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Abstract  

Background: Consumption of foods and beverages rich in sugar, fat, and salt remains 

high across all races and ages in the United States. In view of the multifactorial etiology 

of weight gain, efforts that simultaneously address multiple levels of the food system are 

recommended that will impact on food selection and consumption. Thus, multilevel 

multicomponent interventions to address childhood obesity and improve food-related 

behaviors and intake are needed, particularly in low-resource settings. It is also important 

to test whether community interventions are effective in ‘real-world’ conditions and in 

hard-to-reach populations, as participants need to have sufficient exposure to the 

intervention. 

Objective: To evaluate how a multilevel multicomponent childhood obesity prevention 

intervention impacted the diet and food-related behaviors of low-income urban, 

predominantly African American families living in neighborhoods with low access to 

healthy foods in Baltimore City, and to evaluate the patterns of exposure to the different 

components of the intervention.   

Methods: B’more Healthy Communities for Kids (BHCK) was a group-randomized 

controlled trial in 30 low-income areas in Baltimore for 534 African American youth 

aged 9-15 years old. BHCK components (policy, wholesaler, small stores, youth-mentor 

led nutrition education, and social media) simultaneously promoted purchase and 

consumption of low-sugar, low-fat foods/beverages. Exposure to the different 

intervention components was assessed via post-intervention interviews with 385 youths 

and their adult caregivers. Exposure scores were generated based on self-reported 

viewing of BHCK materials and participating in activities. Food consumption in youth 
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(n=357) was assessed pre/post-intervention using the Block Kids Food Frequency 

Questionnaire. Analyses were stratified by age (school-age: 9-12; adolescent: 13-15). 

Additionally, caregivers’ (n=516) self-reported household food acquisition frequency for 

food items over 30 days, and usual consumption of fruit and vegetable (FV) was assessed 

in a sub-sample of 226 caregivers via the NCI FV Screener. Hierarchical multilevel 

models were conducted with random effects at the community and individual levels and 

assessed average-treatment-effects (ATE). Treatment-on-the-treated-effect (TTE) 

analyses evaluated the correlation between behavioral change and exposure to BHCK 

among adults.  

Results: The BHCK intervention group was more exposed to the program components, 

and the comparison group also received some exposure, though to a lesser degree. In 

ATE analysis, youth in the intervention group purchased almost 1.5 more healthier 

food/beverage items per week, compared to their counterparts (β = 1.4; 95% CI: 0.1; 2.8). 

The age-stratified analysis demonstrated that BHCK decreased kcal intake from sweet 

snacks among intervention adolescents (13-15 years old) by 3.5% compared to their 

counterparts (β = -3.5; 95% CI: -7.76; -0.05). No significant effect of the intervention 

was found on caregiver food-related behaviors in the ATE analysis. However, the TTE 

showed a statistically significant increase in daily intake of fruits by 0.2 servings among 

adult participants who reported higher exposure to the intervention (0.2+0.1; 95% CI 

0.1;0.5). Caregivers reporting greater exposure to social media tripled their daily fruit 

intake (3.1+0.9; 95% CI 1.3;4.9), compared to baseline. 

Conclusions: Multilevel, multicomponent environmental childhood obesity programs are 

a promising strategy to improve eating behaviors among low-income urban youth. Child-
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focused community-based nutrition interventions may also benefit family members. 

Future community-based environmental intervention trials targeting low-income 

populations may consider enrolling larger sample sizes and improving program intensity, 

as the likelihood of low exposure is high. Future multilevel studies should consider using 

social media to improve reach and engage caregiver participants. 
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Chapter 1. Introduction  

1.1 Study Objectives  

 Obesity, one of the biggest public health challenges worldwide, disproportionally 

affects low-income urban communities of color.1 Diets of American youth and adults are 

often characterized by high intakes of refined carbohydrates, added sugars, fats, and salt 

due to high consumption of energy dense, processed foods, and very low intake of low-

calorie, health promoting, fiber-rich fruits and vegetables.2  

 In order to improve dietary patterns within a population, nutrition interventions 

need to focus not only on the individual level, but also on the environmental context that 

affects individual eating behavior. The multifactorial causes of obesity are well-

recognized, and it is clear that no single community program or policy provides a 

comprehensive solution.3,4 Nutritional education alone is limited, particularly in settings 

where the food and built environments are restricted, such as in low-income urban 

settings where healthy choices are not accessible. Thus, individual behavior change is 

more likely to occur and be sustained if the environment is conducive to an adoption of 

healthy food choices accompanied by educational strategies. Most randomized controlled 

trials aiming to prevent childhood obesity have been primarily school-based and have 

shown mixed results.5 One possible explanation for these mixed results is differential 

access to healthy and unhealthy food outside of the school environment across income 

groups.  

 Low-income African American populations in the U.S. often live in food 

environments that promote unhealthy food choices and lack healthier foods. As such, 
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these populations experience higher rates of food insecurity and are at a greater risk of 

consuming inadequate diets, making them more susceptible to obesity and other diet-

related chronic diseases. Higher obesity rates occur among this population because they 

may undergo cyclic periods of food deprivation and overeating, and are subject to limited 

physical and financial access to nutritious food.6,7 Access to healthful food also plays an 

important role in food security, diet quality, and health outcomes; however, few 

community-based childhood prevention trials have worked at multiple levels to improve 

the community food environment. Despite initial advances, little is known about how best 

to improve the dietary intake of low-income minority youth in low-resource settings 

where the food environment is of poor quality and food insecurity is predominant. 

Furthermore, few multilevel community-based childhood obesity prevention trials have 

considered individual, environmental, media and policy strategies8, and insufficient 

evaluation of their impact on diet and food behaviors in child and their caregivers exists.9 

In addition, little is known about how best to reach underserved populations in 

community-based interventions, and how much dose of the program should be delivered 

for behavior change.10 

 The B’more Healthy Community for Kids (BHCK) was a community-based 

group randomized intervention trial which targeted multiple levels of the urban food 

environment to improve healthy food access, purchase, and consumption through 

interventions carried out at the individual, peer-mentor, small food source (corner store 

and carryout restaurants), wholesale, and policy levels.11 The social-ecological model and 

the social cognitive theory guided the principles of this multilevel trial, as BHCK 
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recognized that a dynamic interplay exists among individual, social, and environmental 

systems, to influence health and behavioral outcomes.  

The overarching goal of this proposal is to conduct a sub-analysis of the BHCK 

intervention to evaluate how a multilevel, multicomponent obesity prevention 

intervention impacts dietary and food-related behaviors of low-income urban, 

predominantly African American families living in neighborhoods with low access to 

healthful foods in Baltimore City.  

The specific research aims of this study are: 

Research Aim 1 - To evaluate the patterns and determinants of exposure (‘dose 

received’) to BHCK materials and activities among youth and their caregivers.  

Research Aim 2: To evaluate the impact of the BHCK intervention trial on food 

consumption, preparation, and acquisition among low-income urban African American 

youth. 

Research Aim 3 - To evaluate the impact of the BHCK intervention trial on fruit and 

vegetable intake, food preparation, and acquisition among low-income urban African 

American caregivers. 

1.2 Conceptual Framework 

The B’more Healthy Communities for Kids (BHCK) intervention worked in four 

levels of the socioecological model – policy, environmental, interpersonal and 

intrapersonal – as well as in multiple components of the food system, involving 

wholesalers, small food stores, after-school programs (recreation centers), peer-mentor 

led nutrition education, and the information environment (social media) (Figure 1.1). 

BHCK used social modeling and observational learning principles rooted in the social 
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cognitive theory to improve knowledge, self-efficacy, and intentions to healthy eating of 

youth and their caregivers and to create demand for healthy foods at small food retail 

stores.12-14 BHCK was implemented with integrated strategies that connected the different 

components of the food environment. For instance, BHCK worked with corner store and 

carryout restaurant owners/managers nearby intervention recreation centers to implement 

environmental changes to promote healthy food choices for the community. 

Concomitantly, peer mentors led nutrition education with youth in the nearby recreation 

centers to improve demand for healthier foods. Finally, a systems approach was 

implemented to connect each level of the food supply chain and included wholesalers 

stocking the foods being promoted by the program, as well as Baltimore policymakers 

utilizing evidence from the program in support of their agenda to improve the city’s food 

environment.  
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Figure 1.1: Conceptual framework of the multilevel multicomponent B’more Healthy 

Communities for Kids intervention on consumption and food-related behaviors among 

youth and their caregivers. 

The conceptual framework above depicts the main pathways by which BHCK was 

hypothesized to influence food-related behaviors and consumption among youth and their 

caregivers. For instance, it was hypothesized that youth living in intervention 

neighborhoods - where corner stores and carryout restaurants stocked and promoted 

healthier foods and nutrition education was delivered by mentors in nearby recreation 

centers – would have healthier food purchasing, preparation, and dietary intake behaviors 

than youth living in comparison neighborhoods. Similarly, it was hypothesized that their 

adult caregivers would have improved food-related behaviors and fruit and vegetable 

intake in part due to the environmental changes of the BHCK intervention and 

educational activities through social media and texting, and to exposure to 

communication materials (i.e., flyers, giveaways) that were brought home by their youth 

attending BHCK activities. It is also possible that youth and caregivers would reinforce 

positive and healthier food-related behaviors at the household-level, thus influencing one 

another. Secondarily, it was also hypothesized that individuals who engaged more with 

BHCK community activities and/or were more exposed to the communication and 

promotional materials during the intervention would have improved food-related and 

dietary behaviors at the end of the program compared to baseline.  
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1.3 Organization of the Dissertation  

This dissertation is organized in seven chapters, beginning with this introduction. 

The second chapter (Chapter 2) presents a comprehensive review of the literature on the 

burden of obesity among children and adults in the United States and in Baltimore, the 

influence of individual, family, and environmental factors on obesity, diet, and food-

related behaviors, and discusses previous multilevel, multicomponent childhood obesity 

prevention interventions in developed countries, gaps in this previous work, and how the 

current trial addressed these gaps. The third chapter (Chapter 3) describes in detail the 

methods utilized for this dissertation work, including a description of the parent study - 

B’more Healthy Communities for Kids – in terms of design, setting, recruitment, 

implementation, data collection instruments, formation of variables, data analyses for 

each of the three aims of this dissertation, and ethical considerations.  

Chapter 4 (Paper 1) identifies the patterns and determinants of the different levels 

of exposure to the B’more Healthy Community for Kids (BHCK) intervention. A detailed 

development of an exposure score (‘dose received’) is presented. The analyses revealed 

the extent to which participants recruited for the evaluation of a multilevel intervention 

were actually exposed to the intervention. There was contamination in the comparison 

group that might attenuate the treatment effects in future average treatment effect 

analyses. Thus, a case for future community-based interventions to enroll larger sample 

sizes, and for a secondary impact analysis utilizing a treatment-on-the-treated effect 

approach are discussed. This paper was published in Trials (2018) 

https://doi.org/10.1186/s13063-018-2663-y.   

https://doi.org/10.1186/s13063-018-2663-y
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Chapter 5 (Paper 2) describes the impact evaluation of the B’more Healthy 

Communities for Kids intervention on youth’s food purchasing and consumption. This 

study utilized hierarchical linear regression models and employed an average-treatment- 

effect approach. This manuscript is currently under review at the Nutrition Journal.  

Chapter 6 (Paper 3) presents the impact results of the B’more healthy 

Communities for Kids intervention on youth’s adult caregivers in terms of food 

purchasing, preparation, and fruit and vegetable intake. Hierarchical models assessed 

average-treatment-effects, where no significant effect of the intervention was found on 

caregiver food-related behaviors. Treatment-on-the-treated-effect analyses evaluated the 

correlation between behavioral change and exposure to BHCK, utilizing the methods 

presented in Paper 1. This paper is currently in press at Public Health Nutrition.  

 Lastly, chapter 7 concludes this dissertation by summarizing the main results in 

relation to the study aims and discusses the strengths and limitations of the research. The 

chapter concludes with recommendations for future research, theory development and 

policy for improving healthier eating practices among youth and their families living in 

low-resource settings.  

 This study was supported by the Global Obesity Prevention Center (GOPC) at 

Johns Hopkins and the Eunice Kennedy Shriver National Institute of Child Health and 

Human Development (NICHD) and the Office of the Director, National Institutes of 

Health (OD) under award number U54HD070725. I received a predoctoral fellowship 

from the Brazilian National Council for Scientific and Technological Development - 

CNPq - (GDE: 249316/2013-7) in support of my doctoral dissertation work.   
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Chapter 2. Literature review  

This chapter reviews the literature relevant to this dissertation. The literature review 

begins with an overview of the public health problem that overweight and obesity poses 

on children and adults in the United States and in Baltimore specifically, followed by the 

physiological developmental phase of adolescence and their nutritional needs. Then, a 

discussion of the multifaceted causes of child and adult obesity is provided, organized by 

the multiple levels of the socioecological model (individual, household, and 

environmental factors), followed by an overview of the most utilized social and 

behavioral theories in obesity intervention research - the social cognitive theory and the 

socioecological model. The chapter concludes with a comprehensive review of previous 

childhood obesity prevention interventions tested in developed countries and the current 

gaps in the literature pertaining to adolescent and adult food-related behaviors, followed 

by a description of the work that informed the B’more Healthy Communities for Kids 

intervention trial. 

2.1 Childhood and Adult Obesity in the United States 

Obesity is a chronic and inflammatory state caused by an imbalance between 

energy ingested and energy expended that results in an excessive accumulation of body 

fat. Obesity is defined by the distribution of body fat in the body, and is commonly 

measured by the Body Mass Index (BMI) calculated by the ratio of height and weight of 

an individual. In adults, a BMI above 25kg/m2 is considered risk for overweight and 

above 30kg/m2 for obesity. In children, a BMI above the 85th percentile of the sex-

specific Centers for Disease Control and Prevention (CDC)15 growth charts is considered 
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a risk for overweight and at or above the 95th percentile for obesity. Both adult and child 

BMI cut off points have been associated with increased risk for cardiovascular disease, 

diabetes, and other health outcomes.16  

 Childhood obesity is a significant public health problem, with one-third of U.S. 

children being overweight or obese.1,17,18 However, disparities exist according to 

geography, sex, age, education, race, and income.19,20 For instance, the highest rate of 

obesity has been found among residents of neighborhoods with fewer resources for 

healthy foods, physical activity, and higher economic deprivation levels.21-24 Data from 

the 2011-2012 NHANES (National Health and Nutrition Examination Survey) showed 

the prevalence of obesity in youth was significantly higher among Hispanic American 

(22.4%) and African American youth (20.2%) compared with white youth (14.1%).1 

Regarding sex disparities, African American adolescent girls (29.2%) were significantly 

more likely to be obese compared with their white counterparts (14.5%).25 Disparities in 

the burden of obesity related to age were also found in a representative sample of 

children and adolescents from NHANES (2011-2014), which adolescents had higher 

odds of being obese than young children (2-5 years old).20 Although overweight children 

from all backgrounds are more likely to become obese as adults compared to thinner 

children26,27, this is most pronounced in underserved groups like African Americans.28,29 

 Among U.S. adults, obesity prevalence has been increasing in the past decades, 

from 12.8% in 1960-196130 to 37.7% in 2013-201431 and 38.9% in 2015-201632, 

according to the cross-sectional nationally representative health examination surveys. 

Although obesity prevalence seemed to have leveled off in the past decade (from 1999 to 

2010) in the adult population, sub-group analysis have shown a statistically significant 
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increase in obesity rates in African American and Hispanic women.33 Differences were 

also apparent by socioeconomic level, with lower age-adjusted obesity prevalence in the 

highest income groups than those living below the national poverty level, and also lower 

among those who graduated from college than those who had a high school diploma or 

less.34  

 In Baltimore, 15.3% of youth were classified as overweight and 18.6% as obese. 

According to the Youth Risk Behavior Surveillance (2017), obesity rates in Baltimore are 

above the U.S. average (14.8%).35 A cross-sectional study conducted in inner-city 

Baltimore with middle-school aged children found a prevalence of 14.8% for overweight 

and 19.1% for obesity.36 Among adults, the prevalence of obesity was 35.9% in 

Baltimore in 201437, which was higher than rates in Maryland (28.2%).38 Baltimore city 

low-income individuals (<$15,000) had higher prevalence of obesity than high-income 

(>$75,000), according to the 2014 Maryland Behavioral Risk Factor Surveillance System 

(49.7% versus 22.9%, respectively).37  

 Obesity is a very expensive condition. Recent evidence suggests that the total 

direct cost of overweight and obesity is approximately 10% of U.S. healthcare 

spending39, although Wang et al. (2008) have projected an increase in obesity-related 

costs to 16-18% by 2030.40 The economic costs of other diet-related chronic diseases, 

such as type 2 diabetes, have increased by 27% in the past five years, according to the 

American Diabetes Association.41 Due to its health, economical, and social 

consequences, obesity became one of the most pressing public health threats.42  

 Dietary consumption leading to an energy imbalance is among the most proximal 

drivers of obesity.18 Diets today, especially in low-income, urban communities of color , 
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are often characterized by high-energy dense and poor-nutrient foods.2,43,44 However, 

little is known how to best address this issue in view of the complexity and multifactorial 

etiology of weight gain. Recently, debates about the drivers and solutions of obesity are 

based on the reciprocal relation between individual and environmental factors.45 

Furthermore, these disparities in diet quality are likely influenced by racial and ethnic 

residential segregations and inequalities in availability, access, and affordability of 

nutrient-dense foods and resources.46 Therefore, further research targeting the multi 

factors of obesity is needed in order to inform public health actions to tackle obesity.  

The subsequent sections of this chapter discuss the factors that influence dietary 

behaviors and are likely to affect obesity.  

2.2 Youth Physiological Development and Nutritional Needs  

The adolescence stage is the period of transition from childhood to adulthood, 

between 10 to 19 years of age. It is during this time that individuals shape their own 

lifestyle, preferences and behaviors for the adulthood. Moreover, development, 

maturation, and growth characterize this life stage by reflecting the need for a good 

nourishment to ensure an optimal nutritional status. It is worth mentioning that youth are 

those who are going to be the workers and leaders of the society in the near future.47 

Thus, it is of great importance to provide support for a healthy and safe environment to 

this vulnerable population, to impact poverty reduction, population growth, address 

inequalities, and promote development.48 For these reasons, adolescence is perceived as a 

window of opportunity to address and prevent health, social, sexual, and developmental 

problems with a great impact on the public health field.49 
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The adolescent period is an important developmental stage and is characterized by 

puberty, in which sexual maturation, growth and psychosocial changes occur. Nutrition is 

an essential regulator of growth and hormones, which will be discussed in this section.  

Linear growth and weight velocity are highly increased in both girls and boys 

during this period.50 Therefore, nutrition and energy requirements are also increased due 

to the gain of lean mass in order to support pubertal growth and maturation.50 Boys 

usually need more energy than girls, according to the Dietary Guidelines for Americans. 

Girls generally require up to 2400 calories at 18 years to sustain a healthy body weight 

and adolescent boys up to 3200 calories per day.51 Among the minerals, calcium, zinc, 

and iron are among the most essential micronutrients for growth and sexual maturity of 

the adolescent.52 Calcium is especially important for optimal acquisition of skeletal mass 

(needs: males and females 1,300 mg/d53), iron body storage needs are increased during 

adolescence and necessary to maintain hemoglobin concentration (need: male 9-13 y: 

8mg/d; male 14-18: 11mg/d; female 9-13: 8 mg/d; female 14-18: 15 mg/d53), and zinc 

needs (male 9-13 y: 8mg/d; male 14-18: 11mg/d; female 9-13: 8 mg/d; female 14-18: 9 

mg/d53) are increased during high rates of protein synthesis and increases IGF-1 

secretion.54  

The age range for puberty is from 7 to 15 years old and is characterized by sexual 

maturation. Tanner provides a scale that classifies teenagers into four stages of sexual 

maturation for both girls and boys.55 This scale is an important tool for health 

professionals because it helps determine the maturity of the adolescent and therefore 

identify the peak height velocity – which corresponds with Tanner stages 3 and 4 in girls 

and boys, respectively.55 Identifying the peak height velocity can be of great importance 
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for intervention to affect catch up growth if energy and micronutrients requirements are 

met.  

The secretion of the growth hormone (GH) and the gonadotropin-releasing 

hormone (GnRH) characterize the anabolic effect of puberty. GH regulates circulating 

insulin-like growth factor-1 (IGF-1), which has been shown to be critical for modeling 

bone and necessary for the proper achievement of peak bone mass.56 A higher percentage 

of body fat leads to earlier pubertal development through early induction of GH, therefore 

increasing IGF-1 resulting in taller stature, although increasing risk for obesity.50 A 

possible explanation for this fact is that children with a high percentage of body fat and 

high BMI values also have high levels of leptin – a hormone that triggers Luteinizing 

hormone (LH) secretion, which promotes gonadal maturation and results in ovulation in 

girls.47 Race has also been associated with early onset of puberty – African American 

youth reach menarche earlier than white and Hispanic girls, independently of age and 

BMI z-score57,58, similarly, African American boys achieve early sexual maturation than 

their Hispanic and white counterparts.59  

In addition to hormonal and physical changes, adolescents undergo psychosocial 

growth that involves cognitive, moral, identity and social development. It is during this 

life stage that an individual will deal with a variety of changes, from pubertal changes 

and sexual maturation to uncertainty of physical appearance and concern with 

attractiveness.47 Such changes combined with eating behavior and other environmental 

factors can influence the manifestation of nutritional disorders (obesity and 

undernutrition) in youth.  
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2.3 The Multifaceted Factors of Diet-Related Behaviors  

2.3.1 Individual Dietary Behaviors among Children and Adults  

The diet of youth today, especially in low-income, underserved urban 

populations, is high in refined carbohydrates, added sugar, fats, and salt.2 Sugar-

sweetened beverages (SSBs), which include soda, energy drinks, fruit drinks, sweetened 

milk, and sports drinks, are the largest source of added sugar, and are an important risk 

factor for diet-related chronic diseases, such as overweight and obesity60, Type 2 diabetes 

mellitus61, and poor dental health.62  

A recent meta-analysis of cohort studies with children reported a significantly 

increased risk in being overweight or obese associated with consumption of one or more 

daily servings of SSB.60 Although SSB consumption has declined slightly over the past 

decade, intake remains high, especially in youth, representing 10-15% of total caloric 

intake.63 Importantly, African American and Hispanic youth had greater increases in 

calories from sugar per capita than their white counterparts over the past three decades.40 

In addition, a recent nationally-representative study reported no decline (at 14% of total 

energy intake) in total energy intake from added sugar in U.S. children in the past 

decade.64 A related issue is that children with higher intake of sugary beverages tend to 

snack more often than those with lower sugary consumptions.65 Furthermore, snacking 

patterns have changed in the past decade, as low-income children increased purchase and 

consumption of foods high in sugar 66, and increased consumption of foods away from 

home.67 Snacks may significantly contribute to daily caloric intake, surpassing 27% of 

total daily calories among U.S. children aged 2-18.65 
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Conversely, low intake of low-calorie, healthy promoting, fiber-rich fruits and 

vegetables (FV) may place youth at higher risk for obesity and chronic disease.44 Dietary 

fiber from whole grains, fruits, and vegetables is often associated with a higher diet 

quality and variety68 and is recommended in dietary guidelines for its health promotion 

characteristics.69 Most youth in the U.S. do not achieve the recommended amount of fruit 

and vegetables intake. According to the Youth Risk Behavior Surveillance, in the U.S. 

only a third of the youth (10-24 years old) interviewed had consumed two or more 

servings of fruit per day, and only 15% had eaten three or more servings of vegetables 

per day within the past week, with FV intake even lower among low-income youth.70 

Low-income urban African American youth (9-15 years old) in Baltimore City living in 

food deserts had a lower intake of fruit and vegetable servings when compared to the 

national levels, with only 26.8% and 23.8% consuming at least 2 and 2.5 servings a day, 

and an average intake of 1.5 and 1.8 daily servings, respectively.71   

These trends are similar among U.S. adults. Analyses using nationally 

representative surveys have demonstrated increased intake of high energy dense foods, 

such as SSB72 and snacks73 in the past 30 decades. Trends in dietary quality from 1999 to 

2010 have shown an improvement in overall diet quality mainly due to reductions in 

trans-fat intake; however, diet quality remains poor among U.S. adults.74 Despite some 

recent findings showing a temporal improvement in diet quality among U.S. adults in the 

past years75, disparities still exist among minority populations in which improvements 

were not seen for African Americans and Hispanic U.S. adults.76 Furthermore, the gap 

between dietary quality comparing high and low-income individuals have also widened 

in the past 12 years, from 3.9 and to 7.8 points of the Healthy Eating Index (HEI).74  



  16 

Given the low consumption of healthier foods among the U.S. population77, 

especially among low-income African American children and adults78,79, it is necessary to 

test and evaluate innovative strategies to promote healthier dietary intake.  

2.3.2 Household Factors 

It is known that parents play a critical role in influencing youths’ eating behavior 

by controlling their food environment and acting as role models for eating behaviors.80 In 

a previous study, eating meals prepared at home and involving youth in the cooking 

process were identified as household determinants of fruit and vegetable consumption.81 

Recently, one study documented that American families do not spend as much time 

cooking and preparing meals as in the 1960s, due to an increase in eating food in 

restaurants and obtaining food from carryout restaurants and other prepared food 

sources.82 Furthermore, foods eaten away from home comprised 29% of the total caloric 

intake among low-income U.S. families.82 Given the high availability of high energy-

dense foods and the low availability of fruit and vegetable in carryout restaurants and 

fast-food sources, youth are exposed to low quality meals that increase the risk of diet-

related chronic diseases.83,84 

Grosso et al. (2013) found that occupational level (skilled jobs) and high 

education levels of parents and caregivers were significantly associated with Italian 

adolescents’ fruit and vegetable intake.85 Their results suggest that parental 

socioeconomic status may influence adolescent’s eating behavior, which agrees with 

other studies conducted nationally and internationally.86,87 A cross-sectional analysis 

using the 2013-2016 NHANES found a significant positive linear relationship between 
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obesity among youth (mean age, 11 years) and lower education level of household 

head.88  

Another systematic review also identified parental intake and healthful food in the 

household as the most consistent determinant of FV intake among adolescents.89 A cross-

sectional survey assessing the association between home food environment and FV intake 

of adolescents in three American cities (San Diego, Boston, and Cincinnati) found that 

higher family income was associated with more healthy foods available in the 

household.90 Likewise, availability of these foods at home was associated with higher FV 

intake among youth living in these same cities.90 A recent review of the literature 

reported that youth living in households receiving food assistance (i.e., SNAP) obtained 

adequate calories, but had lower dietary quality compared with youth from non-SNAP 

households.91 Household food availability was also identified as a moderator of the 

relationship between age and sex with FV intake in low-income adolescents and it also 

moderates the relationship between food preference and FV intake in low-income African 

Americans.92 Furthermore, adolescent’s self-efficacy for fruit consumption was found to 

mediate the negative relationship between parental barriers to purchasing healthy food 

items and adolescent’s fruit intake.80 Therefore, youth may also act as a change agent and 

influence the household food environment and their caregiver’s food purchasing 

behavior.  

Therefore, due to the influence of the home food environment on dietary behavior 

of children, it is important to involve adult caregivers in childhood obesity prevention 

programs. For instance, childhood obesity intervention involving both children and 

caregivers have shown more positive child-related outcomes than interventions targeting 
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only the child.93,94 In addition, future studies should improve the household food 

environment to decrease childhood obesity.   

2.3.3 The Food Environment  

Dietary patterns are highly influenced by a person’s food environment.23 The food 

environment is composed of different contexts and constructs affecting access to food 

and influencing healthy eating patterns.95 Glanz et al. (2005) identified the community 

and the consumer environment as influential in creating population-wide improvements 

in healthy eating.95 The current U.S. food environment is described as unhealthy due to 

the high availability, low price, convenience and heavy promotion of energy-dense and 

nutrient-poor foods.96 A poor food environment is commonly described as a food desert – 

an area with limited access to and affordability of healthy and nutritious food, lacking 

supermarkets.97 The relation between the food environment and diet intake has been 

associated with increased prevalence of obesity,98 and may explain some of the racial and 

social disparities in healthy eating outcomes.95  

 Current findings suggest that the wide availability of high-energy dense food of 

low nutrition value at low cost and the increase in the food portion sizes are 

environmental factors with negative effects on the nutritional status of individuals.99,100 

Another similar risk factor is related to the inaccessibility to healthful foods (e.g., fruit 

and vegetables) due to the long distance to grocery stores or supermarkets.101 However, 

most of the literature on this topic is based on cross-sectional studies showing mixed 

results – the increase in supercenters was found to be associated with increased average 

of BMI.102 Two longitudinal studies have found a positive association between proximity 

to fast food restaurants and BMI and fast-food consumption103, whereas no associations 
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were found testing proximity to grocery stores.104,105 Also, studies have shown that living 

in low-income areas where access to healthy food is limited increases the risk of poor 

dietary intake and obesity.106,107 Nevertheless, a recent systematic review of the literature 

found a small but positive effect size for the association between spatial food retail 

exposure (i.e., availability and accessibility) and healthier dietary intake among adults.108 

However, higher availability (e.g., counts, presence) of food outlets in the neighborhood 

appeared to produce greater positive effect sizes for relationships with dietary behaviors 

compared to accessibility measures (e.g., spatial proximity).108 These findings highlight 

the need to also consider individual food purchasing preferences109,110, in-store food 

availability111, and consumer’s perception of food access and availability when 

considering the food environment and its relationship with dietary behaviors.112,113  

A recent cross-sectional analysis using the Nielsen National Consumer Panel data 

from 2000 to 2012 found that foods/beverages bought from warehouse clubs (e.g., 

Cotsco, Sam’s Club), mass merchandise (e.g., Walmart, Super-target), and convenience 

stores (e.g., Seven-Eleven, CVS) were higher in energy, total sugar, sodium, and 

saturated fat compared with grocery stores.114 Conversely, a longitudinal analysis using 

the Nielsen data from 2007 to 2012 found no statistical significant differences in the 

nutrient profile of foods/beverages purchased primarily in grocery stores, mass 

merchandisers, or a combination of both, and findings were consistent across racial-

ethnic groups.115 However, authors also found that African American households 

purchased lower nutrient quality foods and beverages than Hispanic or white 

households.115  
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Furthermore, grain-based desserts (e.g., sweet crackers, sweet rolls, cookies, 

cakes, breakfast bars), salty snacks, fruit drinks/juices and regular soft-drinks from all 

types of stores were listed as the top common sources of calories to household 

purchases.114 In Baltimore, African American youth reported visiting small food stores on 

average twice a day and buying soda 1.4 times per week.116 In Philadelphia, 42% of low-

income school-aged children shopped at corner stores twice a day, purchasing 350 

calories each visit from beverages, candy and chips.117 

To date, most studies have explored geographical accessibility to food retailers 

(distance and density) and the availability of food within food outlets and obesity118,119, 

but most have been cross-sectional, focused on adult outcomes and few have explored 

associations with diet among adolescents.120 Future studies should explore other 

determinants of food purchasing in addition to where people shop and what is available 

in-store, especially among households with fewer resources.  

2.3.4 Food and Nutrition Policies in the United States  

In the past decade, various national and local policies have been implemented in 

the U.S. that sought to change the community and consumer food environments. In 2009, 

the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) 

food packages were revised to reflect better the dietary recommendations for Americans, 

and to include for example, cash-value vouchers for fruits and vegetables, new whole-

grain products, lower fat content of dairy foods, and reduced juice quantities.121 

Evaluation studies have found that the provision of healthy foods improved significantly 

in WIC-authorized convenience and grocery stores in Connecticut122, stores located in 

low-income neighborhoods in Philadelphia123, and in Baltimore City food stores.124 
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Furthermore, a qualitative study conducted in seven U.S. states with WIC-authorized 

storeowners found that owners perceived increased numbers of customers, sales, and 

profits in their stores after the policy changed.125  

Following the 2009 WIC changes, the city of Minneapolis revised an ordinance in 

2014 requiring all food stores (grocery, corner stores, gas stations, dollar stores and 

pharmacies) to stock healthier foods aligned with the WIC requirements with the goal to 

improve availability and access to staple foods, particularly in low-income 

neighborhoods.126 This was the first Staple Foods Ordinance in the U.S., but 

compliance has been a challenge – only 63% of the 240 stores are in full compliance with 

the ordinance. Despite the technical assistance provided by the Health Department to 

store owners, additional support is needed, including marketing and business planning to 

store owners to help to improve demand of healthier foods.127  

Another example of a local policy to change the food environment was the 

creation of the Pennsylvania Fresh Food Financing Initiative to attract supermarkets 

and grocery stores to underserved areas.128 There were 88 new or expanded fresh food 

retail outlets developed in low-income areas since 2004. Despite the moderately 

improved food access perception of dwellers, there has not been an effect on fruit and 

vegetable intake nor on BMI among consumers.113 Inspired by the Pennsylvania 

Initiative, the USDA launched the Healthy Food Financing Initiative to increase 

presence of healthy food retailers in underserved communities, classified as food deserts, 

throughout the U.S.129 Findings have challenged the initiative demonstrating that little to 

no change in store healthy food availability and consumer’s diet.130 Therefore, physical 

access to grocery stores or supermarkets may not fully explain inequalities in healthy 
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food access – price, availability, convenience, and promotion are other examples of 

factors that should be taken into consideration when improving the food environment. 

Moreover, a recent health economic modeling study suggested that exposing low-income 

households to the same food availability and prices would only decrease nutritional 

inequality by less than 10%, while the remaining may be explained by differences in 

demand, such as nutrition literacy, marketing, and health education.131  

In summary, national and local policies to improve the community food 

environment have been implemented with high feasibility, and successfully improved the 

availability of healthier food in small food stores. However, there is little evidence on the 

impact of these policies on the consumer food acquisition and consumption, particularly 

among youth in low-income urban settings. Policies that implement price manipulations, 

including taxation (e.g., SSB or junk food) or subsidization of healthier foods (e.g., 

Double Buck Program) seem to positively impact consumer’s food choices.132      

2.4 Social and Behavioral Theories  

Having described the multiple factors and strategies at the different 

socioecological levels that influence food-related behaviors, it is also important to 

recognize that theories help understand the possible reasons and pathways an 

intervention/program may or may not affect the targeted behavior. Most health behavior 

research use social cognition models in recognition that psychological determinants 

mediate mental process that can enact individual’s behavior, or even change the 

environment.133 Common examples of these theories are the health belief model134, the 

theory of planned behavior135, the transtheoretical model136, and the social cognitive 

theory.12 Recent reviews of the literature and meta-analysis identified that theory-based 
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interventions were marginally more effective and more reliable than intervention not 

based on theories.137,138 This dissertation evaluated a public health nutrition intervention 

that was underpinned by the social cognitive theory and the socioecological model. Thus, 

this section discusses the aforementioned models.  

2.4.1 Social Cognitive Theory 

Another important context influencing healthy eating patterns is the psychosocial 

context. According to the social cognitive theory (SCT)12, psychosocial factors might 

influence eating behavior, as it has been theorized that the cognitive processes play an 

important role in the acquisition and retention of new behavior patterns.12 Bandura’s 

theory recognizes that a dynamic interplay exists between people, environment, and 

behavior. SCT evolved from the social learning theory, in which self-efficacy was added 

as one of the key intrapersonal constructs: reciprocal determinism, behavioral capability, 

observational learning, reinforcements, and expectations. Moreover, youth-level 

psychosocial factors such as self-efficacy and intentions for healthy eating was associated 

with greater odds for fruit, vegetable, and fiber intake among 10-14 year old African 

American youth living in Baltimore food deserts.71 Self-efficacy, the extent of confidence 

and decision-making about healthy eating, is the most commonly measured psychosocial 

construct and has been identified as an important predictor of fruit and vegetable 

intake.139-141 Nonetheless, other studies have not found consistent association between 

these psychosocial factors and healthy eating patterns.142,143  

Another strength of this theory is that it provides a framework that allows the 

design, implementation, and evaluation of programs and interventions in many different 

fields. However, a limitation of this theory is that it does not specify what the 
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environmental factors are (community, food sources, culture, media, or policy). 

Moreover, the theory gives little attention to social support, conflicts and emotions that 

may be associated with self-efficacy, for example. Some also may criticize that social 

learning process does not come from solely observational learning. In summary, this 

theory focuses on the interpersonal level factors of behavior change, and it is often used 

in research and program along with other theories such as the socio ecological model, 

that in addition, address the macro-levels influencing behavior and other outcomes.  

2.4.2 Socio Ecological Model  

The socio ecological model (SEM) focuses on environmental and political 

contexts, while incorporating psychosocial influences in order to design effective multi-

level strategies to improve health behavior.144 In addition, the SEM assumes that only 

providing motivation and skills may not be as effective in changing individual behaviors 

if the environmental and political contexts make it difficult - or even impossible - for an 

individual to make healthier choices. Therefore, multiple context levels influence human 

behavior, suggesting the need for intervention programs taking a multilevel approach.14  

 Multi-sectoral strategies and multilevel nutrition intervention programs with 

youth have grown in the past decade to better understand food behaviors and to decrease 

childhood obesity levels. In the past years, obesity prevention has gained a more holistic 

understanding due to its complex nature, with multilevel frameworks rooted in social 

ecological model being recommended for further research and interventions to better 

generate public health solutions.145 Multilevel interventions are suggested to be more 

effective than single component interventions, due to their synergetic effect between 

educational strategies and environmental factors.146  
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2.5 Childhood Obesity Prevention Interventions 

Interventions to combat childhood obesity have been recommended by leading 

organizations such as the World Health Organization147,148 and the Institute of 

Medicine.149 Although the evidence of what works to improve healthy eating to 

ultimately tackle childhood obesity is growing, childhood obesity prevention trials have 

shown mixed results and small effect sizes in changes in child BMI.146 Thus, this section 

discusses the intervention strategies most used in the previous decade to combat the issue 

of childhood obesity, with a special emphasis on interventions conducted primarily in 

schools (setting that received most attention is the childhood obesity literature)9 and in 

community settings (considerable growing interest in the body of the literature).5 Due to 

the multifactorial causes of obesity, solutions at the different levels of the socio 

ecological model (i.e., multilevel) paired with actions at the various components of the 

food environment (i.e., multicomponent) provide a promising population-based approach 

to improving children’s health, and are also reviewed in this section.  

2.5.1 School-based Childhood Obesity Interventions  

Most child obesity prevention interventions have been primarily school-based, 

conducted in developed countries, targeting elementary or middle-aged youth.9,146 

Systematic reviews and meta-analysis have reported a mild effect of school-based 

interventions in reducing BMI among children, with increased beneficial effects with 

parental involvement.150-153 School-based childhood obesity interventions have also 

demonstrated positive effect on children’s dietary behavior. A one-year school-based 

obesity prevention program in the United Kingdom observed a decrease in consumption 

of carbonated beverages among youth 7-11 years old compared to those not receiving the 
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nutrition education program.154 Another randomized control trial conducted with 

preschool African American children in Chicago found a better diet quality - measured 

by the Healthy Eating Index (HEI) - and an increase in fruit intake among the 

intervention group receiving the nutrition and physical activity curriculum delivered by 

teachers.155  

Despite some positive effects on health outcomes and dietary outcomes, few 

obesity prevention trials assessed maintenance of impacts. Among those assessing 

sustainability of findings there is a lack of further impact on obesity-related behavior 

after the study is over.9 The lack of a long-term effect of the intervention, or even a null 

effect of intervention on children’s health have been attributed to compensation effects of 

the household or community environments.156 The possible mechanism is that children 

may change behaviors while in school, but may alter their behaviors outside of school, 

thus attenuating the effect of the intervention.  

 For these reasons, community-based intervention trials have gained considerable 

interest in the obesity prevention literature and became a promising approach to combat 

childhood obesity with sustainable and long-term impacts reaching large sectors of the 

population.  

2.5.2 Community-based Obesity Interventions  

Community-wide approaches to childhood obesity prevention are aligned with the 

social ecological model, in which different levels are equally targeted to change the food 

environment in and around the individual.8 Examples of community-based intervention to 

change the food environment include the Baltimore Healthy Store (BHS)157, Philadelphia 

Healthy Corner Store (PHCS)158, and the Minneapolis Healthy Corner Store (MHCS)159 
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trials aiming to increase access to healthy food in the community and to support healthy 

food choices through point-of-purchase promotion among adults. In the BHS study, there 

was a positive impact on healthfulness of food preparation methods, and respondents in 

the intervention areas were significantly more likely to report purchasing promoted foods 

because of the presence of a BHS shelf label.160 Whereas in the PHC, there were no 

significant changes from baseline to follow-up in energy content or nutrient 

characteristics per purchase after one year of the intervention.158 The MHCS reported an 

increase in availability and sale of fresh produce among the stores participating in the 

program.159  

A recent systematic review on community-based childhood obesity interventions 

reported that most interventions have targeted the community plus another setting (an 

educational setting or home), with significant but modest reductions on child weight-

related outcomes.5 The systematic review did not find any study that was implemented 

only at a community setting that sought to prevent childhood obesity. This may be due to 

the emerging evidence that interventions implemented at multiple sectors are more 

effective than single-sector interventions.9,161,162 

2.5.3 Multilevel Multicomponent Obesity Prevention Interventions 

Multilevel community interventions to prevent childhood obesity have combined 

different components of the food environment with simultaneous actions at the different 

levels across the SEM, including the home, school, social media, community food stores, 

and policy-levels. Multilevel multicomponent (also often termed as “multi-setting, multi-

strategy”, or whole-of-community) interventions have reported positive small effects on 

childhood obesity.163,164 
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Shape Up Somerville (SUS) is one example of community-based obesity 

prevention program that successfully increased availability of healthy foods in schools by 

improving schools’ food service, but also worked outside of the school environment.165 

SUS implemented new menu items, capacity building of school personnel, conducted 

taste testing and other communication strategies in the school setting, accompanied by 

interventions in the homes and community setting in the urban area of Boston. SUS 

researchers found a statistically significant decrease in Body Mass Index (BMI) z-scores 

in children166, reduction in sugar sweetened beverage intake after 2 years of intervention, 

but no impact on daily fruit and vegetable servings.167 One of the methodological 

limitations of the SUS study is that individuals were not randomly assigned to 

intervention or control group. Another limitation is that parents reported their children’s 

eating behavior, which may have been biased and not a reliable measure of children’s 

intake. 

 A 2-year community-based nonrandomized intervention in New Zealand in 

children 5-12 years old – APPLE (A Pilot Programme for Lifestyle and Exercise) – 

presented significant changes in BMI z-score among intervention group when compared 

to the control group. The intervention targeted the individual, household, and school-

levels, and although had a primary focus on improving physical activity levels, the 

second year of the intervention incorporated nutrition-based activities with children.168 

These activities included science lessons in schools, community-based healthy eating 

resource, and the provision of free fruit for 6 months. Community activity coordinators 

facilitate physical activities during lunchtime, after-school, and vacations (e.g., outdoor 

games, gardening, community walks) and provided cooled water filters to each 
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intervention school.  At baseline and follow-up, children answered a 3-day short food 

questionnaire to report frequency of consumption of 33 food items. Children in the 

intervention group had increased daily serving of fruit (mean difference = 0.8) and 

vegetable (mean difference = 0.3) from pre- to post-evaluation when compared to those 

who did not receive the intervention.169  

 Another successful childhood obesity prevention trial was the Switch program, 

implemented in multiple ecological levels in two U.S. states – Minnesota and Iowa – 

aimed at improving physical activity level, decreasing screen time, and improving fruit 

and vegetable consumption in children 9-11 years old attending 10 schools.170,171 The 

program intervened in three different levels: community (involved city stakeholders and 

social media for a public education intervention to prevent childhood obesity, and 

provided children and families with opportunities to engage in community activities such 

as scavenger hunt at local grocery store and swimming), school (nutrition curricula, and 

communication materials), and family (mailed information, activities, recipes, meal plan, 

and tips to achieve nutrition and physical activity goals).170 At the beginning and at the 

end of the school year, children reported frequency of food consumption from the 

previous day, and differences were seen between intervention and comparison groups in 

terms of the program impact on daily fruit and vegetable consumption, with significantly 

increase in the intervention group.171  

Other recent multilevel childhood obesity prevention programs have also 

generated mixed results. For instance, four randomized, controlled trials that were part of 

the Childhood Obesity Prevention and Treatment (COPTR) Consortium tested 

interventions to prevent obesity in preschoolers and treat obesity in children 7-13 years 
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old in primary care, parks and recreational centers, household, and schools.172 None of 

the COPTR studies found a significant improvement on child BMI.173-176 Importantly, 

these studies did not intervene in the community food or PA environments. 

 Although the abovementioned trials (i.e., SUS, APPLE, and Switch) intervened in 

multiple levels of the food environment, APPLE and Switch were primarily school-

based. Thus, this highlights the need for multi-level interventions to test strategies in 

other settings rather than schools.9 In addition, most studies have focused on the food 

environment targeting elementary- and middle-school aged youth, which raises the need 

for further research to also target older children and adolescents.9 Moreover, previous 

longitudinal studies have reported important differences in food patterns across youth 

ages, with older youth (>12 years old) snacking and purchasing foods out of the home 

more frequently than younger youth.177 Therefore, it is important to investigate impact of 

nutrition interventions on different ages due to different food behaviors and societal 

eating norms, increased caloric intake, and changes in body composition. 

Furthermore, many health disciplines have incorporated youth into intervention 

teams as mentors to interact directly with younger children.178 However, relatively few 

youth-led programs have focused on obesity prevention and supported healthy eating 

practices and reported impact of the trial on diet and food-related behaviors.179 Social 

modeling or observational learning principles provide part of the rationale for involving 

peers in behavior change interventions, as peers have the potential to serve as role models 

of the targeted behavior.178,180 The results of youth-led interventions tend to be 

equivalent, or superior to adult-led interventions181,182, resulting in more positive attitudes 

toward behavior change.183 Impact on children obesity rates in low-income African 
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American youth was seen in a youth-led multi-level obesity intervention trial (Baltimore 

Healthy Eating Zones).184,185  

2.5.4 Evaluation of Multilevel Multicomponent Interventions  

Quantitative evaluations are complex in community-based multilevel 

multicomponent obesity prevention studies with numerous logistical, practical and 

methodological challenges that emerge from its multifaceted and resource-intensive 

design.186 Multiple intervention strategies occurring simultaneously in different 

community settings, make it difficult to attribute the effect of the intervention to specific 

intervention strategies or to the intervention as a whole due to the presence of 

community-level confounding variables.187 Furthermore, community-based intervention 

trials often assume that the intervention protocol was implemented according to the initial 

standard, but programs are often adapted to the reality and the needs of the community or 

may not reach its intended target population, which may explain away treatment effects 

on the outcome of interest.10 

Given the importance of implementation to study outcomes, various community-

based multilevel multicomponent interventions have used process evaluation to assess 

intervention fidelity (adherence to intervention protocol).168,188,189 Process evaluation 

usually provide context to outcome measures. However, exposure (‘dose received’) is 

rarely measured, but allows researchers to understand how well a program reached its 

intended audience from the participants’ perception of their personal exposure and the 

extent to which they actively engaged with the research activities and materials.190 The 

IDEFICS study, a large cross-cultural intervention across 7 countries in Europe for 

childhood obesity prevention – implemented an exposure questionnaire to assess 
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family/parents engagement and exposure to the school and community components.191 

Exposure scores were created for each component and correlated with changes to BMI z-

score among children, with an overall no relationship with positive changes in children’s 

BMI, but country-specific analysis showed positive changes among German girls.191 The 

Boost program, a Danish multi-component school-based trial, used measures of exposure 

as the extent of parental involvement in the intervention, and found that students with a 

high exposure level consumed more fruits and vegetables daily than those with low 

exposure score.192 The Switch what you Do, View, and Chew program that targeted 

children 9-11 years old attending 10 schools in Minnesota and Iowa, U.S., observed 

greater change in FV weekly intake among caregivers who were more involved in the 

intervention, compared to those who were less involved.171 

In randomized controlled trials, analysis including engagement/adherence to the 

intervention in outcome evaluations are also known as treatment-on-the-treated effect 

(TTE) or per-protocol analysis, in which study participants are analyzed according to the 

treatment received, instead of the original treatment assigned (average treatment effects). 

Although this practice may violate randomization, increase potential biases, and results 

may not infer causal-effect of the intervention, it is often used as secondary evaluation 

analysis193 and may provide an upper-bound on program effectiveness.194 

Additionally, insufficient evaluation of the impact of multilevel community-based 

childhood obesity prevention trials on diet and food behaviors in child and their 

caregivers exists.9 Furthermore, childhood obesity prevention programs that also engaged 

adult caregivers have shown more positive child-related outcomes than child-only 

interventions.93,94 However, few child-focused interventions have reported impacts on 
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caregiver behavioral outcomes195, due to limited assessment of nutrition behaviors among 

this group.196 Understanding the impact of childhood obesity prevention on caregivers is 

important because families’ eating practices, rules, and support influence children to 

initiate and sustain positive dietary changes, while providing opportunities for social 

learning.197 

In light of the current gaps in childhood obesity prevention literature, this 

proposed research will add to the body of literature in three important ways:  

1) Utilize a food-targeted randomized multilevel community-based obesity 

prevention trial in a low-income urban food desert setting that sought to modify the out of 

school environment;  

2) Evaluate changes in diet by control and treatment group among youth and their 

caregivers;  

3) Explore changes in dietary and food-related behaviors by level of exposure to 

intervention components to provide further information on reasons for and directions of 

the observed effect. 187 

2.6 Preliminary Studies 

Having described some multilevel obesity prevention trials conducted in other 

settings, this section will focus on previous work done in Baltimore City to inform the 

multilevel multicomponent childhood obesity prevention trial evaluated in this 

dissertation. The B’more Healthy Communities for Kids intervention was funded as part 

of the Global Obesity Prevention Center at Johns Hopkins, supported by the Eunice 

Kennedy Shriver National Institute of Child Health and Human Development (NICHD) 

and the Office of the Director, National Institutes of Health (OD). The program was 
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implemented by a multidisciplinary team and led by the Primary Investigator Dr. Joel 

Gittelsohn, who has implemented successful obesity prevention trials to improve the low-

income food environment in the past two decades. Table 2.1 describes the previous 

studies conducted in Baltimore. All community-based interventions were developed 

through formative research and a community engagement process in which community 

members and other key stakeholders contributed ideas and strategies to plan and 

implement the program.198-200 Efforts have centered on increasing access to healthier 

foods (availability, pricing), and promoting these foods through point-of-purchase 

materials (shelf labels, posters), interactive sessions (taste testing of healthier foods, 

flyers) and promotional giveaways.  

 

Table 2.1: Previous obesity prevention trials conducted in Baltimore City to inform the 

B’more Healthy Communities for Kids intervention 

Study Description Intervention Levels Results 
Baltimore 
Healthy 
Stores  
(BHS) 

Retail food 
store-based 
intervention trial 
comparing East 
and West 
Baltimore.  

1. Supermarkets 
2. Corner Stores 
3. Consumer 

Improved adult food 
preparation methods 
and frequency of 
purchase of promoted 
foods157; and a positive 
trend for healthy food 
intentions.160 

Baltimore 
Healthy 
Eating 
Zones 
(BHEZ) 

Clustered 
randomized 
childhood 
obesity 
prevention trial.  

 

1. Corner Stores 
2. Carryouts 
3. Recreation Centers 
4. Peer Educators 
5. Youth (10-14 years 

old) 
6. Caregiver 

Decrease in BMI 
percentile among 
overweight and obese 
children, improved 
food-related outcome 
expectancies and food 
knowledge.185 

Baltimore 
Healthy 
Carryouts 
(BHC) 

Environmental 
intervention in 
Baltimore 
carryout 

1. Carryouts 
2. Consumer 

Increased sales and 
consumption of 
healthy food items 
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restaurants using 
a quasi-
experimental 
design.  

promoted among adult 
consumers.201  

B’ More 
Healthy 
Retail 
Rewards 
(BHRR) 

Multi-level 
randomized 
controlled 
communication 
and pricing 
intervention to 
improve food 
environment in 
Baltimore City. 

1. Wholesaler 
2. Corner Stores 
3. Consumer 

Increased stocking of 
promoted foods. 
Increased sales of 
healthy snack foods in 
the combined 
(communication and 
pricing) intervention 
group.202   

 

Baltimore Healthy Stores (BHS). From 2005-2007, two trials (Baltimore Healthy 

Stores 1 & 2) were conducted in 21 retail food stores, including supermarkets and small 

food stores. Small storeowners received gift cards to local wholesalers to incentivize their 

stocking of healthier foods. Shelf labels, posters, flyers, giveaways, and taste 

tests/education sessions were used to promote healthy foods to low-income African 

American adults. The study was implemented with high reach, dose, and fidelity 

regarding stocking of promoted foods, displaying materials in the store level, and 

implementation of in-store taste tests.203 Intervention stores were more likely to increase 

and sustain the promoted food availability at intervention, post-intervention, and follow-

up.157 BHS had a positive impact on healthfulness of food preparation methods and food 

purchasing among adult consumers.160  

 Baltimore Healthy Eating Zones (BHEZ). The BHS study was expanded to 

BHEZ to target low-income African American youth. The program184 was implemented 

in 7 recreation centers and 21 nearby corner stores. The 8-month intervention aimed to 

increase availability and selection of healthful foods through nutrition promotion and 

nutrition education using point-of purchase materials, such as posters and flyers in stores 
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around recreation centers, and via interactive sessions.184 The intervention program was 

associated with reductions in youth BMI percentile among children who were overweight 

or obese at baseline (p = 0.04). Intervention youth significantly improved food-related 

outcome expectancies (p = 0.02) and knowledge (p < 0.001).185  

 Baltimore Healthy Carryouts (BHC) was a pilot intervention with a quasi-

experimental design in 8 carryout restaurants in low-income areas of Baltimore City 

targeting adult consumers. The study included environmental strategies such as 

developing and replacing menu boards to promote existing healthy menu options with 

photos and using a green leaf theme to signalize the healthier options. In addition, BHC 

used promotional posters, introduction of healthier beverages and side dishes, and 

promotion of lower cost condiments, and substitution of low-fat cooking ingredients.204 

Acceptability, fidelity, and perceived sustainability of the new menu board and poster 

interventions were high among carryout restaurant owners.205 The BHC intervention was 

associated with increased sales of healthy foods and total revenues206, consumers 

significantly increased their purchase of healthier food items.201 

B’ More Healthy Retail Rewards (BHRR) was the first randomized controlled 

trial to involve food wholesalers in a food access intervention program on healthy food 

purchasing and consumption among low-income small store adult customers.202 Twenty-

four small corner stores located in low-income census tracts of Baltimore City were 

randomized to one of four treatment groups: communications only (n = 6), pricing only 

(n = 6), combined communications and pricing (n = 6), or control (n = 6). Performance 

allowances in the form of healthy food discounts (10-30% off wholesale price) were 

directed from the wholesaler to the pricing only and combined intervention stores (12 
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stores total) at checkout for 6 months during 2012-2013. All intervention stores 

significantly increased stocking of healthy promoted foods compared to control. 

Moreover, store receiving both communication and pricing intervention showed 

significantly increase in sales of healthy promoted snacks.207   

 The studies described above established the potential for success of community-

based, multilevel interventions; however, none of them combined all levels into one 

study. Furthermore, there are still some important gaps in the food environment literature 

to improve supply and demand of healthy food in underserved populations that could be 

tested in Baltimore City. For example, little attention has been given to the area of 

sustainability, as previous trials have focused only on program effectiveness.208 Involving 

city stakeholders and policymakers as part of the research team, increases the potential to 

improve and sustain food policies and initiatives to support citywide strategies to improve 

availability, access, and purchasing of healthy food in low-income food desert areas.209 

Another innovative strategy to intervene in the food environment is the use of social 

media tools, which none of the abovementioned studies have previously tested. Social 

media and mobile tools are potentially far-reaching and cost-effective components and 

may be a powerful tool to promote health.210 Lastly, although the use of youth-led 

participatory programs has increased in the past years, relatively few youth-led programs 

have focused on obesity prevention and healthy eating practices.181,211 

Thus, the B’more Healthy Communities for Kids study sought to fill the current 

gaps by utilizing all different levels tested in the previous studies, and including social 

media and policy components to a youth-led obesity prevention intervention.  
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2.7 Chapter Summary  

The diet of youth today, especially in low-income, underserved urban populations 

in the United States, is high in refined carbohydrates, added sugar, fats, and salt. 

Interventions to address childhood obesity by improving healthier food intake and 

decreasing unhealthful food behaviors are needed, particularly in low-income settings, as 

poor-quality diet is an important risk factor for overweight and obesity. Behavior change 

is complex and requires multilevel solutions; however, few studies have tested multilevel 

environmental nutrition interventions targeting adolescents in non-school settings. 

Reviews of the literature on multilevel multicomponent childhood obesity interventions 

have indicated promising impact on food-related behaviors among youth, and few have 

evaluated whether it also influences household-level behaviors. Drawing from lessons 

learned and strategies tested in previous environmental interventions in Baltimore City, 

B’more Healthy Communities for Kids sought to combine multiple approaches to prevent 

childhood obesity among low-income urban African American youth (9-15 years old) in 

Baltimore City. The intervention also tested innovative innovations to change the 

multiple levels of the food system by 1) incorporating peer mentors in the delivery of a 

culturally appropriate intervention; 2) testing the use of social media as a means to target 

adult caregivers for behavior change; 3) involving policymakers and city stakeholders to 

support and improve food policies to improve the city’s food environment.  
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Chapter 3. Methods 

This chapter provides an in-depth review of the methods employed to conduct this 

dissertation. It first provides an overview of the B’more Healthy Community for Kids 

parent study, describes the context of the study setting and population, and 

implementation of the multiple components of the intervention. The methods include 

quantitative data collection and analysis, and ethical considerations.  

3.1 Overview of the B’more Healthy Communities for Kids 

 The B’more Healthy Communities for Kids (BHCK) intervention was a 

multilevel multicomponent (MLMC) childhood obesity prevention trial in Baltimore 

City. By definition, as a MLMC intervention, BHCK integrated different levels of the 

socio-ecological model and multiple intervention components into a food systems 

approach that promoted access to nutritious food from wholesalers, to small food stores, 

and to families (both adult caregivers and youth). Children were targeted by intervening 

in community recreation centers, having youth-leaders (college and high-school trained 

mentors) leading education and nutrition skills sessions, and through social media. In 

addition, food demos and promotions in the community carried out by BHCK 

interventionist were timed to reach children leaving the school (from 2-4pm). Following 

the socio-ecological model, the BHCK intervention tapped into the dynamic interplay 

among individual, behavior, household, environment, and policy levels.14  

This dissertation study utilized the group-randomized MLMC BHCK study to 

assess changes in diet and food-related behaviors of low-income families living in areas 

with poor availability of healthy foods receiving the program, compared to those not 
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receiving the program. Previous research in this topic have used quasi-experimental 

designs, have not been conducted for a long period (more than 12 weeks), or was mainly 

conducted in the school settings.9,212 Furthermore, most studies exploring the relation 

between the food environment and child health, have focused primarily on weight change 

(e.g., BMI) – a more distal factor that is influenced by both physical activity and diet.21 

Therefore, this study improves to prior literature by identifying intervention strategies to 

improve youth’s and caregiver’s diet (increased fruit and vegetable servings intake, 

decrease added sugar and fat intake) and food-related behaviors (improved healthier food 

shopping and food preparation behaviors) through a group randomized multilevel 

community-based obesity prevention trial.  

3.2 Study Setting  

The B’more Healthy Communities for Kids research study took place in low-

income urban areas of Baltimore City, Maryland, U.S. Baltimore City is located in the 

Northeast region of the country on the Chesapeake Bay, with the second-largest seaport 

in the Mid-Atlantic. According to the 2016 U.S. Census Bureau, Baltimore City has a 

total population of 621,000, a median household annual income of US$ 44,262.00, and 

11.8% unemployment rate.213   

In Baltimore City, 25% of the residents live in an area with low access to healthier 

and affordable foods, of those, 34% are African Americans and only 9% are white. A 

previous study in Baltimore City reported that predominantly African American and 

lower income neighborhoods had significantly lower healthy food availability and more 

corner stores, than predominantly white and higher-income neighborhoods, which may 
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help explain some of the racial and social disparities in healthy eating and obesity 

outcomes.214    

Baltimore is an ideal location to test a multilevel multicomponent program, as the 

city is made up of many neighborhoods with inadequate access to healthy and nutritious 

foods. Many of these lower income areas are classified as food deserts where small 

corner stores and carryout restaurants are the primary source of food for the community.97 

According to the Johns Hopkins Center for a Livable Feature (CLF) latest report in 2015, 

Baltimore City had about 47-chain supermarket stores, with only 14 supermarkets located 

in predominantly African American neighborhoods. It was also found an uneven 

distribution of corner stores in the city, which were primarily located in predominantly 

African American neighborhoods.215 Corner stores are ubiquitous in Baltimore, with 

more than 600 located in the city. A corner store is generally characterized by being 

located on the corner, operated by the owner, and typically do not carry healthy food 

items, such as fresh produce. Corner stores are commonly used by children and their 

families116,216, and are often the only nearby retail food source available to many families 

in Baltimore.217  

The food environment, combined with other economic and social factors such as 

low vehicle ownership and high crime rates, can make access to healthier foods even 

more difficult. A recent longitudinal study found that an increased neighborhood crime 

rate was associated with an increase in density of unhealthy food outlets in the previous 

13 years in Baltimore City.218 Additionally, individuals who do not own a personal 

vehicle tend to rely more frequently on the food outlets that are available in their 

immediate neighborhood, than those who own a vehicle. A cross-sectional study with 175 
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African American adults living in East and West Baltimore City neighborhoods reported 

that walking was the most frequent form of transportation used for food purchasing, and 

individuals who mainly walked as a means of transportation were likelier to obtain 

unhealthier foods than those who had access to a car.217  

The school food environment is another important component of the Baltimore 

food system that influence youth’s dietary intake, as children spend most of their time 

outside of the home in school and recreation facilities, interacting with their peers.219 In 

the U.S., the national school lunch program (NSLP) was established in 1946 and 

subsidized free or reduced-price meals based on children’s income eligibility. Only 

recently, under the 2010 Healthy, Hunger-Free Kids Act, the NSLP was revised and 

school meal standards have become more closely aligned with dietary recommendations. 

Under the Hunger Free Schools Act of 2015, Baltimore City Public Schools implemented 

free breakfast and lunch programs that are now offered to all youth regardless of their 

income.220 

After-school programs also offer free meals and opportunities for physical 

activity. The Department of Baltimore City Recreation and Parks operates 41 recreation 

centers that offer after-school programing for over 23,000 children between 5-18 years 

old. Theses recreation centers serve as the primary after-school program for Baltimore 

City children. Many community recreation centers are associated with specific 

elementary or middle schools, and offer free snacks and free supper meals programs. The 

vast majority of children who attend these centers are African American, from low-

income households, attend schools with free lunch, and purchase foods from small stores 

and carryout restaurants surrounding the recreation centers before and after school.116,221  
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Therefore, recreation centers were identified as promising intervention sites and 

chosen as the nucleus of the neighborhoods for the BHCK study. Recreation centers not 

located in low-income predominantly African American areas of the city were excluded 

from the randomization (n=11). From the 30 neighborhoods eligible to participate in the 

BHCK study, 26 were randomized to intervention and comparison over two waves of 

implementation. Table 3.1 illustrates the sociodemographic characteristics of the BHCK 

zones. BHCK was implemented across all regions of Baltimore City, although more 

predominantly in the East and West areas. Compared to the average statistics of 

Baltimore City, BHCK zones had a higher proportion of African Americans (average of 

80% African Americans versus 62.4% for the entire city), higher prevalence of 

individuals living below the poverty rate (35% versus 10.4%), lower frequency of vehicle 

ownership (35% versus 18.3% without vehicles), and lower median annual household 

income ($30,659.00 versus $44,262.00).  

Table 3.1: Sociodemographic characteristics of the neighborhood zones participating in 

the B’more Healthy Communities for Kids study 
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BHCK Intervention 
Coldstream Homestead E 83 38,859 48 3 32.7 29.0 69.9 1 
Greenmount Barclay E 80 33,920 65 4 40.8 42.7 66.5 1 
John Eager 
Howard 

Reservoir 
Hill N 78 41,125 79 4 47.8 34.9 59.6 1 

Madison Sq. Orangeville  E 37 22,450 80 2 61.2 30.0 81.0 1 
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Collington 
Sq. Collington E 86 23,284 89 3 51.5 51.2 55.0 1 
Fort W.  Berea E 92 28,663 83 4 32.6 32.2 55.0 1 

Chick Webb 
Latrobe 
Homes E 87 12,574 89 5 76.6 68.5 82.6 1 

Cecil Kirk Midway E 92 24,446 67 3 50.3 36.7 66.5 2 
Carmelo 
Anthony 

Washington 
Hill E 71 18,842 64 3 66.3 41.9 82.6 2 

J.D. Gross Edgecombe W 95 27,041 25 2 47.3 30.0 51.5 2 
Towanda Greenspring W 92 27,708 24 2 29.2 44.3 51.5 2 

DeWees 
Cameron 
Village NE 81 42,589 12 1 21.7 12.0 39.9 2 

Rita Church Clifton Park E 95 33,636 29 2 26.4 24.3 69.9 2 
Carroll F. 
Cook Orangeville SE 37 29,844 5 0 22.1 30.0 81.0 2 

BHCK Comparison 
Furley Frankford E 80 32,309 14 2 27.3 17.7 56.6 1 
Samuel F. 
B. Morse Milhill W 52 18,146 79 2 69.1 45.9 80.7 1 
C. C. 
Jackson 

Central Park 
Heights N  98 28,824 36 2 42.2 34.8 51.6 1 

Edgewood 
Edmonson 
Village W 95 40,000 40 2 27.2 23.0 103 1,2 

Lilian Jones 
Sandtown/
Winchester W 98 19,189 

10
3 2 76.1 47.3 59.6 1,2 

Bentalou Penrose W 95 27,668 98 2 46.9 38.7 63.1 1,2 
Patapsco Cherry Hill S  96 13,743 9 1 66.8 65.3 53.5 1,2 
Cahill Mt. Holly W 94 52,315 16 1 20.0 21.8 50.0 2 

Easterwood 
Easterwood 
Park W 99 34,254 

10
3 2 40.7 23.5 63.1 2 

Solo Gibbs 
South 
Baltimore S  35 53,603 17 1 17.9 35.0 49.8 2 

Mary 
Rodman Allendale W 93 35,899 34 1 42.2 27.0 38.9 2 
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Brooklyn 
O'Malley 
Pal Center 

Southwest 
Baltimore S  37 36,203 13 1 26.4 22.0 80.7 2 

Baltimore City 

Baltimore City Average  
 

62.
4 44,262 

61
6 47 10.4 18.3 60.5 n/a 

Abbreviations: AA: African American; BHCK: B’more Healthy Communities for Kids; E: East; 
N: North; NE: northeast; SE: southeast; S: South; W: West; n/a: not applicable  
1 U.S. Census Bureau (2016). https://censusreporter.org/profiles/14000US24510260201-census-
tract-260201-baltimore-md/  
2 Maryland Food System Map (2014):  
https://trude.maps.arcgis.com/home/webmap/viewer.html?useExisting=1&layers=5bb2bd527940
48d091ba14aa1cedb907  
3 Vital Signs Baltimore Neighborhoods (2016). https://bniajfi.org/vital_signs/fullreport/  

3.3 Study Design  

The BHCK intervention was a group-randomized controlled trial implemented at 

multiple levels of the urban food environment to improve healthy food access, purchase, 

and consumption among low-income families living in food deserts in Baltimore. The 

BHCK study used pre- and post- intervention assessment design, with two groups – 

intervention and comparison. The intervention was implemented in two waves (wave 1: 

August 2014-February 2015; and wave 2: November 2015-August 2016), with pre- and 

post-assessments for each wave. 

3.3.1 Randomization of neighborhood zones (recreation centers) 

Wave 1 took place in 14 zones, randomized to intervention (n = 7) and 

comparison groups (n= 7), and wave 2 in 16 zones, randomized to intervention (n=7) and 

https://censusreporter.org/profiles/14000US24510260201-census-tract-260201-baltimore-md/
https://censusreporter.org/profiles/14000US24510260201-census-tract-260201-baltimore-md/
https://trude.maps.arcgis.com/home/webmap/viewer.html?useExisting=1&layers=5bb2bd52794048d091ba14aa1cedb907
https://trude.maps.arcgis.com/home/webmap/viewer.html?useExisting=1&layers=5bb2bd52794048d091ba14aa1cedb907
https://bniajfi.org/vital_signs/fullreport/
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comparison (n=9), using simple randomization (1:1 ratio). Assignment occurred publicly 

by drawing names of eligible recreation centers from a hat. A recreation center was at the 

nucleus of each zone, and zone’s eligibility criteria were:  

1) predominantly African American (>50%);  

2) low-income neighborhood (>20% of residents living below the poverty line);  

3) minimum of 5 small (<3 aisles, no seating) food sources;  

4) recreation center more than ½ mile away from a supermarket and located in a 

food desert.214  

In this study, predominantly African American neighborhoods were considered 

having more than 50% of residents Black or African American. If a neighborhood had 

more than 20% of its population living below the poverty line (majority household annual 

income < $35,000), it was considered low-income. Baltimore City’s food desert was 

defined as an area with limited access to and affordability of healthy and nutritious food, 

½ mile away from supermarkets, >30% of residents with no vehicle access, and low 

healthy food availability index (HFAI).111,215 From the 41 operating recreation centers, 30 

were considered eligible and then randomized (Figure 3.1). Four recreation 

neighborhoods (Bentalou, Edgewood, Lilian Jones, and Patapsco) that were randomized 

to comparison group in wave 1, were re-randomized in wave 2 to comparison group. 

Therefore, twenty-six different BHCK neighborhoods were selected to participate in the 

study.  
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Figure 3.1: B’more Healthy Communities for Kids low-income intervention areas 

(recreation center zones) 

3.4 Recruitment 

A sample of adult caregiver and child dyads were recruited at each recreation 

center and nearby corner stores and community locations, using a 1.5-mile BHCK buffer 

zone around each rec center. In each buffer zone, interested individuals provided their 

phone numbers directly to study staff, and BHCK research assistants contacted and 
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screened potential participants. Household eligibility criteria included: (1) at least one 

child in aged 9-15 years; (2) living in the same location for at least one month; and (3) 

not anticipating a move in the next 2 years.11 An overview of study enrollment and 

participant flow is provided (Figure 3.2).  

 

Figure 3.2: CONSORT flowchart of the B’more Healthy Communities for Kids 

intervention 
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Originally, a sampling frame was developed to aid in the random selection of 

caregiver-child dyads in each BHCK zone. BHCK data collectors approached children 

(9-15 years old) and their caregivers in participating recreation centers, nearby corner 

stores and carryout restaurants, and parks and community venues in the 1.5-mile BHCK 

buffer. Children and adults were approached about the study and invited to provide their 

names and phone numbers for contact. A list of 75-100 names of individuals approached 

in each zone and their contact information was entered into the frame, with the goal to 

randomly select 20 dyads from each neighborhood, per sample size calculation (see 

section 3.9). If a randomly selected dyad was unable or deemed ineligible to participate, 

then the next dyad was contacted and invited to participate in the randomized sampling 

frame. However, it was difficult to follow-up with most of the recruited participants due 

to disconnected phone and scheduling conflicts, which resulted in most zones having all 

the names contacted in the sampling frame in order to reach the final sample size. The 

sampling frame creation protocol was also responsible for the lengthy baseline data 

collection period in wave 1 (13 months). For logistical reasons and because the list ended 

up being exhausted at the end of baseline data collection, BHCK did not employ the 

sampling frame protocol for dyad data collection in wave 2. In the second round of the 

study, individuals were approached in the communities in the same manner as wave 1, 

but immediately called, screened, and invited to participate in the study. Once the 20 

dyads were interviewed, recruitment ceased in the recreation center zone. Thus, within 

randomized zones, the BHCK dyad selection can be considered a convenience sample 

due to the non-probability sampling at the individual-level. 
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Zone assignment to intervention or comparison were concealed from the BHCK 

research assistants who conducted the post-intervention assessments. Child’s main 

caregiver was screened for eligibility of the household prior to obtaining parental consent 

and being interviewed for the study. We conducted baseline and follow-up interviews on 

a sample of 18 dyads for each of the 30 zones. Individuals living in the four BHCK 

recreation centers that were re-randomized in wave 2 had their wave 1 follow-up 

interview also considered as wave 2 baseline, but with a different identification number. 

The total sample at baseline was 534 dyads (534 children between 9-15 years old and 533 

adult caregivers). 

3.5 BHCK Multilevel Multicomponent Intervention Strategies and 

Implementation 

 The BHCK intervention was divided into three phases, each lasting two months: 

1) healthy beverages, 2) healthful snacks, and 3) healthful cooking methods. A fourth 

phase, intended to review main messages covered in the previous phases, was 

implemented in wave 2 only (“review phase”). During the healthful beverages phase, the 

program promoted healthier alternatives to SSBs as part of each component (social 

media, small food stores, recreation center, youth-leader, wholesaler, policy) across all 

levels (individual, household, environmental, and policy), including lower-sugar fruit 

drinks (25-75% less sugar than the original version), sugar-free drink mixes, zero-calorie 

flavored water, diet or low-sugar soda, and water. During the healthful snacks phase, 

BHCK promoted low-fat and low-sugar alternatives to unhealthier snacks, including low-

fat yogurt, low-fat popcorn, fresh fruits, fresh vegetables, low-sugar granola bars, and 

mixed fruit in 100% fruit juice. In the healthful cooking phase, the intervention promoted 
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cooking ingredients, such as low-sugar cereals, low-fat milk, 100% whole wheat bread, 

fresh/canned/frozen vegetables across all BHCK components.   

Promoted beverages and snacks qualified as healthier in the BHCK intervention 

were selected based on formative research and focus group discussions held with youth 

within the targeted age group.222 These healthier alternatives were selected to be 

comparable in both flavor profile and price point to unhealthy snack foods youth would 

normally purchase and consume. Healthier snacks and beverages in the BHCK study 

contained no more than 10% of the daily-recommended value for fat, 10g of sugar, and/or 

were good sources of fiber. These included low-fat string cheese, low-fat yogurt, low-

sugar granola bars, fresh fruit, fruit cups in 100% juice, applesauce, sliced apples, 

popcorn, pretzels, baked chips, water, and low-sugar beverages. Unhealthier foods were 

snacks and beverages low in fiber and high in sugar, starch, and fat (products containing 

>10% of the daily value from sugar or fat), including baked goods, chocolate and non-

chocolate candy, crackers, snack chips, soda, fruit punch, and sweetened tea.   

BHCK encompassed four different socioecological levels – policy, 

environmental, interpersonal and intrapersonal – as well as multiple components 

involving wholesalers, small food stores (corner stores and carry-out restaurants), 

recreation centers/peer-mentors, and social media. The BHCK components are described 

below. 

3.5.1 Policy  

This level worked with key city stakeholders to develop policies for a healthier 

food environment in Baltimore City, and to sustain BHCK activities. This component run 

in  parallel with other BHCK intervention components and was not intended to directly 
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reach children and their adult caregivers. BHCK held policy meetings every 3-4 months 

with policymakers to identify the champion for the cause aiming at sustainability of the 

program. In addition, BHCK provided evidence-based information to support policies at 

the city level using Geographic Information System (GIS)/System Science simulation 

models to simulate policies impact in order to aid stakeholder decision-making (e.g., 

urban farm tax credit, mobile meals).223 During the BHCK intervention, BHCK organized 

ten meetings (2-hour duration, every four months) with multiple stakeholders (e.g., city 

councilmen, food policy director, wholesaler manager, Recreation and Parks Department 

staff, Health Department staff). This component was implemented with high reach, and 

medium dose delivered and fidelity, according to detailed process evaluation measures 

set a priori.224  

3.5.2 Wholesaler  

BHCK partnered with three wholesalers in Baltimore City, and each was 

encouraged to stock BHCK-promoted food items. Wholesalers were given stocking 

sheets with information of food products promoted during the BHCK program and asked 

to stock items that were not being currently stocked in the wholesale store. Foods and 

beverages were promoted through signage, in which a shelf-label was placed by a 

BHCK-interventionist in the wholesale stores highlighting the promoted item to 

storeowners.225 Wholesalers also provided a $50 gift card to small stores participating in 

the program at the beginning of each phase to encourage initial stocking of a new 

promoted item (subsidized by BHCK). BHCK-interventionists visited each wholesaler at 

least once per month to maintain shelf-labels position, and monitor availability of 
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promoted items.225 This intervention component was implemented with high reach, dose 

delivered, and fidelity, according to quality standards set a priori.225 

3.5.3 Corner stores and carryout restaurants  

We recruited 3-4 corner stores and/or carryout restaurants in each BHCK zone 

(corner store [intervention n=29, comparison n =23], carryout restaurants [intervention 

n=13, comparison n=15]). We worked with storeowners in intervention zones to improve 

supply and demand for healthier options of food and beverages.225 Specifically, in 

carryout restaurants, storeowners worked with research team to develop a new menu 

board to encourage lower-fat cooking methods in carryout food preparation.226 Small 

retailers were provided with gift cards from wholesalers, a stocking sheet with the 

promoted items, and were encouraged to stock at least one new promoted item every 

other week. Moreover, storeowners watched six training videos that provided information 

about the program, how to best improve customer relations, and use of healthier cooking 

methods (carryout owners only).227 After completing each training module, owners were 

offered store supplies as a reward, ranging from produce baskets to refrigerators, as part 

of the BHCK tiered incentive program (Figure 3.3). To increase demand for healthier 

alternatives, BHCK used materials and incentives (point-of-purchasing promotion and 

giveaways), and in-store taste tests, for example, fruit flavored water, baby carrots, and 

low-sugar granola bars, during two-hour educational sessions (delivered every other 

week in each intervention store by BHCK-interventionists). Posters and handouts 

promoting the food items were placed in all intervention stores. According to detailed 

process evaluation measures, this component was implemented with medium reach and 

dose delivered, and medium-high fidelity based on study protocols.225,226  
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Figure 3.3: BHCK tiered incentive program for corner store and carryout owners.  

3.5.4 Peer-mentor/ Recreation center  

Youth leaders (29 Baltimore City college and high school students) were trained 

by BHCK-interventionists in leadership and nutrition to conduct educational sessions in 

14-intervention recreation centers with children through a peer-intervention approach.228 

Youth leaders were involved in the delivery of the intervention based on the perspectives 

of social cognitive theory, as a way to enable mentees to model mentors’ health 

behavior.229 Fourteen sessions implemented every other week (total of 6 months) by 

youth leaders followed the themes of each BHCK phase. Nutrition sessions lasted one 

hour, during which youth leaders implemented the BHCK nutrition curriculum with 

hands-on activities related to the different sugar and fat content in each drink and snack, 

and introduced a traffic light labeling method for beverages and snacks.230 Giveaways 

and taste-tests were also conducted at the end of each session that was aligned with the 

lesson. Two BHCK-interventionists oversaw execution of sessions to monitor quality of 

implementation of the intervention (medium reach, dose delivered, and high fidelity). All 
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children in the 9-15-year range attending the after-school program at the time of the 

intervention could participate in the nutrition education sessions. Although recruitment 

also occurred in recreation centers, study participant youth were not required to attend 

intervention sessions. This component was implemented with medium reach and dose-

delivered, and high fidelity, according to a priori standards for process evaluation.230   

3.5.5 Caregiver-directed media  

Caregivers were targeted mainly through social media, a texting program (wave 1 

and wave 2), and a mailing program (wave 2 only). Social media (Facebook and 

Instagram) were used to integrate all the levels of BHCK to inform family-level nutrition 

behaviors. Recipes, news, and BHCK-specific activities were featured in these 

communication channels. Social media pages were public accounts with daily posts that 

mirrored the content of text messaging and other BHCK components. Study participants 

were encouraged to share online achievement, barriers, tips, and resources on these social 

platforms. Text messages (sent 3 times/week) and social media platforms also targeted 

mainly youth’s caregivers by guiding them to set and achieve goals to healthier behaviors 

for themselves and their families, as well as promoting BHCK community activities. The 

social media and text messaging component employed goal-setting, bi-directional 

communication strategies. An example of a goal setting text message was as follows: 

“Does your child have a sweet tooth? Try offering them granola bars or fruit as an 

alternative to candy 1 time this week.” This component was implemented with high 

reach, dose delivered, and fidelity.231 Program flyers and promotion of the intervention 

were mailed to caregivers and youth twice a month at the end of wave 2 only, as part of 

phases 3 and 4.  
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3.6 Timeline  

The timeline for this thesis and the BHCK parent study is illustrated in Figure 

3.3. BHCK was a five-year intervention trial, with the first year devoted to formative 

research and development of the intervention materials. The first round of baseline data 

collection occurred between June 2013 and July 2014, followed by the implementation of 

the first BHCK wave (July 2014-February 2015). Post-intervention evaluation of wave 1 

dyads occurred between February and August 2015, overlapping with wave 2 baseline 

data collection (April to November 2015). Subsequently, wave 2 was implemented for 

eight months (November 2015-August 2016), and post-data collection concluded in 

January 2017. The order of the intervention phases was slightly modified in wave 2 to 

promote beverages (i.e., water, low-sugary beverages) in the warmer months, as it was 

done in wave 1.  

 
Figure 3.4: Overview of the timing of the B’more Healthy Communities for Kids 

implementation, data collection, and thesis work  
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3.7 Training of Interventionists and Data Collectors 

BHCK-interventionists were graduate students, public health educators, dietitians, 

or youth leaders trained in nutrition and health education, and were not masked to the 

treatment group (zone) assignment. Data collectors were graduate students and staff who 

were intensively trained, including through role plays and observations, and received 

feedback and certification from the lead investigator (Joel Gittelsohn, PhD), the research 

coordinator (Cara Shipley, RD), and doctoral students (Angela Trude, MS; Betsy 

Anderson Steeves, RD, PhD, and Anna Kharmats, MA). They were masked after 

assignment to intervention to reduce information bias. Following the interviews, data 

were checked for errors by the interviewer and a second research analyst. The data 

manager ensured that questionnaires had no missing pages or implausible values. After 

data checking, all forms were entered into a Microsoft Access database and the data 

manager conducted a reentry of a 10% random sample. Errors were identified and 

corrected. Once all participant responses were validated and entered into the database, the 

data was converted to a Stata dataset for analysis. The Block Kids FFQ was also checked 

for errors and incompleteness, copied, and sent to NutritionQuest for analysis. Database 

was sent via email as excel file and also via mail in a CD-ROM, then converted to a Stata 

dataset for analysis. 

3.8 Data Collection 

Baseline data collection was conducted on all dyad samples. All interviews were 

conducted in person at a location that was convenient for the participants such as a 

recreation center, a community location, the participant’s home, or at the Johns Hopkins 
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Bloomberg School of Public Health. Adult caregivers were interviewed for about 90 

minutes at pre- and post-intervention and received $20 gift card for each completed 

interview. The child participants were interviewed for about 105 minutes (1-hour 45 

minutes) at pre-intervention and post-intervention and received $30 gift card upon 

completion of the interview. The instruments used to assess the participants are listed in 

Table 3.2 and described with more detail below. 

Table 3.2: B’more Healthy Communities for Kids dyad data collection methods 

Domain Method Collection Key Variables Time 
(min.) 

Dietary Intake Child: Block Kids 
Food Frequency 
Questionnaire 

Caregiver: NIH 
FV Screener 

Baseline and 
Follow-up 

Energy intake, 
F&V servings, 
SSB intake, total 
fiber, fat intake, 
sodium, sugar 
intake, % kcal 
from sweets 

30 

Food 
Purchasing and 
Preparation 
Behavior 

Child Impact 
Questionnaire 
(CIQ) 

Adult Impact 
Questionnaire 
(AIQ) 

Baseline and 
Follow-up 

Frequency and 
variety of 
purchase of food 
items, frequency 
and type of 
healthier cooking 
methods 

20 

Exposure IEQ- Intervention 
Exposure 
Questionnaire 

Follow-up Component 
subscale score, 
overall exposure 
score 

15 

 

3.8.1 Dietary outcomes 

Diet and food-related behaviors in youth and their caregivers were assessed at 

pre- and post-intervention (between 6-12 months from baseline assessment).  
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Youth dietary intake were measured using the Block Kids 2004 Food Frequency 

Questionnaire (BKFFQ) (Appendix 8.1).232 The BKFFQ instrument is a semi-

quantitative, validated questionnaire in adolescent populations232,233 that ascertains 

previous week’s frequency (from ‘none’ to ‘every day’) and consumption amount of 77 

common food items (with three to four categories related to food type). It contains foods 

identified by NHANES II commonly consumed by youth. Completed FFQs were 

analyzed by NutritionQuest (Berkley, California, USA) and estimates of food and 

nutrition intakes were generated for each youth. Daily fruit and vegetable intake were 

estimated in cup equivalent servings and dietary fiber was estimated in grams. Vegetable 

servings exclude potatoes and legumes, and fruit servings include 100% fruit juice. The 

food groups for the database for the BKFFQ were developed using NHANES and the 

USDA’s My Pyramid Equivalents Database 2.0 (MPED). All foods and beverages 

reported in the NHANES 24-hour recalls were assigned values in the MPED database. 

Most foods, including mixed dishes, contribute to more than one food group.  

Nine questions were included at the end of the original BKFFQ to elicit the intake 

of BHCK promoted foods: 1) low-sodium condiments, 2) low fat/low-sugar snacks, low-

fat granola bars, low-fat string cheese, baked chips, popcorn, and trail mix; 3) diet and 

low-sugar drinks; 4) water intake. However, those questions were not analyzed by 

NutritionQuest. The original BKFFQ instrument has been validated in many studies 

compared to multiple diet records, and conducted in different populations in the 

U.S, including in African American youth.234,235 Cullen et al. 2008 conducted a study 

to test reliability and validity of the youth questionnaire among 83 youth aged 10-17 

years, comparing the Block Questionnaire with two-day 24-hour dietary recall.232 In 
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general, the validity assessment of the questionnaire using Pearson’s correlation 

coefficient resulted in moderate to high correlation for most of the foods and nutrients, 

including energy (0.50), percent energy from carbohydrates, fats, and protein, dairy 

intake, and fruit serving. Lower correlation coefficients were found for grains (0.22), fruit 

juices (0.26), fiber (0.30), and vegetables (0.12).232 Furthermore, all reliability intraclass 

correlations were above 0.30, but below for fruit and vegetable servings. This difference 

in the two dietary methods specifically regarding fruit and vegetable intake may be due to 

the low daily intake of this food group among youth, in which a two-day recall would not 

be able to capture the intake.  

The National Cancer Institute (NCI) FV screener was used to collect usual 

consumption of 10 categories of FV intake in adult caregivers over the past month 

(Appendix 8.2). It is a short dietary assessment instrument consisting of 14 questions and 

is a modified version of the FV screener from the Eating at America’s Table Study.236 

The screener inquired about frequency of intake of fruit, 100% fruit juice, and vegetables 

(lettuce, greens, potatoes, and legumes) consumed in a monthly, weekly, or daily basis. 

The amount of each food item was estimated as cups or servings and self-reported by the 

participant. We calculated the total number of both fruit and vegetable servings 

consumed daily using the 2005 MyPyramid definition of cup equivalents. For each food 

group, we multiplied the average frequency (daily) by the cup equivalent. The instrument 

has been validated and presents high correlations with 24-hours recalls, and is less 

burdensome compared to other instruments.237 Food models were used to improve 

accuracy of serving size information.  
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The NCI FV Screener was added to the data collection protocol after wave 1 

intervention had begun and was first administered during wave 1 post-intervention. 

Therefore, the effect of the intervention on FV intake of adults was calculated only using 

BHCK wave 2 sample with pre- and post-evaluation data (n=196), as this instrument was 

not used during wave 1 baseline data collection.   

3.8.2 Food-related behaviors  

Food purchasing behaviors (meal preparation and food acquisition) were assessed 

pre- and post-intervention (from 6-12 months after baseline).  

The Child Impact Questionnaire (CIQ)71,238 was used to collect food-related 

information in youth (9-15 years old) at pre- and post-intervention (Appendix 8.3). The 

CIQ consisted of 79 questions and was used to collect information pertaining to youth 

food consumption, food preparation, and food-purchasing habits, along with measures of 

demographic information, youth psychosocial factors related to healthy eating, including 

behavioral intentions, outcome expectancies, self-efficacy, and knowledge.71,238,239 The 

questionnaire was adapted on the basis of formative research from previous intervention 

trials in Baltimore.240,241 The questionnaire was pilot tested with youth (n=20) for clarity 

and relevance of the instrument items. 

For the youth food purchasing behavior, youth were asked to report all the places 

they purchased food and the frequency of food and beverage purchased for themselves in 

the 7 days prior to the interview. Table 3.3 contains the list of 38 BHCK-promoted 

healthier foods and beverages and 28 unhealthier foods and beverages that were included 

in the CIQ.  
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Table 3.3: Frequency of food purchasing items in the Child Impact Questionnaire 

Healthy foods items 
(n=38) 

1% or skim milk, diet soda, water, 100% fruit juice, sugar free 
drinks, fruit flavored water, unsweetened tea, fresh fruits such 
as apples, oranges, bananas, frozen and canned fruit, fresh, 
frozen, and canned vegetables, canned tuna in water, low 
sugar/high fiber cereals, 100% whole wheat bread, hot cereal, 
pretzels, baked chips, reduced-fat chips, dried fruit, nuts or 
seeds, cooking spray, grilled chicken, grilled seafood, fruit and 
vegetable as side dishes, deli sandwich, tacos, yogurt, granola  

Unhealthy foods 
items (n=28) 

whole milk, 2% milk, regular soda or regular energy drinks, 
fruit drinks, sweetened iced tea, sports drinks, applesauce, 
sugary cereals, white bread or split top wheat, burger, pizza, 
fried chicken, fried seafood, fries, fried chicken sandwich, 
carryout-Chinese food, chips, baked goods (cookies, cakes, 
poptarts), chocolate candy, ice cream, juice popsicles, snow 
cones, other candies.  

 

For the youth food preparation behavior, youth reported the number of times they 

prepared food in the previous 7 days for themselves or for the household. Then, they 

listed the foods prepared in the past week and reported the cooking method used for each 

preparation, including fried, baked, microwaved, raw, and other. Food preparation was 

defined minimally, by at least combining two or more food items. For instance, spreading 

butter onto toast, pouring milk into a cereal bowl. Food preparation was also considered 

if new foods have been microwaved or heated in the oven, e.g., baking frozen chicken 

nuggets. However, food items previously prepared by someone else or from carryout 

restaurants were not considered prepared if only heated at home.238  

Household level information were assessed through the Adult Impact 

Questionnaire (AIQ) answered by the youth’s primary caregiver (Appendix 8.4). This 

was a 176-item questionnaire and includes questions on demographics and household 

socioeconomic information (parental education, marital status, and employment status, 

and household income, housing arrangement of the primary caregiver, and household 
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participation in food assistance programs), and included questions on food purchasing, 

and food preparation.7  

For caregiver food acquisition behavior, caregivers reported the number of times 

they purchased or got food from different food sources in the previous 30 days from the 

interview date for themselves and/or for the household. A list of 18 different food sources 

(i.e., farmers market, urban farm, street vendor, public market, corner store, supermarket, 

carryout restaurant, sit-down restaurant, wholesaler food store, specialty store, food 

pantry, community center, convenience stores, an Arabber1 or mobile produce cart, and 

family/friends) was provided to assess the purchasing frequency in each food source. 

Household food acquisition was determined based on how often the household acquired 

selected foods over the past 30 days (e.g., “How many times did you get these foods?”). 

A list of 31 healthier and 23 unhealthier foods was provided. Prepared foods acquired 

from delis, vendors, or restaurants were not included, as this instrument was designed to 

measure foods purchased for consumption in the home environment rather than for 

immediate consumptions. Unhealthier items were higher in fat and/or sugar. Examples of 

unhealthier food items included: whole milk, regular sodas, hot dog, bacon, sugary 

cereals, white bread, chips, cookies, ice cream, and ketchup. Healthier items were foods 

and drinks that were lower in fat and/or sugar, or were “light” or “diet” versions of 

unhealthy foods and beverages. Examples of healthier items included: water, pretzels, 

sugar free fruit drink, yogurt, low-sugar cereal, fruits, and vegetables.7,242 

For food preparation behavior, caregivers were asked to rank the top three most 

common cooking methods used when they prepared chicken, turkey (including ground 

                                                      
1 Horse-drawn produce cart vendors – a Baltimore historical tradition.   
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turkey and turkey bacon), pork (including bacon), ground beef, fish, eggs, greens 

(excluding lettuce), and potatoes. Most common cooking methods included: 

baked/broiled, boiled, pan-fried in oil/fat, pan-fried and drained, deep fried, grilled, 

steamed, cooked with cooking spray, microwaved, drained and rinsed, and raw.242 

Information about the frequency of household meal preparation in the past 30 days prior 

to the interview date was also gathered.  

Additional measures were collected on psychosocial factors for healthy eating 

(intentions, self-efficacy), health beliefs and attitudes, nutrition knowledge, household 

food security, social support for healthy and unhealthy eating, and individual and family 

medical history, but are not reported in this dissertation. 

3.8.3 Exposure evaluation  

The key variables for assessing exposure were obtained from the Intervention 

Exposure Questionnaire (IEQ) collected as part of the post-intervention assessment for 

both the intervention and comparison groups (Appendix 8.5). 

The 29-item IEQ included questions to measure exposure to each component of 

the intervention over the course of program delivery – Store and Carryout Component 

(16 questions); Recreation center (5 questions); Text-messaging (1 question); Social 

Media (4 questions); Program logos and branding (3 questions). For visual materials, 

participants were asked whether they had ever seen the materials during the intervention 

period (i.e., BHCK logos, posters, handouts, giveaway, educational displays, store shelf-

labels, and social media posts) aided with an Exposure Packet to assist with recall 

(Appendix 8.6). For example, the question to assess exposure to BHCK posters was 

worded: “The BHCK project put up posters in stores, carryouts, and recreation centers. 
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Which of the following have you seen and/or read?”. For each item, individuals were 

shown examples materials used during the intervention from the Exposure Packet, and 

were prompted to respond “yes”, “no”, or “maybe”. Because we developed a wide variety 

of handouts and posters throughout the intervention, we randomly chose a subset of 

examples in the IEQ to reduce respondent burden.  

Only youth were asked about recreation center activities such as cooking classes 

held in the center and frequency of recreation center attendance during the year of the 

intervention. Only adults were asked about participation in the BHCK text-message and 

engagement with the social media programs during the year of the intervention, because 

these intervention components were targeted specifically at caregivers. Only when 

assessing exposure to the store component, we asked youth and adults to report the 

number of times they shopped in the BHCK intervention corner stores and carryout 

restaurants in the previous 7 days to the interview to improve precision of report; at the 

same time, we showed them pictures of the stores’ facades to aid with recall. 

In addition, eight red herring questions were used to address response bias, and 

included materials used in previous studies conducted in different sites. For instance, on 

the question about exposure to BHCK posters, one out of the ten posters was from an 

intervention conducted with Native Americans. We classified individuals into tertiles of 

red herring responses, where selecting 0-2 red herring answers was considered truthful, 3-

5 moderate, 6-8 untruthful responses and kept only individuals in the tertile with the least 

number of red herring responses. Respondents who answered positively to >3 (1/3 or 

more) of the red herring questions, were excluded from analysis.  
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3.8.4 Covariates 

Sociodemographic characteristics of youth and their caregivers were collected at 

baseline and post-evaluations using the Child Impact Questionnaire (CIQ) for youth’s age 

and sex, and the Adult Impact Questionnaire (AIQ)7 for caregiver and household 

information. The AIQ included questions on demographics and household 

socioeconomics: caregiver’s age, sex, education level (categorized into < high school, 

completed high school, and > high school), household annual income (US$0-10,000 

(23.9)%; 10,001-20,000 (22.9%); 20,001-30,000 (17.2%); or 30,001-80,000 (35.9%)), 

housing arrangement (owned, rent, and shared with family or other arrangement (group 

housing, transitional housing)), number of individuals in the household, and food 

assistance participation (received WIC (Special Supplemental Nutrition Program for 

Women, Infants, and Children) or SNAP (Supplemental Nutrition Assistance Program) 

benefits in the past year). 

Youth’s and Caregiver’s height and weight were measured using a Seca 213 

Portable Measuring Rod stadiometer and a Tanita BF697W Duo Scale. Participants were 

measured with their shoes removed, wearing light clothing. The measurements were 

taken in duplicate, and a third measure was taken if the first two measures were more 

than 0.2 pounds, or 0.25 inches different. Repeated measures were averaged to secure 

higher reliability of the method. For participants who declined to have their height and 

weight measured, self-reported data was collected. For caregivers, Body Mass Index 

(BMI) was obtained calculating kg/m². In this thesis, overweight was defined for adults 

as BMI between 25 and 29.99 kg/m² and obesity as BMI greater than or equal to 30 
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kg/m². BMI-for-age and sex specific Z-scores were calculated using youth’s height and 

weight and compared to the age and sex-specific WHO BMI-for-age growth reference.15  

3.9 Sample Size and Detectable Effect Calculation  

To estimate the sample size and the detectable difference estimate, an analysis 

was conducted prior to implementation of BHCK accounting for 30 recreation center 

zones (unit of randomization), controlling for a power of 80% (1-β) and a probability of a 

type I error of α=0.05 (two-sided). Given that the study sample was drawn from 30 

different zones, some clustering was expected. Between-zone variance (σ2
g) was 

calculated using within-zone variance (σ2
m) and Intraclass Correlation Coefficient (ICC):  

σ2
g = (σ2

mICC) / (1- ICC). The original sample size calculation for BHCK drew upon 

BHS baseline data on adult food purchasing to address the proposed hypothesis. Results 

indicated a sample size of 720 adult caretaker-child dyads (this was equivalent to 24 

dyads from each zone) for the intervention assessments. Assuming a 20% drop-out after 

two years, this resulted in a minimum final sample of 600 adult caretaker-child dyad 

respondents at post-intervention. BHCK would then be able to detect a 4-6 points change 

in the healthy food purchasing variety score, reflecting four to six additional healthy food 

purchased once a week. 

To account for changes in the BHCK study design (higher attrition rates than 

20%), this thesis employed a “redesigned” detectable difference estimate of the change in 

youth’s fruit and vegetable serving, deriving estimates from the BHCK wave 1 baseline 

sample. The following detectable difference formula provided by Murray243 was used in 

the equation (1) below:  

Equation (1):             Δ = √[((2 ⋅ (σ2m + m ⋅ σ2g) ⋅ (tα/2 + tβ)2) / mg] 
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From wave 1 BHCK baseline, the unadjusted residual error variance σ2m and ICC 

for servings of fruits and vegetables are 6.30 and 0.004, respectively. Let g represent the 

number of group per condition (14 intervention and 14 control, so g = 14), and the 

degrees of freedom df = 2(g-1) = 26. Two hundred eighty-four youth (9-15 years old) 

provided information for wave 1 BHCK baseline, and allowing 25% attrition rate at the 

follow-up, the number of youth per group would equal 19 (m=19). The t-values for Type 

I and Type II error rates are 2.056 and 0.856, respectively. The estimated group 

component variance (σ2g) is related to the ICC as: σ2g = (σ2m ⋅ ICC)/ (1- ICC), yielding 

σ2g = 0.0297. Therefore, using Murray’s equation, the unadjusted variance estimates are 

illustrated by equation (2): 

Equation (2):          Δ = √[((2 ⋅ (6.3031 + 19 x 0.0297) ⋅ (2.056 + 0.856)2) / 19x14]=0.37 

With the actual size of the study (n=534), there is 80% power given a two-tailed 

Type I error of 5% to detect an intervention effect of 0.40 servings of fruit and vegetable 

among children. Similar multi-level childhood obesity prevention trials have reported 

similar effect sizes – The Switch trial reported an effect size using Cohen’s d = 0.52.171 

The Shape Up Sommerville observed a smaller intervention effect of 0.16 daily servings 

of fruits and vegetables.167 Given the aforementioned assumptions, a sample size of 534 

child-adult dyads at follow-up is sufficient to detect an effect of the BHCK intervention 

on fruit and vegetable servings of approximately 0.37.  
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3.10 Methods of Analysis 

3.10.1 Formation of variables  

The first stage of analysis involved the development of derived variables. The 

main variables formed are described below.  

Youth Dietary Intake Variables. The key variables for youth dietary intake were derived 

from the Block Kids FFQ. As mentioned above, the BKFFQ was analyzed by 

NutritionQuest, and patterns of food consumption, macronutrient, micronutrient, and 

energy intake were obtained. The software company derived daily intake estimates for 

foods and beverages, and provided the following information relevant to this proposal: 

total food energy (kcal), total fat (grams), percentage of kcal from fat, percentage of kcal 

from sweets and desserts, average daily grams of sugary beverages, average daily 

kilocalories from sugary beverages, dietary fiber from grain (grams), daily servings of 

vegetables (total cups), daily serving of fruits (including 100% fruit juice, total cups), 

added sugar (teaspoon equivalents), dietary total sugar (grams), dietary sodium (mg), and 

whole-grains (ounce equivalents). As nutrient intake distributions are often skewed (due 

to extremely high intake limits and lower limits of zero), the need for transformation was 

assessed using Shapiro-Wilk and Kolmogorov-Smirnov tests. Transformations were not 

needed. Energy adjustment was considered, as there is likelihood of underreporting 

consumption of food and beverage.244 

Youth Food Preparation Behavior. A healthful cooking score was created using similar 

methods previously reported by us.238 Each food preparation method was assigned the 

following score based on the healthiness of the method and on the amount of fat used: 
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fried (-1), baked (+1), microwaved (+1), raw (+1), other (0).238 Total score for each 

cooking method were averaged and calculated taking into account the number of times 

food was prepared per week. For example, the number of fried foods prepared was 

divided by the total number of foods prepared in the past week. If a youth reported 

preparing in the past week breakfast cereal with milk (‘other’) and fried bacon (‘fried’), 

the total score for fried food would result in -1/ 2 = -0.5. A healthy food preparation score 

was created by summing the scores of foods prepared using the methods of microwaving, 

baked, raw, and other. Unhealthy food preparation score represents the method that adds 

extra fat or oil to the food (frying).  

Youth Food Purchasing Behavior. Food purchasing were additive variables developed 

based on the healthier and unhealthier foods listed in Table 3.3 in terms of variety, 

frequency, proportion of variety (variety healthier/total foods, variety unhealthier/total 

foods) and proportion of frequency (frequency healthier/total purchasing frequency, 

frequency unhealthier/ total purchasing frequency). Itemized Cronbach’s alphas assessed 

the presence of inconsistent variables in the score in order to maintain an alpha higher 

than 0.6.   

For the healthier food variety variable (number of different items per week), 

one point was assigned to each food/beverage item if youth reported purchasing in the 

past 7 days (regardless of the frequency), or 0 if they did not purchase that item. Then, we 

summed all the items belonging to “healthier foods” to derive the healthier food 

purchasing variety variable. Observed healthier food purchasing variety score ranged 

from 0 to 34, mean 2.6, SD 3.6, Cronbach’s alpha: 0.87. Unhealthier food purchasing 

variety variable was created using the same method, ranged from 0 to 19, mean 4.6, SD 
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0.37, Cronbach’s alpha: 0.80. Proportion of variety of foods was calculated using the 

variety score of food items purchased divided by the total number of foods (items) 

purchased – proportion of healthier food variety mean (SD) 0.35 + 0.2, range 0-1; 

proportion of unhealthier food variety mean (SD) 0.64 + 0.2, range 0-1.  

The healthier and unhealthier food purchasing frequency were additive items 

based on the acquisition frequency of 38 healthier and 28 unhealthier foods for each 

respondent, respectively. Healthier food purchasing frequency score ranged from 0-92 

times, mean 4.85 + 8.99, Cronbach’s alpha: 0.81. Unhealthier food purchasing frequency 

score ranged from 0 to 75 times, mean 9.13 + 10.26, Cronbach’s alpha: 0.75. The 

proportion of purchasing frequency was calculated using the self-reported frequency 

(times) in the past week the food item was purchased divided by the total frequency of 

food purchased – proportion of healthier food frequency mean (SD) 0.28 + 0.3, range 0-

1; proportion of unhealthier food frequency mean (SD) 0.71 + 0.2, range 0-1.  

Caregiver Fruit and Vegetable Intake. The key variables for fruit and vegetable intake 

were developed from the NCI FV screener. The screener data was entered into analysis 

software that links to a food composition database, and an algorithm assigned daily 

frequency of use to each food or beverage item. For the frequency of intake value, the 

standardized mid-point of each category took into account the number of times per day 

(i.e., ‘1-3 months’ was assigned 0.67, ‘1-2 times per week’ = 0.214, ‘3-4 times per week’ 

= 0.5, ‘5-6 times per week’ = 0.786, ‘1 time per day’ = 1.0, ‘2 times per day’ = 2.0, ‘3 

times per day’= 3.0, ‘4 times per day’= 4.0, and ‘5 or more times per day’ = 5.0). Then, 

portion size estimates were computed according to the 2005 MyPyramid definition of 

fruit and vegetable cup equivalent (e.g., portion size category 1 for fruit = 0.25 cups, 
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category 2 = 0.5 cups, category 3 = 1.0 cup, and category 4 = 1.5 cups). Table 3.4 

describes the portion size standardization suggested by the NCI FV screener. To compute 

the total average daily fruit and vegetable serving size, participants’ daily frequency for 

each food item were multiplied by typical portion sizes according to MyPyramid values, 

then summed all food items. Daily serving distribution was assessed for skewness, and 

the need for transformation was assessed using Shapiro-Wilk and Kolmogorov-Smirnov 

tests.  

Table 3.4: Adult caregiver daily fruit and vegetable serving portion size standardization 

Food  
2005 MyPyramid Cup Equivalents for each Portion Size 
Category 

1 2 3 4 

Juice 0.5 1.0 1.625 2.5 

Fruit 0.25 0.5 1.0 1.5 

Lettuce Salad 0.25 0.5 1.0 1.5 

French Fries 0.2 0.5 0.75 1.3 

Other White Potato 0.25 0.75 1.2 2.0 

Dried Beans 0.25 0.75 1.25 2.0 

Other Vegetables 0.25 0.75 1.5 2.25 

Tomato Sauce 0.25 0.5 1.0 1.5 

Vegetable Soups 0.3 1.0 1.6 2.25 
Source: https://epi.grants.cancer.gov/diet/screeners/fruitveg/scoring/allday.html  

Caregiver Food Preparation Behavior. The caregiver healthier food preparation score 

was calculated differently than the youth food preparation score, as the question format 

and response options were different, due to tailoring to the developmental stage of the 

respondents (adults versus youth). Cooking methods were assigned scores as follow: deep 

fry or pan-fried with oil (-2); pan-fried, drained or use of cooking spray (-1); not prepared 

https://epi.grants.cancer.gov/diet/screeners/fruitveg/scoring/allday.html
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in the last 30 days (0); pan-fried, drained and rinsed with hot water (+1); broiled/baked, 

or grilled, or steamed, or boiled, or raw, or microwaved (+2). The top three methods were 

then weighted taking into account in the following proportion: 60% (for the first method 

most commonly used), 30% (second method), and 10% (third method).241 The scores for 

the eight foods were calculated separately. For example, if eggs were most commonly 

pan-fried, second most commonly boiled, and third most commonly cooked with cooking 

spray, the score was calculated as (0.60 x -2) + (0.30 x 2) + (0.1 x -1) as an indicator of 

the overall healthiness of egg preparation. A higher score represented healthier 

preparation methods. The household food preparation score was calculated by the 

weighted mean score for each food, considering the following proportion: 60% (first 

method), 30% (second method), and 10% (third method). Then, the score for all of 8 

foods were summed to obtain the overall household food preparation score (mean: -0.07 

(0.88), range -1 to 2.1).  

Caregiver Food Purchasing Behavior. The healthful and less healthful food acquisition 

variables were additive items based on the acquisition frequency of 33 healthful and 21 

less healthful foods for each respondent and divided by 30 to yield a daily frequency 

score, respectively. For example, if the participant reported purchasing low-fat milk 4 

times (roughly 1x/week) and high-fiber cereal 4 times in the past 30 days, then those 

numbers were summed with the frequency of purchasing for the other healthier foods for 

the final score. Additive daily healthier food acquisition frequency ranged from 0.6 to 4.8 

with a mean of 0.9 (SD = 0.6, Cronbach’s alpha = 0.70), and less healthier food 

acquisition frequency from 0.1 to 10.2 with a mean of 1.3 (SD = 1.1, Cronbach’s alpha = 

0.70).  
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Exposure Score. Exposure scores were calculated for each intervention material or 

activity part of the BHCK program (seeing BHCK logo, seeing shelf-label, participate in 

a taste test, seeing posters, seeing handouts, receiving giveaways, seeing educational 

displays, seeing a BHCK carryout menu, shopping in a BHCK store, attending youth-led 

nutrition education session, interacting with BHCK youth-leaders, following or enrolling 

in BHCK social media/text-messaging, and seeing BHCK social media posts). In short, 

as an example related to seeing materials or participating in taste tests, respondents had 

the option of answering “yes”, “no”, or “maybe” when shown a list of the materials 

followed by a picture of each item. For each question receiving a “yes” response one 

point was added, “maybe” was given 0.5 point, and “no” zero points.  

Next, points for each intervention component were summed. For instance, we 

listed 10 possible examples of posters that were added for the total score for “seeing a 

poster” (possible range: 0-10 points). Possible highest total scores for all intervention 

components were 107 and 133 for caregivers and children, respectively. Because each 

intervention material or activity presented different number of questions and yielded 

different ranges in points, we re-scaled all scores into proportions (possible range 0-1) to 

apply equal weight to each component in the overall BHCK exposure score. For example, 

if a participant reported seeing 10 out of the 10 posters, the re-scaled exposure score 

equals 1; if reported seeing 5 posters the re-scaled score equals 0.5 points for the poster 

exposure score. Using methods similar to those previously published239, overall exposure 

score was calculated by summing the re-scaled exposure scores of the various BHCK 

intervention materials and activities. Possible highest re-scaled scores were 11 and 13 for 
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caregivers and children, respectively, denoting that a 1-unit change in exposure represent 

a substantial difference in exposure to intervention activities.  

3.10.2 Descriptive analysis  

Sociodemographic, dietary, and behavioral variables were explored to describe 

the study population and the distributions of all variables. First, the univariate 

distributions of the variables were explored in order to examine extreme values (outliers) 

and identify skewed continuous distributions. Then, the focus was to describe the study 

population and setting, and to determine the comparability of the baseline characteristics 

between the two intervention groups. Important variables considered at this stage include: 

child and caregiver age and sex, anthropometric, child’s food and macronutrient intake, 

caregiver’s fruit and vegetable consumption, caregiver education level, household 

income, food assistance participation, housing arrangement, and household size. If 

residuals were not normally distributed during model specification checks, a 

transformation such as the natural logarithm was taken to better achieve normality. The 

only outcome variable that reveled to be problematic when treating it continuously was 

the exposure score. In this case, the exposure score was square root transformed.  The 

analyses were then performed on the transformed variables to meet the underlying 

assumptions of the statistical tests used.  

Continuous variables were tested for differences between intervention and 

comparison groups with independent two-tailed t-tests and analysis of variance 

(ANOVA). The Chi-square test for proportions was used for categorical variables. In the 

case that there are significant differences, and it was suspected that the particular 

characteristic may interfere with the association between the indicator and response 
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variables of interest, then the characteristic was controlled for in the final regression 

analysis.  

3.10.3 Dropouts and missing data  

Exploratory analyses were also conducted to investigate the pattern of dropout rate and 

missingness of data. Patterns of missing information for diet and food-related behavior were 

explored by study visit (baseline and follow-up visits), and by treatment group (intervention 

versus comparison). Dropout patterns were investigated in relation to the baseline outcome 

measured to assess whether missingness of data was a function of last measurement of the 

outcome.  

BHCK experienced an overall 24.9% attrition rate in our evaluation sample from pre- to 

post-intervention (wave 1 attrition rate: 31.8%; wave 2 attrition rate: 16.2%). Patterns of 

missingness was due to the outcome measured at baseline predicting whether subject would 

return for the follow-up visit or not in terms of caregivers’ age (younger caregivers were less 

likely to return for the post-assessment), caregivers’ sex (female caregivers were less likely to 

dropout), and wave (wave 1 participants were more likely to dropout). Thus, a missing at random 

(MAR) mechanism was assumed.  

An inverse probability weighting (IPW) was used to address potential bias due to loss to 

follow-up and to correct for the effects of missing data.245 Using all available data, weights were 

estimated for every missing outcome of interest fitting a logistic regression model. We treated 

the categorical indicator of response at follow-up as the outcome variable, regressed on the 

baseline response for intake, preparation, or acquisition, with caregiver’s age, sex, income, wave 

(predictive of dropout) as covariates. Once the weights were determined, they were incorporated 
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in the multilevel linear mixed-effect analysis using the pweight option for the mixed command in 

Stata. 

3.11 Analysis of Specific Aims  

All collected variables were processed in Access (Microsoft, USA). All statistical 

analyses of the data were conducted using the software Stata IC 13.1 for Mac (StataCorp, 

College Station, TX, USA 2013). For all analyses, the 95% confidence intervals (C.I.) 

were reported. Statistical significance was defined by a p-value of < 0.05.  

The primary analysis (Average Treatment Effects) examined the impact of BHCK 

on the main outcomes (diet and food-related behaviors) comparing pre- and post-

intervention using multilevel linear mixed effects model to consider the cluster data 

(families are clustered within recreation center zones). The cluster design assumes that 

individuals within the same cluster (recreation center zone) are more highly correlated 

with each other than with people in other clusters. Furthermore, due to the repeated 

measures (pre and post-assessments), there is also within variation at the individual-level, 

so independence cannot be assumed in this case, by which statistical analysis should 

account for the correlations observed. First, to verify this assumption, ANOVA was 

conducted to extract the F-statistic variable for the calculation of the intraclass correlation 

coefficient (ICC). As clusters explained the high variance observed in the data, multilevel 

linear mixed effects models were employed to correct the variance observed due to 

cluster as the error term in the analysis. Moreover, due to the expected number of missing 

data (dropout rates >20%), multilevel models are a good approach to be used under the 

missing at random assumption for missing data, as it models both the means and the 
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random effect jointly. Thus, multilevel models were the most appropriate approach to 

address the aims of this proposal given this dataset.  

The multilevel model has mixed effect components, as it accounts for both fixed 

and random effects. The single fixed independent variable is represented by β (level 1 

variance), and the random effect 𝒖𝒖 represents the random effect to allow each recreation 

center zone’s coefficient (𝒖𝒖0j) and random variation among repeated measures in the 

individual (𝒖𝒖0i) to vary randomly at level 2 (cluster). The equation proposed to assess 

each study hypothesis is represented in Equation (3) below. In this model, the response 

for the jth individual nested in ith cluster (recreation center zone) at the kth time measure is 

assumed to differ from the population mean by a within and between random component.  

Equation (3):           E (Y)ijk = β0 + β1*(Time)ijk + β2*(Time)ijk*(Group)i + 𝒖𝒖0j + 𝒖𝒖0i + εijk 

The intervention effects on the mean change in diet and food-related behaviors 

(Yijk) were assessed by the difference between the mean change of the outcome over time 

in the intervention group compared to the control group. The sum of the slope (β1) 

multiplied by the time covariate (0= baseline and 1=post-assessment) and (β2) multiplied 

by the interaction term of time and group resulted in the mean change of the outcome 

over time for the intervention group. The mean change of the outcome over time in the 

comparison group is given by the slope β1. Thus, the mean difference between 

intervention and control groups over time was given by β2. If the estimate is significant 

(p<0.05), the null hypothesis (mean dietary and food-related outcomes are equal in the 

intervention and control groups after the BHCK intervention) was rejected.  
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3.11.1 Patterns and determinants of exposure to BHCK (Paper 1) 

Specific exposure scores of materials and activities, as well as overall BHCK 

exposure score (continuous variables) were tested for differences between intervention 

and comparison groups using independent two-tailed t-tests. Differences in exposure 

scores between wave 1 and wave 2 were also tested using a two-tailed independent t-test.  

Then, regression analyses were conducted to investigate whether 

sociodemographic characteristics of youth and caregivers could account for differences in 

exposure level that were not due to being assigned to treatment groups. The model 

specification checks, including assessment of model residuals, revealed that treating the 

outcome (exposure score) as a continuous variable was problematic. Thus, sensitivity 

analyses were performed by fitting a quadratic linear regression models (exposure scores 

were square root transformed) to address the skewness of the dependent variable and to 

inform interpretation of the ordinal models. Therefore, a categorical version of the 

variable was used, based on quartiles of the score, in all models.  

Bivariate and multiple ordered logit regression models were used to analyze the 

association between youth and caregiver exposure levels (quartiles) and 

sociodemographic, household and individual characteristics of the participants. Each 

model with exposure level (quartiles of exposure) was regressed on different independent 

variables (youth and caregiver’s age (continuous variable) and sex, caregiver’s 

educational level (categorized into less than high school, completed high school, and 

more than high school (for less than two years of college, associate’s degree, bachelor’s 

degree, or beyond) and coded as 0, 1, and 2, respectively), housing arrangement (owned, 

rent, and shared with family or other arrangement (group housing, and transitional 
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housing), number of individuals living in the household (continuous variable), and 

supplemental nutritional assistance program participation, coded as 0 if not enrolled). The 

exposure level (outcomes of interest) was stratified by quartiles (very low, low, medium, 

and high), in which we interpret the increase in each quartile as a higher level of exposure 

to BHCK activities. The final multiple ordinal regression model was selected based on 

the goodness of best fit using stepwise backward method for lowest Akaike information 

criterion (AIC).  

The ordered logit model assumes that the effect of any of the independent 

variables is the same regardless of the of level (quartile) of exposure (e.g., coefficients 

describing the relationship between the lowest and all higher scores are the same as those 

describing associations between the next lowest and all higher scores).246 The variance 

inflation factor for each model was calculated to check for collinearity by performing a 

multiple linear regression, which were all below 1.0. The parallel assumption of the 

ordered logit regression was investigated by the likelihood-ratio test followed by the 

Brant Test, in which both tests failed to reject the null hypothesis that the coefficients 

were equal across quartiles of exposure. 

3.11.2 Impact of BHCK on youth’s diet and food-related behaviors (Paper 2) 

The intervention effects on the mean change in diet and food-purchasing 

behaviors among youth were assessed by the difference between the mean change of the 

outcome in the intervention compared to the control groups using a multilevel linear 

mixed-effect model. The multilevel model had mixed-effect components that accounted 

for both fixed and random effects. The single fixed independent variable included the 

time-by-group interaction. The random effect allowed recreation center zone’s 
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coefficients and the random variation among repeated measures in the youth to vary 

randomly at the group level. The intraclass correlation coefficients (ICC) for the outcome 

measures at the subject-within-zone level ranged from 0.34-0.13. If the estimate was 

significant (p<0.05), the null hypothesis (that mean dietary and food purchasing 

outcomes are equal in the intervention and control groups after the BHCK intervention) 

was rejected. 

Caregiver’s age (continuous), and youth’s age (continuous, centered at the mean), 

caregiver and youth’s sex, race were added as covariates in the food-purchasing models. 

In the dietary intake models, we included the following covariates: caregiver and youth 

age and sex, youth’s race, and total daily calorie intake.244 Sociodemographic variables 

were included as covariates in final models if they were different at baseline comparing 

treatment and comparison groups (caregiver and youth ages), predicted dropout 

(caregiver’s age and sex) or were described as a confounding variable in the literature 

(energy intake for dietary intake).  

Missing data were imputed by modeling and estimating both the means and the 

random effect jointly using all non-missing data in the covariate matrix (maximum 

likelihood estimation) to address potential bias due to loss to follow-up and to maximize 

sample size (n=508).245 Impact analyses were also stratified by age category: 9-12 and 

13-15-years old. 

3.11.3  Impact of BHCK on caregiver’s diet and food-related behaviors 

(Paper 3) 

The primary impact analysis on the change in fruit and vegetable intake, food 

preparation, and food-acquisition behaviors among adult caregivers were assessed by the 
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difference between the mean change of the outcome in the intervention group compared 

to the control group. The intervention effect on adult caregivers’ food-related behaviors 

was tested using a multilevel linear mixed-effect model fit by maximum likelihood. 

Random effects accounted for variation at the BHCK zone and at the caregiver-level 

(repeated measures). 

A secondary impact analysis (treatment-on-the-treated effect) was conducted, in 

which study participants were analyzed according to the treatment received,193 as 

estimated by their exposure scores. We conducted multiple linear regression models to 

analyze the association between the change in caregivers’ food behaviors (fruit and 

vegetable intake, food preparation, and acquisition) and caregiver exposure levels (total 

exposure score, and by exposure to intervention components), adjusted for age, sex, 

income, and household size. We used a bootstrap method with 2000 repetitions and bias-

corrected confidence intervals to account for the within-individual correlation of the data, 

clustered on the BHCK zone.247,248 For the significant results, we estimated the 

proportion of variability explained (effect size) with omega-squared (ω2) after fitting the 

multivariate models. A sensitivity analysis using multiple logistic regression on the 

correlation between the categorical change in food-related behavior (no change versus 

positive change) and the exposure scores (low (if 0) versus high (if above 0)) was also 

conducted to estimate the standardized effect size given by the odds ratio. Given the time 

frame for follow-up data collection differed by wave, we conducted tests of homogeneity 

to explore if the effect of exposure was moderated by the two BHCK waves with an 

interaction term between exposure score and wave.  
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3.13 Ethical Considerations  

The Institutional Review Board at the Johns Hopkins Bloomberg School of Public 

Health (IRB Number 0004203) approved all components of this thesis and the BHCK 

parent study.  

Signed informed assent and consent were gathered from both the youth and 

caregiver, respectively. All interviews were conducted in person at a location that was 

convenient for the participant such as the recreation center, the participant’s home, or an 

office at the Johns Hopkins Bloomberg School of Public Health. To protect privacy, the 

interviews were conducted in a private or semi-private setting, selected by the participant 

allowing for information to be provided in a secure fashion and in a comfortable 

environment. Adult caregivers could participate in the baseline data collection interviews 

even if they did not give consent for their children to participate in the baseline data 
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collection interviews (no case). Likewise, they could provide parental permission for 

their child to participate in the baseline data collection interviews without having to 

participate themselves (n=1). Participants had the option to withdraw from the interview 

and from the study at any time and were allowed to refuse to answer any questions they 

were uncomfortable with. Youth and caregivers received gift cards after each of the two 

interviews.  

 In order to ensure security and protection of subject confidentiality, hard copies of 

data collection materials included an ID code but did not have personal identifiers. 

However, a code linking the data to the subject’s personal information was stored 

separately from the data collection sheets and was also stored in a secure cabinet or room 

with limited access by authorized individuals.  
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Chapter 4. Exposure to a multilevel multicomponent 

childhood obesity prevention community- randomized 

controlled trial: patterns, determinants, and implications  

4.1 Abstract 
 
Objective: For community interventions to be effective in real-world conditions, 

participants need to have sufficient exposure to the intervention. It is unclear how the 

dose and intensity of the intervention differ among study participants in low-income 

areas. We aimed to understand patterns of exposure to different components of a 

multilevel multicomponent obesity prevention program to inform our future impact 

analyses. Methods: B’more Healthy Communities for Kids (BHCK) was a community-

randomized controlled trial implemented in 30 low-income zones in Baltimore in two 

rounds (waves). Exposure to three different intervention components (corner 

store/carryout, social media/text messaging, youth-led nutrition education) was assessed 

via post-intervention interviews with 385 low-income urban youth and their caregivers. 

Exposure scores were generated based on self-reported viewing of BHCK materials 

(posters, handouts, educational displays, social media posts) and participating in 

activities, including taste tests during the intervention. For each intervention component, 

points were assigned for exposure to study materials/activities, then scaled into 

proportions (0-1 range), yielding an overall BHCK exposure score [youth: mean 1.1 

(range 0-7.6 points); caregiver: 1.1 (0-6.7), possible highest score: 13]. Ordered logit 

regression analyses were used to investigate correlates of youths’ and caregivers’ 

exposure level (quartile of exposure). Results: Mean intervention exposure scores were 
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significantly higher for intervention than comparison youth (mean 1.6 vs 0.5, p<0.001) 

and caregivers (mean 1.6 vs 0.6, p<0.001). However, exposure scores were low in both 

groups and 10% of comparison group was moderately exposed to the intervention. For 

each 1-year increase in age, there was a 33% lower odds of being highly exposed to the 

intervention (OR 0.77 95% CI 0.69; 0.88) in the unadjusted and adjusted models 

controlling for youth’s sex and household income. Conclusion: Treatment effects may be 

attenuated in community-based trials, as participants may be differentially exposed to 

intervention components and the comparison group may also be exposed. Exposure 

should be measured to provide context to impact evaluations in multi-level trials. Future 

analyses linking exposure scores to the outcome, should control for potential confounders 

in the treatment-on-the-treated approach, while recognizing that confounding and 

selection bias may exist affecting causal inference.  

 

Keywords: Process evaluation, childhood obesity, dose received, methods, 

implementation process, exposure  
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4.2 Introduction 

The multifactorial causes of obesity are well-recognized, and it is clear that no single 

community program or policy provides a comprehensive solution to this important public 

health problem.3,4,145 Thus, multi-level multi-component (MLMC) interventions are 

suggested to be more effective than single component interventions, due to synergistic 

effects between multiple intervention components.146,249 However, in order to achieve 

these effects, MLMC interventions need to reach the population of interest in sufficient 

intensity – i.e., achieve adequate exposure. Therefore, evaluation of program 

implementation need to be systematically measured and evaluated, as it informs research 

to practice gaps 250 allowing replication in real world settings and large-scale public 

health dissemination.251  

Given the importance of implementation to study outcomes, a growing body of 

literature has used process evaluation to assess intervention fidelity (adherence to 

intervention protocol).189,252,253 Process evaluation is used to monitor and improve 

program delivery and helps explain reasons for failure or success of a trial.254 Among 

process evaluation constructs, exposure (‘dose received’) is rarely measured, but allows 

researchers to understand how well a program reached its intended audience from the 

participants’ perception of their personal exposure and the extent to which they actively 

engaged with the research activities and materials.190  

Few studies have reported assessing the extent to which individual study 

participants report being exposed to the intervention. A previous environmental obesity 

intervention trial, Navajo Health Stores, in American Indian reservations developed 

exposure scores based on participant’s report of study dose received and found a negative 
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correlation with Body Mass Index (BMI) changes.239 Another multisite childhood obesity 

trial, Child and Adolescent Trial for Cardiovascular Health (CATCH), used exposure 

questionnaires to improve specificity of the intervention and elicit more specific 

information from intervention components.255 Baltimore Healthy Eating Zones (BHEZ), 

a childhood obesity prevention trial conducted at multiple levels in the low-income urban 

area of Baltimore City, used different components of the intervention to create the 

exposure score to inform secondary evaluation analysis.256 The Boost program, a Danish 

multi-component school-based trial, used measures of exposure as the extent of parental 

involvement in the intervention, and found that students with a high exposure level 

consumed more fruits and vegetables daily than those with low exposure score.192  

Despite different usage of exposure measurements, to our knowledge no study has 

investigated how exposure level varies by participant characteristics, nor has explored 

differences in exposure levels between both adult caregivers and their child participants 

in a multi-level intervention. This could be used to inform the study’s external validity 

and to identify observed confounding characteristics of individuals who would be 

reached by the intervention at different doses.257  

This study aimed to identify the patterns and determinants of the different levels 

of exposure to the B’more Healthy Community for Kids (BHCK) intervention – a 

community-based randomized childhood obesity prevention trial intervening at multiple 

levels (corner store, carryout, social media/text messaging, and recreation center youth-

led nutrition education) of the food system in low-income urban areas of Baltimore City 

in two rounds (waves).11 Specifically, this paper answers the following questions:  
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1. What were the patterns of exposure (dose received) to BHCK intervention 

materials and activities among youth and caregivers?  

2. How did patterns of overall dose received differ by treatment group among youth 

and their caregivers? 

3. What individual and household factors are associated with exposure to the BHCK 

intervention?  

4.3 Methods 

4.3.1 Design and setting  

The BHCK trial was implemented at multiple levels of the urban food environment to 

improve access to, purchase of, and consumption of healthy food among low-income 

youths and their families living in food deserts in Baltimore. The BHCK study used a 

pre- and post-intervention assessment design, with two groups, intervention and 

comparison, in a 1:1 ratio. The intervention was implemented in two waves (wave 1: 

August 2014–February 2015 and wave 2: November 2015–August 2016).  

The intervention took place in 30 zones, randomized to intervention (n = 7 per 

wave) and comparison groups (n = 7 wave 1 and n=9 wave 2). Assignment occurred 

publicly by drawing names of eligible recreation centers from a hat. Recreation centers 

were the nucleus of each zone. A zone’s eligibility criteria in the BHCK trial were: (1) 

pre- dominantly African American (>50%), (2) low-income neighborhood (>20% of 

residents living below poverty line), (3) minimum of five small food sources (<3 aisles 

and no seating), and (4) a recreation center more than ½ mile away from a supermarket. 

A sample of adult caregiver and child dyads were actively recruited at each recreation 
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center and nearby corner stores in the 1.5- mile zone buffer by a BHCK data collector. 

Household eligibility criteria included: (1) having at least one child aged 10–14 years, (2) 

having lived in the same location for at least one month, and (3) does not anticipate 

moving in the next 2 years.11 

A detailed description of the intervention (including formative research, sample 

size calculation, and intervention activities) is provided elsewhere.11 The BHCK 

intervention included three main intervention components to target youths and their 

caregivers:  

1. nutrition education and cooking classes (14 lessons of 1-hour duration) led by 

local youth leaders (intensively trained Baltimore college and high school 

students), which took place every other week at each intervention community 

recreation center during after-school programs 230 

2. environmental intervention at the point of purchase in small food stores (corner 

stores) and family- owned prepared-food outlets (carryout restaurants), which 

sought to increase stocking of healthier options by store owners and encourage 

demand of healthful foods through promotions and taste tests of healthier foods 

and beverages by intervention staff, implemented every other week at intervention 

corner stores and carryout restaurants for sessions lasting up to 2 hours each 225 

3. social media (Facebook and Instagram) and text- messaging communication 

campaign, which encouraged goal setting for healthy eating targeted at caregivers, 

delivered up to three times per week (text messages were sent three times a week 

and included an interactive component and social media posts were made at least 

three times per week)  
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Communications materials (i.e., poster, handouts, educational displays, and 

giveaways) were professionally developed based on formative research and concurrently 

displayed during BHCK components and distributed to participants every other week in 

sequence. The intervention was organized in three themed phases lasting for 2 months 

each: (1) smart drinks, (2) smart snacks, and (3) smart cooking. All material was aligned 

with the healthy alternative food product and behavior being promoted at each phase.225 

Study participants were not required to attend recreation center activities nor to 

visit the BHCK stores and carryouts. However, intervention caregivers were asked if they 

would like to receive text messages after their baseline appointments and were given a 

business card with BHCK social media links. In the comparison zones, neither recreation 

centers nor small food stores received the nutrition education sessions or communication 

materials, and caregiver– child dyads living in these areas were not enrolled in the BHCK 

text-messaging program.  

4.3.2 Selection and training of data collectors  

Data collectors were trained intensively, through role play and observation training. 

Group assignments were concealed from the BHCK data collectors who conducted the 

follow-up assessments. Following the interviews, the data were checked for errors by the 

interviewer and a second research assistant. The completed questionnaires were 

examined for missing data or implausible values, and the research team made their best 

effort to contact the research participants to obtain the needed information.  

4.3.3 Measures  

Caregiver and youth data collection  
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Baseline data were collected from July 2013 to June 2014 (wave 1) for a total of 299 

youths and their main caregivers (n = 298), and from July to December 2015 (wave 2) for 

235 caregivers and their youth.11 The post- evaluation was conducted from March 2015 

to March 2016 (wave 1) and from August to January 2017 (wave 2), taking place 

immediately after implementation of the intervention and running for 1 year (wave 1) or 

6 months (wave 2). Youths and caregivers received gift cards after each of the two 

interviews. Informed assent and consent were gathered from both the youths and 

caregivers, respectively.  

For the analysis, we excluded participants who did not complete the exposure 

assessment at the follow-up visit (youths n = 133 and caregivers n = 135), had missing 

information for at least one exposure variable (youths n = 4 and caregivers n = 6), 

answered positively to more than three of the red-herring questions (youths n=2 and 

caregivers n=0), reported living in an un- stable housing arrangement, such as a shelter or 

transitional housing (youths n = 2 and caregivers n = 2), or lived more than 1.5 miles 

away from a BHCK recreation center (youths n = 4 and caregivers n = 4). This yielded a 

total of 385 youths and 386 caregivers for the analytical sample. An overview of 

enrolment and participant flow is presented in Figure 4.1.  

Process evaluation assessment: exposure (dose received)  

The key variables for assessing exposure were obtained from the Intervention Exposure 

Questionnaire (IEQ) collected as part of the post-intervention assessment for the 

intervention and comparison groups. To address re- search questions 1 and 2, we 

conceptualized the pattern of exposure as the aggregated series of exposures for the 

reported dose received, to different intervention materials and activities implemented 
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over the course of the program, as assessed by the IEQ. Data collected with the IEQ in 

wave 1 was used to plan wave 2 intervention modifications.11 As the waves were 

implemented 9 months apart, we were able to identify the materials and activities that 

most of the study sample reported not seeing or not participating in.  

The 29-item IEQ included questions to measure exposure to each component of 

the intervention over the course of program delivery: store and carryout component (16 

questions), recreation center (five questions), text messaging (one question), social media 

(four questions), and program logos and branding (three questions). For visual materials, 

participants were asked whether they had ever seen the materials during the intervention 

period (i.e., BHCK logos, posters, handouts, giveaways, educational displays, store shelf 

labels, and social media posts). For example, the question to assess exposure to BHCK 

posters was worded: “The BHCK project put up posters in stores, carryouts, and 

recreation centers. Which of the following have you seen and/or read?” For each item, 

individuals were shown examples of materials used during the intervention and 

responded “yes,” “no,” or “maybe.” Because we developed a wide variety of handouts 

and posters throughout the intervention, we randomly chose a subset of examples in the 

IEQ to reduce respondent burden.  

Only youths were asked about recreation center activities, such as cooking classes 

held in the center and frequency of recreation center attendance during the year of the 

intervention. Only adults were asked about participation in the BHCK text messaging and 

engagement with the social media programs during the year of the intervention, because 

these intervention components were targeted specifically at caregivers. Only when asses- 

sing exposure to the store component did we ask youths and adults to report the number 
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of times they had shopped in the BHCK intervention corner stores and carryouts in the 7 

days prior to the interview to improve the precision of reporting. We showed them 

pictures of the stores’ facades to aid with recall.  

In addition, eight red herring questions were used to address response bias. These 

included materials used in previous studies conducted in different sites. Respondents who 

answered positively to three (1/3) or more of the red herring questions were excluded 

from the analysis.  

Calculation of exposure scores  

We calculated exposure scores for each intervention material or activity part of the 

BHCK program (seeing BHCK logo, seeing shelf label, participating in a taste test, 

seeing posters, seeing handouts, receiving giveaways, seeing educational displays, seeing 

a BHCK carry- out menu, shopping in a BHCK store, attending a youth-led nutrition 

education session, interacting with BHCK youth-leaders, following or enrolling in BHCK 

social media or text messaging, and seeing BHCK social media posts). The detailed 

coding of the exposure scores is presented in Table 4.1. In short, as an example, for 

seeing materials or participating in taste tests, respondents had the option of answering 

“yes,” “no,” or “maybe” when shown a list of the materials followed by a picture of each 

item. For each question receiving a “yes” response one point was added, “maybe” was 

given 0.5 points, and “no” zero points.  

We next added the points for each intervention component. For instance, we listed 

10 possible examples of posters. These were added to give the total score for “seeing a 

poster” (possible range: 0–10 points). The highest total scores possible were 107 and 133 

for care- givers and children, respectively. Because each intervention material or activity 
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had a different number of questions and yielded different ranges in points, we re-scaled 

all scores (range 0–1) to give an equal weight to each component in the overall BHCK 

exposure score. For example, if a participant reported seeing 10 out of the 10 posters, 

their re-scaled exposure score was 1. If they reported seeing five posters, their re-scaled 

score was 0.5 points. Using methods like those previously published239, the overall 

exposure score was calculated by summing the re-scaled exposure scores of the various 

BHCK intervention materials and activities. The highest re-scaled scores possible were 

11 and 13 for caregivers and children, respectively, such that a 1-unit change in exposure 

represent a substantial difference in exposure to intervention activities.  

Baseline individual and household sociodemographic characteristics 

To address our third research question, we investigated whether the sociodemographic 

characteristics of the youths and caregivers could account for differences in exposure 

level that were not due to being assigned to treatment groups. We explored potential 

individual and household characteristics that could correlate with being exposed to the 

BHCK intervention, including child’s age and sex; caregiver’s age, sex, education level, 

and employment status; and household annual income, housing arrangement, and 

participation in a food assistance pro- gram. To collect this data, we used two 

instruments, the Child Impact Questionnaire71,238, and the Adult Impact Questionnaire.7 

Both questionnaires were adopted from similar instruments used in previous intervention 

trials in Baltimore City and are based on formative research.240,241 The Adult Impact 

Questionnaire included questions on demographics and household socioeconomic 

information, such as caregiver’s age, sex, education level, and employment status 

(currently employed, retired, disabled, or otherwise not employed); household annual 
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income (categories US$0–10,000; 10,001–20,000; 20,001–30,000; or higher); housing 

arrangement; number of individuals living in the household (continuous variable); and 

participation in a food assistance program in the past 12 months [received WIC (Special 

Supplemental Nutrition Program for Women, Infants, and Children) or SNAP 

(Supplemental Nutrition Assistance Program) benefits].  

4.3.4 Data analysis  

The statistical analysis of the data was conducted using software STATA 13.1 (College 

Station, TX, USA 2013). Means and standard deviations (SDs) were estimated for key 

baseline descriptors and exposure scores. Differences in continuous variables between the 

intervention and comparison groups were tested with an independent two-tailed t-test. A 

chi-square test for proportions was used to examine categorical variables.  

Our model specification checks, including assessment of model residuals, 

revealed that treating our outcome (exposure score) as a continuous variable was 

problematic. Thus, we performed sensitivity analyses by fitting quadratic linear 

regression models (exposure scores were square-root transformed) to address the 

skewness of the dependent variable and to inform interpretation of the ordinal models 

(Appendices 8.7 and 8.8: Table S4. 1 and Table S4. 2). We, therefore, used a categorical 

version, based on quartiles of the score, in all models.  

Bivariate and multiple ordered logit regression models were used to analyze the 

association between youth and caregiver exposure levels (quartiles) and 

sociodemographic, household, and individual characteristics of the participants. Each 

model with exposure level (quartiles of exposure) was regressed on different independent 

variables:  
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• youth’s and caregiver’s ages (continuous variables)   

• youth’s and caregiver’s sex 

• caregiver’s educational level: categorized into less than high school, completed 

high school, and more than high school (for 2 than two years of college, associate 

degree, bachelor’s degree, or beyond) and coded as 0, 1, and 2, respectively  

• housing arrangement: owned, rented, shared with family or other arrangement 

(group housing or transitional housing)  

• number of individuals living in the household (continuous variable)  

• participation in a supplemental nutritional assistance program: coded as 0 if not 

enrolled and 1 if enrolled in the past 12 months  

The exposure level (outcome of interest) was stratified by quartiles (very low, 

low, medium, and high), in which we interpret the increase in each quartile as a higher 

level of exposure to BHCK activities. The final multiple ordinal regression model was 

selected based on the goodness of best fit using a stepwise backward method for the 

lowest Akaike information criterion.  

The ordered logit model assumes that the effect of any of the independent variables 

is the same regardless of the level (quartile) of exposure (e.g., coefficients describing the 

relation between the lowest and all higher scores are the same as those describing 

associations between the next lowest and all higher scores).246 We calculated the variance 

inflation factor for each model to check for collinearity by performing a multiple linear 

regression, which were all below 1.0. The parallel assumption of the ordered logit 

regression was investigated by the likelihood-ratio test followed by the Brant test. Neither 
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test rejected the null hypothesis that the coefficients were equal across quartiles of 

exposure. For all analyses, statistical significance was defined as p < 0.05.  

 

4.4 Results 

Characteristics of the baseline BHCK evaluation sample  

No statistically significant differences were found between treatment groups at baseline 

(Table 4.2). The youths were on average 12 years old and most caregivers were female 

with an average age of 40. Most caregivers reported receiving SNAP in the past 12 

months (70%). There were trends towards significance for a higher proportion of 

participants in the comparison group living with families compared to the intervention 

group (p = 0.1).  

Patterns of dose received (exposure) by different components of the BHCK intervention 

Some materials and activities of the BHCK trial appeared to have a higher mean exposure 

score than others. Care- givers were highly exposed to the BHCK logo, handouts, 

giveaways, and the social media program (Table 4.3).  

Although youths also appeared to be highly exposed to the BHCK logo and 

giveaways, exposure to educational displays was higher than other materials and greater 

than the mean exposure score among caregivers (Table 4.4).  

Patterns of overall dose received (exposure) by BHCK intervention groups 

The overall mean exposure to the BHCK intervention was low among adults (Table 4.3) 

and youths (Table 4.4). Despite the observed overall low level of exposure to the BHCK 

(youth: mean 1.1 points, SD ± 1.35, median 0.6, minimum 0 and maximum 7.6; 
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caregiver: mean 1.1 points, SD±1.17, median 0.75, minimum 0 and maximum 6.7), in the 

intervention group, both youths and their caregivers demonstrated a significantly higher 

exposure level score than the control group. Figure 4.2 illustrates that although most 

participants in the intervention group had moderate to high exposure to BHCK,  about 

12% of the comparison group was moderate-to-highly exposed to the intervention.  

Patterns of dose received (exposure) by the two implementation waves 

Preliminary information on the exposure level from wave 1 was used to inform the 

midcourse evaluation and to improve the reach and intensity of the overall program in 

wave 2. The midcourse evaluation allowed our research group to devote time and 

resources to make changes to the materials and intervention activities for wave 2. For 

instance, posters hung at community sites increased in size and were professionally 

redesigned to improve the visibility of the materials and intervention messages. Nutrition 

interaction sessions at corner stores, carryout restaurants, and recreation centers increased 

in intensity and duration. The quality of pictures and posting frequency were improved on 

social media platforms, and posts were boosted to the target audience (e.g., specific zip 

codes in Baltimore City). Finally, we mailed program flyers and promoted BHCK 

activities to participating households in the intervention during wave 2 to increase the 

reach and intensity of the promotional materials.  

The second wave of the BHCK implementation had an overall higher exposure 

level score among the evaluation sample compared to the first wave: caregiverwave 1 0.9 ± 

1.1 vs caregiverwave 2 1.3 ± 1.2, p < 0.001 (Table 4.3) and youthwave 1 2.3 ± 3.4 vs 

youthwave 2 3.8 ± 3.9, p = 0.003 (Table 4.4). Caregivers in wave 2 reported being more 

exposed to BHCK handouts, giveaways, social media posts, and the redesigned carryout 
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restaurants menus than caregivers in wave 1 (Table 4.3). In wave 2, youths presented 

higher mean exposure score to the BHCK logo, posters, handouts, and giveaways, and 

reported attending more often an after-school program assigned to the BHCK 

intervention than youths in wave 1 (Table 4.4). 

Correlates of exposure to the BHCK intervention  

The results of the bivariate ordered logit regression analysis between caregivers’ 

characteristics and quartiles of exposure level are presented in Table 4.5. We did not find 

any predictor that was correlated with caregivers’ exposure level in the unadjusted model. 

The adjusted analysis suggested that female caregivers had higher odds of exposure to the 

intervention (odds ratio OR 1.99; 95% confidence interval CI 1.05; 3.78) compared to 

male caregivers, after controlling for SNAP participation and housing arrangement.  

The bivariate analysis showed that youths’ age was significantly associated with 

odds of exposure. Specifically, the odds of exposure to the intervention decreased by 

33% for each additional year of age (OR 0.77; 95% CI: 0. 68; 0.86), and this association 

remained significant after controlling for household annual income and youths’ sex in the 

final multiple model (OR 0.77; 95% CI: 0.69; 0.88) (Table 4.6). In addition, youths in 

households with a higher annual income (>$30,000) appeared to be more likely to be 

exposed to the intervention than youths in the lowest income strata (OR 1.82; 95% CI: 

1.13; 2.94), although this association did not remain significant after controlling for youth 

age and sex.  
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4.5 Discussion 

To our knowledge, this is the first study to identify the patterns and determinants of the 

different levels of exposure to a MLMC childhood obesity prevention trial in a low-

income urban setting. We described a detailed protocol of exposure scores evaluated 

through the IEQ instrument administered at post-intervention assessment for the 

intervention and control groups.  

Exposure scores represented various levels of engagement with the intervention 

materials and activities, including seeing intervention materials, participating in 

educational sessions in stores and recreation centers, and receiving text messaging. 

Exposure to each intervention activity was then scaled (from 0 = not exposed through 1 = 

fully exposed), and summed to create an overall exposure score (dose received). 

Although combined exposure scores were low in both evaluation groups, the mean 

intervention exposure score was significantly higher among the intervention group than 

the comparison group for youths and caregivers. Low exposure scores have also been 

shown in previous community intervention trials, including the Navajo Healthy Stores239 

and in the BHEZ study conducted in urban Baltimore.256 Our exposure analysis also 

indicated that the comparison sample was exposed to the intervention materials and 

activities, similar to what was reported in the Navajo Health Stores intervention.239  

We calculated the exposure score at the completion of wave 1 to inform process 

evaluation analysis, and this was key in comprehending which components of the 

intervention were successful and allowed the researchers to improve the intensity and 

reach of the communication materials and activities. These midcourse improvements 

between waves were reflected in our results, since handouts, posters, social media posts, 
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and overall exposure had a slightly higher mean score in wave 2 compared to wave 1. 

Similarly in the literature, information collected on the exposure to the Active by Choice 

Today (ACT) and Pathways interventions are other examples of how a process evaluation 

may be used during the implementation of a program to improve the quality and 

acceptability of the trial among the target population.255,258 ACT used exposure findings 

for midcourse corrections, such as changes to the program curriculum, visual 

improvements to the program materials, and expansion of staff training to improve the 

intensity and dose of intervention over the course of the program.258 Pathways used 

exposure results from the pilot testing phase to improve the family component of the 

intervention, as many children reported not attending the Family Fun Night in the 

intervention group and more than 40% of children in the control group reported exposure 

to half of the intervention items.259 Our study supports previous literature indicating that a 

process evaluation may be used to improve the quality and dose of the intervention 

implementation and to ensure that it reaches the intended audience. Evaluating exposure 

during pilot or feasibility studies may provide critical information to researchers to avoid 

program contamination in the control group, and to maximize the reach and dose of large 

multi-level community trials.260 

A potential use of these exposure data is for impact analyses, as it may be 

hypothesized that individuals more exposed to a behavioral and environmental 

intervention will be more likely to have positive outcomes compared to those who were 

less exposed to the intervention over time.10 In randomized controlled trials, this is also 

known as the treatment-on-the-treated effect (TTE), in which study participants are 

analyzed according to the treatment received, instead of the original treatment assigned 
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(average treatment effects). Although this practice may violate randomization and 

increase potential biases, and the results may not infer the causal effect of the 

intervention, it is often used as a secondary evaluation analysis193 and may provide an 

upper bound of program effectiveness.194 For example, the BHEZ trial found that 

overweight girls who were more exposed to the intervention showed a 3.1 decrease in 

their BMI percentile over time compared to those with low exposure. A similar result in 

magnitude and strength was found in the average treatment effects analysis by treatment 

groups.256 Another example is the CATCH study, which used the extent of the exposure 

to the intervention as a covariate to explain the change in the study outcome (serum 

cholesterol levels) and by substituting the indicator of study treatment with exposure 

levels as a TTE secondary analysis.194 Due to the environmental nature of community-

based interventions and the high likelihood of participant contamination, a TTE analysis 

using dose received information may generate an important estimate of the dose–

response treatment effects.  

Furthermore, it is important to recognize that participants’ sociodemographic 

characteristics may confound participation in the program activities (exposure), as well as 

be directly related to the final intervention outcome. We found that the sex of the 

caregiver, youth’s age, and household income were important factors that were associated 

with exposure to BHCK. Future analyses should link process evaluation information and 

outcome data to understand whether individual and household characteristics confound or 

mediate the relationship between exposure to the intervention and outcome changes in 

TTE analyses. In addition, a further TTE analysis using the score for exposure to the 

intervention should be interpreted cautiously as associations rather than intervention 
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effects, while recognizing that confounding and selection bias may affect causal 

inference.261 Understanding how a public health program reaches its target audience in 

the intended dose is critical, as community-based interventions are usually addressed to a 

large number of people. Thus, evaluating the interaction between the study participants 

and the program implementation informs the evaluation of the intervention, the 

representativeness of the study 262, and generates hypotheses for future research.254 

MLMC intervention trials face an additional challenge of partitioning out which 

specific intervention components had the greatest influence on individual outcomes.263 

However, incorporating exposure measures on outcome analyses may be another use of 

dose received in complex intervention trials analyses—one that has been used 

previously.10 For example, would individuals who were highly exposed to posters and 

flyers be more likely to increase their knowledge of healthy eating than those with a 

lower exposure level to communication materials? Addressing this question would 

provide empirical evidence to the research community on the combination of intervention 

strategies that would best encourage behavior change among the targeted audience in the 

context of a multi-level intervention.264 Lastly, community intervention trials often 

assume that the intervention protocol was implemented according to the initial standard, 

but programs are often adapted to the reality of the setting or not reach their intended 

target population, which may explain away treatment effects on an outcome of interest.10 

Therefore, assessing exposure and other process evaluation measures is essential to 

providing context to an intervention impact analysis.  

A limitation of this study might be the risk of social desirability bias by treatment 

assignment, and by sex, age, and income, due to the self-report intervention exposure 
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questionnaire. Some participants may have felt the need to inaccurately report that they 

have been exposed to certain activities or received BHCK materials. To address this 

issue, our questionnaire included red herring questions to improve the validity of 

responses. Moreover, data collectors did not participate in the intervention 

implementation and were masked to the treatment group to avoid measurement error. 

Another limitation is that questions related to store purchasing behavior reflected the 

previous 7 days to the interview, which may have not reflected a habitual week of the 

interviewee, while other questions reflected the past year. Although the 7-day recall was 

conducted to improve quality of the report, as it relies on a participant’s memory, it may 

help explain the low exposure level to the intervention in this population. Future research 

may consider asking exposure questions consistently with the duration of the intervention 

program to best capture dose received. Furthermore, we did not assess the frequency of 

exposure to intervention materials (e.g., the amount of time a respondent saw a specific 

poster during the intervention or the different places the interviewee received a flyer) to 

minimize recall bias. However, future studies could consider assessing exposure in a 

longitudinal manner in a random sample (e.g., mid-intervention or after each intervention 

phase) to aid in midcourse correction and to inform intervention implementation. In 

addition, there was some overlap in the intervention and control zones, which might help 

to explain exposure to the intervention in the control group. However, despite this 

overlap, differences in exposure levels between the intervention and control group were 

still observed. Furthermore, including only a subset of the intervention communication 

materials in the questionnaire may have reduced the chance of some individuals 

recognizing the specific activities conducted during the intervention. Nevertheless, 
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research staff chose examples of materials that represented the main topics covered 

during the intervention. Lastly, we classified exposure domains based on the multiple 

components of the BHCK program, and we assigned similar weights to each domain of 

interaction with the trial. However, behavior change is complex and occurs differently in 

subjects, as people may react in varying ways to activities and materials. Thus, 

differential exposure domains and weights could be assigned depending on the 

population, intervention, and context in which the program is being implemented.  

 

Conclusions  

In conclusion, the BHCK intervention group was differentially exposed to the program 

components, and the comparison group also received some exposure, though to a lesser 

degree. The first wave experienced an overall lower score for exposure to the intervention 

by youths and caregivers compared to wave 2, highlighting the application of process 

evaluation findings to improve subsequent program reach and intensity. Future 

community-based environmental intervention trials may consider enrolling larger sample 

sizes and improving program intensity, as the likelihood of low exposure is high. 

Furthermore, samples should be selected to maximize exposure differences between the 

intervention and comparison groups and to minimize the potential for contamination to 

intervention activities. Our findings are important to implementation science, as they may 

inform pilot or feasibility trials of future large environmental community interventions 

prior to the implementation of the main program to better understand how the population 

perceives the activities and the dose and intensity needed in the setting.  
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Furthermore, our exposure analysis was key in identifying that some individual 

(age and sex) and household (income) characteristics correlate to exposure levels to the 

intervention. Future analyses linking exposure scores to the outcome should control for 

potential confounders in the TTE approach as a secondary evaluation assessment. Finally, 

achieving adequate exposure to the intervention from the participants’ perception of dose 

received is critical in environmental interventions to better understand the effectiveness 

of the intervention, as well as who was most likely to receive the treatment. This 

manuscript adds to implementation science by proposing a detailed protocol for the 

development of exposure scores (dose received) evaluated through process evaluation 

and by informing further impact analysis and intervention successes.  
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4.6 Tables for Chapter 4 

Table 4.1: Exposure score development by BHCK intervention materials and activities 

Intervention Component Intervention Material or 
Activity Coding of Exposure Score  

Corner stores and 
Carryouts 
Recreation center  
Social media 

Seeing BHCK Logo in 
different places (stores, 
recreation centers, 
carryouts, social media) 

None = 0 
1-2 places = 1.5 
3-5 places = 4 
6 or more = 6 

Corner stores and 
Carryouts 

Seeing shelf-label in 
different stores (BHCK 
corner stores and 
carryouts) 

None = 0 
1-2 places = 1.5 
3-5 places = 4 
6 or more = 6 

Corner stores and 
Carryouts 
Recreation center 

Taste tests (10 questions) 
(and 4 cooking demos at 
recreation center – applied 
to child only) 

For each taste test: 
Yes = 1 
Maybe = 0.5 
No = 0 

Corner stores and 
Carryouts 
Recreation center 
Social media 

Posters (10 questions) 

For each poster: 
Yes = 1 
Maybe = 0.5 
No = 0 

Corner stores and 
Carryouts 
Recreation center 
Social media 

Handouts (9 questions) 

For each handout: 
Yes = 1 
Maybe = 0.5 
No = 0 

Corner stores and 
Carryouts 
Recreation center 

Giveaways (17 questions) 

For each giveaway: 
Yes = 1 
Maybe = 0.5 
No = 0 

Corner stores and 
Carryouts 
Recreation center 

Educational Display (5 
questions) 

For each display: 
Yes = 1 
Maybe = 0.5 
No = 0 

Carryout only  Seeing redesigned menu 
(8 questions) 

For each menu: 
Yes = 1 
Maybe = 0.5 
No = 0 

Corner stores only 
Purchased in a BHCK 
corner store in the past 7 
days 

Continuous variable: total 
frequency of purchase 
summed for all stores 
(n=21) 

Table 4.1 continues 
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Table 4.1 continued 

Intervention Component Intervention Material or 
Activity Coding of Exposure Score  

Recreation center  
(applied to child) 

Average of attendance in 
a BHCK recreation 
center (n=7) during the 
intervention 

Never = 0 
< 1 time/month = 0.5 
1-3 time/month = 2 
1-2 times/week = 6 
>3 times/week = 12  

Recreation center  
(applied to child) 

Participation in a youth-
led nutrition session  

Continuous variable: total 
sessions attended (max: 14) 

Corner stores and 
Carryouts 
Recreation center  
(applied to child) 

Interaction with BHCK 
youth-leader  

Never =0 
1-5 times =1 
6-10 times =2  
10+ times = 3 

Social media  
(applied to caregiver) 

Follow or enrolled in 
BHCK social media 
(Facebook, Instagram, 
Texting) 

For each account: 
Yes =1 
No = 0 

Social media  
Seeing BHCK posts 
(Facebook or Instagram) (8 
questions) 

For each post: 
Yes = 1 
No = 0 

Overall BHCK Exposure Score 

1. Added points within 
each intervention 
material/activity according 
to number of questions 
2. Re-scaled exposure to 
material/activity to 0-1 
range 
3. Summed all re-scaled 
exposure scores  
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Table 4.2: Sociodemographic characteristics of the B’more Healthy Communities for 

Kids baseline evaluation sample 

Baseline Individual and 
Household Characteristics  n  Intervention Comparison p-value 

Youth   (n=199) (n=186)  
Sex– female (%)  385 54.7 60.2 0.3 
Age (years) - Mean (SD) 385 11.7 (1.4) 11.8 (1.6) 0.3 

Caregiver and Household   (n=198) (n=188)  
Sex – female (%) 386 94.4 90.5 0.2 
Age (years) – Mean (SD) 386 39.4 (9.1) 40.5 (9.7) 0.2 
Education Level     

< High School (%)  64 33 30 0.9 
High School (%) 150 77 73  
> High School (%) 172 88 85  

Individuals in the household - 
Mean (SD) 

4.5 (1.5) 4.5 (1.6) 0.8 

Annual Income (US$)     
0-10,000 (%) 94 25.2 23.4 0.4 
10,001-20,000 (%) 90 20.3 26.6  
20,001-30,000 (%) 60 17.2 13.8  
>30,000 (%) 142 37.4 36.2  

Food Assistance Participation     
SNAP (%) 274 71.2 70.7 0.9 
WIC (%) 90 23.2 23.4 0.9 

Housing Arrangement     
Living w/ family a or  
other b (%) 

39 7.1 13.1 0.1 

Rented (%) 252 66.2 64.4  
Owned (%) 95 26.7 22.3  

Notes: SD (standard deviation); SNAP (Supplemental Nutrition Assistance Program); 
WIC (Special Supplemental Nutrition Program for Women, Infants, and Children)  
a Living with family who own or rent the house  
b Other included: transitional housing or group house. 
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Table 4.3: Caregiver exposure to the B’more Healthy Communities for Kids intervention 

materials and activities by intervention group (n=386) 

Caregiver Exposure to 
BHCK Materials and 
Activities 

Range 
Intervention Comparison p value 

Mean + SD Mean + SD  

Seeing BHCK Logo in 
different places 0-1 0.31 + 0.25 0.13 + 0.20 <0.001 

Seeing Shelf-Label in 
different stores 0-1 0.07 + 0.20 0.06 + 0.21 0.7 

Posters 0-1 0.13 + 0.20 0.07 + 0.14 0.001 

Handouts a 0-1 0.20 + 0.27 0.05 + 0.13 <0.001 

Giveaways a 0-1 0.22 + 0.22  0.03 + 0.10 <0.001 

Educational Displays 0-1 0.09 + 0.18 0.07 + 0.17 0.3 

Seen Redesigned Menus a 0-1 0.15 + 0.16 0.04 + 0.12 <0.001 

Taste Tests 0-1 0.04 + 0.12 0.05 + 0.16 0.6 

Purchased in different BHCK 
corner stores 0-1 0.07 + 0.18 0.01 + 0.08 <0.001 

Followed/Enrolled in Social 
Media a 0-1 0.21 + 0.24 0.06 + 0.14 <0.001 

Seeing Social Media Post  0-1 0.05 + 0.13 0.03 + 0.13 0.1 

Overall BHCK exposure 
level ¶  0-12 1.60 + 1.16  0.61 + 1.0 <0.001 

Notes: BHCK (B’more Healthy Communities for Kids); SD (Standard Deviation)  
a Statistically significant improvement in mean score from wave 1 to wave 2 (p < 0.05) 
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Table 4.4: Youth exposure to the B’more Healthy Communities for Kids intervention 

materials and activities by intervention group (n=385) 

Youth Exposure to BHCK 
Materials and Activities Range 

Intervention Comparison 
p value 

Mean + SD Mean + SD 

Seeing BHCK Logo in 
different places a 0-1 0.24 + 0.3 0.13 + 0.20 <0.001 

Seeing Shelf-Label in 
different stores 0-1 0.07 + 0.20 0.03 + 0.10 0.005 

Posters a 0-1 0.15 + 0.20 0.05 + 0.10 <0.001 

Handouts a   0-1 0.16 + 0.23 0.04 + 0.12 <0.001 

Giveaways a 0-1 0.23 + 0.24 0.06 + 0.14 <0.001 

Educational Displays 0-1 0.17 + 0.27 0.06 + 0.19 <0.001 

Seen Redesigned Menu  0-1 0.08 + 0.20 0.04 + 0.13 0.02 

Taste Test/Cooking 0-1 0.12 + 0.20 0.03 + 0.02 <0.001 

Youth-led Nutrition Education 0-1 0.05 + 0.12 0.01 + 0.09 0.03 

Interaction with BHCK Youth 
Leader 0-1 0.08 + 0.20 0.02 + 0.10 0.001 

Attended BHCK Recreation 
Center a 0-1 0.14 + 0.22 0.01 + 0.10 <0.001 

Purchased in different BHCK 
corner stores 0-1 0.08 + 0.20 0.02 + 0.09 0.001 

Seeing Social Media Post 0-1 0.05 + 0.18 0.02 + 0.10 0.05 

Overall BHCK exposure 
level a 0-13 1.6 + 1.54 0.5 + 0.83  <0.001 

Notes: BHCK (B’more Healthy Communities for Kids); SD (Standard Deviation)  
a Statistically significant improvement in mean score from wave 1 to wave 2 (p < 0.05) 
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Table 4.5: Caregiver’s correlates of level of exposure to the B’more Healthy 

Communities for Kids intervention a 

Determinants of Exposure to 
BHCK Caregiver and 
Household  

Bivariate Analysis Final Multivariable 
Modelb 

Odds Ratio 
(robust SE) 95% CI Odds Ratio 

(robust SE) 95% CI 

Sex (Reference: Male) 1.81 (0.57)  (0.97; 3.36)  1.99 (0.65) (1.05; 3.78)* 
Age (years)  0.98 (0.01)  (0.97; 1.01)    
Education Level     

< High School  Reference    
High School 0.95 (0.25) (0.55; 1.62)   
> High School  1.01 (0.27) (0.60; 1.70)   

Individuals in the household  0.98 (0.06) (0.87; 1.10)    
Household Annual Income 
(US$)     

0-10,000 Reference    
10,001-20,000  0.87 (0.32) (0.51; 1.51)   
20,001-30,000 0.88 (0.28) (0.63; 1.87)   
>30,000  0.98 (0.06) (0.80; 2.12)    

Food Assistance 
Participation     

SNAP (Reference: non-
SNAP) 0.71 (0.14)  (0.48; 1.07)  0.76 (0.15) (0.51; 1.14) 

WIC (Reference: non-
WIC) 0.90 (0.19)  (0.59; 1.37)    

Housing Arrangement     
Living w/ familyc or 

otherd  Reference    

Rented  0.93 (0.34) (0.44;1.93) 0.95 (0.36) (0.45; 1.99) 
Owned 1.52 (0.62) (0.69; 3.39) 1.51 (0.62) (0.68; 3.37) 

Notes: SE: robust standard error; CI: confidence interval; SNAP (Supplemental Nutrition 
Assistance Program); WIC (Special Supplemental Nutrition Program for Women, 
Infants, and Children) 
*p < 0.5 
a This is an ordered logistic regression on overall BHCK exposure level (quartiles) among 
adults  
b Final model selected based on goodness of best fit using stepwise backward regression 
for lowest Akaike information criterion (AIC): 1185.2  
c Living with family who own or rent the house  
d Other included: transitional housing or group house 
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Table 4.6: Youth’s correlates of level of exposure to the B’more Healthy Communities 

for Kids intervention a 

Determinants of Exposure to 
BHCK  
Youth  

Bivariate Analysis Final Multiple Modelb 
Odds Ratio 
(robust SE) 95% CI Odds Ratio 

(robust SE) 95% CI 

Sex (Reference: Male) 0.74 (0.13) (0.52; 1.06) 0.80 (0.14) (0.56; 1.15) 
Age (years)  0.77 (0.04)  (0.68; 0.86)* 0.77 (0.05) (0.69; 0.88)* 
Caregiver Education Level     

< High School  Reference    
High School 1.30 (0.32) 0.80; 2.11)   
> High School  1.37 (0.34) (0.83; 2.25)   

Individuals in the household  0.95 (0.05) (0.85; 1.05)   
Household Annual Income 
(US$)     

0-10,000 Reference  Reference  
10,001-20,000  1.29 (0.31) (0.79; 2.09) 1.14 (0.29) (0.69; 1.89) 
20,001-30,000 1.66 (0.50) (0.92; 3.01) 1.38 (0.43) (0.74; 2.55) 
>30,000  1.82 (0.44)  (1.13; 2.94)* 1.52 (0.37)  (0.94; 2.47) 

Food Assistance 
Participation     

SNAP (Reference: non-
SNAP) 0.77 (0.16) (0.51; 1.16)   

WIC (Reference: non-
WIC) 1.28 (0.29) (0.81; 2.01)   

Housing Arrangement     
Living w/ familyc or 

otherd  Reference    

Rented  1.49 (0.43) (0.85; 2.63)   
Owned 1.85 (0.63) (0.94; 3.62)   

Notes: SE: robust standard error; CI: confidence interval; SNAP (Supplemental Nutrition 
Assistance Program); WIC (Special Supplemental Nutrition Program for Women, 
Infants, and Children)  
a Ordered Logistic Regression on overall BHCK exposure level (quartiles) among youth 
b Final model selected based on goodness of best fit using stepwise backward regression 
for lowest Akaike information criterion (AIC): 1057.2 
c Living with family who own or rent the house 
d Other included: transitional housing or group house. 
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4.7 Figures for Chapter 4 

 
Figure 4.1: CONSORT flowchart of the randomization and course of the B’more 

Healthy Communities for Kids program. 

a One caregiver declined to participate, although consenting participation of their youth. 
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Figure 4.2: Youth and Caregivers’ quartile of exposure level by intervention group.  

Notes: Total exposure score was stratified by quartiles (very low, low, medium, and 
high). Caregivers’ exposure levels of very low ranged from 0 to 0.25 with mean score of 
0.08, low ranged from 0.27 to 0.75 with mean score of 0.48, medium ranged from 0.75 to 
1.65 and mean score of 1.14, and high ranged from 1.67 to 6.76 with mean score of 2.79. 
Youth’s exposure levels of very low ranged from 0 to 0.18 with mean score of 0.04, low 
ranged from 0.20 to 0.62 with mean score of 0.36, medium ranged from 0.63 to 1.58 and 
mean score of 1.0, and high ranged from 1.60 to 7.57 with mean score of 3.0.  
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Chapter 5. A multilevel, multicomponent childhood 

obesity prevention group-randomized controlled trial improves 

healthier food purchasing and reduces sweet-snack 

consumption among low-income African American youth 

5.1 Abstract 
 
Background: Consumption of foods and beverages rich in sugar remains high across all 

races and ages in the United States. Interventions to address childhood obesity and 

decrease sugar intake are needed, particularly in low-income settings.   

Methods: B’more Healthy Communities for Kids (BHCK) was a group-randomized, 

controlled trial implemented among 9-15-year olds in 30 low-income areas of Baltimore. 

We increased access to low-sugar foods and beverages at wholesalers and small food 

stores. Concurrently, we encouraged their purchase and consumption by children through 

youth-led nutrition education in recreation centers, in-store promotions, text messaging 

and a social media program directed at caregivers. Sugar consumption (sugar sweetened 

beverage (SSB), sweets) in youth was assessed pre- (n=534) and post-intervention 

(n=401) using the Block Kids Food Frequency Questionnaire. Purchasing of 38 healthier 

and 28 less healthful foods/beverages varieties in the previous 7 days was assessed via 

self-report. Multilevel models at the community and individual levels were used. 

Analyses were stratified by age (younger: 9-12-year olds (n=339) vs older: 13-15 

(n=170)). Models were controlled for child’s sex, race, total daily calorie intake, and 

caregiver’s age and sex. 
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Results: Overall baseline mean healthier food purchasing was 2.5 (+ 3.6; min. 0, max. 34 

items per week), and unhealthier food purchasing 4.6 (+ 3.7; 0-19 items per week). Mean 

intake at baseline for kcal from SSB was 176 (+189.1) and 153 (+142.5), and % of 

calories from sweets (i.e. cookies, cakes, pies, donuts, candy, ice cream, sweetened 

cereals, and chocolate beverages) was 15.9 (+ 9.7) and 15.9 (+ 7.7) in comparison and 

intervention youth, respectively. Intervention youth increased their purchasing of 

healthier foods and beverages by 1.4 more items per week than comparison youth (β = 

1.4; 95% CI: 0.1; 2.8). After the intervention, there was a 3.5% decrease in kcal from 

sweets for older intervention youth, compared to the control group (β = -3.5; 95% CI: -

7.76; -0.05). No impact was seen on SSB consumption.  

Conclusion: BHCK successfully increased healthier food purchasing variety in youth, 

and decreased % calories from sweet snacks in older youth. Multilevel, multicomponent 

environmental childhood obesity programs are a promising strategy to improve eating 

behaviors among low-income urban youth.  

 
Keywords: Consumption of sweets, adolescent, environmental intervention, African-

American, dietary intake, childhood obesity  
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5.2 Introduction 

The diet of youths today, especially in low-income, underserved urban populations, is 

high in refined carbohydrates, added sugar, fats, and salt.2 Sugar intake is an important 

risk factor for diet-related chronic diseases, such as overweight and obesity60, type-2 

diabetes61, and poor dental health.62 

A recent meta-analysis of cohort studies in children reported a significantly 

increased risk of being overweight or obese with consumption of one or more daily 

servings of sugar-sweetened beverages (SSBs).60 Although SSB consumption has 

declined slightly over the past decade, intake remains high, especially in youth, 

representing 10-15% of total caloric intake.63 Importantly, African-American and 

Hispanic youth had greater increases in calories from sugar per capita than their white 

counterparts over the past three decades.40 In addition, a recent nationally-representative 

study reported no decline (at 14% of total energy intake) in the percentage of the total 

energy intake from added sugar in U.S. children in the past decade, when considering 

both foods and beverages intake.64 These findings suggest that foods such as grain-based 

desserts, candy, and other sweet snacks are important contributors of added sugar in 

children’s diet.265 Children with higher intake of sugary beverages tend to snack more 

often than those with lower.65 Furthermore, snacking patterns have changed in the past 

decade, as low-income children increased purchase and consumption of foods high in 

sugar66, and increased consumption of foods away from home.67 Snacks may 

significantly contribute to daily caloric intake, surpassing 27% of total daily calories 

among U.S. children aged 2-18.65 
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Dietary patterns are strongly influenced by a person’s food environment.23 Food 

marketing and advertisements of unhealthful foods disproportionally target low-income 

minority populations.266 Previous studies suggest that living in low-income areas where 

access to healthy food is limited increases risk of poor diets and obesity.106,107 Low-

income individuals tend to live closer to small food stores with less availability of 

healthful foods and greater access to high-energy density food of low nutritional value, 

and increased portion sizes.267 In Baltimore, low-income African-American youth 

reported visiting small food stores on average twice a day and buying chips, candy, and 

soda 2.5, 1.8, and 1.4 times per week, respectively.116 In Philadelphia, 42% of low-

income school-aged children shopped at corner stores twice a day, purchasing 350 

calories each visit in candy, chips and SSBs.117 

 Given the patterns in access to and marketing of unhealthful foods in low-income 

urban areas and the negative health outcomes associated with their consumption, there is 

a need to improve the community food environment. Due to the complex nature of eating 

behavior, solutions at the different levels of the socio ecological model (i.e., multilevel) 

paired with simultaneous actions at the various components of the food environment (i.e., 

multicomponent) provide a promising population-based approach to leverage the food 

systems to promote health. Community-based intervention trials aiming at changing the 

food environment in and around the individual by improving availability, accessibility, 

and affordability of healthier foods at the community-level and concurrently improving 

demand and health literacy at the individual-level may be effective in reducing intake of 

high-sugar, high-fat beverages and snacks. The Shape Up Somerville (SUS) is one 

example of community-based multilevel multicomponent obesity prevention program 
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that partnered with restaurants and farmers’ market to improve availability of healthy 

menu options 268, and successfully increased availability of healthy foods in schools’ food 

service.165 SUS found a statistically significant decrease in Body Mass Index (BMI) z-

scores in children 269, and reduction in SSB intake after 2 years of intervention.167 

However, most community-based interventions have promoted healthier food 

alternatives at food stores targeting adults 270, and most multilevel interventions have 

been primarily school-based, targeted elementary- and middle-school -aged children 271, 

and few have demonstrated an impact on sugar intake or measured purchasing 

behaviors.146 Thus, there is a need for community-based intervention trials that target 

older children and adolescents.271 Furthermore, previous longitudinal studies have 

reported important differences in food patterns across youth ages, with older youth (>12 

years old) snacking and purchasing foods out of the home more frequently than younger 

youth.177 Therefore, it is important to investigate impact of nutrition interventions at 

different ages due to different food behaviors and societal eating norms, increased caloric 

intake, and changes in body composition.  

 The B’more Healthy Communities for Kids (BHCK) intervention was a multilevel 

multicomponent childhood obesity prevention trial in Baltimore City that sought to 

modify the food environment outside of school.11 Components of the intervention aimed 

at improving availability of healthier alternatives to high-sugar, high-fat beverages and 

snacks in small food stores and at increasing demand for these items through youth-led 

nutrition education sessions in recreation centers to impact purchasing and consumption 

of healthier foods in youth (9-15 years old). This research addresses the following 

questions:  
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1. What was the impact of the multilevel BHCK intervention on purchasing 

behavior of healthier and unhealthier food items among youth? 

2. What was the impact of the intervention among youth on the consumption 

of high-sugar, high-fat snacks and beverages? 

3. How did the impact of the intervention differ between younger (9-12 years 

old) and older youth (13-15 years old)?  

5.3 Methods 

5.3.1 Study design and sampling 

The BHCK intervention was a five-year funded multilevel, multicomponent childhood 

obesity prevention trial in Baltimore.11 The intervention employed a group-randomized 

controlled trial design implemented at multiple levels of the urban food environment 

(policy, wholesalers, corner stores, carryout restaurants, recreation centers, and social 

media) to improve healthful food access, purchase, and consumption among low-income 

youth aged 9-15 and their caregivers living in food deserts in Baltimore City. The study 

used pre- and post-intervention assessment design, with two groups – intervention and 

comparison – implemented in two waves (wave 1: July 2014-February 2015; wave 2: 

December 2015-July 2016) (Figure 5.1).  

 BHCK took place in 30 zones, randomized to intervention (n= 7 in wave 1; n=7 in 

wave 2) and comparison groups (n= 7 in wave 1; n=9 in wave 2), using simple 

randomization. Assignment occurred publicly by drawing names of eligible recreation 

centers from a hat. A recreation center was at the nucleus of each zone, and zone’s 

eligibility criteria were: 1) predominantly African-American (>50%); 2) low-income 
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neighborhood (>20% of residents living below the poverty line); 3) minimum of 5 small 

(<3 aisles, no seating) food sources; 4) recreation center more than ½ mile away from a 

supermarket, and located in a food desert.214  

A sample of adult caregiver and child dyads were recruited at each recreation 

center and nearby corner stores in the 1.5-mile BHCK buffer zone. In each buffer zone, 

BHCK research assistants approached children and their caregivers about the study, and 

interested individuals provide their names and phone numbers. A list of 75-100 names 

per zone was entered into a sampling frame, with the goal to randomly select 20 dyads 

from each zone. Household eligibility criteria included: (1) at least one child in aged 9-15 

years; (2) living in the same location for at least one month; and (3) not anticipating a 

move in the next 2 years.11 If a randomly selected dyad was unable or deemed ineligible 

to participate, then the next dyad was contacted and screened. During wave 1 baseline, 

the sampling frame for each zone was exhausted, as many individuals initially 

approached in the community were not eligible or unreachable by phone. Therefore, 

recruitment of wave 2 baseline households did not follow a random sampling frame and 

all individuals approached were contacted, screened, and invited to participate in the 

study. An overview of study enrolment and participant flow is provided (see Figure 5.2). 

Groups assignments were concealed from the BHCK research assistants, who conducted 

the follow-up assessments.  

5.3.2 Promotion of healthful alternatives to beverages and snacks in the 

BHCK intervention 

The BHCK intervention was divided into three phases, each lasting two months: 1) 

healthful beverages, 2) healthful snacks, and 3) healthful cooking methods. A fourth 
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phase (review) was implemented in 2 only. During the healthful beverages phase, the 

program promoted healthier alternatives to SSBs [i.e., lower-sugar fruit drinks (25-75% 

less sugar than the original version), sugar-free drink mixes, zero-calorie flavored water, 

diet or low-sugar soda, and water] as part of each component (social media, small food 

stores, recreation center, youth-leader, wholesaler, policy) across all levels (individual, 

household, environmental, and policy). During the healthful snacks phase, BHCK 

promoted low-fat and low-sugar alternatives to unhealthier snacks, including low-fat 

yogurt, low-fat popcorn, fresh fruits, fresh vegetables, low-sugar granola bars, and mixed 

fruit in 100% fruit juice. In the healthful cooking phase, the intervention promoted 

cooking ingredients, such as low-sugar cereals, low-fat milk, 100% whole wheat bread, 

fresh/canned/frozen vegetables across all BHCK components.  

 BHCK encompassed 4 different socioecological levels – policy, environmental, 

interpersonal and intrapersonal – as well as multiple components involving wholesalers, 

small food stores (corner stores and carryout restaurants), recreation centers/peer-

mentors, and social media. The BHCK components are described below. 

 Wholesaler: We partnered with three wholesalers in Baltimore City, and each was 

encouraged to stock BHCK-promoted food items. Foods and beverages were promoted 

through signage, in which a shelf-label was placed by a BHCK-interventionist in the 

wholesale stores highlighting the promoted item to storeowners.225 Wholesalers also 

provided a $50 gift card to small stores participating in the program at the beginning of 

each phase to encourage initial stocking of a new promoted item (funded by BHCK).  

 Corner Stores and Carry-out Restaurants: We recruited 3-4 corner stores and 

carryout restaurants in each BHCK zone. We worked with storeowners in intervention 
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zones to improve supply and demand for healthier options of food and beverages.225 

Small retailers were provided with gift cards from wholesalers, a stocking sheet with the 

promoted items, and were encouraged to stock at least one new promoted item every 

other week. Moreover, storeowners watched six training videos that provided information 

about the program, how to best improve customer relations, and use of healthier cooking 

methods (carryout owners only).227 After completing each training module, owners were 

offered store supplies as a reward, ranging from produce baskets to refrigerators. To 

increase demand for healthier alternatives, we used materials and incentives (point-of-

purchasing promotion and giveaways), and in-store taste tests, for example, fruit flavored 

water, baby carrots, and low-sugar granola bars, during two-hour educational sessions 

(delivered every other week in each intervention store by BHCK-interventionists). 

Posters and handouts promoting the food items were placed in all intervention stores.  

 Recreation Centers: prior to the intervention, youth leaders (Baltimore City 

college students) were trained by BHCK-interventionists in leadership and nutrition to 

conduct educational sessions in 14-intervention recreation centers with children through a 

peer-intervention approach.228 Youth leaders were involved in the delivery of the 

intervention based on the perspectives of Social Cognitive Theory, as a way to enable 

mentees to model mentors’ health behavior.229 Fourteen sessions implemented every 

other week (total of 6 months) by youth leaders followed the themes of each BHCK 

phase. Nutrition sessions lasted one hour, during which youth leaders implemented the 

BHCK nutrition curriculum with hands-on activities related to the different sugar and fat 

content in each drink and snack, and introduced a traffic light labeling method for 

beverages and snacks.230 Giveaways and taste-tests were also conducted at the end of 
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each session that aligned with the lesson. All children in the 9-15-year range attending 

the after-school program at the time of the intervention could participate in the nutrition 

education sessions. Although recruitment also occurred in recreation centers, study 

participant youth were not required to attend intervention sessions.  

 Social Media and Texting Program: Social media (Facebook, Instagram, and 

Twitter) was used to integrate all levels of BHCK and targeted caregivers.231 Recipes, 

news, and BHCK-specific activities related to healthier beverages and snacks were 

featured daily. The text message platform targeted mainly the caregiver level with goal 

setting strategies and BHCK educational activities for the specific BHCK zone. During 

each phase, caregivers received a text message 3 to 5 times a week related to healthier 

eating behavior. A text message example was: “Water is much better than soda, but it 

doesn't have 2 be boring. Try squeezing lemons or lime to add natural flavor & help u 

refresh this 4th of July weekend”.  

 Policy: We worked with key city stakeholders to support policies for a healthier 

food environment in Baltimore, and to sustain BHCK activities. In addition, BHCK 

provided evidence-based information to support the development of policies at the city 

level using Geographic Information System (GIS)/System Science simulation model to 

simulate impact to aid stakeholder decision-making (e.g. urban farm tax credit, mobile 

meals, SSB warning labels).223 

 Study participants were not required to attend recreation center activities, nor to 

visit the BHCK stores and carryout restaurants. In-store and recreation center nutrition 

sessions were open to the public and delivered to anyone who was present at the time the 

intervention was delivered. However, only intervention caregivers were invited to enroll 
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in text-messaging social media after their baseline appointments. In the comparison 

zones, neither recreation centers nor small food stores received the nutrition education 

sessions or communication materials, and caregiver-child dyads living in these areas were 

not enrolled in the BHCK text-messaging program. Thus, we believed that BHCK would 

reach its intended population by intervening in multiple settings that are key components 

of the community food environment.  

5.3.3 Selection of BHCK promoted snacks and beverages 

Promoted beverages and snacks qualified as healthier in the BHCK intervention were 

selected based on formative research and focus group discussions held with youth within 

the targeted age group.222 These healthier alternatives were selected to be comparable in 

both flavor profile and price point to snack foods youth would normally purchase and 

consume. Healthier snacks and beverages in our study contained no more than 10% of 

the daily-recommended value for fat (i.e., below 6.5g of fat per serving), 10g of sugar per 

serving, and/or were good sources of fiber. These included low-fat string cheese, low-fat 

yogurt, low-sugar granola bars, fresh fruit, fruit cups in 100% juice, applesauce, sliced 

apples, popcorn, pretzels, baked chips, water, and low-sugar beverages. Unhealthier 

foods were snacks and beverages low in fiber and high in sugar, starch, and fat (i.e., 

above 6.5g of fat and/or 10g of sugar per serving), including baked goods, chocolate and 

non-chocolate candy, crackers, snack chips, soda, fruit punch, and sweetened tea. 

5.3.4 Training of interventionists and data collectors 

BHCK-interventionists were graduate students, public health educators, or dietitians 

trained in nutrition and health education. Data collectors, graduate students and staff, 
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were trained intensively, including through role play and observation. They were masked 

after assignment to intervention. Youth and caregivers received gift cards after each of 

the two interviews. Informed assent and consent were gathered from both the youth and 

caregiver, respectively. Following the interviews, data were checked for errors by the 

interviewer and a second research assistant. The data manager ensured that questionnaires 

had no missing pages or implausible values.  

5.3.5 Measures 

Youth data collection 

Baseline data were collected from June 2013 to June 2014 (wave 1) in a total of 299 

youth and 298 caregivers, and from April to November 2015 (wave 2) in 235 caregiver-

youth dyads.11 Post-evaluation was conducted from March 2015 to March 2016 (wave 1) 

and from August 2016 to January 2017 (wave 2). We did not analyze participants who 

had missing information for at least one outcome variable at baseline (n=19), reported 

living in unstable housing arrangements such as in shelters or transitional housing (n= 2), 

lived more than 1.5 miles away from a BHCK recreation center (n =4), or were 

considered an outlier for reported daily energy intake272 (<500 kcal/day or > 7000 

kcal/day) (n=10), yielding a total of 509 with complete baseline and 366 follow-up 

information for the analytical sample.  

 

Youth purchasing behavior  

Food purchasing behavior was assessed pre- and post-intervention (from 6-12 months 

after baseline). We used the Child Impact Questionnaire (CIQ)71,238 to collect food-

related information in youth. The CIQ contains 79 questions pertaining to youth food 
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purchasing habits, along with demographics.71,238,239 The questionnaire was adapted on 

the basis of formative research from previous intervention trials in Baltimore.240,241 We 

pilot tested the questionnaire with youth (n=20) for clarity and relevance of the 

instrument items.  

We asked respondents to report what foods and beverages they obtained for 

themselves from different sources (e.g. corner stores, supermarkets, convenience stores, 

school, vending machines) in the 7 days prior. A list of 38 BHCK-promoted healthier 

foods and beverages and 28 unhealthier foods and beverages was provided. Foods and 

beverages included in each category, and information on the healthier and unhealthier 

food purchasing variety score development are described in Table 5.1. Using methods 

similar to those previously published216,256, variety was defined as the total number of 

different food and beverage products (regardless of their sizes and flavors) assigning one 

point per purchase of each item in prior week.  

 

Youth food and beverage intake  

The Block Kids 2004 Food Frequency Questionnaire (BKFFQ) instrument was used to 

collect sugar, fat, beverage, and snack intake in youth.232 This is a semi-quantitative 

questionnaire, validated in adolescent populations 232,233 that ascertains the previous 

week’s frequency (from ‘none’ to ‘every day’) and consumption amount of 77 common 

food items (with three to four categories related to food type). It contains foods identified 

by NHANES II commonly consumed by youth. Completed FFQs were analyzed by 

Nutrition Quest (Berkley, California, USA) for each youth.  
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Daily fruit and vegetable intake were estimated in cup-equivalent servings. 

Vegetable servings exclude potatoes and legumes, and fruit servings include 100% fruit 

juice. NutritionQuest also calculated the daily sugary beverage intake in kilocalories, and 

added sugars (sugars and syrups that are added to foods during processing or preparation) 

in teaspoon-equivalents. Percentage of kcal from sweets was calculated as total kcal 

coming from sweets and grain-based desserts (sweet cereal, ice cream, cookies, donuts, 

cake, chocolate candy, other candy, chocolate milk, pudding flan) divided by the total 

kcal from the whole diet as the denominator. The food groups for the BKFFQ database 

were developed using National Health and Nutrition Examination Survey (NHANES) 

and the USDA’s My Pyramid Equivalents Database 2.0 (MPED).  

 

Covariates 

Sociodemographic characteristics of youth and their caregivers were collected at baseline 

and post-evaluations using the Child Impact Questionnaire (CIQ) for youth’s age and sex, 

and the Adult Impact Questionnaire (AIQ)7 for caregiver and household information. The 

AIQ included questions on demographics and household socioeconomics: caregiver’s age 

(continuous variable), sex, education level (categorized into < high school, completed 

high school, and > high school), household annual income (US$0-10,000; 10,001-20,000; 

20,001-30,000 or higher), housing arrangement (owned, rent, and shared with family or 

other arrangement (group housing, transitional housing)), number of individuals in the 

household, and food assistance participation (received WIC (Special Supplemental 

Nutrition Program for Women, Infants, and Children) or SNAP (Supplemental Nutrition 

Assistance Program) benefits in the past year). Sociodemographic variables that were 
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statistically different at a p-value <0.10 between intervention and comparison groups 

were included in adjusted effect models as potential confounders.  

5.3.6 Power calculation 

The BHCK study was powered to detect a difference in healthy food purchasing score of 

4-5 items per week, between intervention and control groups.11 We drew upon our 

previous study baseline data on adult food purchasing to address the proposed 

hypothesis.273 To estimate the sample size and the detectable difference estimate, an 

analysis was conducted prior to implementation of BHCK accounting for 30 recreation 

center zones (unit of randomization), controlling for a power of 80% (1-β) and a 

probability of a type I error of α=0.05 (two-sided), and assuming a 20% drop-out after 

two years.  

5.3.7 Data analysis 

Statistical analysis was conducted using Stata 13.1 (College Station, TX, 2013). Means 

and standard deviations (SD) were estimated for key baseline descriptors. Continuous 

variables were tested for differences between intervention group and comparison group 

with independent 2-tailed t-test, and the Chi-square test for proportions was used for 

categorical variables.  

The intervention effects on the mean change in diet and food-purchasing 

behaviors were assessed by the difference between the mean change of the outcome in 

the intervention compared to the control groups using a multilevel linear mixed-effect 

model. The multilevel model had mixed-effect components that accounted for both fixed 

and random effects. The single fixed independent variable included the time-by-group 
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interaction. The random effect allowed recreation center zone’s coefficients and the 

random variation among repeated measures in the youth to vary randomly at the group 

level. The intraclass correlation coefficients (ICC) for the outcome measures at the 

subject-within-zone level ranged from 0.34-0.13. If the estimate was significant (p<0.05), 

the null hypothesis (that mean dietary and food purchasing outcomes are equal in the 

intervention and control groups after the BHCK intervention) was rejected. 

Caregiver’s age (continuous), and youth’s age (continuous, centered at the mean), 

caregiver and youth’s sex, and race were added as covariates in the food-purchasing 

models. In the dietary intake models, we included the following covariates: caregiver and 

youth age and sex, youth’s race, and total daily energy intake.244 We found statistically 

significant differences between youth who were retained in the intervention versus those 

lost to follow-up in terms of their caregiver’s age and sex. Missing data were imputed by 

modeling and estimating both the means and the random effect jointly using all non-

missing data in the covariate matrix (maximum likelihood estimation) to address 

potential bias due to loss to follow-up and to maximize sample size (n=509).245 

Therefore, to control for selection bias, all models were controlled for these variables. 

Impact analyses were also stratified by age category: 9-12 and 13-15 year olds.  

 

This study was approved by the Johns Hopkins Bloomberg School of Public Health 

Institutional Review Board (IRB #00004203). 

5.4 Results 

Each component of the BHCK program was evaluated through detailed process 

evaluations reported elsewhere. Overall, the environmental component (wholesaler, 
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corner store, and carryout restaurants), policy, and the nutrition-education component 

(youth-led recreation center sessions) were implemented with moderate-to-high reach, 

dose delivered, and fidelity.225,226,230,231,274  

 

Baseline characteristics of the BHCK youth sample 

The vast majority of our study sample self-identified as African-American (overall 

average 96.6%), and 49% of youth were either overweight or obese (Table 5.2). Most 

youth were from a household that received SNAP (70.8%), with a female primary 

caregiver (93.2%). Majority of caregivers were considered mothers (79.6%), followed by 

grandparents (8.6%), and fathers (6.0%). Significant differences were found between 

treatment groups with respect to youth age categories, with the proportion of older youth 

(13-15 years old) being somewhat higher in the intervention group (p=0.03), and youth’s 

caregiver age (p=0.02) 

 

Impact of BHCK intervention on purchase of healthier and unhealthier food by youth 

We found a significant positive effect of the intervention on the variety of healthier food 

purchased among intervention youth versus comparison youth (Table 5.3). Overall, 

youth in the intervention group increased their purchasing by 1.4 more healthier foods 

and beverages per week than comparison youth (β=1.4; 95% CI: 0.1; 2.8), after 

controlling for caregivers’ age and sex, youths’ age, sex, race, and household receipt of 

SNAP.  

Youth between 9-12 years old at baseline in the intervention group purchased 2.8 

greater healthier food items per week, and 1.5 greater items per week of unhealthier foods 
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over time, when compared to youth in the comparison group (change in number of 

different items per week of healthier food purchasing: β=2.8; 95% CI: 0.9; 4.6; items per 

week of unhealthier food purchasing: β=1.5; 95% CI: 0.1; 3.0). There was no impact on 

food purchasing behavior among the older youth in the stratified analysis.  

 

Impact of BHCK intervention on dietary intake in youth  

We found a significant effect of the BHCK intervention on the decrease in % of kcal 

from sweet snacks and desserts (i.e. cookies, cakes, pies, donuts, candy, ice cream, 

sweetened cereals, and chocolate beverages) among older intervention youth (13-15 

years) compared to older control youth (β = -3.5; 95% CI: -7.0; -0.1) (Table 5.4). We did 

not find a statistically significant change in SSBs (total kcal or daily ounces), and fruits 

and vegetables (daily serving) between intervention and control youth over time.  

5.5 Discussion 

To our knowledge, this is the first study to evaluate youth dietary behavior changes that 

resulted from a randomized, multilevel community-based (non-school setting) obesity 

prevention trial in a low-income urban food desert setting. After the BHCK intervention, 

youth in the intervention group purchased almost 1.5 additional types of healthier 

food/beverage items per week, compared to their counterparts. This finding is supported 

by our other results, as BHCK was successful in improving availability of healthier foods 

and beverages in small food stores in intervention zones275, indicating that food 

availability and promotion at the point-of-purchase may shape people’s food choices. 

Few community-based interventions have assessed the impact of the program on food 

purchasing behaviors in youth. For instance, a previous trial implemented in Baltimore 
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with a similar study population did not find an impact of the intervention on food 

purchasing behavior among youth.256 Researchers attributed the lack of intervention 

effect on their limited ability to make changes at the structural level. Conversely, the 

BHCK trial was one of the first studies to involve wholesalers to guarantee healthier food 

availability throughout the food supply chain.225 Partnering with three wholesalers in the 

city was one of the innovative approaches used by BHCK to ensure that storeowners 

would be able to find and stock promoted foods and beverages, and may have led to 

greater, more sustained changes in the food environment.  

The age-stratified analysis demonstrated that BHCK decreased kcal intake from 

sweet snacks among older youth in the intervention group by 3.5% compared to their 

counterparts. This is encouraging, given that sweet snacks are among the most frequently 

purchased items by youth in corner stores.116,117 Youth have almost doubled sweet snack 

intake in the past three decades, and it is among the main sources of added sugar intake in 

U.S. children.265,276  

Another multilevel childhood obesity intervention trial that was implemented in 

low-income communities in Travis County, Texas (CATCH) found a 0.6 lower 

unhealthful food index consumption (i.e. fatty meats, fried meat with a crust, French 

fries/chips, white bread, fruit punch, sodas, frozen desserts, sweet rolls/cake, chocolate 

candy, and other candy) among middle-school aged children in the school-plus-

community arm, compared to school-only intervention.277 A four-year childhood obesity 

intervention with Swedish youth that restricted access to sweets and SSBs in the school 

food environment was also successful in decreasing sweets intake among youth and their 

families.278 Compared to younger youth, older youth have an overall lower dietary 
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quality279, experience greater autonomy, and may be more influenced by the community 

food environment.280 Therefore, efforts to improve the community food environment may 

be effective in changing dietary patterns in older youth and adolescents.   

There was no significant intervention effect on fruit and vegetable consumption 

and SSB intake among youth. A possible explanation is that, although BHCK promoted 

fruit and vegetable intake at the store, recreation center, and social media/texting levels, 

fruits and vegetables were not the only promoted food items in the snacks and cooking 

phases. Furthermore, fruits and vegetables comprise only 1.0% of items purchased by 

low-income African-American children and adolescents in corner stores, as reported in a 

previous study conducted in Philadelphia, PA, U.S.216 However, other multilevel 

childhood obesity interventions have reported a positive impact on fruit and vegetable 

intake in youth169,171,281, demonstrating that this may be an effective approach to improve 

youth’s diet quality. Nevertheless, future interventions should test different approaches to 

improve fruit and vegetable intake among low-income African-American youth, perhaps 

by focusing on the promotion of frozen, canned, and fresh produce, while decreasing 

consumption barriers such as price, food quality, and convenience. Given that African-

American youth have lower dietary quality than other groups in the U.S., it is imperative 

that future interventions and policies focus on improving healthier food intake in this 

population.279 

Even though healthier and unhealthier purchasing increased over time, total daily 

calorie intake declined from baseline to post-intervention evaluation among both groups. 

Although BHCK promoted low-sugar beverages and water during the beverage phase, the 

intervention did not restrict availability of these items in the store and after-school. In 
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addition, it is possible that youth may have substituted high-fat, high-sugar beverages and 

snacks with lower-fat, lower-sugar options that were not captured by the BKFFQ, such as 

low-fat string cheese, low-sugar beverages, fruit cups in 100% juice, etc., which may help 

explain the decline in calorie intake observed over time. Food and beverage substitutions 

may also explain the lack of effect in total daily calorie intake. Moreover, although SSB 

still represents more than 10% of total caloric intake, the percentage of total daily energy 

from SSB seems to be decreasing since 2000, and has reached a plateau among all youth 

ages and races in the U.S.282 Although the Shape Up Somerville intervention successfully 

decreased unhealthful intake in children (-2.0 ounces of SSB/day), they also did not find 

an effect of the intervention on children’s daily fruit and vegetable intake.167  

Interestingly, we found that the BHCK intervention increased number of different 

items per week of both healthier and unhealthier food purchasing among children 9-12 

years of age. Our finding suggests that although improving availability and promotion of 

healthier food was effective both overall and among younger youth, this age group did 

not decrease the number of different items of unhealthier food items purchased. Research 

with 10-12 year-old youth in New York found that substitution of healthier for 

unhealthier food is related to how much money a child has available283, suggesting that 

low-income youth are more likely to change food purchasing patterns if unhealthier food 

prices are increased. Therefore, pricing strategies could be effective in improving 

healthier food purchasing in this population. We also noted that the food purchasing score 

increased substantially in both groups. A possible explanation is that all BHCK corner 

stores improved their Healthy Food Availability Index (HFAI) score, although the largest 

change was seen among intervention corner stores (mean change HFAI among 
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comparison corner store: 1.67 versus intervention: 5.65, p=0.01).275 As BHCK worked 

with three wholesalers, important food suppliers to all Baltimore corner stores, it is 

possible that other store owners not receiving the intervention were driven to stock more 

healthier foods in their stores when exposed to newer healthier food items at the 

wholesaler-level. Furthermore, the overall increase in number of healthier foods 

purchased among youth over time may reflect an overall gain in purchase power as youth 

get older.216 Another explanation for the positive effect on healthier food purchasing 

variety (overall and among younger youth) may be the nutrition education sessions 

conducted with youth in recreation centers and the in-store point-of-purchase promotions 

with repeated taste tests of the promoted healthier snacks. Lastly, although not 

statistically significant, older youth increased variety of healthier foods purchased, but 

the direction of the effect was negative when compared to control older youth. It is 

possible that other social and household factors influenced youth to purchase less types of 

either healthier or unhealthier foods than the environmental factors accounted for in the 

BHCK intervention. 

Limitations to this study should be noted. First, this study experienced a higher 

attrition rate than initially projected (24.9 %), thus decreasing the final sample size, 

despite efforts to avoid drop-outs (e.g. eligibility criteria included intent to stay within the 

study areas over the next two years, multiple attempts to contact the families by phone, 

and using household visits to conduct follow-up surveys). However, when we compared 

baseline characteristics between individuals with completed follow-up evaluation and 

missing informants regarding covariates and outcomes, we identified that youth with a 

female and older caregiver were more likely to remain in the study. Thus, to address 
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potential selection bias, we included caregiver’s age and sex as covariates in all 

multilevel regression models, and used maximum likelihood methods to produce 

unbiased estimates for data missing at random. Second, randomization at the individual-

level was not possible. Nevertheless, selection bias was also ameliorated by having a 

comparison group of youth sampled from similar neighborhoods. Given that participating 

youth were low-income urban African Americans, results may not be generalizable to 

other populations. Third, due to the nature of the multilevel, multicomponent community-

based trial, it was not possible to identify which specific components of the BHCK 

intervention led to changes in diet and food purchasing behaviors. In addition, although 

the program was implemented according to our initial process evaluation standards, 

achieving optimal intensity of the intervention (e.g. form of delivery, duration, and 

frequency) is challenging284, and may partially explain the modest impact on dietary 

intake. Fourth, BHCK was implemented in two waves at different times (one year apart). 

Although the structure of the intervention remained the same across the waves, 

improvements in the design of intervention materials and lessons learned from wave 1 

were implemented during wave 2 (e.g.: increased size of posters, implemented ‘review 

phase’ to increase duration of the intervention, increased frequency of social media posts 

from weekly to daily). However, a sensitivity analysis with an additional interaction term 

to explore potential differences in impact by wave did not show any statistically 

significant differences between waves. Fifth, although multiple testing is a concern, we 

explored differences between only two categories of ages based on a priori hypothesis 

and distinct food-related behaviors previously reported in the literature. Lastly, to 

minimize respondent burden, we did not gather information on the quality or quantity of 
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food acquired by the youth when collecting data on food purchased. Furthermore, in our 

food acquisition survey, we asked youth to only report on food acquisition when they 

were purchasing food for themselves (without including food that others purchased for 

them). We did not examine test-retest reliability of the youth food purchasing survey; 

however, information bias was minimized by the randomized design and the statistical 

methods employed. Future studies investigating food purchasing patterns in youth should 

explore changes in frequency, quantity, and amount of money spent on food. 

Conclusions 

We found that intervening in the community food environment concomitantly with 

nutrition education in after-school settings may be a promising strategy to drive healthier 

food purchasing and decrease intake of sweet snacks among low-income, urban, African-

American youth. Our findings support the effectiveness of a multilevel, multicomponent 

nutrition intervention program in improving healthier food purchasing behavior and 

decreasing caloric intake from less healthful foods, adding to evidence from previous 

studies. This study provides evidence-based information suggesting that intervening in 

the environment and improving healthful food access in food deserts can impact food 

behaviors among youth, which may lead to decreased prevalence of obesity and 

improved health outcomes. However, it is crucial that changes in healthful food access be 

supplemented by promotional activities to increase demand.  
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5.6 Tables for Chapter 5 
 

Table 5.1: Food purchasing items in the Child Impact Questionnaire and score 

development 

Healthful 
foods items 
(n=38) 

1% or skim milk, diet soda, water, 100% 
fruit juice, sugar free drinks, fruit flavored 
water, unsweetened tea, fresh fruits such as 
apples, oranges, bananas, frozen and canned 
fruit, fresh, frozen, and canned vegetables, 
canned tuna in water, low sugar/high fiber 
cereals, 100% whole wheat bread, hot 
cereal, pretzels, baked chips, reduced-fat 
chips, dried fruit, nuts or seeds, cooking 
spray, grilled chicken, grilled seafood, fruit 
and vegetable as side dishes, deli sandwich, 
tacos, yogurt, granola  

Healthier food 
purchasing variety 
score (observed)1 

 
Maximum score: 34 
Minimum score: 0 
Mean: 2.6 
Standard deviation: 3.6 
Cronbach’s alpha: 0.87 

Unhealthful 
foods items 
(n=28) 

whole milk, 2% milk, regular soda or 
regular energy drinks, fruit drinks, 
sweetened iced tea, sports drinks, 
applesauce, sugary cereals, white bread or 
split top wheat, burger, pizza, fried chicken, 
fried seafood, fries, fried chicken sandwich, 
carryout-Chinese food, chips, baked goods 
(cookies, cakes, poptarts), chocolate candy, 
ice cream, juice popsicles, snow cones, 
other candies.  

Unhealthier food 
purchasing variety 
score (observed)1 

 
Maximum score: 19 
Minimum score: 0 
Mean: 4.6 
Standard deviation: 3.7 
Cronbach’s alpha: 0.80 

1For the number of different items per week of food purchasing variable construction, we first assigned one 
point to each food/beverage item the youth reported purchasing in the past 7 days, or 0 if they did not 
purchase that item. Then, we summed all the items belonging to “healthier foods” to derive the healthier 
food purchasing variety variable, and separately summed those under “unhealthier items” to derive the 
unhealthier food purchasing variety variable. Maximum, minimum, means, and standard deviations are 
reported based on the baseline number of different items purchased per week observed among children in 
BHCK.  
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Table 5.2: BHCK low-income urban African-American youth’s socio-demographic 

characteristics at baseline 

Table 5.2 continues 

 

Baseline Characteristics  n 
(508) 

Intervention  Comparison   p-value 
(n=272) (n=236)  

Youth  
Gender     

Male (%) 226 45.9 42.8 
0.45 Female (%) 282 54.1 57.2 

Age (years) -  Mean (SD)  11.7 (1.3) 11.9 (1.6) 0.11 
9-12 (%) 339 70.7 61.8 

0.03a 13-15 (%) 170 29.3 38.1 
Race – African-American (%)  493 95.9 97.5 0.94 
BMI (age- and sex-specific 
category) 

    

Normal weight (%) 260 48.9 55.3 
0.20 Overweight (%) 117 23.9 22.1 

Obese (%) 127 27.2 22.6 
Total caloric intake (kcal) -  
Mean (SD) 

508 1692.5 (915.4) 1777.2 (1107.9) 0.34 

Caregiver  
Gender – Female (%) 508 92.3 90.7 0.5 
Age (years) – Mean (SD) 506 38.5 (8.9) 40.3 (9.7) 0.02 a  
Education Level     

< High School (%)  89 19.5 15.3 
0.5 High School (%) 204 39.3 41.3 

> High School (%) 214 41.2 43.4 
Household   
Individuals in the household -  
Mean (SD) 

508 4.5 (1.6) 4.6 (1.6) 0.50 

Annual Income (US$)     
0-10,000 (%) 120 25.7 21.2 0.16 
10,001-20,000 (%) 116 19.1 27.1  
 20,001-30,000 (%) 92 19.1 16.9  
>30,000 (%) 180 36.0 34.7  
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Table 5.2 continued 

Abbreviation: BMI: Body Mass Index; SD: standard deviation; SNAP: Supplemental Nutrition Assistance 
Program; WIC: The Special Supplemental Nutrition Program for Women, Infants, and Children 
a Intervention groups are statistically different when comparing the proportion of youth characteristics 
using the chi-square test or two-tailed t-test.  
  

Baseline Characteristics  n 
(508) 

Intervention  Comparison   p-value 
(n=272) (n=236)  

Food Assistance Participation     
SNAP (%) 372 75.4 70.7 0.30 
WIC (%) 114 22.4 22.4 0.99 

Housing Arrangement     
Living w/ family or 

other (%) 
54 8.8 12.7 0.10 

Rented (%) 344 68.7 66.5  
Owned (%) 110 22.4 20.7  
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Table 5.3: Adjusted differences in purchasing behaviors between intervention and 

comparison youth after BHCK intervention a,b 

Youth Purchasing 
Behavior 

Predictive Baseline Predictive Post-
intervention 

Pre-post 
change: 
adjusted 

difference 
c 

Intervention Comparison Intervention Comparison 

 Mean (SE) Mean (SE) Mean (SE) Mean (SE) Effect 
(95% CI) 

Healthier Food  

Items per week 2.6 (0.9) 3.2 (0.9) 11.4 (0.9) 10.6 (0.9) 1.4  
(0.05; 2.8) 

9-12 years old 2.4 (0.9) 3.4 (0.9) 11.9 (0.9) 10.2 (0.9) 2.8  
(0.9; 4.6) 

13-15 years old 3.5 (1.0) 2.9 (1.0) 9.6 (1.1) 10.3 (1.0) -1.4  
(-3.6; 0.8) 

Unhealthier Food 

Items per week 4.6 (0.6) 5.0 (0.6) 10.7 (0.6) 10.1(0.6) 0.9  
(-0.2; 2.1) 

9-12 years old 4.2 (0.6) 4.7 (0.6) 10.9 (0.6) 9.9 (0.6) 1.6  
(0.1; 3.0) 

13-15 years old 6.0 (0.8) 5.4 (0.7) 9.9 (0.9) 10.0 (0.8) -0.7  
(-2.6; 1.2) 

Abbreviations: SE (standard error); CI (confidence interval) 
a Multilevel models were conducted with Stata 13.1 package with the maximum likelihood option to impute 

multilevel data (n=509). Multilevel models are good approach to be used under the missing at 
random assumption, as it models both the means and the random effect jointly 245. 

b In all models: treatment group was coded as comparison (0) and intervention (1); time was coded as 
baseline (0) and post-intervention (1); caregiver’s age (continuous), and youth’s age (continuous, 
centered at the mean), caregiver and youth’s sex (0=male, 1=female), race (0=African-American, 
1= other) were added as covariates; standard errors were corrected for clustering for repeated 
measures from the same individual and BHCK neighborhood (from 1 to 30). 

c Mean adjusted difference in change over time for intervention compared to control youth 
Healthier food (low fat/low sugar) score by variety of different number of food items purchased per week, 

includes: 1% or skim milk, diet soda, water, 100% fruit juice, sugar free drinks, fruit flavored 
water, unsweetened tea, fresh fruits such as apples, oranges, bananas, frozen and canned fruit, 
fresh, frozen, and canned vegetables, canned tuna in water, low sugar/high fiber cereals, 100% 
whole wheat bread, hot cereal, pretzels, baked chips, reduced-fat chips, dried fruit, nuts or seeds, 
cooking spray, grilled chicken, grilled seafood, fruit and vegetable as side dishes, deli sandwich, 
tacos, yogurt, granola.  

Unhealthier food (high fat/high sugar) by variety of different number of food items purchased per week: 
regular soda, fruit punch, sweet ice tea, whole milk, tuna in oil, pork hot dog, baked beans, sugar 
cereal, white bread, sweetened oatmeal, chips, cookies, candy, ice cream, popsicle, butter, oil, 
mayonnaise. 

Bolded values: p<0.05 
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Table 5.4: Adjusted differences in consumption behaviors between intervention ad comparison youth after BHCK intervention a,b  

Youth Daily Consumption 
Predictive Baseline Predictive Post-intervention 

Pre-post change: 
adjusted difference 

c 

Intervention 
Mean (SE) 

Comparison 
Mean (SE) 

Intervention 
Mean (SE) 

Comparison 
Mean (SE) Effect (95% CI) 

Total daily calorie intake 1706.9 (65.5) 1771.3 (67.8) 1358.1 (73.4) 1349.9 (75.8) 73.6 
(-121.6; 268.8) 

9-12 years old 1712.1 (76.7) 1669.4 (84.2) 1360.5 (85.7) 1318.2 (92.5) 0.7 
(-242.3; 243.8) 

13-15 years old 1678.4 (104.3) 1927.7 (96.8) 1377.6 (104.3) 1437.9 (108.4) 186.6 
(-137.7; 510.9) 

Beverage  

Sugary beverages (total kcal) 147.8 (8.1) 160.3 (8.6) 181.7 (9.6) 170.6 (10.1) 23.4 (-7.3; 54.1) 

9-12 years old 125.0 (9.1) 138.7 (10.3) 180.1 (10.7) 168.0 (11.8) 25.8 (-10.1; 61.7) 

13-15 years old 182.7 (15.9) 188.6 (15.1) 201.1 (19.4) 196.3 (17.1) 9.8 (-48.1; 67.7) 

Fruit Punch (ounces, daily) 4.7 (0.5) 5.5 (0.5) 5.3 (0.4) 5.2 (0.4) 0.8 (-1.0; 2.5) 

9-12 years old 3.9 (0.6) 4.5 (0.6) 5.2 (0.5) 4.8 (0.5) 0.9 (-1.2; 3.1) 

13-15 years old 5.6 (0.8) 6.4 (0.9) 5.9 (0.9) 6.5 (0.8) 0.1 (-3.1; 3.3) 

Snacks  

% of kcal from sweets  14.9 (0.6) 15.2 (0.6) 14.5 (1.9) 15.8 (0.7) -1.0 (-3.1; 1.2) 

Table 5.4 continues 
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Youth Daily Consumption 
Predictive Baseline Predictive Post-intervention 

Pre-post change: 
adjusted difference 

c 

Intervention 
Mean (SE) 

Comparison 
Mean (SE) 

Intervention 
Mean (SE) 

Comparison 
Mean (SE) Effect (95% CI) 

9-12 years old 15.5 (0.6) 16.1 (0.7) 14.9 (0.7) 15.5 (0.8) 0.1 (-2.7; 2.8) 

13-15 years old 15.1 (0.9) 14.3 (0.8) 14.7 (0.9) 11.9 (1.1) -3.5 (-7.0; -0.1) 

Dietary total sugar (grams) 120.3 (2.2) 117.2 (2.3) 121.1 (2.6) 115.7 (2.7) 2.3 (-6.5; 11.0) 

9-12 years old 117.8 (2.5) 113.6 (2.8) 119.4 (2.9) 113.5 (3.2) 1.6 (-8.7; 11.9) 

13-15 years old 125.7 (4.1) 124.6 (3.8) 123.3 (5.0) 119.3 (4.4) 2.9 (-13.1; 19.1) 

Dietary sodium (mg) 2321.6 (28.0) 24702.9(29.6) 2326.0 (33.3) 2415.7 (34.7) -9.2 (-118.1; 100.1) 

9-12 years old 2259.9 (31.5) 2360.5 (36.1) 2281.5 (37.5) 2376.7 (41.3) 4.7 (-128.7; 138.1) 

13-15 years old 2446.1 (54.1) 2484.6 (50.9) 2427.9 (65.5) 2497.1 (57.5) -30.9 (-219.9; 
157.9) 

Fruit (total cups) 1.7 (0.1) 1.4 (0.1) 1.4 (0.1) 1.2 (0.1) -0.1 (-0.3; 0.2) 

9-12 years old 1.8 (0.1) 1.5 (0.1) 1.3 (0.1) 1.2 (0.1) -0.1 (-0.5; 0.1) 

13-15 years old 1.5 (0.1) 1.5 (0.1) 1.4 (0.1) 1.1 (0.1) 0.2 (-0.1; 0.6) 

      

 

Table 5.4 continued 

 

Table 5.4 continues 
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Youth Daily Consumption 
Predictive Baseline Predictive Post-intervention Pre-post change: 

adjusted difference c 
Intervention 
Mean (SE) 

Comparison 
Mean (SE) 

Intervention 
Mean (SE) 

Comparison 
Mean (SE) Effect (95% CI) 

Vegetable (total cups) 0.9 (0.1) 1.0 (0.1) 0.8 (0.1) 0.9 (0.1) -0.1 (-0.1; 0.1) 

9-12 years old 1.0 (0.1) 1.1 (0.1) 0.8 (0.1) 0.9 (0.1) -0.1 (-0.2; 0.1) 

13-15 years old 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.8 (0.1) 0.1 (-0.2; 0.2) 

Fat (servings) 3.1 (0.1) 3.0 (0.1) 3.2 (0.2) 3.2 (0.1) -0.1 (-0.2; 0.2) 

9-12 years old 3.3 (0.1) 3.2 (0.1) 3.2 (0.1) 3.2 (0.1) -0.1 (-0.5; 0.2) 

13-15 years old 3.3 (0.1) 3.2 (0.1) 3.2 (0.1) 3.2 (0.1) -0.1 (-0.5; 0.2) 

Abbreviations: SE (standard error); CI (confidence interval) 
a Multilevel models were conducted with Stata 13.1 package with the maximum likelihood option to impute multilevel data (n=509). Multilevel models are good 

approach to be used under the missing at random assumption, as it models both the means and the random effect jointly 245. 
b In all models: treatment group was coded as comparison (0) and intervention (1); time was coded as baseline (0) and post-intervention (1); caregiver’s age 

(continuous), and youth’s age (continuous, centered at the mean), caregiver and youth’s sex (0=male, 1=female), race (0=African-American, 1= other), 
total daily calorie intake (continuous) were added as covariates; standard errors were corrected for clustering for repeated measures from the same 
individual and BHCK neighborhood (from 1 to 30). 

b Mean adjusted difference in change over time for intervention compared to control youth 

Bolded values: p<0.05 

Table 5.4 continued 
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5.7 Figures for Chapter 5 
 
 
Figure 5.1: Overview of the timing of B’more Healthy Communities for Kids 

implementation and data collection 
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Figure 5.2: CONSORT flowchart of the randomization and course of the B’more 

Healthy Communities for Kids intervention 

 

a Analyses accounted for missing data using maximum likelihood methods; final imputed 

sample size in the multilevel analysis n = 509.   
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Chapter 6. The Impact of a Multilevel Childhood Obesity 

Prevention Intervention on Healthful Food Acquisition, 

Preparation, and Fruit and Vegetable Consumption on African 

American Adult Caregivers  

6.1 Abstract 

Objectives: To evaluate the secondary impact of a multilevel, child-focused, obesity 

intervention on food-related behaviors (acquisition, preparation, and fruit and vegetable 

(FV) consumption) on youths’ primary caregivers.  

Design: B’more Healthy Communities for Kids (BHCK), group-randomized, controlled 

trial, promoted access to healthy food and food-related behaviors through wholesaler and 

small store strategies, peer-mentor led nutrition education aimed at youth, and social 

media and text messaging targeting their adult caregivers. Measures included caregivers’ 

(n=516) self-reported household food acquisition frequency for FV, snacks, and grocery 

items over 30 days, and usual consumption of FV in a sub-sample of 226 caregivers via 

the NCI FV Screener. Hierarchical models assessed average-treatment-effects (ATE). 

Treatment-on-the-treated-effect (TTE) analyses evaluated the correlation between 

behavioral change and exposure to BHCK. Exposure scores at post-assessment were 

based on self-reported viewing of BHCK materials and participating in activities.  

Setting: 30 Baltimore City low-income neighborhoods 

Subjects: Adult caregivers of youth ages 9-15 years.  
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Results: 90.89% of caregivers were female, average 39.31 (+ 9.31) years. Baseline mean 

fruit intake (servings/day) was 1.30 (+ 1.69) and vegetable was 1.35 (+ 1.05). In ATE, no 

significant effect of the intervention was found on caregiver food-related behaviors. In 

TTE, for each point increase in the BHCK exposure score (range 0-6.9), caregivers 

increased daily consumption of fruits by 0.2 servings (0.24 + 0.11; 95% CI 0.04; 0.47). 

Caregivers reporting greater exposure to social media tripled their daily fruit intake (3.16 

+ 0.92; 95% CI 1.33;4.99) and increased frequency of unhealthy food purchasing, 

compared to baseline.  

Conclusions: Child-focused community-based nutrition interventions may also benefit 

family members’ fruit intake. Child-focused interventions should involve adult caregivers 

and intervention effects on family members should be assessed. Future multilevel studies 

should consider using social media to improve reach and engage caregiver participants. 

 

Keywords: Fruit and vegetable, adult health, environmental intervention, African 

American, food purchasing, childhood obesity 
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6.2 Introduction 

Dietary consumption leading to an energy imbalance is among the most proximal drivers 

of obesity.18 Diets today, especially in low-income, urban communities of color, are often 

characterized by high intake of refined carbohydrates, added sugars, fats, and salt due to 

high consumption of energy dense, processed foods.285,286 Analyses of nationally 

representative surveys have demonstrated increased intake of high energy-dense foods, 

such as sugar-sweetened beverages72 and snacks73, in the past three decades among U.S. 

adults. Despite recent findings showing a temporal improvement in dietary quality from 

1999-2012 among the overall adult population287, African Americans and Hispanic adult 

populations continue to have the lowest dietary quality in the country.76 These disparities 

in diet quality are likely influenced by racial and ethnic residential segregations and 

inequalities in availability, access, and affordability of nutrient-dense foods and 

resources.46  

In view of the multifactorial etiology of weight gain, efforts that simultaneously 

address multiple levels of the food system are recommended.8 One example of such 

efforts are multilevel multicomponent community-based interventions, in which different 

levels of influence are targeted to change the food environment surrounding the 

individual, and to promote behavioral change.8 Despite recognizing the importance of 

these various levels of influence outlined in socio ecological models (i.e., individual, 

household, organizational, community, policy)288, most multilevel childhood obesity 

prevention interventions have primarily delivered nutrition education in school settings, 

yielding mixed results152,289, with limited activities to modify the out of school 

environment and for engaging families.5 Furthermore, insufficient evaluation of the 
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impact of multilevel community-based childhood obesity prevention trials on diet and 

food behaviors in children and their caregivers exists.271  

 Childhood obesity prevention interventions that also engaged adult caregivers 

have shown more positive child-related outcomes than child-only interventions.93,94 

However, few child-focused interventions have reported impacts on caregiver behavioral 

outcomes195, due to limited assessment of nutrition behaviors among this group.196 

Understanding the impact of childhood obesity prevention on caregivers is important 

because families’ eating practices, rules, and support influence children to initiate and 

sustain positive dietary changes, while providing opportunities for social learning.197 

Therefore, we evaluated the secondary impact of a child-focused community intervention 

on youths’ adult caregivers food acquisition, preparation, and fruit and vegetables (FV) 

consumption.   

 B’more Healthy Communities for Kids (BHCK) was a community-based 

multilevel multicomponent childhood obesity prevention intervention that sought to 

modify the food environment outside of school for low-income 9-15 years old youth in 

Baltimore, U.S.290 We hypothesized that caregivers would have improved food-related 

behaviors in part due to the environmental changes of the BHCK intervention and 

educational activities through social media and texting. For instance, BHCK improved 

availability and promotion of healthful foods and beverages in small food stores (i.e., 

corner stores/carryout restaurants) that were frequented by youth outside of school hours 

and located in the neighborhoods where BHCK families lived.291 Caregivers may also 

have been exposed to or attended community nutrition education sessions given that 

program activities in intervention neighborhoods were public and available to all 
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community members.292 In addition, caregivers could have also been exposed to 

communication materials (i.e., flyers, giveaways) that were brought home by youth 

attending BHCK activities in the after-school nutrition education sessions for youth. 

Lastly, BHCK social media and text-message intervention components targeted adult 

caregivers, in which its content aimed to reinforce health-related messages utilized at 

other BHCK intervention components.  

 Multilevel multicomponent interventions are implemented as synergistic 

interventions with components reinforcing one another at different levels293; however, 

this limits the researcher’s ability to identify which specific component was more 

successful in influencing behavior change. Another consideration for multilevel 

multicomponent community-based interventions is regarding the extent to which program 

components are implemented with sufficient intensity.294 One approach to identifying the 

intervention component that led to behavior change in multilevel multicomponent 

interventions, is to conduct treatment-on-the-treated effect (TTE) as a secondary impact 

analysis, in which study participants are analyzed according to the treatment received, 

instead of the original treatment assigned (average treatment effects - ATE).292 Although 

causality cannot be inferred, this analysis may provide information about the dose 

response relationship between level of exposure to the intervention and behavioral 

change, and may identify specific intervention components that are more likely to 

influence the outcomes.193 

 Therefore, this manuscript aimed to answer the following questions: 

1. What was the impact of the multilevel BHCK intervention on food-related 

behaviors (purchasing of healthier and unhealthier food items, food 
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preparation and consumption of fruits and vegetables) among adult 

caregivers? 

2. Was change in food-related behaviors associated with caregiver’s 

exposure level (‘dose received’) to the BHCK intervention?  

3. What component of the multilevel BHCK intervention was correlated with 

changes in food-related behaviors among caregivers?  

6.3 Methods 

6.3.1 Study design 

BHCK employed a group randomized controlled trial design with two intervention arms 

(random allocation to treatment on a 1:1 basis), implemented in two rounds (waves). A 

detailed description of the formative research, trial design, and sample size calculation 

has been published elsewhere.290  

The intervention integrated different levels of an ecological model and multiple 

intervention components into a food systems approach from wholesalers, to small food 

stores, and to families that promoted access to nutritious food and balanced. Using a 

socio-ecological model for health promotion, the BHCK intervention tapped into the 

dynamic interplay among individual, behavior, household, environment, and policy 

levels.288 Individual-level components were based in community recreation centers, using 

youth-leaders (college and high-school trained mentors) to provide education and 

nutrition skills to youth (9-15 years old), and through social media and text messaging to 

caregivers. The family-level included social media and texting. Social media (Facebook 

and Instagram) were used to integrate the different levels of BHCK to inform family-
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level nutrition behaviors. Recipes, news, and BHCK-specific activities were featured in 

these communication channels. Text messages (sent 3 times/week) and social media 

platforms also targeted mainly youth’s caregivers by guiding them to set and achieve 

goals to healthier behaviors for themselves and their families, as well as promoting 

BHCK community activities. An example of a goal setting text message was as follows: 

“Does your child have a sweet tooth? Try offering them granola bars or fruit as an 

alternative to candy 1 time this week.” Intervention flyers and promotion of the 

intervention were mailed to caregivers and youth twice a month at the end of wave 2 

only. An overview of the intervention is presented in Table 6.1. 

The BHCK intervention promoted healthful foods/beverages and behaviors in 

three sequential phases, each lasting two months: 1) healthier beverages (i.e., lower-sugar 

fruit drinks (25-75% less sugar than the original version), sugar-free drink mixes, zero-

calorie flavored water, diet or low-sugar soda, and water), 2) healthier snacks (i.e., low-

fat yogurt, low-fat popcorn, fresh fruits, fresh vegetables, low-sugar granola bars, and 

mixed fruits in 100% fruit juice), and 3) healthier cooking methods (i.e., cooking 

ingredients, such as low-sugar cereals, low-fat milk, 100% whole wheat bread, 

fresh/canned/frozen vegetables). A fourth phase, intended to review main messages 

covered in the previous phases, was implemented in wave 2 only.  

 

6.3.2 Setting 

The trial took place in 30 low-income, predominantly African-American neighborhood 

zones in Baltimore, with low access to healthy food. Zones were defined as a 1.5-mile 

area around a recreation center (nucleus). Eligibility criteria for BHCK zones were: 1) 
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predominantly African-American (>50%); 2) low-income (>20% of residents living 

below the poverty line); 3) ≥ 5 small (<3 aisles, no seating) food sources (e.g., corner 

stores and carryout restaurants); 4) having a recreation center more than ½ mile away 

from a supermarket.97 The 30 zones were randomized into intervention (n=14) and 

comparison (n=16) groups, with recreation centers as the main unit of randomization. 

wave 1 was implemented from July 2014-February 2015 (n=7 intervention and 7 

comparison zones), and wave 2 from December 2015-July 2016 (n=7 intervention and 9 

comparison zones).  

 

6.3.3 Subjects  

After randomly selecting BHCK zones, a sample of adult caregivers and their children 

were recruited in the recreation centers and around the stores within the 1.5-mile buffer 

zone. Eligibility for the adult caregiver and child participants were determined at the 

household level. Household eligibility criteria were as follows: (1) being a caregiver (>18 

years old) of at least one child aged 9-15 years; (2) living in the same location for at least 

one month; and (3) not anticipating a move in the next two years. A child’s main 

caregiver was screened for household eligibility prior to obtaining parental consent and 

being interviewed. Child and caregivers received $30 and $20 gift cards, respectively, 

after each of the pre- and post-intervention interviews. 
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6.3.4 Training of interventionists and data collectors 

BHCK-interventionists were graduate students, public health educators, dietitians, or 

youth-leaders trained in nutrition and health education, and were not masked to the group 

(zone) assignment. Data collectors were graduate students and staff who were intensively 

trained, including through role plays and observations. They were masked after 

assignment to intervention to reduce information bias. Following the interviews, data 

were checked for errors by the interviewer and a second research analyst. The data 

manager ensured that questionnaires had no missing pages or implausible values.  

 

6.3.5 Measures 

Caregiver data collection 

Baseline data were collected from June 2013 to June 2014 (wave 1) in a total of 298 adult 

caregivers, and from April to November 2015 (wave 2) in 235 caregivers. A post-

evaluation was conducted from March 2015 to March 2016 (wave 1) and from August 

2016 to January 2017 (wave 2), taking place immediately after implementation of the 

intervention to one year (wave 1) or up to six months (wave 2). We did not analyze 

participants who reported living in unstable housing arrangements such as in shelters or 

transitional housing (n=2), lived more than 1.5 miles away from a BHCK recreation 

center (n=5), had incomplete dietary intake data (n=14), or were considered an outlier 

(>10 servings/day, or >99.5th percentile) for fruit and vegetable intake (n=7), yielding a 

total of 373 participants with complete baseline and follow-up information for the 

analytical sample (Figure 6.1).  
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Fruit and vegetable consumption  

The National Cancer Institute (NCI) FV screener was used to collect usual consumption 

of 10 categories of FV intake in adult caregivers over the past month. It is a short dietary 

assessment instrument consisting of 14 questions and is a modified version of the FV 

screener from the Eating at America’s Table Study.236 The screener inquired about 

frequency of intake of fruit, 100% fruit juice, and vegetables (lettuce, greens, potatoes, 

and legumes) consumed in a monthly, weekly, or daily basis. The amount of each food 

item was estimated as cups or servings and self-reported by the participant. We calculated 

the total number of both fruit and vegetable servings consumed daily using the 2005 

MyPyramid definition of cup equivalents. For each food group, we multiplied the average 

frequency (daily) by the cup equivalent. The instrument has been validated and presents 

high correlations with 24-hour dietary recall, and is less burdensome compared to other 

instruments.237 Food models were used to improve accuracy of serving size information. 

The NCI FV Screener was added to the data collection protocol after the wave 1 

intervention had begun and was first administered during wave 1 post-intervention. 

Therefore, the effect of the intervention on FV intake of adults was calculated only using 

BHCK wave 2 sample with pre- and post-evaluation data (n=196), as this instrument was 

not used during wave 1 baseline data collection.   

 

Household food preparation 

Adult caregivers reported their frequency of meal preparation (cooking methods) for the 

household in the previous 30 days from the interview.241 In addition, respondents ranked 

the top three most common cooking methods used when they prepared chicken, turkey 
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(including ground turkey and turkey bacon), pork (including bacon), ground beef, fish, 

eggs, greens (excluding lettuce), and potatoes. The survey was adapted form an 

instrument used in a similar study241, and on the basis of formative research.295 

We created a healthful cooking score using similar methods previously reported 

in the literature.7 Cooking methods were assigned values based on the amount of fat used, 

as follows: deep fry or pan-fried with oil (-2); pan-fried, drained or use of cooking spray 

(-1); not prepared in the last 30 days (0); pan-fried, drained, and rinsed with hot water 

(+1); broiled/baked, or grilled, or steamed, or boiled, or raw, or microwaved (+2).  The 

scores were separately calculated for each food, weighted according to the most 

commonly reported method to estimate the healthiness of the cooking preparation: 60% 

(first method most commonly used), 30% (second method), and 10% (third method). For 

example, if chicken was most commonly pan-fried, second most commonly grilled, and 

third most commonly cooked with cooking spray, the score was calculated as (0.60 x -2) 

+ (0.30 x 2) + (0.1 x -1) as an indicator of the overall healthiness of chicken preparation. 

Then, the scores for all of 8 foods were summed to obtain the overall household food 

preparation score (mean: -0.07 (0.88), range -1 to 2.1).  

 

Frequency of food acquisition 

Caregivers reported the number of times they acquired food from different food sources 

in the previous 30 days from the interview date (e.g., “How many times did you get these 

foods?”). Food acquisition included all of the following: food/beverages that were 

purchased with cash (i.e., no food assistance program), purchased with food safety net 
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program benefits (SNAP, WIC), and food that was obtained for free (i.e., from pantries or 

donated by family/friends).240  

A list of 33 BHCK-promoted healthier foods and beverages and 21 less healthful 

foods and beverages was provided, and respondents reported the number of times they 

had acquired each food in the specified timeframe. Prepared foods acquired from delis, 

vendors, or restaurants were not included, as this instrument was designed to measure 

foods purchased for consumption in the home environment rather than for immediate 

consumptions. The list was designed on the basis of formative research conducted with 

the community241, and reflected foods promoted during the BHCK intervention. Face and 

content validity of the questionnaire were assessed on 15 randomly selected adult 

caregivers during the pilot phase.241 The healthful and less healthful food acquisition 

variables were additive items based on the acquisition frequency of 33 healthful and 21 

less healthful foods for each respondent and divided by 30 to yield a daily frequency 

score, respectively. Additive daily healthful food acquisition frequency ranged from 0.6 

to 4.8 with a mean of 0.9 (SD = 0.6), and less healthful food acquisition frequency from 

0.1 to 10.2 with a mean of 1.3 (SD = 1.1).  

 

Exposure score 

The key variables for assessing exposure (‘dose received’) were obtained using the 29-

item Intervention Exposure Questionnaire (IEQ) collected as part of the post-intervention 

assessment for intervention and comparison groups. The IEQ measured participant’s self-

reported viewing of BHCK communication materials (posters, handouts, giveaway), 

participation in food environment intervention activities (i.e., taste tests, seeing 
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educational displays, redesigned carryout restaurants’ menu, and store promotional shelf-

labels), and enrollment in social media/viewing of media posts, and receiving the text 

messaging program.292 In addition, eight red herring questions were used to address 

response bias, and included materials used in previous studies conducted at other sites. 

We classified individuals into tertiles of red herring responses, where selecting 0-2 red 

herring answers was considered truthful, 3-5 moderate, 6-8 untruthful responses and kept 

only individuals in the tertile with the least number of red herring responses. No 

respondent answered positively to >3 (1/3 or more) of the red herring questions; thus, 

none of the caregivers with complete responses were excluded from the analysis.  

 We calculated exposure scores for each component of the BHCK intervention to 

which adults could be exposed (communication materials, food environment intervention, 

social media, and texting) and an overall BHCK exposure score. Detailed description of 

the formation of the exposure score formation is presented in Table 6.2 and published 

elsewhere.292 For each intervention component, points were assigned for exposure to 

study materials/activities and then scaled into proportions (0-1 range), yielding an overall 

BHCK exposure score of 11 points (possible highest score). A total of 370 adult 

caregivers had complete exposure data information.  

 

Covariates 

Caregivers were assessed on: demographics and household socioeconomic information 

(age, sex, caregiver education level (categorized into < high school, completed high 

school, and > high school), employment status, and household income (US$0-10,000, 

10,001-20,000, 20,001-30,000 or higher), housing arrangement (owned, rent, and shared 
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with family or other arrangement (group housing, transitional housing), and household 

participation in food assistance programs. These programs included receiving the Special 

Supplemental Nutrition Program for Women, Infants, and Children (WIC) or 

Supplemental Nutrition Assistance Program (SNAP) benefits in the past year. Caregivers 

also had their anthropometric measures taken (height using a stadiometer and weight 

using a portable scale) after removing shoes and heavy clothing. Body mass index (BMI) 

was calculated as weight (kg) divided by height squared (m2). 

 

6.3.6 Data analysis  

All analyses were conducted using Stata 13.1 (College Station, TX). Descriptive statistics 

were performed to characterize the study sample at baseline by study group assignment. 

Continuous variables were tested for differences between intervention and comparison 

groups with independent two-tailed t-tests. The Chi-square test for proportions was used 

for categorical variables. Variable and model residual distributions were examined for 

normality and extreme values (outliers) using quantile-quantile plots and goodness of fit 

tests (Kolmogorov-Smirnov).  

 The average treatment effects (ATE) on the change in diet, food preparation, and 

food-acquisition behaviors among adult caregivers were assessed by the difference 

between the mean change of the outcome in the intervention group compared to the 

control group. We tested the intervention effect on adult caregivers’ food-related 

behaviors using a multilevel linear mixed-effect model fit by maximum likelihood. 

Random effects accounted for variation at the BHCK zone and at the caregiver-level 

(repeated measures).  
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Due to the 24.9% attrition rate, we used inverse probability weighting (IPW) to 

address potential bias due to loss to follow-up and to correct for the effects of missing 

data.245 Using all available data, we estimated weights for every missing outcome of 

interest fitting a logistic regression model. We treated the categorical indicator of 

response at follow-up as the outcome variable, regressed on the baseline response for 

intake, preparation, or acquisition, with age, sex, income, wave (predictive of dropout) as 

covariates. Once the weights were determined, they were incorporated in the multilevel 

linear mixed-effect analysis using the pweight option for the mixed command in Stata. 

Results of the ATE analysis using only completed-cases without the IPW method are 

shown in Table S6. 1.   

 We also conducted a treatment-on-the-treated effect (TTE) analysis, in which 

study participants were analyzed according to the treatment received,193 as estimated by 

their exposure scores. We conducted multiple linear regression models to analyze the 

association between the change in caregivers’ food behaviors (intake, preparation, and 

acquisition) and caregiver exposure levels (total exposure score, and by exposure to 

intervention components), adjusted for age, sex, income, and household size. We used a 

bootstrap method with 2000 repetitions and bias-corrected confidence intervals to 

account for the within-individual correlation of the data, clustered on the BHCK 

zone.247,248 For the significant results, we estimated the proportion of variability 

explained (effect size) with omega-squared (ω2) after fitting the multivariate models. A 

sensitivity analysis using multiple logistic regression on the correlation between the 

categorical change in food-related behavior (no change versus positive change) and the 

exposure scores (low (if 0) versus high (if above 0)) was also conducted to estimate the 
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standardized effect size given by the odds ratio. Given the time frame for follow-up data 

collection differed by wave, we conducted tests of homogeneity to explore if the effect of 

exposure was moderated by the two BHCK waves.  

For all analyses, we reported the 95% confidence intervals (CI). Statistical 

significance was defined by a p-value of < 0.05.  

6.4 Results  

Implementation of each component of the BHCK intervention was evaluated through 

detailed process evaluation reported elsewhere.224-226,230,299 Table 6.1 illustrates 

implementation quality of each BHCK component. The intervention was implemented 

with overall moderate- to high-reach, dose delivered, and fidelity.300  

On average, caregivers presented an overall BHCK exposure score of 1.38 points, 

SD + 1.2 (range: 0-6.9), BHCK Communication Materials exposure score (mean: 0.6 

(observed range: 0.0 - 3.1), possible highest score: 4), Food Environment exposure score 

(mean: 0.3 (observed range: 0.0-3.1), possible highest score: 5), Social Media exposure 

score (mean: 0.2 (observed range: 0.0-2), possible highest score: 2); and a Text 

Messaging exposure score based on the frequency of BHCK text messages received per 

week (mean: 1.10 (observed range: 0-3).  

When comparing the overall exposure scores between the groups, caregivers in 

the intervention group demonstrated significantly higher mean exposure scores than adult 

caregivers in the comparison group (intervention: mean 1.90 + 0.08; comparison: mean 

0.82 + 0.07, p<0.001) (Table 6.2). Even though the comparison group was exposed to the 

BHCK intervention components, the intervention group had significantly higher exposure 

scores than the comparison group for the communication materials, food environment, 
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and text message components (p<0.001). Social media exposure scores were not 

statistically significantly different when comparing group means (p=0.06). Reported 

exposure level to the BHCK intervention was low among caregivers.  

 

Characteristics of the baseline BHCK evaluation sample 

The vast majority of our study sample self-identified as African-American (96.6%), and 

49% of caregivers were either overweight or obese (Table 6.3). Most caregivers were 

female (93.2%) and from a household that received SNAP (70.8%). Significant 

differences were found between treatment groups with respect to caregiver’s age 

(p=0.01), being higher in the comparison group.  

 

Impact of BHCK intervention on food-related behavior of caregivers  

In the ATE analysis, we did not find a significant effect of the intervention on the food 

acquisition, home food preparation, and daily consumption of FV among intervention 

adult caregivers compared to their counterparts (Table 6.4). 

 

Correlates between food-related behaviors and exposure to the BHCK intervention  

The results of the TTE analysis are presented on Table 6.5 (overall exposure score) and 

Table 6.6 (BHCK components exposure score). For each one-point increase in exposure 

score, there was a 0.24 increase in mean daily fruit serving intake over time (0.24 + 0.11; 

95% CI 0.04; 0.47). There was no statistical difference in the effect of exposure 

moderated by the two BHCK waves (Table S6. 2).  
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When exploring the exposure score by intervention component, we found a 

positive change in food-related behaviors among adult caregivers correlated with a 

greater exposure to the BHCK social media component. For each one-point increase in 

social media exposure score (e.g., following an additional social media account or seeing 

an additional post online), there was an increased three servings of daily fruit intake (3.16 

+ 0.92; 95% CI 1.33; 4.99) and daily FV intake (2.94 + 1.01; 95% CI 0.96; 4.93). A 

higher social media exposure score was also associated with increased unhealthful daily 

food acquisition score (0.47 + 0.23; 95% CI 0.02; 0.93). Effect sizes estimated by omega-

squared showed a higher proportion of the variance in fruit intake explained by the 

variance in the social media exposure score (ω2=0.04), than the effect size of unhealthful 

food acquisition (ω2=0.0005) (Table S6. 2 and Table S6. 3). Our sensitivity analysis 

conducted with multivariate logistic regression models showed that the direction of 

association and the estimated effect sizes given by standardized odds ratios were similar 

as the linear regression models (Table S6. 3). 

6.5 Discussion 

BHCK tested a 6- to 8-month community-based intervention designed for low-income 

African-American families to improve access and consumption of healthful foods. The 

ATE analysis did not show evidence of significant improvement in food acquisition, 

preparation, and FV consumption among adult caregivers. However, the TTE analysis 

(‘dose received’) showed a statistically significant increase in daily intake of fruits among 

participants who reported higher exposure to the intervention. In addition, we used the 

exposure score to partition out the change in food-related behaviors influenced by 

different BHCK intervention components and found that the social media component  
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had a positive correlation with improved daily fruit intake, daily FV intake, and 

unexpectedly with higher frequency of unhealthful food acquisition.  

 Mixed results have been observed among the few childhood obesity interventions 

that assessed behavioral change at the caregiver-level, mainly due to differences in level 

of caregiver participation in the intervention, varied quality of outcome measurements, 

and quality of intervention implementation. The Screen-Time Weight-loss Intervention 

delivered face-to-face in households by community workers to youth (9-12 years old) and 

their caregivers, did not find an impact on BMI nor physical activity levels of primary 

caregivers.301 Authors attributed the null effects due to low adherence to the fidelity of 

the initial implementation protocol.301,302 The multilevel multicomponent community-

based Switch what you Do, View, and Chew intervention that targeted children 9-11 years 

old attending 10 schools in Minnesota and Iowa, U.S., found a significant increase in 

intake of self-reported FV weekly servings among intervention caregivers.171 The Shape 

Up Somerville community-based participatory research study reported decreases in BMI 

among intervention caregivers; however, height and weight were self-reported, and no 

behavioral outcome was assessed.195 

 The null impact of BHCK on caregiver’s behavior may be attributed to 1) the low 

intervention exposure experienced by caregivers; and/or 2) the contamination of the 

intervention activities among comparison caregivers, thus attenuating the average effect 

towards the null in the ATE analysis.303 Other community-based interventions have also 

attributed limited effects resulting from an ATE approach to the low level of engagement 

informed by TTE analysis. The Switch intervention observed greater change in FV 

weekly intake among caregivers who were more involved in the intervention, compared 
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to those who were less involved.171 Another community-based childhood obesity 

prevention intervention - The Healthy Families Study – found positive health-related 

outcomes among families with higher exposure to the intervention (TTE), and null results 

with ATE analysis.303 Authors attributed the null effects from the primary impact analysis 

to low participation in community classes.303  

In our study, low exposure might be explained by the fact that the BHCK study 

sample were not required to attend community-based activities (i.e., taste tests, point-of-

purchase promotions, and nutrition education sessions in corner stores, carryout 

restaurants and recreation centers). Furthermore, we did not expect the intervention study 

sample to receive the same dose of the program across all components. Conversely, only 

adult caregivers in the intervention arm were asked to join the text messaging program at 

study enrollment and were given directions of how to follow BHCK social media 

platforms. However, both social media platforms were public, meaning that any 

individual could follow the social media accounts (Facebook and Instagram), which 

increased the likelihood of exposure contamination among participants in the control 

group, and that may have attenuated differences between study arms. On the other hand, 

the usage of a tailored approach may help explain behavior changes observed among only 

those with higher levels of exposure to the social media component. The social media and 

text messaging component employed goal-setting bi-directional communication 

strategies. Social media pages were public accounts with daily posts that mirrored the 

content of text messaging and other BHCK components, and participants were 

encouraged to share online achievement, barriers, tips, and resources. The higher reach 
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and intensity of the social media component may help explain the positive correlation 

with food-related behaviors, compared to the other intervention components.  

The increase in fruit intake was driven by a one-point increase in social media 

exposure, which corresponds to following at least one of the study social media accounts 

or seeing four or more posts. Similar to our findings, The Food Hero study - a social 

media campaign targeted at SNAP-eligible families with children - found increased 

positive beliefs about FV among participants.304 Although previous studies have tested 

social media approaches for behavioral interventions305-308, to our knowledge, BHCK was 

the first study to combine these strategies into a multilevel multicomponent community-

based nutrition intervention. The use of social media to provide a platform for actionable 

information and social support for families with children has been recommended in the 

obesity prevention literature308-310 and is being further tested in ongoing community-

based trials.311,312  

Given the low consumption of FV among the U.S. population77, especially among 

low-income African-American individuals78,79, it is necessary to explore innovative 

strategies to promote healthier dietary intake. Although we found a positive correlation 

between self-reported exposure to the BHCK social media component with FV, the main 

increase in intake was in fruits, and not vegetables. Fruits are sweeter, often do not 

required any preparation (consumed raw), and generally consumed and accepted as a 

snack, drink, and dessert313, whereas vegetables often require cooking, and are more 

typically consumed as part of meals.314 Future studies should consider the impact of the 

intervention on fruit and vegetables as separate and different food types.315,316 
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Unexpectedly, we found that an increased frequency of unhealthful food 

acquisition was correlated with greater exposure to the BHCK social media component. 

One potential reason for this may be that adults exposed to BHCK social media may have 

also been exposed to online advertising for energy-dense, nutrient-poor foods and mobile 

marketing food campaigns.317,318 Prior studies have demonstrated a negative effect of 

online food advertisement on youth’s consumption of healthful foods319,320, and similar 

trends were found for adult caregivers.321,322 More research needs to be conducted to 

examine the relationship between public health social media campaigns and advertising 

exposure.  

 Limitations of this study should be noted. The survey was administered to self-

identified caregivers, under the assumption that they acquire most of the food and cook 

for their family members. However, some caregivers may not be the primary food 

purchasers in their households. Also, our measure of frequency of food purchased did not 

take into consideration the quality or quantity of the acquired food/beverage. Future 

child-focused interventions should conduct more comprehensive food and nutrient 

assessments of adult caregivers. The loss of observations over the course of the study is 

also a limitation, despite our efforts to avoid drop-outs during the course of the study 

(e.g., eligibility criteria included intent to stay within the study areas over the next two 

years, multiple attempts were made to contact the families over the phone - and if not 

possible to reach over the phone, household visits were done to conduct follow-up 

surveys). Thus, to address potential selection bias, inverse probability weighting (IPW) 

was employed in the analysis to correct for the effects of missing data.245 Another study 

limitation might be the risk of social desirability bias by treatment assignment, reflected 
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in the self-reported intervention exposure questionnaire. However, our questionnaire 

included red-herring questions to improve validity, and data collectors were masked to 

intervention treatment assignment. We were not able to directly assess individual’s social 

media participation, as individuals often display nicknames instead of names used on 

their profile pages, which precluded our efforts to cross check the self-reported 

information. In addition, although we utilized a computer software to manage our text 

messaging program, some people may have not received the texts (because of low credit 

balance on their phone) or may have not read the text sent.  

 BHCK was an intervention that sought to modify the out of school community 

food environment and engage families through social media, but did not implement a 

component to improve the household food environment. Therefore, future studies aiming 

at preventing childhood obesity among underserved communities should consider 

intervening in both community and household food environments. Lastly, although 

multilevel, multicomponent interventions have broader reach than single-level 

approaches, they have the additional challenge of achieving low exposure.284 Hence, 

conducting a detailed process evaluation during implementation is essential for 

understanding to what extent the target population is receiving the program. 

 

Conclusions 

The BHCK intervention is one of the few child-focused obesity prevention interventions 

to measure treatment effects at the caregiver-level in terms of food acquisition, 

preparation, and FV consumption, and the first study to attempt to evaluate a dose 

response relationship in terms of exposure level to the different intervention components. 
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Although our ATE analysis including all trial participants demonstrated no effect of 

BHCK on food-related behaviors, we were able to demonstrate that a higher level of 

exposure to the BHCK intervention was associated with improvements in daily fruit 

intake among adult caregivers, particularly among those with higher exposures to the 

social media component. Our study highlights the importance of optimal dose and 

intensity of community-based intervention activities to achieve intended behavioral 

changes, and the possibility of intervention contamination between intervention and 

comparison participants in community-based behavior interventions. Future multilevel 

multicomponent community-based interventions should engage caregivers more in the 

intervention, enroll larger samples, as well as assess engagement and exposure to 

intervention activities during the trial to enhance likelihood of intervention effectiveness. 

Social media (Facebook, Instagram) may be a promising tool to improve reach and 

engage caregiver participants in multilevel childhood obesity interventions. 
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6.6 Tables for Chapter 6 

Table 6.1: Description of the B’more Healthy Communities for Kids intervention as implemented 

BHCK 
Components Goal Materials Delivery Duration Implementationa  

Wholesaler225 
(n=3) 

Ensure stocking 
of BHCK-
promoted food 
items 

- In-store signage 
(shelf-labels) of 
promoted items 
- Provision of $50 gift 
cards from wholesalers 
to BHCK intervention 
stores 
- Wholesaler circulars 
with BHCK logo 
highlighting promoted 
foods 

1x/month in-person 
visit by a BHCK-
interventionist to 
maintain shelf-labels 
position, and monitor 
availability of 
promoted items 

Wave 1: July 2014 to 
Feb 2015 
 

Wave 2: Dec 2015 to 
July 2016 
 

Total # 
visits/wholesaler/wave: 
6 
 

Length of visits to 
wholesalers: 1-4hs  

Reach: high  
 
Dose delivered: 
high 
 
Fidelity: high 

Small corner 
stores225 and 
carryout 
restaurants226 
(n=50) 

Improve supply 
and demand for 
healthier options 
of 
foods/beverages 
in low-income 
areas 

- Gift cards from 
wholesalers for initial 
stocking 
- Stocking sheet with 
promoted items/ 
intervention phase 
-Online training 
modules for store 
owners 
- Store supplies as a 
reward for watching 
training modules 

BHCK-interventionists 
conducted in-store taste 
testing, put up 
communication 
materials, maintained 
shelf-label position, 
and monitored 
availability of 
promoted items 

Wave 1: July 2014 to 
Feb 2015 
Total # sessions/store: 
12 
 

Wave 2: Dec 2015 to 
July 2016 
Total # sessions/store: 
15 
 

In-store educational 
sessions were 
implemented every 

Reach: medium 
 
Dose delivered: 
medium 
 
Fidelity: 
medium-high 
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(ranging from produce 
baskets to refrigerators) 
- Point-of-purchasing 
promotions and 
giveaways to customers 
- Poster and handouts 
promoting BHCK items 
-In-store taste tests 

other week in each 
intervention store 
 

Length of in-store 
promotion sessions: 2h 

Youth-led 
(n=18) 
nutrition 
education in 
recreation 
centers230 
(n=14)  

Hands-on 
nutrition 
education 
activities 
delivered by 
youth-leaders 
(college and 
high school 
Baltimore 
students) to 
children in the 
9-15-year range 
attending the 
after-school 
program at the 
time of the 
intervention. 

- BHCK youth-leaders 
were trained by BHCK-
interventionist (35h) 
- Nutrition sessions 
followed the themes of 
each BHCK phase: 1) 
healthful beverages, 2) 
healthful snacks, and 3) 
healthful cooking 
methods 
- Giveaways and taste-
tests with children at 
the end of each session 
- Posters put up in 
centers 
- Handouts distributed 
to children  

Trained youth-leaders 
were involved in the 
delivery of the 
intervention based on 
the perspectives of 
Social Cognitive 
Theory, to encourage 
mentees to model 
mentors’ health 
behavior.  
 
Average of 2 youth-
leaders/session/center 
 
2 BHCK-
interventionists 
oversaw execution of 
sessions to monitor 
intervention  

Wave 1: July 2014 to 
Feb 2015 
Total # sessions/center: 
14 
 
Wave 2: Dec 2015 to 
July 2016 
Total # sessions/center: 
14 
 
Nutrition sessions were 
implemented every 
other week by youth 
leaders 
 
Session length: 1h 

Reach: medium 
 
Dose delivered: 
medium 
 
Fidelity: high 

Social media 
and texting299 

Integrate all 
components of 
intervention and 
promoted 

- Two social media 
platforms (Facebook & 
Instagram) featured 
recipes, news, and 

Social medias posts 
were delivered daily  
 

Social Media: 
Wave 1 and 2: June 
2014 to Jan 2017 
 

Reach: high 
 
Dose delivered: 
high 
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nutrition 
knowledge, goal 
setting, and 
BHCK activities 
to adult 
caregivers 

BHCK-specific 
activities related to 
promoted items and 
behaviors  
- Adult caregivers 
enrolled in the BHCK 
study (intervention 
group only) received a 
text message related to 
healthier eating 
behavior 
- Intervention 
households received 
weekly mailings with 
intervention flyers and 
promotional materials 

BHCK-interventionists 
monitored posts daily 
 
Bi-directional text 
messages were sent 3-5 
times a week 
 
BHCK-interventionists 
sent weekly mailings, 
alternating child- and 
caregiver-targeted 
contents.  

Text message: 
Wave 1: July 2014 to 
Feb 2015 
 
Wave 2: Dec 2015 to 
July 2016 
 
Mailing: 
Wave 2 only: April to 
July 2016 
 
9 mailings to 
caregivers and 7 
directed at youth 

 
Fidelity: high 

Policy224 

Work with city 
stakeholders to 
support policies 
for a healthier 
food 
environment in 
Baltimore, and 
to sustain 
BHCK activities 

- Evidence-based 
information to support 
the development of 
policies at the city level 
using agent-based 
models to simulate 
impact to aid 
stakeholder decision-
making (e.g. urban 
farm tax credit) 

BHCK policy working 
group formed by 
BHCK-interventionists 
and research group, 
city councilmen, food 
policy director, 
wholesaler manager, 
Recreation and Parks 
Department, Health 
Department.  

July 2013 to July 2016 
 
10 meetings (2h) with 
stakeholders (every 4 
months) 

Reach: high 
 
Dose delivered: 
medium 
 
Fidelity: medium 
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Table 6.2: Formation of Exposure Scores by B’more Healthy Communities for Kids intervention materials and activities.  

 

Intervention Component Intervention Material or Activity Coding of Exposure 
Score  

Observed mean scores (SE)a 

Intervention Comparison 

Communication 
Materials 

Seeing BHCK Logo in different 
places (stores, recreation centers, 
carryout restaurants, social media) 

None = 0 
1-2 places = 1.5 
3-5 places = 4 
6 or more = 6 

0.86 (0.05) 
 
Range: 0- 3.2 

0.27 (0.03) 
 
Range: 0 - 2 

Posters (10 questions) 

For each poster: 
Yes = 1 
Maybe = 0.5 
No = 0 

Handouts (9 questions) 

For each handout: 
Yes = 1 
Maybe = 0.5 
No = 0 

Giveaways (17 questions) 

For each giveaway: 
Yes = 1 
Maybe = 0.5 
No = 0 

Food Environment  

Seeing shelf-label in different 
stores (BHCK corner stores and 
carryouts)b 

None = 0 
1-2 places = 1.5 
3-5 places = 4 
6 or more = 6 

0.42 (0.03) 
 
Range: 0– 2.9 

0.23 (0.04) 
 
Range 0 – 2  

Taste tests (10 questions) (and 4 
cooking demos at recreation center 
– applied to child only) 

For each taste test: 
Yes = 1 
Maybe = 0.5 
No = 0 

Table 6.2 continues 
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Table 6.2 continued    
Intervention 
Component 

Intervention Material or 
Activity Coding of Exposure Score  Observed mean scores (SE) 

Intervention Comparison 

Food Environment 
(Cont.) 

Educational Display (5 
questions) 

For each display: 
Yes = 1 
Maybe = 0.5 
No = 0 

 

Seeing redesigned menu 
(8 questions) 

For each menu: 
Yes = 1 
Maybe = 0.5 
No = 0 

Purchased in a BHCK 
corner store in the past 7 
days 

Continuous variable: total 
frequency of purchase 
summed for all stores 
(n=21) 

Social Media  

Follow or enrolled in 
BHCK social media 
(Facebook, Instagram)  

For each account: 
Yes =1 
No = 0 

0.08 (0.01) 
 
Range: 0 – 1  

0.04 (0.01) 
 
Range 0 – 2  

Seeing BHCK posts 
(Facebook or Instagram) 
(8 questions) 

For each post: 
Yes = 1 
No = 0 

Text-Message  
Weekly frequency of 
receiving a BHCK text 
message  

None = 0 
1/week = 1 
2/week = 2 
3 or more/week = 3 

0.55 (0.02) 
 
Range 0 – 1  

0.26 (0.02) 
 
Range 0 – 1 

Table 6.2 continues   
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Table 6.2 continued    

Intervention Component Coding of Exposure Score  Observed mean scores (SE) 
Intervention Comparison 

Overall BHCK Exposure Score 

1. Added points within 
each intervention 
material/activity according 
to number of questions 
2. Re-scaled exposure to 
material/activity to 0-1 
range 
3. Summed all re-scaled 
exposure scores by 
intervention components 

1.9 (0.08) 
 
Range 0– 6.4 

0.82 (0.07) 
 
Range 0– 6.7 

Abbreviations: SE, standard error; BHCK, B’more Healthy Communities for Kids 
a p-value based on two-tailed t-test comparing mean scores between intervention and comparison groups. Communication Materials (p<0.001); 
Food Environment (p<0.001); Social Media (p=0.06); Texting Program (p<0.001); Overall Exposure Score (p<0.001).  
b we asked participants the number of places where they saw the BHCK logo or saw a BHCK shelf-label at a corner store with four answers (None; 
1-2 places; 3-5 places; 6 or more). When coding, we chose the average number in the range of places they reported seeing the intervention 
materials (i.e., 0, 1.5, 4, 6, respectively). Then, we re-scaled the points to range from 0 to1 to make all the intervention materials exposure score 
equivalent before summing by exposure components (communication materials, food environment, social media, and text messages). 
 



  

 

 
Table 6.3: Baseline characteristics of the B’more Healthy Communities for Kids adult 

caregiver sample 

Table 6.3 continues 
 

Baseline characteristics n 
(516) 

Intervention  Comparison  
p 

(n= 280) (n= 247) 
Caregiver  
Gender – female (%) 469 53.30 46.70 0.39 
Age (years) – mean (SD) 515 38.20 (8.63) 40.60 (9.87) 0.01*  
African American (%) 478 48.84 43.80 0.99 
Education level     

< High school (%)  90 58.89 41.11 

0.43 High school (%) 207 52.17 47.83 

> High school (%) 218 50.92 49.08 
BMI (kg/m2) – mean (SD) 512 34.18 (8.05) 33.04 (7.31) 0.09 

Normal weight (%) 65 55.38 44.62 

0.82 Overweight (%) 99 50.51 49.49 

Obesity (%) 344 52.62 47.38 
Household   
Individuals in the household - 
mean (SD) 

516 4.63 (1.66) 4.53 (1.62) 0.49 

Annual income (US$)     
0-10,000 (%) 120 13.76 9.50 

0.13 
10,001-20,000 (%) 117 10.08 12.60 
 20,001-30,000 (%) 93 10.08 7.95 
>30,000 (%) 186 18.80 17.25 

Food security a       
Food secure (%) 302 55.88 61.48 0.19 
Food insecure (%) 214 44.12 38.52  

Food assistance participation     
SNAP (%) 516 75.00 70.49 0.25 
WIC (%) 516 21.69 22.13 0.90 



  

 

 
Table 6.3 continued 

Abbreviation: SD, standard deviation; BMI, Body Mass Index; SNAP, Supplemental Nutrition 
Assistance Program; WIC, The Special Supplemental Nutrition Program for Women, Infants, and 
Children 
a Food security classified according to USDA ERS measure. Food secure households 
encompassed high food security and marginal food security. Food insecure households were 
either low food secure or very low food secure.  
* Intervention groups are statistically different (p<0.05) when comparing the proportion of adult 
characteristics using the chi-square test or means with two-tailed t-test.  
 

Baseline Characteristics  
n 
(516) 

Intervention  Comparison   p 

(n= 280) (n= 247)  

Housing arrangement     

Living w/ family or other 
(%) 

53 8.46 12.30 0.34 

Rented (%) 353 70.22 66.39  

Owned (%) 110 21.32 21.31  
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Table 6.4: Impact of the B’more Healthy Communities for Kids intervention on food-related behaviors among adult caregivers: 

Average-Treatment-Effects analysis 

Caregiver food-related 
behaviors  

Predictive Baseline Predictive Post-intervention Pre-post change: 
difference c 

p Intervention Comparison Intervention Comparison 

Mean  SE Mean  SE Mean SE Mean  SE Effect (95% CI) 

Acquisition (frequency/day) e 
Healthful food score 1.48  0.07 1.49  0.06 1.37  0.07 1.43  0.06 -0.05 (-0.22; 0.12) 0.57 
Unhealthful food score 1.29  0.06 1.40  0.07 1.21  0.06 1.34  0.10 -0.01 (-0.23; 0.19) 0.87 
Home meal preparation 
Frequency of meal 
preparation (monthly) 33.82  2.24 36.79  1.87 32.69  1.34 38.82  2.36 -3.12 (-9.11; 2.81) 0.30 

Healthful cooking score -0.01  0.04 -0.11  0.06 0.02  0.07 -0.06  0.07 -0.01 (-0.24; 0.20) 0.88 
Daily Consumption (srv/day) d 
Total fruit  1.10  0.07 1.46  0.25 0.96  0.14 1.78  0.16 0.15 (-0.36; 0.66) 0.55 
Total vegetable  1.23  0.04 1.44  0.11 0.94  0.02 1.29  0.17 -0.13 (-0.54; 0.25) 0.51 
Total fruit and vegetable  2.33  0.08 2.92  0.29 1.90  0.14 2.44  0.23 0.07 (-0.42; 0.53) 0.78 

Abbreviations: SE, standard error; CI, confidence interval; srv, servings 
a Multilevel models were conducted with Stata 13.1 package with the maximum likelihood option and corrected missing data using the inverse 
probability weighted method (n=516 for purchasing and n=226 for consumption). Multilevel models are good approach to be used under the 
missing at random assumption, as it models both the means and the random effect jointly.  
b In all models: treatment group was coded as comparison (0) and intervention (1); time was coded as baseline (0) and post-intervention (1); 
standard errors were corrected for clustering for repeated measures from the same individual and BHCK neighborhood (from 1 to 30). 
c Mean difference in change over time for intervention compared to control adult caregiver 
d Fruit and Vegetable intakes were estimated via the Quick Fruit and Vegetable Screener from the National Cancer Institute’s Eating at America’s 
Table Study (EATS) study. Sample size (n) = 226 
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e Food acquisition frequency (daily) was estimated via a pre-defined list containing 100% fruit juice, apples, bananas, oranges, other fresh fruits, 
frozen fruits, canned fruits, fresh vegetables, frozen vegetables, and canned vegetables (excluding potatoes). Adults reported frequency of 
purchasing these items in the previous 30 days.  
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Table 6.5: Correlation between exposure to B’more Healthy Communities for Kids 

intervention on change in food-related behaviors and fruit and vegetable consumption 

among low-income African American adult caregivers: Treatment-on-the-Treated-Effect 

analysis 

Change in food-related behaviors and fruit and 
vegetable intakea,b 

Total Exposure Scored  

Mean  SE 95% CI  

Healthful food acquisition score (daily 
frequency) 0.01 0.03 -0.07; 0.07 

Unhealthful food acquisition score (daily 
frequency) 0.06  0.06 -0.06; 0.17 

Frequency of home food preparation (days) 1.13  1.50 -1.69; 4.21 
Healthful cooking methods score -0.02 0.05 -0.11; 0.09 
Daily total fruit consumption (servings)c 0.24*  0.11 0.04; 0.47 
Daily total vegetable consumption (servings)c -0.81 0.07 -0.22; 0.06 
Daily total fruit and vegetable consumption 
(servings)c 0.16  0.10 -0.11; 0.33 

Abbreviation: SE, bootstrapped standard error; CI, bias corrected confidence interval 
a Change from pre- to post-intervention evaluation, n=370 
b Multiple linear regression models with bootstrap variance (2000 replications) and clustered by 
BHCK zone, controlled for adult caregiver’s age, sex, income, and household size 
c Fruit and Vegetable intakes were estimated via the Quick Fruit and Vegetable Screener from the 
National Cancer Institute’s Eating at America’s Table Study (EATS) study. Sample size (n) = 184 
d Mean exposure score: 1.1 (observed range: 0-6.7) 
* Statistically significant at p<0.05 
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Table 6.6: Correlation between exposure to B’more Healthy Communities for Kids intervention components on change in food-

related behaviors and fruit and vegetable consumption among low-income African American adult caregivers: Treatment-on-the-

Treated-Effect analysis  

Change in food-
related behaviors 
and fruit and 
vegetable intakea,b 

Communication 
Materials Exposure 
Scored  

Food Environment 
Exposure Scoree 

Social Media Exposure 
Scoref 

Text Messaging 
Exposure Scoreg 

𝛽𝛽 SE 95% C.I.  𝛽𝛽 SE 95% C.I.  𝛽𝛽 SE 95% C.I.  𝛽𝛽 SE 95% C.I.  
Healthful food 
acquisition score 
(daily frequency) 

0.01  0.0
6 -0.14; 0.10 0.02  0.10 -0.19; 0.19 0.28  0.12 -0.16; 0.73 0.03  0.04 -0.04; 0.12 

Unhealthful food 
acquisition score 
(daily frequency) 

0.03  0.1
1 -0.17; 0.23 0.16  0.19 -0.21; 0.56 0.47*  0.23 0.02; 0.93 -0.02  0.04 -0.10; 0.06 

Frequency of home 
food preparation 
(days) 

3.31  2.6
0 -1.94; 8.59 2.52  2.80 -1.98; 9.51 1.41  10.2

0 -18.54; 21.35 -0.54  1.53 -3.55; 2.47 

Healthful cooking 
methods score 0.03  0.0

8 -0.14; 0.19 0.07  0.18 -0.31; 0.15 -0.37  0.35 -1.07; 0.33 -0.02  0.05 -0.12; 0.08 

Daily total fruit 
consumptionc 0.22  0.1

7 -0.06; 0.59 0.55  0.34 -0.26; 0.10 3.16*  0.92 1.33; 4.99 0.02  0.15 -0.30; 0.31 

Daily total 
vegetable 
consumptionc 

-0.14  0.1
1 -0.38; 0.06 -0.15  0.18 -0.54; 0.18 -0.21  0.93 -2.02; 1.48 -0.01  0.13 -0.26; 0.25 

Daily total fruit 
and vegetable 
consumption 
(servings)c 

0.07  0.1
8 -0.31; 0.43 0.40  0.39 -0.71; 0.95 2.94*  1.01 0.96; 4.93 0.25  0.21 -0.39; 0.44 

Abbreviation: SE, bootstrapped standard error; CI, bias corrected confidence interval 



  

 

186 
 

a Change from pre- to post-intervention evaluation, n=370 
b Multiple linear regression models with bootstrap variance (2000 replications) and clustered by BHCK zone, controlled for adult caregiver’s age, 
sex, income, and household size 
c Servings of fruit and vegetable intakes were estimated via the Quick Fruit and Vegetable Screener from the National Cancer Institute’s Eating at 
America’s Table Study (EATS) study. Sample size (n) = 184 
d Communication material score mean: 0.6 (observed range: 0-3.1); e Food environment intervention exposure score mean: 0.3 (observed range: 0-
3.1); f Social media/texting exposure score mean: 0.2 (observed range: 0-2); g Texting exposure score mean: 1.1 (observed range 0-3) 
* Statistically significant behavioral change at p<0.05; Omega-squared (ω2) estimates of the proportion of the variance in the unhealthful food 
acquisition, fruit, and fruit and vegetable intake which is due to the variance in the social media exposure score (effect size) = 0.005; 0.04; 0.02, 
respectively.  
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6.7 Figure for Chapter 6 

 
Figure 6.1: CONSORT flowchart of the randomization and course of the B’more 
Healthy Communities for Kids intervention 
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a Analyses accounted for missing data and selection bias using inverse probability 
weighted (IPW) method, with the probability of being observed at follow-up as a function 
of the characteristics of caregiver (age, sex, and income) and study wave; final imputed 
sample size in the multilevel analysis n = 516.
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Chapter 7. Discussion and Conclusions  

This chapter provides a summary of the main findings in relation to the 

dissertation aims, draws overall conclusions, ties the study into the multilevel 

multicomponent literature, and discusses the strengthens and limitations of the study, and 

describes the implications from this study for future research, theory, and public health 

policies.  

7.1 Summary of findings  

The overarching goal of this proposal was to conduct a sub-analysis of the BHCK 

intervention to evaluate how a multilevel, multicomponent obesity prevention 

intervention impacts diet and food-related behaviors of low-income urban, predominantly 

African American youth and their adult caregivers living in neighborhoods with low 

access to healthful foods. In this section, the main findings are summarized according to 

the specific aims of this dissertation.  

Specific Research Aim 1: To evaluate the patterns and determinants of exposure (‘dose 

received’) to BHCK materials and activities among youth and their caregivers.  

• Research Question 1: What were the patterns of exposure (dose received) to 

BHCK intervention materials and activities among youth and caregivers?  

• Research Question 2: How did patterns of overall dose received differ by 

treatment group among youth and their caregivers? 

• Research Question 3: What individual and household factors are associated 

with exposure to the BHCK intervention?  
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Exposure to different BHCK activities and materials appeared to differentiate 

between youth and caregivers, and by wave of implementation. Caregivers had greater 

scores of exposure to BHCK logos, handouts, giveaways, and to the social media 

program (Facebook, Instagram, and texting). High caregiver exposure score for the social 

media component was not surprising, as this intervention component was especially 

targeted at adult caregivers. Exposure to the BHCK logo and giveaways were also high 

among the youth sample; however, exposure to BHCK educational displays was higher in 

the youth sample compared to the caregivers. Educational displays were utilized mainly 

in recreation center sessions led by youth-leaders (college and high school mentors) 

attended by the youth population, and in-store nutrition sessions that were public and 

available to all community members. Both youth and caregivers presented higher overall 

exposure to BHCK during wave 2 compared to wave 1. This finding was expected, as the 

BHCK team used information collected from wave 1 post-intervention exposure and 

lessons learned to improve program and materials in wave 2. Previous studies have 

reported using process evaluation measurements to guide midcourse corrections and to 

ensure that the intervention is reaching the intended study population.189,255,258 

Overall BHCK exposure score was low in both the intervention and comparison 

groups. Interestingly, a small portion of the comparison group reported being moderately 

or highly exposed to BHCK, which indicates that contamination bias likely occurred. 

Yet, mean exposure scores in the intervention group was statistically significantly higher 

than the mean exposure score in the comparison group. Other community-based group-

randomized controlled trials studies have also reported overall low exposure to the 

intervention by the study population.185,191,239 Furthermore, the issue of contamination has 
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been previously reported in other behavioral intervention studies using group 

randomization.323 Future studies should account for intra-cluster correlation in sample 

size calculations in order to ensure significant power to cope with contamination.324 For 

instance, it has been estimated in the literature that a contamination of 30% can be 

sustained before the sample size of the study has to be doubled to account for the reduced 

mean effect size.324  

Being a younger youth, from a household with higher annual income (>$30,000) 

and being a female caregiver were factors associated with higher likelihood of exposure 

to the BHCK study. This finding sheds light on the importance of recognizing that 

sociodemographic characteristics of the study population may confound participation in 

the program, which can later influence behavioral outcomes. This information is also 

important to help researchers to understand representativeness of the study and how the 

intervention reaches its intended audience.262  

Specific Research Aim 2: To evaluate the impact of the BHCK intervention trial on food 

consumption, preparation, and acquisition among low-income urban African American 

youth. 

• Research Question 1: What was the impact of the multilevel BHCK 

intervention on purchasing behavior of healthier and unhealthier food items 

among youth? 

• Research Question 2: What was the impact of the intervention among youth 

on the consumption of high-sugar, high-fat snacks and beverages? 

• Research Question 3: How did the impact of the intervention differ between 

younger (9-12 years old) and older youth (13-15 years old)?  
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There was a significant positive effect of the intervention on the variety of 

healthier food purchased among intervention youth versus comparison youth. By the end 

of the intervention, youth in the intervention group acquired one additional healthier item 

than the comparison youth. Healthier foods and beverages included low-fat, low-sugar 

drinks (e.g., 1% or skim milk, water, 100% fruit juice, sugar free drinks), and low-fat, 

low-sugar snacks (e.g., fresh fruits and vegetables, low sugar/high fiber cereals, pretzels, 

baked chips). This finding is supported by our other results, as BHCK was successful in 

improving availability of healthier foods and beverages in small food stores in 

intervention zones, indicating that food availability and promotion at the point-of-

purchase may have shaped people’s food choices.275  

However, the BHCK intervention increased both healthier and unhealthier food 

purchasing variety among children 9-12 years of age. This result indicates that this age 

group did not reduce the variety of unhealthier food items purchased, even though 

improving healthier food availability in the community environment impacted both 

overall and younger youth in terms of healthier food purchasing behavior. It is possible 

that other social and household factors influenced youth to purchase either more healthy 

or unhealthy foods than the environmental factors accounted for in the BHCK 

intervention. Another possible explanation is that older youth tend to be more responsible 

for their own decision making325 and also have more pocket money than younger youth, 

which increases youth’s purchasing power and may influence substitution of unhealthier 

foods for healthier foods.283,326  

The age-stratified analysis demonstrated that BHCK decreased kcal intake from 

sweet snacks among intervention adolescents by 3.5% compared to their counterparts. 
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This is important given that sweet snacks are among the most frequently purchased items 

by youth in corner stores, as reported by Dennisuk and colleagues.116 Additionally, Hager 

et al. have demonstrated that adolescents living in food deserts and food swamps in 

Baltimore City have higher intake of sweet snacks than those living in areas where access 

to healthier food is not constrained.327 Compared to younger youth, older youth have an 

overall lower dietary quality279, experience greater autonomy, and may be more 

influenced by the community food environment.280  

Analogically, the decrease in 3.5% kcal from sweet snacks can be translated into 

one fewer chocolate chip cookie or three fewer pieces of Starburst per day (about 63 

kcal/d). According to the conventional model328, a decrease in balance between intake 

and expenditure of 63kcal/d would produce approximately 6.5lb weight loss (22,500 

kcal) per year, if intake of other foods remained constant. Taking anthropometric baseline 

measures as a reference, an average child in the 13-15 years old range from the BHCK 

sample weighs 140 lbs, is 64 inches tall, and has 24 kg/m2 units of BMI. The decrease in 

sweet snacks would reflect a 4.6% change in weight, or 1.1 kg/m2 per year, if holding 

other factors constant. Given that adolescents are still growing2329, and thus increasing 

resting metabolic rate (RMR) and total daily energy expenditure (TDEE), the decrease in 

intake might be even higher as a percentage of needed calories, which would reflect an 

even greater change in weight or BMI units.  

 

                                                      
2 Age-based ranges for annual height velocity (HV in inches) from a longitudinal sample of US African 
American adolescents (n=1707) in Philadelphia: male age 13 (2.9 inches), age 14 (2.4), age 15 (1.6); 
female age 13 (1.0); age 14 (0.6), age 15 (0.1). 329. Kelly A, Winer KK, Kalkwarf H, et al. Age-based 
reference ranges for annual height velocity in US children. J Clin Endocrinol Metab. 2014;99(6):2104-
2112.  
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Specific Research Aim 3 - To evaluate the impact of the BHCK intervention trial on fruit 

and vegetable intake, food preparation, and acquisition among low-income urban 

African American caregivers. 

• Research Question 1: What was the impact of the multilevel BHCK 

intervention on food-related behaviors (purchasing of healthier and 

unhealthier food items, food preparation and consumption of fruits and 

vegetables) among adult caregivers? 

• Research Question 2: Was change in food-related behaviors associated with 

caregiver’s exposure level (‘dose received’) to the BHCK intervention?  

• Research Question 3: What component of the multilevel BHCK intervention 

was correlated with changes in food-related behaviors among caregivers?  

In the average treatment effect (ATE) analysis, there was no significant effect of 

the BHCK intervention on caregiver’s food acquisition, home food preparation, and daily 

consumption of FV among intervention group compared to their counterparts. Although 

few childhood targeted obesity interventions have measured the impact of the 

intervention on children’s caregivers, the ones that did have reported mixed results. For 

instance, the Switch what you Do, View, and Chew program found a statistically 

significant impact on FV intake among intervention caregivers171, but the Screen-Time 

Weight-loss Intervention did not find any impact on the caregiver-level in terms of BMI 

and active behavior.301 

The treatment-on-the-treated-effect (TTE) analysis (‘dose received’) showed a 

statistically significant greater intake of daily fruit servings among participants who 

reported higher exposure to the BHCK intervention. Other studies have also found a 
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positive correlation between adherence/exposure to the intervention and improvement in 

TTE analysis.171,303 The null impact of BHCK on caregiver’s behavior may be attributed 

to 1) the low intervention exposure experienced by caregivers; and/or 2) the 

contamination of the intervention activities among comparison caregivers, thus 

attenuating the average effect towards the null in ATE analysis.303 Therefore, the TTE 

results, although not causal, demonstrate the importance of achieving optimal dosage of 

the intervention to influence behavioral change among participants.  

When breaking down the BHCK caregiver exposure score into intervention 

components (i.e., communication materials, food environment, social media, and texting 

program), we found that a greater exposure to the BHCK social media component was 

correlated with greater intake of daily fruit servings and unhealthy food acquisition 

frequency score. From the four BHCK components, the social media and text messaging 

were the ones that targeted specifically adult caregivers with a tailored and goal-setting 

approach. The higher reach of the social media component may explain the positive 

correlation with dietary behaviors, compared to the other intervention components. 

However, social media was also correlated with increased frequency of unhealthy food 

purchasing behavior, which may flag a potential unintended consequence of using social 

media as an intervention venue due to the simultaneous exposure to online advertising for 

unhealthy foods. Future studies should examine the relationship between public health 

social media campaigns, advertising exposure, and individual food behaviors. 

7.2 Overall conclusions 

In conclusion, findings from this dissertation work support evidence of multilevel, 

multicomponent nutrition intervention program in improving healthier food purchasing 
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behavior and decreasing caloric intake from less healthful foods, adding to the childhood 

obesity prevention literature. Furthermore, this was one of the few studies to explore 

effects of a child-focused obesity prevention intervention on caregiver food behaviors. 

This work also makes a case for multilevel, multicomponent interventions to consider 

measuring the extent to which individual study participants report being exposed to the 

intervention overall and by intervention component. Exposure assessment may inform 

study’s external validity, quantify contamination of the intervention among the 

comparison group, and provide estimates of the optimal dose and reach of the program 

that will be correlated with changes in behavioral outcomes. This study was the first to 

attempt to investigate what component of a multi-layered intervention was most likely to 

influence behavior change by utilizing exposure score on treatment-on-the-treated-effect 

analysis. In doing so, the BHCK social media component seemed to be a promising tool 

to promote healthful behaviors of adult caregivers in the context of a multilevel, 

multicomponent childhood obesity prevention program.  

7.3 Strengths and limitations 

This study improves upon prior research by utilizing a social ecological approach 

incorporating social cognitive theory with a group-randomized multilevel community-

based trial, making it more likely to impact behavior change at individual levels (child 

dietary and food-related behaviors, and caregiver intakes and food purchasing). The 

B’more Healthy Community for Kids trial used validated instruments (e.g., Block Kids 

Food Frequency Questionnaire, the NCI FV screener) conducted by intensively trained 

data collectors to assess diet and food-related behaviors, thus increasing reliability of the 

study. Therefore, the collection of accurate measures, the use of a randomized design, 
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and the detailed description of the study design, implementation, and evaluation, 

improved internal validity of the study.  

To best understand individual’s behaviors related to food and beverages in a 

holistic manner, this dissertation utilized various food metrics (food purchasing, 

preparation, and consumption). In this study, I conceptualized each food metric 

connected, but not determined solely by the previous step. For instance, nutrient intake 

cannot occur without food consumption, which in turn is dependable on how the food is 

prepared (e.g., if it is fried, there is addition of fat), and subsequently on what foods were 

purchased or acquired by the individual or someone in the household, which reflects on 

the types of foods and beverages available in food-retail stores where individuals shop. 

When evaluating the change of each step of food-related behaviors in relation to the 

BHCK intervention, it was possible to understand, for example, if BHCK had greater 

impact on more distal variables of food behaviors (i.e., food purchasing). By evaluating 

various food metrics, it was possible to observe that youth did not decrease total dietary 

calories, which could be partially explained by the increase in food purchasing behavior 

of both health and unhealthy food items.  

The use of hierarchal mixed effects models to evaluate the effect of the 

intervention was also another strength of this study. Under violation of the independence 

assumption (individuals correlated within clusters and between repeated measures), 

generalized-estimating equation (GEE) could have also been used to address this 

dissertation research questions. However, under the assumption of data missing at 

random (MAR), which was the case of this study, GEE would provide invalid and biased 

results.245  
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This work is also unique because it built on previous environmental trials and on 

more than a decade of working in collaboration with the community stakeholders, city 

agencies, storeowners and wholesalers in Baltimore City. In addition, it adds to the 

culturally appropriate obesity intervention literature by providing evidence-based 

information of its effectiveness to improve food-related behaviors among the targeted 

population. The thorough formative research conducted in this setting paired with the 

long-term relationship and rapport built have strengthened the intervention delivered 

through a community-participatory approach. In addition, working intensively with the 

community and stakeholders from the conception of the study improved the acceptability 

of the work, and also focused on the sustainability of the intervention components. Given 

the large sample size used in this study, and that participants were representative of the 

Baltimore City and African American urban populations, findings from this study might 

be transferable to similar contexts in the U.S. However, it is important to recognize that a 

tailored approach might preclude the intervention to be generalizable to other settings or 

populations. Future multi-site studies are needed to test whether the approach utilized in 

this study could be successfully replicated in different contexts (other populations, places, 

times), contributing to an enhanced generalizability.   

Limitations to the proposed study should also be noted. First, this study 

experienced a higher attrition rate than initially projected (25%), thus decreasing the final 

sample size, despite efforts to avoid high rates of drop-outs (e.g., eligibility criteria 

included intent to stay within the study areas over the next two years, multiple attempts to 

contact the families by phone, and using household visits to conduct follow-up surveys). 

However, during the analysis, when baseline characteristics between individuals with 
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completed follow-up evaluation were compared with missing informants regarding 

covariates and outcomes, those youth who had an older and female caregiver were more 

likely to remain in the study. To address potential selection bias, caregiver’s age and sex 

were added as covariates in all multilevel regression models, and maximum likelihood 

methods were employed to produce unbiased estimates for data missing at random. 

Inverse probability weighting (IPW) was employed in the analysis to correct for the 

effects of missing data.245 

Second, originally the B’more Healthy Communities for Kids trial had proposed a 

probability cluster sampling, in which 100 households would be identified for eligibility 

and interest in participating in the study in each zone, then 24 households would be 

randomly selected from this initial list for inclusion in the study. However, from the list 

of eligible participants, nearly all caregivers ended up being contacted and invited to be 

in the study, so randomization at the individual level was not possible. In order to address 

this issue, comparison between baseline characteristics from intervention and control 

groups were assessed, and variables that differed between groups were included in the 

multilevel regressions to account for potential confounder and minimize selection bias. 

Nevertheless, selection bias was also ameliorated by having a comparison group of youth 

sampled from similar neighborhoods.  

Third, multilevel multicomponent programs are implemented as synergistic 

interventions with components reinforcing one another at different levels.293 However, 

this limits the researcher’s ability to identify which specific component was more 

successful in influencing behavior change. To address this limitation, this dissertation 

study proposed the development of Exposure Scores derived from the Intervention 
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Exposure Questionnaire (IEQ) and used this construct in a secondary impact analysis 

(TTE approach), as done previously.10 Although causality cannot be inferred, this 

analysis may provide information about the dose response relationship between level of 

exposure to the intervention and behavioral change, and may identify specific 

intervention components that are more likely to influence the outcomes.193 

Fourth, although the program was implemented according to initial process 

evaluation standards, achieving optimal intensity of the intervention (e.g., form of 

delivery, duration, and frequency) is challenging284, and may partially explain the modest 

impact on dietary intake. In addition, there was some geographical overlap in the 

intervention and control zones within the 1.5-mile buffer, which might help to explain 

exposure to the program in the control group, and it may also have attenuated differences 

between study arms. Despite this overlap, differences in exposure levels between the 

intervention and control group were still observed. 

Fifth, B’more Healthy Communities for Kids trial was conducted in two different 

waves at different times, which may have resulted in two different interventions. 

Although the structure of the intervention remained the same across the waves and same 

evaluation forms were used, improved communication materials and activities were 

implemented during wave 2 to increase reach and intensity of the intervention based on 

lessons learned from wave 1. Knowing that, a sensitivity analysis with an additional 

interaction term to explore potential differences in impact by wave did not show any 

statistically significant differences between waves (i.e., β2*(Time)ijk*(Group)i*(Wave)ijk). 

Another limitation of this study might be the risk of social desirability bias by 

treatment assignment, and by sex, age, and income due to the self-reported 
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questionnaires. Some participants may have felt the need to inaccurately report that they 

have been exposed to certain activities or received BHCK materials. To address this 

issue, BHCK Exposure questionnaire included red-herring questions to improve 

response’s validity. Moreover, data collectors did not participate in the intervention 

implementation and were masked to the treatment group to avoid measurement error. 

Estimation of amounts and portion sizes of foods eaten can be challenging, hence we 

used bowls, plates, cups, and glass of various sizes to aid with dietary intake recall with 

both youth and adult caregivers and also to minimize response bias.   

Lastly, the survey was administered to self-identified caregivers, based on their 

report that they purchase most of the food and cook for their family members. However, 

some caregivers may not be the primary food purchasers for their households. Also, the 

frequency of food purchased at various types of food venues investigated did not take 

into consideration the quality or quantity of the acquired food. Not all foods were 

collected in the food purchasing and food frequency questionnaires – possible that youth 

and caregivers might be purchasing or consuming other foods that were not captured 

(both healthy and unhealthy). Thus, conclusion of future results should be made with 

caution and take the abovementioned factors into consideration.   

7.4 Future analysis  

In addition to the three papers that are part of this dissertation, I plan to publish 

several other papers relating to this work. Future dyadic data analysis will be conducted 

to explore if changes in food-related behaviors among children were influenced by adult 

caregiver behaviors, and vice-versa. A multilevel model taking interdependence of 

distinguishable dyads into consideration will be employed. Another paper would also test 
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mediation effect of the change in availability of healthy foods (environmental-level) and 

purchasing and consumption of these foods at the child and caregiver-levels. Moreover, 

additional analysis exploring different ways to categorize the exposure data (e.g., 

assigning different weights to each BHCK component or looking at one exposure 

variable at a time) and relating to changes in food-related behaviors will be conducted. 

Lastly, impact of BHCK on psychosocial factors (i.e., self-efficacy and intentions to 

healthy eating) and social support to healthy and unhealthy eating will also be explored.  

7.5 Recommendations for future research 

This dissertation research provided novel information to the literature by testing 

the impact of a community-randomized controlled intervention on improving healthier 

food-related behaviors. Despite the use of validated instruments and strong study design 

and analysis plan, the limitations should be addressed in future studies and hypotheses of 

the pathways of unexpected results should also be tested and confirmed. Below, potential 

strategies for addressing important limitations of the study and further recommendations 

are presented.  

7.5.1 Engage and target families and caregivers in childhood obesity 

interventions 

This dissertation showed that adult caregivers of children participating in a 

childhood obesity prevention intervention benefit from the program. Caregivers who 

were more exposed to the intervention improved consumption of fruits. However, few 

childhood obesity prevention interventions have assessed impact of the intervention at the 

caregiver or family level. Understanding the impact of childhood obesity prevention on 
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caregivers is important because child-focused interventions may have a spill-over effect 

on their family members, as children may act as a change agent.  

BHCK was an intervention that sought to modify the out of school food 

environment and engage families through social media. Childhood obesity prevention 

programs that also engaged adult caregivers have shown more positive child-related 

outcomes than child-only interventions.93,94 Although children at the age of 9-15 years 

old are becoming more influenced by their peers and the community and gaining more 

independence from their families, the family environment still plays an important role in 

their behavior. Families’ eating practices, rules, and support influence children to initiate 

and sustain positive dietary changes, while providing opportunities for social learning. 

Furthermore, foods eaten at home still comprise more than 60% of children’s caloric 

intake.67   

Recognizing the importance of the household environment, BHCK experimented 

various ways to involve families beyond social media. For instance, BHCK tried to 

approach parents at recreation centers at pick-up hours, but few parents actually walked 

in the participating centers. BHCK also organized a family cooking session for the wave 

2 families at the Rita Church recreation center on a Saturday afternoon. Families of 

children attending all BHCK intervention recreation center (ages 9-15) were invited – but 

only five families attended. These efforts demonstrate that it was challenging to engage 

families in a group or community setting. The BHCK mailing component implemented 

mid-way through wave 2 was another way to reach and involve caregivers in the 

intervention.  
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Therefore, future studies aiming at preventing childhood obesity among 

underserved communities should consider intervening in both community and household 

food environments. Challenge! was an example of a home and community-based obesity 

prevention program targeted at African American adolescents (11-16 years old) in 

Baltimore City.211 Despite difficulties in following up families, the study was successful 

in decreasing obesity prevalence and snack/dessert consumption among intervention 

adolescents.179 Another study, Aventura Para Niños, also intervened in both community 

and home environment, but had no effect on children’s BMI.330 Authors attributed the 

null effect to the low intensity of the intervention (~5 home visits over a 3 year period) 

and the high attrition rate.330 It is also recognized that intervening in both community and 

home environments is a resource-intensive approach, and that achieving optimal intensity 

of the program could still be a challenge given the difficulties in conducting home visits 

frequently and consistently. Future studies could include tailored goal-setting social 

media, texting, mailing, and phone calls in home visit programs to maintain contact with 

the families.303 More research is needed to test such approach.331     

7.5.2 Longer duration of the implementation of the intervention  

Although BHCK was a five-year funded program, implementation of the 

intervention occurred for six months and eight months (wave 1 and wave 2, respectively). 

In the context of a large, multi-layered intervention trial, a lot of time is needed to build 

rapport with the community, to develop intervention materials and data collection 

instruments, and to conduct baseline and follow-up interviews. BHCK program 

implementation could have been longer in duration if the intervention had occurred in 

only one wave, instead of two (total of fourteen months). However, the decision to 
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implement the intervention in two rounds were due to lack of resources needed to 

intervene in 14 neighborhoods at once in an effective manner. Instead, BHCK was 

implemented in two rounds to allow people and resources available to focus on 7 

intervention neighborhoods at a time. Implementation in two rounds also allowed the 

research team to improve materials and intensity of the program for wave 2, after taking 

lessons learned and process evaluation results from wave 1 into consideration.  

Conversely, it has been hypothesized in the literature that longer duration of an 

intervention may be needed to promote and maintain behavior change.332 Short-term 

duration studies are usually defined as 12-week duration and long-term studies are at 

least one year long. Although a previous Cochrane metanalyses comparing the effect of a 

childhood obesity interventions on BMI change did not find a statistically significant 

difference between short- and long-term studies9, short-term effects may be specious and 

not maintained. Therefore, longer follow-up measures are needed in future studies to 

evaluate whether the behavior were sustained over the longer term.      

7.5.3 Increase dose and reach of the intervention 

Another important consideration for community-based interventions is related to 

achieving optimal dose and reach of the program that will be likely to promote behavior 

change. Although community-based environmental interventions are thought to reach 

more people than individual- and household-level interventions, it usually has lower 

dose. However, when intervening simultaneously in multiple levels of the socioecological 

model (e.g., MLMC interventions), it is hypothesized that there will be a gain in intensity 

and dose due to the synergistic and combined effect of intervening in multiple settings, 

than intervening in only one setting.293 For instance, by intervening in multiple settings 
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that are key components of the community food environment, the intervention is likely to 

reach its intended population with higher frequency and intensity. However, the more 

settings a research team has to intervene on, more resources and evaluations will be 

required.187 It might be a trade-off between intervening in more levels with lower 

intensity (but expect a gain in the combination effect), or at fewer levels with higher 

intensity.  

Nevertheless, this dissertation has shown that, even in MLMC interventions, the 

chances of reaching the study population are low (e.g., 15% of the intervention group had 

low or very low exposure to BHCK) and that conducting detailed process evaluation 

during the implementation is essential for understanding how much the population is 

receiving the program. For example, BHCK used information on exposure from wave 1 

to inform midcourse corrections of the activities and materials utilized during wave 2. 

Posters increased in size and nutrition education sessions increased in length of duration. 

Future studies should conduct process evaluation during pilot/feasibility trial to assess 

and test optimal intervention dose. There is also a need for better documentation of 

process evaluation in terms of adherence to initial intervention protocol and actual 

implementation (e.g., number of household visits planned may have not been the number 

of household visits actually conducted during the program). Among the process 

evaluation measures, dose received (exposure) is one of the least commonly measured 

and reported, but may be used to improve quality and dose of the intervention 

implementation.  
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7.5.4 Minimize selection bias and contamination bias 

Group-randomized controlled trials require larger sample size than individual-

randomized controlled trials to achieve statistical power to assess intervention effect due 

to the increased correlation between individuals from the same cluster or group. 

However, two important sources of bias that are usually underreported in the literature of 

group-randomized controlled trials and attenuate the intervention affect are: missing 

data333 and contamination of the comparison group.324 

In a recent systematic review of the literature on group-randomized-trial, it was 

identified that missing data is presented in most trials, but usually not considered during 

analysis.333 Missing data not only decreases the final sample size, but also may be an 

important source of selection bias if not handled correctly. An estimation of drop-out 

rates is usually taken into consideration in a priori sample size calculations, therefore, 

studies should not omit this information, as it helps to inform future trials. In BHCK 

attrition rates were higher than estimated in the original sample size calculation, thus, 

future studies in this setting should estimate a loss to follow-up of about 30%. It is also 

important to minimize selection bias in the analytical stage and to report the assumption 

of the missing data.  

 In addition, more than 10% of the BHCK comparison participants were 

moderately or highly exposed to the intervention materials and activities. The 

contamination was likely to exist because clusters were defined by the researchers and 

randomized, rather than according to specific community boundaries. Furthermore, the 

choice of having 1.5-mile radius for the randomized cluster resulted in considerable 

overlap between the BHCK zones. An alternative to this approach would be to reduce the 
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radius of each zone to 1.0 or 0.5-miles to avoid overlap. However, a shorter radius would 

decrease the chances of finding enough eligible families to participate in the study, or 

corner stores and carryout restaurants present in the area. Another option would be to 

maintain the 1.5-mile radius for the zone, but ensure no overlap. This would probably 

result in a reduced number of zones to be randomized, which would require a greater 

number of individuals in each cluster for an appropriate intervention effect size. On the 

other hand, this could create an opportunity to work with neighboring cities. Nonetheless, 

there is still greater potential for contamination by randomizing neighborhoods within 

city boundaries, given that individuals often travel more than two miles to go to work, 

school, or grocery shopping. Contamination should be also taken into consideration at 

sample size calculations by estimating higher intra-class correlation values.  

7.5.5 Assess quantity of food purchased by caregiver and youth 

The household food environment is an intermediate level between the retail 

environment and individual food consumption.334 Therefore, it is important to understand 

the factors that influence individual food choices and what is available in the home 

environment, that may help explain unhealthful food patterns.334 BHCK surveys were 

comprehensive as it covered a wide range of topics (i.e., food purchase, diet, 

psychosocial factors, social support, food insecurity, sociodemographic, health beliefs 

and attitudes, etc.). In order to reduce respondent burden, measure of frequency of food 

purchased was not extensive, and focused on the foods promoted/discouraged by the 

intervention, did not take into consideration the quality or quantity of the acquired 

food/beverage, and did not assess the amount of money spent in each food type or group. 

Nevertheless, future studies should collect information on frequency and quantity of food 
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purchased, as it allows researchers to estimate nutritional quality and profile of the foods 

usually purchased and brought for the household. A challenge that may emerge when 

collecting information on food purchased is that individuals usually acquire the same 

item (e.g., soda) in different quantities (i.e., can, 12oz bottle, cup, packs). Whenever 

possible, surveys should be able to inquiry quantities in different sizes, or to select a size 

that is the most commonly purchased by the population.  

In the current literature, food purchasing has been estimated using a variety of 

methods, such as household food inventories, food purchase records, grocery store 

receipts, and bar code scanners.335 However, each method has its own limitation. 

Although grocery store receipts provide data on type, quantity, expenditure, and location 

of purchase, it does not provide information on foods and beverages acquired in 

convenience stores, corner stores, pantries, farmers market, or donated by family/friends. 

Weekly annotated receipts filled by the main household shopper could be an alternative 

method to acquire food purchasing in a range of food sources.336 Conversely, bar code 

scanners may be an easy method for the respondent to use, but it is costly and complex 

for population-based studies.337 Furthermore, it does not capture food and beverage items 

that are not pre-packaged (e.g., fresh fruits and vegetables). Nonetheless, a combination 

of at least two methods could be used (e.g., inventory and annotated receipts) to improve 

accuracy of data capture, and type of method used should be aligned with the research 

question of each study.  

7.5.6 Plan for program sustainability  

Sustainability of an intervention should be planned and measured from the early 

conceptions of the study. Many community programs have focused only on program 
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efficacy rather than looking at the long-term viability of the program success, thus 

failing to maintain the advances and positive results after the program is over.208,338 

Formative research is a component of the intervention that is essential to ensure 

appropriateness of the program and to develop a meaningful and effective evaluation of 

the intervention to ensure continuity.339 Training of community participants to build 

capacity and enhance likelihood of institutionalization of the program are some ways to 

achieve sustainability and ensure that the program will not have an unexpected 

termination.228 The sustainability plan for BHCK has evolved differently by each 

intervention component: 

Corner Stores: In 2009, the mayor of Baltimore formed a food-policy task force to 

improve the city’s food environment by hiring a food policy director and developing a 

series of recommendations to improve the city’s food environment – one of them was 

the Plan for Baltimore Corner Store Program Expansion with collaboration between 

different stakeholders and the Baltimore Food Policy Initiative (BFPI). The corner store 

component is recently being carried on by the Baltimore City Health Department, as part 

of the Baltimarket program. The program used lessons learned from BHCK and BHS 

projects to provide owners with technical assistance, marketing materials, and incentives 

and infrastructure to enable stocking of healthy foods. The program promotes foods in 

the following categories: whole grains, vegetables, fruits, low-fat dairy, healthy snacks, 

and healthy beverages. Baltimarket works with corner stores located in four zip code 

areas at a time and BHCK staff assist with the evaluation of the program.  

Carryout Restaurants: Strategies used as part of the BHCK carryout component 

and BHC were adapted and implemented in Baltimore Public Markets as Get Fresh 
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Public Markets program. The program is a collaboration between BFPI, and Baltimore 

Public Market Corporation that was pilot tested in Lexington and planned to be 

disseminated to all six public markets. The program utilizes the green leaf logo for 

signaling healthier choice and also provide redesigned menus to participating carryout 

restaurants.  

Recreation Center/Peer Mentoring: During the implementation of BHCK wave 2, 

interventionists provided five training sessions to recreation center directors to build 

capacity of the center. Each center received the BHCK nutrition curriculum and materials 

utilized in the 14-sessions with children. The BHCK nutrition curriculum was adapted 

and incorporated as part of the Recess Baltimore program, led by the American Heart 

Association (AHA). Recess Baltimore works with six different recreation centers every 

year, provide technical assistance to center’s directors and evaluate the program where 

directors lead nutrition sessions with children following AHA’s curriculum. Furthermore, 

BHCK also partnered with University of Maryland Extension (SNAP-Ed) and they will 

identify recreation center staff that are characterized as champions of healthy eating to 

undergo the “Champions for Healthy Kids Training”.      

Policy: The policy working group engaged 40 participants representing city 

departments, councils, and community stakeholders. This component was created with 

the main goal to sustain BHCK program elements and engage stakeholders in this 

conversation from the beginning of the program. Most of the actions to sustain BHCK 

components described above started within this group and by partnering with existing 

health programs. Even after completing the program, BHCK team has provided continue 

support to Baltimore City stakeholders, especially through Systems Science modeling to 
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inform policies. For example, Baltimore City is considering a Staple Foods Ordinance, 

similar to the Minneapolis Ordinance model. The team has been working with the Food 

Policy Director of Baltimore City, Holly Freishtat, and the Health Department to provide 

them with a tool to guide de development of the ordinance in terms of types of foods and 

different quantities that should be enforced by the ordinance to improve availability of 

healthy foods in low-income areas.  

Social media: Facebook, Instagram, and Twitter accounts created for the BHCK 

program are still live and active and being managed by graduate students from JHSPH. 

Those accounts are currently being used to maintain connection and relationship with 

the community, and at the same time continue to promote events and information 

associated with wellness. Findings of the BHCK program have been disseminated to the 

community via these social media accounts.  

7.6 Implications for theory 

The findings from this dissertation can be explained in part by the socio cognitive 

theory and the socio ecological model. For instance, youth and their caregivers may have 

improved their food-related behaviors from being exposed to nutrition education and 

food demos that may have increased their intentions to healthy eating, leading to a 

behavior change. Additionally, changes in the food environment (increased availability of 

healthier foods) may have also played a role in behavior change, according to SEM.  

However, this work has also demonstrated that individuals experience a nutrition 

intervention differently given the extent of exposure to the program and activities 

individuals are exposed. Yet, no theory recognizes the optimal amount and duration 

needed to influence behavior change. This may be because most studies seeking to 
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explain the effect of health behavior theories are cross-sectional.340 Future analysis of this 

dissertation work could also estimate the variation in behavior change explained by the 

socio cognitive model by testing the hypothesis that behavior change was mediated by 

cognitive changes (i.e., self-efficacy, intentions).  

Similar interventions could consider applying a transtheoretical approach136 to 

promote health behavior change adoption and maintenance by classifying individuals into 

the five stages of their readiness to change and tailor programs and messages341 (e.g., 

delivered through texting messages, mailing, or social media). For those in the first stage 

of precontemplation, a longer duration and higher intensity of the intervention may be 

needed until the adoption of the new behavior. Conversely, for those in the third stage, of 

preparation, a shorter and lower dose and intensity of the intervention may trigger 

behavior change.  

7.7 Recommendations for policy 

This work has public health policy-related implications for combating the 

complex issue of childhood obesity. Policy solutions should build multilevel include 

multi-faceted actions – by targeting the city-level to improve the community food 

environment to enable residents to make healthier choices, and at the same time, reach 

individuals by improving self-efficacy, intentions, and nutrition knowledge. This 

dissertation, for example, has shown that working with small-retail owners to increase 

stocking of healthful foods is feasible, and when paired with promotions to consumers we 

are able to shape individual’s food choice and consumption, especially in areas with low 

access to supermarkets. These results can help in conversations with store owners to 

improve their adherence and support of the proposed new SNAP depth of stock by 
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demonstrating that stocking healthy foods may result in improved purchasing and 

consumption of healthful foods among vulnerable children. The SNAP depth of stock 

sets a minimum standard for stocking 36 staple foods for stores to be eligible to accept 

SNAP benefits form their clients. This rule aims to improve low-income individual’s 

access to nutritious foods. However, findings from this dissertation suggest that stocking 

requirements should be combined with store owner training and social marketing 

strategies to promote individual behavior change.  

The Healthy Food Availability Index is a measure of the presence of healthy and 

staple foods that assigns scores from 0-100 to a food retail.214 Grocery stores usually have 

a score of 20 points or higher, whereas corner stores have an average of 9.8 points, and 

convenience stores of 6.3. Baltimore uses HFAI scores as one of the four criteria for 

defining a Healthy Food Priority Area (previous known as food desert).215 Furthermore, it 

is known that more than 80% of Baltimore corner stores accept SNAP (i.e., meet current 

SNAP stocking requirements), but still have the lowest HFAI scores among all food-

retail store types. Hence, encouraging corner stores to accept SNAP is important to 

ensure that low-income individuals have access to foods, but may be not enough to 

improve equal access to healthy foods. BHCK intervention in corner stores successfully 

improved HFAI score by an average of 5 points, demonstrating that the intervention was 

feasible and effective in improving the healthy food environment.275 Future policies 

should consider the strategies utilized by BHCK and the foods promoted to improve 

Healthy Food Availability Index in small food retailers that are predominate in low-

income settings. Currently, Baltimore is considering implementing a Staple Foods 

Ordinance – city stakeholders could use evidence from BHCK to select food items and 
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quantities for the ordinance, utilize training materials for owners, and promotional 

materials for consumers to better enforce the ordinance and encourage stocking of 

healthier foods, as a form of regulation. The HFAI may be an important tool to assess 

effectiveness of policies to improve availability of healthier foods in small retail food 

stores in low-income neighborhoods. Thus, improving HFAI score may be one strategy to 

improve Baltimore food environment. 

Despite positive results on the impact of BHCK on healthy food-related 

behaviors, effects were relatively small and increases in unhealthful food purchasing 

were also seen. Implementing policies that restraint unhealthy food purchases may be a 

critical step to produce meaningful improvements in diet. Many lab-based simulated 

online food purchasing surveys have taxed unhealthful foods and reduced healthier foods 

prices by 12.5-25%342, or 25-50%343 and found a decrease in calories purchased and 

increase in healthy food purchased, respectively. Sugar sweetened beverage taxes in 

Berkeley (CA, U.S.A.) and Mexico are examples of policies that decreased sales of taxed 

foods, purchase, and increased consumption of water.344,345 More U.S. cities and states 

have implemented taxes on SSBs or junk foods in the past year, but opposition against 

this policy is still large, with arguments that SSB is not the right solution, that the tax will 

harm and marginalize mainly the poor, and that it might affect negatively small 

business.346 Other policies to curb unhealthy food purchasing include restrictions on 

marketing, and health warning labels on unhealthy foods and beverages combined with 

mass media campaigns have also been tested and could be paired with promotions of 

healthier foods.347-352   
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Another venue for policy change to prevent childhood obesity is the after-school 

program (recreation centers, YMCA, Boys and Girls club). Afterschool sites may be a 

promising venue to reach youth, as most centers are associated with specific elementary 

or middle schools and offer free snack and supper programs sponsored by the USDA. 

Interventions and programs to prevent childhood obesity have been widely implemented 

in schools with encouraging results.9 Furthermore, the Healthy Hunger Free Kids Act 

2010 requires that all schools participating in the National School Lunch Program have a 

school wellness policy and to have set nutrition standards for all food sold in school.353,354 

However, despite the free meal program implemented in after-school settings, no local 

wellness policy have been created that target after-school settings. It is important that 

similar programs that take place in schools continue in the after-school settings to 

reinforce healthy messages to youth. Wellness policies that could be implemented in 

after-school programs include mandatory weekly nutrition education sessions, 

improvement of vending machine and concession stands offerings, improvement of 

quality of water fountains, ban of unhealthy foods from outside of the center, and ban of 

marketing of unhealthy foods and beverages within after-school settings. Most recreation 

centers managed by Baltimore City have already banned vending machines and 

concession stands in their facilities. However, those managed by private operators (e.g., 

Boys and Girls Club) still offer a wide array of candies and snacks in the center’s 

building, which suggests an opportunity for organizational policy in these settings. Many 

after-school programs may consider offering foods inside the building for safety reasons 

and prevent children from leaving the building to acquire snacks. Thus, additional foods 
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offered in recreation centers could follow similar nutrition guidelines to the Smart Snacks 

in School regulation355, and comply with the USDA Dietary Guidelines for Americans.  

In summary, public health policies that encourage stocking of healthier foods, 

especially in low-income settings (e.g., SNAP stocking requirements, WIC package 

foods, and the Staples Food Ordinance) to improve food access, accompanied with 

wellness policy in educational settings (i.e., schools and after-school programs) may be a 

promising strategy to decrease childhood obesity. Other policies to discourage 

consumption of unhealthy foods, including taxing unhealthy foods and utilizing the 

revenue in wellness programs for children should be considered. These policies would 

improve child well-being, decrease inequality in healthy food access and health, reduce 

childhood obesity prevalence, and consequently also impact medical and healthcare costs.  
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Chapter 8. Appendices  

8.1 Block Kids Food Frequency Questionnaire 
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8.2 Fruit and Vegetable Screener (NCI) 
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8.3 Child Impact Questionnaire (CIQ) 
 

Child Impact Questionnaire (CIQ) 
 
 
DATE:           /          
/ 
  

 
 
Data Collector:   

 
Rec Center Zone:  
  

 
Section 1. Demographic & Contact Information 

 
1.  Respondent ID #: 

 

2.  Respondent Name:  
  

 

3.  Respondent Date of Birth:                                                     Age:  
  

 

4.  Respondent Sex (Circle):                   M                  F 
 

5.  Respondent Race (Check all that apply): 
  American Indian/Alaskan Native 
  Asian 
  Black or African American 
  Native Hawaiian/Other Pacific Islander 
  White 
   Other:    

 
6.  Respondent Ethnic Background (Check): 
  Hispanic or Latino 
  Not Hispanic or Latino 
   Other:    

 
7.  Street Address (Primary): 

 

8.  Street Address (Alternate):  
  

 

9.  Phone Number: #1                             #2                               #3 
  

 

# Type (i.e. mom’s cell) #1                         #2                             #3 
  

 

10. Name of Caregiver: 
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11. Relationship of Caregiver to Participant: 
  

 

12. Phone Number for Caregiver: 
  

 

13. Email Address for Caregiver:  
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INTRODUCTION 

 
“Before we begin, I want to give you some important information about this 
survey. 

• This survey is about the foods that you buy. This means that I will ask you 
questions about times when you yourself had money and used it to buy 
food for yourself. 

•    All information collected will not be shared with anyone. 
•    There are no right or wrong answers. 
• Telling us about the foods that you buy will help out kids your age in 

Baltimore eat healthier, so please be as honest as you can be. 
• If you can’t remember or if a question seems odd, just ask me and I will 

explain as well as I can. 
•    Thank you for your help.”
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Section 2. Food Purchases 
“First we are going to talk about times when you have bought food for 

the people whom you live with.” (Read each answer choice. CIRCLE 
ONLY ONE RESPONSE.) 
 
14. How do you help with food shopping for your household (your household 

is the people who you usually eat with)? 
 

a.  I never shop for food for my household. 
b.  I go with the main food shopper on most trips to the food store (more than 
50% of trips to the food store). 
c.  I go with the main food shopper on some trips to the food store (less than 
50% of trips to the food store). 
d.  I sometimes do the food shopping for my household without an adult. 
e.  I do all or most of the food shopping for my household without an adult. f.

 Other (please specify):



 

 236 

 

“I’m going to ask you some questions about when you buy food 
for yourself. I am only interested in times when you spend 
money on food for yourself. [You can include foods that you 
might buy for others that you eat too. Please don’t include 
foods that others bought for you.]” 

 
15. Think about all the places where you bought food during the last 
7 days, from last 

       to       . What are the all places that you shop in each 
category? [If child shops at less than 3 stores in a category mark 
the column “I do not shop at this type of food source” in each 
column for which there is not a response.  Where are they located? 
How often did you shop there in the last 7 days? If child shops in 
more than 3 of any type of food source mark source type and 
name in extra rows that follow.] 

 
(Read each food source) 

 
 
 

 
 

Food Source Type & 
Name 

Times 
patronized in the 
last 7 days (If did 
not shop there, 

k 
  

 

Address/St
ore code 
for each 

food 
 

Who was with 
you on MOST 
trips to this 

place? Circle 

 

Supermarket / Grocery 
Store 

   
1.   Family       Friend 

Alone        Other: 
2.   Family       Friend 

Alone        Other: 
3.   Family       Friend 

Alone        Other: 
Corner store    
1.   Family       Friend 

Alone        Other: 
2.   Family       Friend 

Alone        Other: 
3   Family       Friend 

Alone        Other: 
Convenience store (like a 
7 11) 

   
1.   Family       Friend 

Alone        Other: 
2.   Family       Friend 

Alone        Other: 
3.   Family       Friend 

Alone        Other: 
Fast food restaurant/ carry-
out 

   
1.   Family       Friend 

Alone        Other: 
2.   Family       Friend 

Alone        Other: 
3.   Family       Friend 

Alone        Other: 
School / rec center    
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1.   Family       Friend 
Alone        Other: 

2.   Family       Friend 
Alone        Other: 

3.   Family       Friend 
Alone        Other: 
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Food Source Type & 
Name 

Times patronized 
in the last 7 days 
(If did not shop 
there, mark as 

) 

 

Address/St
ore code 
for each 

food 
 

Who was with 
you on MOST 
trips to this 

place? Circle 
 Other (truck, 

arabber, drug store) 
   

1.   Family       Friend 
Alone        Other: 

2.   Family       Friend 
Alone        Other: 

3.   Family       Friend 
Alone        Other: 

EXTRA: 
Type and name of 
categories with more 
than three places 
Ex: ‘Carryout : Jo’s Lake 

 

   

1.   Family       Friend 
Alone        Other: 

2.   Family       Friend 
Alone        Other: 

3.   Family       Friend 
Alone        Other: 

4.   Family       Friend 
Alone        Other: 

5.   Family       Friend 
Alone        Other: 

6.   Family       Friend 
Alone        Other: 
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16. Now I want to get an idea of how often you buy some foods. Please think 
back over the last 7 days, from last        to        . I’m going to name some 
foods, and I want you to count for me the number of times  you bought 
them for yourself in the last 7 days. [You can include foods that you 
might buy for others that you eat too. Please don’t include foods that 
others bought for you.]  I will also ask you where you bought them most 
of the time. 

(This section must be completed, even if they report not 
purchasing any food for themselves in previous section.  To 
administer, read one food item, and ask how many times they 
bought the food in the last 7 days. Write down the # in the first 
column. Ask where they bought it most often, and read aloud 
the food sources. Put a check mark (√ ) in ONE column.) 

 

 
 
 
 
 
 

Food item 

 
 
 

# times 
purcha- 
sed in 

the last 
7 days 

Where did you usually buy this 
food? 

 
Su

pe
rm

ar
ke

t C
on

ve
ni

en
ce

  
 

C
or

ne
r 

St
or

e 
Fa

st
 

Fo
od

/ 

 

 

Sc
ho

ol
/ R

ec
 

C
 

 
O

th
er

(
w

rit
e 

 

Beverage        
Regular soda (include Grape 
Soda) (Brand(s):                                
) 

       

Diet soda (include Coke 
Zero, Sprite Zero, Dr. 
Pepper 10, Pepsi 
N t)(B d( )                               
 

       

Fruit punch or Hugs fruit drink        
100% Fruit juice (Like Juicy 
Juice, Welch’s)(Brand(s):                           
) 

       

Plain Water        
Fruit flavored water (Brand(s): 

) 
       

Sugar free drink mixes (like 
Crystal 

 

       

Whole milk        
2% milk        
1% or skim milk        
Sports drinks (Gatorade)        
Sweetened iced tea/ Half and 

 
       

Unsweetened tea/ Diet half & 
 

       
Energy drinks (Monster, Red 

 
       

Any other drinks (Type:                   
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Food 
item 

 
 
 

# 
times 

purcha
- sed 
in the 
last 

7 
d  

Where did you usually buy this 
food? 

 
Su

pe
rm

ar
ke

t 

C
on

ve
ni

en
ce

 
St

or
e 

 

C
or

ne
r S

to
re

 

Fa
st

 F
oo

d/
 

C
ar

ry
-O

ut
 

 

Sc
ho

ol
/ 

R
ec

 C
en

te
r 

  
O

th
er

 
(w

rit
e 

pl
ac

e)
 

Fruit & Vegetables        
Apples        
Applesauce        
Bananas        
Oranges        
Other fresh fruit (Type: 
                                                     
 

       

Frozen fruit (Type: 
                                                     
 

       

Canned fruit/ Fruit cups        
Dried fruit (like raisins)        
Baby carrots (with or without dip)        
Celery (with or without dip)        
Cucumber (with or without dip)        
Other fresh/frozen vegetables 
(Type:                                              
 

       

Canned vegetables        
Any other fruit or vegetables 

(Type: 
 

       

Whole Grains/ Grocery Items        
White bread        
100% Whole wheat bread        
Sugary cereal (like Froot Loops, 
Cap’n Crunch) Brand(s):                
 

       

Low sugar cereal (like cheerios, 
rice krispies) Brand(s):                          
 

       

High Fiber Cereal (like 
Shredded wheat, bran flakes)  

             

       

Hot cereal (oatmeal, grits)        
Tuna (canned)        
Cooking spray        
Any other groceries (Type:              
) 
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Food 
item 

 
 
 

# 
times 

purcha
- sed 
in the 
last 

7 
 

Where did you usually buy this 
food? 

 
Su

pe
rm

ar
ke

t 

C
on

ve
ni

en
ce

 
St

or
e 

 

C
or

ne
r S

to
re

 

Fa
st

 F
oo

d/
 

C
ar

ry
-O

ut
 

 

Sc
ho

ol
/ 

R
ec

 C
en

te
r 

  
O

th
er

 
(w

rit
e 

pl
ac

e)
 

Fast Food        
Hamburger or Cheeseburger        
Pizza        
Fried chicken (include Chinese 
fried chicken wings) 

       

Grilled chicken        
Fried seafood (fish, shrimp, etc.)        
Grilled seafood        
French fries or tater tots 
(include cheese fries) 

       

Fruit side dish (Type:                      
) 

       
Vegetable side dish (include 
green salad) (Type:                                   
 

       

Subs/sandwiches/wraps (like 
cheesesteaks, fried chicken or 
fish sandwiches) Type:  
  

       

Subs/sandwiches/wraps (sliced 
deli meat) Type:  
  

       

Chinese food        
Tacos/burritos/nachos/quesadilla        
Any other carry-out food 
(Type:                                             
 

       

Any other carry-out food 
(Type:                                             
 

       

Any other carry-out food 
(Type:                                             
 

       

Snacks        
Chips or cheese curls (Type(s): 

) 
       

Baked chips (Type(s): 
) 

       

Reduced-fat chips (like R.F. 
Doritos) (Brand:                              
 

       

Pretzels        
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Food 
item 

 
 
 

# 
times 
purch
a- sed 
in the 
last 

7 
d  

Where did you usually buy this 
food? 

 
Su

pe
rm

ar
ke

t 

C
on

ve
ni

en
ce

 
St

or
e 

 

C
or

ne
r S

to
re

 

Fa
st

 F
oo

d/
 

C
ar

ry
-O

ut
 

 

Sc
ho

ol
/ 

R
ec

 C
en

te
r 

  
O

th
er

 
(w

rit
e 

pl
ac

e)
 

Dried fruit, nuts or seeds 
(like sunflower seeds) 

       

Baked goods (cookies, 
snack cakes, donuts, 

 

       

Yogurt        
Granola bars (like Quaker)        
Chocolate candy (like 
snickers, hershey’s, 

 

       

Other candy (like Skittles, 
gummy bears, life savers) 

       

Ice cream        
Juice popsicles        
Snow cones or snow balls        
Any other Snacks (Type 
                      ) 

       

        
17. How much money do you usually spend when you go to the corner store or 

convenience store?                dollars per visit 
 

18. How much money do you usually spend when you go to the carry out 
or fast food restaurant?               dollars per visit
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Section 3. Food Preparation Environment 
“Now I am going to ask you some questions about what kinds of food 
you eat at home. Think back over the past 7 days, from last      to     .” 
 
19. In the past 7 days, how often did a member of your household prepare food 
for you? 

A.  Never  
(if never, skip to question #22) 
B. 1 time per week 
C. 2-3 times per week  
D. 4-6 times per week  
E.  1 time per day 

F.  2 or more times per day 
 
20. In the past 7 days, how often did you prepare food for yourself or 
others (including making yourself lunch)? 

A.  Never  
(if never, skip to question #22) 
B. 1 time per week 
C. 2-3 times per week  
D. 4-6 times per week  
E.  1 time per day 

F.  2 or more times per day 
 
21. You said that you prepared food          (read # of times from question 

#20). What foods did you prepare? (Write each food item in 
the left column, one item per row.) In the last 7 days, how 
did you prepare     (Read each food item separately, and 
leave open-ended. Put a check mark (√ ) in each 
applicable column for preparation method.) Record 
anything added to the foods. 

 
 
 

FOOD 
(write one item per row) 

PREPARATION METHOD 

 
Fried 

(deep or 
pan) 

 
Baked (or 
toasted) 

 

Micro 
waved 

 
Not cooked 
(like cereal) 

Other (specify: 
grilled, broiled 
added boiling 
water) 

Wa
s 

anything 
added? 

(write out) 

Added 

fat 

(√ 

) 

Added 
sugar (√ 

) 
Added 

salt 

(√ ) 
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Section 4. Intentions about Foods 
“I am going to read a statement and three food choices. Please tell me 
which food you would really choose to eat, given your life right now. 
(CIRCLE ONLY ONE RESPONSE) 

 
22. If you wanted a snack, which would you pick? 

A.  Potato chips 
B.  Pretzels 
C. Yogurt 

 
23. If you were thirsty, which would you choose for a drink? 

A.  Soda 
B.  Fruit-flavored water 
C. Plain Water 

 
24. If you had to eat cereal, which would you choose? 

A.  Kix 
B.  Life Cereal 
C. Froot Loops 

 
25. The next time you want an after-school snack, which would you choose? 

A.  Sunflower seeds 
B.  French fries 
C. Candy 

 
26. If you had to eat at a fast food restaurant or carryout, which meal would you 
choose? 

A.  Burger (regular or 
cheese) B.  Turkey 
sandwich 
C. Fried chicken 

 
27. If you had to eat a vegetable, which would you choose? 

A.  Baby carrots 
B.  Corn 
C. Potatoes 

 
28. If you had to drink a fruit beverage, which would you choose? 

A.  Crystal Light (sugar-free 
drink mix) B.  Fruit punch 
(including Hugs) 
C. Fruit flavored soda (like orange or grape soda) 

 
29. If you had to choose a fruit snack, which would you choose? 

A.  Apple with caramel dip 
B.  Grapes 
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C. Fruit roll-up
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30. If you had to put something on a sandwich, which would you choose? 
A.  Mustard 
B.  Regular mayonnaise 
C. Butter 

 
31. If you had to drink milk, which would you choose? 

A.  1% or skim milk 
B.  2% milk 
C. Whole milk 

 
32. If you had to eat a quick breakfast, what would you choose? 

A.  Poptarts 
B.  None, I’d skip breakfast 
C. Piece of fruit 

 
33. If you were making a sandwich, what type of bread would you use? 

A.  White bread 
B.  Potato bread 
C. 100% whole wheat bread 

 
Section 5. Outcome Expectancies 
“I’m now going to read to you some statements about food. Tell me 
whether the statement that I read is true, mostly true, mostly false, or 
false” (Do not read the “Don’t know” response, but mark it if they give 
that answer. CIRCLE ONE RESPONSE.) 

 
34. I would be healthier if I ate french fries three times a week instead of eating 

french fries seven days a week. 
A.  True 
B.  
Mostly 
true C. 
Mostly 
false D. 
False 
E.  (Don’t know) 

 
35. I would lose weight if I drink diet soda instead of regular soda. 

A.  True 
B.  
Mostly 
true C. 
Mostly 
false D. 
False 
E.  (Don’t know)



 

 248 

 

36. I am more likely to get heart disease if I eat fried chicken instead of baked 
chicken. 

A.  True 
B.  
Mostly 
true C. 
Mostly 
false D. 
False 
E.  (Don’t know) 

 
37. I am more likely to get high blood pressure if I eat a lot of salty foods. 

A.  True 
B.  
Mostly 
true C. 
Mostly 
false D. 
False 
E.  (Don’t know) 

 
38. I will gain weight if I eat a lot of fatty foods (like potato chips). 

A.  True 
B.  
Mostly 
true C. 
Mostly 
false D. 
False 
E.  (Don’t know) 

 
39. I would have more energy if I ate more fruits and vegetables. 

A.  True 
B.  
Mostly 
true C. 
Mostly 
false D. 
False 
E.  (Don’t know) 

 
40. I will get diabetes if I eat a lot of sugary foods (like tasty cakes and ice 
cream). 

A.  True 
B.  
Mostly 
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true C. 
Mostly 
false D. 
False 
E.  (Don’t know) 

 
41. I would have more energy to exercise or play sports if I ate more whole 
grains 

A.  True 
B.  
Mostly 
true C. 
Mostly 
false D. 
False 
E.  (Don’t know)
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42. I would feel better if I drank more water and less soda 
A.  True 
B.  
Mostly 
true C. 
Mostly 
false 
D. 
False 
E.  (Don’t know) 

 
43. I would feel better if I ate more fiber 

A.  True 
B.  
Mostly 
true C. 
Mostly 
false 
D. 
False 
E.  (Don’t know) 

 
44. I would be less likely to gain weight if I added less butter to my food 

A.  True 
B.  
Mostly 
true C. 
Mostly 
false 
D. 
False 
E.  (Don’t know) 

 
Section 6. Self-Efficacy 
“I’m now going to ask you some questions about how sure you are that 
you can eat healthy foods. You can tell me if you know you can do it, you 
think you can do it, you’re not sure you can do it, and you know that you 
can’t do it. Remember 
that I am not asking if you do these things, only how sure you are that 
you can do it, given your everyday life” (CIRCLE ONE RESPONSE.) 

 
45. I can eat vegetables several times a day. 

A.  I know I can 
B.  I think I can 
C. I’m not sure I can 
D. I know I can’t 



 

 251 

 
46. I can reduce the amount of potato chips that I eat to only one small bag a 
day. 

A.  I know I can 
B.  I think I can 
C. I’m not sure I can 
D. I know I can’t 

 
47. I can eat a bowl of low-sugar cereal for breakfast even when I am 

running late for school. 
A.  I know I can 
B.  I think I can 
C. I’m not sure I can 
D. I know I can’t
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48. I can drink sugar-free drinks like Crystal Light instead of fruit punch. 

A.  I know I can 
B.  I think I can 
C. I’m not sure I can 
D. I know I can’t 

 
49. I can choose vegetables for a snack instead of potato chips or snack cakes, 

if I try hard enough. 
A.  I know I can 
B.  I think I can 
C. I’m not sure I can 
D. I know I can’t 

 
50. I can eat at least one fruit everyday outside of school (fruit eaten at school 

doesn’t count). 
A.  I know I can 
B.  I think I can 
C. I’m not sure I can 
D. I know I can’t 

 
51. I can ask for low-fat mayonnaise or miracle whip on my sandwich. 

A.  I know I can 
B.  I think I can 
C. I’m not sure I can 
D. I know I can’t 

 
52. I can buy fruit to snack on at the corner store. 

A.  I know I can 
B.  I think I can 
C. I’m not sure I can 
D. I know I can’t 

 
53. I can buy baked chips instead of regular chips at the corner store. 

A.  I know I can 
B.  I think I can 
C. I’m not sure I can 
D. I know I can’t 

 
54. I can try healthier side dishes at the fast food restaurants like having 

apples or yogurt instead of fries. 
A.  I know I can 
B.  I think I can 
C. I’m not sure I can 
D. I know I can’t
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55. I can talk to my parents about buying me healthy snacks. 
A.  I 
know I 
can 
B.  I 
think I 
can 
C. I’m not 
sure I can 
D. I know 
I can’t 

 
56. I can make a sandwich on whole wheat bread versus white bread 

A.  I 
know I 
can 
B.  I 
think I 
can 
C. I’m not 
sure I can 
D. I know 
I can’t 

 
Section 7. Food Knowledge 
“Now I’m going to ask you some questions about food. Please tell me 

which of the three foods listed is the better answer.” (Do not read the 
“Don’t know” response option, but mark it if they give that answer. 
CIRCLE ONE RESPONSE.) 

 
Healthy breakfasts 

 
57. Which breakfast cereal has less sugar? 

A.  Froot 
Loops 
B.  Rice 
Krispies 
C. Honey Nut 
Cheerios 
D. (Don’t 
know) 

 
58. Which breakfast has less fat? 

A.  Oatmeal 
with fruit 
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B.  An omelet with 
bacon 
C. 
Popt
arts 
D. (Don't 
know) 

 
59. Which breakfast cereal has more fiber? 

A.  
Raisin 
Bran 
B.  Lucky 
Charms C. 
Frosted 
Flakes D. 
(Don’t 
know) 

 
Cooking at home 

 
60. What is the healthiest way to eat vegetables? 

A.  Baby carrots with low fat dip 
B.  Greens cooked with added butter 
C. Hash browned potatoes fried in a pan 
D. (Don’t know)
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61. What’s the healthiest spread to put on a sandwich? 
A.  
Butt
er 
B.  
Mayonnai
se 
C. 
Musta
rd 
D. (Don’t 

know) Healthy 

snacks 

62. Which snack has less sugar? 
A.  Tasty 
cake 
B.  
Cook
ie 
C. 
Granola 
Bar 
D. (Don’t 
know) 

 
63. Which snack has less 

salt? 
A.  
Pretze
ls 
B.  Baby 
carrots C. 
Hot 
Cheetos D. 
(Don’t 
know) 

 
64. Which potato chip has 

less fat? 
A.  Regular Utz potato 
chips 
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B.  
Dorit
os 
C. Baked Utz 
chips 
D. Don’t 
know 

 
Carry-out foods 

 
65. Which sandwich bread is healthier? 

A.  100% Whole wheat 
B.  White 
bread C. 
Potato 
bread D. 
(Don’t 
know) 

 
66. Which fast food has less fat? 

A.  Chinese egg roll 
B.  
Chicken 
box C. 
Turkey sub 
D. (Don’t 
know) 

 
67. Which side is lowest in fat? 

A.  French fries 
B.  Cooked greens 
C. Chips 
D. (Don’t know)
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Healthy beverages 
 
68. Which soda has less sugar? 

A.  Grape soda 
B.  Coke 
C. Coke Zero 
D. (Don’t know) 

 
69. Which drink has less sugar? 

A. Red Bull (energy drink) 
B.  Everfresh (fruit-
flavored water) C.  
Snapple Diet half-and-
half 
D.  (Don’t know) 

 
70. Which milk has less fat? 

A.  
W
hol
e 
mil
k 
B.  
Sk
im 
mil
k 
C. 
2
% 
mil
k 
D. (Don’t know) 

 
 
Section 8: Social Support Scale for Food and Physical Activity Habits 

 
READ: Take a minute and think about ALL the people in your life you 
regularly see in the places you normally go (at home, school, rec center, 
church, etc.). Imagine you decided to make changes in your eating and 
physical activity habits. Would any of the people in your life support you or 
not? For each question, please tell me first, with a 
YES or NO, if there is someone in your life who would do that action. Then, 
tell me from a list of relationships (on supplement) who that person or 
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persons are.. You can choose ALL that apply. [Check YES or NO in Column 
A. Use supplement and check ALL that apply in Column B.] 
 

 
 
QUESTION: Do 
you have someone 
in your life 
that ? 

YES or 
NO? 

 
 ON
E 

 

What is their 
relationship to 
you? 

 
   ALL THAT APPLY 

Is that 
person   
than you? 

 
Circle one 

71.A. Talks to you 
about making 
improvements in 
your food and 
physical activity 
habits? 

 
 
 

Y
es 

 
N
o 

Parent  
Grandparent  
Brother/Sister Old  / Young /SA 
Other family:    Old  / Young /SA 
Friend Old  / Young /SA 
Mentor Old  / Young /SA 

Teacher/ Coach  
Doctor/Nurse  
Other Old  / Young /SA 

 
 
 
 
 
 

   
 

71.B. Encourages 
you to keep making 
healthy 
choices even when 
you don’t feel like it? 

 
 
 

Yes 
 
         No 

      Parent  
Grandparent  

       Brother/Sister Old  / Young /SA 
       Other family:    Old  / Young /SA 

Friend Old  / Young /SA 
       Mentor Old  / Young /SA 
       Teacher/ Coach  
       Doctor/Nurse  
       Other Old  / Young /SA 

  71.C. Shows you 
how to make healthy 
choices by 
setting a good 
example? 

 
 
 

Ye
s 

 
N
o 

Parent  
Grandparent  
Brother/Sister Old  / Young /SA 
Other family:    Old  / Young /SA 
Friend Old  / Young /SA 
Mentor Old  / Young /SA 
Teacher/ Coach  
Doctor/Nurse  
Other Old  / Young /SA 

71.D. Praises you 
about making 
changes in your diet 
and physical activity 
habits? 

 
 
 

Yes 
 
         No 

      Parent  
       Grandparent  
       Brother/Sister Old  / Young /SA 
       Other family:    Old  / Young /SA 

Friend Old  / Young /SA 
       Mentor Old  / Young /SA 

Teacher/ Coach  
       Doctor/Nurse  
       Other Old  / Young /SA 

71.E. Will be your 
buddy with making 
food and 

 
Ye
s 

Parent  
Grandparent  
Brother/Sister Old  / Young /SA 
Other family: Old  / Young /SA 
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physical activity 
changes together? 

 
N
o 

Friend Old  / Young /SA 
Mentor Old  / Young /SA 
Teacher/ Coach  
Doctor/Nurse  
Other Old  / Young /SA 

71.F. Helps you 
solve problems that 
get in the way of 
your eating healthy 
and being active? 

 
 
 

Yes 
 
         No 

      Parent  
       Grandparent  
       Brother/Sister Old  / Young /SA 
       Other family:    Old  / Young /SA 
       Friend Old  / Young /SA 
       Mentor Old  / Young /SA 
       Teacher/ Coach  
       Doctor/Nurse  
       Other Old  / Young /SA 

    



 

 260 

 

71.G. Tells you 
about new healthy 
foods and 
encourages you 
to try new 
healthy foods? 

 
 
 

Y
e
s 

 
N
o 

Parent  
Grandparent  
Brother/Sister Old  / Young /SA 
Other family:  
  

Old  / Young /SA 
Friend Old  / Young /SA 
Mentor Old  / Young /SA 
Teacher/ Coach  
Doctor/Nurse  
Other Old  / Young /SA 

 
Section 9: Social Support for Healthy and Unhealthy Eating 
READ: “Now I’m going to ask you some questions about how OFTEN 
your parent/ guardian may do certain things related to healthy and 
unhealthy eating.  I’ll also ask you similar questions about how OFTEN 
your friends or other kids about your same age do certain things related 
to healthy and unhealthy eating. Tell me if you think these things 
happen never, rarely, sometimes, often, or very often.” 

 
72. Parent support for healthy eating 

 
How often does your  
parent/guardian: 

Neve
r 

Rarel
y 

Som
e 

 

time
s 

Ofte
n 

Very 
 

Ofte
n 

72.a. Give you ideas on how to 
eat 

 

healthier foods 

     

72.b. Offer you low-fat snacks      

72.c. Encourage you to stay 
away from high-fat foods or 
sweets 

     

72.d. Talk with you about eating 
more 

 

healthy foods 

     

73. Peer support for healthy eating 
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How often do your friends or 
someone 

 

about your age: 

Neve
r 

Rarel
y 

Som
e 

 

time
s 

Ofte
n 

Very 
 

Ofte
n 

73.a. Give you ideas on how to 
eat 

 

healthier foods 

     

73.b. Offer you low-fat snacks      

73.c. Encourage you to stay 
away from high-fat foods or 
sweets 

     

73.d. Talk with you about eating 
more 

 

healthy foods 
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74. Parent support for unhealthy eating 

 
How often does your  
parent/guardian: 

Neve
r 

Rarel
y 

Som
e 

 

times 

Often Very 
 

Often 

74.a. Offer you high-fat foods or 
sweets 

     

75.b. Encourage  you to eat high-
fat foods or sweets 

     

75.c. Say nice things about the 
sweet or high-fat foods you were 
eating 

     

75. Peer support for unhealthy eating 

How often do your friends or 
someone about your age: 

Neve
r 

Rarel
y 

Som
e 

 

 

Often Very 
 

Often 
75.a. Offer you high-fat foods or 
sweets 

     

75.b. Encourage you to eat high-
fat foods or sweets 

     

75.c. Say nice things about the 
sweet or high-fat foods you were 
eating 

     

 

 
 

Section 10. Breakfast Consumption 
 

76.  In the past 7 days, how many days did you eat breakfast?  
(Breakfast includes a meal within 2-3 hours of waking, it does not 
have to be certain foods). Circle one: 

 
a.  None 
b.  One day 
in the last 
week c.  Two 
days in the 
last week d.  
3-4 days in 
the last week 
e.  5-6 days 
in the last 
week 
f.  Everyday 
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77.  What did you eat for breakfast yesterday? Record all foods and 
things added to foods, similar to a 24-hr recall.
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Section 11. Anthropometry 

 
“Finally, we’re going to see how tall you are and how much you weigh.” 

 
 
Height: 1.         
  

    /8 inches                     2.             /8 inches

 
 

Average of 1st  2 measurements:     
 

 
    /8 inche

 
If different by more than ¼th inch take 3rd measurement: 

 
3rd measurement:            /8 inches

 

 
 
 

 
Average of all 3 measurements:       
  

    /8 inches

 
 
 
Weight:              1. _ _ _ . _  lbs       2.  _ _ _._ lbs 

 

 
 

Average of 1st 2 measurements: _ _ _._ lbs 
 
 
 
If different by more than 0.2 lbs take 3rd measurement:  

 
3. _ _ _ _ _._ lbs 

 
 
 
SELF-REPORTED (only in case of 
refusal to be measured) 

 
 
 

Height       _ ft. _ _ in 
 

                Weight          _ _ _ . _  lbs 
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Section 12. School and Recreation Center Program Participation 

78. What is the name of your school? (If it is summer, note the name of the 
school attended last year):  

________________________________________________________________ 

79. How often do you buy lunch at school in a week? ____ times/week (0-5) 

80. Does your school have a salad bar that children can use? ______ Yes 
______ No 

81. How often did you use the salad bar last bar in the last week? (or the last 
week school was in session):  ______ times/week 

82. Do you or did you take PE classes at school? _____Yes ______ No 

83. # times took/take PE/week: ________ 

84. Do you participate in afterschool sports? ______Yes _____No 

85.  What sport(s) do/did you participate in after school?  
_______________________ 

86. How many hours do/did you participate in that sport(s) per week?  
____hours/week 

87. Which recreation center did you go to in the last 
month?_____________________ 

88. # times went to rec center in last month: _______ times 
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8.4 Adult Impact Questionnaire (AIQ) 
 

 
B’More Healthy: Communities for Kids (BHCK) 
ADULT IMPACT QUESTIONNAIRE (BASELINE) 

 
Interviewer Name:  _________________________________________   Date:  _____/_____/_____    
Interview start time:  ____ :____AM/PM  
                                                                                                 MM   DD    YY  
Resp. Name:  _________________________________________   

Relationship to Child (if applicable):  ______________________________ 

Resp. Address:  

______________________________________________________________________________________  

Phone Numbers:  #1 ____________________________  #2______________________________   

#3 _______________________________  

Email address: 

______________________________________________________________________________________ 

Child Name:  ______________________________________________  Child ID #:____________________ 

Signed consent obtained?:   Yes □     No □      

Interview Checklist 
 
“Before we begin, I want to give you some important information about this survey.” 
 
1. This survey will take approximately 60 minutes. ___ 
2. All information collected will not be shared with anyone. __ 
3. There are no right or wrong answers. ___ 
4. If you need any of the questions or answer choices to be repeated, please ask me and I will 
be happy to help you. __  
5. You can opt out of the survey at any time. ___ 
6. Thank you so much for your help. __ 

 
“I am going to ask you questions about the types of foods you buy and prepare for you and your 
child (name).  I will also ask you about how you prepare foods for you and your child (name) and 
where you shop for foods. I will ask you how money affects the food you eat and, towards the end of 
the interview, I would like to get your height and weight.”   
   

 
Inclusion Criteria.  Only conduct the interview if the respondent meets the following criteria: 
 
1. Provides signed consent form 
2. Is one of the main food shoppers in the household 
3. Is at least 18 years of age 
4. Will live in the neighborhood for at least one year and will be available for follow-up 
 
 [NOTE:  AFTER INSPECTION AND CHECKING OF FORM, REMOVE THIS TOP SHEET AND 
KEEP IN A SEPARATE LOCATIO  
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Section 1 – Household information 
 

1. How many people live in your household? 
__________   (Fill in the blank) 

 
2. How many children (under 18 yrs) live in your household?   
        __________   (Fill in the blank) 

 
3. If yes, what is each child’s age?  

               _________________________________   (Fill in the blank) 
 

4. Do any of your children attend a recreation center in Baltimore?  
       _________   (Fill in the blank) 
 
5. If yes, what the name of the recreation center?  
       ________________________________________   (Fill in the blank) 

 
Section 2 – Food source and purchasing 
 
I am going to now read a list of locations or sources where you may have gotten food in the last 30 
days.  For each food source/location please tell me how many times in the last 30 days you got food 
there. [Refer to photographs for corner stores and carryouts] 

 

In the last 30 DAYS, how many times 
did you purchase or get foods from the 

following locations? 

# of 
times 

Did you get fresh 
fruits or 

vegetables? (raw or 
cooked, not in 

sandwiches, don’t 
include potato) 

Address(es) of food 
source/location 

Most often Second 
most 
often 

6. A farmer’s market in Baltimore City  Yes  □   No  □     

7. A local or urban farm stand  Yes  □   No  □     

8. An Arabber or mobile produce cart  Yes  □   No  □     

9. Street food vendor  Yes  □   No  □     

10. A public market  
(i.e. Lexington Market) 

 Yes  □   No  □     

11. The Virtual Supermarket program  Yes  □   No  □     

12. A local corner store  Yes  □   No  □     

13. A supermarket or grocery store 
(include Walmart) 

 Yes  □   No  □     
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14. A wholesale food store  
(i.e. Sam’s club, BJs, Costco) 

 Yes  □   No  □     

In the last 30 DAYS, how many times 
did you purchase or get foods from the 

following locations? 

# of 
times 

Did you buy fresh 
fruits or 

vegetables? (raw or 
cooked, not in 

sandwiches, don’t 
include potato) 

Address(es) of food 
source/location 

Most often Second 
most 
often 

15. A local carryout   Yes  □   No  □     

16. A chain fast food restaurant 
(McDonalds, KFC etc) 

 Yes  □   No  □     

17. A specialty store  
(bakery, African store, coffee shop) 

 Yes  □   No  □     

18. A sit-down restaurant, bar/pub  Yes  □   No  □     

19. Food pantry  Yes  □   No  □     

20. Church or community center  Yes  □   No  □     

21. Convenience stores (chain stores, 
i.e. Seven-Eleven, WaWa, Royal 
Farms, etc.) 

 Yes  □   No  □     

22. Family/friends  Yes  □   No  □     

23. Other, please specify 
___________                 
___________ 

 Yes  □   No  □     

 
 

 
24. In the last 30 days, how much money did you spend in groceries for your household at a 

supermarket, indoor market, or wholesale club?  Do not include foods that might have been 
purchased using food stamps, WIC, or other vouchers.    

 
____________ Dollars  
 

25. If you receive food stamps, how much money did you spend in the last 30 days using food 
stamp benefits to purchase groceries for your household? 

 
_____________ Dollars 
 

 
26. If you receive WIC, how much money did you spend in the last 30 days using WIC benefits to 
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purchase groceries for your household?  Check all that apply under the INFANTS, CHILDREN, 
and WOMEN categories and sum the total estimated dollar amount. 
 

INFANTS (less than 1 yr) 
 Fully Formula Fed Infant 0-3 Months ($165.00) 
 Fully Formula Fed Infant 4-5 Months ($185.0) 
 Fully Formula Fed Infant 6-11 Months ($130.00) 
 Partially Breastfed 0-1 Month ($15.00) 
 Partially Breastfed 1-3 Months ($75.00) 
 Partially Breastfed 4-5 Months ($90.00) 
 Partially Breastfed 6-11 Months ($85.00) 
 Fully Breastfed 0-5 Months ($0.00) 
 Fully Breastfed 6-11 Months ($70.00) 

 
CHILDREN (1-5 yrs.) 

 Child 1-4 yrs ($35.00) 
 

WOMEN 
 Partially Breastfeeding ($50.00) 
 Postpartum Non-Breastfeeding ($35.00) 
 Fully Breastfeeding ($60.00) 

 
_____________ Dollars 

 
27. In the last 30 days, how much did you spend each time you went to a carry-out or drive-thru fast 

food restaurant (include prepared food from convenience/corner store) for your household? 
(ADMINSTRATOR: refer to table above to see how many times respondent “got” food from a 
carry-out or drive-thru fast food restaurant. MULTIPLY this number by amount reported for 
EACH time getting food from a carry-out or drive-thru fast food restaurant.) 
 
_____________ Dollars  Each Time 
 
_____________ Total Dollars Spent Eating Out in Last 30 Days 
 

28. In the last 30 days, how much money did you spend each time you went to a corner store or 
convenience store (exclude prepared food) for your household? (ADMINSTRATOR: refer to table 
above to see how many times respondent “got” food from a corner store or convenience store. 
MULTIPLY this number by amount reported for EACH time getting food from a corner store or 
convenience store.) 
_____________ Dollars  Each Time 
 
_____________ Total Dollars Spent Eating Out in Last 30 Days 
 

29. In the last 30 days, how much did you spend each time you went out to eat for you and your 
household? (ADMINSTRATOR: refer to table above to see how many times respondent “got” 
food from eating out. MULTIPLY this number by amount reported for EACH time eating out.) 
 
_____________ Dollars  Each Time 
 
_____________ Total Dollars Spent Eating Out in Last 30 Days 
 

30. In the last 30 days, how much total money did you spend on food for your household? 
 

____________ Dollars  
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Section 3 - Getting of non-prepared foods for the household 
 
Now I want to get an idea of how often you get some foods. Please think back over the last 30 days. 
I’m going to name some foods and I want you to tell me how often you got these foods for your 
household in the last 30 days/4 weeks. You may have gotten these foods by buying them, using food 
stamps or WIC, or receiving them for free.  Do not include prepared foods from vendors, delis, carry-
outs, and restaurants.   
 
 

In the last 30 DAYS, how many times did you get these foods? # of times 

Dairy Products ------------- 

31. Whole Milk (or Lactaid)  

32. 2% Milk (or Lactaid)  

33. 1% or skim milk (or lactaid)  

34. Yogurt  

Beverages ------------- 

35. Regular soda or regular energy drinks  

36. Diet soda or diet energy drinks (include Coke Zero, Sprite Zero, Pepsi 
Next, etc.) 

 

37. Fruit drinks, vitamin water, sports drinks, cocktail, lemonade  

38. Water  

39. 100% Fruit Juice (Brand:_________________)  

40. Sugar free drinks or drink mixes (Crystal Light, Wyler’s Light)  

41. Sweetened Iced Tea/ Half and Half  

42. Unsweetened tea/ Diet Half and Half  

Fruit and Vegetables ------------- 

43. Apples  

44. Oranges  

45. Bananas  

46. Applesauce  

47. Other Fresh Fruit (Types: _____________________________)  

48. Frozen Fruit: (Types: _________________________________)  

49. Canned fruit (or fruit cup) in fruit juice (peaches, pears, mixed)  

50. Canned fruit (or fruit cup) in syrup (light or heavy)  

51. Fresh  Vegetables (exclude regular potato) (Types: 
_____________________________) 

 

52. Frozen Vegetables  

53. Canned Vegetables   

Meats  ------------- 

54. Tuna (canned), in oil  

55. Tuna (canned), in water  
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56. Hot dog, beef or pork sausage or bacon  

57. Turkey hot dog, sausage, or bacon  

58. Beans, dried or canned, no salt or sugar  

59. Baked beans, pork and beans, beans with salt added  

Cereals & Bread ------------- 

60. Sugary cereals (Ex. Fruit Loops, Crunch Berries, Corn Pops)  

61. Low sugar, low fiber cereals (Ex. Corn flakes, Cheerios)  

62. High fiber cereals (Ex. Bran flakes, shredded wheat, raisin bran, 
granola)  

 

63. 100% Whole wheat bread  

64. White bread or Split top wheat  

65. Hot cereal (oatmeal, grits) (plain)  

66. Hot cereal (oatmeal, grits)  (sweetened)  

Snacks ------------- 

67. Chips (Potato chips, Doritos, Tortilla chips, Cheese curls)  

68. Pretzels  

69. Baked Chips (Type(s): _____________________________ )  

70. Reduced-fat Chips (Like R.F. Doritos) (Brands(s): 
_____________________________ ) 

 

71. Cookie, Cake or Danish (ex. Honey bun, Tastycake)  

72. Granola Bar or cereal bar  

73. Candy (candy bars, chocolates, Skittles, Gummy bears, etc.)  

74. Ice cream, snow balls, snow cones  

75. Dried fruit, nuts, or seeds (like sun flower seeds)  

76. Juice popsicles  

Condiments & others ------------- 

77. Butter, margarine or shortening  

78. Oil (e.g. vegetable,  olive, canola)  

79. Reduced fat butter or margarine  

80. Cooking spray  

81. Mayonnaise  

82. Lite Mayonnaise  

83. Ketchup  

84. Mustard  

Section 4 – Preparation Methods 
 

85. In the last 30 days, how many times did you prepare a meal?  It may help you to think on a week 
by week basis. [A meal is considered combining 2 or more food ingredients with or without 
using heat – e.g., cereal with milk, pasta with sauce.] 
 

_________________________   Number of times 
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Now I will read a list of foods you may have prepared for your household in the last 30 days. For 
each food item, I would like to know what top 3 most common cooking methods were when it was 
cooked in your home. Please tell me whether you deep fry, pan fry, pan fry and rinse in hot water, 
cook with cooking spray, broil, grill or BBQ, steam, boil, or microwave the food.   
 

 
Section 5 - Psychosocial Factors  
 
Food-Related Self-Efficacy 
I am now going to list some food-related activities. I would like you to tell me how easy or difficult it 
would be for you to do each activity for you in your daily life, as it is right now, by choosing one of 
these answers:  would be very easy, somewhat difficult, very difficult, or impossible to do regularly.   
(Check ONE response.) 
 
94.  How easy or difficult would it be for you to regularly use cooking spray (like Pam) instead of oil, 

shortening, or butter when preparing meals? 

Very easy.................................................................................................................... □ 

Somewhat difficult ...................................................................................................... □ 

Very difficult  ............................................................................................................... □ 

Would be impossible .................................................................................................. □ 
 

95. How easy or difficult would it be for you regularly reduce the number of times you buy carryout 
or fast food restaurant food for the household? 

Very easy .................................................................................................................................. □ 

Somewhat difficult ..................................................................................................................... □ 

In the last 30 days, what 
was the most commonly 
used cooking method for 
each of the following 
foods? 

Dee
p 
Frie
d 

Pan-
Frie
d 
with 
oil 

Pan-
Fried, 
draine
d 

Pan-
fried , 
drained 
and 
rinsed 
with 
hot 
water 

Use 
Cookin
g 
Spray 

Broile
d/ 
Baked  

Grilled 
or 
BBQed 

Steam
ed 
 

Boile
d 

Raw Micr
owa
ved 

Not 
prep
ared 
in 
the 
last 
30 
days 

86. Chicken             

87. Pork (incl bacon)             

88. Ground beef             

89. Turkey (incl ground 
turkey or bacon) 

            

90. Eggs             

91. Greens (not lettuce)             

92. Potatoes             

93. Fish             
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Very difficult  ............................................................................................................................. □ 

Would be impossible  ................................................................................................................ □ 
 

96. How easy or difficult would it be for you regularly use 100% whole wheat bread to make 
sandwiches or toast for the household? 

Very easy .................................................................................................................................. □ 

Somewhat difficult ..................................................................................................................... □ 

Very .......................................................................................................................................... □ 

Would be impossible ................................................................................................................. □ 
 
97. How easy or difficult would it be for you regularly read the nutrition facts on food labels to 

decide what foods to purchase for the household? 

Very easy .................................................................................................................................. □ 

Somewhat difficult ..................................................................................................................... □ 

Very difficult  ............................................................................................................................. □ 

Would be impossible ................................................................................................................. □ 
 

98. How easy or difficult would it be for you regularly buy cereals with less sugar like Cheerios for 
breakfast instead of high sugar cereals like Frosted Flakes, Honey Nut Cheerios for the 
household? 

Very easy .................................................................................................................................. □ 

Somewhat difficult ..................................................................................................................... □ 

Very difficult .............................................................................................................................. □ 

Would be impossible  ................................................................................................................ □ 
 
 
 
 
 
 
99. How easy or difficult would it be for you regularly buy baked chips or pretzels instead of regular 

chips as a snack for the household? 

Very easy .................................................................................................................................. □ 

Somewhat difficult ..................................................................................................................... □ 

Very difficult .............................................................................................................................. □ 

Would be impossible ................................................................................................................. □ 
 

100. How easy or difficult would it be for you regularly have fruits or vegetables as a snack (or giving 
them to your child as a snack)? 

Very easy  ................................................................................................................................. □ 

Somewhat difficult ..................................................................................................................... □ 

Very difficult .............................................................................................................................. □ 

Would be impossible ................................................................................................................. □ 
 
101. How easy or difficult would it be for you regularly eat fresh, or frozen vegetables (not corn, 

potatoes) everyday?  
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Very easy .................................................................................................................................. □ 

Somewhat difficult ..................................................................................................................... □ 

Very difficult .............................................................................................................................. □ 

Would be impossible ................................................................................................................. □ 
 
102. How easy or difficult would it be for you regularly choose 1% or skim milk (or Lactaid) instead of 

2% or whole milk (or Lactaid)?  

Very easy  ................................................................................................................................. □ 

Somewhat difficult ..................................................................................................................... □ 

Very difficult .............................................................................................................................. □ 

Would be impossible ................................................................................................................. □ 
 
103. How easy or difficult would it be for you regularly choose water/low sugar beverage (low-calorie 

teas, flavored water, diet soda) instead of regular soda/tea/juice drinks? 

Very easy .................................................................................................................................. □ 

Somewhat difficult ..................................................................................................................... □ 

Very difficult .............................................................................................................................. □ 

Would be impossible ................................................................................................................. □ 
 
 
 
Intentions about foods  
I am now going to ask you questions about how you prepare foods and how you purchase foods for 
you and ___________ (name of child).  For each question, I will give you three choices.  Please tell 
me which one of the three options you would do.  (Check ONE response.) 
 
104. The next time you fried eggs for the household, what would you use to fry them?   

Cooking spray ...................................................... □ 

Vegetable oil ........................................................ □ 

Vegetable shortening, margarine, butter, or lard . □ 
 
 
 

105. The next time you have to cook ground meat for the household, which method would you use?  
Frying then draining and rinsing off the fat with hot water ……………………………………□ 

Frying in its own fat ………………………………………………………………………………..□ 

Frying in its own fat and also drain ...................................................................................... □ 
 

106. The next time you buy fries from a carryout restaurant, which would you choose?  
Medium .............................. □ 

Large ................................. □ 

Small ................................. □ 
 

107. The next time you buy cereal, which would you choose?   
Cheerios ............................ □ 

Frosted Flakes ................... □ 

Cap’n Crunch..................... □ 
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108. The next time you buy milk, which would you choose (include Lactaid)?  

Regular, whole milk ........... □ 

2% milk .............................. □ 

1% or skim milk ................. □ 
 

109. The next time you want to buy a salty snack, which would you choose? 
Regular Potato chips ......... □ 

Baked chips  ...................... □ 

Pretzels ............................. □ 
 

110. The next time you want to buy a sweet snack, which would you choose?   
Donut ................................. □ 

Granola bar........................ □ 

Tasty cake ......................... □ 
 

111. The next time you buy a drink for the household at a grocery or convenient store, which would 
you choose?  

Sugar free drink mix (like Crystal Light)…….. □ 

Fruit punch………………………………………□ 

Fruit -flavored soda…………………………… □ 
 

112. The next time you are thirsty, which would you choose?  
Regular soda ..................... □ 

Lite or diet beverage .......... □ 

Water ................................. □ 
 
 
 
 

113. The next time you buy bread at the store, which kind would you buy?  
White Bread .......... …………………□ 

Split Top Wheat bread……………...□ 

100% Whole wheat/grain bread…… □ 
 

Food-Related Knowledge 
 
I am going to ask you more questions about food preparation and food purchasing.  For each 
question, please pick the answer that you think answers the question best.  If you are not sure of the 
answer, just give me your best guess.  (Do not read answer choice D. Only mark it if respondent 
explicitly states that he/she does not know.  Please be sure that this survey is not in view of the 
respondent for this reason.) 
 
114. Which of the following adds the least amount of fat?  

Vegetable oil ...................... □ 

Shortening ......................... □ 

Cooking spray .................... □ 

Don’t know ......................... □ 
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115. Which of the following do you think is a low-fat option to choose from a carry-out menu?  
Burger with French fries ...................................... □ 

Chef Salad with Blue Cheese dressing ............... □ 

Grilled chicken with baked potato ........................ □ 

Don’t know ........................................................... □ 
 

116. Which cereal do you think has more fiber?  
Raisin Bran ........................ □ 

Corn flakes ........................ □ 

Kix ..................................... □ 

Don’t know ......................... □ 
 

115.  Which milk (or Lactaid) is lowest in fat?   
Whole milk ......................... □ 

Skim milk or 1% milk ......... □ 

2% Milk .............................. □ 

Don’t know ......................... □ 
 
 
116. Which of the following drinks has the least amount of calories?   

Crystal Light....................... □ 

Regular Pepsi .................... □ 

100% Juice ........................ □ 

Don’t know ......................... □ 
 
 
 

117. Which of the following drinks is 100% juice?  
Sunny Delight .................... □ 

Juicy Juice ......................... □ 

Fruit Punch ........................ □ 

Don’t know ......................... □ 
 
 

118.  Which of the following has the least amount of sugar?  
Pears in fruit juice .............. □ 

Pears in light syrup ............ □ 

Fresh sliced pears ............. □ 

Don’t know ......................... □ 
 

119. Which of the following side dishes has the least amount of fat? 
French Fries ...................... □ 

Potato salad (with mayo) ... □ 



 

 277 

Canned beans n’ pork □ 

Don’t know □ 
 
Nutrition label reading (Write 
DK for don’t know) 
 
 
 
 

 
 

 
 
 
 
Section 6.  Health Beliefs and Attitudes 
I am going to read you some statements.  I’d like you to tell me how strongly you agree or disagree with 
each statement by choosing one of the following responses [Refer to answer sheet]: strongly disagree, 
disagree, undecided, agree or strongly agree.    Remember that this is not a test.  There are no right 
answers to these questions.  I just want to know what you think. 
 

Healthy Foods Strongly 
Disagree 

 
Disagree 

 
Undecided 

 
Agree 

Strongly 
Agree 

123. Healthy foods are expensive. 
 

     

124.  Making a healthy dinner 
takes too much time. 

 

     

125.  Preparing and eating healthy 
foods is important to me. 

     

126.  I don’t buy healthy foods at 
corner stores because they 
are not available. 

     

127.  I cannot afford to eat healthy 
foods.  

     

128.  Healthy foods are tasteless.      
129.  Making a healthy dinner for 

my family is expensive.  
     

130.  Healthy foods are not 
convenient to make. 

     

131.  I think a lot about what I eat.      
132.  Healthy foods are important 

for my child’s health. 
     

 
 
120. How many calories are in 
each serving?    _______ 

 
121.  How many grams of fat are 
in each serving? _______ 

 
122.  How many grams of fat are 
in the entire package? _______ 
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Section 7 – Food Assistance Participation 
 
In the past 12 months, since (this month) 2012, did you or anyone in your household receive any of 
the following? (Check Yes or No for each program.) 

Program Type Receive?  Yes/No   
(Check ONE  answer per program) 

136.  WIC Yes □ No □ 
137. SNAP benefits Yes □ No □ 
138.  Free or reduced cost school breakfast        Yes □ No □ 
139.  Free or reduced cost school lunch              Yes □ No □ 
140.  Head Start or daycare assistance           Yes □ No □ 
141.  Other (Specify)  

  ____________ 
 
  _____________ 

 
141.  If you received SNAP benefits in the last 6 months, on what day of the month did you 
usually receive your food benefits?       _____________________    

 
Section 8– Demographics and Contact Information 
 

142.  What is your Date of Birth?  
 
 _____/______/______ 
           MM      DD         YY 
143. Sex:           

        Male ........ □    

        Female .... □   
 
144. What is your race/ethnicity? 

American Indian/Alaskan Native…................. □ 

Asian………………………………………….….□ 

Black or African American……….…………… □ 
Native Hawaiian/Other Pacific Islander……... □ 

White……………………………………………. □ 
Other…….. ............………………………………………□ 
 

145.  What is your ethnicity? 

Hispanic or Latino………………..……………..□ 

Not Hispanic or Latino…………………………..□ 

Body Image and Health Strongly 
Disagree 

Disagree Undecided Agree Strongly 
Agree 

133.  I am satisfied with my 
weight. 

     
 

134.  I am satisfied with the way 
my body looks. 

     
 

135.  I am content with my child’s 
weight. 
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Other…………………………………….………..□ 
 

146.  What is your current marital status?  (Check ONE response.) 

Never married  ................................ □ 
Married ............................................ □        

Separated ....................................... □        

Divorced .......................................... □         

Widowed ......................................... □                

Decline to answer ........................... □   
 

147. What is the highest degree or level of school you completed? (Check ONE response.) 

               Less than 6th grade            □ 

               6th grade  .......................... □ 

               7th grade ........................... □ 

               8th grade ........................... □ 

               9th grade  .......................... □                             

              10th grade .......................... □                                  

              11th grade  ......................... □                            

               High school (12th grade) ... □            

               GED ................................. □                                         

               <2 yrs college ................... □    

               Associate’s degree ........... □                   

               Bachelor’s degree ............ □                     

               Graduate school ............... □                        

               Vocational school ............. □     

               Other ................................ □   
                                       
               If Other, specify:  ____________________________________________________________ 
 

148. Are you currently employed?  (Check ONE response.) 

        Yes  ................................. □                                           

        No  ................................... □                                             

        Retired ............................. □                                      

        Disabled  .......................... □   

        Other ................................ □ 
     If Other, specify:  ___________________________________________________________                                  
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149. If yes to Question 53, what is your employment status?  (Check only ONE response.) 

         Full-time ……………………………… □                                            

         Part-time ……………………………... □                                  

         Seasonal/occasional ………………... □ 
         Student ……………………………….. □ 

Unemployed – looking for work ……. □ 
Unemployed ..................................... □          

Other …………………………………. □ 
     If Other, specify:  ___________________________________________________________              

 

 
150. In which range is your annual household income? (show card and ask 

them to point) 
 

0-10,000…………..  □ 

10,001-20,000……..□ 

20,001-30,000……..□ 

30,001-40,000……..□ 

40,001-50,000……..□ 

50,001-60,000……..□ 

60,001-70,000……..□ 

70,001-80,000……..□ 

80,001+……………..□ 

Declined to answer...□ 
 
151. What is your current housing arrangement? 

Own property…………………................... □   

Rent……………………………................... □ 

Live with family who own the property….   □ 

Live with family who rent property  ………  □ 

Transitional housing………………………... □ 

Shelter ………………………………………..□ 

Group House…………………………………□ 

Other: __________________________    .□ 
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Section 9 – Food security 
Now I’m going to read you several statements that people have made about their food situation.  
For these statements, please tell me whether the statement was often true, sometimes true, or 
never true for (you/your household) in the last 12 months—that is, since last (name of current 
month). 
 
Household Stage 1: Questions 152-154 
 

152. (I/We) worried whether (my/our) food would run out before (I/we) got money to buy 
more.”  Was that often true, sometimes true, or never true for (you/your household) in the 
last 12 months? 

 
      [ ]    Often true 
      [ ]    Sometimes true 
      [ ]    Never true 
      [ ]    DK or Refused 
 

153. “The food that (I/we) bought just didn’t last, and (I/we) didn’t have money to get 
more.”  Was that often, sometimes, or never true for (you/your household) in the last 12 
months? 

 
      [ ]    Often true 
      [ ]    Sometimes true 
      [ ]    Never true 
      [ ]    DK or Refused 
 

154. “(I/we) couldn’t afford to eat balanced meals.”   Was that often, sometimes, or never 
true for (you/your household) in the last 12 months? 

 
      [ ]    Often true 
      [ ]    Sometimes true 
      [ ]    Never true 
      [ ]    DK or Refused 
 
Screener for Stage 2 Adult-Referenced Questions: If affirmative response (i.e., "often true" or 
"sometimes true") to one or more of Questions 152-154, then continue to Adult Stage 2; 
otherwise, if children under age 18 are present in the household, skip to Child Stage 1, otherwise 
skip to End of Food Security Module.  
 
Adult Stage 2: Questions 155-159 (asked of households passing the screener for Stage 2 
adult-referenced questions). 
 

155. In the last 12 months, since last (name of current month), did (you/you or other adults in 
your household) ever cut the size of your meals or skip meals because there wasn't 
enough money for food? 

 
     [ ] Yes 
     [ ] No   
     [ ] DK   
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156. [IF YES ABOVE, ASK] How often did this happen—almost every month, some months 
but not every month, or in only 1 or 2 months? 

 
      [ ]   Almost every month 
      [ ]   Some months but not every month 
      [ ]   Only 1 or 2 months 
      [ ]   DK 
 
 

157. In the last 12 months, did you ever eat less than you felt you should because there 
wasn't enough money for food? 

 
     [ ]   Yes 
     [ ]   No  
     [ ]   DK  
 

158. In the last 12 months, were you every hungry but didn't eat because there wasn't 
enough money for food? 

 
     [ ]   Yes 
     [ ]   No  
     [ ]   DK  
 

159. In the last 12 months, did you lose weight because there wasn't enough money for 
food? 

 
      [ ]   Yes 
      [ ]   No  
      [ ]   DK  
 
Screener for Stage 3 Adult-Referenced Questions: If affirmative response to one or more of 
questions 155-159 continue to Adult Stage 3; otherwise, if children under age 18 are present in 
the household, skip to Child Stage 1, otherwise skip to End of Food Security Module. 
 
Adult Stage 3: Questions 160-161 (asked of households passing screener for Stage 3 
adult-referenced questions). 
  

160. In the last 12 months, did (you/you or other adults in your household) ever not eat for a 
whole day because there wasn't enough money for food? 

  
     [ ]   Yes 
     [ ]   No  
     [ ]   DK  
 

161. [IF YES ABOVE, ASK] How often did this happen—almost every month, some 
months but not every month, or in only 1 or 2 months? 

 
      [ ]   Almost every month 
      [ ]   Some months but not every month 
      [ ]   Only 1 or 2 months 
      [ ]   DK 
 
Child Stage 1: Questions 162- 164: Households with no child under age 18, skip to End of 
Food Security Module. 
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Now I'm going to read you several statements that people have made about the food situation of 
their children. For these statements, please tell me whether the statement was OFTEN true, 
SOMETIMES true, or NEVER true in the last 12 months for (your child/children living in the 
household who are under 18 years old). 
 

162. “(I/we) relied on only a few kinds of low-cost food to feed (my/our) child/the children) 
because (I was/we were) running out of money to buy food.” Was that often, sometimes, 
or never true for (you/your household) in the last 12 months? 

 
      [ ]    Often true 
      [ ]    Sometimes true 
      [ ]    Never true 
      [ ]    DK or Refused 
 

163. “(I/We) couldn’t feed (my/our) child/the children) a balanced meal, because (I/we) 
couldn’t afford that.” Was that often, sometimes, or never true for (you/your household) in 
the last 12 months? 

 
      [ ]    Often true 
      [ ]    Sometimes true 
      [ ]    Never true 
      [ ]    DK or Refused 
 

164. "(My/Our child was/The children were) not eating enough because (I/we) just couldn't 
afford enough food." Was that often, sometimes, or never true for (you/your household) in 
the last 12 months? 

 
      [ ]    Often true 
      [ ]    Sometimes true 
      [ ]    Never true 
      [ ]    DK or Refused 
 
Screener for Stage 2 Child Referenced Questions: If affirmative response (i.e., "often true" or 
"sometimes true") to one or more of questions 162-164, then continue to Child Stage 2; 
otherwise skip to End of Food Security Module. 
 
Child Stage 2: Questions 165-169 (asked of households passing the screener for stage 2 
child-referenced questions). 
 

165. In the last 12 months, since (current month) of last year, did you ever cut the size of 
(your child's/any of the children's) meals because there wasn't enough money for food? 

 
     [ ]   Yes 
     [ ]   No  
     [ ]   DK 
 

166. In the last 12 months, did (CHILD’S NAME/any of the children) ever skip meals because 
there wasn't enough money for food? 

 
     [ ]   Yes 
     [ ]   No   
     [ ]   DK   
 

167. [IF YES ABOVE ASK] How often did this happen—almost every month, some months 
but not every month, or in only 1 or 2 months? 
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     [ ]   Almost every month 
     [ ]   Some months but not every month 
     [ ]   Only 1 or 2 months 
     [ ]   DK 
 

168. In the last 12 months, (was your child/were the children) ever hungry but you just 
couldn't afford more food? 

 
    [ ]   Yes 
    [ ]   No  
    [ ]   DK  
 
 
 
 

169. In the last 12 months, did (your child/any of the children) ever not eat for a whole day 
because there wasn't enough money for food? 

 
    [ ]   Yes 
    [ ]   No  
    [ ]   DK 
 
Section 10 - Anthropometry 
Height 
 
170. Permitted height measurement?  ___ yes  ___ no  

171. Self-reported height (if declined)  ____ feet   ____ inches   ____ Don’t know 

172. Measured height:   ____ feet  ____ inches      or       ____  __/8 inches (without shoes) 1st  
 Measured height:   ____ feet  ____ inches      or       ____  __/8 inches (without shoes) 
2nd  
  
 If more than .25 inches off measure a 3rd time 
 
 Measured height:   ____ feet  ____ inches       or       ____  __/8 inches (without shoes) 
3rd  
 
Weight 
 
173. Permitted weight measurement?  ___ yes  ___ no 
 
 
174. Clothing: 
 

___ light (like t-shirt, shorts) 
 
___ medium (like shirt, pants, socks) 
 
___ heavy (like shirt, pants, socks, sweater, shoes, etc.) 

 
 
175. ___ ___ ___ . ___ pounds 
  
 ___ ___ ___ . ___ pounds (If measurement is off .5 pounds or more, measure a third 
time) 
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 ___ ___ ___ . ___ pounds 
 
 
 
176. Self-reported weight (if declined measurement):  ___ ___ ___ . ___ pounds 
 
 
Section 11-Medical History 
In this section, I will ask you about your family and personal medical history. [Check ONE answer 
per condition.] 
 
 

177. Has a 
doctor or 
nurse ever told 
 

You that you have… A blood relative that they have… 

a. Overweright or 
obesity  

Yes   _____ 
 
No   _____ 
 
Don’t Know   _____ 

Yes   _____ 
 
No   _____ 
 
Don’t Know   _____ 

b. Heart disease Yes   _____ 
 
No   _____ 
 
Don’t Know   _____ 

Yes   _____ 
 
No   _____ 
 
Don’t Know   _____ 

c. High Blood 
Pressure 

Yes   _____ 
 
No   _____ 
 
Don’t Know   _____ 

Yes   _____ 
 
No   _____ 
 
Don’t Know   _____ 

d. Type 2 
Diabetes 

Yes   _____ 
 
No   _____ 
 
Don’t Know   _____ 

Yes   _____ 
 
No   _____ 
 
Don’t Know   _____ 

e. Cancer Yes   _____ 
 
No   _____ 
 
Don’t Know   _____ 

Yes   _____ 
 
No   _____ 
 
Don’t Know   _____ 
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8.5 Intervention Exposure Questionnaire (IEQ) 
 

B’more Healthy Communities for Kids 
Intervention Exposure Evaluation Form-Wave 2 

 
Date: _____/_____/_____    Data collector: _______________________________ 
 MM DD YY 
Check one:   Caregiver interview _____ Child interview _____ 
 
Resp. Name: _____________________________________ Resp. ID#: __ __ __ __ __ __ 
                         (First)      (Last) 
 
I’m going to ask you about or show you some pictures of materials that MIGHT have 
been in SOME local stores and recreation centers. 
 
1.  B’more Healthy Communities for Kids Logo  
a. Have you heard about the B’more Healthy Communities for Kids (BHCK) program? 
  ___ Yes ____ No ___ Maybe 
 
b. Have you seen this logo before? (SHOW the packet p.1) 
    _____ Yes 
    _____ No 
    _____ Maybe 
  
c. In how many different places (stores, rec centers, carryouts, social media, wholesaler, 
community events) have you seen this logo? 
 ___ None        ___1-2 places       ___3-5 places       ___6 or more places 
 
(Don’t count: grocery stores, buses, metro stops, billboards or anywhere we have 
not posted the BHCK logo)Show participant PG 2-9 with images of the stores.   
 
2.  Shelf Labels (SHOW the packet p.9) 
a. Have you seen any of the B’more Healthy Communities for Kids shelf labels like these 
in corner stores?   

_____ Yes  
    _____ No 
    _____ Maybe 
 

 
b. In how many different corner stores or carryouts have you seen these shelf labels?   

___ None        ___1-2 stores       ___3-5 stores       ___6 or more stores 
 

c. How often have you purchased a food SPECIFICALLY because you saw a B’more 
Healthy Communities for Kids shelf label with it?   

_____ Always or almost always 
 _____ Often 
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 _____ Sometimes 
 _____ Rarely 
 _____ Never  
 
d.If you ever saw a shelf label, which of the following foods did you EVER buy in the 
last year BECAUSE you saw a B’more Healthy Communities for Kids shelf label like 
the ones I just showed you under it?  (mark 1=yes, 0=no) 

 
_____ DID NOT SEE SHELF LABELS 
_____ Water    
_____ Diet/sugar free soda (Coke Zero, Diet Pepsi, Sprite Zero, Diet Sunkist, etc.) 
_____ Crystal Light packets 
_____ Higher in fiber cereals (like oatmeal, Raisin Bran, Wheaties, etc.) 
_____ Lower sugar cereals (like Cheerios, Kix, Chex, Rice Krispies, Corn Flakes etc.) 
_____ 1% milk   
_____ Skim milk 
_____ Split Top Wheat Bread 
_____ Whole Milk 
_____ Cooking spray   
_____ 100% Whole wheat bread 
_____ Whole Wheat Tortillas 
_____ Low fat string cheese 
_____ Low fat yogurt 
_____ Low fat condiments (miracle whip, low-fat mayo, ketchup, mustard) 
_____ Baked chips 
_____ Pretzels   
_____ Lowfat granola bar 
_____ Nuts/seeds/trail mix 
_____ Fruits (apple, banana, tangerine, raisins, canned fruit in 100% juice) 
_____ Vegetables (fresh, canned, or frozen) 
_____ Other 
______________________________________________________________  
        
 
3. Taste Tests and Cooking Demonstrations 
The B’more Healthy Communities for Kids has done a number of taste tests and cooking 
demonstrations in stores and rec centers over the past year. Which of the following have 
you participated in or seen in person?  
 *Cooking demonstrations only apply to child interviews 
 
3.a. Taste Tests: Yes No Maybe 
Hugs    
Sugar-free drink mix (Crystal Light)    
Diet soda (Coke or Pepsi Zero)    
Low-fat String Cheese    
Low-fat granola bars    



 

 288 

3.a. Taste Tests: Yes No Maybe 
Tangerines     
Baked Chips    
Baby carrots    
Low sugar cereal (Cheerios, Chex, Kixs)    
100% whole wheat toast with peanut butter    
Whole Wheat Quesadillas    
Low-fat, Low sugar Cake    
Whole wheat chips and tomato salsa     

 
3.b. Cooking Demonstrations (Skip for AIQ): Yes No Mayb

e 
Veggie Omelets    
Baked chicken (Crispy Chicken nuggets)    
Ramen Noodles    
Healthy Veggie Pizza    
Quesadillas and home made salsa    

 
3.c. Did you attend the cooking event at Rita Church Recreation Center on 
Saturday June 4th from 1:30pm to 4:00m? ((SHOW the packet p.10) 
 
 ____Yes 
 ____No 
 ____Maybe 
 
4. Posters (SHOW the packet p.11-13) 
The B’more Communities for Kids Project put up many posters in stores, carryouts and 
recreation centers.  Which of the following have you seen and/or read? 

Posters Yes No Maybe 
“Refresh with sugar free soda”     
“ Step up your water”     
“ Hungry for a sweet snack?”     
“Fruits are fine to snack-on any time!”     
“Look to the wisdom of our ancestors”     
“Reach your potential with whole grains”    
“Reach your potential with smart cooking”    
“Look for the leaf.”    
“Try a fresh side or drink.”    
“Make it a combo meal.”    
“Try a combo Meal at Halal Foods”    

 
5. Handouts (SHOW the packet p. 14-18) 
The B’more Healthy Communities for Kids project has distributed multiple handouts.  
Which of the following have you received and/or read? 
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Handouts: Yes No Maybe 

Refuel with these tips for smart snacking     
High Energy Noodles Recipe    
OPREVENT Approved Healthy Snacks    
Stoplight snacks     
Refuel with Smart Snacks     
Why choose whole grain?    
Reach your potential with 100% whole grains!    
Rethink your drink; water has zero calories     
Watch out for sugar!    

 
 
6. Giveaways (SHOW the packet p. 19-22) 
The B’more Healthy Communities for Kids project distributed gifts at participating stores 
and recreation centers.  Which of the following did you or anyone in your household 
receive? 
Giveaways:   Yes No Maybe 
 Water Bottle     
Drawstring Bags    

Grape and Orange Stress Balls    
Apple Pens    
Chip Clips    
Re-usable grocery bags    
Jar openers    
Portion Plates    
Lanyards    
Portion Bowl    
Sunglasses     
Sandwich container     
Logo magnet    
Coin Purse     
Pen    
Pencil    
Measuring Spoon     
Sticky notes    

 
7. Educational activities  
The B’more Healthy Communities for Kids Project did some educational activities with 
displays in corner stores and recreation centers. Which of the following displays have you 
seen or participated in? (SHOW the packet p. 23-25) 
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Educational Activities Yes No Maybe 
Rethink your drink     
Lower Fat Cooking Display    
Healthier Desserts    
Have a craving for chips?    
Rethink Your Veggies     
Rethink Your Bread     

 
8. Carryout menus 
We also developed some new menus in carryout restaurants. Have you seen any of our 
new menus in carryout stores? (SHOW the packet p. 26-32) 
Menu name Yes No Maybe 
Halal Foods     
T&M Carryout     
Spencer’s Carryout     
Banana House Carryout     

Kings Mini Mart (L&T Mini Mart)  
   

Saints Deli    
WWW Pizza    
3 Bears Carryout     
Sunnyside Café    

 
 
a. How many times did you buy a promoted side dish ( a green leaf item that was low in 

fat and calories labeled with a green leaf logo) in the past 7 days? ________ times 
  

b. Was it because you saw the green leaf logo/promotional poster? 
___ Yes ____ No ___ Maybe   _____n/a 

 
c. How many times did you buy a promoted menu item (a green leaf item that was low 

in fat and calories labeled with a green leaf logo) ? _________ times 
 
 

d. Was it because you saw the leaf logo? 
 

___ Yes ____ No ___ Maybe _____n/a 
 

e. How many times did you buy a healthy combo meal (a green leaf item that was low 
in fat and calories labeled with a green leaf logo as a side and entrée and a low sugar 
drink) ? ________times 

 
f. Was it because you saw the leaf logo/promotional poster? 
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___ Yes ____ No ___ Maybe  _____n/a 
 
9.  Participating Stores 
Below is a list of stores that participated in the B’more Healthy Communities for Kids 
Project.  Please tell me how many times you bought something from each store in the 
past 7 days (SHOW the packet p. 2-9)  

Store name and Location: 
# times in 
past 7 days 

Corner Mini Mart (526 Oldham Street)  

Corona Grocery (3520 E Lombard St)  
T&M Carryout (3812 E Lombard St)  
CECIL KIRK 
 Barclay Food Market (2701 Barclay Street)  
Green Mart & Deli (445 E 25th St)  
Banana House Carryout (441 E 25th St)  
CARMELO ANTHONY  

Sun's Grocery (400 Pitman Place)   

AJ Mini Mart (2039 Jefferson St)  

Sunny Side Café (2420 E Monument St)  
JD GROSS 

Halal Foods (4202 Park Heights Ave)  

Slaters Market (5125 Park Heights Ave)  

Dash Convenient Mart (5110 Park Heights Ave)  
TOWANDA  

Convenience Store (4101 Reisterstown Rd)  

WWW Pizza (3020 Liberty Heights Ave)  
Saints Deli (3942 Park Heights Ave)  
DEWEES  

4744 Corner Store (4744 Alhambra Rd.)  

 Family Food Market (5413 York Rd, Baltimore)  

David's Market (841 Belgian Ave)  

RITA CHURCH   

 Kings Mini Mart (L&T Mini Mart) (1861 N. Collington Ave)  
 Fenwick Food Mart (2749 Fenwick Ave)  
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Store name and Location: 
# times in 
past 7 days 

 Spencer’s Carryout (2446 E Preston St.)  
 

10. Rec center activities (Skip for AIQ) 
The B’more Healthy Communities for Kids Project included activities taught by BHCK 
youth-leaders in some rec centers such as jeopardy, button making, bowling, UOENO 
video, cooking classes, etc. There were 14 B’more Healthy lessons with games, activities 
and cooking classes from November 2015 to June 2016. (SHOW Packet p.34-35) 
 

a. How many of these sessions do you think you attended?__________ sessions 
 
 

b. Did you attend any of these recreation centers during the 2015-2016 after school 
program? 

Recreation Center Yes No 

Cecil Kirk   
Carmelo Anthony   
J. D. Gross   
Towanda   
DeWees   
Rita Church   
Carroll F. Cook   

If yes, how often on average did you go to one 
of the above rec centers during the 2015-2016 

after-school program? 

Never  

Less than 1 time per month 
(1-11 times a year) 

 

1-3 times per month  

1-2 times a week  

3 or more times a week  

 
c. During 5 weeks, we a BHCK youth-leader held phone calls, text messages, and in-
person meetings with some youth in the community. Did you participate in the BHCK 
summer peer-mentoring program in July 2015? (SHOW Packet pg. 35) 
 

___ Yes  ____ No  ___ Maybe    
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In the last year (2015-2016) 

how many times did a 

BHCK youth leader talk to 

you about healthy eating at 

your rec center or through 

text-message (SMS), at 

your home, corner store, or 

a park ? (Youth Leaders 

were young people who are 

close to your age and 

worked for our program.) 

(SHOW the packet p. 36-

37) 

Never  

 1- 5 times  

 6-10 times  

10+  times  

 

11. Social Media Activities (SHOW the packet p. 38-45) 

a. Have you ever received a BHCK text (SMS) message?_______ (Y/N) (Skip for CIQ) 

How many times per week did you receive a text message about the BHCK program? 

____________  (Skip for CIQ) (pg. 38) 

 

b. Do you follow/like the BHCK Facebook page (bhck1)? ________ (pg. 39) 

 

Do you follow/like our Instagram site (bmore4kids)? ________(pg. 40) 

 

Have you seen the following social media posts? (pg 41-45) 

Social Media Post Yes No 

For this week’s #SpotlightSaturdayBHCK, we 
are featuring Saint’s Deli 

  

#ThrowbackThursday to the BHCK Cooking 
Event at Rita Church Rec 

  

 Check out our #video Choose What you 
Chew 
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Social Media Post Yes No 

Now is the time to break up with Sugar!   

#DidYouKnow Hugs fruit drinks contain less 
sugar than soda? 

  

#Bmore4Kids works with Baltimore’s 
carryout restaurants… 

  

@Bmore4Kids Summer Snacks Challenge   

The 3 phase diet to fix your metabolism     
 

e.  From April – July we have been doing some mailings. The letters were sent in neon 

colored envelopes with a nutrition flyer, educational handout, invitation to an event/ 

postcard and an occasional giveaway (i.e. coin purse, pencil, pen, magnet etc.) (See pg. 

46-47):  Have you received a letter/ envelope from BHCK? ______ (Y/N)f. How 

frequently did you receive a BHCK letter?  

 ______1 x per week 

 ______2 x per month  

 ______1 x per month  

g. How many total envelopes have you received? 

 

_________total envelopes  
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8.6 Exposure Packet  
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8.7 Supplemental Table S4.1 for Chapter 4  
 
Table S4. 1: Sensitivity analysis of caregiver’s correlaes of level of exposure to the 
B’more Healthy Communities for Kids trial using quadratic model for linear regressiona 

Determinants of Exposure 
to BHCK Caregiver and 
Household  

Bivariate Analysis Final Multiple Modelb 
Coefficient 
(robust SE) 95% CI Coefficient 

(robust SE) 95% CI 

Sex (Reference: Male) 0.17 (0.11) (-0.05; 0.39) 0.18 (0.11) (-0.03; 0.41) 
Age (years)  -0.01 

(0.01) (-0.01; 0.01)   

Education Level     
< High School  Reference    
High School 0.02 (0.08) (-0.15; 0.20)   
> High School  -0.03 

(0.08) 
(-0.19; 0.13)   

Individuals in the household 0.01 (0.02) (-0.03; 0.04)   
Household Annual Income 
(US$)     

0-10,000 Reference    
10,001-20,000  -0.12 

(0.08) 
(-0.28; 0.04)   

20,001-30,000 -0.07 
(0.09) 

(-0.25; 0.11)   

>30,000  0.01 (0.07) (-0.14; 0.15)   
Food Assistance 
Participation     

SNAP (Reference: non-
SNAP) 

-0.06 
(0.07) (-0.18; 0.07) -0.03 (0.06) (-0.16; 0.09) 

WIC (Reference: non-
WIC) 

-0.01 
(0.07) (-0.16; 0.12)   

Housing Arrangement     
Living w/ familyc or 

otherd  Reference  Reference  

Rented  -0.02 
(0.09) 

(-0.21; 0.16) -0.04 (0.09) (-0.24; 0.16) 

Owned 0.09 (0.11) (-0.11; 0.31) 0.07 (0.11) (-0.14; 0.30) 
Notes: SE: robust standard error; CI: confidence interval; SNAP (Supplemental Nutrition 
Assistance Program); WIC (Special Supplemental Nutrition Program for Women, Infants, and 
Children) 
a Ordered logistic regression on overall BHCK exposure level (quartiles) among youth  
b Final model selected based on goodness of best fit using stepwise backward regression for 
lowest Akaike information criterion (AIC): 1185.1  
c Living with family who own or rent the house  
d Other included: transitional housing or group house  
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8.8 Supplemental Table S4.2 for Chapter 4  
 

Table S4. 2: Sensitivity Analysis of Youth’s correlates of level of exposure to the 
B’more Healthy Communities for Kids trial using Quadratic Model for Linear 
Regressiona 

Determinants of Exposure 
to BHCK Youth  

Bivariate Analysis Final Multiple Modelb 
Coefficient 
(robust 
SE) 

95% CI 
Coefficient 
(robust 
SE) 

95% CI 

Sex (Reference: Male) -0.09 
(0.06)  (-0.22; 0.03) 

-0.08 
(0.06) 

(-0.21; 0.04) 

Age (years)  -0.09 
(0.02) 

(-0.13; -
0.05)* 

-0.09 
(0.02) 

(-0.13; -
0.04)* 

Caregiver Education Level     
< High School  Reference    
High School 0.06 (0.09) (-0.12; 0.25)   
> High School  0.09 (0.09) (-0.09; 0.27)   

Individuals in the 
household  

-0.02 
(0.02) 

(-0.06; 0.02)   

Household Annual Income 
(US$) 

    

0-10,000 Reference    
10,001-20,000  0.07 (0.08) (-0.11; 0.24) 0.02 (0.09) (-0.15; 0.20) 
20,001-30,000 0.16 (0.09) (-0.03; 0.36) 0.10 (0.09) (-0.09; 0.30) 
>30,000  0.17 (0.08) (0.01; 0.33)* 0.11 (0.08) (-0.05; 0.26) 

Food Assistance 
Participation 

    

SNAP (Reference: non-
SNAP) 

-0.06 
(0.07) (-0.20; 0.07) 

  

WIC (Reference: non-
WIC) 0.05 (0.08) (-0.09; 0.20) 

  

Housing Arrangement     
Living w/ familyc or 

otherd  
Reference    

Rented  0.12 (0.10) (-0.08; 0.32)   
Owned 0.17 (0.11) (-0.05; 0.40)   

Notes: SE: robust standard error; CI: confidence interval; SNAP (Supplemental Nutrition 
Assistance Program); WIC (Special Supplemental Nutrition Program for Women, Infants, and 
Children)  
a Ordered Logistic Regression on overall BHCK exposure level (quartiles) among youth 
b Final model selected based on goodness of best fit using stepwise backward regression for 
lowest Akaike information criterion (AIC): 707.3  
c Living with family who own or rent the house  
d Other included: transitional housing or group house.
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8.9 Supplemental Table S6.1 for Chapter 6  
 
Table S6. 1: Completed-case impact analysis not using inverse probability weighted method 

Caregiver Fruit and Vegetable 

Behaviors  

Baseline Post-intervention Pre-post change: 

difference c 
p Intervention Comparison Intervention Comparison 

Mean  SE Mean SE Mean  SE Mean SE Effect (95% CI) 

Acquisition (frequency/day) e           

Healthful food score 1.52  0.07 1.47  0.07 1.40  0.07 1.41  0.07 -0.06 (-0.25; 0.12) 0.49 

Unhealthful food score 1.27 0.07 1.31  0.07 1.21  0.07 1.29  0.07 -0.03 (-0.25; 0.19) 0.77 

Home meal preparation           

Frequency of meal preparation 35.32  2.08 34.27  2.02 33.24  2.03 38.30  2.08 -4.02 (-10.9; 2.90) 0.25 

Healthful cooking score -0.08  0.06 -0.14  0.06 -0.01  0.06 -0.08  0.06 0.01 (-0.22; 0.22) 0.92 

Daily Consumption (srv/day) d           

Fruits  1.21  0.16 1.59  0.18 1.24  0.12 1.21  0.13 0.41 (-0.15; 0.97) 0.15 

Vegetables  1.36  0.10 1.59  0.11 1.10  0.07 1.38  0.08 -0.04 (-0.36; 0.27) 0.77 

Fruit and vegetable  2.69  0.23 3.20  0.25 2.35  018 2.59  0.18 0.28 (-0.38; 0.94) 0.41 

Abbreviations: SE (standard error); CI (confidence interval); srv (servings) 
a Multilevel models were conducted with Stata 13.1 package with the maximum likelihood option (complete-case analysis n=376 for purchasing 

and n=188 for consumption).  
b In all models: treatment group was coded as comparison (0) and intervention (1); time was coded as baseline (0) and post-intervention (1); 



 

 

303 
 

standard errors were corrected for clustering for repeated measures from the same individual and BHCK neighborhood (from 1 to 30). 
c Mean adjusted difference in change over time for intervention compared to control adult caregiver 
d Fruit and Vegetable intakes were estimated via the Quick Fruit and Vegetable Screener from the National Cancer Institute’s Eating at America’s 

Table Study (EATS) study.  
e Fruit and vegetable acquisition frequency (daily) was estimated via a pre-defined list containing 100% fruit juice, apples, bananas, oranges, other 
fresh fruits, frozen fruits, canned fruits, fresh vegetables, frozen vegetables, and canned vegetables (excluding potatoes and including beans). 
Adults reported frequency of purchasing these items in the previous 30  
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8.10 Supplemental Table S6.2 for Chapter 6  
 
Table S6. 2: Difference of differences in mean change in food-related behaviors comparing BHCK level of exposure by wave 1 

(reference) and wave 2 participants.  

Change in food-related behaviors a,b,c 

Overall BHCK Exposure Score 

Mean Effect 
Modifier 

SE 95% C.I. 

Healthful food acquisition score (daily frequency) 0.07 0.08 -0.10; 0.25 

Unhealthful food acquisition score (daily frequency) -0.05 0.13 -0.31; 0.21 

Frequency of home food preparation (days) -3.68 3.14 -10.11; 2.73 

Healthful cooking methods score -0.07 0.11 -0.30; 0.15 
Abbreviations: SE (standard error); CI (confidence interval) 
a Change from pre- to post-intervention evaluation, n=370. Difference in change in fruit and vegetable intake by exposure level and wave was not 
possible to be calculated given that NCI FV screener was not employed among wave 1 participants at baseline.  
b Multiple linear regression models clustered by BHCK zone, controlled for adult caregiver’s age, sex, income, and household size. Interaction 
term between exposure score and wave 
c Wave 1 = reference 
d Communication material score mean: 0.6 (observed range: 0-3.1); e Food environment intervention exposure score mean: 0.3 (observed range: 0-
3.1); f Social media/texting exposure score mean: 0.2 (observed range: 0-2); g Texting exposure score mean: 1.1 (observed range 0-3)  
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8.11 Supplemental Table S6.3 for Chapter 6  

 
Table S6. 3: Proportion of variability explained (effect sizes) after fitting multivariate linear and logistic regression models on the 

correlation between social media exposure score and the change in food-related behaviors and fruit and vegetable intake  

Change in food-related behaviors 
and fruit and vegetable intake 
(continuous)a,b 

Social Media Exposure Score 
(continuous)f 

Change in food-related 
behaviors and fruit and 
vegetable intake (Negative/No 
change versus Positive)a,e 

Social Media Exposure Score 
(Low vs High)f 

Mean   Omega-Squaredd OR  SE 95% C.I.  

Healthful food acquisition score 
(daily frequency) 0.28  0.04 Healthful food acquisition 

score  1.12  0.15 0.85; 1.47 

Unhealthful food acquisition score 
(daily frequency) 0.47*  0.005 Unhealthful food acquisition 

score  1.23  0.14 0.97; 1.55 

Frequency of home food 
preparation (days) 1.41  0 Frequency of home food 

preparation  0.97  0.12 0.76; 1.24 

Healthful cooking methods score -0.37  0.0008 Healthful cooking methods 
score 0.96 0.12 0.75; 1.23 

Daily total fruit consumption 
(servings)c 3.16*  0.04 Daily total fruit consumptionc 1.25  0.19 0.93; 1.69 

Daily total vegetable consumption 
(servings)c -0.21  0.005 Daily total vegetable 

consumptionc 0.97  0.12 0.76; 1.24 

Daily total fruit and vegetable 
consumption (servings)c 2.94*  0.02 Daily total fruit and vegetable 

consumptionc 1.10  0.10 0.91; 1.34 

Abbreviation: SE, bootstrapped standard error; OR, odds ratio (standardized effect size); CI, bias corrected confidence interval 
a Change from pre- to post-intervention evaluation, n=370 
b Multiple linear regression models with bootstrap variance (2000 replications) and clustered by BHCK zone, controlled for adult caregiver’s age, 
sex, income, and household size 
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c Fruit and Vegetable intakes were estimated via the Quick Fruit and Vegetable Screener from the National Cancer Institute’s Eating at America’s 
Table Study (EATS) study. Sample size (n) = 184 
d Omega-squared (ω2) estimates the proportion of the variance in the outcome which is due to the variance in the social media exposure score 
e change in the outcome was categorized as 0 if no change or negative change, 1= if positive change regressed on social media score (0=low; 
1=high) controlled for controlled for adult caregiver’s age, sex, income, and household size.  
f Social media/texting exposure score mean: 0.2 (observed range: 0-2); Low = 0 and High >0.01 
* Statistically significant behavioral change at p<0.05 
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