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ABSTRACT  

Dissertation Title: Individual, Caregiver, and Family Characteristics Associated with 

Obesity in Preschool-Age Children 

Zahra Rahmaty, Doctor of Philosophy, 2021 

Dissertation Directed by: Mary E. Johantgen, PhD, RN, Faculty of School of Nursing  

Background and Objectives: Eating habits start from early childhood and may 

contribute to the development of obesity. Food neophobia (FN) occurs among 50% of 

preschoolers and has shown inconsistent associations with obesity. Caregiver feeding 

practices (FPs) influence eating habits but have limited evidence about how they 

employ together and how they associate with childhood obesity. The first paper 

examines the relationship between FN and preschooler's obesity/overweight. The 

second paper assesses patterns of FPs and their associated factors. The third paper 

examines how the patterns of FP relate to preschoolers' Body Mass Index (BMIz), an 

objective measure of obesity.  

Method: Data from the Creating Healthy Habits Among Maryland Preschoolers 

(CHAMP) study including preschoolers (N=500) and caregivers from 50 Maryland 

childcare centers were examined. Children's weight and height were measured, and 

BMI percentile and z-score were calculated. Caregivers reported demographics, 

weight and height, FN, FPs, child temperament via an online survey. Mixed models, 

factor analysis, latent profile analysis, and structural equation models were used.  

Results: A quarter of children were obese/overweight; caregiver-reported FN was not 

associated with preschoolers' obesity/overweight, although children were more likely 

to be obese/overweight if their caregiver was overweight (aOR=2.6) or obese 

(aOR=3.9). Three patterns of FP were found. Controlling class had high coercive 

control and low autonomy practices (69%), Regulating class had high coercive 



 

control, but moderate structural and autonomy practices (16%), and Balancing class 

were moderate in all practices (15%). Caregivers who desired their child to be heavier 

(aOR=0.40, 95%CI=0.22-0.72), had higher poverty levels (aOR=0.80, 95%CI=0.65-

0.98), were single (aOR=0.38, 95% CI=0.18-0.80), and were less likely to be in the 

Balanced versus Controlling class. Children’s difficult temperament (b=0.09, 

p=0.008), caregiver’s BMI (b= 0.26, p<0.001), desire for the child to be thinner 

(b=0.23, p<0.001), desire for child to be heavier (b=-0.37, p<0.001), and Regulating 

versus Controlling FP (b=-0.09, p=0.03) were associated with child BMIz.  

Conclusion: Childhood obesity is a multifactorial phenomenon, with interactive 

effects among the child, family, and environment. FP are associated with 

preschooler’s weight and should be assessed comprehensively. Caregivers’ 

perceptions of child size and temperament may also provide insight into FP and 

obesity.    
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Chapter 1: Introduction 

 1.1. Overview and Aims 

Obesity in children is a serious public health issue that increases the risk of 

anxiety and depression, as well as the risk of non-communicable chronic diseases, 

including cardiovascular disorders and diabetes 1. In 2016, across the globe, more 

than 41 million children under five years of age were obese 2. Early childhood is a 

critical stage when eating habits are shaped and the development of obesity starts. 

Despite multifaceted efforts to address obesity over the last two decades, the 

prevalence of obesity in US preschoolers is still high 3. Childhood obesity is a 

complex multifactorial phenomenon, with multiple interactive effects among the child 

(intrapersonal), family (interpersonal), institution, community, and social levels 4, as 

reflected in the Bioecological Theory of Human Development 5.  

One of the important traits in preschooler's obesity and diet quality research is 

food neophobia. Food neophobia (FN) is defined as unwillingness, fear, or hesitation 

to try unfamiliar, new, or novel foods 6 7; it starts when children are being introduced 

to solid foods and peaks at 2 to 5 years old 8.  It is associated with children's low 

adherence to the recommended dietary guidelines 9 10 and affects dietary habits that 

may carry into adulthood 11. FN occurs among up to 50% of preschoolers, restricting 

their diets and limiting the variety of food they consume; it may resolve by repeated 

presentations of new foods 12. Persistent FN is associated with lower child-eating 

compliance 13, lower fruit, vegetables, and protein consumption 14 15 16 17, higher 

inhibited behaviors 15, and a higher proportion of daily energy intake from 

discretionary foods as parents appease their children 16. However, FN has been 

inconsistently associated with pediatric obesity 16 18. 
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Childhood obesity reduction efforts also address parent/caregivers' feeding 

practices - modifiable factors that limit or facilitate types and amount of food offered 

to children 19 20 21. Caregiver feeding practices are influenced by social, cultural, and 

economic considerations 22 23, as well as caregivers' perception of their child's weight 

and temperament 24 25. Moreover, feeding practices may be employed simultaneously, 

thus influencing each other. While feeding practices have been categorized into 

twelve groups by Musher-Eisenman and colleagues based on the similarity of the 

behaviors 21 most research has examined only a few of these practices (i.e., restriction 

of food, using food as reward) and usually only their associations with adiposity 26. 

Furthermore, some practices have shown an inconsistent association with obesity, 26 22 

with no evidence of how caregiver feeding practices may be employed together, 

particularly in relation to childhood obesity.   

Other inter-intra-personal, family, and social characteristics have been 

associated with child's health and weight (e.g., child sex, race, age, family's economic 

status, and education level). However, the direction of their associations has been 

inconsistent 27 28. This inconsistency may be due to differences in study samples, 

measures, analytical approaches, or not taking important characteristics and social 

determinants of health into account 29 27. For example, controlling income, education, 

and occupation, race, and sex at the same time have been recognized as essential in 

childhood obesity studies 30 29 31.  Few studies examined the mutual association of 

child and family characteristics on feeding practices, especially in preschoolers. Sex, 

race, and family socioeconomic status may change the direction and strength of the 

association between feeding practices and childhood obesity. However, they have 

been examined only in a few studies that did not include most feeding practices  22 23 

32. Samples with diverse ethnic and socioeconomic backgrounds are needed so that 



3 
 

variation among subgroups can be better examined. This will help researchers in 

designing targeted obesity prevention programs 22 since intervention programs may 

work differently in subgroups 33.  

Our study took advantage of data from a large and diverse sample of 

preschoolers and caregivers, collected from 50 childcare centers 34. Statistical 

approaches that can handle measurement error, missing values, non-normality, and 

the complexity of the sampling design, including Generalized Linear Models (GLM), 

Latent Profile Analysis (LPA), Structural Equation Modeling (SEM) are used to 

accomplish the following aims: 

1) To determine if child food neophobia relates to child obesity/overweight status 

in preschoolers while controlling for child and family factors. 

2) To explore if caregiver's race and child's sex moderate the relationship 

between child food neophobia and obesity/overweight status. 

3) To assess the patterns of caregivers' feeding practices and heterogeneity 

among caregivers in feeding practices.  

4) To examine if child, caregiver, and family characteristics are associated with 

caregivers' feeding practices classes.  

5) To determine how feeding practices patterns/profiles relate to child Body 

Mass Index z-score (BMIz) and whether child's diet is the mechanism.  

6) To determine if the associations between caregivers' feeding practices' patterns 

and child's BMIz vary by child sex, caregiver's race, education, and family's 

poverty level and food insecurity.  

This study responds to the high prevalence of obesity in the US and how its 

development may start early in life. Since eating patterns are established early in life, 
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child food neophobia and caregivers' feeding practices can be important correlates of 

the type and amount of food children eat. This study contributes to the understanding 

of the association of FN with childhood obesity, patterns of FP, characteristics 

associated with the patterns, and the association of the FP's patterns with child's BMI. 

Findings provide evidence to develop obesity prevention interventions that can be 

targeted for specific subgroups.  

1.2. Childhood Obesity 

Childhood obesity is one of the most serious public health issues in the 21st 

century 2. Early childhood is a critical stage when eating habits are shaped, and the 

development of obesity starts. Obesity increases the risk of psychological issues, 

including anxiety and depression in children 1. Childhood obesity often persists into 

adulthood, and it is associated with an increased risk of chronic diseases, including 

cardiovascular disorders, diabetes, asthma, and musculoskeletal problems 3 35.  Adults 

with obesity are 2.5 times more likely to have high cholesterol and forty times more 

likely to have cardiovascular risk factors 35 36.  

In 2016, across the globe, more than 41 million children under five years of 

age were obese 2. In the US, one in eight preschoolers is obese among low-income 

families and each obese child has a $19000 higher lifetime medical cost compared to 

a normal-weight child 37 38.  

Obesity and overweight have been defined based on the World Health 

Organization (WHO) and the United States Center for Disease Control (CDC) using 

age- and sex-specific charts. Overweight is defined as Body Mass Index (BMI) 

percentile between 85 to 95 based on the CDC chart, or BMI z-score between +1 to 
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+2 Standard Deviations (SD) of the WHO chart. Obesity is defined as BMI percentile 

greater than 95 based on the CDC chart, or BMI z-score of greater than +2 SD of the 

WHO chart 27 28 29 30 39 40 41 42. Severe obesity is defined as a BMI of more than 1.2 

times the 95th percentile of the WHO chart 30. Studies either use a standard method to 

objectively measure children's weight and height, or they use parent-reported height 

and weight; then, children's BMI is calculated (weight in kg/ height square in m2).  

1.3. Childhood Obesity Correlates Using Theoretical Frameworks 

Childhood obesity is multifactorial and complex, so examining characteristics 

associated with it is aided by a theoretical framework. Common theoretical 

frameworks to examine multifactorial phenomena are the Social Ecological Model 

(SEM) and the Bioecological Theory of Human Development (BEM) (Figure 1.1). 

These models were developed to advance the research into the dynamic interrelations 

among individuals and their environment. The Bioecological Model (BEM) of human 

development emphasizes the bi-directional influences of the person and the 

environment 5.  

 The levels of the SEM (or BEM) provide a framework to review the 

childhood obesity literature. Based on SEM, there are many concentric circles of 

associates around a child. These layers influence each other; the child is in the center 

with specific genes, personality traits, temperament, FN trait, sex, health status, race, 

skills, diet, and physical activity, which all can affect childhood obesity. Individual 

behaviors and the more recent child genome cannot fully explain the obesity epidemic 

30. For example, all the 15 discovered loci related to obesity in the human genome 

could only explain 2% of obesity variance 30. Much evidence shows that there are 

interrelated variables in each layer of the SEM, which increase the risk of obesity 30.  
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The first layer around the child is the interpersonal level, which includes the 

interaction of the child with people at home, school, daycare, and the child's peer 

group 43. The intrapersonal level has been the main focus of researchers considering 

that direct interaction with these people affects the child by shaping her/his social 

identity, norms, habits, and knowledge 27 43. Parents' weight status, race, education, 

feeding practices, and perception of child size are important in this layer 34 44 45.  

 

Figure 1.1. Factors Affecting Childhood Obesity Adapted from The Biological 

Theory of Human Development and Social-Ecological Model 
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The next layer, the institutional, is the closest environment that the child lives 

and participates in and connects with other institutions. For example, the house 

environment or daycare environment sets the child's dietary environment, availability 

of food 46, and expectations for physical activity 29 47 43.  

The next layer, community, is the environment that does not have direct 

interaction with the child but affects her/him indirectly. This level includes all of the 

amenities, rules, and norms in a community and their close neighborhood 43, which 

influences the child, as well as  her/his early fetal exposure while the exposed 

pregnant mother is in this environment 39. Area deprivation, crime rate, street 

connectivity, transportation, recreation centers, groceries, green space, fast food, 

norms of dietary practices and normal weight,  physical activity, social capital, and 

the quality and quantity of network around the family are examples of factors in this 

layer that may influence childhood obesity 41 48.  

The last layer, social level, is the farthest environment, places, and people that 

influence the child, including culture, politics, beliefs and ideas, and the economic 

situation that the child lives in 47. These factors influence the belief systems, 

traditions, heritage, religion, priorities, lifestyle, and body image of people, which 

may also influence their weight status 47 43 49.  

1.3.1. Food Neophobia (FN) 

FN has been  associated with children's diet quality and their low adherence to 

the recommended dietary guidelines 9 11 . FN is defined as unwillingness, fear, or 

hesitation to try unfamiliar, new, or novel foods 6 7 10. It happens even before testing 
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new foods. It can be symbolized very well with the following sentence "I don't like it, 

I've never tried it" 50. 

FN was conceptualized first by Pliner, 1992 as a continuum of a personality 

trait. At one end of the continuum, people are not particular about what they eat, they 

constantly sample, trust, and try new foods. On the other end of the continuum, people 

are very particular about what they eat. They are afraid and do not trust or try any new 

or unfamiliar food, and they  want to know exactly what is in their food 51. 

A large portion of the variance in FN has been reported to be linked to the 

genetic and shared environment 13. FN occurs among up to 50% of preschoolers 12, 

starts when children are being introduced to solid foods, peaks at age 2 to 5, and then 

decreases from there until older adult age 8. FN may change during development and 

aging, improving, or worsening based on a person's experience during life.  

FN has been associated with children's diet, limiting the variety of food they 

consume 11 and consequently may affect children’s current and future health 15. 

Studies have shown that persistent FN is associated with lower child eating-

compliance 13, lower fruit, vegetables, and protein consumption 14 15 16 17, higher 

inhibited behaviors 15, and a higher proportion of daily energy intake from 

discretionary foods as parent appease their children 16. Although the effect of FN on 

children's diet has been shown in many studies, the association of FN and childhood 

obesity has been inconsistent 16 18. One study could not show any correlation between 

FN and child Body Mass Index and body fat 18; another has shown that food 

neophobic children are prone to gain weight 52. Outcomes other than weight have 

been examined in relation to FN as well. FN has been associated with consumption of 

fewer calories 14 and a higher proportion of daily energy intake from discretionary 
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foods 16 15. These differences may be due to the cross-sectional nature of these studies. 

Additionally, FN may take time to affect children's' weight status. Another limitation 

is that FN has been operationalized in many ways by researchers. Several 

measurement tools have been developed and used in various populations to capture 

FN from different perspectives. Some studies have used questionnaires, and others 

have quantified FN by observing children while eating familiar and non-familiar 

foods. Some of the questionnaires have been self-reported, and some proxy- or parent-

reported. A parent-reported questionnaire has been considered as a more reliable way 

to collect information about younger children 53. Table 1 in the Appendix summarizes 

these measures. 

The Child Food Neophobia Scale (CFNS) is the most popular instrument for 

measuring child FN and has been used in several studies 15 17 52 54 55. This scale was 

derived from the Food Neophobia Scale (FNS) that assesses FN in adults. Contrary to 

other  instruments that were conceptualizing FN as a state of behavior, the FNS 

evaluated people's traits and personality toward foods 51. Later in 1994, Pliner 

conducted a study to develop a norm-reference, parent-reported measurement to study 

FN in children, the CFNS 12.  

Seven studies that used the CFNS were examined in greater detail (Table 2 in 

the Appendix). The sample of these studies were children age 1 to 7 from US, 

Australia, Norway, Portugal, and Saudi Arabia. All the studies were cross-sectional. 

Most of the studies investigated the relationship between CFNS scores and 

consumption of fruit and vegetables in children 18 14 16 17, or consumption of protein, 

meat, and fish. They hypothesized that higher food neophobic children consume less 

of these foods  14 16 17.  
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1.3.2. Feeding Practices (FP) 

Caregivers' feeding practices, part of the BEM interpersonal level, are 

modifiable factors that relate to children's eating behaviors and adiposity 20. These 

practices are shaped by many factors including caregivers' concern about children's 

needs, culture, food availability, children's behavior, temperament, health, etc. 56. FP 

are tangible behaviors that can be changed easier than feeding styles (refer to the 

emotional climate of parent-child interactions in feeding situations: authoritarian, 

authoritative, indulgent, and uninvolved) 20 57, and parenting style 20, which makes 

them a good target for obesity prevention programs.  

FPs have been categorized into twelve groups by Musher-Eisenmann 

including behaviors related to monitoring children's foods, using food as emotional 

regulation or reward, acting as modeling for healthy eating, restricting total food 

intake, restricting unhealthy and sweet foods, teaching nutrition (didactic techniques), 

encouraging balance of variety of food, pressuring to eat more, making healthy 

environment by making healthy food available, involving children in meal planning 

and preparation, and allowing children in total control of what they want to eat 21. 

Vaughn and colleagues (2016) divided FPs conceptually into three broader categories: 

coercive control, structure, and autonomy practices 32. Coercive practices include 

practices that restrict, use pressure, threat, bribe, or using food to control negative 

behaviors. Structure practices include practices that use rules and limitations without 

force, such as monitoring, unstructured practices, making meals and snack routines, 

modeling for healthy eating, working on food availability and accessibility, and 

involving children in food preparation. Autonomy practices involve practices that 

teach children and empower them in choosing and preparing foods, including 
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nutrition education, child involvement, encouragement, praising child for healthy 

eating, and using reasoning and negotiation 32. Vaughn developed these categories 

based on similarities between practices. However, they have not been tested 

empirically.  

Most studies examining the association of FP and child obesity have been 

cross-sectional and focused on selected caregivers' FP (i.e., restriction of foods, using 

food as reward, or pressure to eat).  Restriction of food and pressure to eat, 

respectively, have shown a positive and negative relationship with childhood obesity 

in most studies. Other FP have either not been included in studies or have not shown 

any association with obesity as shown in a systematic review 22 26. For example, 

monitoring child food showed a negative relation with obesity in some studies but not 

in other studies, as discussed in a systematic review 22. There is a lack of studies that 

investigate modeling, and food as emotional regulation practices 22. Also, studies used 

different terminologies and different categories for FP, making it difficult to compare 

results  22 32. Based on our knowledge, no study has investigated FP simultaneously to 

see how they are implemented together by caregivers, nor if there is heterogeneity 

among caregivers based on combination of practices they use.  

It is important to know how the emergent heterogeneities relate to child's 

weight and if the relations vary in different subpopulations. Testing how sex, race, 

and economic status influences the association of FP and child's weight has also been 

identified as a deficit in a systematic review 22. Few studies have investigated the 

moderation effects of these characteristics on feeding practices, and even those studies 

that did focused on limited practices, including restriction and pressure to eat 

practices 32.  
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1.3.3. Parent Perception of Child Size and FP 

Although FPs may influence a child's weight, this relationship is bidirectional, 

and a child's weight may also affect caregiver's feeding practices. Caregiver's 

perception of child size and growth may influence caregivers to change or modify 

their environment and behavior 58. Caregivers have an image of an ideal size for their 

child in their mind. The difference between this image and the child current size can 

shape caregiver's satisfaction/dissatisfaction with child size. Figure silhouettes of 4-

year-old children have been shown to be a good measure for capturing parent 

perception of child size. Findings from parent perceptions have been validated with 

CDC age and gender-specific charts using child height and weight measures, 

supporting good validity and reliability in preschoolers 34 59.  

1.3.4. Child Temperament and FP 

While parents' FP affect children's eating and health outcomes, child 

behaviors, emotions, and reactions can potentially affect parents' behaviors in a 

reciprocal relationship. Child temperament specifically child executive functioning is 

how children use information, act, and use objects to achieve their daily life goals. 

Three categories of behaviors form children's general temperament or executive 

functioning include inhibitory self-control behaviors, flexibility, and emergent 

metacognition 60. Inhibitory self-control behaviors are all appropriate inhibitory 

behaviors by a child to control emotions, actions, and responses in a good manner. 

Flexibility reflects behaviors that a child shows in response to other people's reactions 

or environmental demands to regulate his/her behavior, emotions, and reactions. 

Emergent metacognition are behaviors that show the child higher-level developmental 

skills when the child initiates actions, plans for it, organize things, or implement the 

plan, which shows the child's problem-solving ability and self-management of her/his 
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behaviors, emotions, and reactions 61. A systematic review of associations among 

child temperament, feeding practices, and BMI in preschoolers found a link between 

child temperament and BMI. The review called for studies on preschoolers, as they 

found most of the studies focusing on infants 62. A longitudinal study on 6 months to 

11-year-old children also showed that school age children with difficult temperaments 

have a higher risk of becoming overweight and obese 63. 

1.3.5. Social Determinants of Health 

In considering levels of factors influencing childhood obesity, Social 

Determinants of Health (SDOH) are also important to consider. SDOH are conditions 

in place where people live, work, or spend most of their time, which affects their 

health and their quality of life 64.  Five key areas of SDOH are outlined by the Center 

for Disease Control: access and quality of available healthcare; access and quality of 

education; social and community context; economic stability; and the neighborhood 

and built environment. Others mentioned income, education, employment, gender, 

race, early life experiences, food insecurity, housing, social exclusion status, working 

condition, health services, social safety net, being Aboriginal, and having disability as 

SDOH 65. It has been claimed that social determinants influence people's health even 

more than lifestyle choices. Yet, many studies examining health outcomes do not 

consider them, which results in inaccurate findings 65 66. Furthermore, there are 

complex interactions among SDOH and lifestyle.  For example, people influenced by 

social determinants may have feelings of anxiety and helplessness for changing their 

lifestyles, spend more energy on the extra physical and psychological stressors, and 

may adopt unhealthy coping mechanisms like overeating carbohydrates 65.  
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A scoping literature review was conducted to explore recent studies on social 

determinants of childhood obesity (see studies summarized in Table 3 in the 

Appendix). Eight studies are reviewed, mostly from 2020; three are cross-sectional, 

two are systematic reviews, and three are longitudinal studies. The age range of 

children in the studies is full-term newborns to 17 years old. Most of the studies have 

a large sample size and are from the US and China.  

SDOH are measured differently in childhood obesity studies. Some include a 

few determinants 42 and others examined them with a more comprehensive framework 

27 41. One study assessed family-level SDOH 27 and the other community-level SDOH 

41. Variables that have been assessed throughout literature include: demographics like 

sex, age, race, ethnicity, and culture; family structure like marital status and number 

of siblings; family socioeconomic status like parent education, occupation, income, 

poverty level, and household per capita income; and community characteristics like 

socioeconomic deprivation of the neighborhood, residential density, the proportion of 

mixed-used building, greenness, street connectivity, and pedestrian access to services.  

Income, one of the common social determinants, influences living conditions 

of people, their health-related behaviors, diet quality, and physical activity, type of 

leisure activities, and their level of stress. Income can also be a precursor of other 

social determinants like food insecurity, housing quality, and education 65. 

Associations between family income with childhood obesity have been inconsistent 14 

29 40. Some studies could not find any association between economic status with 

obesity in children 39 67, while others found higher-income is associated with lower 

obesity 68. On the other hand, a Chinese study showed the opposite result 29, and they 

claimed it might be due to lower affordability of energy-dense foods in China, or a 
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more sedentary lifestyle in high-income families 29. When researchers examined 

socioeconomic status as a neighborhood factor, socioeconomically deprived areas had 

a higher prevalence of obesity 41.  

Education is positively associated with people's health, which can be related to 

higher knowledge of a healthier lifestyle or having better living conditions 65. 

Education has not shown a consistent relationship with childhood obesity. Lower 

parents' education level was shown to be associated with higher obesity in children in 

some studies 40 41, while this relationship was reversed in a Chinese study 29. 

Employment is an important SDH as it affects income, available resources, and stress 

level 65. Some literature suggests maternal employment is associated with children's 

obesity 69.  

The income, occupation and education-obesity relationships were inconsistent 

in a systematic review; authors suggested that their influence should be studied 

simultaneously to obtain valid results 27. While in a study examining education, 

occupation and income from 1998 to 2010, obesity prevalence increased in the lower 

socioeconomic status quartile while decreased for higher socioeconomic quantile 42. 

Gender can also be considered associated with SHD.  Women are more 

susceptible to lower social safety net situations, and this may be particularly evident 

for single mothers. On the other hand, men are prone to have more unhealthy 

behaviors 65. In terms of sex differences in childhood obesity, some studies show that 

obesity is higher in boys  29 67. In contrast, in other studies, girls show higher obesity 

70 and lower engagement in out of school physical activities 71. Boys identified as 

non-Hispanic whites, Asians and other non-Hispanic show higher weight status, while 

non-Hispanic black girls show higher weight status than their boy counterparts 30. 
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This sex disparity gets wider in older kids and higher-income families in the Chinese 

study 29 30. With regard to childhood obesity, younger children have shown lower 

weight status 29 30, so age should be included in childhood obesity studies 67. Being a 

child in a single-parent family was associated with higher weight status in children in 

one study 67, while the other study could not show this association 39. Also, children 

with more siblings have shown lower obesity in a study 27.  

Minorities and immigrants are hit harder by income inequity, and poverty. The 

concentration of urban low-income people of color is linked to many health issues in 

the US 65. Cultural differences influence children's vulnerability to varying risk 

factors 72 and may influence children's susceptibility to the adverse health outcomes. 

The cultural context influences children by the type of interaction they have, the tasks 

they are assigned, the values they experience and the type of resources that they have 

access to 72. All of these can influence children's obesity and diet quality. Race has 

been shown to be associated with childhood obesity, with a higher prevalence of 

obesity among non-Hispanic blacks, Hispanics, and multiracial children 3 30 67 73. 

Also, Hispanic blacks have shown an increased prevalence of obesity during the last 

decade 42. However, another US study did not find any difference between African 

Americans and Caucasian children 39. However, the limitations of using self-identified 

race as a proxy for social conditions must be acknowledged. 

Food insecurity is defined as not being able to access good quantity or quality 

of food, a real barrier to get enough nutrients 65. Food insecurity is linked to lower 

consumption of fruits, vegetables, dairy, and higher stress, and poor general health 65 

but it has not shown a consistent result in regard to association with childhood obesity 

46 74.  
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Environmental or community-level factors are other group-level social 

determinants examined in the literature. A higher number of available amenities (e.g., 

walking paths, parks or playgrounds, recreation centers, community centers, clubs, 

libraries, and bookmobile) in a neighborhood was associated with lower obesity in 

children 40. Obesity hotspots were detected in a study; in some neighborhoods, the 

prevalence of obesity was higher than others 41. Higher neighborhood deprivation and 

pedestrian access to fast food at a 400-meter distance were also two significant 

neighborhood determinants of childhood obesity 41. 

In summary, the most mentioned determinants of childhood obesity in this 

scoping review were children's sex, race, age, family's economic and education status. 

Considering that there is covariation among these determinants, research should 

consider them simultaneously. The intersection of children's sex, race, age, and 

economic status may also change result of studies 29 30.   

Most social determinants had inconsistent associations with childhood obesity 

in the literature. They mostly were significantly related to obesity, but whether they 

decrease or increase obesity status has been inconsistent 27 29. Even separating studies 

based on developed and developing countries did not help researchers to find a 

consistent association between some social determinants and childhood obesity 29. In 

addition to studying different factors associated with childhood obesity, 

methodological differences were apparent. Self-report was common. For example, 

using self-reported BMI may increase the measurement error 41. More studies with a 

holistic framework and robust statistical approaches are needed to better understand 

the association of social determinants with childhood obesity.  
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1.4. Aims and Hypothesized Relationships 

Aim 1: To determine if child food neophobia relates to obesity/overweight 

status in preschoolers while controlling for child and family factors. It is hypothesized 

that FN is associated with childhood obesity. 

Aim 2: To explore if race and sex of children moderate the relationship 

between FN and obesity/overweight status. It is hypothesized that the association of 

FN with childhood obesity is moderated by race and sex.  

Aim 3: To assess the patterns of caregivers' feeding practices and to examine 

the heterogeneity among caregivers in feeding practices. It is hypothesized that 

caregivers employ clusters of feeding practices and can be categorized based on them.  

Aim 4: To examine if child’s sex, race, age, temperament, caregiver education, 

perception of child size, and family economic status are associated with caregivers' 

feeding practices' patterns. It is hypothesized that child, caregiver and family 

characteristics influence feeding practices.  

Aim 5: To determine how feeding practices' patterns relate to child BMIz, and 

if significant, whether diet is the mechanism. It is hypothesized that FPs are 

associated with child's BMIz, and this association is partially mediated by diet in 

children. 

Aim 6: To determine if the associations between caregivers' feeding practices' 

patterns and child's BMIz vary by child sex, caregiver's race, education, and family's 

poverty level and food insecurity. It is hypothesized that the direction and strength of 

the association vary based on child, caregiver, and family characteristics. 
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1.5. Significance 

The study is a response to the high prevalence of obesity in the US, despite 

multifaceted efforts to address obesity over the last two decades 3. A better 

understanding of the complex factors contributing to obesity development in children 

may help to inform the obesity problem in early childhood. Ultimately,  reducing the 

obesity epidemic and its associated lifelong health consequences is the goal 75. 

Understanding caregiver feeding practices, and food neophobia, in particular, have the 

potential to be associated with the development of obesity by influencing the type and 

amount of food that children eat 26 76. This study builds upon the knowledge of the 

caregiver FPs that have been conceptually developed  32. Furthermore, the 

heterogeneity of multiple FPs is explored using a conceptual and a data-driven 

approach, which shows how FP are being performed together.  

The second area of significance is the examination of SDH. Important social 

determinants (education, poverty level, food insecurity, race, sex) have been 

significantly associated with childhood obesity, but findings of whether they decrease 

or increase obesity have not been consistent 27 28 29.  Income, poverty level, and 

education examined simultaneously, as well as race and sex are important in 

childhood obesity studies, yet not all the studies have included them30 29 31. In this 

study, all these important social determinants are considered.  

More studies with a holistic framework and robust statistical and research 

methodologies are needed to determine the association of social determinants with 

childhood obesity. The current study filled the previously mentioned gaps with a 

holistic framework and leveraged access to a large and diverse sample to investigate 

the complex relationships among parent-reported child food neophobia, caregiver's 
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feeding practices, social determinants, and child's weight, and potential mechanism of 

these associations.  

Another contribution of this study is the use of advanced statistical 

approaches. The first paper uses Generalized Linear Mixed Models (GLMM) to find 

the association of FN with child's weight status. The second paper uses latent profile 

analysis (LPA) to assess the patterns of feeding behavior. The third paper uses 

Structural Equation Modeling (SEM) with multiple equations in the same model. 

SEM handles measurement errors, non-normality, and missingness very well. It also 

allows the examination of all variables, their interactions, and nonlinear relations in 

one model simultaneously, which can account for their complex influences on each 

other.  

Finding the SDH association with childhood obesity as Yusuf and colleagues 

mention have "national and global implications relating to racial/ethnic disparities, 

population-based policy development, funding allocation, and prevention of obesity in 

childhood and subsequently in adulthood" 40. Findings provide evidence to develop 

obesity reduction interventions that can be targeted for specific subgroups of 

caregivers 77.  

1.6. Methods 

1.6.1. Data Source, Sample, Setting  

Cross-sectional designs were used at baseline data from the Creating Healthy 

Habits Among Maryland Preschoolers (CHAMP) study [Grant number R01 

DK107761; PI: M. Black]. CHAMP, a 3-arm cluster randomized-control trial was 

designed to evaluate the impact of interventions designed to prevent obesity in 



21 
 

children. CHAMP collected data from 864 children age 3 to 5 years old from 54 

childcare centers in the state of Maryland for 3 time-points (baseline, six months, and 

one year). Childcare center inclusion criteria included being a certified center, 

receiving food vouchers or having less than $300 weekly charges 34, having children 

age 3-5 years old and being diverse in terms of race and sex. Data for the first cohort 

was collected from 2017 to 2018 (n=179) and from 2018 to 2019 for the second 

cohort (n=323).  

The current manuscripts include an analytic sample of children that had both 

anthropometric data and a completed food neophobia questionnaire for the first 

manuscript (chapter 2) and a completed feeding practice questionnaire by their 

caregiver for the second and third manuscripts (chapters 3 and 4). CHAMP baseline 

data were used as no intervention had been implemented that may influence 

relationships. The diverse sociodemographic sample of preschoolers and the quality 

of the assessment made the CHAMP data excellent data to use. 

1.6.2. Data Collection 

For recruiting the sample of children and caregivers in each center, one 

teacher played the role of liaison in both recruitment and implementation of the study. 

Liaisons distributed study flyers to caregivers and installed posters in their school. 

They received up to $50 for installing posters and recruiting up to 20 parents per 

center 34. Children's height and weight were measured by trained research assistants in 

triplicate, after at least two hours of training and one hour of booster training 34. 

Online questionnaires collected children's FN data, caregivers' FPs data, information 

related to children and caregivers' demographics (e.g., age, sex, race, education, 

employment, income, food insecurity), and caregivers' self-reported weight and height 
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34. Online questionnaires were distributed by a link sent to the caregiver's email 

address and phone number.  

1.6.3. Measures  

Child Factors  

Childhood Obesity. Body Mass Index (BMI) z-score and BMI percentile of 

children using the CDC 2000 sex-age specific dataset was calculated and categorized 

for some of the analysis78. In children, it is essential to consider age and sex as 

children grow at different trajectories. Body Mass Index in children was calculated by 

weight (kg) divided by the square of height (m) and comparing the BMI with other 

children in their age and sex group78. Weight of children was measured in triplicate 

after removing children's jackets, and shoes by TANIA BWB-800 digital scale, and 

the numbers were rounded to the nearest 0.1 kilograms. Height of children was 

measured in triplicate without shoes while both heels touched the wall. Height was 

measured using a stadiometer; numbers were rounded to the nearest 0.1 centimeters34. 

Child Food Neophobia. Child FN was assessed by the Child FN Scale (CFNS) 

through caregivers' survey response 12. CFNS consists of 10 items with responses on a 

6-point Likert scale ranging from disagree strongly to agree strongly. Sample items 

ask about child trust of new foods, which ask about if the child trust new foods if the 

child doesn't know what a new food is they will try it or not, if (s)he is afraid to eat 

things (s)he has never tried before, if the child is very particular about the things (s)he 

eats, or (s)he is constantly trying new and different foods 54. Scores of the 10 items are 

summed after reverse coding of five questions. Scores range from 0 to 60 with higher 

scores indicating higher food neophobia. CFNS has been used in many studies and 

shown to have adequate evidence of reliability and validity 13 17 54.  
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Child Diet. Child diet was measured by the Young Children Food and Drink 

Questionnaire. Items were related to the consumption of fruit, vegetables, processed 

meat, French fries, potato chips, fast foods, candy, chocolate, and soda. Response 

choices were 4 points Likert type scale. A higher score showed a lower consumption. 

There is no recommendation for summing scores of items 79. This questionnaire has 

shown acceptable validity, and the majority of items have shown good reliability for 

children age 2 to 5 years old79.  

Child Demographics. Child age was calculated by months from the date of 

birth, and sex was categorized as a girl or boy. Because other races were rare in the 

dataset, race was categorized as white vs. non-white.  

Child Temperament. Child temperament was captured by the preschooler's 

version of the parent-reported Behavior Rating Inventory of Executive Function 

(BRIEF) questionnaire. BRIEF captures five aspects of child temperament and  

executive functioning including inhibiting, shifting emotions, emotional control, 

working memory, and plan/organize 80. The scale was validated among US 

preschoolers and showed good reliability. For the construct validity, the correlation 

between the total score of all the executive functioning subscales and Behavior Rating 

Scale, r > 0.70, and ADHD Screening Scale, r > 0.80, were seen. Internal consistency 

was high, and the alpha reliability of all the subscales and the general score was 

reported between 0.80 to 0.97. All index subscores showed enough test-retest 

reliability, and for all of the indexes magnitude of the coefficient was higher than 

0.80, except the flexibility index that had a coefficient of 0.60 to 0.69 34 80 81. CHAMP 

collected data on two aspects, inhibitory and emotional controls which are related 

appropriate inhibitory behaviors by a child to control emotions, actions, and responses 

in a good manner, plus child responses to other people's reactions or environmental 
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demands to regulate his/her behavior, emotions, and reactions 80 82. Item responses 

were based on a three-point Likert frequency scale: never, sometimes, and often.  

Caregiver Factors 

Caregivers' Feeding Practices. The Comprehensive Feeding Practices 

Questionnaire (CFPQ) was used to assess caregivers' feeding practices. The CFPQ 

was constructed using a literature review and interviewing parents of children and has 

shown consistency for mothers, fathers, and multiple modes of survey administrations 

21. The CFPQ has been shown to have moderate reliability (Alpha= 0.58-0.81) and 

good convergent validity to caregivers' attitudes toward children's weight 34. CHAMP 

used the questionnaire with 48 items capturing the 12 groups of practices consisting 

of monitoring (4 items), emotional regulation (3 items), food as a reward (3 items), 

child control (5 items), modeling (3 items), restriction for weight control (8 items), 

restriction for health (3 items), teaching nutrition (3 items), encouraging balance (4 

items), pressure to eat (4 items), healthy environment (4 items), and involvement (3 

items). Responses were based on a 5-point Likert-agreement scale, ranging from 0 

(disagree/never) to 4 (always/ agree). Higher scores showed higher use of each 

practice after three items were reverse coded.  

Caregiver's Satisfaction with Child Size. Caregiver's Satisfaction with Child 

Size was measured using 7 silhouettes of 4-year-old children 34. Concurrent validity 

with weight for length percentile of each toddler's photographs has been reported 

satisfactory, 0.63 83. High inter-observer agreement for weight status classification (κ 

= 0.710, r = 0.827), high inter-rater reliability, based on matching photographs, 

(Cronbach's= 0.79), and great interrater reliability (k = 0.855) have been reported for 

this measurement 83. After showing the 7 figures pertaining to the race and gender of 

the child, caregivers were asked to identify the ideal and the current size of their child 
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which was numbered from 1 (the smallest size) to 7 (the biggest size). The differences 

between ideal and current size were used to define child body size 

satisfaction/dissatisfaction.  

Other Caregiver Factors. Caregiver's age was captured in years, and their sex 

was reported as female and male. Race was categorized in white vs. non-whites, as 

other races were rare in the dataset. Body Mass Index was calculated using self-

reported weight and height. The educational level showed a small number of people in 

the low-level education group thus, this variable was categorized into high school or 

less, some college, bachelors' degree, and professional or graduate-level education 

groups.  

Family Factors. Family household income and food insecurity were captured 

by caregiver reported total household income and answering to the two items Food 

Insecurity Questionnaire 83. The family poverty level was made by dividing the total 

household income by the federal poverty threshold for a given family size 84. 

Household food insecurity is captured through two items asking their experience and 

feelings about food insecurity at home. The 2-items have been shown to have enough 

sensitivity, specificity, and validity to measure the risk of food insecurity in families 

34 85. Response choices were never (0), sometimes (1), and often (2). Endorsement of 

1 or 2 in either item indicated risk for food insecurity 85.  

1.6.4. Data Analysis 

Prior to the analysis, the data was checked for any errors. Necessary recodes 

were done, and the research data codebook was created. Missingness was 

investigated, the Little MCAR test was done to find out if the missingness was at 

completely random. Full Information Maximum Likelihood were used in models. 

This estimator handles the missingness by estimating coefficients from all the 
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available values. The normality of continuous variables was checked using histogram 

and skewness values, also Maximum Likelihood with Robust Estimators were used 

which handle potential non-normality. Unusual distributions of categorical variables 

were checked using frequencies, and modifying categories were considered. 

Univariate analysis of outliers to find extreme outliers were done using box plots. 

Multivariable outliers were examined using traditional regression analysis. The 

absolute standard residual with value more than 3, and cooks' values higher than 4/n 

were examined. Descriptive statistics were used to show the frequency and percentage 

of the participants in each subgroup of characteristics, mean and standard deviation 

also were used to show continuous variables. Linear relationship of the continues 

variables with the outcome were investigated using scatter plots. SPSS (Statistical 

Package for the Social Sciences, IBM Corp. Armonk, NY) version 26 and MPLUS 

(Muthen and Muthen, Los Angeles, CA) version 8.4 were used to perform analyses.  

Aim 1: To determine if FN relates to obesity/overweight status in preschoolers 

while controlling for child and family factors. First, clustering was considered by 

including centers as a random effect in unstructured generalized mixed model 

(GLMM) analysis. Binomial Generalized Mixed Models were conducted to 

investigate bivariate associations between child and family factors with child 

obesity/overweight status. All child and family variables with a p-value of less than 

0.15 (conservatively) in the bivariate GLMM, plus children's age, sex, and FN, were 

included in the final models. Odds of individuals belonging to the overweight/obesity 

group were reported with a 95% confidence interval.  

Aim 2: To explore if caregiver’s race and child’s sex moderates the 

relationship between FN and obesity/overweight status in children. The moderation 
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effects of child sex and caregiver's race were checked by including the interaction 

terms in the final multivariate GLMM. 

 Aim 3: To assess heterogeneity of FPs, latent profile analysis were used to 

empirically derive patterns of FPs which commonly occur together. FP were assessed 

by 48 items of the Comprehensive Feeding Practices Questionnaire and reduced by 

factor analysis. The model started with two profiles, and more profiles were added 

until no improvement in the model was seen. Model improvement was based on 

Akaike Information Criteria, Bayesian Information Criteria (BIC), and adjusted BIC 

which lower values show better models. Also, the Lo, Mendel, and Rubin (LMR 

LRT) was used to see if the k profile model was significantly better than the k-1 

profiles model 86 87.  

Aim 4: To examine if child, caregiver, and family characteristics are 

associated with FPs patterns, the classes, using the emergent latent profiles 

memberships were regressed on child sex, race, age, family's economic status, and 

education level, as well as caregiver's perception of child size and temperament. To 

judge the model fit, Comparative Fit Index, Standardized Root Mean Squared 

Residual, and Root Mean Squared Error of Approximation were considered with cut 

points of > 0.95, < 0.08, and  < 0.06, respectively 88. Each relationship was assessed 

by a standardized beta coefficient and its related p-value. To achieve a parsimonious 

model, parameters with p-value higher than 0.15 were removed.  

Aim 5: To determine how feeding practices’ classes relate to child’s BMIz, 

child’s BMIz was regressed on the emergent FPs classes. Diet (defined as fruit and 

vegetable and SSS foods) was assessed as a potential mediator in the model. 

Structural equation models with Maximum Likelihood with a Robust estimator were 



28 
 

used, controlling for important child, caregiver, and family factors. To judge the 

model fit, Comparative Fit Index, Standardized Root Mean Squared Residual, and 

Root Mean Squared Error of Approximation were considered with cut points of > 

0.95, < 0.08, and  < 0.06, respectively 88. Each relationship was assessed by a 

standardized beta coefficient and its related p-value. To achieve a parsimonious 

model, parameters with p-value higher than 0.15 were removed.  

Aim 6: To determine if the associations between caregivers' FPs and child's 

BMIz vary by child sex, race, and family's poverty level, food insecurity, educational 

level. The moderation effects were investigated using multigroup SEM separately. 

1.7. Human Subjects  

The CHAMP study was approved by the University of Maryland Baltimore 

Institutional Review Board (IRB) [HP-00065933]. Written consents were obtained 

from caregivers for themselves and their children, and verbal assents were collected 

from children. This dissertation was a secondary data analysis on a portion of the 

CHAMP dataset, including baseline data of cohort 1 and 2 of this study. De-identified 

data were obtained after signing a data use agreement and being added to the main 

IRB. Despite de-identification, all precautions were taken to keep the data secure, 

including storing on a password-protected computer, not using external drives, using 

only secure network storage, and destroying the data when no longer needed.  
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Chapter 2: Association of Food Neophobia with Weight Status in Preschool Age 

Children 1 

2.1. Abstract 

Objectives. Worldwide, 41 million children under age of 5 have obesity. Food 

neophobia (FN), the unwillingness to try new foods, occurs among 50% of 

preschoolers, and is associated with children's diet, but has shown inconsistent 

associations with obesity. The aims are to: 1) identify child and family characteristics 

association with preschooler’s obesity/overweight; 2) determine if FN relates to 

preschooler’s obesity/overweight while including child and family factors; 3) explore 

if the relationship between FN and obesity/overweight differ by race and sex. 

Methods. 500 preschoolers and 397 caregivers from 50 childcare centers were 

included. Children's weight and height were measured, and their BMI was categorized 

as normal vs. obese/overweight. Caregivers reported their demographics and 

completed food insecurity and Food Neophobia scales. Generalized Mixed Models 

were conducted to investigate bivariate and multivariate associations, and moderation 

effects were tested by including interaction terms.  

Results. A quarter (25.4) of children were obese/overweight, half (55%) were boys, 

with mean age of 48 months (SD=7.5). Most caregivers were women (90%), 

obese/overweight (58%), with mean age of 36 years (SD=5.7), 84% were employed 

full-time, and 13% reported food insecurity. Children were more likely to be 

obese/overweight if their caregiver was overweight (aOR=2.6) or obese (aOR=3.9) as 
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compared to normal weight. Caregiver-reported Food neophobia was not associated 

with obesity status, and this association did not differ by child’s race and sex. 

Conclusions. Caregiver-reported FN did not play a role in this study. Longitudinal 

studies are needed. Caregiver and child weight status were strongly associated, 

controlling for many sociodemographic factors. Exploring underlying mechanisms are 

needed.  

Keywords: Obesity, Food Neophobia, Preschoolers, Child 
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2.2. Background and Objectives 

Childhood obesity is a serious public health problem. Worldwide, the 

percentage of children and adolescents with obesity has more than tripled since 1974, 

and in 2019, 38 million children under the age of five years were obese or overweight 

89. In the United States, obesity affects 1 in 5 children and adolescents, and almost 

14% of children under the age of five years 73 with higher prevalence in Hispanic and 

non-Hispanic black populations, compared to non-Hispanic white population 90.  

Multiple lifelong effects of childhood obesity have been identified. For each 

child who has obesity, there is an estimated excess lifetime health care cost of 

$19,000 in the US 37 as childhood obesity is associated with multiple health problems 

throughout life 73. Childhood obesity is associated with physical and psychological 

problems, including anxiety, depression, asthma, sleep apnea, joint and 

musculoskeletal problems, and a lower quality of life in general 1. Abnormal or 

excessive fat accumulation continues to be problematic throughout the lifetime for a 

child who has obesity with increasing risk of higher cholesterol, higher cardiovascular 

risk factors, and development of type 2 diabetes 1 35. Addressing obesity in early 

childhood may help to slow the obesity epidemic and its associated health 

consequences 75. 

Contextual factors influencing growth and development are important to 

consider in exploring factors influencing childhood obesity. Based on the 

bioecological model of human development, layers of factors can influence human 

development with layers influencing each other. With the child in the center, the 

closest environment around the child is crucial and can be influenced by the child. 

Examining the development of childhood obesity, individual, family, and community-

level factors should be considered 5 91. Child-level factors include sex, age, 
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temperament, diet, and physical activity 92 93. Caregivers' factors that may influence 

child weight include obesity status, sex, age, and race/culture. At the family level, 

socioeconomic status, number of siblings, and availability of foods in the home (food 

insecurity) are among the factors that can be influential 67 46 74. 

Food neophobia (FN), an unwillingness, fear, or hesitation to try unfamiliar, 

new, or novel foods 6 7, starts when children are being introduced to solid foods and 

peaks at the age of 2 to 5 8. FN may undermine children's growth by limiting their 

exposure to a variety of foods and influencing children's diet quality. It is associated 

with children's low adherence to the recommended dietary guidelines 10 and affects 

dietary habits that may carry into adulthood 11. FN occurs among up to 50% of 

preschoolers and may resolve by repeated presentations of new foods 12. It can be 

symbolized with the following phrase "I don't like it, I've never tried it" 50. Pliner 

(1992) conceptualized FN as a continuum of a personality trait 51. At one end of the 

continuum, people are not particular about what they eat, they constantly sample, 

trust, and try new foods, including food from different ethnicities. On the other end of 

the continuum, people are very particular about what they eat. They are afraid and do 

not trust or try any new or unfamiliar food, and want to know exactly what is in their 

food 51. Although food neophobic behaviors can change depending on situations, 

there are large variations among people 12,14,51. 

Persistent FN is associated with lower child-eating compliance 13, lower fruit, 

vegetables, and protein consumption 14 15 16 17, higher inhibited behaviors 15, and a 

higher proportion of daily energy intake from discretionary foods, as parents appease 

their children 16. Some cross-sectional studies could not show significant correlations 

between FN and child Body Mass Index and body fat 18 16. However, higher FN has 

been associated with consumption of fewer calories in one study 14, and having a 
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higher proportion of daily energy intake from discretionary foods in other studies 16 15. 

These differences may be due to the cross-sectional nature of the studies, different 

samples, or including different contributory factors in analysis. More studies with 

diverse and big sample size using more robust statistical methods are needed to 

explore the association of FN with childhood obesity.  

Race influences child development through the context they live in, the types 

of interaction they have, tasks they are assigned to, the values they experience, and 

the type of resources that they can access 72. Sex influences children's growth 94 , 

physical activity 95, eating behaviors 96 and parents' behavior towards their children, 

such as the emphasis on weight and types of foods that are appropriate and common. 

Many reasons were identified by the biopsychosocial model of sex effects on 

children’s eating behaviors including biological differences in brain function, 

temperament and weight status as well as social factors like parental feeding 

practices, peer influences, and social influences on shape and weight for each sex 

which all make studying the sex influence on the relationship of eating behaviors like 

FN and obesity very important 96.  

The purpose of this study is to examine the association of FN with obesity in a 

sample of preschoolers specifically the following aims are explored: 

Aim 1: To identify child and family characteristics associated with preschoolers being 

overweight/obese.  

Aim 2: To determine if parent-reported child food neophobia is related to 

preschoolers being overweight/obese. 

Aim 3: To examine if caregiver's race and child's sex moderates the relationships 

between parent-reported child food neophobia and obesity/overweight in 

preschoolers. 
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2.3. Methods 

2.3.1. Design and sample  

A cross-sectional, secondary data analysis was conducted using the baseline 

data of the first two cohorts of preschoolers in the CHAMP study (Creating Healthy 

Habits Among Maryland Preschoolers) [Grant number R01 DK107761; PI: Black]. 

CHAMP was a 3-arm cluster randomized-control trial that evaluates the impact of 

nutrition and physical interventions on habits of children in childcare centers 

throughout Maryland 34. Eligibility for centers was serving children age 3-5 years, 

certified, and received food vouchers or cost was less than $300 a week 34.  Preschool 

age children enrolled in the participating centers were invited to participate. The 

sample of this study includes 500 children from 50 centers in 10 Maryland counties 

and 397 caregivers (60%) who completed online FN questionnaire. 

2.3.2. Procedures  

The CHAMP study was approved by the University of Maryland, Baltimore 

Institutional Review Board. Written consents were obtained from parents by the 

liaison of centers, and verbal assents were collected from children 34. CHAMP 

research assistants obtained direct measures from the children at the childcare centers 

and sent an electronic survey to caregivers through email or phone. Recruitment 

details have been reported elsewhere 34. 

2.3.3. Measures  

Children's height and weight were measured at the childcare centers by 

research assistants in triplicate after receiving two hours of training and one hour of 

booster training 34. Children's weight was measured after removing children's jackets 

and shoes using a TANIA BWB-800 digital scale. Children's height was measured 

without shoes using a stadiometer. Numbers were rounded to the nearest 0.1 
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kilograms and centimeters 34. Weight status was calculated by BMI percentile 

categories using the CDC-2000 sex and age-specific dataset 78. BMI was calculated as 

weight (Kg) divided by height squared (m) and rounded to one decimal point and then 

converted to percentiles and z-scores. BMI less than 5 percentile was defined as 

underweight, 5 to 85 as normal, 85 to 95 as overweight, and more than 95 as obese, 

based on CDC criteria 97. Children's obesity status was classified as normal (BMI < 

85th percentile) vs. overweight/obese (BMI > 85th) as the number of underweight 

children was less than 4 % of the sample.  

Online questionnaires completed by caregivers included age, education, 

employment, income, food insecurity, caregivers' weight and height, and caregiver-

reported child FN. Caregivers' weight and height were self-reported and rounded to 

the nearest 0.1 kilograms and centimeters. Caregiver’s BMI was calculated and 

classified as normal (BMI<25), overweight (BMI > 25 and < 30), and obese (BMI > 

30) based on CDC guidelines 98. Since underweight caregivers were rare (3 

caregivers), underweight and normal weights were combined, resulting in a 3-level 

caregiver BMI measure.  

Child FN was assessed by the Child Food Neophobia Scale (CFNS) through 

caregivers' survey responses 12. CFNS consisted of 10 items with responses on a 6-

point Likert scale ranging from disagree strongly to agree strongly. Sample items 

related to child’s trust of new foods, willingness to try a new food, fear of eating 

things they have never tried before, how picky they are about things they eat, and 

frequency of trying new and different foods 54. Scores of the 10 items were summed 

up after reverse coding of five questions. The final scores ranged from 0 to 60, with 

higher scores indicating higher FN. CFNS has been used in many studies and shown 

to have adequate evidence of reliability and validity 18 17 54.  
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Household food insecurity was assessed through the validated two-item screen 

administered to caregivers: "We worried whether our food would run out before we 

got money to buy more," and "the food that we bought just did not last, and we did 

not have money to get more." Answer choices were 0 (never), 1(sometimes), and 2 

(often). Risk of food insecurity was defined as endorsement of sometimes or often for 

either question and food secure was defined as endorsement of "never" for both 

questions 83.   

Several categorical variables were created based on the distribution of the 

data. Caregiver's race was categorized as white vs. Black/Asians/Natives because 

other races were rare (Native American 0.6%, Asian 3.4 %, Vietnamese 0.4%, Native 

Hawaiian/Pacific Islander 0.2 %, African American 26.5 %). Caregiver marital status 

was categorized as married vs. not married. Educational level was categorized into 

four levels: high school or less, some college, bachelor’s degree, and graduate or 

professional level. Part-time employment (9%) was collapsed into unemployment 

(6.6%), and caregivers' employment status was categorized as full-time vs. part-

time/unemployed; and number of siblings was categorized as no siblings, 1 sibling, 

and two or more siblings. Based on the distribution and nature of collected income 

data (in categories), income was categorized into five categories: less than $25000, 

$25000 to $50000, $50000 to $80000, $80000 to $100000, and more than $100000. 

2.3.4. Analysis  

Descriptive statistics were used to report frequency, percentage, mean and 

standard deviation of the participant’s characteristics by obesity status. Listwise 

analysis of variables to be used in regression modelling showed 103 missing values. 

Little MCAR test showed missing values were completely at random, χ2(8, 492) = 

10.309, p = 0.24. Most variables had less than 5% missing values, with no identifiable 
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pattern. Therefore, missing values were ignored and listwise deletion was considered 

in multivariate analyses. For multivariable analyses, all child and caregiver 

characteristics were entered in a general linear model with the continuous dependent 

variable child's BMI z-score to check other assumptions. No multicollinearity or 

heterogeneity of variance was found. Multivariate analysis of outliers showed no 

cases with absolute standard residual of more than 3; only 20 cases had Cook's value 

higher than 4/n formula (n = number of cases). The final analysis was done with and 

without the 20 outliers, and no significant difference was found in the results.   

Clustering was considered by including centers as a random effect in 

unstructured generalized mixed model (GLMM) analysis. Binomial Generalized 

Mixed Models were conducted to investigate bivariate associations between child and 

family factors with child obesity/overweight status. All child and family variables 

with a p-value of less than 0.15 (conservatively) in the bivariate GLMM, plus 

children's age, sex, and FN, were kept in the final models. The moderation effects of 

child sex and caregiver's race were checked by including the interaction terms in the 

last multivariate GLMM. Odds of individuals belonging to the overweight/obesity 

group are reported with a 95% confidence interval. SPSS (Statistical Package for the 

Social Sciences, IBM Corporation) version 25 was used to perform the analysis.  

2.4. Results 

Table 2.1 shows child and caregiver characteristics by child obesity status. 

Children mean age was 48 (SD = 7.5) months, with slightly more boys (54.6%) than 

girls. Approximately half of the children (52.5%) had one sibling, 28.5 had no 

siblings, and the remaining had two or more siblings. Most caregivers were white 

(64.7%), women (90%), with mean age of 36 (SD = 5.75) years and married (69.7%).  
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Table 2.1. Child and Caregiver Characteristics by Child Overweight/Obesity (n = 500) 

Characteristics N (%) Normal Weight  

n = 373  

Obese/Overweight  

n = 127 

Child Obesity Status    

Underweight   17 (3.4) 17 (4.6)  - 

Normal weight     356 (71.2) 356 (95.4) - 

 Overweight 67 (13.4) - 67 (52.8) 

 Obese 60 (12.0) - 60 (47.2) 

Child Sex    

 Boy  273 (54.6) 210 (56.3) 63 (49.6) 

 Girl 227 (45.4) 163 (43.7) 64 (50.4) 

Number of Siblings    

 No Sibling 142 (28.5) 101 (27.2) 39 (31.2) 

 One Sibling 262 (52.5) 203 (54.6) 59 (47.2) 

 Two or More  95 (19.0) 68 (18.3) 27 (21.6) 

Caregiver BMI Status    

 Normal weight 204 (41.6) 177 (48.2) 27 (22.0) 

 Overweight 142 (29.0) 104 (28.3) 38 (30.9) 

 Obese 144 (29.4) 86 (23.4) 58 (47.2) 

Caregiver Race    

 Black/Asians/Natives 177 (35.4) 124 (33.2) 53 (41.7) 

White 323 (64.6) 249 (66.8) 74 (58.3) 

Caregiver Sex    

 Men 50 (10) 41 (11.0) 9 (7.1) 

 Women 450 (90) 332 (89.0) 118 (92.9) 

Caregiver Marital Status    

 Not Married 151 (30.1) 106 (28.4) 45 (35.7) 

 Married 348 (69.7) 267 (71.6) 81 (64.3) 

Caregiver Employment    

 Not Full time Employed 78 (15.6) 62 (16.6) 16 (12.7) 

 Full-time Employed 421 (84.4) 311 (83.4) 110 (87.3) 

Caregiver Educational Level    

 High School or less 50 (10) 33 (8.8) 17 (13.4) 

 Some College 117 (23.4) 83 (22.3) 34 (26.8) 

 Bachelor’s Degree  123 (24.6) 90 (24.1) 33 (26.0) 

 Graduate or Professional Degree 210 (42.0) 167 (44.8) 43 (33.9) 

Family Income Level    

Less than 25000 $ 49 (9.9) 32 (8.6) 17 (13.8) 

 25000 to 50000 $  57 (11.6) 37 (10.0) 20 (16.3) 

 50000 to 80000 $  61 (12.4) 47 (12.7) 14 (11.4) 

 80000 to 100000 $ 39 (7.9) 26 (7.0) 13 (10.6) 

 More than 100000$ 287 (58.2) 228 (61.6) 59 (48.0) 

Food Insecurity Status    

Not Insecure 434 (87.1) 333 (89.2) 101 (80.8) 

 Insecure 64 (12.9) 40 (10.7) 24 (19.2) 

  Mean (SD)  

Child Age (Months) 48.03 (7.5) 47.86 (7.4) 48.61 (7.8) 

Caregiver Age (Years) 36.02 (5.75) 36.05 (5.9) 35.98 (5.2) 

Food Neophobia 29.41 (13.7) 28.92 (13.9) 30.66 (13.0) 
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Most caregivers were employed full-time (84.4%). Nearly a quarter had a 

bachelor's degree (24.6%), and 42% had a graduate or professional degree. Most of 

the families (58.2%) had an income above $100,000. However, almost 13 percent of 

the caregivers reported food insecurity in their household. A quarter of children, 

25.4%, had overweight/obesity, and more than half of caregivers had 

overweight/obesity (58.4%). Caregiver-reported FN showed a normal distribution, 

with a mean score of 29.4 (SD = 13.7), ranging from 0 to 60. The center clusters 

accounted for 2.3% of the variance in children's overweight/obesity status; the cluster 

was included in the model. Table 2.2 shows the adjusted and unadjusted odds ratios of 

characteristics related to child overweight/obesity status. Factors that had a p-value 

less than 0.15 in the bivariate GLMM analysis included: family income, caregiver’s 

weight status, and household food insecurity. These variables plus the child's age, sex, 

and caregivers-reported FN (CFNS) were included in the multivariable GLMM 

model. In the multivariate GLMM, the only significant result was the association of 

caregiver-child obesity status. Caregivers with overweight had 2.6 (95% CI: 1.6-4.3) 

times higher odds, and caregivers with obesity had 3.9 (95% CI: 2.1-7.3) times higher 

odds of having a child with overweight or obesity. Caregiver-reported FN was not 

related to children's obesity/overweight status and this association did not differ by 

caregiver race and child sex. These results were checked with BMI-z score and BMI 

percentile continuous outcomes using general linear models and with multinomial 

model (the outcome with 3 categories: healthy/overweight/obese) as well and still the 

association of FN with child weight status was not statistically significant (p-value < 

0.05).  
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Table 2.2. Unadjusted and Adjusted Generalized Linear Mixed Model Analysis of Factors 

Associated with Obesity/Overweight in Preschool-age Children (n =397) 

 

Variable 

Unadjusted Adjusted 

Odds Ratio  

(95% CI) 

p Odds Ratio 

(95% CI) 

p 

Child Sex      

    Male b - - - - 

    Female 1.31 (0.82-2.10) 0.26 1.70 (0.98-2.92) 0.06 

Number of Siblings      

    No Sibling b - - - - 

    One Sibling 0.76 (0.50-1.16) 0.20 - - 

    Two or More than 2 1.03 (0.58-1.83) 0.92 - - 

Family Income level     

    Less than 25000 $ b - - - - 

    25000 $ to 50000 $  1.02 (0.41-2.5) 0.97 - - 

    50000 $ to 80000 $  0.56 (0.19-1.60) 0.28 - - 

    80000 to 100000 $ 0.95 (0.37-2.45) 0.92 - - 

More than 100000$ 0.49 (0.32-1.04) 0.06 - - 

Caregiver BMI Status     

   Normal Weight b - - - - 

   Overweight 2.40 (1.51-3.82) <0.001 2.63 (1.60-4.32) <0.001 

   Obese 4.41 (2.78-7.00) <0.001 3.89 (2.07-7.31) <0.001 

Food Insecurity Status     

    Not Insecure b - - - - 

    Insecure 1.94 (1.24-3.04) 0.004 0.96 (0.35-2.59) 0.93 

Caregiver Employment     

    Not Full time Employed b - - - - 

    Full-time Employed 1.36 (0.75-2.48) 0.32 - - 

Caregiver Educational 

Level 

    

   High School and Less b - - - - 

   Some College Degree 0.81 (0.41-1.59) 0.54 1.05 (0.44-2.53) 0.91 

   Bachelor’s Degree 0.73 (0.36-1.50) 0.40 1.70 (0.52-5.57) 0.38 

   Graduate or Professional 

Degree 

0.51 (0.25-1.06) 0.07 1.23 (0.35-4.36) 0.75 

Caregiver Marital Status     

   Not Married b - - - - 

   Married 0.73 (0.48-1.12) 0.15   

Caregiver Race     

   Nonwhite b - - - - 

   White 0.71 (0.47-1.07) 0.10 1.30 (0.74-2.27) 0.36 

Caregiver Sex     

   Men b - - - - 

   Women 1.63 (0.82-3.24) 0.16   

Child Age (Months) 1.01 (0.98-1.05) 0.35 1.00 (0.97-1.04) 0.80 

Caregiver Age (Years, 

1=18) 

1.00 (0.96-1.03) 0.93 - - 

Food Neophobia (1-100) 1.00 (0.99-1.02) 0.20 1.01 (0.99-1.03) 0.24 

Note: Probability distribution: Binomial 

Link function: Logit 

a. Target: Child Obesity Status, Obese/Overweight Vs. Non-Obese/Overweight 

(Refrences) 

b. These coefficients are set to zero because they are reference  
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2.5. Discussion and Conclusions 

A quarter of (25.4%) children had obesity or overweight, which was 

comparable to national estimates of 24.4% in this age group 99, but healthier than the 

general Maryland population of children age 2-5 years with 32.2% overweight and 

obesity. Caregivers' obesity status was the only characteristic that had a significant 

association with obesity status in preschoolers. This finding is consistent with other 

studies that have reported positive associations between caregiver and child weight 

status 92 100. The strong association between caregiver and children's obesity status 

suggests heritability through biological, lifestyle, or other common environmental 

factors. Further research is necessary to examine the mechanisms linking maternal 

and childhood obesity, including metabolic programming in the pregnancy period 100, 

epigenetics 101, or lifestyle factors. One longitudinal study found that the risk of 

obesity has doubled in preschoolers whose mothers were obese during pregnancy in 

comparison to preschoolers whose mothers were not obese during the pregnancy 102.  

Our finding that caregiver-reported FN was not associated with preschoolers’ 

obesity status is consistent with several other studies. A cross sectional study among 

4-7 years old children did not find an association between FN and child BMI and 

body fat 18. A study examining the heritability of FN did not find an association 

between FN and obesity in a sample of 4 to 7 year old same-sex twins across sex and 

diverse races 103. A cross-sectional study from Norway did not show an association 

between FN and intake of fish, meat, fruit, vegetables and snacks in a sample of 

toddlers and their parents (89% of mothers) 17.  

In contrast, some studies have shown a relationship between FN and food 

consumption patterns. A cross-sectional study of children age 4 to 5 and their parents 

(mostly mothers) from London, found that FN was associated with lower intake of 
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fruit, vegetables, protein, and energy, but did not find an association between FN and 

snack consumption 14. Other studies have shown associations of FN with lower fruit, 

vegetables, protein consumption, and less healthy foods 15 16 104, a higher proportion 

of daily energy intake from discretionary foods 16, and lower child-eating compliance 

18. In summary, it seems that FN in younger age (toddlers) does not show association 

with diet and obesity 17, but when children get older in preschool age the FN start to 

show its association with diet specially fruit and vegetable consumption 15 16 104, while 

the association of it with childhood obesity is not being seen in either of ages. The 

effect of diet on obesity status may take longer time and more studies with 

longitudinal natures are needed to see if being neophobic in early ages are associated 

with obesity later in life.  

2.5.1. Limitations and Strengths 

Most studies of FN, including the current study are cross-sectional. A 

longitudinal study is needed to examine the transitions that occur in children’s eating 

patterns and acceptance of new foods during toddlerhood and preschool years. 

Furthermore, FN was caregiver-reported and may differ from objective measures of 

food neophobia.  

A strength of this study was the large and diverse sample of preschoolers and 

caregivers. Diverse childcare centers in terms of child race and sex were included 

throughout Maryland that makes CHAMP dataset one of the best available datasets in 

preschoolers, which also included minorities. The sample is also comparable with the 

general Maryland population: White 59%, Black 31%, median income of $81,868, 

and 9% in poverty 105.   

A second strength was the use of robust statistical models, with many potential 

factors and accounting for clustering. The procedures for data collection were also 
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strong. Data were collected by trained research assistants, with targeted efforts to 

increase the response rate. Data collection protocols were written and followed 

precisely. Children's weight and height were collected objectively in triplicate to 

decrease measurement errors.  

2.5.2. Future Recommendation 

Future studies should focus on exploring the mechanism that makes the strong 

association between caregivers and children obesity status. Particularly, shared 

genetics, food, and lifestyle/habits might be among the important factors that can 

explain these observed associations. Also, the effect of FN on children's diet quality 

and obesity should be explored in future longitudinal studies, with objective 

measurements of child FN.  

2.6. Funding Resources 

The CHAMP was funded by the National Institute of Diabetes and Digestive 

and Kidney Diseases [Grant number R01 DK107761; PI: Black]. The funding body 

was not involved in the design of the study, analysis, and interpretation of data, or in 

writing the manuscript. 
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Chapter 3: Patterns of Caregiver’s Feeding Practices and Associated 

Characteristics Among Preschool-Age Children2 

3.1. Abstract  

During early childhood, caregiver feeding practices (FP) influence children’s 

diet and eating habits. Inconsistent methods of operationalizing FP have resulted in 

limited evidence about patterns of FP that are employed simultaneously. This study 

examined the heterogeneity in FP among caregivers of preschoolers, and the child, 

caregiver, and family characteristics associated with patterns of FP. Caregivers of 

preschoolers (n=437, 90% women) enrolled in 50 childcare centers across 10 counties 

completed the Comprehensive Feeding Practices Questionnaire (CFPQ) and provided 

demographic information and perceptions of their child’s size and temperament. 

Exploratory Factor Analysis of CFPQ identified 13 factors, and latent profile analysis 

(LPA) empirically identified three classes of FP. Using multinomial structural 

equation models, we regressed the three classes on child sex, race, age, family’s 

economic status, and education level, and on caregiver’s perception of child size and 

temperament. The most common FP pattern (69%) reflected high coercive control and 

low autonomy and structural practices (Controlling Class). A second pattern (16%) 

had high coercive control with moderate structural and autonomy practices 

(Regulating Class). The third pattern (15%) reflected moderate levels of all practices 

(Balanced Class). Caregivers who desired their child to be heavier (aOR=0.40, 95% 

CI= 0.22-0.72), were more financially secure (aOR=0.80, 95%CI=0.65-0.98), and 

were single (aOR=0.38, 95% CI=0.18-0.80) were less likely to be in the Balanced 

 

 

2 Authors: Zahra Rahmaty, Mary E. Johantgen, Carla L. Storr, Robyn Gilden, Yan Wang, 

Maureen M. Black 

Target Journal: Appetite 
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versus Controlling class. For each unit increase in child temperament t-score 

[higher=difficult], caregivers were more likely to be in Balanced (aOR= 1.04, 95% 

CI=1.01-1.07) or Regulating class (aOR= 1.04, 95% CI=1.01-1.08) compared to 

Controlling class. Future work should evaluate the stability of patterns over time, and 

associations with children’s eating habits, growth, and development.    

 Keywords: Feeding Practices, Caregivers, Preschoolers, Temperament, Size-

dissatisfaction  
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3.2. Introduction  

Early childhood is a critical stage when eating habits are shaped, and the 

development of obesity may start. In 2016, across the globe, more than 41 million 

children under five years of age had obesity 2. In 2019 in the US, one in eight children 

had obesity 106. Despite multifaceted efforts to address obesity over the last two 

decades, intervention effectiveness has varied 107.  

The health and behaviors of young children are influenced by bidirectional 

interactions with caregivers and their immediate environment 5. Of particular 

relevance to childhood obesity are caregiver feeding practices (FP) that can influence 

children’s food self-regulatory behavior and have been associated with disruption of 

healthy self-regulatory behaviors, potentially increasing the risk for childhood obesity 

19 20 21.  FP are tangible, modifiable behaviors that can be changed easier than feeding 

and parenting styles  (Feeding styles refer to the emotional climate of parent-child 

interactions in feeding situations: authoritarian, authoritative, indulgent, and 

uninvolved) 20 57, making FP a potentially promising target for obesity prevention 

programs.  

FPs may influence children’s diet while, in turn, children’s needs, emotions, 

and behaviors may influence caregivers’ FPs 108. Likewise, caregiver’s perception of 

children’s size, temperament, behavior, and emotions may influence their FPs 58 24 25. 

For example, caregivers who want their child to be thinner may modify their 

environment (e.g., fewer snacks at home) and feeding behavior (e.g., serve less 

energy-dense foods). In addition to these factors, FPs may be influenced by the social, 

cultural, and economic context 22 23. For example, some FPs are more prevalent 
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among people of color, 109 toward girls, 110 or among caregivers with low education 

and income 111–113.  

Previous studies have used inconsistent measures to operationalize FPs, from 

specific individual behavior components (i.e., restriction of food, using food as a 

reward) to comprehensive scales that capture and delineate multiple components of 

these complex behaviors 26. In 2007, Musher-Eizenmen and colleagues developed the 

48 item Comprehensive Feeding Practices Questionnaire (CFPQ) to capture the range 

of parental feeding behaviors and attitudes. Twelve factors were identified in 

confirmatory factor analysis: monitoring children’s food, using food as emotional 

regulation or reward, modeling healthy eating, restricting food intake, restricting 

unhealthy and sweet foods, teaching nutrition (didactic techniques), encouraging a 

balanced variety of food, pressuring them to eat more, making healthy environment 

through healthy food availability, involving children in meal planning and preparation 

and allowing children to be in control of their food intake 21. 

In 2016, Vaughn and colleagues developed a content map with overarching 

higher-order feeding practices (refered to as food parenting) constructs that were 

theoretically, but not empirically validated. Nineteen “food parenting practices” were 

conceptually mapped into three constructs: coercive control, structure, and autonomy 

practices (Figure 3.1). Coercive control includes practices that restrict, use pressure, 

threaten, bribe, or use food to control children’s negative behaviors. Structure 

includes practices that use rules and limitations without force (i.e., monitoring), 

making meal and snack routines, modeling healthy eating, and improving food 

accessibility. Autonomy involves practices that teach children and empower them to 

choose and prepare foods, including nutrition education, child involvement, 
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encouragement, praising child for healthy eating, and reasoning and negotiation 32. 

These food parenting constructs provide an opportunity to examine if responses to the 

CFPQ map onto the three constructs.   

 

 
Figure 3.1. Vaughn’s Conceptual Map of Feeding Practices 

Achieving a better understanding of FPs may be helpful to improve 

effectiveness of healthy food regulatory behaviors and obesity prevention programs. 

Since FPs may be employed simultaneously, thus influencing each other, a statistical 

approach that can provide a data-driven characterization of the co-occurrences of FPs 

is needed. Latent Profile Analysis (LPA) can elucidate distinct FP classes based on 

pattern profiles of behaviors identified in the CFPQ. To test the hypothesis that 

caregivers employ clusters of feeding practices, we assess the heterogeneity among 

caregivers using LPA (aim 1). We also examine if characteristics of children (sex, 

race, age), caregivers (age, race, weight status, employment, education, perception of 

child body size and temperament), and families (poverty level, food insecurity) are 

associated with FP classes (aim 2).  
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3.3. Methods 

3.3.1. Study Design and Sample 

This cross-sectional study used baseline data from the Creating Healthy Habits 

Among Maryland Preschoolers (CHAMP) study, a 3-arm cluster randomized trial to 

improve preschooler diet and physical activity [Grant number R01 DK107761; PI: M. 

Black]. Caregivers of preschoolers were recruited from 50 childcare centers 

throughout Maryland, United States. Inclusion criteria were being a certified center, 

charging less than $300 weekly, enrolling boys and girls, and having children between 

3-5 years of age of diverse race/ethnicity. Details of the CHAMP study have been 

published elsewhere 34. Half (54.4%) of the caregivers in CHAMP completed the 

questionnaires. The current study includes an analytic sample of caregivers (n=437) 

who completed baseline questionnaires and the associated child characteristics after 

removing sibling duplicates (n=9). No significant differences were found between 

children (sex, race, ethnicity, age, Body Mass Index z-score) of caregivers who 

completed the questionnaire and those who did not (n=364).  

3.3.2. Ethical Statement 

The CHAMP study was approved by the university ethics committee. Written 

consents were obtained from caregivers for themselves and their children. De-

identified data were used in the analyses of this study. 

3.3.3. Recruitment and Data Collection 

Caregivers were recruited by a teacher in each childcare center who served as 

the study liaison distributing study flyers and posting posters in their center. Teachers 

were compensated for recruiting eligible caregivers 34. Online questionnaires, 
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distributed by a link sent to the caregivers’ email address or phone, were used to 

collect data about caregivers’ feeding practices, perception of child size, 

temperament, children and caregivers’ socio-demographics, and caregivers’ weight 

and height 34.  

To assess the heterogeneity among FP, latent profile analysis was conducted. 

A sample size of 250 has been shown to be adequate regardless of the distances and 

number of each class indicator for LPA 114.  To examine associated characteristics 

with feeding practice classes, using Structural Equation Modeling (SEM), power 

depends on the degrees of freedom in a model 115. As our models were identified (zero 

degrees of freedom), we focused on the parameter significance to build the best 

model.  

 3.3.4. Measurements and Study Variables 

3.3.4.1. Child Characteristics  

Demographics. Child age is expressed in months and sex as girl or boy. Child 

race and ethnicity were categorized into White (non-Hispanic) and non-White 

(African American, Asian, Hawaiian, Native American, Mixed races, others) for 

statistical analyses due to limited variation. 

Temperament. Caregiver’s perception of child temperament was measured 

through the Behavior Rating Inventory of Executive Function (BRIEF) questionnaire 

80 82. The BRIEF has been validated among US preschoolers with good reliability, 

high internal consistency. The alpha reliability of the subscales was between 0.80 to 

0.97; construct validity defined  by total score correlation with the Behavior Rating 

Scale was r > 0.70 34 80 81.    
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Two subscales of the BRIEF related to child emotion and behaviors (Child 

ability to control emotions, actions, and responses in a good manner, plus child 

responses to other people's reactions or environmental demands to regulate his/her 

behavior, emotions, and reactions 80 82) were administered in CHAMP: Inhibitory 

Control (15 items) and Emotional Regulation (10 items). Item responses are based on 

a three-point Likert frequency scale: never, sometimes, and often. The mean of items 

in each subscale was calculated and transformed into a t-score. The t-scores were 

highly correlated (r= 0.79); we used the average of the two t-scores for a composite 

temperament score following the scoring recommendations 61. High scores represent 

more difficulty.  

3.3.4.2. Caregiver Characteristics  

Feeding Practices. The Comprehensive Feeding Practices Questionnaire 

(CFPQ) was used to assess FPs. The CFPQ has shown consistency for mothers and 

fathers and in different modes of administration (e.g., paper and pencil and 

computerized survey) 21. Overall, the questionnaire has shown good reliability and 

validity 34. The questionnaire has 48 items, categorized into 12 practices, including 

monitoring (4 items), emotional regulation (3 items), food as a reward (3 items), child 

control (5 items), modeling (3 items), restriction for weight control (8 items), 

restriction for health (3 items), teaching nutrition (3 items), encouraging balance (4 

items), pressure to eat (4 items), healthy environment (4 items), and involvement (3 

items). Responses are based on a 5-point Likert scale, ranging from 0 (disagree/never) 

to 4 (always/ agree). Three items are reversely coded: “I keep a lot of snack food in 

my house; I keep a lot of sweets in my house, and I tell my child what to eat and what 
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not to eat without explaining why.” High scores reflect higher endorsement of each 

practice.  

Perception of Child Size. Figure silhouettes of 4-year-old children were used 

to assess caregivers’ satisfaction/dissatisfaction with child size. This approach has 

been validated with CDC age and gender-specific charts using child height and weight 

measures, supporting good validity and reliability in preschoolers 34 59 with high 

interrater reliability based on matching photographs and weight status classification 

and concurrent validity with weight for length percentile of each child’s photographs 

116 

In CHAMP, caregivers were shown seven-figure silhouettes that matched their 

child’s race and sex. These figures captured a range of body composition types that 

varied by weight status (i.e., underweight (1) to obese (7)). Caregivers were asked to 

identify the figure that was closest to the current size of their child and subsequently 

asked to identify the figure for the ideal size of their child. The ideal size was 

subtracted from the current size. A variable was made based on the difference score 

with three categories: desire for the child to be thinner (positive difference), 

satisfaction with the child’s current size, and desire for the child to be heavier 

(negative difference).  

Demographic Characteristics. Caregivers’ age is reported in years, and sex is 

reported as female and male. Race included White (67.3%), Black or African 

American (24.7%), Mixed (3.6%), Asian (3.4%), Native American (0.7%), Asian 

Vietnamese (0.2%), Native Hawaiian (0.2%), and is reported as White and non-White 

race. The ethnicity of 97% of caregivers was non-Hispanic; therefore, ethnicity is 

ignored in the analysis. Employment is categorized as full-time vs. not-full-time 
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employment, which included unemployed (5.2 %) and employed part-time (9.6%). 

Less than high school-educated caregivers (0.2%), high school diploma (6.1%), and 

GED or equivalent (0.4%) were collapsed into one category of “high school or less.” 

Less than one year of college (3.8%), one or more years of college (13%), and 

associate degree (5.8%) were collapsed to “some college.” Bachelor’s degree was 

used without collapsing. Master’s degree (30.7%) and professional degree beyond a 

bachelor’s degree (4.9%) were collapsed to “master’s degree or professional degree 

beyond bachelor group.” Caregiver’s BMI was determined using self-reported weight 

and height and dividing weight by height square (kg/m²).  

3.3.4.3. Family Characteristics  

Poverty Level. To calculate poverty level, household income was divided by 

the 2020 Federal Poverty Level guidelines considering family size 117 84. Based on the 

distribution of data, the final variable is presented in seven categories of poverty level 

percentage. The highest category includes families that report at least 300% above the 

poverty level indicated by the federal poverty line for a given family size, and are 

regarded as financially secure.  

Food Insecurity. The two-item Food Insecurity Questionnaire was used to 

capture caregivers’ experience and concern about household food insecurity 83. The 2-

items have shown adequate sensitivity, specificity, and validity to measure the risk of 

household food insecurity 34 85. Response choices are never (0), sometimes (1), and 

often (2). Endorsement of 1 or 2 in either item indicates risk for food insecurity 85.  
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3.3.5. Statistical analysis 

SPSS (Statistical Package for the Social Sciences, IBM Corp. Armonk, NY) 

version 26 and MPLUS (Muthen and Muthen, Los Angeles, CA) version 8.4 were 

used to perform the analyses. The sample is reduced to 401 caregivers in the 

multivariable analysis due to listwise deletion of cases with missing data (child 

temperament (3.6%) and perception of child size (6.1%)). Characteristics of cases that 

were dropped and cases that remained were compared, and no significant differences 

were seen.   

To test the heterogeneity among caregivers in feeding practices, analysis 

began by data reduction of the items of CFPQ using Exploratory Factor Analyses 

(EFA) and Confirmatory Factor Analysis (CFA); necessary modifications were done 

based on modification indices. After confirming the number of factors and identifying 

items with loading > 0.4, factors were named, and weighted standardized factor scores 

were calculated for use in the second step.  

In the second step, Latent Profile Analysis (LPA) started with one profile, and 

more profiles were added until no improvement in the model fit was seen. Model 

improvement was assessed based on Akaike Information Criteria (AIC), Bayesian 

Information Criteria (BIC), and Adjusted BIC (ABIC), in which a lower value 

indicates a better model. Also, the Vuong-Lo-Mendell-Rubin Likelihood Ratio Test 

(LMR LRT) was done. Non-significant tests indicate that a model with K profiles is 

not significantly better than the model with k-1 profiles 86 87.   

In the last step, multinomial logistic regressions with SEM framework and 

Maximum Likelihood with Robust estimator (MLR) were used to examine child, 
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caregiver, and family characteristics associated with the profiles identified in the LPA 

while accounting for child-care center clustering. MLR is robust to the non-normality 

in the indicator variables. To achieve a parsimonious model, parameters with a p-

value > 0.15 at the bivariate and multivariate level were removed from the final 

model. The confidence intervals are presented to assess the strength of associations, 

but p-values were used to judge statistical significance. 

3.4. Results 

3.4.1. Descriptive   

Characteristics of the caregivers, children, and families are presented in Table 

3.1. Most caregivers were White (67.0%), women (90.2%), married (71.6%) with a 

mean age of 35 (SD=5.6) years. Most caregivers were employed full-time (85.1%) 

and had more than a college degree (70.4%). More than two-thirds of families 

(68.4%) were financially secure and 300% or more higher than the Federal Poverty 

Level for a given family size, and 87.9% were food secure. The mean age of the 

children was 48.0 (SD=7.5) months, 55.7% were boys, and 61.8% were White. The 

non-White race category included 25.1% Black or African American, 6.1% Mixed 

race, 2.0% Asian, 0.4% Native American, and 0.2% Native Hawaiian; 4% were 

Hispanic or Latinx. Most caregivers were satisfied with their child’s body size 

(75.5%), 22.6% desired their child to be heavier, and 4.9% desired their child to be 

thinner.    
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Table 3.1. Child, Caregiver, and Family Characteristics by Feeding Practice’s Classes 

(n=437) 

  Feeding Practices Classes 

Characteristics Total 

100% 

n (%) 

Regulating 

(15.8%) 

n (%) 

Controlling 

(69.3%) 

n (%) 

Balanced 

(14.9%) 

n (%) 

Child Characteristics     

Child Sex     

 Boy  243 (55.6) 38 (54.1) 164 (54.1) 41 (63.1) 

 Girl 194 (44.4) 31 (44.9) 139 (45.9) 24 (36.9) 

Child Race     

White 270 (61.8) 35 (50.7) 200 (66.0) 35 (53.8) 

Non-Whites 167 (38.2) 34 (49.2) 103 (34.0) 30 (45.0) 

Caregiver Characteristics     

Caregiver Race     

White 293 (67.0) 38 (55.1) 219 (72.3) 36 (55.4) 

Non-Whites 144 (33.0) 31 (44.9) 84 (27.7) 29 (44.6) 

Caregiver Sex     

 Men 43 (9.8) 10 (14.5) 21 (6.9) 12 (18.5) 

 Women 403 (90.2) 59 (85.5) 282 (93.1)  53 (81.5) 

Perception of Child Size     

 Wants Child to be Thinner 20 (4.9) 2 (3.2) 8 (2.8) 10 (15.6) 

 Satisfied with Child Weight 298 (72.5) 40 (63.5)  212 (74.6) 46 (71.9) 

 Wants Child to be Heavier 93 (22.6) 21 (33.3) 64 (22.5) 8 (12.5) 

Caregiver Employment     

 Not Full-time  65 (14.9) 10 (14.5) 46 (15.2) 9 (13.8) 

 Full-time  372 (85.1) 59 (85.5) 257 (84.8) 56 (86.2) 

Caregiver Education     

 High School or less 30 (6.9) 4 (5.8) 22 (7.3) 4 (6.2) 

 Some College 99 (22.7) 17 (24.6) 63 (20.8) 19 (29.2) 

 Bachelor’s Degree 112 (25.6) 20 (29.0) 72 (23.8) 20 (30.8) 

 Master/Professional Degree 154 (35.2) 24 (34.8) 116 (38.3) 14 (21.5) 

 Doctoral Degree 42 (9.6) 4 (5.8) 30 (9.9) 8 (12.3) 

Family Characteristics     

Poverty Level Percentage      

 0% to 50% 14 (3.2) 3 (4.3) 8 (2.6) 3 (4.6) 

 50% to 100%  15 (3.4) 0 (0.0) 9 (3.0) 6 (9.2) 

 100% to 150%  29 (6.6) 8 (11.6) 16 (5.3) 5 (7.7) 

 150% to 200% 20 (4.6) 6 (8.7) 12 (4.0) 2 (3.1) 

 200% to 250% 26 (5.9) 9 (13.0) 10 (3.3) 7 (10.8) 

 250% to 300% 34 (7.8) 7 (10.1) 19 (6.3) 8 (12.3) 

 300% and higher 299 (68.4) 36 (52.2) 229 (75.6) 34 (52.3) 

Food Insecurity Status     

 Secure 384 (87.9) 54 (78.3) 277 (91.4) 53 (81.5) 

 Insecure 53 (12.1) 15 (21.7) 26 (8.6) 12 (18.5) 

Marital Status     

 Single 124 (28.4) 46 (66.7) 222 (73.3) 45 (69.2)  

 Non-single 313 (71.6) 23 (33.3) 81 (26.7) 20 (30.8) 

 Mean (SD)    

Child Age (Months) 48.01 (7.5) 47.91 (7.7) 47.90 (7.5) 48.46 (7.6) 

Child Temperament (t-score) 50.10 (9.3) 52.60 (10.3) 49.07 (8.1) 52.31(12.0) 

Caregiver Age (Years) 35.14 (5.6) 35.48 (6.6) 35.21 (5.4) 34.49 (5.3) 

Caregiver BMI 27.48 (6.1) 29.39 (6.8) 26.72 (5.7) 28.96 (6.6) 
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3.4.2. Heterogeneity of Caregiver FP 

Factor analyses were conducted to reduce redundancies and identify shared 

variances among the CFPQ items. To respect the CFPQ conceptualization with 48 

items organized into twelve practices, we first conducted a CFA with twelve factors. 

The 12-factor model did not show an acceptable fit index in CFI (CFI = 0.85), and 

standardized loadings of two items were low: (1) “How often do you let your child 

leave the table when she or he is full, even if your family is not done eating,” (b= 

0.25); and (2) “My child should always eat all of the food on his or her plate,” 

(b=0.27). Therefore, EFA was conducted. 

EFA with MLR with oblique Goemin rotation showed that the best-fit indices 

belonged to a model with 13 factors (CFI = 0.96, RMSEA= 0.03, SRMR= 0.02). Nine 

factors were found to be similar to the CFPQ conceptualization, including monitoring 

children’s foods, allowing children to be in control of what they eat, using food for 

emotional regulation, making healthy food available, involving children in meal 

planning and preparation, pressuring to eat more, modeling healthy eating, restricting 

unhealthy foods, and using food as a reward. Two questions related to keeping sweets 

and snacks in the house did not load on the factor called healthy environment as 

CFPQ suggests. A new factor was named “not keeping sweets and snacks” (NKS). 

The two CFPQ factors of teaching nutrition and teaching balance of various foods 

emerged as one factor in the EFA model, named teaching nutrition and balance 

(TNB). Items of CFPQ’s restricting for weight control factor loaded onto two 

different factors, named “limiting amount,” and “limiting type.” Four items did not 

load onto any factor (loading<0.4) and were deleted: (1) How often do you let your 

child leave the table when she or he is full, even if your family is not done eating; (2) 
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How often do you encourage your child to eat healthy foods before unhealthy ones; 

(3) My child should always eat all the food on his or her plate; and (4) I have to be 

sure that my child does not eat too many high-fat foods. Results of the EFA are 

available in supplementary materials (Appendix, Table 4).  

In the next step, the 13 factor scores were used as the indicators for the LPA. 

Several ways of calculating factor scores (weighted, unweighted, standardized, non-

standardized, categorized, and non-categorized) were examined. The standardized 

weighted score LPA model had the lowest AIC, BIC, and Adjusted BIC, when 

compared to the other models and was used to determine the feeding practice classes. 

A 3-class model with 90% entropy was chosen (Table 3.2); the 2 and 4-class model 

did not yield distinct classes.   

Table 3.2. Fit Statistics for Latent Class Models of the 13 Weighted Standardized Factors 

Scores of Feeding Practices 

Number of Classes 1 2  3  4  

Akaike Information Criteria  16274.48  15851.11 15620.45 15491.16 

Bayesian Information Criteria 16381.09 16015.12 15841.87 15769.99 

Adjusted Bayesian Information Criteria 16298.57 15888.18 15670.50 15554.18 

Entropy  0.88 0.90 0.92 

Vuong-Lo-Mendell-Rubin Likelihood 

Ratio Test 

P-Value 

 -8111.24 

<0.001 

-7885.55 

0.01 

-7756.23 

0.68 

Log Likelihood (df) -8111.24 

(26) 

-7885.55 

(40) 

-7756.23 

(54) 

-7677.58 

(68) 

As an aid to interpreting the patterns of the three classes, the FP indicators 

were mapped to practices that would fall under the three food parenting constructs of 

coercive control, structural, and autonomy (Figure 3.2). The majority of caregivers 

(69%) were in a class with high coercive control behaviors and low autonomy and 

structural practices (labeled Controlling). These caregivers endorsed limiting the 

amount and type of foods children eat while not providing a healthy environment and 
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not modeling healthy eating, not teaching them about nutrition and food balance, and 

not involving them in meal planning and preparation. Another class (16%) 

represented a pattern of high coercive control behaviors with moderate structural and 

autonomy behaviors (labeled Regulating). These caregivers endorsed limiting the type 

and amount of food children eat while using all other practices in moderation. The 

remaining 15% of the sample used coercive control, structural, and autonomy 

behaviors in moderation (labeled Balancing). These caregivers endorsed slightly 

higher autonomic and structural behaviors (e.g., providing a healthy environment, 

modeling, and teaching behaviors) than the other two classes.   

 
Figure 3.2. Classes of Caregiver Feeding practices (Balancing, Regulating, Controlling) 

based on 13 feeding practice indicators (factors identified among the Comprehensive 

Feeding Practices Questionnaire items) Mapped to align with Vaughn’s Conceptual 
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3.4.3. Characteristics Associated with FP Classes 

The distribution of child, caregiver, and family characteristics within each of 

the three classes is shown in Table 3.1. Bivariate and multivariate results of the 

multinomial logistic regressions in SEM framework were used for model building 

(Table 3.3). The final parsimonious model found associations between FP classes 

with child temperament, caregiver perception of child size, family poverty level, and 

marital status. For each unit increase in child temperament t-score, caregivers were 

4% more likely to be in Balanced (aOR= 1.04, 95% CI=1.01-1.07) and Regulating 

(aOR= 1.04, 95% CI=1.01-1.08) versus Controlling class. Caregivers who desired 

their child to be heavier were 60% less likely to be in the Balancing class (aOR=0.40, 

95% CI= 0.22-0.72) versus the Controlling class. For each 50% increase in poverty 

level, caregivers were 20% less likely to be in the Balancing class (aOR=0.80, 95% 

CI=0.65-0.98) versus the Controlling class. Single caregivers vs. non-single 

caregivers were 62% less likely to be in the Balancing class (aOR=0.38, 95% 

CI=0.18-0.80) rather than the Controlling class. 
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Table 3.3. Association of Child, Caregiver, and Family Characteristics with Feeding 

Practices Class Membership Using Multinomial Logistic Regression in SEM Framework 

Characteristics Bivariate 

(n=437) 

Multivariate 

(n=401) 

Parsimonious 

(n=401) 

 B(OR) R (OR) B(aOR) R(aOR) B aOR (95%CI) R aOR (95%CI) 

Child        

Girl vs. boy1 0.70 ^ 0.96 0.79 0.99  0.80 (0.43-1.50) 1.01 (0.52-1.96) 

Age (months) 1.01 0.99 1.00  0.99    

Non-white vs. white 1  1.59 1.91 ^ 1.38 1.28   

Temperament  1.04 * 1.04 * 1.04* 1.04* 1.04 (1.01-1.07)* 1.04 (1.01-1.08)* 

Caregiver       

Age (year) 0.98 1.01 1.00 1.04   

Non-white vs. white1 2.00 ^ 2.15 ^ 1.98 1.36 2.57 (1.22-5.45) 1.72 (0.81-3.62) 

BMI 1.06 * 1.07 ^ 1.03 1.06 ^ 1.03 (0.99-1.08) 1.06 (0.99-1.13) 

Perception of Child 

Size  

      

Wants to be heavier vs. 

satisfied1 

0.56* 1.69 0.38 * 1.48 0.40 (0.22-0.72)* 1.45 (0.70-3.00) 

Wants to be thinner vs. 

satisfied1 

5.63^ 1.29 5.22 0.97 5.35 (1.87-15.28) 0.95 (0.23-3.86) 

unemployed/part time 

vs. employed fulltime1  

0.86 0.91 0.55 0.71   

Caregiver Education (5 

categories) 

0.85 ^ 0.90 0.99^ 1.12 0.97 (0.69-1.35) 1.14 (0.86-1.52) 

Single vs. non-single 1   1.19 1.43             0.34* 0.54* 0.38 (0.18-0.80)* 0.52 (0.22-1.24)* 

Family       

Poverty Level % 0.81 * 0.84 * 0.75* 0.85 0.80 (0.65-0.98) 0.90 (0.72-1.12) 

Food insecure vs. 

secure1 

2.37 2.91 ^ 1.26 2.68 1.36 (0 .45-4.04) 2.73 (0.81-9.14) 

Note: 1 Reference group, * significant at 0.05, ^ significant at 0.15. Child race was dropped 

due to multicollinearity. Estimator= MLR. Controlling class is referent category for outcome 

classes.  
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3.5. Discussion 

This study examined feeding practices among a diverse sample of caregivers 

of preschoolers enrolled in childcare centers. Using a validated measure of feeding 

practices, we identified thirteen FPs among caregivers of preschoolers that were 

empirically organized into three classes of practices: Controlling, Regulating, and 

Balancing. Similar to real-life where multiple practices co-occur, in this study, 

patterns of feeding practices emerged among caregivers. The 13 feeding practices 

from the CFPQ and the three classes of FPs (Controlling, Regulating, Balancing) 

mapped onto the three broader groups of practices (coercive control, structure, 

autonomy), thus empirically validating the conceptualization of three food parenting 

constructs proposed by Vaughn 32. The labeling of the classes (Controlling, 

Regulating, and Balancing) were based on the patterns of caregiver practices.  

The Controlling class had high endorsement of coercive control practices, 

particularly Limiting the Amount and Limiting the Type of food offered and low 

endorsement of structural and autonomy practices, particularly Not Keeping Sweets 

and Snacks, Healthy Environment, Modeling, Involving the Child, and Teaching the 

child. The Regulation class also had high endorsement of coercive control practices, 

particularly Limiting the Amount and Limiting the Type of food offered. They 

differed from the Controlling class in that both structural and autonomy practices 

were moderate. Although they endorsed limiting foods, they endorsed a wide range of 

healthy Structural and Autonomy practices, including Not Keeping Sweets and 

Snacks, Healthy Environment, Modeling, Involving the Child, and Teaching the child.  

The Balanced class had moderate Coercive Control, less than the other two 

classes, as well as moderate endorsement of Structural and Autonomy practices. This 
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class identified parents who endorse feeding practices most closely aligned with 

recommendations which emphasize responsive, child-centered feeding practices for 

child health 118. The finding that only 15% of parents fell into the Balanced class 

raises concerns about current FP among parents of preschoolers. Most of the 

caregivers belonged to the Controlling class, and did not endorse structural and 

autonomy practices that were consistent with providing a healthy environment for 

children, monitoring them or empowering them to be healthy eaters by teaching, 

modeling or involving them in meal planning and preparation. 

Some of the 13 FP of CFPQ differentiated the classes more than others. In the 

coercive control construct, “limiting type” and “limiting amount” differentiated the 

Controlling and Regulating classes from the Balancing class. In the structural 

construct, “providing healthy environment,” “monitoring,” and “modeling” 

differentiated the Controlling class from the other two classes. In the autonomy 

construct, “involving child,” and “teaching” differentiated the classes.  

Caregivers who perceived their child’s temperament to be difficult were more 

likely to be in Balancing and Regulating classes than Controlling class. Caregivers in 

the Balancing and Restricting classes differ from caregivers in the Controlling class 

with higher endorsement in autonomy and structural behaviors. Longitudinal research 

is needed to understand the underlying mechanisms and temporal associations for 

caregivers’ of preschoolers perceived as temperamentally difficult to endorse 

autonomy and structural behaviors. One possibility is that caregivers who perceived 

child’s temperament as difficult may have implemented structural and autonomy 

practices in response to their children’s struggles with boundaries and following rules 

119. The child-centered practices they endorsed, included providing a healthier 
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environment, monitoring child food, modeling healthy eating, teaching about nutrition 

and balance of foods, and involving the child in meal planning and preparation.  

Being a single caregiver was associated with low endorsement of structural 

and autonomy practices, including not providing a healthy environment, modeling 

healthy eating, monitoring child foods, teaching nutrition or balance of foods, or 

involving the child in meal planning and preparation. Being a single caregiver is 

associated with higher stress and lower resources which may explain the association 

120.  

The association of financial security with low autonomy and structural 

practices was unexpected. The association between family socioeconomic class and 

feeding practicess among preschoolers has yielded inconsistent findings, although 

most studies have focused on specific feeding practices, especially restricting 

practices. For instance, low endorsement of restricting practices has been found 

among families of high socioeconomic status 121 and among families living below the 

poverty level 122.  

Although most parents were satisfied with their child’s size, almost one-

quarter of caregivers desired their child to be heavier and fewer that 5% desired their 

child to be thinner. Caregivers who desired their child to be heavier were less likely to 

be in the Balancing class than the Controlling class. Caregivers in the Balancing class 

were moderately using all the practices and were not highly limiting type or amount 

of food, which were common practices in Regulating and Controlling class. In 

contrast caregivers wanting their children to be heavier endorsed controlling 

behaviors, including “pressure to eat more” practices.   
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Among the non-significant characteristics in our study, we found no evidence 

that  FPs differed by age, gender, socioeconomic status, or race.  In contrast, some 

studies have examined how race/ethnicity relates to single FPs. A study in Europe of 

Black Afro-Caribbean, White British, and White German samples of mothers and 

their 2 to 12-year-old children found that race was significantly associated with FPs. 

Black parents had the highest restricting and lowest monitoring FPs, and White 

Germans had the lowest pressuring to eat behaviors 109. Another study of White 

middle-income and Hispanic low-income mothers and their preschool-age children 

showed White mothers had lower controlling behaviors than Latino mothers 123. The 

differences between the association of race with FPs may reflect the 

operationalization of FPs as well as contextual differences. We studied FPs 

simultaneously, while other studies have focused only on a single or a subset of 

practices. Caregivers frequently move among practices in response to their children’s 

behaviors, making it difficult to isolate single behaviors. In addition, our sample 

represented a racially and economically diverse sample of preschoolers from across 

the state who were enrolled in childcare centers; most with their primary caregiver 

employed fulltime.   

3.5.1. Strengths and Limitations 

Longitudinal studies could examine temporal associations and changes over 

time, linkages between FP classes and children’s growth, diet quality, eating 

behaviors, and weight, and differences by culture, race, sex, and socioeconomic 

status.  

While we chose to reduce the number of CFPQ items using exploratory factor 

analysis and compared findings to the original, we acknowledge that other approaches 
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could be used. We investigated the number of classes using multiple methods of 

factors scoring (standardizing, weighting, categorizing). Future researchers could 

replicate the study in different settings and samples while considering alternative 

options for the exploratory models to confirm the replicability of the number of 

factors, number of classes, attributes of classes, and their associated characteristics. 

We encourage the use of consistent and comprehensive measures across samples. 

Using the emergent FP classes rather than individual caregiver feeding behaviors may 

be an approach to inform the content of caregiver-focused interventions. 

3.6. Conclusion 

Caregivers of young children play a crucial role in the development of 

children’s eating patterns. Building on prior research 21 32,  this study provides further 

validation to the CFPQ and the content mapping of caregiving FPs to broader classes 

of caregiver feeding behaviors. In this statewide sample of primarily full-time 

employed caregivers of preschoolers in childcare, many caregivers endorsed 

controlling behaviors without endorsing empowering behaviors that could help 

children become healthy eaters. Nor were behaviors endorsed that would provide a 

healthy environment for children - both areas need researchers and providers’ 

attention. Future longitudinal analyses will examine how caregiver feeding practices 

evolve and relate to children’s eating habits, growth, and development over time.   
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Chapter 4: Caregiver Feeding Practices Patterns and Preschooler Obesity: 

Considering Perceptions of Child Size, and Temperament3   

4.1. Abstract  

Caregiver feeding practices (FP) can influence preschoolers’ diet and weight. 

This study examines the association between FP patterns and child Body Mass Index 

(BMI), while considering caregiver perceptions of child size and temperament. It also 

examines if diet is the mechanism and if the associations differ by any of the child, 

caregiver and family characteristics. Latent profile analysis delineated three FP 

patterns from the Comprehensive Feeding Practices Questionnaire: Balanced, 

Controlling, Regulating. Perception of child size was rated by caregivers using 

preschooler silhouettes (desire child size heavier, same, thinner). Caregivers reported 

on child temperament using the Emotional Control and Inhibitory subscales of the 

Behavior Rating Inventory of Executive Function. Child diet was measured by Young 

Children Food and Drink Questionnaire and categorized as fruit/vegetable and 

Sugers/Snacks/SatFat (SSS) foods. Multivariate and multigroup Structural Equation 

Models were used to examine associations. We enrolled 437 preschoolers [44.4% 

girls, 38.2% Black/Other, mean age 48.1 months, 10.3% obese (BMI percentile>95)] 

and caregivers (90.2% female, mean age 35.1 years), from 50 childcare centers. 

Regulating versus Controlling FP patterns (b=-0.09, p=0.03) were negatively 

associated with child BMIz. The association between FP patterns and BMIz did not 

differ by any of the child, caregiver, and family characteristics and diet was not the 

mediator. Child temperament [higher=more difficult] (b=0.09, p=0.008), higher 

 

 

3 Authors: Zahra Rahmaty, Mary E. Johantgen, Carla L. Storr, Robyn Gilden, Yan Wang, 

Maureen M. Black 

Target Journal: Pediatric 
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caregiver BMI (b= 0.26, p<0.001), caregiver desire for the child to be thinner (b=0.23, 

p<0.001), and caregiver desire for child to be heavier (b=-0.37, p<0.001) were 

associated with BMIz. Future longitudinal studies are needed to test the replicability 

of the result for other ages and settings and to examine temporal associations between 

FP patterns and BMIz and caregiver perceptions of child temperament and size.   

Keywords: Feeding Practices, Preschoolers, Obesity, Executive Functioning, 

Child-size Perception, Social Determinants 
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4.2. Introduction  

In the U.S., the  prevalence of obesity even after decades of interventions is 

high. This prevalence is 13.4 percent among preschoolers and increases as children 

get older 2 3. Children with obesity are more likely to have obesity in adulthood with a 

higher risk of developing heart diseases, type 2 diabetes, and cancers. The obesity 

problem costs the U.S. healthcare system $147 million a year 124.  

Obesity is a complex multifactorial phenomenon impacted by multiple 

interactive layers of relationships and environments. The Bioecological Theory of 

Human Development (BEM) emphasizes the roles that individuals, families, 

communities and society play in influencing a child’s development and behaviors 5. It 

also emphasizes the dynamic interrelations among the child and the immediate 

environment and the interaction with people around them 5. The child in the center 

has specific personality traits, temperament, sex, dietary patterns, sedentary behaviors 

and physical activity that may interact with outer layers 46 92 93 47 43. 

Caregivers’ behaviors influence childrens’ norms and habits 27 43. Caregivers’ 

Feeding Practices (FP) may also influence children’s eating behaviors, 20 making 

them possible targets for obesity prevention programs. Most studies examining the 

association of FPs and childhood obesity have focused on single selected practices 

and findings have been inconsistent. A systematic review of FPs and weight status in 

4-12 year old found restriction and pressure to eat were linked to child BMI and 

pressure to eat was associated with Lower BMI and restrictive behavior with higher 

BMI  22. However, FP are performed simultaneously as captured by Vaughn and 

colleagues in a concept map that grouped 19 practices into three “food parenting” 

constructs: coercive control (e.g., restrict, pressure, threat, bribe, and reward with 

foods), structure (e.g., rules and limitations without pressure or force, making meal 
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and snack routines, acting as a model for healthy eating, and providing healthy foods 

available in the house), and autonomy (e.g., empowering children to choose healthy 

foods by teaching, encouraging and involving) 32. Three feeding patterns were 

identified in a recent study that used an empirically driven approach to find patterns 

among FPs used simultaneously in a sample of caregivers of preschool aged children 

125. The latent profiles also portrayed how the three food parenting constructs might 

complement each other, however, further work needs to be done to see if these 

feeding patterns influence child’s diet and BMI.   

While caregiver FP are important factors in developing children’s eating 

habits, other BEM layers focus on the contextual factors which affect a child’s weight 

gain. These conditions such as education, economic status, employment, race, and 

food insecurity 65 64 have been associated with child weight gain. However their 

association with childhood obesity have been shown to be inconsistent 14 27 65 29 40 39 

67 68 42 41 69. A systematic review suggests that this inconsistency may be due to not 

considering education, income, and employment simultaneously 27. 

A family’s socioeconomic status influences living conditions, health-related 

behaviors, diet quality, physical activity, type of leisure activities, and level of stress 

65. It also relates to food insecurity, employment, and education 65. Food insecurity 

(FI), defined as not being able to access a good quantity or quality foods, is linked to 

lower consumption of fruits, vegetables, and poor general health 65. Race has been 

used as a proxy for some of these characteristics and to represent culture in FPs 

studies because people with various cultural backgrounds have different foods and FP 

22. A higher prevalence of obesity among non-Hispanic blacks, Hispanics, and 

multiracial children has been documented but mechanisms are not clear 3 30 67 42 73. 
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In this study, we determine how FPs patterns relate to childrens’ Body Mass 

Index z-score and whether the child’s diet is a mechanism, while considering child 

temperament and child-size. We also determine if the association between caregiver’s 

FPs patterns and child’s Body Mass Index z-score varies by child sex, caregiver race, 

education, or family poverty level, and food insecurity.  

4.3. Methods 

4.3.1. Study Design  

This cross-sectional study used baseline data of the CHAMP study (Creating 

Healthy Habits Among Maryland Preschoolers). Details of the CHAMP study are 

published elsewhere 34. The sample for this study consist of  437 caregivers and 

children from 50 childcare centers throughout Maryland who had complete 

anthropometric and feeding practice data [9 children were excluded because their 

sibling was in the sample]. A sample of 400 was calculated to be sufficient to detect a 

small effect size (Cohen’s f ranging from 0.12 to 0.15), considering 20 covariates in a 

multivariate regression model, an alpha level of 0.05, and power of 80%. For analysis 

of the main and interaction effects to detect a small effect size (f=0.15), with 

alpha=0.05, the power is about 85% 126. Therefore, the relationships of interest are 

investigated with enough power.  

4.3.2. Ethical Statement 

The CHAMP study was approved by the University of Maryland Baltimore 

Institutional Review Board (IRB). Caregivers provided written consent for themselves 

and their children, and verbal assent was obtained from the children.  

4.3.3. Recruitment and Data Collection 

Each care center had a teacher who acted as a liaison during recruitment and 

implementation of the study. Liaisons distributed study flyers to caregivers, installed 
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posters in the school, recruited up to 20 caregivers per center, and received up to $50 

for the roles 34. Trained study team members visited care centers to collect 

anthropometric data on participating children. Caregivers were sent a link via email or 

text that enabled them to complete an online questionnaire. Multiple attempts were 

made to increase the response rate. Other recruitment strategies included changing the 

subject of email, changing the time and day of email, and text distribution were used 

to increase response rate.  

4.3.4. Measurements and Study Variables 

Child Characteristics  

Child Weight. The outcome of this study is Body Mass Index (BMI) z-score of 

children using the CDC 2000 sex-age specific. It is essential to consider age and sex 

as children grow at different trajectories. BMIz that was calculated as weight (kg) 

divided by the square of height (m) and getting the score based on CDC age and sex 

datasets 78. Weight was measured in triplicate using a TANIA BWB-800 digital scale 

after removing jackets, and shoes. Weight was rounded to the nearest 0.1 kilograms. 

Height was measured in triplicate using a stadiometer without shoes while both heels 

touched the wall. Height was rounded to the nearest 0.1 centimeters. 

BMI percentile (BMIp) categories based on CDC recommendations were also 

calculated and used for descriptive purposes. BMIp, less than the fifth percentile, is 

defined as underweight, between fifth and eighty-five percentile as normal weight, 

between eighty-five to ninety-five as overweight, and above the nighty five percentile 

as obese 127. Only a small percentage (3.4%) of the children were underweight so this 

group was combined with the normal weight group. 

Child Diet. Child diet was measured by Young Children Food and Drink 

Questionnaire with items related to the consumption of fruit, vegetables, processed 
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meat, French fries, potato chips, fast foods, candy, chocolate, and soda. This 

questionnaire has shown good reliability, and acceptable validity for children age 2 to 

5 years old 79. Response choices were: no serving, one serving per month, one serving 

per week, one serving per day for all the items, except the fruits and vegetables, which 

were collected with a 3-point ordinal scale (no serving at all, one serving per week, 

one serving per day). Lacking a recommendation on how to create a total diet score 79 

a latent variable was created from all of the items except fruits and vegetables 

consumption using SEM. This was labeled Sugers/Snacks/SatFat (SSS) foods and 

included candy and chocolate, sugary beverages, fast-food and processed foods. For 

descriptive purposes, the total SSS food factor score was calculated by summing the 

item scores and then categorized into tertiles: Low, Medium, High. For fruits and 

vegetables, a variable was made and categorized as having one serving daily of either 

vs. not having one serving per day of either fruit or vegetable. 

Child Demographics. Child age was calculated by months from the date of 

birth, and sex was captured as girl vs. boy. Race was categorized as white vs. non-

whites because other races were rare in the dataset; 96% of the children were not 

Hispanic or Latino, so child ethnicity was ignored in the analysis.  

Child Temperament. Child temperament was measured by the emotional 

control and inhibitory subscales of parent-reported, preschoolers version of Behavior 

Rating Inventory of Executive Function (BRIEF) questionnaire 80 82. The entire 

BRIEF has been validated among US preschoolers, and good reliability is reported 34 

80 81. Emotional control and inhibitory behaviors subscales focus on how the child 

control emotions, actions, and responses in a good manner, plus child responses to 

other people's reactions or environmental demands to regulate his/her behavior, 

emotions, and reactions 80 82. The subscales had 10 and 16 items, respectively, and 
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used a three-point Likert frequency scale. Scores were summed up for each subscale 

and a t-score was calculated since there were different number of items. The final 

variable was the mean of the two subscales t-scores as suggested in the literature. A 

higher score indicates a child with more difficult temperament based on their 

behaviors and emotions 80. 

Caregiver Characteristics  

Caregiver’s Feeding Practices patterns. Exploratory factor analysis identified 

13 factors among the 48 items of the Comprehensive Feeding Practices Questionnaire 

(CFPQ), a scale that has been shown to have good psychometric properties 34. The 

factors score then became indicators for a Latent Profile Analysis (Figure 4.1).  

 

 
Figure 4.1. Three Feeding Practice Patterns and Their Indicators from 13 Factors of CFPQ 
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Criterion (BIC). Three qualitatively different feeding practice patterns emerged and 

were labeled: Controlling, Regulating, and Balancing (see Rahmaty et al, 2021 125 for 

further explanation). The Controlling pattern consisted of caregiver practices that 

involved high coercive control behaviors and low autonomy behaviors. The 

Regulating pattern had high coercive control behavior but moderated in all other 

behaviors, and the Balancing pattern caregivers were using all the practices in 

moderation. 

  Caregiver’s Perception of Child Size. Caregivers’ perception of child size was 

measured using seven silhouettes of 4-year-old children 34. Good reliability and 

validity, satisfactory concurrent validity with weight for length percentile, high inter-

observer agreement are reported for this measurement 83. Caregivers reported their 

child’s current and ideal weight from the silhouette ranging from 1 to 7. The 

difference between the ideal and current size was calculated and categorized as: want 

the child to be thinner, satisfied with the child size, and want the child to be heavier 

was made.  

Other Caregiver’s Characteristics. Caregiver’s age was captured in years, and 

their sex as female and male. Race was categorized as White vs. non-Whites, as other 

races were rare in the dataset. The ethnicity of 97% of caregivers was non-Hispanic or 

Latino, so it was ignored in the analysis. Caregiver BMI was calculated using 

caregiver’s self-reported weight (kg) divided by self-reported height squared (cm2). 

Education was categorized as high school or less, some college, bachelors, master’s 

degree or professional degree, and doctoral degrees. Marital status was coded as 

single vs. non-single. Employment was coded as working full-time vs. non-full time 

employed, which include part time workers and those unemployed. 
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Family Characteristics  

Family economic status is reported by family poverty level and household 

food insecurity. Family household income and food insecurity were captured by 

caregiver reported total household income and responses to the two items Food 

Insecurity Questionnaire, respectively 83. The family poverty level was computed by 

dividing the total household income by the federal poverty threshold for a given 

family size 84. The final variable indicates categories of percentages of the poverty 

level.  

Household food insecurity was captured through two items asking the 

caregiver’s experience and feelings about food insecurity at home. The 2-items have 

been shown to have enough sensitivity, specificity, and validity to measure the risk of 

food insecurity in families 34 85. Response choices are a 3-point Likert frequency 

scale: never (0), sometimes (1), and often (2); endorsement of 1 or 2 in either of items 

indicates risk for food insecurity 85. A binary variable of food security vs. food 

insecurity was made.  

4.3.5. Statistical analysis 

The percentage of missing values in all the variables were less than 5% except 

for fruit and vegetable consumption (9%), and perceived child body size (6%). 

Missing were completely at random, and no pattern was found. Cases with and 

without missing were compared based on available characteristics, and no significant 

differences were found. Full Information Maximum Likelihood (FIML) with robust 

estimators (MLR) were used in the analysis, which handles missingness and potential 

non-normality in models.  

SPSS (Statistical Package for the Social Sciences, IBM Corp. Armonk, NY) 

version 26 and MPLUS (Muthen and Muthen, Los Angeles, CA) version 8.4 were 
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used to perform the analysis. Descriptive statistics were used to show participant’s 

frequency and percentage in each subgroup of characteristics and for each obesity 

status.  

To determine how FP classes relate to a child’s BMIz, child BMIz was 

regressed on the emergent FP classes and other child, caregiver, and family 

characteristics using bivariate and multivariate regression in the Structural Equation 

Modeling framework with MLR estimator. To achieve the best parsimonious model 

all variables with p<0.15 were included in the last model. To judge the model fit, 

Comparative Fit Index (CFI), Standardized Root Mean Squared Residual (SRMR), 

and Root Mean Squared Error of Approximation (RSMEA) were considered with cut 

points of > 0.95, < 0.08, and < 0.06, respectively 88. For all the bivariate, multivariate, 

and multigroup analysis, childcare center was considered as clustering variable using 

MPLUS complex type analysis.   

To check if the diet is the mechanism of the association between FP classes 

and child BMIz, first the SSS food and fruits and vegetables associations with BMIz 

were tested in bivariate and multivariate models, with the mediation effect being 

tested in the last parsimonious model. The relationship and the model were judged by 

examining the standardized beta coefficient of the relationship and the related p-value.  

To determine if the associations between FP classes and child BMIz vary by 

child sex, caregiver race, education, family food insecurity, and poverty level, several 

multigroup SEMs were built using the last parsimonious model. Binary variables were 

used to build multigroup models; strata included child’s sex (girl vs. boy), caregiver 

race (White vs. non-White), food insecurity (secure vs. insecure), poverty level (less 

than 150% vs. 150% and higher than the federal poverty level for given family size), 

and education (less than a bachelor’s degree vs. bachelor’s degree or more). Each 
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time the model was stratified based on one of the moderators, the associations of FP 

classes to child’s BMIz were investigated with and without equalizing other 

parameters in each stratum. The result of each moderation effect is reported using 

model fit indices, and the differences between the association of FP classes and 

child’s BMIz in each stratum, are statistically tested and reported.  

4.4. Results 

Child, caregiver, and family characteristics for the total sample and each 

child's weight status (normal weight, overweight, and obese) are shown in Table 4.1. 

Most of the children were boys (55.6%), White (61.8%), and non-Hispanic or Latino 

(96.0%), with a mean age of 48.0 (SD=7.5). Most of the children had at least one 

serving of fruits or vegetables a day, but 32% of them had high consumption of SSS 

foods.   
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Table 4.1. Child and Caregiver Characteristics by Child Weight Status (n=437)  

Characteristics Total N (%) Healthy N (%) Overweight N (%) Obese N (%) 

Child Sex     

Boy  243 (55.6) 190 (78.5) 29 (12.0) 23 (9.5) 

Girl 194 (44.4) 141 (73.1) 30 (15.5) 22 (11.4) 

Child Race     

White/Caucasian 270 (61.8) 209 (77.7) 37 (13.8) 23 (8.6) 

Non-White 167 (38.2) 124 (73.8) 22 (13.1) 22 (13.1) 

Fruit/Vegetable Consumption     

       No serving/day 80 (20.3) 60 (75.0) 14 (17.5) 6 (7.5) 

       One or more serving/day 314 (79.7) 240 (76.7) 41 (13.1) 32 (10.2) 

Saturated/Sweet/Snacks Food      

Low 162 (41.1) 129 (80.1) 18 (11.2) 14 (8.7) 

Medium 106 (26.9) 76 (71.7) 20 (18.9) 10 (9.4) 

High 126 (32.0) 93 (76.9) 17 (13.4) 16 (9.7) 

Caregiver Sex     

 Men 43 (9.8) 36 (83.7) 4 (9.3) 3 (7.0) 

 Women  403 (90.2) 295 (75.3) 55 (14.0) 42 (10.7) 

Caregiver Race     

 White 293 (67.0) 234 (78.1) 43 (14.7) 22 (7.2) 

        Non-Whites 144 (33.0) 105 (72.0) 16 (11.2) 24 (16.8) 

Caregiver Marital Status     

 Single 124 (28.4) 88 (71.0) 20 (16.1) 16 (12.9) 

 Married 313 (71.6) 243 (78.1) 39 (12.5) 29 (9.3) 

Caregiver Employment     

 Not Full-time Employed 65 (14.9) 54 (83.1) 5 (7.7) 6 (9.2) 

 Full-time Employed 372 (85.1) 277 (74.9) 54 (14.6) 39 (10.5) 

Caregiver Educational Level     

 High School or less 30 (6.9) 22 (73.3) 6 (20.0) 2 (6.7) 

 Some College 99 (22.7) 70 (70.7) 14 (14.1)  15 (15.2) 

 Bachelor’s Degree  112 (25.6) 82 (73.9) 15 (13.5) 14 (12.6) 

  Master or Professional 

Degree 

154 (35.2) 121 (79.1) 22 (14.4) 10 (6.5) 

  Doctoral Degree 42 (9.6) 36 (85.7) 2 (4.8) 4 (9.5) 

Perception of Child Body Size     

 Wants Child to be Thinner 20 (4.9) 5 (25.0) 4 (20.0) 11 (55.0) 

 Satisfied with Child Siz 298 (72.5) 223 (75.1) 44 (14.8) 30 (10.1) 

 Wants Child to be Heavier 93 (22.6) 88 (94.6) 5 (5.4) 0 (0.0) 

FPs Classes      

 Regulating 69 (15.8) 50 (74.6) 10 (14.9) 7 (10.4) 

 Controlling 303 (69.3) 241 (79.5) 38 (12.5) 24 (7.9) 

 Balanced 65 (14.9) 40 (61.5) 11 (16.9) 14 (21.5) 

Poverty Level Percentage      

 0% to 50% 14 (3.2) 11 (78.6) 1 (7.1) 2 (14.3) 

 50% to 100%  15 (3.4) 9 (60.0) 2 (13.3) 4 (26.7) 

 100% to 150%  29 (6.6) 17 (58.6) 6 (20.7) 6 (20.7) 

 150% to 200% 20 (4.6) 13 (65.0) 5 (25.0) 2 (10.0) 

 200% to 250% 26 (5.9) 18 (65.4) 4 (15.4) 5 (19.2) 

 250% to 300% 34 (7.8) 25 (75.8) 5 (15.2) 3 (9.1) 

 300% and higher 299 (68.4) 239 (80.2) 36 (12.1) 23 (7.7) 

Food Insecurity Status     

 Secure 384 (87.9) 299 (78.1) 51 (13.0) 32 (8.4) 

 Insecure 53 (12.1) 32 (60.4) 8 (15.1) 13 (24.5) 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Child Age (Months) 48.01 (7.5) 47.64 (7.4) 48.66 (7.9) 50.04 (7.7) 

Child Temperament (t-score) 50.10 (9.3) 49.73 (8.9) 50.24 (8.6) 52.44 (12.0) 

Caregiver Age (Years) 35.14 (5.6) 35.27 (5.9) 34.81 (4.5) 34.89 (4.7) 

Caregiver BMI 27.48 (6.1) 26.51 (5.6) 28.46 (5.5) 33.25 (7.4) 
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Of the 437 caregivers, 90.2% were female, with a mean age of 35.14 (SD=5.6) 

and mean BMI of 27.48 (SD=6.1%). They were mostly white (67.0%), non-Hispanic 

and non-Latino (96.9%), married (71.6%), working full-time (85.1%), and with a 

masters or professional degree (35.2%). However, the sample also consisted of 9.8% 

male caregivers and caregivers from other races and ethnicity, including Black or 

African American (24.7%), Mixed (3.6%), Asian (3.4), Native American (0.7%), 

Asian Vietnamese (0.2%), Native Hawaiian (0.2%), and Latino or Hispanics (3%). 

Caregivers mostly showed satisfaction with their child size (73%), with 22.2 % 

wanting their child to be heavier and 4.8% wanting child to be thinner. Most families 

were above the federal poverty level (93.5%) and food secure (88.1%). 

Regarding FP classes, most of the caregivers were Controlling (69.3%), 15.8% 

were Regulating, and 14.9% were Balancing. Table 4.2 shows the results of bivariate, 

multivariate [used for model building] and parsimonious model results of the 

associations. Caregivers in the Regulating versus Controlling FP class were 

negatively associated with child BMIz (b=-0.09, p=0.03). Child temperament was 

related to BMIz (b=.09, p=.008). Significant caregiver characteristics included BMI 

(b=0.26, p<.001), wanting child to be heavier (b=-0.37, p<.001), and wanting child to 

be thinner (b=0.23, p<.001).  No family characteristics were associated with child 

BMIz. 
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Table 4.2. Association of Feeding Practices Patterns, Child, Caregiver, and Family 

Characteristics with child Body Mass Index Z-score (n=437) 

 Bivariate  Multivariate  Parsimonio

us 

 B SE P B SE P B SE P 

Feeding Practices Patterns  

Balancing vs. Controlling 0.15 0.05 0.005 0.04 0.05 0.44 0.02 0.05 0.76 

Regulating vs. Controlling -0.026 0.05 0.59 -0.12 0.04 0.006 -0.09 0.04 0.03 

Child Characteristics          

Girl vs. boy1 0.10 0.10 0.32 0.01 0.04 0.81    

Age (months) 0.02 0.01 0.02 0.01 0.04 0.72 0.05 0.04 0.24 

Non-White vs. White1  0.00 0.05 0.96 - - -    

Temperament  0.01 0.01 0.31 0.10 0.04 0.009 0.09 0.03 0.008 

Fruit/Vegetable Consumption 0.02 0.04 0.60 -0.04 0.04 0.24    

Saturated/Sweet/Snack Foods 

Consumption  

0.07 0.06 0.23 0.04 0.06 0.50    

Caregiver Characteristics          

Age (year) -0.02 0.05 0.69 -0.07 0.05 0.12 -0.04 0.04 0.35 

Non-White vs. White1  0.05 0.05 0.32 -0.01 0.07 0.84    

BMI 0.06 0.01 <0.001 0.24 0.06 <0.001 0.26 0.05 <0.001 

Perception of Child Size           

Wants to be heavier vs. satisfied1 -0.96 0.11 <0.001 -0.38 0.04 <0.001 -0.37       0.05 <0.001 

Wants to be thinner vs. satisfied1 1.27 0.29 <0.001 0.22 0.06 <0.001 0.23       0.05 <0.001 

Caregiver unemployed/part time 

vs. employed fulltime1  

-0.04 0.05 0.48 -0.03 0.05 0.59    

Education (5 categories) -0.10 0.05 0.04 -0.06 0.05 0.30 -0.05 0.05 0.28 

Family Characteristics          

Poverty Level (percentage) -0.10 0.06 0.07 0.03 0.06 0.70 -0.01 0.05 0.92 

Food insecure vs. food secure1 0.12 0.06 0.03 -0.03 0.05 0.53 0.003 0.05 0.95 

Single vs. non-single1 0.10 0.12 0.38 -0.005 0.05 0.92    

Fit Indices           

RSMEA 0.00   0.09    0.00  

CFI 1.00   0.41    1.00  

SRMR 0.00   0.11    0.00  

Note: Childcare center considered as cluster in all analyses; Child race was excluded in multivariable 

models due to collinearity; Variables significant at P<0.15 were retained for the parsimonious model; 

Sample size in multivariate models were reduced to 401 cases.  
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The association of the SSS foods and fruit and vegetable consumption were 

not significant with child BMIz, and they did not play a mediation role in the 

association of FP classes and child BMIz. Also, Multigroup SEMs did not show any 

significant differences between the association of FP classes and child BMIz by 

child’s sex, caregiver’s race, caregiver’s education, family’s poverty level, and food 

insecurity, Table 4.3. 

Table 4.3. Multigroup Structural Equation Modeling to Find the Association of Feeding 

Practices Classes with Child’s BMIZ Score Based on Child’s sex, Caregiver’s Race, 

Family Food Insecurity and Poverty Level, and education 

 b (SE) P RSMEA CFI SRMR χ2  

Child’s Sex    0.00 1.00 0.33  

  Boy  0.09 (0.06) 0.12    2.13 

  Girl  0.10 (0.07) 0.17    2.62 

Test of Parameter Differences 0.02 (0.17) 0.90     

Caregiver’s Race   0.04 1.00 0.04  

  White 0.09 (0.05) 0.08    2.15 

  Other Races 0.09 (0.07) 0.21    5.71 

Test of Parameter Differences 0.01 (0.16) 0.93     

Caregiver’s Education    0.04 0.99 0.04  

  < Bachelor  0.08 (0.08) 0.33    4.91 

  Bachelor and Higher  0.10 (0.05) 0.07    3.10 

Test of Parameter Differences -0.03 (0.18) 0.87     

Food Insecurity   0.00 1.00 0.04  

  Secure 0.11 (0.05) 0.02    0.59 

  Insecure  0.03 (0.13) 0.85    5.03 

Test of Parameter Differences 0.02 (0.25) 0.53     

Family’s Poverty Level   0.04 0.98 0.04  

  < 150% of Poverty Level 0.16 (0.12) 0.16    6.90 

  >150% of Poverty Level 0.07 (0.05) 0.11    1.44 

 Test of Parameter Differences 0.14 (0.22) 0.52     

Note: All the significant variables in the previous parsimonious model are included in this model, and 

all of them are hold constant except the association of the focus to see the difference in subgroups 
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4.5. Discussion 

In our previous study, we investigated how FPs were being used 

simultaneously. In this study, we showed how the emergent classes of FPs are 

associated with child BMIz, while also considering child, caregiver, and 

characteristics, which can be important factors contributing to child weight.   

Our result revealed an association of FPs classes with child BMIz. Regulating 

versus Controlling FP class was associated with lower child BMIz. The Regulating 

class had 7 children with obesity while the Controlling class had 24 children with 

obesity. Both Controlling and Regulating caregivers were high on restricting childrens 

type and amount of food, but the difference was in autonomy practices. The 

Regulating Class use of autonomy practices (e.g., teaching nutrition and balance of a 

variety of foods, encouraging children, and involving them in food planning and 

preparation) is important in preventing obesity. The result also highlights the 

importance of the fact that a single practice does not happen in isolation from other 

practices.  

FP classes were the novel aspect of the study. Comparing our findings with 

similar studies is difficult since research most often studied single FP associations 

with child eating behaviors. A longitudinal study of 5 to 9-year-old girls showed that 

mother’s restricting behaviors increased obesity and overweight among girls 128. 

However, this study did not measure autonomy practices to see if restricting practices 

were accompanied by them. Another longitudinal study on preschoolers in Australia 

showed that modeling for healthy eating (autonomy practices) predicts lower child 

food fussiness; however, they did not find any association with child BMI. Also, they 

did not find a significant association between restricting type and amount of foods 

with either of child-eating behaviors nor BMI 129.  
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We found that child temperament is associated with higher BMIz. This 

association may be due to appeasing children with foods or using food as bribe or 

reward. A narrative review concluded that greater levels of negative reactivity (an 

aspect of temperament) in early childhood may increase the risk of obesity 130. A 

systematic review of associations among child temperament, feeding practices, and 

BMI in preschoolers found a link between temperament and BMI. The review called 

for studies on preschoolers, as they found most of the studies focused on infants 62. A 

longitudinal study on 6-months to 11-year-old children also showed that school age 

children with difficult temperaments have a higher risk of becoming overweight and 

obese 63. Yet, a longitudinal study of preschoolers could not find the association of 

child difficult temperament with child BMI, which they suggest could be due to lack 

of variation in temperament in their sample 131.  

Our study found that caregiver’s perception of child-size was associated with 

child BMIz. Caregivers wanting their child to be thinner was negatively associated 

with higher child’s BMIz. It should be noted that a quarter of caregivers who were 

satisfied with their child size had children who were overweight or obese. 

Furthermore, 9.4% caregivers who had overweight children still wanted their child to 

be heavier. These findings indicate that parent perceptions of healthy child weight 

need to be further explored.  

While in bivariate models, child age, caregiver education, and food insecurity 

were associated with child BMIz, these characteristics were not significant in the 

multivariate analysis. Lower parents’ education level was associated with higher 

children obesity in some studies 40 41, while inconsistent associations were found in a 

systematic review. The influence of education level on obesity should be studied 

simultaneously with income and occupation of parents to account for the complex and 
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associated socioeconomic influences 27. The association of food insecurity with 

childhood obesity was not also consistent. Either no associations were found, or FI 

was linked to higher obesity 46 74.  

Most of the social determinants found showed inconsistent association with 

childhood obesity 27 28 29. Even separating studies based on developed and developing 

countries did not reveal consistent associations 29. This inconsistency may be due to 

differences in study samples, measures, analytical approaches, and not taking into 

account all important characteristics 29 27. We studied social determinants in bivariate 

and multivariate models to account for their potential influence on each other. In the 

multivariate analysis only caregiver perception of child temperament and child-size 

plus caregiver’s BMI and FPs classes stayed significant.  

In our study, poverty level, sex and race were not associated with BMIz. Some 

studies could not find an association with poverty 39 67, while others showed a higher 

income associated with lower obesity 68. Sex has had inconsistent relationships with 

obesity in the literature with some studies have shown higher obesity in boys  29 67, 

and some in girls 70. Some studies showed a higher prevalence of obesity among non-

Hispanic blacks, Hispanics, and multiracial children 3 30 67 73.  

The fruit/vegetable and SSS foods were not mediators of the association 

between FPs classes and child BMIz. The result was explored by defining diet in 

different ways. More comprehensive ways to measure diet considering the total 

calorie intake, collecting intake data for at least 24 hours, and calculating the healthy 

eating index132 (which accounts for the total calorie and all the macronutrients 

simultaneously in one’s diet) may be necessary to investigate this mediation effect 

better. 
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In any study, it is essential to make sure the associations of interest hold true 

for subpopulations (e.g., sex, race, and socioeconomic groups). These analyses 

explore potential disparities, which may guide targeted interventions. Furthermore, 

findings may influence population-based policy development and funding allocations 

40 77. In terms of the association between FP classes of caregivers and child BMIz, we 

could not find any significant differences among subpopulations, but they may be 

significant for other ages or settings.  

4.5.1. Strengths and Limitations 

There are several strengths of our study. We took a holistic view of childhood 

obesity, including many important social determinants.  Our optimal measures 

included precise measurement of BMIz using standard procedures to measure children 

height and weight in triplicate, as well as reliable and valid instruments to measure 

FPs patterns, child temperament, poverty level, and more. Robust statistical methods 

were used to develop feeding practice classes and to test the associations in both 

bivariate and multivariate models. Lastly, the findings should be generalizable to 

populations with similar characteristics and age 4 and 5. Our sample is comparable to 

the general population of Maryland: White 59%, Black 31%, median income $81,868, 

9% in poverty 133.  

Limitations must also be acknowledged. This study, like most of the studies in 

childhood obesity, are cross-sectional, making it hard to find a temporal relationship 

or causal effects on child weight. Only data of children whose caregivers responded to 

the questionnaires were included; we recognize that caregivers who respond may have 

different responses than those who did not. However, we compared characteristics of 

the included children with the children excluded due to not having caregiver 

questionnaires, and no significant differences were found. Another limitation is using 
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self-reported FPs that may be different from objectively measured practices. Child 

temperament was also caregiver reported, so it is acknowledged that they may be 

different from objectively observed child behaviors and temperament. However, using 

established questionnaires should help with the consistency of the responses and the 

comparability with other studies. Research could use more comprehensive diet data, 

including total calorie intake and considering all macronutrient consumption 

simultaneously. However, we used many of the important foods, including both fruit 

and vegetables and processed and high-calorie foods.  

4.5.2. Future studies  

Our study has reinforced the complexity of factors influencing childhood 

obesity. Future studies are needed to test the replicability of the FP classes influence 

on obesity in other ages and sample characteristics. Parental FPs and childhood 

temperament are dynamic factors that likely vary based on child age and other 

characteristics. Using established measures is important to allow comparison across 

studies, particularly FPs and child temperament and behaviors. Longitudinal studies 

are particularly important to study the bidirectional influence of child emotions and 

behaviors, caregiver FPs and child weight status. Some of the caregivers and family 

characteristics may take time to show their influence on children’s eating behaviors 

and obesity.  

Although we could not find any difference between associations based on sex, 

race, and socioeconomic status, we still suggest future studies examine these 

moderation effects in other samples and settings. Considering the differences between 

subgroups is important because if the differences exist, the obesity prevention 

program can be implemented with a more personalized plan as other studies have 

shown that intervention programs may work differently in subpopulations 22 33.  
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4.6. Conclusion 

Despite the growing evidence of factors influencing the development of 

childhood obesity, eating patterns are established early in life and remain an important 

research area. Caregivers’ feeding practices, as modifiable behaviors, are likely 

targets to improve the effectiveness of obesity prevention programs. This study 

contributed to the understanding of meaningful patterns of FPs and their association 

with childhood obesity. Longitudinal research is needed to examine the temporal 

associations between FP classes and BMIz and the relation with caregiver perceptions 

of child temperament and size. The findings may also apply for education program 

during well-child visits with parents of preschoolers. 
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Chapter 5: Discussion and Conclusion  

5.1. Overview of Gaps and Aims 

The overall purpose of the dissertation was to identify child, caregiver, and 

family characteristics associated with preschool children's weight. Paper 1 related to 

food neophobia (FN). Although persistent FN has been associated with lower fruit 

and vegetable consumption 14 15 16 17, and a higher proportion of daily energy intake 

from discretionary foods 16, it has shown inconsistent associations with obesity 18 16. 

Aim 1 explored if FN relates to obesity/overweight status in preschoolers while 

controlling for child, caregiver, and family factors. Aim 2 determined if this 

association differs by child sex and caregiver race.  

Paper 2 examined caregiver Feeding Practices (FP) as one of the important 

behaviors that may influence childhood obesity, since there is limited evidence about 

how they are employed simultaneously, nor what characteristics are associated with 

them 2. Also, little work has been done to examine if responses to the CFPQ might 

map onto the three broader categories of feeding practices conceptualized by Vaughn. 

Most studies examining the association of feeding practices and childhood obesity 

have focused on single practices, and inconsistent results were found in a systematic 

review, which called for more studies to include all the feeding practices 22.  

Paper 2 contributed to the understanding of meaningful patterns of FP and 

characteristics influencing these patterns. Aim 3 assessed the patterns of caregivers' 

feeding practices, and aim 4 examined if child, caregiver, and family characteristics 

are associated with these patterns. In paper 3 (aim 5), we determined how the FP 

patterns relate to child BMIz, and whether diet is the mechanism.  

Most of the contextual characteristics in other layers of BEM like caregiver 

education, employment, race, family poverty level, and food insecurity have shown 
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inconsistent associations with childhood obesity 27 28 29. Even separating studies based 

on developed and developing countries did not help researchers to find consistent 

associations 29. This inconsistency may be due to differences in study samples, 

measures, analytical approaches, and not considering important characteristics 29 27. 

We included all of these characteristics and investigated them in bivariate and 

multivariate models in association with FP patterns and child BMIz.  

5.2. Summary of Findings  

5.2.1. Food Neophobia and Obesity   

A quarter of (25.4%) children had obesity or were overweight, which was 

comparable to national estimates of 24.4% in this age group 99, but healthier than the 

general Maryland 2 to 5 years old population with 32.2% obesity and overweight. In 

the multivariate GLMM, caregiver-reported FN was not related to children's 

obesity/overweight status. This result was checked with BMI-z score and BMI 

percentile as continuous outcomes in general linear models and with a 3-category of 

healthy, overweight, obese multinomial outcome in a generalized model, and still, FN 

was not significantly associated with child BMI status (p>0.05). Our finding is 

consistent with several other studies. A cross-sectional study among 4-7 years old 

children did not find an association between FN and child BMI and body fat 18. A 

study examining the heritability of FN did not find an association between FN and 

obesity in a sample of 4 to 7-year-old same-sex twins across sex and diverse races 103. 

A cross-sectional study from Norway did not show an association between FN and 

intake of fish, meat, fruit, vegetables, and snacks in a sample of toddlers and their 

parents (89% of mothers) 17.  

In contrast, some studies have shown a relationship between FN and food 

consumption patterns. A cross-sectional study of children age 4 to 5 and their parents 
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(mostly mothers) from London found that FN was associated with lower intake of 

fruit, vegetables, protein, and energy, but did not find an association between FN and 

unhealthy snack consumption 14. Other studies have shown associations of FN with 

lower fruit, vegetables, protein consumption, and less healthy foods 15 16 104, a higher 

proportion of daily energy intake from discretionary foods 16, and lower child-eating 

compliance 18. In summary, it seems that FN in younger age (toddlers) does not show 

association with diet and obesity 17. However, when children get older in preschool-

age, the FN starts to show its association with diet specially fruit and vegetable 

consumption 15 16 104. In contrast, the association of FN with childhood obesity is not 

seen in either of the ages. The effect of FN on obesity status may take a longer time to 

be measurable. 

The association between caregiver and child BMI status was significant. 

Caregivers with overweight had 2.6 (95% CI: 1.6-4.3) times higher odds, and 

caregivers with obesity had 3.9 (95% CI: 2.1-7.3) times higher odds of having a child 

with overweight or obesity. This finding is consistent with other studies that have 

reported positive associations between caregiver and child weight status 92 100 102. The 

strong association between caregiver and children's obesity status suggests heritability 

through biological, lifestyle, or other common environmental factors.  

5.2.2. Food Neophobia and Obesity by Sex and Race 

The interaction effect of child’s sex and caregiver’s race on the association of 

FN with obesity were checked to put the interaction terms in the last GLMM model, 

and the results were not significant. The association did not differ by sex and race.  

5.2.3. Heterogeneity of FP  

To find the heterogeneity of caregivers based on FPs, first a data reduction 

was needed as there were 48 feeding practice items, some of which measured similar 
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practices. To respect the CFPQ conceptualization, which has 48 items reflecting 

twelve practices, CFA was done using those practices and their items. The 12- factor 

model did not show an acceptable fit. Therefore, EFA was done. EFA with Maximum 

Likelihood with Robust Estimation with oblique Goemin rotation showed that the 

best-fit indices belonged to the 13 factors model. 

Among the 13 factors, nine were similar to the CFPQ conceptualization, 

including monitoring children's foods, allowing children to be in total control of what 

they want to eat, using food as emotional regulation, making a healthy environment 

by making healthy food available, involving children in meal planning and 

preparation, pressuring to eat more, acting as modeling for healthy eating, restricting 

of unhealthy foods, and using food as a reward. The two questions related to keeping 

sweets and snacks in the house did not load on the factor called healthy environment, 

as CFPQ suggests. So, a new factor was named "not keeping sweets and snacks." The 

two factors of teaching nutrition and teaching balance of various foods, which are two 

different factors in CFPQ, became one factor named teaching nutrition and balance. 

Items of the factor, which are called restricting for weight control in CFPQ, loaded 

onto two different factors, which were named "limiting amount" and "limiting type." 

Performing factor analysis before LPA provided further empirical validation of the 

CFPQ. Our approach captured the latent nature of FPs, and factor scores represented 

more than one item providing a more reliable estimate than relying on single items.  

Similar to real-life where multiple practices co-occur, in this study, patterns of 

FPs emerged among caregivers. Doing LPA on the 13 factors’ scores showed a three-

class model with 90% entropy as the best model (the lowest BIC; and based on the 

LMR -LRT test). As an aid to interpreting the patterns of the three classes, the FP 
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indicators were mapped to practices that would fall under the three food parenting 

constructs of coercive control, structural, and autonomy.  

The majority of caregivers (69%) were in a class with high coercive control 

behaviors and low autonomy and structural practices (labeled Controlling). These 

caregivers endorsed limiting the amount and type of foods children eat while not 

providing a healthy environment and not modeling healthy eating, nor teaching them 

about nutrition and food balance, and not involving them in meal planning and 

preparation. Another class (16%) represented a pattern of high coercive control 

behaviors with moderate structural and autonomy behaviors (labeled Regulating). 

These caregivers endorsed limiting the type and amount of food children eat while 

using all other practices in moderation. The remaining 15% of the sample used 

coercive control, structural, and autonomy behaviors in moderation (labeled 

Balancing). These caregivers endorsed slightly higher autonomic and structural 

behaviors (e.g., providing a healthy environment, modeling, and teaching behaviors) 

than the other two classes. Comparing the result with literature was not possible as no 

study included all these practices to see patterns of feeding practices.    

5.2.4. Characteristics Associated with FP  

To find the association between child, caregiver, and family characteristics 

with patterns of FP, bivariate and multivariate results of multinomial logistic 

regressions in SEM framework were used to build a final parsimonious model. The 

final model found associations between FP classes with child temperament, caregiver 

perception of child size, family poverty level, and marital status.  

For each unit increase in child temperament t-score, caregivers were 4% more 

likely to be in Balanced (aOR= 1.04) and Regulating (aOR= 1.04) versus Controlling 
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class. Caregivers of children with difficult temperaments had higher use of autonomy 

and structural behaviors. One possibility is that caregivers who perceived child’s 

temperament as difficult may have implemented structural and autonomy practices in 

response to their children’s struggles with boundaries and following rules 38. The 

child-centered practices they endorsed, included providing a healthier environment, 

monitoring child food, modeling healthy eating, teaching about nutrition and balance 

of foods, and involving the child in meal planning and preparation. 

Perception of child size was associated with FP classes. Caregivers who 

desired their child to be heavier were 60% less likely to be in the Balanced class 

(aOR=0.40) versus the Controlling class. In low-income Latino mothers of 

preschoolers, mothers’ perception of child size was associated with “restriction for 

weight purposes” practices 134. Our finding is not consistent with the usual thinking 

that when a caregiver wants their child to be heavier, they will have less controlling 

and restricting behaviors. An important point to note is that when caregivers want 

their children to be heavier, they often use “pressure to eat more” practices which is 

part of a set of Controlling FPs.  

For each 50% increase in poverty level, caregivers were 30% less likely to be 

in the Balanced class (aOR=0.80) versus the Controlling class. Single caregivers vs. 

non-single caregivers were 62% less likely to be in the Balanced class (aOR=0.38) 

than the Controlling class. So, being a single caregiver and having higher poverty 

levels were associated with lower endorsement of structural and autonomy practices. 

These caregivers did not endorse providing a healthy environment, modeling as 

healthy eater, monitoring child foods, teaching nutrition or balance of foods, or 

involving a child in meal planning and preparation, which may relate to higher stress 

and lower resources for these families.  
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5.2.5. FP and Child BMI Association  

Our result revealed the association of FPs classes with child BMIz. Regulating 

versus Controlling FP class was associated with lower child BMIz. Both Controlling 

and Regulating caregivers were high on restricting children’s type and amount of 

food, but the difference was in autonomy practices. The Regulating Class use of 

autonomy practices (e.g., teaching nutrition and balance of a variety of foods, 

encouraging children, and involving them in food planning and preparation) is 

important in preventing obesity.  

As FP classes were the novel aspect of the study, comparing results with 

similar studies is not possible since most research addressed a single FP. A 

longitudinal study of 5 to 9-year-old girls showed that mother’s restricting behaviors 

increased obesity and overweight among girls 128. However, this study did not 

measure autonomy practices to see if restricting practices accompanied by them. 

Another longitudinal study on preschoolers in Australia showed that modeling for 

healthy eating (autonomy practices) predicts lower child food fussiness; however, 

they did not find any association with child BMI. Also, they did not find a significant 

association between restricting type and amount of foods with either of child-eating 

behaviors nor BMI 129.  

Higher child temperament defined by child lower emotional regulation and 

lower inhibitory control was related to higher BMIz (b=0.09, p=0.008). A narrative 

review concluded that greater levels of negative reactivity (an aspect of temperament) 

in early childhood might increase the risk of obesity 130. A systematic review of 

associations among child temperament, feeding practices, and BMI in preschoolers 

found a link between temperament and BMI. The review called for studies on 

preschoolers, as they found most of the studies focusing on infants 62. A longitudinal 
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study on 6 months to 11-year-old children also showed that school-age children with 

difficult temperaments had higher risk of becoming overweight and obese 63. A 

prospective study of preschoolers could not find the association of child difficult 

temperament with child BMI which they suggest it could be due to lack of variation in 

temperament in their sample 131.  

Our study found that caregiver’s perception of child size was also associated 

with child BMIz. Caregiver’s desire for child to be thinner was negatively associated 

with higher child’s BMIz. But it should be noted that a quarter of caregivers who were 

satisfied with their child’s size had children who were overweight or obese. Even 

9.4% of caregivers who had overweight children still wanted their child to be heavier.  

5.2.6. Mechanism of FP and Child BMI Association  

The association of the SSS foods and fruit/vegetable consumption were not 

significant with child BMIz, and they did not play a mediation role in the association 

of FP classes and child BMIz. The result was checked by defining diet in different 

ways (i.e., looking at single food items, using composite and latent variables). More 

comprehensive ways to measure diet considering the total calorie intake may be 

necessary to investigate this mediation effect 132. 

To determine if the associations between FP classes and child’s BMIz vary by 

child’s sex, caregiver’s race and education, family’s food insecurity, and poverty 

level, several multigroup SEM were tested in the last parsimonious model. For this 

aim, binary variables were made to build multigroup models: child’s sex (girl vs. 

boy), caregiver’s race (white vs. other races), food insecurity (secure vs. insecure), 

poverty level (less than 150% vs. 150% and higher than the federal poverty level for 

given family size), and education (less than a bachelor’s degree vs. bachelor’s degree 

or more). Each time the model was grouped based on one of the moderators, and the 
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association of the interest, FP classes, and child’s BMIz were investigated with and 

without equalizing other parameters in the subgroups. These analyses explored 

potential disparities, which may guide targeted interventions. However, in our sample, 

the multigroup SEMs did not show significant differences between the association of 

FP classes and child BMIz by child’s sex, caregiver’s race, caregiver’s education, 

family’s poverty level, and food insecurity. This result may be due to lower sample 

size in some subpopulations, which did not allow us to have enough power to 

compare the subpopulations.  

5.3. Limitations and Strengths 

One of the main limitations of this study is the cross-sectional design. 

Inferences about the direction and causality of the relationships are not possible. Most 

studies of associated characteristics with child weight or obesity, including the current 

study, are cross-sectional. A prospective study is needed to examine the transitions in 

children’s eating patterns and caregivers' feeding practices and acceptance of new 

foods during toddlerhood and preschool years and their effect on child weight.  

Another limitation is that FN and FPs were self-reported, so it is 

acknowledged that they may be different from objectively observed practices. Using 

an established questionnaire should help with the consistency of the response. Also, 

one could use more comprehensive diet data, including total calorie intake and 

considering all macronutrient consumption at the same time. However, we used many 

of the important foods, including fruit and vegetables, processed and high-calorie 

foods.  

The convenience sample and reliance on completed FP data is also a 

limitation. The response rate to caregiver questionnaires was around 50% of the 

targeted initially, making us cautious that caregivers who responded may have 
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different responses than those who did not. However, we compared the included 

children with excluded ones based on available characteristics, and no significant 

differences were found.  

There may be limitations to generalizability. Our sample consisted of mostly 

children ages 4 and 5, and the results may not be generalizable to other ages and 

settings. The data are collected from Maryland childcare centers, and their caregivers 

represent people that work, requiring the need for childcare. Therefore, they could be 

employed, more educated, with a higher income than the general population. 

However, all childcare centers had less than $300 weekly fee, so a good effort was 

made to include low-income participants. A review of Maryland census data for race 

and income characteristics revealed similar characteristics to our sample: White 59%, 

Black 31%, Median income $81,868, 9% in poverty 133. 

Strengths of the study include using precise BMI measurement with standard 

procedures to measure children's height and weight in triplicate. The use of 

comprehensive feeding practices measures was also a strength. By having a holistic 

view, many of the important potentially influential characteristics of childhood 

obesity were examined. Lastly, testing the associations in both bivariate and 

multivariate models and using advanced statistical approaches enhanced the 

robustness of the findings.  

5.4. Implication and Recommendations 

5.4.1. Research Implications 

The holistic worldview of this study can help future researchers to recognize 

layers of associations, interactions, and environments around children. The BEM 

framework raises researchers’ and providers’ awareness of individual, family, 
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community, and social level factors that can have an influence on children’s eating 

behavior, physical activity, growth, and weight gain. 

The robust statistical methods used in this study to develop FP classes and test 

the associations may prompt researchers to consider using these methods to examine 

the effectiveness of FP. The method sections can also be a guide on how to 

operationalize concepts of interest. Using established measures is important to allow 

comparison across studies, particularly for feeding practices, child temperament, and 

behavior measurements.  

Using LPA and classifying caregivers provided a practical solution to include 

many FPs simultaneously and account for their influence on each other and see their 

influence on children’s behaviors and weight gain. We mapped FP onto the three 

groups of practices (coercive control, structure, autonomy), thus empirically tested the 

conceptualization of three food parenting constructs proposed by Vaughn 32, which 

can be helpful for future researchers focusing on the broader constructs and their 

association with child growth and weight gain.  

Some of the 13 FP of CFPQ differentiated the classes more than others. This 

may be important in designing interventions focusing on caregiver FP as a way to 

address obesity.  In the coercive control construct, “limiting type” and “limiting 

amount” were differentiating FP. In the structural construct, “providing healthy 

environment,” “monitoring,” and “modeling” were distinguishing FP while in the 

autonomy construct, “involving child” and “teaching” were important. 

Although we could not find differences among races and socioeconomic status 

subpopulations in terms of FP classes and childhood obesity, our methodology and 

focus on important social determinants still can be helpful for future researchers. 
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5.4.2. Practice and Policy Implications  

A quarter of children in our studies were overweight or obese, which should 

be alarming for providers and policymakers since children with obesity are prone to 

have more serious physical and psychological problems in childhood, higher risk of 

chronic diseases in adulthood. The importance of considering caregivers’ BMI, their 

perception of child size, and child temperament in designing targeted obesity 

prevention programs is also suggested. These characteristics remained significant 

even after controlling for many important child, caregiver, and family characteristics.  

The results also documented the fact that a single FP does not happen in 

isolation from other practices. Furthermore, FP may influence each other and should 

be considered together and in relation to the perception of child size and temperament 

by providers. A quarter of caregivers who were satisfied with their child’s size had 

children who were overweight or obese; even caregivers who had overweight children 

still wanted their child to be heavier. Providers need to consider and assess caregivers' 

perception of child size and temperament when they provide guidance about child 

weight status with caregivers.  

Providers need to be cognizant that most of the caregivers did not endorse 

practicing structural and autonomy practices like providing a healthy environment for 

children, monitoring or empowering them to be healthy eaters by teaching, modeling, 

or involving them in meal planning and preparation. The provider could assess for FP 

and make recommendations and targeted guidance for children that have eating 

problems or obesity and overweight.   

Providers could also assess caregiver perceptions of obesity related to their 

child. When caregivers want their children to be heavier, they are often controlling, 

and they use “pressure to eat more,” which is part of the Controlling pattern. More 
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autonomy and structural practices may be recommended for these caregivers as well. 

These recommendations may also apply to education programs developed for 

childcare centers or interventions to decrease the obesity of preschoolers.  

5.5. Future studies  

Future studies should continue to explore mechanisms that make the strong 

association between caregiver-child obesity status. Shared genetics, food, and 

lifestyle/habits might be among the important factors explaining these observed 

associations. FP heterogeneity should also be examined in other samples and settings 

(other age groups and community settings) to determine if the emergent classes are 

similar to our findings. The emergent FP classes rather than individual caregiver 

feeding behaviors may be a comprehensive measure to inform the content of 

caregiver-focused interventions.  

While we chose to reduce the number of CFPQ items using exploratory factor 

analysis and compared findings to the original, we acknowledge that other approaches 

could be used. We investigated the number of classes using multiple methods of 

factor scoring (standardizing, weighting, categorizing). Future researchers could 

replicate the study in different settings and samples while considering alternative 

options for the exploratory models to confirm the replicability of the number of 

factors, number of classes, attributes of classes, and their associated characteristics. 

Our study has reinforced the complexity of factors influencing childhood 

obesity. It would be important to explore the reciprocal associations such as child’s 

behavior and FP in a prospective study. Parental feeding practices and childhood 

temperament are dynamic factors that likely vary based on child age and other 

characteristics. Longitudinal studies could examine changes over time, other temporal 

associations, linkages between FP classes, FN and children’s growth, diet quality, 
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eating behaviors, weight, and differences by culture, race, sex, and socioeconomic 

status. Longitudinal studies are critical to study the bidirectional influence of child 

emotions and behaviors, caregiver feeding practices, and child weight status as well.   

Although we could not find any difference between associations based on sex, 

race, and socioeconomic status, we still suggest that future studies examine these 

moderation effects in other samples and settings. Considering the differences between 

subgroups is important because if the differences exist, the obesity prevention 

program can be implemented with a more personalized plan as other studies have 

shown that intervention programs may work differently in subpopulations 22 33.  

5.6. Conclusion 

Caregivers of young children play a crucial role in the development of 

childrens’ eating patterns. Despite the growing evidence of factors influencing the 

development of childhood obesity, eating patterns are established early in life and 

remain an important research area. Caregivers’ feeding practices, as modifiable 

behaviors, are good targets to improve the effectiveness of obesity prevention 

programs. 

Building on the prior research 21 32, this study provided further validation to 

the CFPQ and the content mapping of caregiving FP to broader classes of caregiver 

feeding behaviors. This study contributed to the understanding of meaningful patterns 

of FP and their association with childhood obesity. Many caregivers endorsed 

controlling behaviors without endorsing empowering behaviors that could help 

children become healthy eaters, nor were behaviors endorsed that would provide a 

healthy environment for children. These topics need researchers' and providers’ 

attention.  
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