left untreated during 

childhood. Health-related consequences of obesity include CVD, metabolic syndrome, T2D, 

orthopedic problems, obstructive sleep apnea (OSA), asthma, metabolic-associated fatty liver 

disease (MAFLD), polycystic ovarian syndrome (PCOS), psychiatric disease, and some types of 

cancer (Babey et al., 2012; Kelsey et al., 2014; Llewellyn et al.,  2016; Pulgaron, 2013). 

Childhood obesity is specifically troubling because the early onset of such severe diseases 

increases the probability of early morbidity and premature mortality (Kelsey et al., 2014). In 

addition, the psychological, social, and behavioral consequences to the child can be devastating, 

as obesity can result in poor body image perception, low self-esteem, social isolation and 

discrimination, depression, and decreased quality of life (Pulgaron, 2013). Furthermore, the 

effects of childhood obesity during childhood have grave health consequences. Obesity-related 

disorders, such as hypertension, dyslipidemia, T2D, PCOS, MAFLD, and OSA, which were once 

the unhealthy domain exclusively of adults are increasingly observed in children and adolescents 

(Kelsey et al., 2014). Moreover, obese children have an increased likelihood of becoming obese 

as adults, as well as a higher risk of adult obesity-related complications (Kelsey et al., 2014; 

Llewellyn et al., 2016). The repercussion of accelerating pediatric obesity could exacerbate rates 

of adult obesity in the future, thus intensifying the risk for obesity-related diseases in obese 

adults (Kelsey et al., 2014; Llewellyn et al., 2016). Second only to tobacco, obesity is now 

considered a leading cause of preventable disease and mortality (Babey et al., 2012).  
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Body Mass Index and Definition of Terms 

The CDC (2023a) defines overweight and obesity as terms to denote ranges of weight 

more than what is considered normal or healthy for a given age and height. The WHO (2021) 

defines overweight and obesity as excess body fat accumulation that increases the risk of certain 

diseases and other health issues. Body Mass Index (BMI) is widely used to define childhood 

overweight and obesity (CDC, 2023a). The BMI percentile is preferred for measuring the weight 

of children and young adults in the age bracket of 2-20 years, as it considers that children in this 

age group are in their growth phase and are growing at varying rates depending on their gender 

and age. Health professionals use growth charts to determine if a child’s weight is within the 

healthy range for age, height, and gender. Children and teens of the same age and gender with a 

BMI of or above the 85th percentile and less than the 95th percentile are considered overweight. 

Children and teens of the same age and gender who are or above the 95th percentile are 

considered obese. Body Mass Index is age and gender-specific and is calculated by dividing the 

child’s weight in kilograms by the square of height in meters (CDC, 2023a).  

Childhood Obesity Rates in California 

Although California has been a leader in advancing policies to prevent and reduce 

obesity, the state continues to battle an obesity epidemic among children. The latest findings 

from the 2021-2022 National Survey of Children’s Health indicate that 16.3% of youth aged 10-

17 in California are obese. This statistic positions California as the 28th state out of 51 in the 

national ranking for obesity rates within this age group (RWJF, 2023). The obesity rate among 

children aged 2 to 4 enrolled in the Special Supplemental Nutrition Program for Women, Infants, 

and Children (WIC) increased from 16% in 2016 to 17% in 2022 (RWJF, 2023). California ranks 

fifth among 51 states for the highest obesity rates among children in this age group.  If left 
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unchecked, 17% of 2- to 4-year-olds could suffer the adverse health effects of obesity and 

sequelae later in adulthood (RWJF, 2023). 

Childhood obesity rates among fifth--, seventh--, and ninth-graders in California public 

schools have shown little change since 2014 (California Department of Education [CDE], 2020; 

Population Reference Bureau [PRB], 2024). In 2019, 41% of fifth graders, 40% of seventh 

graders, and 38% of ninth graders in California were either overweight or obese (CDE, 2020; 

PRB, 2024). The obesity rate among California high school students increased from 13.9% in 

2014 to 15.9% in 2019 and ranked 16th among the 51 states in the U.S. ((RWJF, 2023).  

Certain racial and ethnic groups continue to experience higher obesity rates. For instance, 

in 2019, 53.2% of Native Hawaiian/Pacific Islander fifth graders were affected by obesity, which 

is one of the highest prevalence rates among all groups. Hispanic/Latino fifth graders also have a 

high rate at 49.7%, followed by American Indian/Alaska Native fifth graders at 44.3% and 

African American/Black fifth graders at 42%. In contrast, Asian-American and White fifth 

graders have obesity rates below 30% (PRB, 2024). 

Childhood Obesity Rates in Los Angeles County 

In 2019, childhood obesity rates among fifth graders in Los Angeles (LA) County 

showed no significant changes from previous years, but there were still notable differences 

among races and ethnicities. The highest rates of obesity were observed in Latino and Native 

Hawaiian/Pacific Islander fifth graders, at 52.5% and 53%, respectively. African American fifth 

graders had an obesity rate of 42.3%, while American Indian/Alaska Native fifth graders had a 

rate of 41%. Comparatively, the obesity rates for White and Asian fifth graders were lower, at 

30% and 27%, respectively (PRB, 2024). 
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In LA County, racial and ethnic disparities in child obesity are influenced by various 

factors. A study by Kamali et al. (2017) found that although obesity prevalence among fifth 

graders in the Los Angeles Unified School District (LAUSD) declined from 2010 through 2013, 

higher prevalence persists, with notable demographic and socioeconomic disparities. The decline 

in obesity began earlier among whites and students attending schools in higher socioeconomic 

status (SES) groups, indicating inequalities by race/ethnicity and SES throughout the study 

period. Recent studies provide insights into the causes of racial and ethnic disparities in child 

obesity in LA County. A simulation model to study the life course incidence and trends of 

obesity and its effect on type 2 diabetes mellitus in LA  County was developed by Nianogo and 

Arah (2022). This model provided insight into the future burden of obesity and type 2 diabetes 

and showed that the prevalence of obesity typically rose from 10% to 30% throughout a person's 

life, showing significant increases around the ages of 6-12 and 30-39 years (Nianogo & Arah,  

2022).  In contrast, the incidence of type 2 diabetes mellitus started at less than 2% in the 18-24 

age group and progressively climbed, reaching a high of 25% in individuals aged 40-49. 

(Nianogo & Arah, 2022). Childhood obesity risk factors at both child and maternal levels 

contribute to racial/ethnic disparities in growth trajectories, with White, Black, and Latino 

children showing different growth trajectories (Pineros-Leano et al., 2022). More extended 

family WIC participation is associated with healthier beverage choices for infants and children 

but is not equally beneficial across racial/ethnic groups in Los Angeles County (Anderson et al., 

2022).   

The strong correlation between childhood obesity and economic hardship suggests that 

economic disadvantage is a dynamic force that drives the epidemic across the age spectrum (Los 

Angeles County Department of Public Health [LACDPH], 2011). For instance, the city of 
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Walnut Park has the highest prevalence rate of childhood obesity at 38.7%, which was found to 

be strongly correlated with economic hardship (LACDPH, 2011). It is in this regard that this 

study will be conducted in the county of Los Angeles to examine the effects of dietary habits of 

overweight or obese LAC children on gut microbiota composition that may predispose these 

children to develop chronic disease conditions at a later age.  

The risk of child obesity has been proposed to begin during the maternal preconception 

period with significant influences on maternal birth weight, obesity status, and nutritional status 

(Haire-Joshu & Tabak, 2016), but early-in-life interventions can remedy suboptimal conditions 

during gestation and the neonatal period (Alderete et al., 2015; Lagstrom et al., 2020; Brown et 

al., 2019). Although efforts are made at state and national levels to bring obesity under control, 

multiple barriers, such as the lack of time, knowledge, and economic means, stand in the way of 

either clinicians or parents making any progress. At the same time, low-income families of 

overweight or obese children share cultural beliefs that are inconsistent with the prevention of 

obesity (Hughes et al., 2010). For instance, in Hispanic culture, there is a common belief that 

fatter children are healthier children; potential obesity is not a matter of parental concern when 

the child is young, that being overweight is a temporary condition that can be outgrown as the 

child approaches adulthood (Hughes et al., 2010). The pathogenesis of childhood obesity has 

been linked to several personal, behavioral, and environmental factors. For instance, the lack of 

knowledge about the importance of nutritious food and a healthy diet account for personal 

factors. The decreased amount of physical activity and reliance on calorie-rich, nutrient-poor 

foods are behavioral factors that contribute to child obesity risk. The cultural impact, economic 

resources, parenting styles, and family structures are other environmental causes of obesity. 

However, not a single or a combination of these factors fully explain the increasing prevalence 
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and growing epidemic of childhood obesity worldwide (Di Cesare et al., 2019; Khan et al., 

2016). Recent scientific studies suggest that childhood obesity is closely linked to aberrant 

changes in the composition and metabolic function of the human gut microbiota (Bikel et al., 

2021; Murga-Garrido et al., 2023). The association of gut microorganisms with metabolic 

disorders that include obesity and type 2 diabetes has attracted considerable recent attention 

(Thingholm et al., 2019; Valdes et al., 2018). 

Gut Microbiota 

Microbial cells in the human intestine are greater than the total number of human cells in 

the typical human and collectively harbor 150+ times more genes than the entire human genome 

(Tierney et al., 2019; Qin et al., 2010). The term gut microbiota refers to the extensive variety of 

microbes in the human intestine, including bacteria, viruses, fungi, archaea, and eukaryotic 

microbes (Asnicar et al., 2021; Bouter et al., 2017; Li & Wei, 2015). On the other hand, the gut 

microbiome is defined as the complete collection of all the genomic elements comprising a 

particular microbiota. The human gut microbiota plays a crucial role in maintaining health by 

protecting against pathogens and contributing to the integrity of the gut barrier. However, certain 

bacteria can pose risks by consuming the protective mucin layer when deprived of other food 

sources, potentially leading to "leaky gut" syndrome (Di Tommaso, Gasbarini & Ponziani,2021). 

Mucin, a vital component of the protective mucus layer, is consumed by specific gut bacteria, 

which are essential for barrier function and community stability. Alterations in mucin structure 

are associated with disorders like inflammatory bowel disease and colon cancer (Crouch et al., 

2019). Commensal bacteria utilize mucins to promote their growth and colonization of the 

intestine. Mucus-derived components serve as nutrient and chemical cues for bacterial adaptation 

and pathogenesis (Sicard et al., 2017). The leaky gut may allow environmental factors to enter 
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the body, triggering autoimmune disease in genetically predisposed individuals. Probiotics have 

been shown to reverse the leaky gut by enhancing the production of tight junction proteins (Mu 

et al., 2017). Based on these studies, the balance of the gut microbiota is critical to maintaining 

the mucin layer and intestinal barrier integrity. Disruptions can lead to increased epithelial 

permeability, inflammation, and disease. 

Furthermore, evidence suggests that the gut microbiota may affect food intake and satiety 

via gut peptide signaling (Cani et al., 2009; Musso et al., 2010). Gut hormones such as glucagon-

like peptide-1 (GLP-1), peptide tyrosine tyrosine (PYY), cholecystokinin (CKK), and ghrelin 

play a critical role in transmitting signals of nutritional and energy status from the gut to the 

central nervous system to control food intake. Moreover, the study by Cani et al. (2009) showed 

increased gut microbiota fermentation, decreased appetite, improved postprandial glucose 

responses, and higher concentrations of GLP-1 and PYY after two weeks of prebiotic treatment, 

suggesting a role for prebiotics in the modulation of gut hormones. 

The main bacterial phyla are the Firmicutes and the Bacteroidetes, which comprise more 

than 90% of the bacteria in the distal gut (Qin et al., 2010). The gut microbes can interact with 

the human host in multiple ways, including, but not limited to, an essential nutrient and vitamin 

metabolism upon dietary intake, fermenting of unused energy substrates, maintenance of gut 

epithelial integrity, educating the immune system, as well as protection against the invasion of 

intestinal pathogenic bacteria (Bouter et al., 2017; Bull & Plummer, 2014; Li & Wei, 2015). A 

commensal relationship commonly exists between the host and gut microbiota, ensuring a 

homeostatic balance of bacteria that helps keep the gastrointestinal tract healthy and protected 

from invasion by pathogenic bacteria (DeGrottola et al., 2016). However, an alteration in the 

composition of the gut microbiota may cause it to be highly vulnerable to pathogenic invasion 
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and colonization, resulting in dysbiosis. Dysbiosis is a disturbance to gut microbiota homeostasis 

caused by microbial imbalance, functional composition changes, metabolic activities, and 

changes in local microbial distribution (DeGrottola et al., 2016). Dysbiosis in the gut microbiota 

has been associated with a broad range of diseases, including inflammatory bowel disease, 

irritable bowel syndrome, celiac disease, allergic disorders, asthma, CVD, autism spectrum 

disorders, obesity, metabolic disorder, and colorectal cancer in both human and animal subjects 

(DeGrottola et al., 2016). In summary, the mechanisms in disease development of many of these 

conditions involve the crucial symbiotic relationship between the colonic bacteria, their 

metabolic products, and the host’s immune system.  

Gut Microbiota and Childhood Obesity 

Because of the latest metagenomic developments, it has been primarily observed that a 

particular microbiota composition seems to be associated with the development of obesity. A 

predominant decrease in the diversity of the gut microbiota composition of obese subjects has 

been noted in the literature (Arslan, 2014; Crovey et al., 2020).  

Firmicutes-Bacteroidetes Ratio 

In several human and animal studies, alterations in gut microbiota composition have been 

observed between obese and lean subjects. These alterations are reflected at the phylum level of 

primarily Firmicutes and Bacteroidetes (Ley et al., 2006; Turnbaugh et al., 2006; Turnbaugh et 

al., 2008). An increased Firmicutes-Bacteroidetes (F/B) ratio has been associated with obesity in 

humans, which implies low intestinal concentrations of Bacteroidetes and high concentrations of 

Firmicutes (Bervoets et al., 2013; Riva et al., 2017; Tilg & Adolph, 2014; Turnbaugh et al., 

2006). In European and North American populations, the human gut is predominated by two 

bacterial phyla: Firmicutes and Bacteroidetes. The ratio of these two phyla is associated with 
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microbial dysbiosis and the development of obesity. Obese individuals tend to have an elevated 

Firmicutes to Bacteroidetes ratio of these bacteria because excess body weight and body fat 

accumulation covary with this ratio. When obese individuals lose weight on a calorie-restricted 

diet, their concentration of Bacteroidetes increases in the gut microbiota (Tilg & Adolph, 2014; 

Turnbaugh et al., 2008). Experiments involving germ-free (GF) mice suggest that dysbiosis is 

probably a causal factor for obesity. GF and wild-type (WT) mice were fed the same high-fat 

diet (HFD) in these experiments. However, only the WT mice developed obesity. 

When the obese microbiota was transplanted into the GF mice, obesity was then induced 

(Tilg & Adolph, 2014; Turnbaugh et al., 2008). In addition, when lean mice microbiota was 

transferred into obese mice through fecal microbial transplantation (FMT), symptoms of 

metabolic syndrome were alleviated. In a human study, FMT was used to transfer lean intestinal 

microbiota, which increased insulin sensitivity in subjects with metabolic syndrome (Vrieze et 

al., 2012). Numerous studies indicate that aberrant intestinal microbiota is closely associated 

with the development of obesity and that HFDs can change the microbiota composition. 

Disturbances in the gut microbiota could promote chronic inflammation-associated obesity. 

Differences in gut microbiota composition and energy metabolism between obese and lean 

subjects have been documented in the literature. While some study data suggest that an increased 

Firmicutes-Bacteroidetes (F: B) ratio plays an essential role in the etiology of obesity (Hollister 

et al., 2018; Hou et al., 2017; Pihl et al., 2016; Riva et al., 2017), the results of other studies 

contradict the F: B ratio (Ismail et al., 2011; Payne et al., 2011; Magne et al., 2020)). These 

inconsistencies could result from differences in sampling and gene sequencing. In addition, gut 

microbiota composition is significantly modified by diet, age, ethnicity, and geography (Bouter 

et al., 2017; Zoetendal et al., 2015). Nevertheless, recent data results show that genus members 
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of Bacteroidetes were more appropriate indicators of BMI z-score and obesity than Firmicutes 

due to conflicting responses of Firmicutes operational taxonomic units (Abdullah et al., 2023; 

Murga-Garrido et al., 2023; Riva et al., 2017). 

Short-Chain Fatty Acids 

One of the essential functions of the human gut microbiota is to ferment indigestible 

dietary fiber or resistant starch in the large intestine. The products of this fermentation process 

are the short-chain fatty acids (SCFA), with acetate, propionate, and butyrate as the most 

abundant SCFA, constituting 90% to 95% of the SCFA content (Canfora et al., 2015; Kim et al. 

2019; Ríos-Covián et al., 2016) in a molar ratio of 60:20:20, respectively (Murugesan et al., 

2018, Rahat-Rozenbloom et al., 2014). Members of both Bacteroidetes and Firmicutes produce 

SCFA that supplies the host with an additional source of energy (Chambers et al., 2015; Lu et al., 

2016; Riva et al., 2017; Schwiertz et al., 2010). The Bacteroidetes phylum mainly produces 

acetate and propionate, while the Firmicutes phylum has butyrate as its most common metabolic 

product (Chambers et al., 2015; Den Besten et al., 2013b; Lu et al., 2016). Several studies have 

documented the significant physiological roles of SCFAs as mediators between the gut 

microbiota and host to regulate intestinal permeability, inflammation control, bile acid 

metabolism, immunological functions, and disease control (Conder et al., 2023; De la Cuesta-

Zuluaga et al., 2018; Deleu et al., 2022; Goffredo et al., 2016; Hildebrand et al., 2023; 

Murugesan et al., 2015; Rahat-Rozenbloom et al., 2014; Ríos-Covián et al., 2016).  

Acetate is utilized as a substrate for cholesterol synthesis and lipogenesis in the liver and 

enters the peripheral circulation (Murugesan et al., 2017; Rahat-Rozenbloom et al., 2014; 

Schwiertz et al., 2010), as well as a suppressor of appetite through a central hypothalamic 

mechanism (Frost et al., 2014). Butyrate serves as the primary energy source for colonocytes, 
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maintains colonic homeostasis, and functions as a histone deacetylase inhibitor (Holmes et al., 

2020; Liu et al., 2018; Murugesan et al., 2017), thereby contributing to barrier integrity 

maintenance, and reduces levels of lipopolysaccharide, a potent inflammatory molecule which 

has been associated with metabolic endotoxemia, inflammation, insulin resistance, adiposity, and 

hepatic fat (Dela Cuesta-Zuluaga et al., 2018). Propionate is mainly taken by the liver and 

utilized as a harbinger for gluconeogenesis, liponeogenesis, and protein synthesis (Murugesan et 

al., 2017; Rahat-Rozenbloom et al., 2014; Schwiertz et al., 2010) and acts as a low-grade 

inflammation reducing agent (Murugesan et al., 2017). In addition, propionate stimulates the 

appetite hormones peptide tyrosine tyrosine (PYY) and glucagon-like peptide-1 (GLP-1), which 

promotes reduced food intake (Chambers et al., 2015; Wilding et al., 2021). Propionate also 

stimulates immunosuppressive activities and insulin sensitivity via the incretin GLP-1 (Al-

Lahham et al., 2012).  

Emerging evidence from animal studies has shown that the gut microbiota and its SCFAs 

play an essential role in obesity (Den Besten et al., 2013a; Liou et al., 2013; Perry et al., 2016). 

The findings of these studies informed that micronutrients and SCFAs produced by the gut 

microbiota could regulate host energy metabolism in the development of diet-induced obesity, 

thereby increasing de novo lipogenesis in the liver and accumulation of lipids in all fat stores. 

Nevertheless, human studies have had inconsistent results regarding the relationship between 

SCFA and obesity. Numerous studies have observed significantly higher fecal concentrations of 

SCFA in obese adult subjects compared with adult normal-weight or lean subjects (De la Cuesta-

Zuluaga et al., 2018; Fernandez et al., 2014; Rahat-Rozenbloom et al., 2014; Schwiertz et al., 

2010). Several pediatric studies showed elevated levels of fecal concentration of SCFA among 

obese children compared with lean children (Kim et al., 2019; Payne et al., 2011; Pekmez et al., 
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2018; Rahat-Rozenbloom et al., 2014; Riva et al., 2017). However, pediatric results are 

inconsistent as some studies reflected results of decreased fecal concentration of SCFA in obese 

compared with their lean counterparts (Barczyńska et al., 2018; Murugesan et al., 2015), and 

markers of obesity did not positively correlate with SCFA fecal concentration nor microbiota 

SCFA production capacity (Holmes at al., 2020). The inconsistent findings suggest that fecal 

SCFA concentration could be due to several factors, including increased or reduced colonic 

SCFA absorption, decreased or increased colonic transit time, increased SCFA production due to 

differences in dietary intake, or the obese microbiome may be associated with fewer microbial 

species that utilize SCFA as an energy source (Fernandes et al., 2014; Rahat-Rozenbloom et al., 

2014).  

It is hypothesized that the high levels of fecal SCFA observed in obese children may be 

the consequences of high colonic fermentation in obese children, decreased SCFA absorption 

due to low-grade inflammation, increased microbial production, alterations in microbial cross-

feeding patterns, and rapid gut transit (Holmes et al., 2020; Kim et al., 2019; Payne et al., 2011; 

Pekmez et al., 2018; Riva et al., 2017; Schwiertz et al., 2010). The increased Firmicutes-

Bacteroidetes ratio has been hypothesized to contribute to the pathophysiology of obesity and is 

linked with increased production of SCFA and energy harvest from colonic fermentation 

(Fernandez et al., 2014; Rahat-Rozenbloom et al., 2014; Riva et al., 2017).  

However, some studies prove that SCFAs can influence metabolic functions associated 

with appetite control, calorie intake, and body weight management. A pilot study evaluated the 

impact of propionate on appetite control during a weight-loss diet and found that propionate may 

aid in weight loss through appetite modulation (Khatib et al., 2018). Acute increases in serum 

colonic short-chain fatty acids elicited by inulin do not increase GLP-1 or PYY responses but 
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may reduce ghrelin in lean and overweight humans. According to this study, inulin increased 

SCFA levels but did not affect GLP-1 or PYY responses, though it may reduce ghrelin levels, 

which could influence appetite (Rahat-Rozenbloom, 2016). A randomized clinical trial provided 

insight into the potential role of diet in modulating the gut microbiome to influence human 

energy balance, appetite, and body weight. The study found that a Microbiome Enhancer Diet 

led to significant shifts in microbial biomass, community structure, and fermentation, with 

parallel alterations to the host enteroendocrine system, without altering appetite or energy 

expenditure and resulting in additional calories lost in feces daily, thereby lowering 

metabolizable energy for the host by channeling more energy to the colon and microbes (Corbin 

et al., 2023). 

The relationship between obesity and SCFAs is not yet fully understood but can be 

explained by the following hypotheses. An estimated 5% - 10% of daily calories come from the 

oxidation of SCFAs, add to the human energy balance, and contribute to lipogenesis and 

adipocyte accumulation, leading to energy harvest (Kim et al., 2018). In addition, higher fecal 

SCFA concentrations may be linked with gut dysbiosis, gut permeability, excess adiposity, and 

cardiometabolic risk factors (Dela Cuesta-Zuluaga et al., 2018). Some bacterial components 

associated with gut dysbiosis, such as flagellin, have been involved in the pathogenesis of 

obesity and various metabolic diseases by causing low-grade inflammation in adipose tissue and 

gut microbiota modifications (Chambers et al., 2015). In addition, the effects of SCFAs on body 

weight and food intake occur via G-protein coupled receptors (GPRs), GPR41 and GPR43, also 

known as free fatty acid receptors FFAR 3 and FFAR 2 (Chambers et al., 2015). Under 

conditions of high carbohydrate diets and obesity, the binding of SCFAs to GPRs as signal 

transduction molecules might be mitigated, leading to increased intestinal energy harvesting and 
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hepatic lipogenesis (Chambers et al., 2015; Den Besten et al., 2013). Short-chain fatty acids have 

also been shown to be involved in appetite regulation in human studies based on the finding that 

administrating propionate to patients with obesity led to enhanced gut hormone PYY and GLP–1 

secretion with significantly reduced adiposity and overall weight (Chambers et al., 2015). The 

role of SCFAs in obese humans requires well-designed large-scale studies to elucidate the 

relationship between obesity and SCFAs further. 

Intestinal Permeability or “Leaky” Gut 

In studies involving both human and animal models, evidence suggests that obesity 

increases intestinal permeability, allowing the passing of bacterial products such as 

lipopolysaccharides (LPS) across the intestinal barrier (Arslan, 2014; Bleu et al., 2015). 

Lipopolysaccharides are commonly found in the outer membrane of gram-negative bacteria, 

usually of Bacteroidetes species, which comprise a lipid and a polysaccharide (Fathi & Wu, 

2016; Manco et al., 2010). Lipopolysaccharides play a critical role in the chronic inflammatory 

state of obese individuals. Data from previous studies suggest that obesity increases LPS 

circulating levels, allowing it to cross the leaky epithelial barrier into the bloodstream, causing 

metabolic endotoxemia (Cani et al., 2007). One of the proposed mechanisms that link obesity 

and metabolic endotoxemia is the high-saturated fat diet. A high-saturated fat diet stimulates toll-

like receptors, which promote an inflammatory response, contributing to increased intestinal 

permeability and, thus, the absorption of LPS (Cani et al., 2007; Erridge et al., 2007; Rocha et 

al., 2016). Immune detection of LPS in the host stimulates an inflammatory response. This 

results in chronically elevated low-grade inflammatory state among obese individuals (Cani et 

al., 2007; Erridge et al., 2007) 



 

 

23 

Increasing study data emphasize the link of an altered gut microbiota to adult obesity, but 

very little is known about the association with childhood obesity. There is a shortage of 

information on the role of the gut microbiome in provoking childhood obesity. Studies have yet 

to be conducted to explore the child's gut microbiota composition and its relation to gut 

homeostasis and various childhood diseases. 

Gut Microbiome and Diet 

Diet is one of the most critical determinants of the gut microbiota composition. (Asnicar 

et al., 2021). Dietary intake of carbohydrates, proteins, fiber, and fats provides nutrients for the 

proper maintenance of the gut microenvironment and significantly affects the composition of the 

gut microbiota, improving pH and transit time (De Filippo et al., 2010; Lee, 2013; Riva et al., 

2017; Wu et al., 2011; Zhang et al., 2014). Study data show that low-calorie diets in obese 

subjects can effectively reverse the abnormal Firmicutes and Bacteroidetes ratio's abnormal 

balance to a level comparable with that of normal-weight individuals (Ley et al., 2006). Changes 

in dietary patterns have been shown to shift the gut microbiota composition detectably within 24 

hours (Wu et al., 2011). In addition, long-term diets could influence and affect individuals' 

enterotypes such that diets rich in protein and animal fat favored the Bacteroides enterotype, and 

carbohydrate-enriched diets supported the Prevotella enterotype (Wu et al., 2011). Prevotella is 

taxonomically identified as a genus belonging to the Bacteroidetes phylum (Rinninella et al., 

2019). Long-term dietary patterns were found to have distinct effects on gut microbiota 

composition and stability in children aged 4 – 8 years. In a longitudinal observational study of 

children aged 4 – 8 years, two dietary patterns were associated with distinct microbial profiles 

and variability of gut microbiota (Berding et al.,2018). Dietary Pattern 1, typified by an intake of 

fish, protein foods, refined carbohydrates, fruits, vegetables, juice and sweetened beverages, 
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kid’s meals, snacks, and sweets, was associated with a higher relative abundance of 

Bacteroidetes, Bacteroides, and Ruminococcus, a genus in the phylum Firmicutes. Dietary 

Pattern 2, described by an intake of grains, dairy, legumes, nuts, and seeds, was associated with a 

higher and lower abundance of different genera belonging to the phylum Firmicutes, such as 

Phascolarctobacterium, Dorea, and Eubacterium. In addition, Berding et al. (2018) found that a 

dietary pattern defined by higher intakes of fruits, vegetables, and grains and reduced intakes of 

starchy foods, juice, and sweetened beverages was associated with more excellent microbiota 

stability over six months with an abundance of bacterial phyla, specifically Actinobacteria and 

Bacteroidetes. Lower intakes of vegetables and higher intakes of protein sources and dairy foods 

were associated with higher variability in gut microbiota composition over six months. These 

findings could be necessary as less variability in gut microbiota composition has been associated 

with significant resistance to pathogen invasion (Berding et al., 2018). No changes were 

observed in the alpha- or beta-diversity based on dietary patterns.  

Long-term diets have been shown to shift gut microbiota composition (Wu et al., 2011). 

Interestingly, dietary intake affects the gut microbiota's metabolic function and activates the 

digestion of food components (Bouter et al. (2017). Many specific nutritional compounds have 

been linked to altered gut microbiota composition. Several food groups and nutrients were 

related to differences in gut microbiota composition. In addition, processed foods have been 

associated with altered microbial composition and the development of obesity and metabolic 

syndrome (Lane et al., 2020). Furthermore, red meat has been linked to altered gut microbiota 

composition and an adverse cardiometabolic state (Chassaing & Gewirtz, 2014; Koeth et al., 

2013; Singh et al., 2017).  
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Diet is an essential influence on the homeostasis of gut microbiota. As demonstrated in 

several studies, it is vital from birth that breastfed infants have more Bifidobacteria in their gut 

microbiota than formula-fed infants. There is also evidence that the diversity of human milk 

oligosaccharides (a type of fiber) in breastmilk is inversely associated with the body adiposity of 

both mother and baby (Aldrete et al., 2015; Jantscher-Krenn et al., 2019; Lagstrom et al., 2020). 

Analysis of the microbiota of individuals who consume an ultra-processed Western diet showed 

an increase in Firmicutes, Proteobacteria phyla, and Bacteroides genus (Singh et al., 2017). In 

general, a Western diet, characterized by high proteins and fats but low in fiber, is associated 

with less diversity in microbiota composition. In a study by Herman et al., 2018, a Western diet, 

whether the protein source is animal or plant-based, was a significant factor in microbiome 

diversity. Results of a study on children’s dietary patterns found that a higher dietary pattern in 

animal products was not associated with less substantial microbiota (Berding et al., 2018). 

Individuals who consume a minimally processed, culturally traditional diet display increased 

Actinobacteria and Prevotella (Lane et al., 2020; Singh et al., 2017). 

Mounting evidence supports the significant effects of diet and dietary habits on the 

symbiotic relationship between gut microbiota and its host. Consumption of high saturated fat 

and ultra-processed foods, sugar-sweetened beverages, and low diversity of fiber-rich food 

sources are some of the factors that cause obesity and increased risk of metabolic syndrome in 

children. Several studies indicate that unhealthy alterations involving the gut microbiota are 

reversible with better adherence to the 2020-2025 Dietary Guidelines for Americans or to a 

Mediterranean dietary pattern (De Filippis et al., 2016; Singh et al., 2017)  
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Statement of the Study Purpose 

This study aims to address the current gap in the literature by examining whether there 

are differences in the gut microbiota composition between obese and non-obese school children 

and if dietary habits affect the alpha-diversity of gut microbiota composition, the Firmicutes-

Bacteroidetes (F: B) ratio and abundance of the primary short-chain fatty acids (SCFA -butyrate, 

propionate, and acetate) gut microbes. The following specific aims are: 

1. To evaluate the impact of child obesity status on three related outcomes: alpha 

diversity of gut microbiota composition, F: B ratio, and abundance of SCFA-generating gut 

microbes between obese and non-obese children. All three outcomes would be assessed by 

extracting DNA from stool samples of children using 16S rRNA metagenomic sequencing.  

Hypothesis 1: Obese children will have lower alpha-1 diversity (Shannon index) than 

non-obese children. 

Hypothesis 2: Obese children will have a higher F/B ratio compared with non-obese 

school children.  

Hypothesis 3: Obese children will have an increased relative abundance of SCFA-

generating microbes compared with non-obese children. 

2. To compare dietary habits and intakes (IV) between obese and non-obese school 

children measured by three 24-hour diet recalls. 

Hypothesis 4: Obese children have higher energy and saturated fat dietary intakes 

compared with non-obese children. 

Hypothesis 5. Obese children have a lower diversity of fiber-rich foods than non-obese 

school children (as measured by the daily gut microbiome friendliness score). 
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3. To evaluate the association of BMI (IV) with differences in gut microbiota 

composition (DV) obtained using 16S rRNA gene sequencing between obese and non-obese 

children.  

 Hypothesis 6: A higher BMI z-score is associated with a relative abundance of bacteria 

in the phylum Firmicutes 

Nursing Implications 

Knowledge gained from the study will provide new insights into nursing research and practice in 

the short term as a basis to explore the complex gut microbiota ecosystem of both non-obese and 

obese children in clinical intervention studies and, in the long term, contribute to the 

development of revolutionary strategies for the prevention and treatment of childhood obesity, 

and obesity-related diseases. When consistently followed throughout childhood, adolescence, 

and adulthood, childhood obesity prevention efforts that target the gut microbial ecosystem may 

improve health and help prevent tracking into adult obesity. It creates a window of opportunity 

for nurses to empower mothers of obese youth in the adoption of healthier lifestyle behaviors 

that may impact some of the childhood T2D  risks associated with obesity. In addition, nurses 

can provide valuable pre– and post-natal dietary and lifestyle recommendations to mothers on 

improving their baby's gut health, such as encouraging breastfeeding and healthier eating and 

exercise during the breastfeeding period to increase the quality of the breastmilk (Harris et al., 

2020; Lagstrom et al., 2020). Furthermore, the period of childhood may provide opportunities for 

pediatric microbiome interventions through research that could have broad implications to 

promote health or prevent diseases. Since childhood obesity has been associated with alterations 

in the composition and diversity of gut microbiota, the results of this study will help establish a 

baseline understanding of the pediatric gut microbiome that will inform future intervention 
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studies, targeting the gut microbiota for the prevention and treatment of childhood obesity and 

obesity-related diseases. 

Chapter Summary 

Although therapeutic lifestyle changes such as improving dietary habits and engaging in 

physical activity have been established as essential strategies to manage childhood obesity, they 

have been challenging to accomplish consistently. Low-income populations consume more ultra-

processed, calorie-rich, fiber- and nutrient-poor foods than higher-income populations. This 

dietary pattern increases the risk of child obesity, decreasing motivation and interest in child 

physical activity. Considering the accelerating incidence of childhood obesity and its related 

comorbidities, environmental predispositions underlying childhood obesity and associated 

metabolic disorders need to be further explored. The cause of obesity is multifactorial. Genetic 

factors may determine an individual’s susceptibility to obesity, and environmental and lifestyle 

factors play a crucial role in the development of obesity. Research studies have identified the gut 

microbiota as one such ecological factor (Bäckhed et al., 2004; Bäckhed et al., 2007; Ley et al., 

2005; Turnbaugh et al., 2006; Turnbaugh et al., 2009). Thus, the gut microbial ecosystem has 

emerged as a significant environmental factor involved in the pathogenesis of childhood obesity. 

An altered gut microbiota has been linked to adult obesity. However, very little is known about 

childhood obesity. Diet, in particular, can have a substantial impact on the gut microbiome 

(Asnicar et al., 2021; David et al., 2013; De Filippo et al.,2010; Drasar et al., 1973; Ley et al., 

2006; Rettger & Cheplin, 1921; Wu et al., 2011) and more accessible to modify in intervention 

studies to modulate the composition of the gut microbiota (Carmody et al., 2015; De Filippo et 

al., 2010; Lee, 2013; Riva et al., 2017; Singh et al., 2017; Wu et al., 2011; Zhang et al., 2014;) 

thus, it establishes a practical route for future therapeutic interventions. 
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Therefore, this study will examine how dietary habits affect gut microbiota composition 

and its association with childhood obesity. Understanding the underlying mechanisms between 

diet and gut microbiota diversity could pave the way to developing and implementing nutrition 

policies in the school setting that could help promote healthy dietary habits to prevent childhood 

obesity and related metabolic disorders. 
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REVIEW OF THE LITERATURE 

Childhood obesity was once an obscure physiological phenomenon up until the late 20th 

century when the number of overweight or obese children far exceeded those suffering from 

malnutrition (Prentice, 2006). In recent years, specifically over the past two decades, there has 

been a notable increase in obesity prevalence throughout the United States. Data from the 

National Health and Nutrition Examination Survey indicates a significant uptick in obesity 

among both adults aged 20 and above, which climbed by 37%, and among young people aged 2 

to 19, which increased by 42% from the 1999–2000 data collection to the 2017–2020 period. 

While the rise in obesity rates among adults was more gradual between 2003 and 2012, there was 

a more marked escalation in later years. In contrast, the obesity rates among youth remained 

relatively constant from 2003 until 2014, after which they began to escalate. (Fryar et al., 2020) 

A paramount concern is that findings from large and small cohort studies consistently 

show that childhood obesity persists into adolescent and adult obesity (Engeland et al., 2004; 

Freedman et al., 2005; Magarey et al., 2003; Morrison et al., 2007; Reilly et al., 2011; Schmidt et 

al., 2010; Starc & Strel, 2011; Venn et al., 2007) with outcomes of increased BMI, waist 

circumference and skinfold thickness as significant indicators. In addition, the adverse health 

outcomes of childhood obesity are well documented, such as the increased risk for metabolic 

syndrome (Jacob & Reetha, 2017; Morrison et al., 2007; Schmidt et al., 2010), T2D (Juonala et 

al., 2011), CVD (Freedman et al., 2005; Magnussen et al., 2009), musculoskeletal problems 

(Valerio et al., 2012), as well as psychosocial issues (Halfon et al., 2013; Morrison et al., 2015), 

that may all become more prevalent with increasing age (Wu et al., 2023). 

Research for intervention strategies to control the pervasiveness of childhood obesity is 

crucial. A growing body of evidence in gut microbiota research suggests that alterations in gut 
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microbiota composition may play a role in the development of childhood obesity (Backhed et al., 

2004; Turnbaugh et al., 2006; Turnbaugh et al., 2008).  

The literature review will focus on factors influencing the composition and development 

of infant gut microbiota, differences in gut microbiota between obese and non-obese children 

regarding the F: B ratio and presence of SCFA, and the impact of diet on gut microbiota diversity 

and composition. 

Factors Affecting Early Colonization & Development of Infant Gut Microbiota 

To date, a great deal of the investigation on the causes of childhood obesity revolved 

around dietary excesses, lack of physical activity, and the discovery of genes that promote 

excessive weight gain. The previously limited knowledge on human–microbe interactions as 

strictly pathogenic has undergone a remarkable development over the past two decades. While 

we now recognize the significant role of the microbiota as beneficial and vital to immune (Cebra, 

1999) and metabolic health (Collado et al., 2016; Cox et al., 2014), we are just starting to grasp 

the mechanisms by which these microorganisms come together, and the factors in early life that 

disturb their natural ecological succession. The infancy period provides a unique opportunity for 

rapid colonization and development of infant gut microbiota that may impact subsequent health 

and predisposition to certain diseases, including childhood obesity (Smith et al., 2015; Wall et 

al., 2009). Childhood also provides a unique window of opportunity for modification of gut 

microbiota to achieve positive health outcomes in adulthood (Penders et al., 2006)). The difficult 

task of developing effective strategies to treat childhood obesity relies on an improved 

understanding of the factors that influence the initiation and persistence of this condition (Smith 

et al., 2015). Recognition of the determinants and progression of the initial gut microbiome 
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development will provide an understanding of how the microbiome can be influenced to improve 

metabolic health. 

For this reason, research data suggest that mechanisms that lead to childhood obesity may 

already initiate during gestation and infancy (Ridaura et al., 2013; Turnbaugh et al., 2008). Fetal 

programming toward an obese phenotype may be inclined to develop due to intrauterine and 

extrauterine influences (Penders et al., 2006; Ridaura et al., 2013; Turnbaugh et al., 2008). 

Intrauterine Factors 

 There is evidence of the importance of the prenatal period in determining the risk for 

obesity in childhood and its role in the establishment and development of the gut microbiome. 

The previous belief of a sterile fetus and intrauterine environment has been disputed in recent 

studies of healthy and pre-term pregnancies in both vaginal and caesarian-section (C-section) 

delivery. In a prospective cohort study by Satokari et al. (2008), commensal gut microbial DNA 

of Bifidobacterium and Lactobacillus rhamnosus were detected in all 39 placental samples 

without signs of tearing of membranes or maternal infection and independent of the mode of 

delivery. In addition, a randomized, double-blind, placebo-controlled trial study provided 

evidence of microbial DNA presence in placental samples of mothers who were given probiotic 

supplementation of Bifidobacterium lactis and Lactobacilli rhamnosus for 14 days before 

elective C-section delivery (Rautava et al., 2012). Furthermore, data from a population-based 

cohort of 320 placental specimens revealed a metabolically rich placental microbiome, highly 

similar to the human oral microbiome, that consists of beneficial and non-pathogenic bacteria 

from various phyla, including Firmicutes, Tenericutes, Proteobacteria, Bacteroidetes and 

Fusobacteria phyla (Aagaard et al., 2014). This study also suggests that oral microbiota may be 

relevant in colonizing the infant’s gut microbiota; however, the mechanism by which oral 
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microbes translocate to the placenta needs further exploration. The presence of bacterial DNA 

such as lactic acid bacteria, Bifidobacterium, Enterococcus, and Staphylococcus has been 

detected in meconium (Jimenez et al., 2008) and umbilical cord blood (Jimenez et al., 2005) of 

healthy neonates born by C-section delivery. Furthermore, Enterococcus faecium strains have 

been documented in the amniotic fluid and fetal intestine of pups delivered by pregnant mice that 

were orally administered with E. faecium (Jimenez et al., 2005; Jimenez et al., 2008).  

The above studies provided evidence of the intrauterine presence of bacteria, 

demonstrating that infant gut colonization may start before birth by maternal microbiota transfer 

to the fetus through the placental barrier and bloodstream. Although bacterial presence has been 

associated in clinical practice as a marker for possible infection that may predispose to an 

increased risk of preterm delivery (DiGiulio et al., 2008), these studies did not associate bacterial 

presence with any signs of clinical infection or inflammation (Steel et al., 2005).  

Maternal antibiotic use during pregnancy is considered a critical factor that has been 

reported to have a significant impact on the programming of an obesity-prone metabolic 

phenotype. Several studies report that antibiotic use before, during and after birth may alter the 

typical maternal-infant bacterial exchange, resulting in anomalistic microbial colonization of the 

infant's gut (Aloisio et al., 2014; Fouhy et al., 2012; Jaureguy et al., 2004; Keski-Nisula et al., 

2013; Tanaka et al., 2009) with increased vulnerability to obesity in later life (Ajslev et al., 2011; 

Azad et al., 2014; Mueller et al., 2015; Trasande et al., 2013), as well as long-term implications 

on gut microbiota diversity and health. 

A prospective study on infants found that infant gut colonization by gram-negative or 

gram-positive bacteria was delayed in antibiotic-exposed infants by 28% compared with 12% in 

non-antibiotic-exposed infants (Jaureguy et al., 2004). In addition, colonization by obligate 
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anaerobic bacteria, such as Bifidobacterium and Clostridium, was delayed by 36% in antibiotic-

exposed infants compared with 24% in non-antibiotic-exposed infants, with colonization by 

Clostridium as significantly altered in antibiotic-exposed-infants, reflecting its susceptibility to 

antibiotic-resistant bacteria (Jaureguy et al., 2004). Similarly, Fouhy et al. (2012) found delayed 

intestinal colonization by Bifidobacterium and Lactobacillus in infants receiving parenteral 

antibiotics within 48 hours of birth. Lower counts of Bifidobacterium (Aloisio et al., 2014; 

Jaureguy et al., 2004; Tanaka et al., 2009) and Lactobacillus (Keski-Nisula et al., 2013) signify 

delayed colonization of infant gut by commensal bacteria due to prenatal antibiotic exposure that 

decreases microbial diversity (Aloisio et al., 2014; Jaureguy et al., 2004; Keski-Nisula et al., 

2013). 

In a longitudinal study of 436 mother-offspring dyads that were followed until seven 

years of age, Mueller et al. (2015) determined that prenatal use of antibiotics in the second or 

third trimester increased the risk of childhood obesity by 84% compared with children who were 

not exposed to antibiotics during pregnancy. In addition, antibiotic exposure during the second or 

third semester of pregnancy was positively correlated with higher BMI z-scores, waist 

circumference, and body fat percentage at significance p ≤ 0.05. Results of the study suggest that 

maternal use of antibiotics altered the offspring's body composition. Furthermore, a large 

retrospective study of Danish school children aged between 7 – 16 years old, 33% of whom had 

prenatal exposure to systemic antimicrobials, reported a strong association with childhood 

obesity at a 26 - 29% increased prevalence of overweight and obesity at school age (Mor et al., 

2015). Mor et al. (2015) observed that this strong association is likely attributed to a maternal gut 

microbiota altered by antibiotic use during pregnancy. Results of a longitudinal prospective 

study by Ajslev et al. (2011) of 28,354 mother-child dyads revealed an observed risk of 
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childhood overweight in infants treated with antibiotics at six months of age who are born of 

normal-weight mothers and reduced risk of overweight among infants of overweight mothers. 

Because early life is a crucial period for metabolic development (Dietz, 1994), microbiota 

disruption during this critical window due to antibiotic exposure could induce sustained effects 

on body composition, leading to an increased risk of overweight or obesity later in life (Ajslev et 

al., 2011; Murphy et al., 2013; Trasande et al., 2013). 

Extrauterine Factors 

Numerous studies have demonstrated the long-term influence of the mode of birth on the 

development of infant gut microbiota. Almost all studies, regardless of the method used, report 

profound differences in the fecal bacteria of infants born vaginally and infants delivered by 

caesarian section (CS) (Bouter et al., 2017). The infant’s gut is rapidly increased with 

commensal bacteria during vaginal delivery (VD) from the mother’s vaginal and fecal bacteria 

(den Besten et al., 2013; Edwards, 2017; Neu, 2015). Infants delivered by CS have delayed 

microbial colonization and lower gut microbial diversity (Gronlund et al., 1999; Jakobsson et al., 

2014; Salminen et al., 2004). Colonization of commensal bacteria, such as Bifidobacteria and 

Lactobacilli, was observed to be delayed in infants delivered by CS by one month and ten days, 

respectively, compared to VD infants (Gronlund et al., 1999). In the meta-analysis by Li et al. 

(2013), after separate, pooled analyses, and without controlling for potential confounders, a 33% 

moderate increased risk of childhood obesity was reported that prevailed through to adulthood. 

In three birth-cohort studies conducted in 1982, 1993, and 2004 in Brazil, Mueller et al. (2015) 

observed an association between CS and a 46% higher risk of childhood obesity in a longitudinal 

study of 436 mother-child dyads that were followed from birth until seven years of age. In a 

longitudinal birth cohort study of children followed until 15 years of age, Blustein et al. (2013) 
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reported that at age 11 years, children born by CS were 1.83 times at higher odds of obesity 

(95% Cl: 1.24-2.70). In a prospective pre-birth cohort study of 1,255 children with body 

composition measured at three years of age, 15.7% of 284 children who were born by CS were 

obese compared to 7.5 children who were vaginally delivered (Huh et al., 2012).   

The transfer of maternal microbes to newborns is also well established through breast-

feeding. The relevant presence of Bifidobacteria in the microbiota of breast-fed infants is 

distinguishable from the gut microbiota of formula-fed infants that show a lower abundance of 

Bifidobacteria (Bouter et al., 2017; Edwards, 2017; Li & Wei, 2015). In breast-fed infants, 

Bifidobacteria begin to colonize 2 -5 days after birth, becoming the most predominant bacteria at 

99% within one week, and making it the most significant bacterial component of the infant gut 

microbiota (Kurokawa et al., 2007; Yatsunenko et al., 2012). Breastfeeding modulates the 

infant's gut microbiota (Stark & Lee, 1982). It confers protective and immunomodulatory 

benefits to the infant against various infectious, allergic, and inflammatory diseases or disorders 

compared to formula-fed ones (Fernandez et al., 2013). The introduction to solid foods is 

deemed an essential determinant of gut microbiota composition and a significant influence in 

developing an adult-like microbiota (Bouter et al., 2017; Edwards, 2017). Thus, diet during 

infancy may affect the maturation of microbiota. In this regard, the 2020-25 Dietary Guidelines 

for Americans now recommends that parents expose their infants to peanut butter as soon as they 

start solid foods because there is a maturational window during which early exposure of the 

infant to possible allergens prevents later-in-life allergies to those allergens (U. S. Department of 

Agriculture & U. S. Department of Health and Human Services, (2020)). The inclusion of 

prebiotics and probiotics in the infant’s diet may increase Bifidobacteria and Lactobacilli 
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communities; however, there is a dearth of knowledge on whether these bacterial communities 

thrive long after the prebiotics and probiotics have been discontinued (Edwards, 2017).  

Differences in Gut Microbiota Between Obese and Non-Obese Children: 

Firmicutes: Bacteroidetes Ratio, Short Chain Fatty Acids & Diet 

The findings in the studies below demonstrate the power of combining human and 

gnotobiotic mouse models, specific dietary manipulations, and comparative metagenomics to 

define relationships between diet and gut microbial ecology with Firmicutes: Bacteroidetes (F: 

B) ratio and short-chain fatty acids (SCFA). In addition, the studies' results emphasized the 

importance of microbial and host contributions to regulating energy balance. 

Gut Microbiota in Mouse Models of Obesity 

A link between altered gut microbiota and obesity has been established in past studies 

using mouse models, in which the importance of diet in the gut microbiota profile was well 

exemplified. In 2005, Ley et al. hypothesized that gut microbial diversity affects host energy 

homeostasis. To test this hypothesis, Ley et al. (2005) performed an analysis of 5,088 bacterial 

16s rRNA gene sequences extracted from the distal gut of genetically obese mice, lean mice, 

wild-type siblings, single-runted obese mice, and their mothers, who were all fed the same 

polysaccharide diet of Purina ad libitum. The study revealed that the two most abundant bacterial 

divisions in mice were the phylum Bacteroidetes and the phylum Firmicutes. The shifts were 

division-wide, with no specific loss or gain on Bacteroidetes or Firmicutes (Ley et al., 2005). 

Such shifts established a low abundance of Bacteroidetes in the distal gut microbiota of obese 

mice at 26.1%, a 50% reduction compared to lean mice, and a significantly more significant 

proportion of Firmicutes at 71.2%, independent of gender and family kinship (Ley et al., 2005). 

Ley et al. (2005) also discovered that the single-runted obese mice showed similar proportions of 
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Firmicutes and Bacteroidetes as the other obese mice despite significantly limited food 

consumption compared to lean mice. This suggests that limited food consumption and total body 

mass do not impact gut microbial diversity in the phylogenic division (Ley et al., 2005). The 

study by Ley et al. (2005) provided the very first evidence of the association between gut 

microbial ecology and obesity.  

To add further to this knowledge, Turnbaugh et al. (2006) performed a study on a larger 

scale using shotgun sequencing and high-throughput 454 pyrosequencing techniques that 

underscored an increased ratio of Firmicutes to Bacteroidetes in obese mice compared to lean 

mice. In addition, the study reported an increased concentration of the SCFAs butyrate and 

acetate. This finding is consistent with numerous Firmicutes producing the SCFA butyrate 

(Barcenilla et al., 2000; Pryde et al., 2002). Moreover, the study revealed that the obese 

microbiome has an increased capacity for dietary energy harvest, resulting in significantly less 

energy remaining in feces than lean mice. 

In 2009, Hildebrandt et al. investigated the relationships between diet, obesity, and 

microbiota composition by comparing the microbial communities of wild-type mice and mice 

with the resistin-like molecule beta (RELM) knockout (KO) phenotype. While both mice were 

lean and fed a standard chow (CHO) diet for 13 weeks, the wild-type mice became obese after 

switching to a high saturated fat diet for 21 days. Results of metagenomic 16S rDNA 

demonstrated considerable alterations in the gut microbiota composition associated with the 

high-fat diet change that included a decrease in Bacteroidetes and a remarkable increase in 

Firmicutes levels. Using the RELM KO genotype, the high-fat diet accounted for the altered 

microbial communities, not the obese state (Hildebrandt et al., 2009).  
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In a mouse model of diet-induced obesity (DIO), Turnbaugh et al. (2008) observed 

dramatic effects in the microbial ecology of male germ-free mice fed a high-fat/high-sugar 

prototypic Western diet for four weeks.  Utilizing 16s rRNA gene sequencing, the Western diet-

induced a gut microbial community significantly enriched in Firmicutes but depleted in 

Bacteroidetes. The overall diversity of the Western diet gut microbiota in germ-free mice was 

dramatically altered due to a bloom of a single class of Firmicutes called Mollicutes that 

accompanied a division-wide suppression of Bacteroidetes but not a division-wide shift in 

Firmicutes (Turnbaugh et al., 2008).  

In a follow-up study, Turnbaugh et al. (2008) observed the same effects on 

conventionally raised mice fed either a Western or CHO diet. Those on the Western diet had a 

significant weight gain and greater adiposity than those on the CHO diet. Also observed was the 

presence of the Mollicutes lineage that was identified in the earlier study on germ-free mice.  

In another experiment, Turnbaugh et al. (2008) demonstrated that dietary shifts could 

impact body weight, adiposity, and gut microbial ecology. In this study, Western-diet-fed 

conventionally raised mice with inherited microbial communities from mothers switched to a 

reduced carbohydrate (CARB-R) or reduced fat (FAT-R) diet. Mice on CARB-R and FAT-R 

consumed fewer calories and notably gained less weight [0.60.3g (FAT-R) and 0.00.3 g. 

(CARB-R) compared with the Western diet (2.00.3g)] (Turnbaugh et al., 2008). The 

epididymal fat gain was also reduced (1.90.3% of total body weight for FAT-R and 1.90.2% for 

CARB-R compared with 2.80.2% for the Western diet. Gene sequence analyses by 16s rRNA 

indicate that this diet-induced obesity animal model followed by weight and fat loss was 

accompanied by a remarkable decrease in the relative abundance of Mollicutes for FAT-R and a 

highly significant reduction for CARB-R compared with the Western diet (Turnbaugh et al., 
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2008). A significant division-wide increase in the relative abundance of Bacteroidetes for FAT-R 

(2.8-fold) and CARB-R (2.2-fold) was also observed (Turnbaugh et al., 2008). In this regard, 

dietary interventions such as the FAT-R and CARB-R prove promising in inhibiting numerous 

consequences of Western diet-induced obesity, such as reduced adipose tissue mass, increase in 

abundance of Bacteroidetes, enhanced ability of the microbiota to suppress fat deposition and 

decreased bloom of Mollicutes lineage. Turnbaugh et al. (2008) performed a Unifrac analysis, 

which indicated that the gut communities in subjects consuming a Western diet shared a more 

remarkable resemblance than those in individuals. This pattern mirrors what is observed in the 

ob/ob obesity model. In the Western diet group, there was a notable increase in the proportion of 

Firmicutes and a decrease in Bacteroidetes in the gut microbiome.  

The above mice studies demonstrated substantial evidence of causal associations between 

the gut microbiome and obesity and have highlighted the potential role of gut microbiota in 

regulating the development of obesity through diet. The above mice studies showed that dietary 

habits are the main contributors to the diversity and altered composition of mice gut microbiota, 

and nutritional interventions targeting the gut microbiota could be an excellent strategy to treat 

obesity. The mice models of obesity and gut microbiological ecology provided a platform for 

human studies.  

Firmicutes-Bacteroidetes Ratio, Diet & Short Chain Fatty Acids 

Many studies have investigated and critically assessed the relationship between bacteria 

from Firmicutes and Bacteroidetes phyla and weight gain in the pediatric population. As gleaned 

from the mice studies, the relative abundance of the two predominant gut bacteria differs 

between lean and obese mice, with increased Firmicutes and fewer Bacteroidetes in genetically 

obese mice compared to their lean counterparts. To extend this observation to humans, a cutting-
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edge initial human study by Ley et al. (2006) showed that 12 obese humans similarly exhibited a 

relative reduction in Bacteroidetes and elevated Firmicutes in their feces when randomly 

assigned to either a carbohydrate-restricted or fat-restricted diet over one year. Ley et al. (2006) 

observed a relative decrease in the F: B ratio with an increased abundance of Bacteroidetes and a 

decreased abundance of Firmicutes. The increased abundance of Bacteroidetes correlated with a 

percentage loss of body weight and no changes in dietary content. Ley et al. (2006) show that 

manipulating gut microbial communities could be a potential therapeutic approach in treating 

obesity and indicate a dynamic link between obesity and gut microbial ecology.  

Subsequently, a much larger human study by Turnbaugh et al. (2009) demonstrated the 

association of obesity with the depletion of Bacteroidetes, reduced gut bacterial diversity, and 

enrichment in carbohydrate and lipid-utilizing genes in the entire microbiome. The study 

reported that 75% of obesity-enriched genes came from Actinobacteria, 25% from Firmicutes, 

and 42% of lean-enriched genes came from Bacteroidetes. The obesity-enriched genes provide 

the foundation for microbial biomarkers of the obese gut microbiome (Turnbaugh et al., 2009).  

The initial investigation into the association between an altered gut microbiota 

composition and obesity development in children was conducted by Kalliomaki et al. (2008). 

Kalliomaki et al. (2008) examined obese and normal-weight children from birth, at the ages of 3, 

6, 12, 18, and 24 months, and ages 4 and 7 years. Fecal gut microbiota composition was analyzed 

at ages 6 and 12 months. To avoid underestimating adiposity in children, weight status was 

determined using the International Obesity Task Force criteria for overweight and obesity in 

children (Cole et al., 2000). These criteria define BMI values for overweight and obesity at each 

age and gender in children associated with a predicted BMI of 25 and 30 at age 18 years (Cole et 

al., 2000). Kalliomaki et al. (2008) observed that children who remained lean at age seven years 
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showed higher levels of Bifidobacteria as infants compared with children who developed obesity 

and had higher levels of the pathobiont, Staphylococcus aureus, a species within the Firmicutes 

phylum, and lower levels of Bifidobacteria (Kalliomaki et al., 2008). Bifidobacteria, which falls 

under the Actinobacteria phylum, have been documented to characterize the gut microbiota 

composition of healthy breast-fed infants (Vaughan et al., 2002). It is suggested that 

breastfeeding protects against later onset of overweight or obesity (Armstrong & Reilly, 2002; 

Kramer, 1981) and that duration of breastfeeding is inversely associated with the risk of obesity 

(Poulton & Williams, 2001; von Kries et al., 1999).  

Nonetheless, Kalliomaki et al. (2008) also emphasized the importance of Staphylococcus 

spp. in childhood obesity by demonstrating that a sizeable fecal concentration of Staphylococcus 

spp. in infancy predicted the development of overweight/obesity during childhood. Fecal gut 

microbiota composition was analyzed by fluorescent in-situ hybridization (FISH) with 

microscopic and flow cytometry detection and by quantitative real-time polymerase chain 

reaction (qRT-PCR).  

In line with the findings of Kalliomaki et al. (2008), a relative abundance of 

Bifidobacteria was found in stool samples of children aged 1 – 6 years living in an African 

village of Burkina Faso (BF) who were breastfed for two years (De Filippo et al., 2010). 

Compared with BF children, European (EU) children of similar age in Florence, Italy, who were 

breastfed for only one year, had relatively low Bifidobacteria in their stool samples (De Filippo 

et al., 2010). In addition, the fecal microbiota of BF children showed a significant 58% 

enrichment in Bacteroidetes and 37.4% depletion of Firmicutes compared with 29.1% and 

70.4%, respectively, in EU children. Firmicutes were twice as abundant in EU children, as 

evidenced by the different F: B ratios, indicating a markedly different gut bacterial colonization 
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in the two populations. According to De Filippo et al. (2010), diet plays a dominant role over 

other factors such as ethnicity, sanitation, hygiene, climate, and geography in shaping gut 

microbiota composition. The dietary habits of these two different populations may be responsible 

for this dramatic difference in gut microbial colonization (De Filippo et al., 2010). BF children 

subsisted on a diet of high-fiber and polysaccharide-rich foods that resemble Neolithic 

subsistence patterns of early African settlers; the diet of EU children is typified by a modern 

western diet, high in animal protein, fat, sugar, and starch, and low in fiber (De Filippo et al., 

2010). In addition, fecal samples of BF children reflected an abundance of SCFAs, specifically 

propionate, and butyrate, compared with EU children (De Filippo et al., 2010). Specific bacterial 

genera in the Bacteroidetes phylum exclusive to BF children, such as Xylanibacter, Prevotella, 

Butyrivibrio, and Treponema, were responsible for producing the high levels of SCFA by gut 

microbial fermentation of dietary fibers (De Filippo et al., 2010). De Filippo et al. (2010) 

suggested a correlation between diet and SCFA production. The dietary implication of high 

consumption of sugar, animal fat, and calorie-dense foods in industrialized countries may reduce 

gut microbial richness and diversity, as well as limit the production of SCFA-producing bacteria 

that could afford a manifold of health-related effects, including prevention of gastrointestinal 

diseases (De Filippo et al., 2010). Most importantly, De Filippo et al. (2010) provided a model 

for assessing various environmental factors in two childhood populations and their impact on the 

gut microbiota. Gut microbial differences between these two groups were analyzed using high 

throughput 16s rDNA sequencing and biochemical analyses (De Filippo et al., 2010).  

An increased F:B ratio has been proposed to contribute to the pathophysiology of obesity 

and is associated with increased production of SCFAs and energy harvest from colonic 

fermentation (Fernandes et al., 2014; Turnbaugh et al., 2006). 
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The results of an Egyptian pediatric study revealed a statistically significant increased  F: 

B ratio within the obese group (p = 0.003) compared with the normal-weight children (p < 0.001) 

(Abdallah Ismail et al., 2011). The study also found an association between high fat intake and 

increased levels in Firmicutes and decreased levels in Bacteroidetes, and those with the highest 

carbohydrate intake were positive for both Bacteroidetes and Firmicutes. This finding highlights 

the potential role of dietary factors in modulating gut microbiota (Abdallah Ismail et al., 2011). 

A notable result was the presence of the biochemical marker high-sensitivity C-reactive protein 

(hs-CRP) in obese children and a positive trend for higher hs-CRP in children with positive 

Firmicutes (p = 0.004). C-reactive protein is a biochemical marker for systemic inflammation; it 

has been associated with several inflammation-related diseases such as CVD, diabetes mellitus, 

respiratory diseases, and rheumatoid arthritis (Ismail et al., 2011). The concentration of hs-CRP 

is elevated in obesity due to the expression of Interleukin-6 on adipose tissue and its release in 

the peripheral circulation (Cani et al., 2007). Ismail et al. (2011) concluded that their data 

support the role of gut microbiota in the pathophysiology of child obesity. Fecal microbiota 

samples were analyzed using the polymerase chain reaction method. 

In addition, several studies have provided clear evidence to suggest that consumption of a 

high saturated fat diet is associated with metabolic endotoxemia and a two to three-fold increase 

in bacterial Lipopolysaccharide (LPS) in the blood (Cani et al., 2007; Khan et al., 2016; 

Sanchez-Tapia et al., 2021). Cani et al. (2007) found a dramatic change in gut microbiota 

composition (reduced Lactobacillus and Bifidobacteria), which was associated with an increase 

in gut permeability indicated by a reduction in the expression of Occludin and ZO-1 tight 

junction proteins (Cani et al., 2007, Sanchez-Tapia et al., 2021).  
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Research by Ferrer et al. (2013) indicates results of 94.6% abundance in Firmicutes 

compared to 3.2% of Bacteroidetes in the obese gut microbiota of a Spanish adolescent. 

Similarly, study data from Bervoets et al. (2013) reported higher concentrations of Firmicutes in 

the species level in overweight/obese (O/O) children compared with average weight (C) children. 

Additionally, an elevated F: B ratio was identified among overweight/obese (O/O) children 

compared with normal weight (C) children (Bervoets et al., 2013). It is important to note that 

Bacteroides (B.) vulgatus, a species in the Bacteroidetes phyla, appeared depleted in O/O 

children compared with (C) children. B. vulgatus was deemed a commensal gut bacterium and is 

generally considered an essential part of the core gut microbiota in healthy humans (Qin et al., 

2010).  Lactobacillus is the species-genus in the Firmicutes phyla that was found to be in high 

concentrations in the O/O gut microbiota, which is in line with findings of previous studies that 

suggest a capacity for Lactobacillus spp. to influence body weight and obesity (Million et al., 

2012; Santacruz et al., 2009).  In addition, the high concentrations of Lactobacillus spp. were 

positively correlated with hs-CRP in obese children and adolescents, per the findings of Abdallah 

Ismail et al. (2011). While some species of Lactobacillus promote weight gain, others may 

prevent weight gain, according to the comparative genomics analysis study by Drissi et al. 

(2014). Bervoets et al. (2013) also found Staphylococcus in stool samples of O/O children, which 

showed a greater efficiency in extracting energy from a given diet in obese children compared 

with the gut microbiota of lean children. The study results by Bervoets et al. (2013) indicate that 

the Bacteroides group, Lactobacillus spp., and Staphylococcus impact the composition of gut 

microbiota and play a vital role in the pathophysiology of obesity. To identify and determine 

bacterial species in fecal samples for this study, qRT-PCR and matrix-assisted laser 
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desorption/ionization mass spectrometry (MALDI-TOF-MS) were utilized for in-depth analysis 

of species.  

The results of an Italian pediatric study reported an elevated F: B ratio in significant 

variations within the obese group with significantly elevated levels of Firmicutes and diminished 

levels of Bacteroidetes (Riva et al., 2017). Higher concentrations of SCFA acetate, propionate, 

and butyrate were observed in the stools of obese children compared with normal-weight 

children. The overall concentration of SCFAs was highly associated with obesity and positively 

correlated with BMI z-score (Riva et al., 2017). Specifically, SCFAs acetate, propionate, and 

BMI z-score were significantly linked with microbiota composition at every taxonomic level 

(Riva et al., 2017). According to Riva et al. (2017), the higher fecal concentration of SCFAs in 

the obese group may indicate increased microbial fermentation, sluggish SCFA absorption due to 

low-grade inflammation, or greater colonic transit time. In addition, generalized linear regression 

models showed Bacteroidetes as a better predictor of BMI z-score and obesity than Firmicutes.  

According to Riva et al. (2017), this could be attributed to the varying shifts of 

Firmicutes operational taxonomic units, which resulted in certain Firmicutes members being 

associated with obesity. Further studies would be needed to ascertain the role of certain members 

of Firmicutes on obesity. Nevertheless, the BMI z-score was positively correlated with 

significant levels of Firmicutes and negatively correlated with Bacteroidetes. However, in a 

meta-analysis of almost all of the studies, with one exception, a pattern emerges where the 

Firmicutes to Bacteroidetes ratio tends to be higher in obese individuals than in their lean 

counterparts. However, when evaluating the data with Wilcoxon rank-sum tests, the variations 

between the obese and lean groups did not reach statistical significance. Similarly, when 
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applying Fisher's Method to integrate various independent hypothesis tests, the Firmicutes to 

Bacteroidetes ratio disparity did not achieve statistical significance (Walters et al., 2014). 

Obesity has been associated with an altered gut microbiota composition and dietary 

habits. Riva et al. (2017) reported high nutritional intakes of proteins, fats, sugars, and 

carbohydrates among obese children compared to normal-weight children. However, future 

studies are needed to establish if an altered gut microbiota is a causative factor in obesity or a 

consequence of diet (Riva et al., 2016). Overall, study data by Riva et al. (2017) present evidence 

of the association of obesity with an altered gut microbiota composition. Gut microbiota 

composition for this study was evaluated using 16s rRNA gene gene-targeted sequencing.  

While globalization and urbanization afforded many advantages economically, 

politically, and socially, they also led to the urbanization of diets and, therefore, drastic changes 

in lifestyle and dietary habits (Solomons & Gross, 1995). Inevitably, a dietary trend toward 

consuming highly processed foods and foods high in unhealthy fats, sugar, and calories 

skyrocketed (Solomons & Gross, 1995; Shridhar et al., 2015; Lane et al., 2020). Processed plant 

foods have less fiber and lower amounts of other prebiotics than unprocessed food (Martinez 

Steele et al., 2017). Numerous data report the adverse effects of modern diets on human health, 

especially on the younger generation in developed and developing global areas (Imamura et al., 

2015; Shridhar et al., 2015). The impact of the modernization of diet on gut microbiota between 

children living in rural and urban cities was consistent with previous studies on geographical 

variations in gut bacterial communities (De Filippo et al., 2010; Wu et al., 2011; Lee, 2013). 

Certainly, urbanization has altered the lifestyles of school-aged children living in some 

provincial towns and cities in Leyte, Philippines (Nakayama et al., 2017). Nakayama et al. 

(2017) reported that modern high-fat dietary habits of urban (UR) children aged 7 - 9 years 
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affected gut microbiota composition with a relatively high abundance of Clostridia and 

Erysipelotrichia classes belonging to the Firmicutes phyla and depleted levels of the genus 

Prevotella belonging to the Bacteroidetes phyla, compared with the gut microbiota composition 

of rural (RU) children of similar age. The depleted levels of Prevotella may be explained by the 

fact that this class of species is typically found in high levels in a vegetarian diet (David et al., 

2013). 

High fat intake positively correlated with F: B ratio and BMI. High-fat intake increases 

the intestinal level of bile acids, thus limiting bile-sensitive bacteria and promoting more bile-

tolerant bacteria (Islam et al., 2011). This may illustrate the reduced prevalence of the 

Bacteroidetes genus Prevotella in UR children. Nakayama et al. (2017) described the diet of UR 

children as high in fat, protein, and sugar intake, and they ate fast food 4.0 times a week on 

average, reflecting the modernization of dietary habits in the UR group. The diet of RU children 

consisted of high daily consumption of regional fruits, vegetables, and grains, low meat, fat, and 

sugar intake, and eating fast food 0.90 times a week on average. Total energy intake did not 

statistically differ between the two groups.  According to the CDC BMI criteria, urban children 

in this study were described as overweight and obese, while rural children were described as 

normal and underweight. Nakayama et al. (2017) demonstrated that Prevotella might be vital in 

the healthful response to less caloric, sugary, and low animal protein and fat diets. The 

investigators also suggest that the Prevotella-depleted and high F: B gut microbiota is the 

outcome of the evolutionary adaptation of the gut microbial community to a high-fat and high-

calorie modern diet. This study suggests that the long-term reduced intake of diverse fiber-rich 

and minimally processed foods such as fruits and vegetables, whole grains, legumes, seeds, and 

nuts may eventually lead to obesity as a consequence of the enhanced gut permeability of plasma 
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lipopolysaccharide (LPS) into the host circulation that triggers chronic inflammation (Chen, He 

& Huang, 2014), and as a consequence of insufficient propionate to stimulate GLP-1 satiety 

signaling (Bodnaruc et al., 2016). 

 However, it remains unclear whether the altered gut microbiota is a result of obesity or 

an aftermath of an altered dietary habit. Nevertheless, the study signified an association between 

an altered gut microbiota and obesity among children in developing areas due to a modern diet. 

High-throughput 16s rRNA gene sequence analysis was conducted to analyze gut microbiota 

composition. 

Chapter Summary 

Strong evidence from numerous studies suggests the association between childhood 

obesity and an altered gut microbiota composition. While modern dietary habits (especially 

fiber-poor, processed foods), increasingly sedentary lifestyles, c-section delivery, antibiotic use, 

and formula feeding are major contributory factors to an obesogenic condition, many researchers 

are gaining a valuable appreciation of an altered gut microbiota composition as an essential risk 

factor (Clarke et al., 2012). Diet strongly influences the composition and diversity of gut 

microbiota and is best portrayed in human and animal studies with shaping the gut microbial 

community. The link between diet and gut microbiota composition has been extensively studied, 

ranging from increased F: B ratio, elevated SCFA level, and higher BMI in obese microbiota 

with short- and long-term dietary outcomes and weight gain and loss. However, it is unclear 

whether an altered gut microbiota composition is causal for obesity or the impact of dietary 

habits. Evidence from the study by Ridaura et al. (2013) suggests that an altered gut microbiota 

composition is probably causal for obesity as fecal microbiota transplants from obese adult 

human twins have been shown to transmit the obesity risk to genetically identical, germ-free 
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mice fed a low-fat mouse food and different levels of saturated fat, and fruits and vegetable 

intake typically in the United States. Therefore, this study will compare the dietary intake of 

overweight/obese and normal-weight school-aged children to investigate the effect on gut 

microbiota composition and its SCFA metabolites in terms of F: B ratio, SCFA concentrations, 

and alpha-1 diversity. 
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THEORETICAL FRAMEWORK 

There is a consensus that the increase in childhood obesity is partly due to environmental 

changes (Hill et al., 2003) that can lead to increased food intake and an overall decline in total 

energy expenditure attributable to a decrease in basal metabolic rate rather than a decrease in 

physical activity, which has important implications for understanding obesity trends (Speakman 

et al., 2023). For instance, in the family environment, there has been an increase in the 

percentage of children with television in their bedrooms (Dennison et al., 2002). Eating has been 

linked with television watching (Matheson et al., 2004), often shifting time away from physical 

activity (Durant et al., 1994), thus reducing energy expenditure. In addition, changes in the 

environment also influence dietary intake (French et al., 2001). With the growing number of 

single-parent families and families in which both parents work (Bowers, 2003), there has been an 

increase in eating out at restaurants (National Restaurant Association, 2019) where larger portion 

sizes are served (Rolls, 2003), and with more fats and oils added to the food supply, resulting in 

increased food and calorie consumption (Costa et al., 2019; Lin et al., 1999). The more 

significant issue with restaurant meals is that they tend to be highly processed, high in sugar, 

sodium, and saturated fat, and lacking in fiber, thus less satiating and needing to consume more 

to achieve satiety (Costa et al., 2019). 

During the past decade, groundbreaking research has provided strong evidence of an 

association between obesity and an altered gut microbiota composition that triggers a decrease in 

satiety-signaling, an increase in energy harvest, chronically elevated low-grade inflammation and 

the alteration of host gene expression (Backhed et al., 2004; Fernandes et al., 2014; Ley et al., 

2005; Ley et al., 2006; Turnbaugh et al., 2006; Turnbaugh et al., 2009). The gut microbiota is 

considered an environmental factor that plays a significant role in the pathogenesis of obesity 
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(Backhed et al., 2004; Backhed et al., 2005; Ley et al., 2005; Turnbaugh et al., 2006, 2009). The 

two significant phyla – Bacteroidetes and Firmicutes – have been found to differ in proportions 

between obese and lean children, and these proportions have been shown to change during 

weight loss and highly correlate with the percentage of body weight lost (Ley et al., 2006). 

Several studies have strongly suggested that diet is the most profound determinant of gut 

microbial functioning throughout life (Moschen et al., 2012; Tilg & Moschen, 2015), as it can 

have a significant impact on the structure and composition of the gut microbiota in both the 

short- (David et al., 2013; Wu et al., 2011) and long-term (Ley et al., 2006; Wu et al., 2011). 

Most importantly, diet can, with regular exercise, establish an environment that can promote the 

long-term stability of a healthy microbiota (Moschen et al., 2012). The interactions between gut 

microbiota and diet in mammals are complex. Any significant lifestyle or dietary changes will 

likely affect microbial stability (David et al., 2013; Wu et al., 2011). Diet is the primary 

determinant in the microbiota colonization patterns from the first stages of human life and is also 

a risk factor in childhood obesity (Stanislawski et al., 2018). Thus, the impact of diet and dietary 

behaviors on gut microbiota composition has received much attention in research to help 

mitigate obesity risk and reduce obesity prevalence. 

The prevailing number of obese children and adolescents is still dramatically higher than 

it was historically across the nation (Hales et al., 2018; Ogden et al., 2015; Ogden et al., 2016) 

and in the world (Olds et al., 2011), There are 150 million children worldwide (WHO, 2021), 

and an estimated 14.7 million children in the U. S. who are obese. The increasing trend in rates 

of obesity in children is alarming given the significant short- and long-term physical health 

(Juonala et al., 2011; Kelsey et al., 2014; Llewellyn et al., 2016) and psychological consequences 

(Beck, 2016; CDC, 2017b; Halfon et al., 2013; Llewellyn et al., 2015; Morrison et al., 2015), 
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economic implications owing to increased medical costs (Finkelstein et al., 2014; Hammond & 

Levine, 2010), and the robust tracking of childhood obesity into adulthood (Freedman et al., 

2005; Freedman et al., 2005a; Simmonds et al. 2015; Whitaker et al., 1997) which could 

adversely impact future adult obesity rates (Kelsey et al., 2014; Llewellyn et al., 2016). 

Intervention in childhood is critical to combat the obesity epidemic and its related complications. 

Programs combining dietary and physical activity elements have been shown to lower obesity 

risk (measured by zBMI and BMI) in children between 0 and 5 years old. The study by Brown et 

al. (2011) suggests potential benefits of diet-only programs for this age group; however, physical 

activity seems ineffective for this younger age group. On the other hand, for children between 6 

and 12 years and adolescents between 13 and 18, programs focused solely on increasing physical 

activity have decreased obesity risk, measured by BMI. However, more evidence is needed for 

these age groups that diet-only programs are effective. Still, there is some indication that 

combining dietary efforts with physical activity may yield positive outcomes (Brown et al., 

2011).  

To address childhood obesity, it is essential to consider the contexts or ecological niche 

in which the child is situated to understand the emergence of risk factors implicated in the 

development of childhood obesity. The family environment is an environmental context shown 

in studies to contribute to the development of obesity, specifically by shaping the child’s dietary 

behaviors and the ability to self-regulate dietary intake (Epstein, 1996; Johnson & Birch, 1994). 

In addition, it is essential to understand how the gut microbiota, an environmental obesity risk 

factor, is influenced by dietary behavior that puts children at risk for obesity. These contexts or 

ecological niches will be given primary consideration in this research. Other ecological contexts, 
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such as school and community, will be given secondary consideration to show how these 

contexts may play a role in producing an obesogenic environment for the child.  

This study explores whether childhood obesity can be understood through ecological 

principles, considering the interplay between individuals and their environments. It will evaluate 

the diet, dietary behaviors, and specific child characteristics such as gut microbiota composition, 

age, and gender of overweight/obese and normal healthy weight school-aged children. 

Additionally, it will consider the various ecological settings or environments that influence the 

development of child obesity.  To offer insight and understanding of the process by which 

childhood obesity develops, the ecological systems theory (EST) will be utilized to provide a 

meaningful guide for this research. Ecological systems theory will help evaluate how the child is 

affected and the degree of influence by an environment with unhealthy triggers.  

Ecological Systems Theory 

As indicated in previous research, the development of childhood obesity is complex and 

multifaceted. A set of factors from multiple contexts interact with each other and place a child at 

risk of obesity. This multidimensional system can be conceptualized using the ecological 

systems theory (EST) developed by Urie Bronfenbrenner (1979), a psychologist and cofounder 

of the Head Start program.  

Description of Ecological Systems Theory 

Ecological systems theory conceptualizes human development from a contextual 

orientation with evolving interactions between the developing child and the environment 

(Bronfenbrenner, 1975, 1979, 1986a, 1986b; Bronfenbrenner & Morris, 1998). To be precise, 

EST is described as the ecology of human development, with the developing child consistently 

viewed as influencing and being influenced by a dynamic environment. According to EST, the 
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development or change in individual characteristics can be effectively defined only when the 

person's ecological niche or context is considered. An ecological niche includes the immediate 

context in which an individual is nested and the contexts in which that context is situated. The 

ecological niche where development occurs for the child consists of the home and school, rooted 

in larger social contexts of community and society in general. In addition to these larger 

contexts, physical and biological characteristics specific to the child, such as genetics, gender, 

and age, interact with familial and societal characteristics to affect development.  

In EST, the concept of environment in terms of development is reflected in five nested 

and interconnected systems, progressively interacting with the child. In developing his theory, 

Bronfenbrenner (1975) qualified the environment as ecological, intrinsically connected to the 

individuals within it. In other words, EST focuses not on the environment or context but on the 

ecological system where the developing child is included (Bronfenbrenner, 1975).  

Ecological Systems - Defined 

Ecological systems theory examines individual development within nested settings or 

environments. These five interconnected ecological systems influence and interact with a child’s 

development, directly and indirectly, and include the microsystem, mesosystem, exosystem, 

macrosystem (Bronfenbrenner, 1979; Bronfenbrenner, 1988b), and chronosystem, which was 

added later, the (Bronfenbrenner, 1986a, 1986b; Bronfenbrenner & Morris, 1998).  

Microsystem.  This ecological environment is defined as the most proximal setting of the 

child, such as home and school. It involves structures and processes and face-to-face interactions 

between the child, immediate family or caregivers, and their school (Bronfenbrenner, 1979; 

Bronfenbrenner, 1988b). The constitutive element of the setting is one in which activities and 

interpersonal roles and relations are engaged over time (Bronfenbrenner, 1975, 1986a). The 
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family plays a key role. In the ecological approach to combat childhood obesity, the family must 

be involved (Epstein, 1996; Epstein et al., 2007), and it does so in the microsystem context 

(Bronfenbrenner, 1979).   

Mesosystem. This ecological system refers to the interrelations between two or more 

microsystems in which the child actively participates and the processes involved (e.g., the 

relations between home and school, school and work, etc.). In other words, the mesosystem is a 

system of microsystems. This system is developed or enlarged when the child enters a new 

setting (Bronfenbrenner, 1979; Bronfenbrenner, 1988b) and reduced when the opposite happens. 

The developmental characteristics are similar to those of the microsystem, with activities, 

interpersonal roles, and relations occurring across settings (Bronfenbrenner, 1979; 

Bronfenbrenner, 1988b). 

Exosystem.  This is the third circle of the ecological model. Exosystem embodies the 

relations and processes that are taking place in two or more settings, one of which the developing 

child is not situated and does not actively participate in but in which events occur that influence 

the processes of the immediate setting that does include the child (Bronfenbrenner, 1979; 

Bronfenbrenner, 1988b). Although the child may not be in the same setting or context, the child 

can sometimes influence it (Bronfenbrenner, 1979; Bronfenbrenner, 1988b), whether formally or 

informally (Bronfenbrenner, 1978). The effect on the child's development is indirect; for 

instance, events at the parent’s workplace have an ensuing impact on the home (Bronfenbrenner, 

1978). In addition, the exosystem has an essential societal role in social policy making 

(Bronfenbrenner, 1974), such as programs that facilitate child-care centers and policy decisions 

on the type of care and the type of education young children will receive. 
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Macrosystem.  This system encompasses the institutional systems of a culture or sub-

culture, such as the social, economic, educational, legal, and political systems (Bronfenbrenner, 

1978). The efficiency of how the lower systems function is indicative of the influence of the 

macrosystem on the other ecological systems (e.g., family, school) (Bronfenbrenner, 1988b). A 

remarkable feature of the macrosystem is its overarching ideology or belief system pattern 

common to a particular culture or sub-culture (Bronfenbrenner, 1979). Consequently, children’s 

daily experiences may be similar in a given ethnic, socioeconomic, societal, or religious group 

(Bronfenbrenner, 1979; 1988b).  

Chronosystem.  This system was added to highlight the influence of changes and 

continuity on child development over time in the environments in which the child lives 

(Bronfenbrenner, 1986a, 1986b). Bronfenbrenner (1975, 1978, 1979) stressed that person 

characteristics change progressively over time and space, which indicates continuity both in the 

person and in the environment, as well as changes due to the dynamic relations of person, 

environment, and other people within that environment all engaged in reciprocal activities that 

become progressively more complex over time. In the chronosystem, time is considered as 

important as the environment for human development (Bronfenbrenner, 1986a, 1986b, 1988). 

Changes caused by events or experiences throughout the individual’s life are considered. These 

experiences may originate from the external environment (e.g., going to school, parents 

divorcing) or within the developing child’s body (e.g., overweight/obesity, puberty, illness). 

Changes can either be normative, that is, change is expected, such as school entry, or non-

normative, when change is unexpected, such as sudden death or severe illness of a family 

member (Bronfenbrenner, 1986b, 1988). 
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In summary, EST posits that development occurs as an outcome of the interactions within 

and among these contexts in which characteristics of the child interact with processes in the 

family and school, which are impacted by the characteristics of the community and society. 

Ecological systems theory has been utilized to model predictors of childhood obesity (Figure 3.1) 

(Davison & Birch, 2001). The application of EST to this research will provide a framework to 

evaluate and integrate research in assessing influences of dietary intake and behavior and their 

impact on gut microbiota composition while incorporating the child’s characteristics such as age, 

gender, and gut microbiota composition, and considering the familial and societal factors that 

influence the emergence of child risk behaviors. The ecological systems most relevant to this 

research will be microsystem and mesosystem, as family and social and environmental pressures 

on nutrition primarily influence obesity. An improved understanding of the micro- and 

mesosystems influencing dietary behaviors might elucidate the persistence of childhood obesity. 
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Figure 0.1. The ecological systems theory model of childhood obesity predictors (Davison & 

Burch, 2001) was modified to show gut microbiota as a child's characteristic. Childhood 

obesity risk factors (shown in the upper case) pertain to child behaviors that have been 

linked with the development of childhood obesity. Shown in italics are characteristics of the 

child that interact with child risk factors and contextual factors that influence the 

development of obesity. This ecological model conveys the influence of child, family, and 

community on child risk factors in the micro - and mesosystems. This study focuses on 1) 

the child’s dietary intake as a risk factor for obesity, 2) the child’s characteristics such as 3) 

gut microbiota composition, 4) age, 5) sex and gender, and 6) Parenting styles, genetic 

influence, and family characteristics. 
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Application of Ecological Systems Theory to Research 

The application of EST to this research is presented in a model by Davison and Burch 

(2001) (Figure 3.1). This ecological theory model of childhood obesity illustrates the 

development of childhood obesity based on numerous research studies evaluating predictors of 

childhood obesity (David & Burch, 2001). Following this model, dietary intake is a child risk 

factor (shown in upper case in Figure 3.1) that can place a child at risk of obesity. The impact of 

dietary intake on the development of childhood obesity is moderated by child characteristics that 

include age and sex and, for this research, gut microbiota composition. In addition, dietary intake 

is shaped by family processes in the microsystem, such as parenting styles, parents’ dietary 

eating patterns, food preferences, nutritional knowledge, and child feeding practices. Besides 

family characteristics, the model shows school characteristics that influence child weight status 

based on the dietary quality of school lunches. This research will not explore the dietary quality 

of school meals, but data on whether the subject consumed school meals will be considered. As 

this ecological model further illustrates, community, demographic, and more prominent societal 

factors influence parenting practices and child dietary habits. Moreover, this EST model depicts 

bi-directional relationships among the various levels of influence, which means that the impact 

of factors from another level moderates factors at one level. Therefore, the EST model of the 

development of childhood obesity stresses the necessity of addressing the child's characteristics 

and the familial and societal contexts in which the child is embedded to understand the process 

by which childhood obesity develops.  

Children’s Dietary Behavior 

According to study results, children’s dietary patterns and behaviors may be influenced 

by factors that contribute to childhood obesity and include high energy intake compared to 
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needs, low responsiveness to satiety signals, high receptiveness to external food cues, and high 

preference for energy-dense foods (Blundell et al., 1993; Corbin. Et al., 2023; Klesges et al., 

1995; Lawton et al., 1993; Rolls et al., 1994; Rolls & Hammer, 1995;). In addition, the study by 

Montano et al. (2015) revealed that dietary habits are molded at a young age and retained for 

years (Montano et al., 2015). Furthermore, these deep-rooted nutritional habits in childhood 

continue with indications of fuzziness, poor dietary diversification, high responsiveness to food 

cues, and increased obesity risk (Montano et al., 2015). Early experiences with food and food 

acceptance are influenced by children’s food preferences and previous exposure/lack of exposure 

to new plant foods and food supply (Klesges et al., 1983; Klesges et al., 1991; Wardle et al., 

2003). The phenomenon of food neophobia, where both children and adults exhibit an inherent 

resistance to new plant flavors, presents a significant obstacle to dietary diversification. An 

initially disliked food typically requires 8 to 14 exposures to become palatable. This learning 

process often involves initial rejection and consequent waste, which wealthier families may 

accommodate but can pose a substantial challenge for those with limited resources. 

Consequently, lower-income families tend to have a more limited variety of vegetables deemed 

acceptable, exacerbating nutritional disparities (Appleton et al., 2018; Wardle et al., 2003) 

Food preferences.  Children learn food preferences based on associations with taste, 

flavors, and textures of high energy-dense foods and quickly learn to choose foods high in fat 

(Birch et al., 1991; Birch & Fisher, 1995; Nestle et al., 1998). Studies have found that children, 

in general, eat a high level of dietary fat (Salz et al., 1983; Wardle & Beales, 1986), which may 

be attributed to the increased palatability and energy of foods rich in dietary fats, as well the low 

satiating effect of fats (Klesges et al., 1995; Rolls et al., 1994; Rolls & Hammer, 1995). A study 

by Fisher and Birch (1995) observed that children’s food choices consisted of a wide range of 
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dietary fat intake, ranging from 25% to 42% of energy, despite an array of healthy foods. In 

addition, Fisher and Burn (1995) reported that children’s preference for high-fat foods positively 

correlated with the overall level of dietary fat, which was consistent with the findings of other 

studies (Ricketts, 1997; Tucker et al., 1997). 

Research data indicate that children have an innate preference for sweet and salty tastes 

and reject sour and bitter flavors (Birch et al., 1987; Steiner, 1971). Thus, acceptance of new 

food in children does not occur instantly and may require between five and 15 repeated 

exposures to develop preferences and the increased intake of fresh foods (Birch & Marlin, 1982; 

Birch et al., 1987; Maxwell et al., 2018; Sullivan & Birch, 1990, 1994; Wardle et al., 2003). 

Evidence from these studies emphasizes the significance of early experiences with food and food 

acceptance in that children tend to like and eat what is familiar. What is expected is what exists 

in the environment. Parents provide the food environment to their children through early 

exposure to fruits and vegetables (Baranowski et al., 1993) and to foods high in energy, sugar, 

and fat (Fisher & Birch, 1995; Nguyen et al., 1996; Olivier et al., 1992). The food environment 

that parents provide affects children’s food preferences and acceptance, which is directly 

associated with children’s adiposity (Fisher & Birch, 1995; Nguyen et al., 1996; Olivier et al., 

1992). Children repeatedly exposed to high-energy dense foods learn to prefer those foods (Birch 

& Fisher, 1995; Fisher & Birch, 1995). According to Wang et al. (2021), the estimated 

proportion of total energy intake from ultra-processed foods has significantly increased among 

U.S. youths over the past two decades. Specifically, the consumption of ultra-processed foods 

rose from 61.4% to 67.0%, while the intake of unprocessed or minimally processed foods 

decreased from 28.8% to 23.5%. The study also observed an increase in energy from ready-to-

heat and eat-mixed-dish, sweet snacks, and sweets but a decrease in energy from sugar-
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sweetened beverages and processed fats and oils. Notably, there was a more significant increase 

in ultra-processed food consumption among non-Hispanic Black and Mexican American youths 

compared to non-Hispanic White youths. This trend underscores the growing dominance of 

ultra-processed foods in the diets of young Americans. It highlights potential areas for public 

health intervention to address nutritional quality and reduce health disparities. 

Some studies supported that school meal programs can effectively expose children to 

healthier food options, a critical step in addressing childhood obesity. Grainger et al. (2007) 

analyzed the impact of reforms on promoting healthier eating in a high school lunch program. 

The study showed that the new lunch program was associated with improving the nutritional 

quality of students' food choices, indicating that school meal programs can encourage students to 

choose healthier foods. Implementing the Healthy, Hunger-Free Kids Act of 2010 was associated 

with a significant decrease in BMI among school-aged youths. The Act, which strengthened 

nutritional standards of school-based meals, showed a reduction in annual BMI trends after its 

full implementation, particularly among youths aged 12 to 18 and living in households with 

lower annual income. The findings suggest that school meal programs are a crucial opportunity 

for interventions to combat childhood obesity (Chandran et al., 2023). 

Furthermore, other studies found that children’s higher percentage of fat intake is 

positively correlated with a higher percentage of body fat, BMI, fat mass, and increased triceps 

skinfold measurements (Blundell et al., 1993; Fisher & Birch, 1995; Gazzaniga & Burns, 1993; 

Ricketts et al., 1997; Tucker et al., 1997). Moreover, the higher percentage of fat intake has been 

prospectively linked with immense gains in children’s skinfold thickness over one year 

(Robertson et al., 1997) and more significant increases in BMI over two years (Klesges et al., 

1995). Consuming high levels of fat through diet may promote fat storage, as ingested fat is 
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preferentially stored compared with other macronutrients such as carbohydrates or proteins 

(Flatt, 1988; Schutz et al., 1989). 

Dietary fat intake has been related to body fatness in childhood (McGloin et al., 2002), 

and diets high in fat have been associated with childhood obesity after controlling for possible 

confounding factors (Blundell et al., 1993; Fisher & Birch, 1995; Lawton et al., 1993; Ricketts, 

1997; Rolls & Hammer, 1995; Tucker et al., 1997). The evidence suggests that only high energy-

dense/high-fat diets, and not high-fat diets per se, may lead to passive overconsumption of 

energy (Ramirez & Friedman, 1990; Stubbs et al., 1995), potentially resulting in increased fat 

storage and subsequent obesity in children (Gazzaniga & Burns, 1993; Klesges et al., 1995). 

Nuts are high-fat foods, but eating more nuts is associated with lower body weight (Sugizaki & 

Naves, 2018). Several studies have also shown that long-term adherence to a low-fat diet results 

in the gradual loss of body fat in obese children (De Filippo et al., 2010; Woo et al., 2004; 

Yackobovitch-Gavan et al., 2008), and preference for fruits and vegetables may function as a 

protective factor for the development of obesity (Epstein et al., 2001; Rosettie et al., 2018). 

In summary, cross-sectional and longitudinal research illustrates an association between 

children’s dietary behavior and weight status, although findings are more consistent for 

children’s fat intake and preference for fat. Children’s saturated fat intake promotes increased 

food intake and fat gain due to the saturated fat intrinsic properties of high palatability, high 

energy density, and low satiety, stimulating an inflammatory response, high palatability, high 

energy density, and low satiety. Saturated fats and omega-3 fatty acids are equally tasty, yet they 

have contrasting impacts on feelings of fullness due to their differing effects on inflammation 

(Buckley &. Howe, 2010; Milanski et al., 2009). Inconsistencies in identifying associations may 

be elucidated not only by the challenges of assessing children’s dietary intake but also by the 
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under-reporting of food intake by the parents (Maffeis et al., 1998) and obese children (Maffeis 

et al., 1994). In addition, inconsistencies in research may be elucidated by the fact that research 

has seldom considered child characteristics that modulate the relationship between dietary 

behavior/patterns and weight status, the contexts in which children’s eating patterns develop, and 

the processes by which such eating patterns produce (Davison & Birch, 2001). 

Child Characteristics 

Dietary risk factors' impact on the development of childhood obesity is moderated by 

child characteristics such as age, sex, and gut microbiota composition. 

Gut microbiota composition.  The most crucial child characteristic for this study is gut 

microbiota composition. According to studies, childhood obesity is associated with an altered gut 

microbiota composition characterized by elevated levels of Firmicutes and reduced levels of 

Bacteroidetes (Bervoets et al., 2013; De Filippo et al., 2010; Ferrer et al., 2013; Riva et al., 

2016). Differences in gut microbiota composition have been observed between obese and lean 

children in pediatric studies. Gut microbiota composition of obese children has been 

characterized by elevated levels of Firmicutes and low levels of Bacteroidetes compared with 

normal-weight children (Abdallah Ismail et al., 2011; Bervoets et al., 2013; Ferrer et al., 2013; 

Riva et al., 2016). What children eat is the most critical environmental factor that affects gut 

microbiota composition. Pediatric studies have revealed impactful results on the interaction of 

different types of diet with the gut microbiota of rural and urban children. A Western-type diet 

consisting of high-saturated fat, high-energy dens, and low-fiber foods was positively correlated 

with elevated levels of Firmicutes and decreased levels of Bacteroidetes in gut microbiota 

composition of urban children (De Filippo et al., 2010; Nakayama et al., 2017). The gut 

microbiota composition of rural children subsisting on a diet rich in fiber, starch, and plant 
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polysaccharides was characterized by increased levels of Bacteroidetes and low levels of 

Firmicutes in their gut microbiota (De Filippo et al., 2010; Nakayama et al., 2017). Daily food 

choices can influence gut microbiota composition and play a vital role in the long-term 

regulation of energy balance and the development of obesity.  

Age and gender.  Age and gender differences in fat mass have been shown in several 

studies. Results of studies indicate a higher fat mass in girls than boys between ages 4 – 7 years, 

but this could not be attributed to a higher fat intake due to maternal bias in reporting of 

daughter’s intake (Gazzaniga & Burns, 1993; Ku et al., 1981; Nguyen et al., 1996). In addition, 

substantial evidence in studies analyzing body composition using anthropometric measures, 

dual-energy X-ray absorptiometry (DEXA), and bio-electrical impedance analysis (BIA) of 

children and adolescents aged 3 – 20 years reveals that the percentage of body fat was higher in 

girls than boys at all ages (Boot et al., 1997; Mast et al., 1998  Nagy et al., 1997; Taylor et al., 

1997). Nevertheless, studies have shown that fat intake was positively and significantly 

correlated with body fat in boys after adjusting for physical activity energy expenditure (Maffeis 

et al., 1994; Nguyen et al., 1996). 

In energy regulation, the extent to which parents exert control over what and how much 

their children eat was found to have a positive correlation with low self-control in energy 

regulation with children (Johnson & Birch, 1994). Boys were better than girls at adjusting their 

energy intakes, and this difference may be attributable to how boys and girls were parented 

concerning food and eating in that mothers of boys may not impose dietary restraints on their 

sons (Johnson & Birch, 1994). For girls, poor energy regulation was associated with their 

adiposity (McLaughlin et al., 2015; Handford et al., 2018). In addition, parental control was 

linked to girls’ adiposity, with mothers exerting influence on their daughters’ body image and 
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eating habits by modeling their own negative body image-related beliefs and dieting behaviors 

(Handford et al., 2018; McLaughlin et al., 2015). Cultural pressures produce increases in dieting 

and compulsion toward thinness for girls and increasing muscles for boys (McCabe & 

Ricciardelli, 2005) such that the onset of dieting has been reported in girls as young as six years 

of age (McLaughlin et al., 2015).  

The energy needs of children vary between girls and boys depending on their growth rate 

and age, and the timing of growth spurts differs for girls and boys, particularly during 

adolescence. Therefore, gender and growth rate are likely to interact with energy intake, possibly 

percent fat intake, affecting children’s weight status (Davison & Birch, 2001). Age and gender 

characteristics have been used as variables in research, but their effects have been controlled for 

in analysis rather than being directly examined. 

Familial susceptibility to weight gain.  Although familial patterns of obesity will not be 

assessed in this study, it is essential to mention this child characteristic here to shed light on the 

role of parents in childhood obesity as they provide the genetic predisposition and the 

environment where this predisposition is expressed.  

 According to study findings, a genetic predisposition to obesity strongly correlates with 

children’s weight status (Garn & Clark, 1976; Maffeis et al., 1998; McGloin et al., 2002; Price et 

al., 1998; Whitaker et al., 1997), and highly correlates with obesogenic home environments 

(Shrempft et al., 2018). A growing body of evidence suggests parental obesity is not only a 

highly significant predictor of obesity development in children but may also be an influencing 

factor (Freeman et al., 2012; Keane et al., 2012). Keane et al. (2012) established that the obesity 

status of parents is a predominant risk factor for childhood obesity, with children of obese 

parents having a much higher likelihood of being overweight or obese themselves. The research 
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underscored the importance of considering parental weight when assessing the risk of childhood 

obesity. The weight status of fathers is an influential factor in the development of obesity in their 

children, suggesting that interventions to treat or prevent childhood obesity should also focus on 

the weight status of the father (Freeman et al., 2012). The implications are significant, as they 

suggest that family-based interventions may be necessary to tackle the issue of childhood obesity 

effectively.  

A child with non-obese parents has a 7% estimated chance of becoming obese, 40% if 

one parent is obese, and 80% if both parents are obese (Garn & Clark, 1976). A study by Galley 

et al. (2014 examined whether maternal obesity was linked to differences in the composition of 

the gut microbiome in children in early life. It discovered significant effects of maternal obesity 

on the gut microbiome composition of offspring, particularly among those of higher 

socioeconomic status. Children of obese mothers exhibited greater homogeneity in their gut 

microbiomes and differences in abundances of specific bacterial groups linked to weight and 

diet, providing novel evidence that maternal obesity is associated with early-life gut microbiome 

differences (Galley et al., 2014). In addition, studies have shown that maternal obesity has the 

power to affect the dietary fat intake of their children in that children with obese mothers and 

normal-weight fathers consumed higher dietary fat than children with no overweight or obese 

parents (Eck et al., 1992; Nguyen et al., 1996; Oliviera et al., 1993). Furthermore, children who 

are at higher risk of obesity because of one or two obese parents tend to consume a higher 

proportion of energy from dietary fat, resulting in significant weight gain over one year than 

children with no obese parents and are therefore at low risk of obesity (Eck et al., 1992). Thus, 

dietary fat intake may have a more potent effect on the body composition of children with a 

genetic predisposition to obesity (Nguyen et al., 1996). 
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Familial adiposity patterns suggest that variation in body fatness is partly explained by a 

genetic or heritable component (Hughes et al., 2016). For instance, the heritability of obesity 

from the parents may influence the body's metabolism by altering the body’s fat content and the 

balance of energy intake and expenditure in children. In addition, the genetic cause of obesity is 

partly attributed to appetitive phenotypes, with individuals who inherit lower sensitivity to 

satiety or greater avid appetite having a greater tendency to overeat in response to the food 

environment (Llewellyn & Wardle, 2015). The study by Llewellyn and Wardle (2015) used 

various research approaches and epidemiological studies to show that appetite plays a vital role 

in weight development and demonstrated that appetite is highly heritable. The study by Galley et 

al., 2014 underscores the potential role of the maternal gut microbiome in the transmission of 

obesity risk to children, highlighting the need for interventions targeting maternal health and 

microbiome composition to mitigate obesity in future generations.  

Various studies have demonstrated the genetic component of childhood obesity; however, 

genes alone may not exclusively demonstrate the rapid increase in the prevalence of childhood 

obesity. The genes responsible for weight gain indirectly cause obesity by increasing the 

susceptibility to fat gain in children exposed to a specific high-risk environment (Hughes et al., 

2016). The genetic predisposition to obesity demonstrates that parental obesity is a significant 

risk factor in the development of childhood obesity.  

Parenting Styles and Family Characteristics - Family Processes  

Evidence indicates that parents provide the genetic predisposition to obesity (Hughes et 

al., 2016) as well as the environment (Bassul et al., 2021; Finnae et al., 2016; Frankel et al., 

2012; Hughes & Frazier-Wood, 2016; Tan & Holub, 2010) where this predisposition may be 

expressed. The home environment is a crucial context for the development of children’s dietary 
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behaviors that eventually may affect their weight outcome (Bassul et al., 2020; Finnane et al., 

2016; Frankel et al., 2012; Hughes & Frazier-Wood, 2016; Tan & Holub, 2010). Most 

importantly, parents influence the development of their children’s food preferences and dietary 

intake through the foods they make available to their children. Similarities have been 

consistently observed in child and parent patterns of dietary intake, and positive associations 

have been found between the food preferences of children and parents (Finnane et al., 2016; 

Frankel et al., 2012; Hughes & Frazier-Wood, 2016; Tan & Holub, 2010). For example, when 

parents constantly expose their children to high-energy-dense foods, they learn to prefer them. 

Parents can influence the development of a healthy child's dietary intake by creating an 

environment in which children are consistently exposed to a variety of nutritious foods and 

limiting exposure to high-energy and high-fat foods (Bassul et al., 2020; Savage et al., 2016). 

However, this child-feeding strategy of restricting access to high-energy and high-fat foods may 

result in the child's over-consumption of those foods in reaction to parental restrictions.  

 A variety of child-feeding strategies are utilized by well-meaning parents that are 

intended to ensure adequate and well-balanced food intake, but these strategies have been 

demonstrated to be counter-productive, especially when they involve the parents acting 

controlling and coercive (Costanzo & Woody, 1994; Rollins et al., 2014). Previous research 

reports that parental use of bribes, threats, and food rewards to control their children’s food 

intake may have adverse and unintended effects on children’s food preferences and may 

undermine the child's self-regulation of energy intake (Costanzo & Woody, 1994; Fisher & 

Birch, 1999a; Fisher & Birch, 1999b; Johnson & Birch, 1994). However, it is up to the parents to 

ensure their infants are fed minimally processed, fiber-rich foods that will provide the infants' 

microbes with all the substrates they need. Well-fed gut microbes will increase satiety-signaling 



 

 

71 

and decrease blood glucose levels without the infant having to "self-regulate" energy intake. 

Infant obesity is not a problem with infant self-regulation of energy intake but rather evidence 

that the infants' parents are feeding their infants an insufficient amount of minimally processed, 

fiber-rich foods. 

Children’s self-regulation of energy is defined as the children’s inborn and socialized 

ability to eat and not eat in response to cues of hunger and satiety (Frankel et al., 2012; Hughes 

& Frazier-Wood, 2016; Tan & Holub, 2010). Child eating self-regulation is established across 

the lifespan from early childhood, with individual differences developing and continuing to 

develop associated with weight status (Frankel et al., 2012; Hughes & Frazier-Wood, 2016; Tan 

& Holub, 2010). Research shows that overweight children tend to have inadequate self-

regulation of energy intake compared with normal-weight children (Frankel et al., 2012; Hughes 

& Frazier-Wood, 2016; Tan & Holub, 2010). This difference may be due to overweight children 

having less sensitivity to internal signals of hunger (Frankel et al., 2012) or poor inhibitory 

control (Tan & Holub, 2010) and being less able to self-regulate their energy intake in the 

presence of external food cues. Parent feeding styles and practices, specifically with regards to 

restricting or controlling children’s food intake and the use of rewards and punishments, might 

influence children’s development of self-regulation of energy intake and have been linked with 

children’s overweight status (Frankel et al., 2012; Hughes & Frazier-Wood, 2016; Tan & Holub, 

2010). The type and degree of parental control utilized over their children’s eating may foster 

rather than prevent the development of childhood obesity and eating problems (Finnane et al., 

2017; Costanzo & Woody, 1994; Fisher & Birch, 1999a; Fisher & Birch, 1999b; Johnson & 

Birch, 1994; Savage et al., 2016). Authoritarian and controlling styles of child-feeding may 

negatively influence children’s liking of these foods by teaching them to dislike the very foods 
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that parents want their children to consume and to prefer foods that should be consumed in 

relatively limited quantities (Costanzo & Woody, 1994; Fisher & Birch, 1999) (a); Fisher & 

Birch, 1999(b); Johnson & Birch, 1994. Parents must provide their children with a greater 

variety of minimally processed, fiber-rich foods and leave it to them to choose which minimally 

processed, fiber-rich foods to eat. The study's results by Tan and Holub (2010) found that self-

regulation in eating was positively correlated with inhibitory control and predicted the parent’s 

restrictive feeding style. Parents who believed their children could self-regulate utilized less 

restrictive feeding styles and practices (Frankel et al., 2012; Hughes & Frazier-Wood, 2016; Tan 

& Holub, 2010).  

Parents tend to encourage their children to eat more fruits and vegetables and discourage 

or limit their children’s intake of foods high in energy, sugar, and fat. Research shows that when 

the family eats together, parents can likely model healthy eating behaviors (Bassul et al., 2020; 

Finnane et al., 2017; Scaglioni et al., 2018). Parental role modeling of the consumption of fruits 

and vegetables may help increase their children’s daily consumption of healthful foods (Bassul et 

al., 2020; Draxten et al., 2014; Finnane et al., 2017; Scaglioni et al., 2018). Children who 

regularly eat meals with their parents eat more fruits and vegetables than children who eat 

without parents in front of the TV. This is especially true if parents model the importance of 

eating fruits and vegetables. Nevertheless, the home food environment also matters. Providing 

24/7 access to fresh fruits and vegetables and limiting access to sodas and chips can help children 

maintain a healthy weight (Bassul et al., 2021). In addition, differences in child feeding practices 

of successful and unsuccessful dieting parents, especially dieting mothers, may have an impact 

on the energy regulation of their children, specifically for girls (Costanzo & Woody, 1994; 

Cutting et al., 1999; Johnson & Birch, 1994; Rollins et al., 2014; Zocca et al., 2011). When 
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mothers reported higher levels of coercion and control in their child-feeding practices, their 

children demonstrated less evidence of controlling their food intake, which was especially clear 

for girls (Costanzo & Woody, 1994; Johnson & Birch, 1994; Zocca et al., 2011). In addition to 

child-feeding approaches that promote the development of obesity, evidence suggests that 

intergenerational transfer of Firmicutes gut microbiota and unhealthy feeding behaviors also 

contribute to familial patterns of obesity (Tun et al., 2018). 

Healthfully feeding young children requires some nutritional knowledge by the parent or 

caregiver to ascertain that feeding practices, foods, and amounts of calories offered are 

appropriate. Among low-income immigrant women, telling them to eat more like how their 

grandmother ate is more effective than teaching them about nutrition. Traditional diets were 

richer in minimally processed, fiber-rich foods than today’s highly processed foods. Parental 

nutritional knowledge has been shown to have a positive association with children’s healthy 

dietary behaviors (Gibson et al., 1998) and negatively associated with children’s total energy and 

fat intake (Romanos-Nanclares et al., 2018). Parents with excellent nutrition knowledge and 

healthy attitudes can interpret nutrition information and labels evident in their purchases of more 

nutritious foods and make them available and readily accessible in the home environment 

(Romanos-Nanclares et al., 2018). Food availability and accessibility at home have been found to 

positively correlate with eating fruits and vegetables (Baranowski et al., 1993; Bassul et al.,  

2020). These are significant causal elements in children’s food preference for and intake of such 

foods (Birch & Marlin, 1982). It is likely that poor parental nutrition accounts for the greater 

availability of high energy-dense foods at home, which encourages the consumption of such 

foods, thereby increasing the risk of obesity.  
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There is plenty of evidence to implicate parenting practices and family environment in 

the development of childhood obesity. The environment of watching television in the home also 

influences children’s obesity risk (Bassul et al., 2021). The findings reveal that the home 

environment is the primary setting for children’s early experiences with food and eating shapes 

their food intake and may influence the promotion of obesity (Johnson & Birch, 1994; Haire-

Joshu & Nanney, 2002). Parents have a challenging role as they are lifelong examples and 

should model good dietary habits to positively influence their children’s dietary intake and 

behaviors.   

Societal Context - School Environment 

Parent-feeding practices and other ecological niches, such as the school environment, 

shape children’s dietary habits. Since children typically consume a quarter of their daily intake at 

school, the school environment becomes a significant social context in developing children’s 

lifelong dietary patterns. The school environment has been shown to influence children’s food 

preferences and consumption as peers' dietary behaviors in that environment serve as a model for 

the developing child (Birch, 1980). Food choices and dietary behaviors of peer models have been 

shown to shape children’s food preferences and dietary patterns (Birch, 1980). One of the few 

studies that examined this possibility found that children aged 2-5 years in a daycare center 

changed their food preferences and increased consumption of disliked foods after repeated 

exposures to other children with different food preferences (Birch, 1980). The influence of peers 

on children’s food preferences was evident 1- 8 weeks after the research procedure, suggesting 

long-term effects on preferences (Birch, 1980). 

Schools are appealing settings for promoting healthy behaviors in children, with several 

population-based studies that have successfully improved diet or physical activity to reduce the 



 

 

75 

prevalence of obesity. The implementation of the Healthy Hunger-Free Kids Act (HHKA) of 

2010 paved the way for improving the nutritional quality of school foods and beverages across 

the country (U. S. Department of Agriculture [USDA], 2013), which is consistent with the 

current Dietary Guidelines for Americans (U. S. Department of Health and Human Services 

[DHHS] & USDA, 2015) through federally sponsored programs such as the National School 

Lunch Program (NSLP) and School Breakfast Program (SBP). The core policies for NSLP and 

SBP, aligned with provisions of HHKA of 2010, are designed to improve eating patterns in the 

school environment by serving nutritionally balanced school meals. School meals contribute 

approximately half of the daily caloric intake of participating children, with school lunches 

accounting for an estimated 31% of daily calories and school breakfasts accounting for up to 

22% (Au et al., 2016). Because of the HHKA of 2010, studies have found that children who ate 

school lunches had overall higher diet quality and limited solid fats and added sugar than 

children who ate lunch from home (Romo-Palafox et al., 2015; Au et al., 2016). In addition, 

children who ate school breakfast consumed more fruits and dairy than those who ate breakfast 

at home (Romo-Palafox et al., 2015; Au et al., 2016).  

Furthermore, several studies have documented that the nutritional quality of packed 

meals from home is lower than that of school meals (Bhattacharya et al., 2006; Farris et al., 

2014; Hur et al., 2011; Johnston et al., 2012). These findings also suggest that parents may need 

more nutritional knowledge (or financial wherewithal) to pack healthier lunches to meet the 

Healthy Eating Index 2010 that include vegetables, plant proteins, and whole grains (Au et al., 

2016; Romo-Palafox et al., 2015 Overall, findings show that school meals have improved dietary 

outcomes of students participating in the NSLP and SBP across a wide array of different 

measures. 
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Chapter Summary 

In summary, the ecological systems theory presented in a model of childhood obesity 

predictors is practical, helpful, and applicable to this cross-sectional study. The usefulness is 

pertinent to researchers and practitioners who are involved in the treatment of childhood obesity 

and the development of prevention and treatment programs. It applies to the nurse's role in 

preventing and treating childhood obesity by taking an ecological approach and considering the 

contextual complexity and dynamic systems within which childhood obesity risk factors emerge. 

Nurses and other health care providers working with children should always take an ecological 

approach in the prevention and treatment of obesity as the child is embedded in the family and 

social systems, and it would be difficult for obese children to alter their dietary habits if not 

supported by their families and school. Obese and overweight children would benefit from an 

ecological approach to treatment that considers child and parent characteristics, parent practices, 

and family and school environment, all of which influence children’s dietary habits.  

Since the incidence of childhood obesity is mainly attributed to diet and lack of physical 

activity, efforts to combat obesity and related metabolic diseases have focused on whether the 

gut microbiota has a mediating role that can predispose the host to diet-induced obesity. 

Evidence from animal studies has identified obese microbiota with the capacity for increased 

harvest energy from diet and the capacity to induce adiposity in the host by transplantation 

(Turnbaugh et al., 2006; Turnbaugh et al., 2008). Two dominant gut microbiota divisions in the 

gut have been revealed to associate obesity with changes in the relative abundance of these two 

key gut microbiota divisions – Bacteroidetes and Firmicutes (Ley et al., 2005; Turnbaugh et al., 

2006; Turnbaugh et al., 2008) thus, identifying the gut microbiota as a contributing factor in the 

pathophysiology of obesity. An improved understanding informed by ecological theory of how 
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gut microbiota composition may be altered through diet may bring a new perspective to clinical 

obesity interventions by using the gut microbiota as new targets for obesity control.  
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METHODS 

The purpose of this pilot study is to examine whether there are differences in the gut 

microbiota composition between obese and lean school children and if dietary intakes affect the 

diversity of gut microbiota composition in terms of the Firmicutes-Bacteroidetes (F: B) ratio, 

alpha-1 microbial diversity and increased abundance of short-chain fatty acids (SCFA)-

producing gut microbes. First, the study will compare the gut microbiota composition (dependent 

variable [DV]) of obese and lean school children [obesity status is the IV], using 16S rRNA gene 

sequencing on DNA extracted from fecal samples (dependent variable [DV]) obtained from 

obese and lean school children. This pilot study will test the hypotheses that obese children will 

have lower alpha diversity in gut microbiota composition, a high F: B ratio, and an increased 

relative abundance of SCFA-generating microbes in stools. Second, the study will examine 

associations between dietary intakes (IV) and an altered gut microbiota composition (DV), 

characterized by a high F: B ratio, when controlling for children with or without obesity. The 

study will test the hypothesis that obese children with high energy and fat dietary intakes have an 

altered gut microbiota characterized by a high F: B ratio. Third, the study will assess the 

association of body mass index (BMI) (IV) with differences in gut microbiota composition (DV), 

as obtained by 16S rRNA gene sequencing, of obese and lean children. The study will test the 

hypothesis that high BMI z-scores are associated with an abundance of bacteria in the phylum 

Firmicutes. 

Research results may provide new knowledge to pediatric nurses in identifying an altered 

gut microbiota composition as a risk factor for childhood obesity. Thus, the results could provide 

new insights into nursing research and practice as a foundation for exploring the gut microbiota 

system of obese and non-obese children in clinical intervention studies and contribute to 
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developing strategies for preventing and treating obesity and obesity-related complications. 

Moreover, the outcome of this research could provide a window of opportunity for pediatric 

nurses to adopt an ecological approach to treating obesity by including parents in obesity 

prevention efforts. Obesity prevention efforts should be firmly established in schools. School 

nurses have the knowledge, skills, and expertise to promote the prevention and reduction of 

overweight and obese children and adolescents in schools. Relevant obesity information from 

this study can empower school nurses to promote and implement obesity school-based strategies 

such as identifying, assessing, referral, and follow-up with children and adolescents who are at 

risk of health problems associated with overweight or obesity, promoting healthy messages to 

encourage consumption of nutritious foods and daily physical activity, and educating students, 

parents and school communities (especially school Food Services) about healthy lifestyle 

behaviors, daily physical requirements, and preventable health risks associated with obesity.  

Design 

This pilot study used a correlational, cross-sectional design to compare and characterize 

the gut microbiota composition in obese vs. lean children. Stool samples were collected by 

parents and stored in the refrigerator. The collection took place in the same week as the dietary 

record. Subsequently, it was transported to the laboratory with dry ice and stored until further 

analysis was performed. Height and weight measurements were taken at enrollment, and BMI 

and BMI Z-scores were calculated using the Children’s Hospital of Philadelphia Research 

Institute’s pediatric Z-score calculator. This tool is based on the Centers for Disease Control and 

Prevention (CDC) cut-off points BMI-for-age growth charts and calculates the BMI, BMI 

percentile, and z-score of young children and adolescents between the ages of 2 and 20 years 

(Children’s Hospital of Philadelphia [CHP], 2023). Children’s dietary information was collected 
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using the Automated Self-Administered 24-hour (ASA24) Dietary Assessment Tool, version 

ASA24-2020 (National Cancer Institute, 2020), with the assistance of parents. The ASA24-2020 

is a web-based tool that collects and analyses dietary data. The PI contacted participants' parents 

to obtain dietary information by administering three non-consecutive 24-hour dietary recalls, 

including two weekdays and one weekend. Parents are considered the best authority on their 

children’s diet and dietary behaviors as they are the ones who prepare their packed lunch, feed 

them at home, and observe their dietary habits. Data from the 24-hour dietary recalls were 

manually entered into the Automated Self-Administered 24-hour Dietary Assessment Tool 

(ASA24), version ASA24-2020 (National Cancer Institute, 2020).  

Study Population and Setting  

The obese and lean sample for this study were recruited from the University Village 

student family apartments owned by the University of California Los Angeles (UCLA), where 

there is access to fellow students with children. The recruitment site provides an adequate 

number and ethnically diverse sample. Some of the highest prevalence rates of obesity among 

children were among public school fifth graders in 2018 of Latino, Native Hawaiian/Pacific, 

African American/Black, and American Indian/Alaska Native racial and ethnic backgrounds 

(CDE PFTRF, 2018). Considering the high prevalence rates among fifth graders, the target 

population selected were children enrolled in Kindergarten through fourth grades in a public 

school in West Los Angeles (LA). Identifying students in these grade levels who are obese and 

are potentially at high risk of obesity-related health problems such as hypertension, type 2 

diabetes, respiratory, and joint and muscular problems (Minghelli et al., 2015) may help alleviate 

the obesity prevalence burden in fifth grade. In addition to obesity-related health problems, 

obesity is associated with poorer educational outcomes (An et al., 2017; Carey et al., 2015; 
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Martin et al., 2018; Roberts et al., 2010). Furthermore, obesity and low aerobic fitness were 

associated with poorer scores on standardized tests in children (Roberts et al., 2010). 

Sample Selection 

The inclusion criteria were: 1) school children aged 5 – 10 years; 2) English or Hispanic 

speaking; 3) no history or current diagnosis of type 1 or type 2 diabetes; 4) children with BMI ≥ 

85th percentile for same age and gender; 5) children with BMI ≥ 95th percentile for same age and 

gender; and 6) children with BMI = 5th percentile or < 85th percentile for same age and gender. 

The exclusion criteria include 1) corticosteroid and antibiotic use in the last month before the 

study and during the study; 2) hospitalization in the last month before the study and during the 

study; and 3) significant comorbidities such as acute infection or chronic disease. 

Sample 

 Based on power analysis run by G*Power (version 3.1), using independent samples t-test, 

a sample size of 42 subjects – 21 in the obese group and 21 in the lean group allows for the 

detection of a large effect size (0.8) at an alpha of 0.05 and power of 0.80 (Faul et al., 2009). A 

95% confidence interval will be considered in all tests. 

 Based on the power analysis and using Pearson’s Correlation to detect a correlation 

between obesity and the F: B ratio, increased gut microbiota producing SCFA in stool, and 

between BMI and F: B ratio, a sample size of 46 – 23 in the obese group and 23 in the lean group 

are needed. Pearson’s correlation ® will measure the strength of the association between 

quantitative continuous variables. 

 The Healthy Eating Index, which is reasonable based on previous studies, was used to 

compare dietary intakes between groups (Asnicar et al., 2021; Romo-Palafox et al., 2015). Based 

on the power analysis and using ANOVA to detect differences in dietary intakes between obese 
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and lean groups, a sample size of 12 is needed. To compare dietary intakes and patterns between 

obese and lean groups, the Chi-square test (χ2) was used.  

 Due to time constraints (limited time to recruit), lack of resources, and the impact of the 

COVID-19 pandemic on schools, the pilot sample needed to be decreased to 24 subjects (12 

obese, 12 lean). However, all attempts were made to recruit as many subjects as possible during 

the period. Data collection occurred over a 3–6-month period +/—2 months. 

Sampling procedure.  School children who met the inclusion criteria were eligible for 

participation in the study during the 3–6 month (+/—months) data collection period. 

Sample size.  Due to constraints on time, resources, and the limited availability of school 

children amid the COVID-19 pandemic, it became necessary to reduce the pilot sample size. 

Efforts were focused on enlisting as many participants as feasible throughout the data gathering. 

Variables 

Independent variable.  The independent variables include dietary intakes from 24-hour 

diet recall, BMI z-scores of obese and lean school children, and 16s rRNA gene sequencing. The 

PI did not manipulate these variables. BMI was calculated using CDC guidelines.  

Dependent variable.  The outcome variables related to obesity are Firmicutes, 

Bacteroidetes, and Firmicutes to Bacteroidetes ratio (F:B ratio) extracted from DNA in fecal 

samples of obese and lean school children and analyzed by 16s rRNA gene sequencing. Other 

outcome variables include alpha diversity of gut microbiota composition and abundance of 

SCFA-producing gut microbes. 
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 Dependent   Description    Type 

 Firmicutes   Phyla     Continuous 

 Bacteroidetes   Phyla     Continuous 

 F:B ratio   Firmicutes: Bacteroidetes  Continuous 

  

  

 Independent   Description    Type 

 24-hour dietary recall  Food frequency questionnaire  Categorical 

 BMI-z score   Standard deviation of BMI  Continuous 

 16s rRNA gene sequencing Metagenomics analysis  Categorical  

 

Planned Statistical Analysis 

The primary data analysis will be performed on all subjects enrolled in the study.  

It will include outcomes from 16s rRNA gene sequencing, three non-consecutive 24-hour dietary 

recalls, and height and weight. Statistical analysis was performed with IBM SPSS Statistics 

Version 27 (SPSS Inc. Chicago, IL, USA).  

 Descriptive statistics were used to report subject characteristics (age, gender, height, 

weight, BMI, and dietary data). This analysis will include mean and standard deviations for 

continuous variables and frequencies and percentages for categorical variables. 

 All categorical values were analyzed with the Chi-square test (χ2) for the trend of ordinal 

variables with three or more categories. Continuous variable comparisons were performed using 

independent samples t-tests if there was no significant deviation from normality. Otherwise, the 

Wilcoxon test was used.  

 Comparison of F:B ratio, gut microbiota producing SCFA, and dietary intakes between 

obese and lean groups were analyzed by Chi-square test (χ2). Multiple linear regression was 

applied to quantify associations between gut microbiota composition (alpha-1 diversity; F:B 

ratio) and gut microbiota producing SCFA concentration, diet, and BMI z-scores, with gender 

and age of child included as covariates. To compare the gut microbial richness between obese 
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and lean groups, the nonparametric method, Chao1 index, was used (Chao, 1984; Hughes, 

Hellmann, Ricketts, & Bohannan, 2001). The nonparametric Shannon diversity index was 

applied to assess the gut microbial diversity between the two groups. Differences in Firmicutes 

and Bacteroidetes levels between obese and lean groups were evaluated by a parametric test 

(ANCOVA) (with age and gender as covariates) or a nonparametric test (Kruskal-Wallis) if 

outcomes were not multivariate normally distributed.  

Study Procedures 

 Approval for the study was obtained from the University of California, Los Angeles 

(UCLA) institutional review board. The PI thoroughly reviewed the application process and 

adhered to the proposal submission procedures. There was minimal or no risk to subjects, and 

this study did not involve an intervention or manipulation of variables. However, UCLA consent 

for parents and parental permission for minors to participate in research was provided to all 

parents. All participating children were provided with their separate consent. Parents of subjects 

were provided with additional information regarding their children’s participation in the study. 

Recruitment, Screening, and Enrollment 

Screening.  A one-page study summary was developed, and copies of study flyers were 

distributed at the University Village (Appendix F). The PI approached parents of potentially 

eligible children by telephone or electronic email during University-sponsored events and at 

playgrounds and provided the study flyer. A phone (Appendix C) and electronic email screening 

script (Appendix B) were developed. 

Recruitment.  At a mutually agreed upon time and place (in a private and quiet location), 

the PI met the participants' parents, explained detailed study information, and allowed parents to 

ask questions and express concerns. Time was given for parents to discuss with their eligible 
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child/student as needed. However, parent(s)/legal guardian were allowed to decide to participate 

within a week after receiving the study information. If the parent(s)/ legal guardian agreed to 

participate, all study procedures were explained, and the UCLA consent for parent and parental 

permission for the minor to participate in the research were provided to the parent.  

Enrollment.  Enrollment occurred after informed consent information was provided to 

the parent(s)/legal guardian. Study participation was one-time (cross-sectional), measuring 

height and weight, calculating BMI, collecting fecal samples, extracting DNA from fecal 

samples, and obtaining demographic information from electronic school health records. 

Data Collection Procedures 

Anthropometric measurements.  After enrollment, the PI coordinated a convenient time 

for the parent to bring the participant to the University Village community center. The PI took 

height and weight measurements, following standard procedure, using the Salter Brecknell 

Weight and Height Physician mechanical scale purchased for specific use in the study. 

Measurements of height, weight, and BMI calculations were recorded in the Confidential Subject 

Information Report form (Appendix A). The scale was calibrated regularly using standardized 

Troemner calibration weights.   

Fecal sample collection.  The parents of all subjects were instructed to collect stool 

samples at home. They were provided with a collection kit, including a toilet basin to eliminate 

cross-contamination, a sterile vial with a built-in spoon, and gloves. All collected samples were 

immediately stored in the participant’s freezer until transported to the laboratory. The stool 

sample collection occurred in the same week as the 2-day 24-hour food recording.  

DNA extraction and sequencing.  Following the manufacturer's instructions, total DNA 

will be obtained from the collected stools using a QIAamp DNA Stool Mini Kit (Qiagen, Inc., 
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Hilden, Germany). DNA concentrations will be determined by spectrophotometer (Nano-Drop 

2000, Thermo Scientific, Wilmington, USA), and ten μL(microliter) of each DNA sample will be 

checked for integrity on 1% agarose gel. All samples received at the research facility will be 

stored at -80 0 C until further analysis. 

Microbial communities will be profiled using V1-V324 amplicons of the 16s rRNA gene, 

Illumina’s (Illumina, Inc., San Diego, CA) 16S Metagenomic Sequencing Library Preparation 

protocol (Illumina, 2021), and using Illumina’s MiSeq600 cycle V3 kit with Nextera XT dual-

index barcodes. Libraries will be normalized and pooled before sequencing in paired-end mode 

on the MiSeq platform by Illumina (Illumina, Inc., San Diego, CA). 

DNA extraction and preparation of 16s rRNA gene amplicon libraries will be performed 

in collaboration with Dr. Susanne Henning at the UCLA Center for Human Nutrition. 

Collection of Data and Recording 

The PI collected the participants' socio-demographic and parent information, including 

the participants’ height, weight, and BMI measurements. All subject demographic and 

assessment data were compiled on a confidential subject information report form (Appendix A).                                    

Dietary data.  Participants' parents completed three 24-hour diet recalls administered by 

the PI within seven days using the Automated Self-Administered 24-hour (ASA24) Dietary 

Assessment Tool, version ASA24-2020 (National Cancer Institute, 2020).  

Protection of Human Subjects in Research 

The protection of human subjects was ensured. Subjects of all racial and ethnic groups 

were eligible for inclusion in the study. Human subject protection approval was obtained from 

UCLA IRB. The PI completed and complied with the requirements of the Collaborative 
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Institutional Training Initiative (CITI Program) for UCLA. The study commenced only after IRB 

approval. 

Informed Consent 

This cross-sectional pilot study did not include an intervention or manipulation of 

variables. Therefore, a waiver of signed informed consent was requested from the IRB because 

the research involved no more than minimal risk to the subjects. However, the information 

contained within the informed consent was provided to the subjects' parents. 

Potential Risks 

The human subjects in this study were children in good general health attending a public 

school in West LA. 

 Potential risks.  There was a minimal risk to subjects in this study. A potential risk 

facing participants in this study was a breach of confidentiality. The collection of stools may be 

inconvenient for some parents. Therefore, convenience measures in stool collection, such as a 

convenient sterile collection kit, were provided to parents. Overall, no additional risks were 

associated with participation in the study. 

Privacy and confidentiality.  The PI obtained a waiver of HIPAA authorization for 

eligibility screening but obtained HIPAA permission to participate in the study. The private 

health information (PHI) collected followed the data security plan outlined in the IRB 

application to protect identifiers from improper use or disclosure.   

Minimizing risks to confidentiality.  No student identifiers were collected; the PI 

assigned each subject a number that cannot be traced back to the specific subject. The subject 

numbering system started with 100. Each subsequent subject was given more than the previous 

patient number. For instance, subject one was assigned the number 200, and subject two was 
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given the number 201. These numbers did not correlate with any student identifier, such as name, 

school health record, or birth date. A concurrent review of student school health records and data 

collection of subject information included students’ demographics (e.g., age, gender, home 

address, height, weight, BMI, and parent information). 

Immediately following data collection, the completed confidential subject information 

report form was placed in an envelope by the PI, and the results were not disclosed. The PI 

maintained the envelope containing the confidential subject information form in a secure, locked 

cabinet until reviewed and entered into the statistical analysis program (IBM, SPSS Statistics 

Version 27) SPSS Inc., Chicago, IL, USA) by the PI. The password-protected ASA24 Dietary 

Assessment Tool stored participants' dietary data. The ASA24 system captured no personally 

identifiable information as a code number will identify each participant. Industry-standard 

security controls protected participants' dietary data. All data entered into the ASA24 system at 

the PI’s password-protected computer were encrypted by the internet browser and transmitted to 

ASA24 servers using Secure Socket Layer technology. Only the PI accessed the participant’s 

dietary data using a username and a strong password. 

Potential Benefits 

Subject.  There was no direct benefit to school children participating in the research 

study. However, increased knowledge of childhood obesity and its associations with gut 

microbiota composition could potentially benefit society. 

Generation of knowledge. This study and original research will contribute to nursing 

knowledge about assessing family and environmental factors in planning strategies for treating 

and preventing childhood obesity.  
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A plethora of research exists linking an aberrant gut microbiota composition to obesity in 

adulthood. However, there is a lack of research on childhood obesity and its association with an 

altered gut microbiota composition. This research highlighted the complex interaction of factors 

influencing childhood obesity and the importance of considering the contexts in which the child 

is embedded and all the contexts in which the child interacts.  

Risk and benefit analysis.  The benefits outweighed the risks in the proposed study. The 

potential benefit to society was increased knowledge, possibly leading to the development of a. 

treatment or therapy or school nutrition policies to control or minimize the risk of childhood 

obesity, with the gut microbiota as the intervention target. In addition, although individual 

subjects did not benefit from participation, this study's results will significantly contribute to 

understanding potential environmental causes of childhood obesity. The risk/benefit ratio was 

favorable for this study, and adverse events were not anticipated.  

Payment to Participants 

Participants' parents received two $25 Visa gift cards for $50 upon completing all study 

measures. At enrollment of participants and after completion of height and weight 

measurements, the parent received a $25 Visa gift card. After completing the three non-

consecutive 24-hour dietary recalls and providing the stool sample, the parent received a second 

$25 Visa gift card. The amount was minimal to reduce the possibility of monetary coercion 

related to recruitment, which was a small token of appreciation for participation in the study.  

Costs of Participation 

 There were no other costs associated with participation in the study. All procedures were 

performed at no financial cost to the family. 
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Chapter Summary 

The methods chapter presented the design, sample, settings, data collection procedures, 

and planned data analyses. The data analysis plan described the proposed statistical tests to 

achieve study aims. Findings from this study will increase knowledge on the association of an 

altered gut microbiota composition with childhood obesity and how diet, as influenced by family 

factors, can dramatically shift the composition of gut microbiota composition to improve health, 

thereby helping prevent the tracking of childhood obesity into adulthood. In addition, this 

research is foundational to future studies investigating the gut microbial system and its impact on 

childhood obesity and health during childhood and later in life. 
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RESULTS 

This study examined the possible differences in gut microbiota composition between 

overweight/obese (o/o) and non-overweight/obese (non-o/o) school children on three related 

outcomes: 1) alpha-diversity of gut microbiota (GM) composition; 2) Firmicutes-Bacteroidetes 

(F: B) ratio; and 3) the abundance of short-chain fatty acid (SCFA) -generating gut microbes. 

The study also compared the dietary intakes between non-o/o and o/o groups. Data on dietary 

intake and GM composition were collected and analyzed. This chapter presents the study 

findings. Section one describes the study participants, study site, recruitment, and retention, and 

section two describes 16s metagenomic sequencing, alpha diversity of GM, F: B ratio, GM 

producing SCFA, BMI z-scores, and dietary intakes. Section three addresses the research aims:  

1) comparing alpha diversity of gut microbiota composition, F: B ratio, and abundance 

of SCFA-generating gut microbes between overweight/obese (o/o) and non-

overweight/obese children (non-o/o),  

2) comparing dietary intakes between o/o and non-o/o children and the association to 

gut microbiota composition and obesity status, and  

3) higher BMI z-score and the association to the relative abundance of gut microbe 

belonging to the phylum Firmicutes.  

Section four covers the secondary analyses of potential confounding factors. 

Study Site 

 The study site selected was the University of California University Village (UCUV), 

located at two sites - South Sawtelle and South Sepulveda - in the Los Angeles Palms/Mar Vista 

area. Resident Services Coordinator Leslie Wright says the site has more than 1,120 units. The 

units are designed for married students with children, students with same-sex domestic partners, 
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and single parents (UCLA Housing, 2023). At the time of recruitment, approximately 952 

families were residing at UCUV. However, data on children from UCLA Housing were 

unavailable to determine how many children lived at the two sites by age range at the time of 

recruitment. From observation, it could be easily assumed that a large majority of UCUV 

residents have children because, at any given moment, many children were running around and 

playing on site. The UCLA community as a whole is ethnically and racially diverse, and this 

diversity was reflected in the UCUV community. 

Recruitment and Retention 

Recruitment for study participants began in May 2022 following IRB approval of two 

requested changes: the study setting and the extension of the study timeframe through November 

2022. Recruitment consisted of posting and distributing study flyers in common areas such as the 

two sites' entrance gates and laundry rooms. Parents of potentially eligible participants were 

approached by the principal investigator (PI) by telephone or email and were provided study 

flyers. Recruitment was also accomplished via direct contact with parents, approaching them at 

site playgrounds, which facilitated the opportunity to explain the study and hand out flyers to 

interested individuals.  

Retention Strategies 

Since participation in the study required considerable time and effort, strategies were 

used to retain study participants. Retention strategies included calling/emailing parents to remind 

them to complete the three non-consecutive 24-hour dietary records and to collect the stool 

sample on or after the third day. In addition, a $50 Visa gift card was awarded to study 

participants once the three non-consecutive 24-hour dietary records were completed and stool 
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samples were given to the PI. Participants' parents referred other enrolled participants once the 

criteria were met.  

Sample Characteristics 

A total of 27 children were enrolled in the study. Stool samples were collected from 14 

non-o/o children (average BMI z-score: -0.43) and 13 o/o children (average BMI z-score: 1.63; p 

< 0.0001). The non-o/o group was comprised of n=10 males and n=4 females. The o/o group was 

comprised of n=8 males and n=5 females. Sample characteristics, including sex, F: B ratio, BMI 

z-score, ethnicity/race, mode of delivery in childbirth, history of breastfeeding or formula 

feeding as an infant, education of parent, and annual household income, were considered. Table 

5.1 illustrates the sample’s characteristics separated by non-o/o and o/o groups. There was no 

significant relationship between the history of breastfeeding or formula feeding as an infant with 

non-o/o and o/o children (Fisher exact test; p = 0.0628). Children born either by cesarian section 

or vaginal delivery did not reach statistical significance at the p = 0.05 level (Fisher exact test; p 

= 0.2281). Although sex is considered one of the critical variables affecting the gut microbiota, 

sex was not statistically significant and did not show sex differences in gut microbiota (Fisher 

exact; p =  0.2749). However, the two groups had significant differences in ethnicity/race. There 

were significantly more Hispanics in the o/o group (61.54%) and more Whites in the non-o/o 

group (42.86%) (p = 0.0006). There were significantly more parents who were high school 

graduates in the o/o group and more parents who were college graduates in the non-o/o group (p 

= 0.0007). Annual household income reached statistical significance at p = < 0.0001, with more 

families earning an annual household income between $20,000 - $30,000 in the o/o group and 

more families earning an annual household income between $31,000 - $60,000 in the non-o/o 

group. There was a significant relationship in  BMI z – score between non-o/o and o/o groups at 
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p = < 0.0001. There was no statistical difference in F: B ratio between the non-o/o and o/o 

groups. 

Table 0.1. Participant characteristics by group. Fisher exact test was used to generate the 

difference in p values. 

*Abbreviations: F = Firmicutes; B = Bacteroidetes; FB ratio = Firmicutes/Bacteroidetes ratio; BMI = body mass index; k = 

thousand. *BMI-for-age z-score based on sex-specific, age-adjusted CDC growth chart-derived norms for BMI values. 

  Overweight/obese Non-overweight/non-obese p-value 

Sex      0.2749 

Male - 0 8 (61.54%) 10 (71.43%)   

Female - 1 5 (38.46%) 4 (28.57%)   

Ethnicity/race     0.0006 

White - 0  2 (15.38%) 6 (42.86%)   

Hispanic - 1 8 (61.54%) 2 (14.29%)   

Asian - 2 1 (7.69%) 2 (14.29%)   

Middle Eastern - 4   3 (21.43%)   

Other Race - 5 2 (15.38%) 1 (7.14%)   

Mode of delivery     0.2281 

Vaginal - 0 10 (76.92%) 13 (92.86%)   

Caesarian Section - 1 3 (23.08%) 1 (7.14%)   

History of Feeding     0.0628 

Breast fed - 0 8 (61.54%) 12 (85.71%)   

Mixed feeding – 0, 1 3 (23.08%) 2 (14.29%)   

Formula Feeding - 1 2 (15.38%) 0   

Education of parent     0.0007 

High school graduate - 

0 4 (30.77%) 1 (7.14%)   

Some College - 1 3 (23.08%) 2 (14.29%)   

College Graduate - 2 3 (23.08%) 11 (78.57%)   

Advanced Degree - 3 3 (23.08%)     

Annual Household 

Income (thousands)     <.0001 

<$20k - 0 4 (30.77%) 0   

$21k-$30k - 1 3 (23.08%) 0   

$31k-$60k - 2 3 (23.08%) 6 (42.86%)   

$61k-$75k - 3  5 (35.71%)   

>$75K - 4 3 (23.08%) 3 (21.43%)   

Age (years) 7.85 (1.72, 6-10) 6.64 (1.39, 5-10) 0.0563 

Z-score of *BMI-for-

age 1.63 (0.58, 1.04-2.59) -0.43 (0.69, -1.65-0.66) <.0001 

*F reads 

11010.54 (2901.35, 

5688-15553) 10538.57 (3788.2, 5859-16803) 0.7209 

*B reads 1730 (1439, 13-4802) 1607.29 (1446.42, 0-4254) 0.827 

*FB ratio 

99.54 (264.52, 2.08-

970.08) 31.25 (56.25, 1.88-209.21) 0.379 
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16s Metagenomic Sequencing 

          Metagenomics 16S sequencing was performed by Omega Bioservices (Norcross, GA, 

USA). DNA was isolated using Omega Biotek Mag-Bind® Universal Pathogen DNA Kit 

following the manufacturer`s protocol. DNA concentration was measured using the QuantiFluor 

dsDNA System on a Quantus Fluorometer (Promega, Madison, WI, USA). 

The V3-V4 region of the bacterial 16S rRNA gene sequences was amplified using the primer 

pair containing the gene‐specific sequences and Illumina adapter overhang nucleotide 

sequences.  The full-length primer sequences are 16S Amplicon PCR Forward Primer ( 5'- 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG) and 16S 

Amplicon PCR Reverse Primer( 5'-

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC). 

        Amplicon PCR was performed to amplify the template out of input DNA samples. Briefly, 

each 25 μL of polymerase chain reaction (PCR) reaction contains 12.5 ng of sample DNA as 

input, 12.5 μL 2x KAPA HiFi HotStart ReadyMix  (Kapa Biosystems 

<https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&v

ed=0ahUKEwiT28rzztXPAhUDQSYKHVmoB2gQFggdMAA&url=https%3A%2F%2Fwww.ka

pabiosystems.com%2F&usg=AFQjCNH2ckStYKfNu_G3Rp82oDoDyfcUvQ&sig2=na72hk3Ut

1ekBIuNHRZFOA>, Wilmington, MA) and five μL of 1 μM of each primer. PCR reactions were 

carried out using the following protocol: 1) an initial denaturation step performed at 95°C for 

three minutes followed by 25 cycles of denaturation (95°C, 30 s), 2) annealing (55°C, 30 s) and 

extension (72°C, 30 sec), and 3) a final elongation of 5 min at 72°C. The PCR product was 

cleaned from the reaction mix with Mag-Bind RxnPure Plus magnetic beads (Omega Bio-tek, 

Norcross, GA). 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiT28rzztXPAhUDQSYKHVmoB2gQFggdMAA&url=https%3A%2F%2Fwww.kapabiosystems.com%2F&usg=AFQjCNH2ckStYKfNu_G3Rp82oDoDyfcUvQ&sig2=na72hk3Ut1ekBIuNHRZFOA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiT28rzztXPAhUDQSYKHVmoB2gQFggdMAA&url=https%3A%2F%2Fwww.kapabiosystems.com%2F&usg=AFQjCNH2ckStYKfNu_G3Rp82oDoDyfcUvQ&sig2=na72hk3Ut1ekBIuNHRZFOA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiT28rzztXPAhUDQSYKHVmoB2gQFggdMAA&url=https%3A%2F%2Fwww.kapabiosystems.com%2F&usg=AFQjCNH2ckStYKfNu_G3Rp82oDoDyfcUvQ&sig2=na72hk3Ut1ekBIuNHRZFOA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiT28rzztXPAhUDQSYKHVmoB2gQFggdMAA&url=https%3A%2F%2Fwww.kapabiosystems.com%2F&usg=AFQjCNH2ckStYKfNu_G3Rp82oDoDyfcUvQ&sig2=na72hk3Ut1ekBIuNHRZFOA
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         A second index PCR amplification, used to incorporate barcodes and sequencing adapters 

into the final PCR product, was performed in 25 μL reactions using the same master mix 

conditions described above. Cycling conditions were as follows: 95°C for 3 minutes, followed by 

eight cycles of 95°C for 30”, 55°C for 30” and 72°C for 30”. A final 5-minute elongation step 

was performed at 72°C. 

        The library, ~600 bases in size, was checked using an Agilent 2200 Tapestation and 

quantified using QuantiFluor dsDNA System (Promega). Libraries were normalized, pooled, and 

sequenced (2 x 300 bp paired-end read setting) on the MiSeq (Illumina, San Diego, CA). 

Phylogenetic Sequencing 

 Phylogenetic sequencing (PGS) of the samples’ gut microbiota was done to reach the small 

subunit ribosomal RNA (16s rRNA) gene. A typical method of PGS is barcoded amplicon 

sequencing. QIIME 2 was utilized to analyze data such as decoding, similarity clustering, and 

defining operational taxonomic units (OTUs). 

Phyloseq  

Research data was imported and transferred into phyloseq to analyze data and seamless 

exploratory transformation and plotting. Phyloseq is a Bioconductor package that integrates 

“abundance data, phylogenetic information, and covariates to perform exploratory 

transformations, plots and confirmatory testing and diagnostic plots” (McMurdie & Holmes, 

2012, p. 1) 

Alpha Diversity of Gut Microbiota Composition 

 Alpha diversity refers to the within-sample diversity in a single ecosystem or sample 

while considering the number of species observed. Many researchers are interested in estimating 
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alpha diversity since differences between groups have been associated with several health-related 

outcomes.  

 The most straightforward measure of alpha diversity is richness, or the number of 

operational taxonomic units (OTUs) observed in the sample. Alpha diversity also takes into 

account how OTUs are evenly distributed. Other alpha diversity metrics are often weighted by 

the abundances at which OTUs are observed. Using the plug-in estimates for observed richness, 

Shannon diversity, and phylogenetic diversity on the sub-sampled data (Figure 5.3), differences 

according to obese status were estimated and tested. Figure 5.1 shows that the observed OTUs 

are correlated with the total reads. Using the Wilcoxon Rank Sum Test to test for differences in 

alpha diversity between non-o/o and o/o groups, the boxplot in Figure 5.2 shows the variation in 

alpha diversity between non-o/o and o/o children groups and indicates no significant differences 

between them.  

Table 5.2  illustrates the means and standard deviations of various outcome variables 

separated by non-o/o and o/o children. The alpha diversity between the two groups was not 

statistically significant using observed gut microbiota richness (p = 0.68). As estimated by the 

Shannon index, the alpha diversity between non-o/o and o/o children indicated no significant 

differences (p = 0.45). As measured by the Chao1 index, the alpha diversity suggested that the 

gut microbiota richness between samples from non-o/o and o/o children was not statistically 

significant, with a p = 0.70. 
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Figure 0.1. Observed OTUs vs. Total Reads 

 

 

 

Figure 0.2. Alpha Diversity Boxplot 
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Figure 0.3. Observed  Richness and Alpha Diversity using Chao1 and Shannon Indices 

  

Table 0.2. Outcome variables by group: Alpha diversity, F: B ratio, Firmicutes relative 

abundance, and SCFA-generating gut microbes Using Pooled Variance Method 

 

  NON-O/O O/O  

Outcome variable N=14 N=13 p-value 

𝛼-diversity: Observed 73 (13.93), 38-96 75.23 (13.85), 55-107 0.6803 

𝛼-diversity: Chao 1 73.24 (14.35), 38-99 75.35 (14.14), 55-108.5 0.7041 

𝛼-diversity: Shannon 3.2 (0.3), 2.51-3.73 3.3 (0.36), 2.72-3.74 0.4481 

𝛼-diversity: 

InvSimpson 14.67 (5.78), 6.4-27.11 17.24 (8.22), 7.07-29.15 0.3526 

F:B ratio 

31.25 (56.25), 1.88-

209.21 

99.54 (264.52), 2.08-

970.08 

                 

**0.379 

F relative abundance 0.71 (0.12), 0.45-0.86 0.69 (0.11), 0.47-0.85 0.5932 

SCFA 10K 0.52 (0.22), 0.18-0.86 0.63 (0.25), 0.16-1.16 0.246 

All use pooled variance except ** using Satterthwaite method  
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Relative Abundance of Gut Microbiota  

 The overall composition of gut microbiota at the OTU and taxonomic levels from genus 

to phylum were not significantly impacted by obesity status, as illustrated by the bar/boxplots at 

the phylum level in Figure 5.4 and genus level (Figure 5.6). There are 11 phyla, and their relative 

abundance looks similar between non-o/o and o/o children.  

Figure 0.4. Relative Abundance at Phylum Level 
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Figure 0.5. Boxplot of Relative Abundance at Phylum Level 

 
 

 

Figure 0.6. Relative Abundance at Genus Level 

 

              0                1 

 
 

0 = non-o/o; group; 1 = o/o group 

1 
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Firmicutes/Bacteroidetes Ratio 

The metagenomic analysis of fecal bacteria from non-o/o and o/o children at the phylum 

level showed that F: B ratio in the o/o group is higher (99.54 ± 264.52) compared with non-o/o 

(31.25 ± 56.25) but it is not significant at p = 0.379 (Table 5.2). The conclusion with p-value 

indicated that there was no difference in the taxa frequency for Firmicutes and Bacteroidetes 

between non-o/o and o/o groups, as shown in Table 5.3. There were no significant differences in 

the Firmicutes level between the non-o/o (10500 ± 3790) and o/o (11000 ± 2900) children and in 

the Bacteroidetes level of non-o/o (1610 ± 1450) and o/o (1730 ± 1430). Table 5.3 shows slight 

differences in mean values for Firmicutes, Bacteroidetes, and F: B ratio between the two groups. 

PROC CORR was used to calculate the Pearson correlation coefficient to assess the linear 

relationship between F: B ratio and alpha diversity. Table 5.4 shows a significant negative 

relationship between the F: B ratio and alpha diversity at p =.05. When controlling for age and 

gender, associations between Firmicutes, Bacteroidetes, and alpha diversity were tested using 

multiple linear regression. There is a strong negative association between Firmicutes and alpha 

diversity and a strong positive association between Bacteroidetes and alpha diversity. When 

controlling for age and gender: 1) alpha diversity decreases by 0.3 for every 10000 increase in 

Firmicutes, which was significant at p = .0026, and 2) alpha diversity increases by 1 for every 

10000 increase in Bacteroidetes, which was highly significant at p =.0000. (Table 5.5). Table 5.5 

also shows that when considering a model that includes Firmicutes and Bacteroidetes as 

predictors while controlling for age and gender, the study found that Firmicutes and 

Bacteroidetes are good predictors of alpha diversity (Shannon Index). The scatter plots in Figure 

5.7 depict the correlations between alpha diversity, Firmicutes, and Bacteroidetes without 

controlling for gender and age. It shows a significant negative correlation between alpha 
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diversity and Firmicutes (-0.3853; p = 0.0472) and a significant positive correlation between 

alpha diversity and Bacteroidetes (0.6941; p = 0.0000). Although significant, neither Firmicutes 

nor Bacteroidetes are good predictors of alpha diversity (Shannon Index). 

Table 0.3. Mean values of outcome variables for non-o/o and o/o children 

Variable 
Non-O/O Children 

(N=14) 

O/O Children 

(N=13) 

Total 

(N=27) 
P-value 

F     

Mean (SD) 10500 (3790) 11000 (2900) 10800 (3330) 0.721 

Median [Min, Max] 9860 [5860, 16800] 11400 [5690, 15600] 11000 [5690, 16800]  

B     

Mean (SD) 1610 (1450) 1730 (1440) 1670 (1420) 0.827 

Median [Min, Max] 1470 [0, 4250] 1670 [13.0, 4800] 1670 [0, 4800]  

FB Ratio     

Mean (SD) 29.0 (54.7) 99.5 (265) 63.0 (187) 0.338 

Median [Min, Max] 5.06 [0, 209] 7.66 [2.08, 970] 5.61 [0, 970]  

SCFA     

Mean (SD) 5250 (2220) 6320 (2460) 5760 (2360) 0.246 

Median [Min, Max] 5320 [1760, 8550] 5880 [1550, 11600] 5790 [1550, 11600]  

SCFA10K     

Mean (SD) 0.525 (0.222) 0.632 (0.246) 0.576 (0.236) 0.246 

Median [Min, Max] 0.532 [0.176, 0.855] 0.588 [0.155, 1.16] 0.579 [0.155, 1.16]  

Observed     

Mean (SD) 73.0 (13.9) 75.2 (13.8) 74.1 (13.7) 0.68 

Median [Min, Max] 74.5 [38.0, 96.0] 75.0 [55.0, 107] 75.0 [38.0, 107]  

Chao1     

Mean (SD) 73.2 (14.3) 75.3 (14.1) 74.3 (14.0) 0.704 

Median [Min, Max] 74.5 [38.0, 99.0] 75.0 [55.0, 109] 75.0 [38.0, 109]  

Shannon     

Mean (SD) 3.20 (0.299) 3.30 (0.363) 3.25 (0.329) 0.448 

Median [Min, Max] 3.22 [2.51, 3.73] 3.18 [2.72, 3.74] 3.20 [2.51, 3.74]  

InvSimpson     

Mean (SD) 14.7 (5.78) 17.2 (8.22) 15.9 (7.04) 0.353 

Median [Min, Max] 14.1 [6.40, 27.1] 12.4 [7.07, 29.2] 13.8 [6.40, 29.2]  
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Table 0.4. Alpha Diversity Correlations with BMI Z-score, FB Ratio, and SCFA-Producing 

Gut Microbiota Variables Using CORR Procedure 

3 With Variables: 
BMI z-score     FB ratio    SCFA-

producing Gut Microbiota         

4      Variables: 
Observed   Chao1      Shannon    

InvSimpson 

 

Simple Statistics 

Variable N Mean Std Dev Sum Minimum Maximum 

z-score 27 0.56259 1.21792 15.19000 -1.65000 2.59000 

FB ratio 26 65.39510 190.57187 1700 1.88235 970.07692 

SCFA- producing Gut 

Microbiota  

27 5764 2358 155641 1550 11568 

Observed 27 74.07407 13.66896 2000 38.00000 107.00000 

Chao1 27 74.25296 14.01086 2005 38.00000 108.50000 

Shannon 27 3.24593 0.32873 87.64000 2.51000 3.74000 

InvSimpson 27 15.90704 7.04087 429.49000 6.40000 29.15000 

 

 

Pearson Correlation Coefficients 

Prob > |r| under H0: Rho=0 

Number of Observations 

 Observed Chao1 Shannon InvSimpson 

BMI z-score 0.07759 

0.7005 

27 

0.06509 

0.7470 

27 

0.08025 

0.6907 

27 

0.10022 

0.6189 

27 

FB ratio -0.44818 

0.0217 

26 

-0.43910 

0.0248 

26 

-0.39532 

0.0456 

26 

-0.22463 

0.2699 

26 

SCFA- producing 

Gut Microbe 

 

0.46131 

0.0154 

27 

0.46817 

0.0138 

27 

0.45071 

0.0183 

27 

0.41162 

0.0329 

27 
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Table 0.5. Predicting Alpha Diversity From Firmicutes, Bacteroidetes, and BMI Z-Score 

(with age and gender as covariates) 

Factor/Covariate Coefficient Standard 
Error 

p-value Model Summary 

Firmicutes 

Bacteroidetes 

BMI 

Age 

Gender 

-0.00003 

0.0001 

0.0158 

0.0010 

-0.0805 

0.0000 

0.0000 

0.0284 

0.0221 

0.0703 

0.0026 

0.0000 

0.5829 

0.9630 

0.2649 

R2 =  0.6758     p- value =  0.0001 

 

                    

 

 

 

Figure 0.7. Scatter Plots To Show Correlations between Alpha Diversity, Firmicutes, and 

Bacteroidetes 

 

 

Gut Microbiota Producing Short Chain Fatty Acids (SCFA)  

This study observed significantly higher concentrations of gut microbiota producing 

SCFA in the stools of o/o children (0.632 ± 0.246) compared to non/o/o children (0.525 ± 0.222). 

The boxplot (Figure 5.8) shows that overweight/obese children have an increased relative 

abundance of gut microbiota producing SCFA compared with non-o/o children. However, it was 
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not significant (p = 0.246). Pearson correlation coefficient was computed using the CORR 

procedure to assess the correlation between gut microbiota producing SCFA and alpha diversity. 

The two variables had a significant positive correlation with r = .45 and p=0.02 (Table 5.4). 

Figure 0.8. Gut Microbiota producing SCFA between Non-O/O and O/O Groups 

 

Body Mass Index Z-score 

Body Mass Index (BMI) is a widely used tool to help classify children into healthy, 

overweight, and obese weight categories for both research purposes and clinical assessments. 

This study used BMI z-score to divide participants into non-o/o and o/o groups.  Table 5.1 shows 

a significance (p = <.0001) in BMI z-score related to weight status. Table 5.6 describes the 

variability in the BMI z-score mean for study participants, showing that data was clustered 
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around the mean. The Pearson correlation coefficient was computed using the CORR procedure 

to assess whether the BMI z-score is correlated with alpha diversity. A weak positive correlation 

exists between the two variables with r = 0.08 and p = 0.69. In addition, the scatter plot (Figure 

5.9) shows no significant relationship between gut microbiota producing SCFA and BMI z-score. 

In addition, when predicting alpha diversity from BMI z-score while controlling for age and 

gender, the study found no significant association between BMI z-score and alpha diversity (r 

=0.0158; p = 0.5829) (Table 5.5). 

Table 0.6. BMI z-scores mean for participants (n = 27) 

Variable N Mean Std Dev Minimum Maximum 

BMI z-score 27 0.56 1.22 -1.65 2.59 

DGMFS 27 1.59 1.35 0.33 6.57 

 

 

Figure 0.9. Scatter plot to show the relationship between SCFA-producing 
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Table 0.7. Regression Analysis of BMI Z-Score and Relative Abundance of Firmicutes 
 

Regression analysis of 

BMI Z-score and 

relative abundance of 

Firmicutes Variable 

DF 
Parameter 

Estimate 

Standard 

Error 
t Value Pr > |t| 

Intercept 1 1.76990 1.52041 1.16 0.2554 

Firmicutes 1 -1.72329 2.14391 -0.80 0.4291 

Variable DF Parameter Estimate Standard Error t Value Pr > |t| 

Intercept 1 -1.64286 1.70717 -0.96 0.3459 

age 1 0.40961 0.12886 3.18 0.0042 

dgmfs 1 0.12355 0.15717 0.79 0.4399 

Firmicutes 1 -1.35440 1.86516 -0.73 0.4751 

 

 

Table 0.8. Correlation Between BMI Z-score and Firmicutes Using R2 Coefficient of 

Determination 
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Dietary Intakes 

Table 5.9 describes the dietary intakes between non-o/o and o/o children.  

Table 0.9. Means and Standard Deviations of Dietary Intakes Using T-test 

Variable 
Non-O/O Children 

(N=14) 

O/O Children 

(N=13) 

Total 

(N=27) 

P-

value 

Calories     

Mean (SD)       1740 (415)         2020 (571) 1880 (507) 0.159 

Median [Min, Max] 1790 [1130, 2570] 
1980 [1290, 

2880] 

1920 [1130, 

2880] 
 

Carbohydrate (Carb_g)     

Mean (SD)        223 (52.7) 242 (74.9) 232 (63.7) 0.471 

Median [Min, Max] 226 [134, 304] 220 [124, 394] 224 [124, 394]  

Total Carbohydrates 

(Tot_carbs) 
    

Mean (SD) 0.511 (0.0430) 0.480 (0.0720) 0.496 (0.0597) 0.187 

Mean (SD) 65.3 (18.2) 79.6 (20.6) 72.2 (20.4) 0.0665 

Median [Min, Max] 60.5 [43.0, 101] 75.0 [56.0, 132] 71.0 [43.0, 132]  
 

Saturated Fats 

(Satfats) 
    

Mean (SD) 24.1 (6.26) 32.7 (21.0) 28.2 (15.6) 0.154 

Median [Min, Max] 23.5 [13.0, 35.0] 28.0 [11.0, 92.0] 25.0 [11.0, 92.0]  

Total Fat 

(Tot fat) 
    

Mean (SD) 0.341 (0.0425) 0.366 (0.0699) 0.353 (0.0577) 0.26 

Median [Min, Max] 0.345 [0.280, 0.430] 
0.370 [0.260, 

0.520] 

0.350 [0.260, 

0.520] 
 

Protein     

Mean (SD) 65.3 (18.2) 79.6 (20.6) 72.2 (20.4) 0.0665 

Median [Min, Max] 60.5 [43.0, 101] 75.0 [56.0, 132] 71.0 [43.0, 132]  

Total Protein 

(tot_prot) 
    

Mean (SD) 0.151 (0.0234) 0.176 (0.0287) 0.163 (0.0287) 0.018 

Median [Min, Max] 0.140 [0.120, 0.190] 
0.170 [0.140, 

0.230] 

0.160 [0.120, 

0.230] 
 

Whole Grain 

(whole_g) 
    

Mean (SD) 1.89 (1.20) 1.46 (1.24) 1.68 (1.22) 0.363 

Median [Min, Max] 1.50 [0.500, 4.50] 1.60 [0, 4.15] 1.60 [0, 4.50]  
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Variable 
Non-O/O Children 

(N=14) 

O/O Children 

(N=13) 

Total 

(N=27) 

P-

value 

Grains     

Mean (SD) 4.56 (1.61) 5.95 (2.43) 5.23 (2.13) 0.0899 

Median [Min, Max] 4.00 [2.00, 7.75] 5.50 [2.00, 9.25] 4.75 [2.00, 9.25]  

Dairy     

Mean (SD) 1.55 (1.17) 1.56 (0.867) 1.55 (1.02) 0.978 

Median [Min, Max] 1.13 [0.250, 4.25] 1.50 [0, 3.50] 1.25 [0, 4.25]  

Vegetable     

Mean (SD) 0.729 (0.663) 1.00 (0.540) 0.859 (0.611) 0.257 

Median [Min, Max] 0.500 [0.250, 2.25] 1.00 [0.250, 2.00] 
0.750 [0.250, 

2.25] 
 

Plant     

Mean (SD) 3.41 (4.39) 1.77 (1.85) 2.62 (3.45) 0.223 

Median [Min, Max] 1.88 [0, 14.3] 1.10 [0, 5.25] 1.75 [0, 14.3]  

Added Sugar 

(add_sugar) 
    

Mean (SD) 35.5 (16.0) 51.2 (30.3) 43.1 (24.8) 0.103 

Median [Min, Max] 29.0 [17.0, 75.0] 50.0 [20.0, 115] 34.0 [17.0, 115] 
 

  

Sodium     

Mean (SD) 2740 (991) 3370 (1080) 3040 (1070) 0.129 

Median [Min, Max] 2530 [1770, 5380] 
3170 [1870, 

5460] 

2920 [1770, 

5460] 
 

Total  Fiber 

(tot_fib) 
    

Mean (SD) 19.6 (6.44) 19.7 (7.58) 19.7 (6.87) 0.986 

Median [Min, Max] 18.8 [11.0, 36.0] 20.0 [9.00, 32.0] 19.0 [9.00, 36.0]  

Daily Gut Microbiota 

Friendliness 

(dgmfs) 

    

Mean (SD) 1.39 (0.821) 1.80 (1.77) 1.59 (1.35) 0.444 

Median [Min, Max] 1.20 [0.330, 3.73] 
0.980 [0.340, 

6.57] 
1.00 [0.330, 6.57]  
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Matching Code: 

 

Total Daily Avg.  Calories calories 

Daily Avg Carbs Eaten (g) carb_g 

Total Carb Range % tot_carb 

Daily Avg Saturated Fat Eaten (g) satfats 

Total Fat Range % tot_fat 

Daily Avg Protein Eaten (meat, poultry, eggs) (g) protein 

Total Protein Range % tot_prot 

Daily Avg Whole Grains Eaten (oz). whole_g 

Daily Avg Refined Grains Eaten (oz) grains 

Daily Avg Fruits  Eaten; 100% juice      (c.)   

Daily Avg Soymilk/ Dairy/Dairy Products Eaten (c.)   

Daily Avg Vegetables Eaten (dark green, red, orange, other)               (c.) veg 

Daily Avg Plant Proteins (Legumes (beans, peas), nuts, seed, soy) (oz.) plant 

Daily Avg Added Sugars Avg Eaten (g) add_sugar 

Daily Avg  Sodium Eaten (mg.)   

Daily Avg Total Fiber (g) tot_fib 

Daily GM Friendliness Score dgmfs 

  

On average, compared with the non-o/o group, the o/o group consumed more calories, 

higher energy, and saturated fat foods, fruits, vegetables, and foods high in sugar and sodium. In 

addition, the o/o group has increased protein consumption from meat, poultry, and eggs. The 

non-o/o group had increased consumption of plant proteins from legumes, beans, peas, nuts, and 

seeds. Using the t-test, the DGMFS in non-o/o is lower (1.39 ± 0.821) than the o/o children (1.80 

± 1.77), but it was insignificant at p = 0.444. The t-test Satterthwaite method showed DGMFS at 

p = 0.46, which was also negligible. 
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Table 0.10. Outcome Variables for Calories, Saturated Fats, and Daily Gut Microbiota 

Friendliness Score (DGMFS) Using t-test Pooled Variance and Satterthwaite Methods 

 NON-O/O O/O  

Outcome variable N=14 N=13 p-value 

Total Daily Avg.  Calories 1744 (415.37), 1126-2572 2021.46 (570.83), 1292-2876 0.1589 

Daily Avg Saturated Fats Eaten (g) 24.07 (6.26), 13-35 32.69 (21.01), 11-92 **0.1770 

Daily GM Friendliness Score 1.39 (0.82), 0.33-3.73 1.8 (1.77), 0.34-6.57 **0.4589 

All use pooled variance except ** using Satterthwaite method 

 

Daily Gut Microbiota Friendliness Score 

 Because a Healthy Eating Index could not be derived from the limited ASA 24 output, a 

proxy scoring scheme was developed by Dr. William McCarthy, UCLA Fielding School of 

Public Health Professor, who calculated the gut microbiota friendliness of daily food intake. See 

Appendix H for the calculation of gut microbiota friendliness of daily food intake using ASA 24 

output. This scoring scheme gives a zero to a maximum weight of 1.0 to each food group: whole 

grains, whole fruit, dark green and red-orange vegetables, other vegetables, and plant proteins. 

Consumption of these foods provides substrates to the gut microbiota, yielding more SCFAs. 

Food components that undermine gut microbiota are saturated fat and sugar. The total weights 

are added as a denominator for the overall daily food gut microbiota friendliness score. A score 

of 1.0 or greater is healthy, and a score less than 1.0 is unhealthy (McCarthy, 2023). 

Research Aims 

Specific Aim 1: Compare all outcomes: alpha diversity and richness of gut microbiota, F: B 

ratio, relative abundance of F, and abundance of SCFA-generating gut microbes between 

overweight/obese (o/o) and non-overweight/obese children (non-o/o). Table 5.11 presents the 
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variables using the t-test to compare the means and detect any differences between the two 

groups. Table 5.2 shows the means, standard deviation, and p-values using the Pooled Variance 

and Satterthwaite Method. 

Table 0.11. Means and Standard Deviations For Each Outcome Variable 

OBESE_ 

STATUS 

N 

Obs 
Variable N Mean Std Dev Minimum Maximum 

NON-O/O 14 

Observed 14 73.00 13.93 38.00 96.00 

Chao1 14 73.24 14.35 38.00 99.00 

Shannon 14 3.20 0.30 2.51 3.73 

InvSimpson 14 14.67 5.78 6.40 27.11 

FB ratio 13 31.25 56.25 1.88 209.21 

Firmicutes 14 0.71 0.12 0.45 0.86 

SCFA10K 14 0.52 0.22 0.18 0.86 

O/O 13 

Observed 13 75.23 13.85 55.00 107.00 

Chao1 13 75.35 14.14 55.00 108.50 

Shannon 13 3.30 0.36 2.72 3.74 

InvSimpson 13 17.24 8.22 7.07 29.15 

FB ratio 13 99.54 264.52 2.08 970.08 

Firmicutes 13 0.69 0.11 0.47 0.85 

SCFA10K 13 0.63 0.25 0.16 1.16 

 

Hypothesis 1: Overweight/obese ( o/o) children will have lower alpha-1 diversity 

(Shannon index) than non-overweight/obese children. No significant differences in alpha-1 

diversity exist between non-o/o (3.20 ± 0.30) and o/o children (3.30 ± 0.36) with p = 0.45. 

Hypothesis 2: Overweight/obese children will have a higher F: B ratio compared 

with non-o/o school children. The F: B ratio in the o/o group was significantly increased (99.54 

±264.52) compared with non-o/o children (31.25 ± 56.25) but not statistically significant at p = 

0.38. 

Hypothesis 3: Overweight/obese children will have a higher relative abundance of 

Firmicutes compared with non-overweight/obese children. Overweight/obese children did not 
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have a higher relative abundance of Firmicutes than non-o/o children. There were no significant 

differences between non-o/o (0.71 ± 0.12) and o/o (0.69 ± 0.11) with p = 0.59. 

Hypothesis 4: Overweight/obese children will have an increased relative abundance 

of gut microbiota producing SCFA compared with non-overweight/obese children. There 

were differences in gut microbiota-producing SCFA between non-o/o and o/o children (p = 

0.25). Overweight/obese children had an increased gut microbiota-producing SCFA (0.63 ± 

0.25) compared with the non-o/o children (0.52 ± 022); however, it was not significant (p = 

0.25). 

Specific Aim 2: To compare three 24-hour diet recalls of higher energy and saturated fat, 

dietary intakes, and diversity of fiber-rich foods, measured by daily gut microbiota 

friendliness score (DGMFS) between overweight/obese and non-overweight/obese children.  

Hypothesis 4: Obese children have higher energy and saturated fat dietary intakes 

compared with non-obese children. However, o/o children consumed more calories (2021.46 ± 

570.83) than non-o/o children (1744 ± (415.37); it was not significant at p = 0.16). The 

overweight/obese children also ate more foods rich in saturated fats (32.69 ± 21.01) than non-o/o 

children (24.07 ± 6.26), but it was insignificant at p = 0.18. 

Hypothesis 5. Overweight/obese children have a lower diversity of fiber-rich foods 

than non-obese school children as measured by the Daily Gut Microbiota Friendliness 

Score (DGMFS).  Overweight/obese children had a higher diversity of fiber-rich foods (1.8 ± 

1.77) than non-o/o children (1.39 ± 0.82). The differences were not significant (p = 0.46). 

Specific Aim 3: To evaluate the association of BMI with differences in gut microbiota 

composition obtained using 16S rRNA gene sequencing between obese and non-obese 

children.  
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 Hypothesis 6: A higher BMI z-score is associated with a relative abundance of 

bacteria in the phylum Firmicutes. Table 5.7 shows the regression analysis of BMI z-score and 

relative abundance of Firmicutes. When controlling for age and DGMFS, a higher BMI z-score 

was not associated with a relative abundance of Firmicutes (p = 0.47). The correlation of 

determination (r2 ), Figure 5.8, shows no significant relationship between BMI z-score and 

Firmicutes, and BMI z-score was not a good predictor of the relative abundance of Firmicutes. 
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DISCUSSION 

Childhood obesity rates have continued to climb and could be attributed to the COVID-

19 pandemic. As of 2023, 1 in 5 children in the U. S. is obese (CDC, 2023). From 2017 to 2020, 

the childhood prevalence rate was 19.7% (CDC, 2022). Obesity prevalence among 2 – 5-year-

olds was 12.7%,  20.7% among 6 – 11-year-olds, and 22.2% among 12 – 19-year-olds (CDC, 

2022). Among ethnic/racial populations, Hispanic children have the highest obesity prevalence at 

25.2%, followed by non-Hispanic Black children at 24.8%, 16.9% among non-Hispanic White 

children, and 9% among non-Hispanic Asian children (CDC, 2022). The increasing rates of 

childhood obesity put children and adolescents at high risk for adverse health conditions. 

Childhood obesity is a severe problem in the United States and worldwide.  

A growing body of evidence in gut microbiota research suggests that alterations in gut 

microbiota composition may play a role in the development of childhood obesity. Gut microbiota 

manipulation should be considered an intervention strategy to control the pervasiveness of 

childhood obesity. 

Overview of Findings 

There were no significant differences in alpha diversity at the phylum level between non-

o/o and o/o groups. This suggests that obesity could not be determined as a causality of an 

alteration or dysbiosis in the gut microbiota among the o/o children in this study. This result 

aligns with previous research that showed no differences in alpha diversity between lean and 

obese children (Hollister et al., 2018; Houtman et al., 2022; Shin & Cho, 2020; Squillario et al., 

2023). In addition, a significant inverse relationship existed between the F: B ratio and alpha 

diversity among the non-o/o and o/o groups.  
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The study's results provided limited evidence to support the F:B ratio as a biomarker for 

obesity. Numerous earlier studies (Bervoets et al., 2013; Ley et al., 2006; Riva et al., 2017; Tilg 

& Adolph, 2014; Turnbaugh et al., 2006 & 2008) and current studies (Alcazar et al., 2022; Cho, 

2023; DaSilva et al., 2020; Shin & Cho, 2020) have implicated an increased F:B ratio as a 

biomarker for obesity and BMI. The findings of this study are in agreement with previous studies 

regarding the lack of association between the F: B ratio and obesity and, therefore, BMI (Chen et 

al.,2020; Hollister et al.,2018; Houtman et al., 2022; López-Contreras et al.,2018; Squillario et 

al., 2023).  

Several observational studies suggest a positive association with obesity and SCFA. 

Randomized controlled trials of microbe-accessible foods versus the Western dietary pattern 

have shown increased intake of microbe-accessible foods to stimulate increases in SCFA levels 

while reducing excess body fat (Corbin et al., 2023; Seethaler et al., 2022; Zhao et al., 2018).  

Previous pediatric studies showed elevated levels of fecal concentration of SCFA among obese 

children compared with lean children (Kim et al., 2019; Payne et al., 2011; Pekmez et al., 2018). 

Since this study did not assess SCFA concentrations in stools or plasma, we could not replicate 

those results. However, in theory, our innovative SCFA-generating gut microbe variable, which 

represents the sum of relative abundances of SCFA-generating phyla, should be correlated to 

SCFA concentrations in stool and plasma. This study showed that SCFA-generating gut 

microbes were increased in o/o children compared with non-o/o children; however, it did not 

reach statistical significance. The study’s results agree with previous research regarding higher 

fecal concentrations of SCFA in obese children. The study’s results also contradict previous 

pediatric research showing decreased fecal concentrations of SCFA in o/o children (Barczyńska 
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et al., 2018; Holmes et al., 2020). Significantly, the Pearson correlation showed a positive 

correlation between SCFA-generating gut microbes and alpha diversity. 

The study showed that the daily gut microbiota friendliness score (DGMFS) was not 

statistically significant when comparing dietary intakes of high-energy, saturated fats, and fiber-

rich foods. There was a statistically non-significant trend for o/o children to consume more total 

grams of fiber-rich foods than non-o/o children. When adjusted for total daily calorie intake, 

compared with non-o/o children, the o/o group tended to adhere better to the Federal 14g fiber 

per 1000 kilocalories per day recommendation. This may account for the increased relative 

abundance of Prevotella in the o/o group, which, according to some studies, is enriched in 

vegetarian diets (Nakayama et al.,2017; Tomova et al., 2019). However, their findings are 

inconsistent with a previous study by Dong et al. (2022), which showed an abundance of 

Prevotella and Bacteroides in obese participants with a distinct brain-gut microbiome connection 

to the brain’s reward center. Nakayama et al. (2017) demonstrated that Prevotella might be vital 

in the healthful response to less caloric, sugary, and low animal protein and fat diets. Further 

research needs to be established to clarify the role of Prevotella in determining its association 

with obesity and healthy weight status. Although the o/o participants in this study consumed 

slightly more foods rich in saturated fats than the non-o/o participants, it was insignificant. 

The study's results did not show an association between  BMI z-score and relative 

abundance of Firmicutes. In addition, BMI z-scores did not correlate with the alpha diversity of 

participants’ gut microbiota composition. In addition, we did not find a significant relationship 

between BMI z-score and SCFA-generating gut microbes. 
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Study Limitations 

There were significant differences in age, gender, and racial/ethnicity between groups, 

and a homogenous sampling was not achieved. Due to our small sample size, we could not 

generate significant associations among the different variables between the two groups. A larger 

sample may have shown significant differences in gut microbiota results. The target number of 

participants to recruit was not reached due to difficulties in recruitment. Factors that could have 

affected recruitment include: 1) the time and effort required to participate in the study, which 

others may have found inconvenient; 2) the recruitment sites did not have a big pool of o/o 

children to recruit from; more non-o/o children wanted to participate in the study, 3) direct 

recruitment of potential study participants was highly challenging due to privacy concerns and 

cautionary measures needed to take so that potential participants do not feel pressured to 

participate, and 4) lack of funding. 

The diet collection from the three 24-hour dietary recalls may not be accurate due to 

issues such as overreporting of healthy foods eaten, underreporting of unhealthy foods eaten, 

memory recall leading to forgotten items, items not consumed, and the unavailability of foods 

eaten on the diet survey. 

Implications to Nursing Practice 

The increasing incidence of obesity is staggering and seems unstoppable. As obesity 

continues to be a significant national and global health threat, so does the increased risk for a 

variety of diseases, including cardiovascular diseases, diabetes, and cancer, as well as increasing 

evidence of an association between obesity and gut microbiota. Managing gut microbiota has 

been proposed as a new method for treating obesity. Agonists targeting the GLP-1 receptor have 

successfully decreased excess weight in patients. These efficacious treatments offer optimism for 



 

 

120 

youth and a potential decrease in obesity rates. Studies support the idea that school meal 

programs can effectively expose children to healthier food options, which is a critical step in 

addressing childhood obesity, potentially helping to lower obesity rates. 

 Knowledge gained from the study will provide insights into nursing practice by 

exploring the complex gut microbiota ecosystem of non-obese and obese children for the long-

term prevention and treatment of obesity. In addition, knowledge gained from this study could be 

used to develop childhood obesity prevention programs that target the gut microbial ecosystem 

to improve health and prevent the tracking of childhood obesity into adult obesity. 

 It creates a window of opportunity for nurses and healthcare providers to empower 

mothers of youth with obesity in the adoption of healthier lifestyle behaviors that may impact 

some of the childhood type-2 diabetes risks associated with obesity. In addition, nurses can 

provide valuable pre– and post-natal dietary and lifestyle recommendations to mothers on 

improving their baby's gut health, such as encouraging breastfeeding and healthier eating and 

exercise during the breastfeeding period to increase the quality of the breastmilk (Harris et al., 

2020; Lagstrom et al., 2020). Furthermore, the period of childhood may provide opportunities for 

pediatric microbiome interventions through research that could have broad implications to 

promote health or prevent diseases. Since childhood obesity has been associated with alterations 

in the composition and diversity of gut microbiota, the results of this study will help establish a 

baseline understanding of the pediatric gut microbiome that will inform future intervention 

studies, targeting the gut microbiota for the prevention and treatment of childhood obesity and 

obesity-related diseases. 

 The outcomes of this study provide a window of opportunity for pediatric nurses to 

adopt an ecological approach to treating obesity by including parents of children with obesity in 
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obesity prevention efforts. Obesity prevention efforts should be firmly established in schools. 

School nurses recognize the positive impact of healthy eating and physical activity on academic 

success and are essential in promoting a culture of health and well-being for all students. In 

addition, school nurses play an indispensable role in affecting policy changes to improve the 

health of students and the communities in which they live (National Association of School 

Nurses, 2015). The American Academy of Pediatrics Council on School Health (2016) 

recognizes the vital role of school nurses in the continuum of care of children and adolescents. It 

states that a school nurse’s daily presence may contribute to reducing childhood obesity. 

School nurses have the knowledge, skills, and expertise to promote the prevention and 

reduction of overweight and obesity in school children and adolescents. Relevant obesity 

information from this study can empower school nurses to promote and implement obesity 

school-based strategies such as identifying, assessing, referral, and follow-up with children and 

adolescents who are at risk of health problems associated with overweight or obesity, promoting 

healthy messages to encourage consumption of microbe-friendly healthy foods, engage in daily 

physical activity, as well as educating students, parents, and school communities (especially 

school Food Services) about healthy lifestyle behaviors, daily physical requirements, and 

preventable health risks associated with obesity. 

Future Research 

Childhood provides a unique opportunity for obesity interventions to prevent tracking 

obesity into adulthood. The results of this study suggest no significant associations between 

obesity and alpha-diversity, F: B ratio, SCFA-generating gut microbes, and BMI z-score. Due to 

the scarcity of pediatric studies regarding gut microbiota and obesity, more studies are needed to 
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elucidate gut microbiota as a novel method for the prevention and treatment of not just obesity 

but other health conditions as well, such as diabetes, Crohn’s Disease, asthma, and even autism.  

Future pediatric studies will involve larger samples to determine whether an altered gut 

microbiota is caused by obesity or vice versa. A cohort or longitudinal study will be ideal for 

conducting in the future to improve understanding of the dynamic processes involved in human 

gut microbiota, identify changes over time, and gather insights into the cause-and-effect 

relationships between gut microbiota and obesity and other health conditions such as diabetes. 

Future pediatric studies are needed to understand the various structures and functions of 

gut microbiota in children to design dietary intervention studies that may eventually translate 

into nutritional recommendations for children and adults. 

Since children spend most of their time at school, this is an opportunity for school nurses 

to adopt relevant obesity information from this study to promote and implement obesity school-

based strategies. Such school-based strategies include: 1) identifying, assessing, referral, and 

follow-up with children and adolescents who are at risk of health problems associated with 

overweight or obesity, 2) promoting healthy messages through health class teaching, nutritional 

flyers, and brochures to encourage consumption of healthy foods, daily physical activity, and 3) 

educate students, parents, and school communities about healthy lifestyle behaviors, daily 

physical requirements, and preventable health risks associated with obesity. 

Conclusion 

Although this study was not able to determine significant associations between obesity 

and gut microbiota composition, specifically Firmicutes and Bacteroidetes, BMI z-score, SCFA-

generating gut phyla, and impacts of higher energy, saturated fats, and fiber-rich dietary intakes, 

it supports the need for novel therapies for the treatment and prevention of obesity and other 
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obesity-related health conditions. Obesity rates have tremendously skyrocketed since the 

COVID-19 pandemic, and it is a grave health concern to reckon with in the national and global 

arena. Gut microbiota intervention studies have successfully shown beneficial effects in weight 

loss. Gut microbiota interventions via dietary, physical activity, or transplantation manipulations 

present promising pathways by which obesity and obesity-related health problems can be treated 

and prevented. 
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Appendix A. Confidential Subject Data Abstraction Form 

1. Date: MM/DD/YY ____________ 

2. Group:  

a. Obese = 0 - ______ 

b.Lean =1 - ________ 

3. Demographic Information 

a. DOB: MM/DD/YY ____________ 

b. Gender:  

i. Male = 0 - ____________ 

ii. F = 1- ________________ 

c. Ethnicity:  

i. Caucasian (non-Hispanic) = 0 - _______ 

ii. Hispanic/Latino = 1 - _______________ 

iii. Asian/Pacific Island = 2 - ____________ 

iv. African American = 3 - _____________ 

v. Middle Eastern = 4 - _______________ 

vi. Other = 5 ____________ 

4. Mode of delivery in childbirth: 

a. Vaginal = 0 _________ 

b. Caesarian = 1_______ 

5. History of early feeding: 

a. Breastfed = 0 __________ 

b. Formula-fed = 1 ________ 

6. Anthropometric Measures: 

a. Weight (lbs.): ______________      

b. Height (in.): _______________ 

c. BMI percentile (%): _________ 

d. BMI z-score: ______________ 

7. Parent Educational Status: 

a. High School Graduate = 0 - _______ 

b. Some college = 1- _______ 

c. College Graduate = 2 - _________ 

d. Advanced degrees = 3 - ________ 

8. Annual Household income: 

a. < $20,000 = 0 - ______ 

b. $20,000 - $30,000 = 1 - _______ 

c. $31,000 - $60, 000 = 2 - ______ 

d. $61,000 - $75,000 = 3 - _______ 

e. < $75,000 = 4 - _______ 
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Appendix B: Email Recruitment Script 

Association of Gut Microbiota Composition with Childhood Obesity 

WRITTEN SCRIPT TO SEND BY MAIL OR EMAIL TO PARENTS OF POTENTIAL 

PARTICIPANTS  

Dear [Parent of Participant], 

 

My name is Cecille Marie Basilio, and I am a doctoral candidate in the School of Nursing 

at the University of California Los Angeles. I am conducting a research study examining the 

association of gut microbiota composition with childhood obesity, and I am the Principal 

Investigator. Your child is invited to participate in the study.  

 

Participating in the study will involve the data collection of socio-demographic 

information (i.e., age, gender, race/ethnicity), birth and infant feeding history, height and weight 

for BMI calculation, dietary information, and a one-time collection of a stool specimen. A sterile 

stool collection kit and gloves will be provided to study participants for convenience. The 

collection of socio-demographic information is anticipated to take at most 15 minutes to 

complete. Measuring your child's height and weight at the school will take at most 10 minutes. 

Dietary information will be collected by three non-consecutive 24-hour dietary recalls (two 

weekdays and one weekend) that I will administer by telephone interview. Each 24-hour dietary 

recall will take approximately less than 30 minutes. The study will take about one hour and 45 

minutes of your time. Appreciating your time and willingness, you will receive a $50.00 Visa 

gift card after all study measures. One $25 Visa gift card will be shown after socio-demographic, 

height, and weight information are taken; a second $25 Visa gift card will be given after stool 

collection and collection of the three 24-hour dietary recalls.  

 

Your answers will be confidential.  No one will know the answers except for me. If your 

child is eligible and wants to participate in the study, your answers will be kept with the research 

records. Your answers will be destroyed if your child does not qualify for the study. Participation 

in this study is voluntary.  Your child’s identity as a participant will remain confidential during 

and after the study. No student identifiers will be collected; I will assign each study participant a 

number that cannot be traced back to the participant. For instance, Participant One will be given 

the number 200, and Participant Two will be assigned the number 201. These numbers will not 

be correlated with any student identifier, such as name, school health record, or birth date. 

 

If you have questions or want your child to participate, please email me at 

cbasilio1114@g.ucla.edu or call me at (310) 770 – 3653. 

 

Thank you for your participation, 

 

Cecille Marie Basilio, MSN, RN, PHN 

Doctoral Candidate 

School of Nursing, UCLA 
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Appendix C: Telephone Recruitment Script 

Finding the Gut Microbiome Connection to the Risk of Childhood Obesity 

 

SCRIPT FOR INTRODUCING THE STUDY TO POTENTIAL PARTICIPANTS OR 

PARENTS OF POTENTIAL PARTICIPANTS AND INITIAL SCREENING THROUGH 

THE TELEPHONE 

 

The following script would respond to the participant's interest in participating in the study via 

telephone. They will be speaking with the Principal Investigator from the school of nursing. 

 

Thank you for calling about the study “Finding the Gut Microbiome Connection to the Risk of 

Childhood Obesity.” My name is Cecille Basilio, and I am the Principal Investigator. I need to 

ask you a few questions to determine whether your child can participate in the research. Before I 

begin, let me tell you about the study.  

The study's purpose is to learn about the association of gut microbiome composition with 

childhood obesity, which is considered one of the significant public health concerns in the 

nation. The gut microbiome plays a critical role in our health by helping control digestion, 

benefiting our immune system, and affecting many other aspects of health. An imbalance of 

unhealthy and healthy microbes in the intestines may contribute to weight gain, high blood sugar, 

high cholesterol, and other disorders. 

 

Would you like to continue with the screening to determine if your child is eligible? The 

screening will take about 5 minutes or less. Your participation in the screening is voluntary.  A 

decision on whether or not to participate in the screening will not affect your relationship with 

LAUSD. You will not benefit from the screening.  

 

Your answers will be confidential.  No one will know the answers except for the research team.  

 

If your child is eligible and wants to participate in the study, your answers will be kept 

confidential, along with the research and other records. Your answers will be destroyed if you or 

your child do not qualify for the study. 

 

Would you like to continue with the screening? 

[If no, thank the person and hang up]. 

[If yes, continue with the screening 

Does your child have a diagnosis of Type 1 or Type 2 diabetes? (Yes/No) 

Has your child been treated with antibiotics or steroids in the past month? (Yes/No) 

Has your child been hospitalized in the past month? (Yes/No) 
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Does your child have any chronic disorders? (Yes/No) 

Thank you for answering the screening questions.    

[Indicate whether the child is eligible or is not suitable and explain why.] 

If the potential subject meets the study criteria 

I have a copy of the consent form that I can mail/email you or give at the school when you drop 

off/pick up your child. I can also read the consent form for you now over the telephone.  Please 

feel free to let me know if you have any questions that I can answer for you. 

If you agree to participate, please mail the signed consent form in the pre-stamped envelope.  

You can also give me consent if you decide to participate in the study today (the day of the 

school visit). After I have received your signed informed consent, your child’s participation in 

the study will begin.  

Participation in the study will involve you completing a socio-demographic questionnaire (i.e., 

age, gender, race/ethnicity, birth, and early feeding history), height and weight measurement for 

BMI calculation), collection of three non-consecutive 24-hour dietary recalls administered by 

phone and a one-time collection of a stool specimen that will be done in the privacy of your 

home. You will be provided with a sterile stool collection kit for your convenience. The study 

will require approximately 1 hour and 45 minutes of your time. Appreciating your time and 

willingness, you will receive a $50.00 Visa gift card after all study measures. One $25 Visa gift 

card will be given after socio-demographic, height, and weight information are taken; a second 

$25 Visa gift card will be provided after the stool collection and collection of the three 24-hour 

dietary recalls.  

 

Do you have any questions about the screening or research?  I will give you a couple of 

telephone numbers to call if you have any questions later.  Do you have a pen?  If you have 

questions about the research screening, contact me at 213-640-6190, and I will answer them. 

If you have questions regarding the rights of research subjects or if you have complaints or 

concerns about the research and cannot reach the Principal Investigator or want to talk to 

someone other than the Investigator, you may call the UCLA Office of the Human Research 

Protection Program at (310) 825-7122.  
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Appendix D: Consent 

University of California, Los Angeles 

 

CONSENT TO PARTICIPATE IN RESEARCH 

 

Finding the Gut Microbiome Connection to the Risk of Childhood Obesity through an 

Examination of the Gut Microbiota among School Children in Los Angeles, California  

INTRODUCTION  

 

Cecille Marie Basilio, MSN, RN, PHN, and Felicia S. Hodge, DrPH, from the School of Nursing 

at the University of California, Los Angeles (UCLA) are conducting a research study. You and 

your child were selected as possible participants in this study because your child is between the 

ages of 5 - 10 years, has a BMI percentile = 5th,  ≥ 85th or ≥ 95%, has no type 1 or type 2 diabetes 

and has not been hospitalized or been treated with antibiotics or corticosteroids in the past month 

before the study. Your participation in this research study is voluntary.  Please read the 

information below and ask questions about anything you do not understand before deciding 

whether to participate in the study. 

 

WHAT SHOULD I KNOW ABOUT A RESEARCH STUDY? 

• Someone will explain this research study to you. 

• Whether or not you take part is up to you. 

• You can choose not to take part. 

• You can agree to take part and later change your mind. 

• Your decision will not be held against you. 

• You can ask all the questions you want before you decide. 

 

WHY IS THIS RESEARCH BEING DONE? 

The study aims to examine whether there are differences in the gut microbiota composition of 

obese and non-obese schoolchildren and whether diet and dietary habits affect the gut microbiota 

composition of participants. 

 

HOW LONG WILL THE RESEARCH LAST, AND WHAT WILL I NEED TO DO? 

Participation will take about one hour and forty minutes. Measuring height and weight at school 

will take about 10 minutes. The collection of dietary information will take about 90 minutes, 

with each 24-hour dietary recall taking approximately 30 minutes or less.  

 

If you volunteer to participate in this study, the researcher will ask you to do the following: 
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• Information will be collected about your child’s birth date, gender, race/ethnicity, mode of 

delivery (vaginal or C-section), infant's early feeding history (breast milk or formula), 

educational status, and annual income. 

 

• Your child’s height and weight will be measured at the school to calculate their body mass 

index. This procedure will take approximately ≤ 10 minutes. 

• The Principal Investigator will collect three non-consecutive 24-hour dietary recalls (two 

weekdays and one weekend). Each 24-hour dietary recall will take about 30 minutes or less. 

 

•  Within the weekend after the third and last 24-hour dietary recall, the parent will collect a 

stool sample from your child in the convenience of your home. You will be provided with a 

stool collection kit to collect a stool specimen. This will take about 15 minutes.   

 

ARE THERE ANY RISKS IF I PARTICIPATE? 

There is a minimal risk to participants in this study. The potential risk to this study will be a 

breach of confidentiality. Overall, no additional risks are associated with participation in the 

study. 

 

ARE THERE ANY BENEFITS IF I PARTICIPATE? 

There is no direct benefit to school children participating in the study. The potential benefit to 

society is that we will learn about the association of gut microbiome composition with childhood 

obesity and how diet and dietary patterns affect gut microbiome composition. The increased 

knowledge gained from this study may lead to the development of a new treatment or therapy or 

school nutrition policies to control or minimize the risk of childhood obesity, with the gut 

microbiota as the target of intervention. The risk/benefit ratio is favorable for this study, and 

adverse events are not anticipated.  

 

ALTERNATIVES TO PARTICIPATION  

This is not a treatment study. You may choose not to be part of the study.  

 

HOW WILL INFORMATION ABOUT ME AND MY PARTICIPATION BE KEPT 

CONFIDENTIAL? 

Members of the research team and, if appropriate, your school nurses will know you are 

participating in the research study.  All results will be kept confidential but may be available if 

you wish. No information about you or provided by you during the research will be disclosed to 

others without your written permission, except: 

- if necessary, to protect your rights or 

- if required by law (i.e., child or elder abuse, harm to self or others, reports of certain 

infectious diseases). 

No information revealing your identity will be included when the research results are published 

or discussed at conferences. Authorized representatives of the UCLA Institutional Review Board 

(IRB) may need to review records of individual subjects.  As a result, they may see your name, 

but they are bound by confidentiality rules not to reveal your identity to others. 

 

The researchers will do their best to keep your private information confidential. Information 

about you will be handled as confidentially as possible, but participating in research may involve 
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a loss of privacy and the potential for a breach of confidentiality. Study data will be physically 

and electronically secured. Data security breaches are risky when using electronic means to store 

data. 

 

Use of personal information that can identify you: 

There will be no personal information that can identify subjects. No student identifiers will be 

collected; the PI will assign each subject a number that cannot be traced back to the specific 

subject. The subject numbering system will start with 100. Each subsequent subject will be given 

more than the previous patient number. For instance, subject one will be assigned the number 

200, and subject two will be given the number 201. These numbers will not be correlated with 

any student identifier, such as name, school health record, or birth date. 

 

How information about you will be stored: 

Immediately following data collection, the PI will place the completed confidential subject 

information report form in an envelope, and the results will not be disclosed. The PI will 

maintain the envelope containing the confidential subject information form in a secure, locked 

cabinet until it is reviewed and entered into the statistical analysis program. 

 

People and agencies that will have access to your information: 

The research team and authorized UCLA personnel may have access to study data and records to 

monitor the study.  Research records provided to allowed non-UCLA personnel will not contain 

identifiable information about you. Publications and presentations from this study will not 

identify you by name. 

 

Employees of the University may have access to identifiable information as part of routine 

processing of your data, such as lab work or processing payment. However, university 

employees are bound by strict confidentiality rules. 

 

USE OF DATA FOR FUTURE RESEARCH: 

Your data, including de-identified data, may be kept for use in future research 

 

WILL I BE PAID FOR MY PARTICIPATION?  

• In appreciation for your time and willingness to allow your child to participate in the study, 

you will receive a $50 Visa gift card at the end of the study. 

• If your child cannot complete the study, you will receive a $25 Visa gift card if half of the 

study is finished.  

• You will be asked to sign a receipt for the payment form. If you choose to withdraw from the 

study and not complete all required observations, you will be paid for the extent to which 

your child could be part of the study. 

FINANCIAL OBLIGATION: 

You are not responsible for any of the costs involved in the study.  

WHO CAN I CONTACT IF I HAVE QUESTIONS ABOUT THIS STUDY? 

The research team:   
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You can talk to the researchers if you have any questions, comments, or concerns about the 

research. Please contact: 

Principal Investigator: Cecille Marie Basilio, MSN, RN, PHN 

Phone: 310-770-3653 

Email: cbasilio1114@g.ucla.edu 

Faculty Sponsor: Felicia S. Hodge, DrPH 

Phone: 310-267-2265 

Email: fhodge@sonnet.ucla.edu 

 

UCLA Office of the Human Research Protection Program (OHRPP): 

If you have questions about your rights as a research subject, or you have concerns or 

suggestions, and you want to talk to someone other than the researchers, you may contact the 

UCLA OHRPP by phone: (310) 206-2040; by email: participants@research.ucla.edu or by mail: 

Box 951406, Los Angeles, CA 90095-1406. 

 

WHAT ARE MY RIGHTS IF I TAKE PART IN THIS STUDY?  

• You can choose whether or not to participate in this study, and you may withdraw your 

consent and discontinue participation at any time. 

• Whatever decision you make, you will not be penalized and will not lose any benefits to 

which you were otherwise entitled.   

• You may refuse to answer any questions you do not want to answer and remain in the study. 

 

You will be given a copy of this information for your records. 

 

HOW DO I INDICATE MY AGREEMENT TO PARTICIPATE?  

 

You should sign and provide the date below to participate in this study.  

 

SIGNATURE OF THE PARTICIPANT  

 

______________________________________ 

Name of Participant 

 

______________________________________ ______________________ 

Signature of Participant     Date 

 

 

SIGNATURE OF PERSON OBTAINING CONSENT 

 

______________________________________ ______________________ 

Name of Person Obtaining Consent   Contact Number 

 

______________________________________ ______________________ 

Signature of Person Obtaining Consent   Date 

 

 

mailto:participants@research.ucla.edu
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Appendix E. Screening Form 

 

 

Date Screening Started  _________________________ 

Date Screening Completed  _________________________ 

 

Inclusion / Exclusion Inclusion 

Criteria 

Met 

(Yes or No) 

Exclusion 

Criteria Met 

(Yes or No) 

Information 

obtained from 

Parent / health 

record 

Initials of 

Screener 

Child is between 5 -10 

years old 

    

BMI = 5th percentile or 

< 85th percentile 

    

BMI ≥ 85th percentile     

BMI ≥ 95th percentile     

Has no history or 

current diagnosis of 

type 1 or type 2 

diabetes 

    

No antibiotics or 

corticosteroid treatment 

one month prior to the 

study and during the 

study 

    

No significant 

comorbidities such as 

acute infection or 

chronic disease 

    

No hospitalization in 

the last month prior to 

the study 

    

No significant 

comorbidities such as 

acute infection or 

chronic disease 

    

 

 

_____________________________   ____________________________ 

IRB Approved Screener (print name)   IRB Approved Screener (signature) 

 

 

 



 

 

133 

Appendix F. Study Information Sheet 

Finding the Gut Microbiome Connection to the Risk of Childhood Obesity Through the 

Examination of Microbiota Composition Among School Children in Los Angeles 

 

Project Summary: 

The overall goal is to determine whether an altered gut microbiota composition is associated with 

childhood obesity and whether dietary factors influence an altered gut microbiota composition. 

 

Specific Aims: 

1) Evaluate the impact of child obesity status on three related outcomes: gut microbiota 

composition, Firmicutes: Bacteroidetes (F:B) ratio, and abundance of primary short-chain fatty 

acids producing gut microbes between obese and non-obese school children.  

2) Compare the dietary habits and intakes between obese and non-obese school children; and  

3) Evaluate the association of Body Mass Index differences with gut microbiota composition in 

obese and non-obese schoolchildren.  

 

Study Design: 

This pilot study will use a correlational, cross-sectional design. 

 

Subjects: 

21 Overweight or obese children  

21 Lean children 

 

Inclusion/Exclusion Criteria: 

1) children aged 5 – 10 years 

2) English speaking 

3) no history or current diagnosis of type 1 or type 2 diabetes 

4) children with BMI ≥ 85th percentile for same age and gender 

5) children with BMI ≥ 95th percentile for same age and gender 

6) children with BMI = 5th percentile or < 85th percentile for same age and gender 

7) No corticosteroid and antibiotic use in the last month before the study 

8) No hospitalization in the last month before study and during the study 

9) No significant comorbidities such as acute infection or chronic disease 

 

Subject Payment: $50 Visa gift card upon completion of all study measures 

 

If you have questions or potential subjects to refer to, please contact: 

Cecille Marie Basilio, MSN, RN, PHN 

Doctoral Candidate, UCLA, and School RN, LAUSD 

Phone: 310-770-3653 Email: cbasilio1114@g.ucla.edu 
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Appendix G. Child Assent 

 

UNIVERSITY OF CALIFORNIA LOS ANGELES 

  

ASSENT TO PARTICIPATE IN RESEARCH 

 

Finding the Gut Microbiome Connection to the Risk of Childhood Obesity through an 

Examination of the Gut Microbiota among School Children in Los Angeles, California 

 

 

1. My name is Cecille Marie Basilio. 

 

2. We are asking you to participate in a research study because we are trying to learn more about 

how the bacteria in your stomach affect your weight and health and how the foods you eat 

affect these bacteria in your gut. 

 

3. Three things will happen if you agree to participate in this study. First, I will take your height 

and weight at school. Second, I will call your parents on three different days to tell them the 

foods you ate on those days. The last thing will be for your mom or dad to get a bit of your 

stool after you do number two because that is how we can study the bacteria in your stomach.  

 

4. You have a small risk if you participate in the study. The small risk to you will be a breach of 

confidentiality, which means telling someone information we have collected about you. When 

you participate in the study, we will try not to break that confidentiality. So, we have security 

plans in place to protect your privacy.  For example, your identity will not be directly connected 

to the data we collect about you because we will not use your name or other information to 

identify you. Instead, we will assign you an identification number as a study participant. All 

the information we collect about you will remain confidential and kept in a locked file cabinet.  

 

5. The anticipated benefits of participating in the study include increasing knowledge about how 

foods affect one's body and health and improving support for obesity screening and prevention.  

 

6. Please discuss this with your parents before deciding whether to participate. We will also ask 

your parents to permit you to participate in this study. But even if your parents say “yes,” you 

can still decide not to do this.   

 

7. If you don’t want to be in this study, you don’t have to participate. Remember, being in this 

study is up to you, and no one will be upset if you don’t want to participate or even if you 

change your mind later and want to stop. Being in this study will not affect your grades, 

relationship with the school, or other benefits to which you may otherwise be entitled. 

 

8. You can ask any questions that you have about the study. If you have a question later that you 

didn’t think of now, call me at 310-770-3653 or ask me next time.  
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9. Signing your name at the bottom means agreeing to be in this study. You and your parents will 

be given a copy of this form after you have signed it. 

 

 

 

________________________________________      ____________________ 

Name of Subject      Date 
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Appendix H. Calculation of the Daily Gut Microbiota 

Friendliness Score (DGMFS) (Dr. William McCarthy) 

To calculate gut microbiota-friendliness of daily food intake using ASA24 output, do the 

following: 

 

Grain-friendliness = 0 to target(5 oz. max) / (5 oz) [score range from 0 to 1.0] 

 

fruit-friendliness = 0 to target (1.5 cups max) / (1.5 cups) [score range from 0 to 1.0] 

 

dark green vegetable friendliness = 0 to target (0.5 cups max) / (0.5 cups) [score range fr 0 to 

1.0] 

 

red-orange vegetable friendliness = 0 to target (0.5 cups max) / (0.5 cups) [score range fr 0 to 

1.0] 

 

other vegetable friendliness = 0 to target (0.5 cups max) / (0.5 cups) [score range from 0 to 1.0] 

 

plant protein-friendliness = 0 to target (4 oz. max of plant protein only*) / (4 oz.) [ score range 

from 0 to 1.0] 

 

*plant protein = vegetable legumes + protein legumes + seeds + nuts 

 

Pro-inflammatory components that undermine gut microbiota friendliness of the above: 

Sugar-unfriendliness = eaten (g) / limit (g) [value is under 1.0 when healthy, over 1.0 when 

unhealthy] 

Saturated fat-unfriendliness = eaten (g) /limit (g) [value is under 1.0 when healthy, over 1.0 when 

unhealthy] 

Overall gut microbiota friendliness of food score: 

(grain-friendliness + fruit-friendliness + dark green vegetable friendliness + red-orange vegetable 

friendliness + other vegetable friendliness + plant protein friendliness ) / (sugar-unfriendliness + 

saturated fat-unfriendliness) 

 

This example: ((0.8/5.0 + 0.9/1.5 + 0.0/0.5 + 0.2/0.5 + 0.0/0.5 + (0.5 + 7.6 = max 4.0)/4.0)) / 

((29/35) + (39/16)) =          (   0.16    +   0.6      +  0.0       +    0.4     +    0.0      +   1.0 )   /   (0.83 

+ 2.44) = 2.16 / 3.27 = 0.66. 

 

Note. A daily food gut microbiota friendliness score of 0.66 is not impressive and is likely to be 

associated with obesity. 
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