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ABSTRACT 

The social ecological model recognizes that health is impacted by interactions 

between the intrapersonal, interpersonal, community, institutional, and/or broader 

societal influences. Diet is intimately connected to health and disease. In children, 

eating behaviors are often influenced by the home food environment, which is 

controlled by caregivers. The home food environment is conceptualized as 

components related to the physical (e.g., availability of food, accessibility to foods 

within the home) and social (e.g., family food rules, frequency of family meals) 

opportunities to consume foods within the home environment. Thus, the home food 

environment can influence a child’s food preferences and eating behaviors ultimately 

impacting overall diet quality, which subsequently may impact health. This 

dissertation explores the relationship between factors in the home environment, diet 

quality, and cardiometabolic health in children. 

The first study, a systematic review, examined the impact of behavioral-based 

interventions on cardiometabolic outcomes in 6-to-12-year-old children at risk for type 

2 diabetes. Four randomized controlled trials met the inclusion criteria, revealing that 

while behavioral interventions positively affected weight status, there were no 

significant changes in blood glucose, blood pressure, or cholesterol levels. None of the 

four studies included in the review measured diet quality as an outcome of the 



 xi 

intervention. Better understanding the relationship between diet quality and health 

especially in pediatric populations, where risk factors for disease may be minimal, is 

important to best identify intervention targets.  

The second study explored the relationship between the physical home food 

environment and diet quality, weight status, and cardiometabolic biomarkers in 44 

children aged 6 to 12 years old from 29 households. The physical home food 

environment, obtained from the Home Food Inventory, was measured by an 

obesogenic score and availability of specific food groups (e.g., fruits and vegetables, 

sweet and salty snack foods, sugar sweetened beverages). The obesogenic score was 

significantly associated with z-BMI (b=0.03, p = 0.029), but not diet quality or 

cardiometabolic biomarkers. Within the home food environment, availability of fruits 

and vegetables was positively associated with diet quality (b = 0.73, p = 0.005) and 

negatively associated with total-cholesterol (b = -1.54, p = 0.014) and low-density 

lipoprotein cholesterol levels (b = -1.31, p = 0.010). Increased availability of sweet 

and salty snack foods in the home environment and availability of sugar sweetened 

beverages was positively associated with higher fasting blood glucose (b=0.65, 

p=0.033) and insulin levels (b=5.60, p=0.035), respectively. However, the availability 

of sweet and salty snack foods and sugar sweetened beverages was not significantly 

associated with diet quality or other cardiometabolic biomarkers. These findings 

highlighted that the home food environment, especially the availability of fruits and 

vegetables might have the greatest influence on diet quality and measures of 

cardiometabolic health. 
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Given the influence of the home food environment within the interpersonal 

level on individual eating behaviors, the third study evaluated the feasibility of an 

intervention to increase the accessibility of fruits and vegetables for children within 

the home food environment. Thirty-two parents with a 6-12-year-old child participated 

in a pre-post study. The study was an eight-week virtual intervention where parents 

established weekly goals to make two fruits and three vegetables more accessible 

based upon location, form (cooked or ready-to-eat), or visibility. The intervention 

demonstrated high feasibility given a 94% retention rate, mean attendance of 7.4 out 

of 8 sessions, goal adherence of 3.6 of 5 goals per week, and high parent satisfaction. 

Understanding the efficacy of an intervention focused on fruit and vegetable 

accessibility in the home food environment will be an important next step. 

Considering the ecological framework, this dissertation underscores the 

importance of understanding the influences within the home environment on child 

health. The home food environment, specifically availability of fruits and vegetables, 

might be an important target to positively influence diet quality, which may promote 

the maintenance of cardiometabolic health in children.  
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Chapter 1 

INTRODUCTION 

Ecological frameworks acknowledge that individuals interact with larger 

environments and social systems, which can impact health outcomes.1 The health 

status of children can be influenced across all levels of the social ecological model 

(SEM) including intrapersonal, interpersonal, community, institutional, and/or broader 

societal influences.2 Given caregivers serve as the gatekeeper of a child’s 

environment, influences within the interpersonal level of the SEM can play a key role 

in the development of healthy eating and activity behaviors. Caretakers often control 

the home food environment (HFE) which includes the exposure of foods to children.3 

Thus, the HFE can influence a child’s food preferences and eating behaviors 

ultimately impacting overall diet quality, which subsequently may impact 

cardiometabolic health.  

The definition of cardiometabolic health has been adapted from the American 

Heart Association definition of ideal cardiovascular health.5 Cardiometabolic health is 

characterized by health outcomes including biomarkers associated with cardiovascular 

health, including optimal levels of adiposity, blood glucose, blood lipids, and absence 

of prior clinical cardiovascular disease events in adults.4 In the United States (US),  

approximately 40% of school-aged children and adolescents have at least one chronic 
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health condition including type 2 diabetes and obesity.6,7 As such, promoting 

children’s cardiometabolic health is of key importance for ensuring better health 

outcomes in adulthood. To support health and prevent disease, the 2020-2025 Dietary 

Guidelines for Americans (DGA) recommends consuming foods in alignment with 

healthy dietary patterns.8 A healthy dietary pattern is characterized by consumption of 

nutrient-dense foods considered to be higher in diet quality. Higher consumption of 

fruits, vegetables, legumes, whole grains, and simultaneous lower consumption of 

foods high in saturated fat, added sugar, and sodium is considered to be an optimal 

diet beneficial for health.9 In adults, higher diet quality has been inversely associated 

with lower incidence of cardiovascular disease and type 2 diabetes mellitus 

incidence.10 In children, findings are similar, suggesting that improved diet quality can 

reduce risk factors associated with chronic disease such as high blood pressure, high 

hemoglobin A1c (HbA1c), excess adiposity, and metabolic syndrome.11  

There are several indices intended to measure diet quality including the 

Healthy Eating Index (HEI),12 Diet Quality Index-International,13 and Dietary 

Approaches to Stop Hypertension (DASH) score.14 While each measure of diet quality 

differs, all aim to evaluate the total diet and assess overall eating behaviors.15 Given 

the DGAs are intended for the entire US population, one of the more common 

measures of diet quality is the HEI, which assesses diet quality based on adherence to 

the DGAs.8 The most recent HEI, HEI-2020, is scored from 0 to100 points, with 

higher scores indicating greater adherence to the DGAs. Data from the National 

Health and Nutrition Examination Survey (NHANES) have demonstrated that 
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adherence to the DGAs in youth is poor.16 In 2017-2018 youth aged 2-18 years had 

total HEI-2020 scores of 54.17 These data demonstrate the need for interventions and 

programs to improve diet quality among youth.  

Fruits and vegetables play a critical role in achieving a healthy diet pattern and 

have been associated with reduced risk for chronic disease.18 Empirical literature 

demonstrates that availability and accessibility of healthful foods, especially fruits and 

vegetables (FVs), influence diet quality.19,20 Given youth consume most of their food 

at home, the home food environment (HFE) has been identified as a key target for 

intervention to support children’s eating behaviors.21  

The HFE is conceptualized as components related to the physical (e.g., 

availability of food, accessibility to foods within the home) and social (e.g., family 

food rules, frequency of family meals) opportunities to consume foods within the 

family environment.22,23 The HFE is part of the larger home environment which is 

defined by the organization of the home environment that theorizes children are 

affected by their primary environment (the family) and its surrounding contexts.24 

Within the organization of the home environment there can be positive influences 

(e.g., family routines, limit setting) and negative influences (e.g., household chaos, 

crowding).25,26 Outside of these influences are the surrounding environmental contexts 

that can include food security status and socioeconomic status.27 Understanding these 

environmental influences and teasing apart the role of the physical and social aspects 

of the HFE, may better elucidate the relationship between the HFE and children’s 

dietary behaviors. 
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Research has demonstrated that both the physical and social HFE can influence 

diet quality.23,28,29 Positive features of the physical HFE such as the placement and 

availability of healthful foods (e.g., fruits and vegetables) have been associated with 

improved diet quality.27 Contrarily, home availability of unhealthful foods (e.g., high 

fat snacks, sugar sweetened beverages) has been inversely associated with diet quality 

measured by the DASH score.22 With regard to the social HFE, greater frequency of 

family meals have positively affected children’s diet quality.30,31 Additional factors 

that have been suggested as positive characteristics of the social HFE include family 

food rules (e.g., limit TV watching during meals) and parental modeling (e.g., eating a 

vegetable for dinner).22,30,32,33 Conversely, negative characteristics such as household 

chaos has been associated with reduced family meal frequency.34 Given the 

importance of the physical HFE,35 assessing the independent effects of the physical 

HFE on diet quality is pivotal to understanding the most impactful ways to improve 

diet quality among youth. 

Interventions solely targeting the physical HFE by looking at accessibility in 

the home are scarce,36,37 and often incorporate multiple aspects of the social and 

physical HFE together making it difficult to tease apart the independent effects of the 

physical versus social environment. A review exploring the associations between 

components of the home environment (physical, political and sociocultural 

environments) and FV intake in children reported mixed findings for associations 

between FV availability and FV intake; however, for accessibility five (of five) studies 

found a positive association between FV accessibility and FV intake.35 Hence, a better 
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understanding of how to improve accessibility of healthful foods may an important 

target to increase diet quality in children.  

The HFE is likely to shape children’s food intake and influence health status. 

Thus, altering the home food environment to promote diet quality, may subsequently 

promote the maintenance of cardiometabolic health among children. A proposed 

conceptual model (Figure 1) illustrates the relationships of the multiple levels of 

influence based on the SEM on the HFE (at the interpersonal level) and diet quality (at 

the individual level). Given there are numerous elements of the home food 

environment, understanding which elements are most important for improving diet 

quality among youth can help identify key intervention targets. The primary purpose 

of this dissertation research will be to explore relationships between the home food 

environment, diet quality, and cardiometabolic health in children. Three unique papers 

will contribute to the overall aim of this work. 
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Figure 1 Conceptual Model of the Home Environment, Diet Quality and 
Cardiometabolic Health. Created with BioRender.com.  
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Chapter 2 

A SYSTEMATIC REVIEW OF BEHAVIORAL INTERNVENTIONS ON 

CHILDREN AT-RISK FOR DIABETES 

Chapter 2 (Paper 1) is published in the American Journal of Preventive Medicine. 
Citation: Verdezoto Alvarado Adriana, Burns Kaelyn, Katz Sarah, & Robson 
Shannon. (2023) ‘A Systematic Review of Behavioral Interventions on Children at 
Risk for Diabetes’, American Journal of Preventive Medicine. Elsevier Inc., 64(6), 
pp. 902–909. doi: 10.1016/j.amepre.2023.01.021. Copyright located in Appendix 

Abstract 

Introduction: In adults, behavioral-based interventions support prevention of 

type 2 diabetes; less is known in children. The aim of this systematic review was to 

examine the impact of behavioral-based interventions on cardiometabolic outcomes 

among children at risk for diabetes. 

Methods: PubMed, CINAHL Plus with Full Text, PsycINFO, and Web of 

Science were searched between September 2011 and September 2021. Randomized 

controlled trials in children aged 6-12 at risk for type 2 diabetes that implemented a 

behavioral-based intervention and included ≥1 cardiometabolic outcome were 

eligible. If reported, dietary quality data were extracted. Risk of bias was assessed 

using the revised Cochrane risk-of-bias tool. 

Results: Of the 2,386 records identified, 4 met inclusion criteria. Study length 

ranged from 10 weeks to 24 months with sample sizes ranging from 53-113 
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participants. Among the 4 studies there were 5 behavioral-based arms. All studies 

included weight status outcomes with three finding significant between group 

differences. Four studies assessed fasting glucose and three assessed HbA1c, none 

found significant changes between groups. Of the four studies reporting blood 

pressure outcomes, one found a significant between group difference for systolic 

blood pressure. Three studies assessed cholesterol and found no changes. No studies 

reported measures of dietary quality. All studies had ‘some concerns’ for risk of bias. 

Discussion: Behavioral-based interventions improved weight status and 

supported maintenance of cardiometabolic parameters. Stronger consideration of the 

most important risk factors in children along with intermediate outcomes (e.g., diet 

quality) may help elucidate the relationship between behavioral-based interventions 

and cardiometabolic outcomes.  

Introduction 

The incidence of type 2 diabetes mellitus (DM) among children ages 10 to 19 

years old has been increasing at a constant rate over the past 20 years.1 Individuals 

with type 2 DM are at greater risk for cardiovascular disease with obesity as a 

common precursor for both diseases.2,3 A  high body mass index (BMI) during 

childhood can predict risk for insulin sensitivity,4 type 2 DM,5 and cardiovascular 

disease later in life.6,7 In fact, it has been reported that 95% of children diagnosed with 

type 2 DM also had overweight status or obesity.8 In adults, type 2 DM and 

cardiovascular disease are the top causes of premature death in the United States.9,10 

Given the relationships between type 2 DM and poor health status in children, future 

disease in adulthood, and lower life expectancy there is an increased need for 

prevention approaches.11,12 Modifying dietary intake and increasing energy 
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expenditure8 have been identified as key lifestyle behaviors for the prevention of type 

2 DM. 

Multicomponent lifestyle interventions have been created in efforts to promote 

weight management and manage chronic diseases.13 Multicomponent lifestyle 

interventions are behavioral-based interventions that aim to help individuals modify 

their current dietary and physical activity behaviors using techniques based mainly on 

the Social Cognitive Theory.14,15 In adults, large, multisite, randomized trials have 

demonstrated the impact of lifestyle interventions on diabetes prevention and 

associated cardiometabolic outcomes. For example, the Diabetes Prevention Program 

(DPP) examined if an intensive lifestyle intervention or treatment with metformin 

would prevent the onset of type 2 DM in adults compared to a placebo.16 The 

incidence of type 2 DM was 58% lower for the intensive lifestyle intervention and 

31% lower for treatment with metformin compared to placebo indicating the efficacy 

of behavioral-based interventions on type 2 DM prevention in adults.16 Similarly, 

participants who received an intensive lifestyle intervention in the Look AHEAD 

(Action for Health in Diabetes) study17 had reductions in diabetes, hypertension 

(improved systolic and diastolic blood pressure), triglycerides, and HDL-cholesterol 

compared to the diabetes support education condition.18 Despite these positive 

findings on chronic disease metrics from intensive lifestyle interventions in adults, 

similar outcomes have not always been observed in children receiving a 

multicomponent lifestyle intervention. More specifically, in the Treatment Options for 

Type 2 Diabetes in Adolescents and Youth (TODAY) study, youth who received an 

intensive lifestyle modification in addition to metformin did not have an improvement 

in glycemic control rates when compared to those on metformin alone.19 Researchers 
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from the TODAY study concluded that adding an intensive lifestyle program to 

metformin therapy did not result in meaningful sustained weight loss and did not 

significantly improve glycemic control.20 While the TODAY study was a large 

multicenter, multiethnic, randomized controlled trial, it is only one study and children 

already had diagnosed type 2 DM unlike the adult trials that were focused more on 

type 2 DM prevention. 

Since obesity is a known risk factor for type 2 DM in children,21 behavioral 

lifestyle interventions are often focused on weight loss as the primary outcome given 

weight loss can result in a reduced chronic disease risk. Less work has focused on 

additional cardiometabolic risk factors. Professional organizations such as the 

American Heart Association (AHA) and the American Diabetes Association (ADA) 

have proposed guidelines for the early identification of risk factors for the prevention 

of type 2 DM which include fasting/postprandial hyperglycemia, elevated systolic and 

diastolic blood pressure, and dyslipidemia.22 To identify these risk factors early, they 

need to be assessed and measured. With children it is important to recognize that most 

have ‘ideal’ health metrics (e.g., total cholesterol <170mg/dL or blood pressure <90th 

percentile) from birth23 and this may mean changes in cardiometabolic parameters are 

less likely. Even with obesity, children can present with ‘ideal’ cardiometabolic health 

during their younger years; further underscoring the need for prevention efforts.24  

To date, one systematic review by McCurley and colleagues25 examined the 

effectiveness of lifestyle-based type 2 DM prevention interventions in Hispanic youth 

and found mixed results on BMI and glucose. Four of eight studies reported a 

statistically significant reduction in BMI z-scores and two of 10 studies reported 

statistically significant blood glucose reductions compared to controls. This systematic 
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review was limited by including youth of all ages under 18 and focused solely on 

Hispanic children, all who did not necessarily have overweight status or obesity. 

While Hispanic youth are at greater risk for type 2 DM as compared to non-Hispanic 

Whites, youth who identify as Native American, African American, Asian American, 

or Pacific Islander backgrounds are also at increased risk.26 In addition, children might 

have a greater response to lifestyle interventions as compared to adolescents given 

more parental influence on lifestyle behaviors and therefore possibly increased 

adherence to interventions which may further support prevention efforts.27,28 Thus, the 

purpose of this systematic review was to assess the effect of behavioral-based 

interventions on cardiometabolic outcomes (weight status, blood glucose, blood 

pressure, and cholesterol) among children ages 6 to 12 years old at risk for type 2 DM. 

Methods 

The present systematic review was guided by the Cochrane Handbook of 

Systematic Reviews on Interventions29 and the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines.30 A health science 

librarian conducted a search in October 2021 in four bibliographic databases: PubMed, 

CINAHL Plus with Full Text, PsycINFO, and Web of Science for records published 

between September 2011 through September 2021. No other language or publication 

restrictions were applied to the search strategy. The search strategy (Appendix Table 

1) was developed in PubMed and adapted to fit the constraints of the other databases. 

Keywords and database specific controlled vocabulary (e.g., PubMed’s Medical 

Subject Headings and CINHAL Headings) were selected related to the following 

keywords: type 2 diabetes mellitus, prediabetes, health education, behavioral 

interventions, cardiometabolic outcomes, children, and dietary modifications. All 
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records identified in the search were imported into Covidence systematic review 

software,31 a software designed for managing and streamlining systematic reviews. 

Duplicates identified by Covidence software31 were removed. 

 

For study selection the criteria for inclusion identified a priori were as follows: 

1. Randomized controlled trials published in English in peer review 

journals. 

2. Children aged 6 to 12 years old. Studies were eligible if the mean age 

reported was between 6 and 12 years old. If mean age was only reported 

per group, age was averaged across groups.  

3. At risk of developing type 2 DM was defined as children who have 

overweight status (BMI ≥85th to <95th percentile) or obesity (BMI ≥95th 

percentile) and have one or more of the following additional risk factors: 

maternal history of diabetes or gestational diabetes mellitus during the 

child’s gestation, family history of type 2 diabetes in first- or second-

degree relative, race or ethnicity (Native American, African American, 

Latino, Asian American, or Pacific Islander), or having signs of insulin 

resistance or conditions associated with insulin resistance (e.g., acanthosis 

nigricans, hypertension, dyslipidemia, polycystic ovary syndrome, or 

small-for-gestational-age birth weight).26 

4. Behavioral-based interventions explicitly describing the utilization of 

behavioral theories32 (e.g., Social Cognitive Theory, Transtheoretical 

Model, Social Ecological Model or Family Systems Theory) and/or use of 
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behavior modification strategies13,33 (e.g., self-monitoring, goal setting, 

self-management, problem solving). 

5. Reported on at least one cardiometabolic outcome measure including: 

weight status (BMI percentiles, BMI z-scores), blood glucose (fasting 

serum glucose values, hemoglobin A1c [HbA1c]), blood pressure (systolic, 

diastolic), and/or cholesterol (total cholesterol, LDL-cholesterol, HDL-

cholesterol). 

All non-randomized study designs were excluded, including secondary 

analyses of randomized controlled trials. Studies with participants diagnosed with type 

2 DM or explicit mention of other diagnosed chronic diseases such as cancer were not 

eligible. Two reviewers (AVA, KB) independently screened the title and abstract of all 

identified records based upon eligibility criteria. Full text for records that appeared to 

meet eligibility criteria were evaluated by the two reviewers (AVA, KB) 

independently. One author was contacted for additional information about the 

intervention to determine eligibility.34 Any disagreements between the two reviewers 

during the screening of titles and abstracts or the full text were resolved by consensus 

with a third reviewer (SR). 

Data were independently extracted into a Microsoft Excel, Version 16.58 

template by two reviewers (AVA, KB) independently and compared. Discrepancies 

were resolved by consensus with a third reviewer (SR). The following data were 

identified a priori to be extracted from each eligible study: participant characteristics 

including sex, age, ethnicity, race, and diabetes risk factor(s), a description of the 

intervention indicating the behavioral theory and/or behavioral strategies explicitly 

stated in the original article, and the study’s primary outcome. Additionally, weight 
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status, blood glucose, blood pressure, and/or cholesterol outcomes were extracted. If 

dietary quality was reported, data were extracted, though diet quality was not a 

primary outcome of interest. The number of studies measuring and reporting on the 

cardiometabolic outcomes were reported. Blood glucose, blood pressure and 

cholesterol baseline values were compared to recommended ranges.26,35 Data extracted 

were synthesized through summarization of the between group changes for each 

cardiometabolic outcome. Within group changes were reported when the comparison 

group also included a behavioral-based intervention.  

To assess the risk of bias of the included studies, the Revised Cochrane Risk of Bias 

(RoB) Tool for Randomized Controlled Trials was applied.36 The six domains of the 

RoB tool include: 1) bias arising from the randomization process, 2) bias due to 

deviations from the intended interventions, 3) bias due to missing outcome data, 4) 

bias in measurement of the outcome, 5) bias in selection of the reported result, and 6) 

other bias. The review authors identified that bias due to deviations from the intended 

interventions (effect of assignment to intervention) rather than (effect of adhering to 

intervention) was an effect of interest for domain two. Each domain had a series of 

signaling questions that predicted the direction of bias. Algorithm maps provided by 

the RoB were used to facilitate the degree of bias.36 Each domain criterion was applied 

to the studies by two reviewers (AVA, KB) independently which categorized the risk 

of bias as high, low, or some concerns. Disagreement was resolved through consensus 

by discussion with a third reviewer (SR). 

Results 

The literature search identified 2,386 records, of which 635 duplicates were 

removed by Covidence systematic review software.31 The titles and abstracts of 1,751 
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records were screened. A total of 57 full text articles were reviewed and four studies37–

40 met eligibility criteria and were included in this systematic review. See Figure 2 for 

full details. Across the included studies (Appendix Table 2), study sample sizes ranged 

from 53 to 113 participants at baseline. The mean age of participants ranged from 8.9 

to 12.9 years. Participants were identified as at risk for type 2 DM based upon all 

participants having overweight status (BMI ≥85th to <95th percentile) or obesity 

(BMI ≥95th percentile) in combination with identifying as Hispanic (n=2),37,38 

American Indian (n=1),39 or having a sign of insulin resistance (e.g., prediabetes) 

(n=1).40 Of the four included studies, there were 5 behavioral-based arms. Three 

studies37,39,40 compared one behavioral-based group to a control/waitlist group and the 

study by Mirza and colleagues38 compared two conditions, with each arm including a 

behavioral-based intervention. Given the purpose of this review is to examine the 

effect of behavioral-based interventions, for the study by Mirza and colleagues,38 

within factors will be reported to indicate changes for each behavioral-based group.  

All studies (n=4) measured BMI z-scores, fasting serum glucose, and blood 

pressure.37–40 Three studies37,39,40 measured HbA1c and three measured37,38,40 

cholesterol. Not all studies that measured cardiometabolic outcomes presented values 

at follow-up time points. Mirza and colleagues38 did not report values at follow-up 

time points for fasting blood glucose, blood pressure, or cholesterol independent of 

metabolic syndrome. 

For weight status all studies37–40 reported measuring BMI z-scores, with three 

of the studies37,39,40 reporting a significant change between groups. BMI z-score 

changes between groups ranged from -0.09 to -0.16, p<0.001-0.049, with the 

behavioral-based groups reducing BMI z-score significantly more than the control 
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groups. The study by Mirza and colleagues38 did not find a significant difference 

between conditions, as expected, given both groups were within a behavioral-based 

intervention. Significant within group changes at 3 months (p<0.001), 12 months 

(p=0.003), and 24 months (p=0.002) were found.38  

Baseline values for fasting blood glucose (<100 mg/dL) and HbA1c (<5.7%) 

were within the recommended health metrics for children26 in all of the included 

studies.37–40 All studies37–40  measured fasting blood glucose, and three studies37,39,40 

reported values and found non-significant between group changes. Similarly, of the 

three studies37,39,40 that measured and reported HbA1c, none found significant 

differences between groups.  

The four included studies37–40 did not present blood pressure as percentiles 

which is the metric used to determine if mean blood pressure is within the normal 

ranges (<90th percentile) for children <13 years-old.35 The American Academy of 

Pediatrics guidelines suggest that elevated blood pressure for children ages 1-13 years 

starts at values 120/80 mm Hg to <95th percentile.35 Most of the studies in this review 

had values below 120/80 mm Hg at baseline (the mean across studies37–40 was 

approximately 112/64 mm Hg), which could indicate that blood pressure for children 

in this systematic review was within the normal range. Of the three studies37,39,40 that 

reported systolic and diastolic blood pressure outcomes, only one study40 found a 

significant between group difference (-5.5 mmHg, p=0.005) for systolic blood 

pressure with the behavioral-based group having a significant decrease over time as 

compared to the control group.  

Studies that reported values for total-,40 LDL-,37,40 and HDL-cholesterol37,40 

were within the acceptable ranges at baseline (total-cholesterol: <170 mg/dL; LDL-
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cholesterol: <110 mg/dL; and HDL-cholesterol: >35 mg/dL)23,41 and found no 

significant differences between groups at the end of the intervention. 

No studies meeting inclusion criteria for this review measured total diet quality 

as an outcome of the intervention. Only one study, Mirza and colleagues38 measured 

total calories consumed per day. 

Signaling questions and algorithms provided by the Revised Cochrane risk-of-bias 

tool for randomized trials36 were used to assess the overall risk-of-bias judgement. All 

studies were rated as ‘some concerns’ risk of bias when utilizing the Revised 

Cochrane RoB tool. ‘Some concerns’ risk of bias indicates that the study is judged to 

raise some concerns in at least one domain, but the study is not at ‘high’ risk for any 

domain. For the studies included in this review, quality ratings were often ‘low’ for 

risk of bias arising from the domains for the randomization process, measurement of 

the outcome, and selection of the reported result. Most studies were identified as 

having ‘some concerns’ for risk of bias in Domain 2 (bias due to deviations from the 

intended interventions effect of assignment). Assessment of the risk of bias for each 

domain for all the studies can be found in Appendix Table 3. 

Discussion 

Overall, behavioral-based interventions in children at risk for type 2 DM 

appear to result in maintenance of measures of cardiometabolic health, except for 

weight. Weight status is often the primary outcome of behavioral-based interventions 

due to the relationship between modifying dietary intake and energy expenditure on 

weight status and the relationship of weight to health parameters. Consistent with the 

literature and recommendation of behavioral-based interventions for weight loss,42 all 

behavioral-based intervention arms of the studies included in this systematic review 
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demonstrated a significant impact on weight status. Even though a reduction of BMI 

z-scores was observed in all four studies, the magnitude of change may not be enough 

to observe improvements in cardiometabolic parameters post-intervention. A meta-

regression analysis suggested that a reduction of BMI z-score of 1 and 1.2 is needed to 

ensure an improvement in systolic blood pressure and LDL-cholesterol, respectively.43 

Studies included in this systematic review did not achieve this target, as the reduction 

was at much smaller magnitudes with mean change ranging from 0.09-0.16 for BMI z-

score. The lack of change in cardiometabolic parameters may be due to the small 

change in BMI z-score or the fact that upon enrollment while children were identified 

as at risk their cardiometabolic profile was within normal ranges based on blood 

glucose, blood pressure, and cholesterol. 

One study40 did demonstrate an improvement in systolic blood pressure for the 

behavioral-based group as compared to the control group. All studies found 

maintenance of fasting blood glucose, HbA1c, systolic/diastolic blood pressure, or 

total-, HDL-, and LDL-cholesterol with the intervention group being similar to the 

control. Given the AHA has identified “ideal” cardiovascular health based upon the 

following blood metrics: fasting blood glucose <100mg/dL, blood pressure <90th 

percentile, and total cholesterol values of <170mg/dL,23 the maintenance of these 

measures may have been expected. Despite this expectation, in the DPP adults who 

were similarly at risk for Type 2 DM had many positive changes to cardiometabolic 

health.44 This difference may be due to the fact that a deterioration of ‘ideal’ 

cardiometabolic health in adults cannot be paralleled in children due to age or other 

risk factors (e.g., smoking) not considered in the definition of at risk for children. 

Since it has been established that the risk of developing type 2 DM increases with 
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age,26 the difference in findings may be due to the fact that children in this study were 

at risk for type 2 DM (e.g., having overweight status/obesity and being from a 

minority race/ethnicity), while adults in the DPP were also at risk but had overweight 

status/obesity, impaired glucose tolerance plus a fasting plasma glucose of 5.3-6.9 

mmol/l, and a mean age of 51±10 years at entry.45  

Related to these identified differences in characteristics, this systematic review 

in children found that at-risk most often was based upon socially determined factors 

(e.g., race, ethnicity) versus clinically defined factors (e.g., diagnosed signs of 

impaired glucose tolerance) such as that used in the DPP. Only one study40 in this 

systematic review used an eligibility criteria of obesity status and 2-hour oral glucose 

tolerance test to determine if children were at risk of type 2 DM. This study40 was also 

the only one that found significant differences in systolic blood pressure. Given the 

difference in these at-risk factors, consideration of what metrics are used to define 

children at risk may be warranted. Clinically defined factors may be a stronger 

predictor than socially defined factors. Even though racial and ethnic minorities are at 

higher risk of developing type 2 DM, it is important to highlight that minorities can 

experience other risk factors in health care and socioeconomic settings that may be 

driving these differences.46 To prevent racial and ethnic disparities in type 2 DM 

outcomes, multilevel interventions that target individuals, communities, health care 

providers and systems are needed to reduce the burden of this disease. 

Genetics may be another important risk factor to consider. Family history 

attempts to consider genetic contributions in children,26 however, none of the studies 

in this systematic review included a family history of type 2 DM as an identified risk 

factor, which is a limitation because children with first- or second-degree relatives are 
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at greater risk of developing type 2 DM because of hereditary components.47 

Prevention efforts among multiple family members (parents and children at risk for 

prediabetes) might reduce the risk of developing or delaying the onset of type 2 DM 

across multiple generations.48 The manifestation of cardiovascular disease can begin 

early in children49 and prevention efforts are important; however, efforts may be 

challenged given the “ideal” cardiometabolic parameters are still considered to be less 

established for children as compared to adults.50 Since the goal of maintaining “ideal” 

cardiometabolic parameters is the desired outcome, focusing on primordial prevention 

(avoiding the development of risk factors before they present) at a young age becomes 

essential.51  

An interesting observation from this systematic review is that of the included 

articles, only one reported38 dietary outcomes. No articles reported diet quality in the 

same article in addition to a cardiometabolic outcome; however, diet quality could 

have been reported separately and not captured in this review given the primary 

purpose. Diet is a component of behavioral-based interventions and has been 

identified as a key contributor to cardiometabolic and overall health.23 Given the 

influence of diet, particularly diet quality on chronic disease, understanding if changes 

to this modifiable risk factor are occurring is essential given the relationship to 

cardiometabolic parameters. Dietary change might be a more feasible outcome in 

shorter and/or less intensive interventions than cardiometabolic changes. A future 

systematic review should examine if diet quality moderates the relationship between 

behavioral-based interventions and cardiometabolic outcomes beyond weight.  
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Limitations 

The literature reviewed in this systematic review synthesizes the effects of 

behavioral-based interventions among children at-risk for type 2 DM. One notable 

limitation of the included studies was that not all studies had a true comparison 

group38 and did not independently present some of the cardiometabolic outcomes 

(blood pressure and cholesterol) measured. Mirza and colleagues38 presented 

composite measures by combining different domains into a single score (e.g., 

presenting glucose and insulin together as a risk for metabolic syndrome) making it 

difficult to compare the effects of individual cardiometabolic parameters (e.g., fasting 

blood glucose) across the intervention. Second, studies varied in intervention delivery 

and intensity. Pediatric weight management behavioral-based interventions have 

demonstrated that meeting a minimum of ≥26 hours of contact time can result in 

positive health outcomes.42 This level of intensity was only achieved in one40 of the 

included studies. Another limitation is the small number of studies on this topic; even 

though a search was performed across four databases, there is a possibility that we did 

not find all published studies. Secondary analysis of RCTs were not included, this 

could have resulted in the exclusion of some papers particularly obesity treatment 

RCTs that may have included cardiometabolic outcomes (with or without diet quality) 

as secondary outcomes. All studies scored ‘some concerns’ in the risk of bias; hence, 

results should be interpreted carefully. Due to the nature of behavioral-based 

interventions, participants and interventionists are often not blinded to the condition. 

This resulted in most studies scoring ‘some concerns’ for risk of bias in domain 2 (bias 

due to deviations from the intended interventions effect of assignment to the 

intervention) of the RoB tool. Future risk-of-bias tools that consider the nature of 
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behavioral-based interventions should be considered. Lastly, while this systematic 

review was not registered, a protocol was developed by authors a priori. 

Conclusions 

Early prevention of type 2 DM and cardiovascular disease in children is 

essential. There is evidence that supports behavioral-based interventions targeting 

children at risk for type 2 DM can improve weight status, a key risk factor of type 2 

DM, in children while supporting the maintenance of additional cardiometabolic 

parameters. More research is needed to better identify which risk factors are most 

strongly associated with future chronic diseases such as type 2 DM. Inclusion of 

rigorous evaluation, including objective measures of cardiometabolic health (e.g., 

blood pressure), should be considered for incorporation in future behavioral-based 

interventions in children. Related to this, considering if diet quality is an intermediary 

outcome that may trigger changes in behavior and cardiometabolic outcomes is 

warranted.  
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Table 1 Search Strategy Used within Each Database. 

Database Search Strategy 
PubMed ((("Diabetes Mellitus, Type 2"[Mesh] OR Diabetes[Title/Abstract] 

OR Type 2 diabetes[Title/Abstract] OR type II 
diabetes[Title/Abstract] OR Type 2 Diabetes 
Mellitus[Title/Abstract] OR Type II Diabetes 
Mellitus[Title/Abstract] OR Non Insulin-Dependent Diabetes 
Mellitus[Title/Abstract] OR Non Insulin Dependent Diabetes 
Mellitus[Title/Abstract] OR Noninsulin Dependent Diabetes 
Mellitus[Title/Abstract] OR Non Insulin Dependent Diabetes 
Mellitus[Title/Abstract] OR Non Insulin-Dependent Diabetes 
Mellitus[Title/Abstract] OR prediabetic[Title/Abstract] OR 
prediabetes[Title/Abstract]) AND ("Diet Therapy"[Mesh] OR 
"Diet, Reducing"[Mesh] OR “Health Education”[Mesh] OR “Risk 
Reduction Behavior”[Mesh] OR "Diet, Diabetic"[Mesh] OR 
health promotion[Title/Abstract] OR health 
education[Title/Abstract] OR health behaviors[Title/Abstract] OR 
healthy behaviors[Title/Abstract] OR lifestyle 
Intervention[Title/Abstract] OR lifestyle 
interventions[Title/Abstract] OR lifestyle changes[Title/Abstract] 
OR behavioral based intervention[Title/Abstract] OR behavioral 
based interventions[Title/Abstract] OR behavioural 
interventions[Title/Abstract] OR behavioural 
intervention[Title/Abstract] OR diet[Title/Abstract] OR Dietary 
Modification[Title/Abstract] OR Dietary 
Modifications[Title/Abstract] OR Diet 
Modification[Title/Abstract] OR Diet 
Modifications[Title/Abstract] OR Diet Therapies[Title/Abstract] 
OR diet therapy[Title/Abstract] OR diet quality[Title/Abstract] 
OR dietary quality[Title/Abstract])) AND (Cardiometabolic 
outcomes[Title/Abstract] OR blood pressure[Title/Abstract] OR 
central systolic blood pressure[Title/Abstract] OR peripheral 
systolic blood pressure[Title/Abstract] OR diastolic blood 
pressure[Title/Abstract] OR adiposity[Title/Abstract] OR waist 
circumference[Title/Abstract] OR body mass index[Title/Abstract] 
OR glycated hemoglobin[Title/Abstract] OR lipids[Title/Abstract] 
OR total cholesterol[Title/Abstract] OR low density lipoprotein 
cholesterol[Title/Abstract] OR high density lipoprotein 
cholesterol[Title/Abstract] OR augmentation index[Title/Abstract] 
OR heart rate[Title/Abstract] OR fasting blood 
glucose[Title/Abstract])) AND ("Child"[Mesh] OR 
Youth[Title/Abstract] OR youth at risk[Title/Abstract] OR high  
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risk youth[Title/Abstract] OR overweight youth[Title/Abstract] 
OR child[Title/Abstract] OR children[Title/Abstract]) AND 
("2011/09/01"[PDAT] : "2021/10/01"[PDAT]) 

CINAHL Plus 
with Full Text 
 

( (MH "Diabetes Mellitus, Type 2") OR (MH "Prediabetic State") 
OR Diabetes OR Type 2 diabetes OR type II diabetes OR Type 2 
Diabetes Mellitus OR Type II Diabetes Mellitus OR Non Insulin-
Dependent Diabetes Mellitus OR Non Insulin Dependent Diabetes 
Mellitus OR Noninsulin Dependent Diabetes Mellitus OR Non 
Insulin Dependent Diabetes Mellitus OR Non Insulin-Dependent 
Diabetes Mellitus OR prediabetic OR prediabetes ) AND ( (MH 
"Diet Therapy") OR (MH "Diet, Reducing") OR (MH "Health 
Education") OR (MH "Diabetic Diet") OR health promotion OR 
health education OR health behaviors OR healthy behaviors OR 
lifestyle Intervention OR lifestyle interventions OR lifestyle 
changes OR behavioral based intervention OR behavioral based 
interventions OR behavioural interventions OR behavioural 
intervention OR diet OR Dietary Modification OR Dietary 
Modifications OR Diet Modification OR Diet Modifications OR 
Diet Therapies OR diet therapy ) AND ( Cardiometabolic 
outcomes OR blood pressure OR central systolic blood pressure 
OR peripheral systolic blood pressure OR diastolic blood pressure 
OR adiposity OR waist circumference OR body mass index OR 
glycated hemoglobin OR lipids OR total cholesterol OR low 
density lipoprotein cholesterol OR high density lipoprotein 
cholesterol OR augmentation index OR heart rate OR fasting 
blood glucose ) AND ( (MH "Child") OR Youth OR youth at risk 
OR high risk youth OR overweight youth OR child OR children ) 
Published Date: 20110901-20211031 

PsycINFO (MAINSUBJECT.EXACT("Type 2 Diabetes") OR Diabetes OR 
Type 2 diabetes OR type II diabetes OR Type 2 Diabetes Mellitus 
OR Type II Diabetes Mellitus OR Non Insulin-Dependent 
Diabetes Mellitus OR Non Insulin Dependent Diabetes Mellitus 
OR Noninsulin Dependent Diabetes Mellitus OR Non Insulin 
Dependent Diabetes Mellitus OR Non Insulin-Dependent Diabetes 
Mellitus OR prediabetic OR prediabetes) AND (health promotion 
OR health education OR health behaviors OR healthy behaviors 
OR lifestyle Intervention OR lifestyle interventions OR lifestyle 
changes OR behavioral based intervention OR behavioral based 
interventions OR behavioural interventions OR behavioural 
intervention OR diet OR Dietary Modification OR Dietary 
Modifications OR Diet Modification OR Diet Modifications OR 
Diet Therapies OR diet therapy) AND (Cardiometabolic outcomes 
OR blood pressure OR central systolic blood pressure OR 
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peripheral systolic blood pressure OR diastolic blood pressure OR 
adiposity OR waist circumference OR body mass index OR 
glycated hemoglobin OR lipids OR total cholesterol OR low 
density lipoprotein cholesterol OR high density lipoprotein 
cholesterol OR augmentation index OR heart rate OR fasting 
blood glucose) AND (Youth OR youth at risk OR high risk youth 
OR overweight youth OR child OR children) 

Web of science TS=(Diabetes OR Type 2 diabetes OR type II diabetes OR Type 2 
Diabetes Mellitus OR Type II Diabetes Mellitus OR Non Insulin-
Dependent Diabetes Mellitus OR Non Insulin Dependent Diabetes 
Mellitus OR Noninsulin Dependent Diabetes Mellitus OR Non 
Insulin Dependent Diabetes Mellitus OR Non Insulin-Dependent 
Diabetes Mellitus OR prediabetic OR prediabetes) AND 
TS=(health promotion OR health education OR health behaviors 
OR healthy behaviors OR lifestyle Intervention OR lifestyle 
interventions OR lifestyle changes OR behavioral based 
intervention OR behavioral based interventions OR behavioural 
interventions OR behavioural intervention OR diet OR Dietary 
Modification OR Dietary Modifications OR Diet Modification OR 
Diet Modifications OR Diet Therapies OR diet therapy) AND 
TS=(Cardiometabolic outcomes OR blood pressure OR central 
systolic blood pressure OR peripheral systolic blood pressure OR 
diastolic blood pressure OR adiposity OR waist circumference OR 
body mass index OR glycated hemoglobin OR lipids OR total 
cholesterol OR low density lipoprotein cholesterol OR high 
density lipoprotein cholesterol OR augmentation index OR heart 
rate OR fasting blood glucose) AND TS=(Youth OR youth at risk 
OR high risk youth OR overweight youth OR child OR children)  

 



 

Table 2 Characteristics of Trials Included in the Systematic Review (n=4). 

Authors, 
Year, 
Country 
(study 
length) 

Child 
Characteristics  

Group Descriptions Primary 
Study 
Outcome Cardiometabolic Outcomes and Findings 

Weight Status Glucose Blood Pressure Cholesterol 
Falbe and 
colleagues,37 

2015, USA 
(10 weeks) 
 

n=53; 51% 
female 
 
Age, years 
M(SD) 8.9(1.8)  
 
Race/ethnicity 
100% Hispanic 
 
Diabetes risk 
factor(s) 
All participants 
had a BMI ≥85th 
percentile and 
identified as 
Hispanic (spoke 
Spanish) 

Group 1: ACTIVE AND 
HEALTHY FAMILIES 
(AHF) 
Behavioral 
strategies/theory: Goal 
setting, action plan, self-
monitoring/TTM 
 
Dietary target(s): SSB, 
culturally appropriate 
foods and portion control 
 
Activity target(s): 
Recorded daily steps and 
received sample exercises 
 
Intensity: 5, 2-hour 
sessions over the 10 week 
study period 
 
Group 2: USUAL-CARE 
WAIT-LIST  
Waitlist 

∆BMI Height was measured 
two times without 
shoes or obstructive 
hairstyles to the 
nearest 0.1cm. If 
measures disagreed 
within 0.5cm, a third 
measure was taken. 
Weight was 
measured without 
shoes or outer 
clothing measured to 
the nearest 0.1 kg. 
 
zBMI 
Baseline values 
M(SD): 
Group 1=2.02(0.41) 
Group 2=1.98(0.26) 
 
Adjusteda difference 
in ∆ between groups 
M(95%CI): 
-0.10(-0.19, -0.02) 
p=0.02* 

Serum glucose and 
HbA1c were 
measured from an 8-
hour fasting blood 
sample. 
 
Fasting glucose 
(mg/dL) 
Baseline values 
M(SD): 
Group 1=87.1(4.7) 
Group 2=90.2(5.6) 
 
Adjusteda difference 
in ∆ between groups 
M(95%CI): 
0.16(-3.14, 3.46), 
p=0.92 
 
HbA1c (%) 
Baseline values 
M(SD): 
Group 1=5.1(0.3) 
Group 2=5.2(0.3) 
 
Adjusteda difference 
in ∆ between groups 
M(95%CI): 
∆=0.06(-0.09, 0.21), 
p=0.41 

Systolic and diastolic 
BP were measured.  
 
Systolic BP (mmHg) 
Baseline values 
M(SD): 
Group 1=116.3(12.1) 
Group 2=110.4(9.6) 
 
Adjusteda difference 
in ∆ between groups 
M(95%CI): 
0.17(-5.74, 6.08), 
p=0.95 
 
Diastolic BP 
(mmHg) 
Baseline values 
M(SD): 
Group 1=67.1(6.4) 
Group 2=67.4(7.2) 
 
Adjusteda difference 
in ∆ between groups 
M(95%CI): 
-0.74(-4.08, 2.59), 
p=0.65 

LDL and HDL were 
measured from an 8-
hour fasting blood 
sample. 
 
LDL-cholesterol 
(mg/dL) 
Baseline values 
M(SD): 
Group 1=90.7(25.9) 
Group 2=97.1(21.6) 
 
Adjusteda difference 
in ∆ between groups 
M(95%CI): 
2.06(-9.13, 13.24), 
p=0.71 
 
HDL-cholesterol 
(mg/dL) 
Baseline values 
M(SD): 
Group 1=46.6(16.5) 
Group 2=49.8(11.2) 
 
Adjusteda difference 
in ∆ between groups 
M(95%CI): 
-0.78(-4.81, 3.26), 
p=0.70 
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Mirza and 
colleagues,38 

2013, USA 
(24 months) 

n=113; LGD 
group: 44% male, 
LFD group: 59% 
male  
 
Age, years 
M(SE)  
LGD group: 
11.8(0.3), LFD 
group: 11.5(0.3) 
 
Race/ethnicity  
100% Hispanic  
 
Diabetes risk 
factor(s) 
All participants 
had a BMI ≥95th 
percentile and 
identified as 
Hispanic 
 
 

Group 1: LOW-
GLYCEMIC LOAD 
DIET (LGD) 
Behavioral 
strategies/theory: Self-
monitoring, social 
reinforcement, stimulus 
control, modeling, social 
skills 
 
Dietary target(s): Low-
glycemic load diet (45-
50% LGI CHO, 20-25% 
protein, 30-35% fat) 
 
Activity target(s): 
Contracting to increase PA 
and reduce sedentary (no 
specific goal) 
 
Intensity: 12 weekly 
sessions with 9  follow-up 
sessions monthly and 4 
follow-up sessions every 3 
months over the 24-month 
study period 
 
Group 2: LOW FAT 
DIET (LFD) 
Behavioral 
strategies/theory: Self-
monitoring, social 
reinforcement, stimulus 
control, modeling, social 
skills 
 
Dietary target(s): Low-fat 
diet (55-60% low-GI CHO, 
15-20% protein, 25-30% 
fat) 
 
Activity target(s): 
Contracting to increase PA 
and reduce sedentary (no 
specific goal) 

zBMI Height was measured 
using a stadiometer 
and weight measured 
on a calibrated scale 
in a hospital gown 
without shoes. Three 
repeated measures of 
each were taken and 
averaged. Height and 
weight were 
converted to age- and 
sex-specific BMI z-
scores based on 
CDC. 
 
zBMI 
Baseline values 
M(SD): 
Group 1=2.25(0.05) 
Group 2=2.24(0.03) 
 
Adjustedb difference 
between groups at: 
3 months: p=0.82 
12 months: p=0.19 
24 months: p=0.20 
 
∆ within all 
participants (Group1 
and Group 2) 
b coefficient (95% 
CI) at:  
3 months: -0.16(-
0.22, -0.09), 
p<0.0001 
12 months: -0.13(-
0.21, -0.05), p=0.003 
24 months: -0.13(-
0.21, 0.05), p=0.002 

Plasma glucose was 
measured from an 
overnight fasting 
sample 
 
Fasting Glucose 
(mg/dL) 
Baseline values 
M(SD): 
Group 1=85.3(7.6) 
Group 2=82.9(1.0) 
 
Changes in fasting 
glucose: NS (data not 
reported) 
 

Blood pressure 
measures were taken 
after 15 minutes of 
rest. 
 
Systolic BP (mmHg) 
Baseline values 
M(SD): 
Group 1=115(1.2) 
Group 2=115(1.3) 
 
Diastolic BP 
(mmHg) 
Baseline values 
M(SD): 
Group 1=62(1.0) 
Group 2=64(1.1) 
 
Changes in blood 
pressure not reported 
independent of 
metabolic syndrome 
 

Total-cholesterol, 
LDL-cholesterol, 
HDL-cholesterol 
were obtained from 
fasted blood samples 
 
Total-cholesterol 
Baseline values: NR 
 
LDL-cholesterol 
Baseline values: NR 
 
HDL-cholesterol 
(mg/dL) 
Baseline values 
M(SD): 
Group 1=37.5(1.3) 
Group 2=39.8(1.1) 
 
Changes in 
cholesterol not 
reported independent 
of metabolic 
syndrome 
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Intensity: 12 weekly 
sessions with 9  follow-up 
sessions monthly and 4 
follow-up sessions every 3 
months over the 24-month 
study period 

Sauder and 
colleagues,39 

2018, USA (8 
months) 

n=62; Group 1: 
45% male; Group 
2: 58% male  
 
Age, years 
M(SD)  
Group 1: 
9.3(1.0), Group 
2: 9.1(1.1) 
 
Race/ethnicity 
100% American 
Indian tribal 
members 
 
Diabetes risk 
factor(s) 
All participants 
had a BMI ≥85th 
percentile and 
identified as 
American Indian 

Group 1: TRIBAL 
TURNING POINT 
Behavioral 
strategies/theory: 
Motivational interviewing 
 
Dietary target(s): ≥5 
servings/day FV, 
<2hours/day screen time, 
≥1hour/day PA, and 0 
servings/day SSB 
 
Activity target(s): ≥1hour 
PA/day 
 
Intensity: 10, 2-hour 
classes over a 4-month 
period plus 2 booster 
classes over the 8-month 
study period 
 
Group 2: CONTROL 
Healthy and safety 
curriculum 
 
Intensity: 3, 1-hour classes 
over the 8-month study 
period 
 

BMI Height was measured 
with a wall-mounted 
stadiometer with 
light clothing without 
shoes. Weight was 
measured with a 
calibrated electronic 
scale. A modified 
(used in populations 
with high obesity) 
zBMI was calculated 
based on age and sex 
specific CDC growth 
charts. 
 
zBMI 
Baseline values 
M(SD): 
Group 1=2.65(1.40) 
Group 2=2.65(1.16) 
 
Adjustedc difference 
in ∆ between groups 
M(SE)d: 
-0.16(0.05) 

p=0.049* 
 

Fasting glucose and 
HbA1c obtained after 
8-hour fast 
 
Fasting Glucose 
(mg/dL) 
Baseline values 
M(SD): 
Group 1=90.9(8.1) 
Group 2=91.4(6.4) 
 
Adjustedc difference 
in ∆ between groups: 
p=0.80 
 
HbA1c (%) 
Baseline values 
M(SD): 
Group 1=5.2(0.3) 
Group 2=5.3(0.3) 
 
Adjustedc difference 
in ∆ between groups: 
p=0.83 

BP measured 3 times 
after 5 minutes of 
seated rest with 30s 
between readings 
 
Systolic BP (mmHg) 
Baseline values 
M(SD): 
Group 1=101.6(11.1) 
Group 2=99.3(7.8) 
 
Adjustedc difference 
in ∆ between groups: 
p=0.73 
 
Diastolic BP 
(mmHg) 
Baseline values 
M(SD): 
Group 1=58.0(6.0) 
Group 2=61.1(6.7) 
 
Adjustedc difference 
in ∆ between groups: 
p=0.51 
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Savoye and 
colleagues,40 

2014, USA (6 
months) 

n=75; BB group: 
68.4% female, 
CC group: 62.2% 
female  
 
Age, years 
M(SD)  
BB group: 
12.7(1.9), CC 
group: 13.2(1.8) 
 
Race/ethnicity 
BB group: 31.6% 
non-Hispanic 
White, 29% 
Black, 39.5% 
Hispanic White 
CC group: 35.1% 
non-Hispanic 
White, 27% 
Black, 32.4% 
Hispanic White, 
5.4% other 
 
Diabetes risk 
factor(s) 
All participants 
had a BMI >95th 
percentile and a 
sign of insulin 
resistance 
(prediabetes) 

Group 1: BRIGHT 
BODIES (BB) 
Behavioral 
strategies/theory: Self-
awareness, goal setting, 
stimulus control, coping 
skills, cognitive behavior 
strategies, and contingency 
management/SCT 
 
Dietary target(s): Non-diet 
healthy food choice 
approach that emphasized 
low-fat foods of moderate 
portions 
 
Activity target(s): 
Encouraged to exercise 3 
times/week, in addition to 
two 50 minute exercise 
sessions 
 
Intensity: Two program (2, 
50-minute exercise 
sessions + 1, 40-minute 
nutrition/behavior 
modification class) visits 
over the 6 month program 
 
Group 2: STANDARD 
CLINICAL CARE (CC) 
Participants received diet 
and exercise instruction on 
standard topics such as 
discontinuing juice/soda 
intake, low-fat lunches to 
school, decreasing portion 
sizes and discouraging 
sedentary activities 
 
Intensity: Followed by 
clinician for standard care 
every 2-3 months over the 
6-month study period 

2-hour oral 
glucose 
tolerance 
test 
(OGTT) 

Height with no shoes 
was measured by a 
stadiometer 
calibrated in 0.2-cm 
intervals. Weight was 
measured in light 
gown to the nearest 
0.1 kg using a 
medical weight scale. 
zBMI was calculated 
based on CDC. 
 
zBMI 
Baseline values 
M(SD): 
Group 1=2.2(0.4) 
Group 2=2.3(0.4) 
 
Adjustede difference 
in ∆ between groups 
M(95%CI): 
-0.09(-0.14, -0.04)  
p<0.001*** 

Glucose and HbA1c 
measured by OGTT 
after a 10-hour 
overnight fast.  
 
Fasting glucose 
(mg/dL) 
Baseline values 
M(SD): 
Group 1=92.9(7.0) 
Group 2=92.4(8.0) 
 
Adjustede difference 
in ∆ between groups 
M(95%CI): 
-3.0(-7.3 to 1.2), 
p=0.16 
 
HbA1c (%) 
Baseline values 
M(SD): 
Group 1=5.7(0.4) 
Group 2=5.6(0.4) 
 
Adjustede difference 
in ∆ between groups 
M(95%CI): 
-0.11(-0.27 to 0.05), 
p=0.19 

BP measured 
automatically twice 
after participants sat 
for 10 min  
 
Systolic BP (mmHg) 
Baseline values 
M(SD): 
Group 1=118.5(10.3) 
Group 2=123.3(11.7) 
 
Adjustede difference 
in ∆ between groups 
M(95%CI): 
-5.5(-9.3 to -1.7) 
p=0.005** 
 
 
Diastolic BP 
(mmHg) 
Baseline values 
M(SD): 
Group 1=67.3(8.3) 
Group 2=67.8(7.4) 
 
Adjustede difference 
in ∆ between groups 
M(95%CI): 
-9.2(-19.9 to 1.5), 
p=0.09 
 

Cholesterol measured 
after a 10-hour 
overnight fast. 
 
Total-cholesterol 
(mg/dL) 
Baseline values 
M(SD): 
Group 1=151.1(34.0) 
Group 2=159.2(35.9) 
 
Adjustede difference 
in ∆ between groups 
M(95%CI): 
-8.7(-23.1 to 5.7), 
p=0.24 
 
LDL-cholesterol 
(mg/dL) 
Baseline values 
M(SD): 
Group 1=88.3(27.1) 
Group 2=92.5(31.0) 
 
Adjustede difference 
in ∆ between groups 
M(95%CI): 
-4.8(-15.2 to 5.6), 
p=0.37 
 
HDL-cholesterol 
(mg/dL) 
Baseline values 
M(SD): 
Group 1=40.1(9.6) 
Group 2=39.8(8.1) 
 
Adjustede difference 
in ∆ between groups 
M(95%CI): 
1.1(-3.1 to 5.3), 
p=0.60 

36 



 

BMI, body mass index; BP, blood pressure; CI, confidence interval; DI, disposition index; FV, fruit and vegetable; 
HbA1c, hemoglobin A1C; HOMA-IR, homeostasis model assessment of insulin resistance  HDL, high-density 
lipoprotein; LDL, low-density lipoprotein; M(SE), mean(standard error); M(SD), mean(standard deviation); NR, not 
reported; NS, not significant; OGTT, Oral Glucose Tolerance Test; PA, physical activity; SCT, Social Cognitive 
Theory; SE, standard error; SSB, sugar-sweetened beverages; TTM, Transtheoretical Model; zBMI, BMI z score; D, 
change. Boldface indicates statistical significance (*p<0.05, **p<0.01, ***p<0.001). 
 
Notes: aAdjusted for clinic, age, sex, and baseline values for each outcome, bAdjusted for baseline measures, 
cAdjusted for tribe, sex, age, and baseline values, dThis value was calculated to estimate the difference between 
groups, eAdjusted for baseline outcome, weight, HbA1c, HOMA-IR, and DI. 
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Table 3 Risk of Bias Assessment Results.  

 
Domains 
 

Falbe et 
al., 
2015 

Mirza et 
al., 2013 

Sauder et 
al., 2018 

Savoye et 
al., 2014 

D1: Risk of bias arising from the 
randomization process 

 
 

   

D2: Risk of bias due to deviations 
from the intended intervention (effect 
of assignment to intervention) 

    

D3: Missing outcome data  
 

   

D4: Risk of bias in measurement of 
the outcome 

 
 

   

D5: Risk of bias in selection of the 
reported result  

 
 

   

Overall risk of bias  
 

   

 
D, domain; Low risk of bias,        ; Some concerns,        ; High,   
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Figure 2 PRISMA flow diagram. 

Notes:  
aStudies were excluded if children had a chronic disease (e.g., cancer) or were 
diagnosed with type 2 diabetes mellitus.  
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bStudies were excluded if they did not explicitly describe the utilization of a 
behavioral theory (e.g., Social Cognitive Theory) and/or behavioral modification 
strategies (e.g., self-monitoring). 
cChildren were considered at risk of developing type 2 DM if they had overweight 
status (BMI ≥85th to <95th percentile) or obesity (BMI ≥95th percentile) and who 
had one or more of the following additional risk factors: maternal history of diabetes 
or gestational diabetes mellitus during the child’s gestation, family history of type 2 
diabetes in first- or second-degree relative, race or ethnicity (Native American, 
African American, Latino, Asian American, or Pacific Islander), or having signs of 
insulin resistance or conditions associated with insulin resistance (e.g., acanthosis 
nigricans, hypertension, dyslipidemia, polycystic ovary syndrome, or small-for-
gestational-age birth weight).  
dStudies were excluded if one or more of the following cardiometabolic outcomes 
were not measured: BMI percentiles, BMI z-score, serum glucose, hemoglobin A1C, 
systolic blood pressure, diastolic blood pressure, and/or total-, LDL-, or HDL-
cholesterol. 
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Chapter 3 

THE PHYSICAL HOME FOOD ENVIRONMENT IN RELATION TO 

CHILDREN’S DIET QUALITY AND CARDIOMETABOLIC HEALTH 

Chapter 3 (Paper 2) is under review at the Journal of the Academy of Nutrition and 
Dietetics. Suggested citation: Verdezoto Alvarado Adriana, Burns Kaelyn, Brewer 
Benjamin & Robson Shannon. The Physical Home Food Environment in Relation to 
Children’s Diet Quality and Cardiometabolic Health. 

Research Snapshot 

Research question: What is the relationship between the physical home food 

environment and diet quality and factors of cardiometabolic health in children? 

 

Key findings: In a secondary analysis of a cross-sectional pilot study, the overall 

physical home food environment as defined by the obesogenic score (score indicative 

of the presence of energy-dense foods) was associated with children’s weight status 

and certain aspects were related to cardiometabolic biomarkers. Better diet quality was 

associated with greater variety of fruits and vegetables in the home.  

Abstract 

Background. Home food availability has been identified as an important influence on 

dietary intake. Less is known about the relationship between the physical home food 

environment (HFE) and factors of cardiometabolic health in children. 
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Objective. The purpose was to explore the relationship between the physical HFE and 

diet quality and factors of cardiometabolic health (weight, blood biomarkers). 

Design. This was a cross-sectional secondary analysis.  

Participants/setting. This study included 29 households with 44 children aged 6-12 

years old living in the Newark, DE, area between August 2020 to August 2021. 

Main outcome measures. The Home Food Inventory provides an obesogenic score 

(score indicative of the presence of energy-dense foods) for the overall HFE and HFE 

subcategories scores; z-BMI scores were calculated using measured height and 

weight; diet quality was measured using the Healthy Eating Index (HEI)-2020 total 

scores; and cardiometabolic biomarkers were obtained from serum blood samples.  

Statistical analyses performed. Unadjusted and adjusted linear mixed model 

regressions were used to test the association between the physical HFE and each of the 

outcome variables: z-BMI, HEI-2020, and cardiometabolic biomarkers. HFE 

subcategories (e.g., fruits and vegetables (FV)) were also examined with each outcome 

using linear mixed model regression. 

Results. Children were 9.5±1.9 years with 61.4% female, 59.1% identifying as White, 

and 90.9% non-Hispanic. Obesogenic score was significantly associated with z-BMI 

(b=0.03, p=0.029), but not HEI-2020 or cardiometabolic biomarkers. As HFE FV 

subcategory increased HEI-2020 significantly increased (b=0.73, p=0.005) and total 

(b=-1.54, p=0.014) and LDL-cholesterol levels (b=-1.31, p=0.010) significantly 

decreased. Increased availability of sweet and salty snack food and availability of 

sugar sweetened beverages was associated with increased fasting blood glucose 

(b=0.65, p=0.033) and  insulin levels (b=5.60, p=0.035) respectively.  
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Conclusions. There is evidence of a relationship between the subcategories of the 

physical HFE and cardiometabolic factors. Future interventions are needed to 

understand if altering the overall HFE or specific subcategories within the HFE can 

improve cardiometabolic health. 

Introduction 

Ecologically informed models have suggested that the home food environment 

(HFE) may be a driver of individual dietary behaviors and weight status,1,2 two key 

factors of cardiovascular health.3 The HFE encompasses many aspects, including 

physical food availability and accessibility, the social environment (e.g., family 

meals), and socioeconomic status.4 Within the HFE, the physical HFE has been 

identified to be a strong predictor of intake, especially for fruits and vegetables (FVs).5 

Within the HFE, parents and caregivers have the ability to expose children to different 

foods based upon what foods are or are not available and/or accessible in the home.6 

Childhood is a critical period for developing dietary habits,7 and the home 

environment can play a significant role in shaping and promoting healthful eating 

behaviors and food choices that can persist throughout the child’s life for the 

promotion of health and prevention of chronic disease.8,9  

A review of fourteen studies examined the associations between physical home 

food availability factors and children’s dietary intake. About half of the studies found 

that intake of specific food groups (e.g., fruits, vegetables, or sugar-sweetened 

beverages (SSB)) increased when those corresponding foods were available in the 

home.10 Additionally, a study in fifth graders found a positive correlation between 

weekly consumption of both FVs and energy-dense foods (categorized as soft drinks, 

processed juice, popcorn, cookies, chips and peanuts, and sweets and candies) with the 
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availability of these foods at home.11 These findings indicate that the specific foods 

available in the home promote corresponding intake of these foods. 

While the literature underscores the relationship between specific food groups 

and home food availability, limited research has explored how the HFE relates to 

overall diet quality. Only one cross-sectional study by Santiago-Torres and 

colleagues12 examined this relationship. The HFE was measured based upon 

availability of seven food groups (fruits, vegetables, 100% fruit juice, milk, soda, fruit 

drinks, and snacks) and diet quality was measured using the Healthy Eating Index 

(HEI)-2010 based upon a food frequency questionnaire. The study found that children 

with soda available in the HFE had significantly lower (p=0.04) mean (95% CI) HEI-

2010 total score (57.7 (37.8-78.6)) than those who did not have soda available (60.9 

(37.0-80.5)). However, no significant relationship was observed between mean (95% 

CI) HEI-2010 total score for availability of fruits (59.5 (37.0-80.5) vs. 55.7 (40.5-

67.8); p=0.4) or vegetables (59.3 (37.8-80.5) vs. 59.4 (37.0-74.5); p=0.9).12 

In addition to considering how the physical HFE impacts diet quality, more 

healthful HFEs may be associated with a healthier cardiometabolic health indicators in 

children.10,13 For example, families with preschoolers at a healthy weight had a 

significant greater mean of fresh vegetables (3.79 (1.85)) available in the home 

compared to peers who had obesity (2.48 (2.25)).14 Arcan and colleagues evaluated 

home environmental factors (e.g., screen time and dietary intake) and BMI among 

young children who identified as American Indian and found an association between 

vegetable (without potatoes) availability and weight. Children with higher availability 

of vegetables had a 4.1% higher probability of having normal weight, 1.8% lower 

probability of having overweight, and 2.3% lower probability of having obesity.15 
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Limited attention has been given to the connection between the HFE and other 

cardiometabolic health measures, including blood biomarkers. 

Given ideal cardiovascular health3 is not defined by specific foods groups, but overall 

diet, there is need to better understand the role of the HFE and diet quality, a more 

comprehensive metric of dietary intake, and cardiometabolic health indicators. 

Therefore, the objective of this study was to examine the relationships between the 

physical HFE and both diet quality and factors of cardiometabolic health (weight 

status and cardiometabolic biomarkers) in children 6-12 years old. 

Methods 

Study Design and Participants 

Secondary analyses were conducted from a sample of children part of a cross-

sectional pilot study examining the relationship between dietary behaviors and 

cardiovascular biomarkers. Participants were recruited from August 2020 to August 

2021. Children were eligible if they were 6 to 12 years old, had a BMI ≥5th percentile, 

and were able to read, speak, and understand English. All children in a household who 

met inclusion criteria were eligible to participate. Children were excluded if they had a 

medical condition that required a specific eating plan, were seeing a Registered 

Dietitian, and/or had a chronic health condition (e.g., diabetes). Of the 121 families 

interested and screened for eligibility 76 were ineligible (48 were not interested, 18 

were not able to be contacted, seven had children outside of eligible age range, two 

inquired after study was closed to enrollment and one child had a medical condition 

that required a specific plan). Of the 45 eligible children, 44 (from 29 households) had 

complete data and were included in these secondary analyses. Sixteen households had 
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one child enrolled, 11 households had two children enrolled, and two households had 

three children enrolled. All children provided informed verbal assent. Legal guardians 

provided written permission for the child to participate and accompanied children to 

attend one visit at a laboratory on a university campus. Parents were asked to complete 

questionnaires and 3-days of diet records for their child prior to the visit. During the 

research laboratory visit that occurred during the morning hours, a research assistant 

confirmed completion of questionnaires, reviewed diet records, and obtained 

anthropometric measures. A fasted blood draw was collected by a research nurse. This 

study was approved by the University of Delaware Institutional Review Board 

(Protocol 1536467-4). 

Data Collection and Measures 

Household-level data were only collected once regardless of how many 

eligible children participated per household. 

Demographic and Household Characteristics. A self-reported questionnaire 

completed by parents collected child demographic data (e.g., age, sex, race, ethnicity) 

and annual household income. Household food security was verbally assessed by 

research personnel using the U.S. Household Food Security Survey Module: Three 

Stage Design with Screeners16 with a 30-day reference period. Food security raw 

scores were summed based upon a range from 0 to 18 and higher scores indicated 

lower food security.16 Raw scores were dichotomized to indicate high/marginal food 

security (0-2) and low/very low food security (3-18), which classifies food security 

and food insecurity, respectively.16  

Home Food Environment. The Home Food Inventory (HFI)17 was completed by the 

parent and was used to calculate an ‘obesogenic’ score of the physical HFE. The HFI 



 54 

is a validated checklist that assesses food items present or absent (yes/no) in the home 

environment.17 Thirteen categories are assessed by the HFI and include: dairy, fruits, 

vegetables, meats, non-dairy protein, added fat, frozen desserts, savory snacks, 

microwavable/quick-cook foods, bread, dry breakfast cereal, candy, and beverages. 

Based upon items physically present in the HFI, an obesogenic score ranging from 0-

71 was calculated.17 The obesogenic score is a sum of ten food groups (regular fat 

cheese, regular milk, regular yogurt, regular other dairy, processed meats, regular 

frozen desserts, regular prepared desserts, high sugar cereals (³6 grams sugar), candy, 

microwavable/quick-cook foods) plus 22 individual food items from the categories of 

added fats (regular butter, lard or shortening, regular salad dressings), savory snacks 

(regular chips crackers and other snack foods), beverages (non-diet), unhealthy 

kitchen accessibility (accessibility of regular savory snacks, regular soda, candy, and 

regular prepared desserts), and unhealthy refrigerator accessibility (whole milk, 

regular beverages, regular cheese and regular yogurt).17 Higher scores represent a 

more obesogenic HFE, indicative of a greater presence of energy-dense foods. 

Specific subcategories (FVs, sweet and salty snack foods, and SSB) related to items of 

the HFI were calculated. The FV availability score18 was representative of 26 different 

fruits and 20 different vegetables, it ranged from 0 to 46 (higher scores indicate a 

greater variety of FVs available). A ‘sweet and salty snack availability score’ was 

created based upon the general definitions of snacks19 using the frozen/prepared 

desserts, savory snacks, and candy primary scales from the HFI; this score ranged 

from 0 to 38 with higher scores indicating a greater variety of sweet and salty snack 

foods. A ‘SSB availability score’ was created using the beverage regular-sugar 

subscale that included 4 types of regular (non-diet) beverages and ranged from 0 to 4 
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with higher scores indicative of more SSB in the home. Using the scales available in 

the HFI, the categorization of sweet and salty snack foods and SSB generally followed 

the categories of the USDA’s What We Eat in America ‘snacks and sweets’ (e.g., 

chips, crackers, cakes, cookies) and ‘sweetened beverages’ (e.g., soft drinks, fruit 

drinks).19 

Diet Quality. Parents were asked to record three days of dietary intake (two weekdays 

and one weekend day) for each child enrolled. Diet records were reviewed by research 

personnel and questions were asked to participants for clarification about foods or 

quantities when applicable. Diet records were entered into Nutrition Data Systems 

Research (NDS-R) 2019 software developed by the Nutrition Coordinating Center, 

University of Minnesota (Minneapolis, MN).20 Dietary data across the three days were 

averaged and analyzed for diet quality using the Healthy Eating Index (HEI)-2020 

simple method algorithm provided by the National Cancer Institute.21 The HEI-2020 

reflects the recommendations of the Dietary Guidelines for Americans (DGAs).22 

Total scores range from 0-100, with higher scores indicating greater adherence to the 

DGAs. 

Anthropometrics. Children’s height and weight were measured by trained research 

personnel with the child wearing light clothing (empty pockets) and no shoes in a 

research laboratory. Height was measured in triplicate to the nearest 0.5 cm using a 

stadiometer (Seca 213, Hanover, MD) and a fourth measurement was taken if any two 

measurements were more than 0.5 cm apart. Weight was measured in triplicate to the 

nearest 0.1 kg using an electronic scale (Seca 874, Hanover, MD). BMI percentiles 

and z-BMI scores were calculated using mean height and mean weight based on the 

2010 Centers for Disease Control and Prevention growth charts.23 Z-BMI scores are 
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used to allow comparison of weight status across age and sex. Z-scores and percentiles 

directly correspond; for instance, a z-score of 1.036 is equal to the 85th percentile and 

a z-score of 1.645 is equal to the 95th percentile.24 

Cardiometabolic markers. A blood sample was drawn from participants after a 12-

hour overnight fast by venipuncture by a research nurse in a research laboratory. Three 

serum separator tubes were used to collect a serum lipid panel (total cholesterol, LDL-

cholesterol, HDL-cholesterol, and triglycerides), serum glucose, and fasting serum 

insulin. Blood samples were centrifuged and kept at room temperature except insulin 

was refrigerated. Blood samples were stored securely and analyzed by Quest 

DiagnosticsÒ. 

Statistical Analysis 

Outcome data were checked for normality and outliers. Means and standard 

deviations (SD) for continuous variables and frequencies for categorical variables 

were calculated. Unadjusted linear regression models evaluated the relationship 

between demographic variables and each dependent variable of interest (diet quality, 

z-BMI, cardiometabolic biomarkers) to determine covariates in subsequent models 

based on at least some evidence of a statistically significant relationship (p<0.1). 

Child’s ethnicity was significantly associated with diet quality (p=0.021), so it was 

controlled for in subsequent linear mixed regression models. Unadjusted and adjusted 

linear mixed regression models with household as a random effect, to account for 

intraclass correlations between children nested within households, tested the 

associations between the HFE obesogenic score and each dependent variable. Linear 

mixed regression models with household as a random effect were also used to examine 

the association between HFE subcategories (FV availability, sweet and salty snack 
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availability, SSB availability) and z-BMI, diet quality, and cardiometabolic 

biomarkers. An unstandardized beta coefficient is estimated for each model term in 

each of these models. These coefficients represent the degree of change in the 

outcome variable for every 1-unit of change in the independent variable, can be 

positive or negative and have a p-value to indicate statistical significance. For 

instance, if the beta coefficient is positive, every 1-unit increase in the predictor 

variable is associated with the outcome variable increasing by the beta coefficient 

value. Similarly, if the beta coefficient is negative, every 1-unit increase in the 

independent variable is associated with the outcome variable decreasing by the beta 

coefficient value.25 A p-value of <0.05 (two-tailed) was considered statistically 

significant. All analyses were conducted using IBM SPSS, Version 28.26 

Results 

Children’s age range (n=44) was 6.1 to 12.9 years, with a mean ± SD of 

9.5±2.0 years. Females comprised 61.4% of the sample, 59.1% identified as White, 

and 90.9% identified as non-Hispanic or Latino. Of the 29 households, 51.6% reported 

an annual household income greater than $100,000, and 86.2% reported having 

high/marginal food security. Demographic and household characteristics are shown in 

Table 1. Households had a mean ± SD obesogenic score of 22.8±8.3 ranging from 7-

39. The subcategory availability scores for FV, sweet and salty snack foods and SSBs 

had a mean ± SD of 26.3±7.5, 13.2±4.3, and 2.3±0.9 respectively. Ranges for 

subcategory availability scores for FV, sweet and salty snack foods, and SSB were 10-

41, 5-25, and 0-4 respectively. Children had a mean ± SD HEI-2020 total score of 

57.5±14.0 and a mean ± SD z-BMI score of 0.78±0.79. The moderation and adequacy 

component scores of the HEI-2020 are shown in Supplementary Table 2. 
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The associations between the physical HFE and factors of cardiometabolic 

health are shown in Table 3. The mean household obesogenic score was not associated 

with HEI-2020 total score in both unadjusted (b=-0.51±0.26; p=0.054) and adjusted 

(b=-0.40±0.25; p=0.113) models but was associated with z-BMI (b=0.03±0.01; 

p=0.029). Specifically, each one unit increase in the obesogenic score was associated 

with an 0.03 increase in z-BMI. No significant associations were observed between 

obesogenic score and any of the cardiometabolic biomarkers.  

Within HFE subcategories, FV availability was significantly associated with 

HEI-2020 total score in both unadjusted (b=0.84±0.24; p=0.001) and adjusted 

(b=0.73±0.25; p=0.005) models but not significantly associated with z-BMI (b=-

0.01±0.02; p=0.751). Namely, each one unit increase in FV availability was associated 

with a 0.84 increase in the HEI-2020 total score (when looking at the direct 

relationship) and a 0.73 increase in the HEI-2020 total score (when adjusting for the 

stated covariates).  

As FV availability increased, total cholesterol (b=-1.54±0.59, p=0.014) and LDL-

cholesterol (b=-1.31±0.47, p=0.010) significantly decreased, with each additional unit 

increase in the FV availability score associated with a 1.54-point and 1.31-point 

decrease in total and LDL cholesterol, respectively. For FV availability and other 

cardiometabolic biomarkers, no significant associations were observed. Further, there 

was insufficient evidence to show a significant association between sweet and salty 

snack availability and HEI-2020 total score in both unadjusted (b=0.08±0.51; 

p=0.885) and adjusted (b=-0.08±0.49; p = 0.871) models or z-BMI (b=0.03±0.03; 

p=0.343). Among the cardiometabolic biomarkers, sweet and salty snack availability 
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was significantly associated with only glucose (b=0.65±0.29, p=0.033), with each 

additional unit increase in the sweet and salty snack availability score associated with 

a 0.65-point increase in glucose. No significant associations were observed between 

the HFE subcategory of SSB availability and HEI-2020 total score in both unadjusted 

(b=1.47±2.34; p=0.352) and adjusted (b=2.05±2.18; p=0.352) models. The same lack 

of significant associations was also observed between SSB availability and z-BMI 

(b=0.17±0.13; p=0.190). SSB availability was significantly associated with insulin 

(b=5.60±2.44, p=0.035), with each unit increase in SSB availability being associated 

with a 5.60 increase in insulin, but not other cardiometabolic biomarkers. 

Discussion 

This pilot study aimed to explore the relationship between the physical HFE 

and diet quality and factors of cardiovascular health that included weight status and 

cardiovascular biomarkers in children aged 6-12 years old. Understanding what foods 

in the HFE are most important in relationship to children’s cardiometabolic health can 

help inform future intervention efforts.27 

The findings from this study highlight an association between the physical 

HFE and children’s weight status. In this context, a higher obesogenic score signifies a 

greater presence of less healthful food options such as processed foods and high-fat 

foods in the children’s environments were associated with higher z-BMIs. This finding 

in children is similar to that of prior research that found greater unhealthful food 

availability was associated with higher weight status in adolescents28 and adults.29 

However, the presence of healthful foods (e.g., FVs) may not translate to a lower 

weight status given mixed findings from previous research examining the associations 

between FV availability and weight status.10,30,31 It is worth noting the diverse methods 
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used to assess the physical availability of food can pose challenges when comparing 

HFE across various studies. While not measured, accessibility to FVs should be also 

considered in future studies. For example, healthful foods might require more 

preparation than their unhealthful counterparts while less healthful foods tend to be 

more readily accessible, convenient, and have a longer shelf life.32 Understanding the 

independent influence of availability and accessibility will advance the research on the 

HFE.  

There was not an observed significant relationship between the overall HFE 

and diet quality, an indicator of the overall diet, despite the common associations 

found between availability of specific foods and the consumption of those foods.5,12,33 

The lack of association might also be due to the fact that the HFI obesogenic score and 

the HEI score are not directly aligned in terms of the food and nutrients considered as 

part of the scoring algorithms for each measure. For instance, the HFI score focuses 

mainly on the availability of high fat foods, given the high energy density of fat to 

overall energy intake which could influence weight outcomes.17 This differs from the 

HEI scoring algorithm which takes into account a broader spectrum of food and 

nutrients, both those encouraged for consumption and those encouraged for 

moderation.22 To achieve a more comprehensive understanding of the foods present in 

the home environment, a more detailed measure of the HFE such as an open home 

food inventory,34 which involves research personnel hand-recording each food and 

beverage item available in the home, could be beneficial. However, allowing for data 

collection of all available foods in the environment could result in high participant 

burden, be labor intensive, and cost ineffective.34 
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The mean score in this study was 57.5, which is slightly higher than the mean 

score of 54 for children 2-18 based on data from the National Health and Nutrition 

Examination Survey 2017-2018.35 Understanding foods and nutrients that most 

influence diet quality is important because children consume a combination of foods 

rather than individual foods alone.36 To improve diet quality through interventions, 

identifying the most feasible and impactful components of the HFE is important. This 

study found that only greater variety of FVs was associated with diet quality which 

suggests that greater availability of the number of FVs may contribute to better 

adherence to the DGAs.37 Indeed, eating a variety of FVs is a recommendation of the 

DGAs.37 Literature reviews have concluded that home availability of FVs is a 

predictor of the child’s FV intake.38,39 Exploring if increased accessibility to FV in the 

home improve children’s diet quality is an important next step. 

An improved diet quality is important because of its associations with the 

prevention of diet-related chronic diseases.40 However, considering individual-level 

eating behaviors within the context of ecological models (e.g., family, community, or 

society) is necessary to understand how each layer of the model may independently 

influence health outcomes.9 While no relationship was observed between obesogenic 

scores and cardiometabolic biomarkers, availability of certain subgroups of foods were 

associated with some biomarkers. For example, as FV availability increased, total 

cholesterol and LDL-cholesterol decreased whereas when there was an increase in 

sweet and salty snack availability and SSB availability there was an increase in with 

glucose and insulin respectively. These findings within the HFE support the 

population level guidance to eat nutrient-dense foods such as FVs and limit energy 

dense foods to maintain optimal cardiovascular health.41 Given the majority of 
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children have ideal health metrics from birth,3 this finding is important because 

focusing on primordial prevention, which refers to avoiding the development of risk 

factors,42 via the HFE could be important strategy for practitioners and health care 

providers to consider. 

Given studies examining the HFE and individual level diet often focus on food groups, 

the use of the HEI-2020 score, a construct of dietary patterns to represent total diet, is 

considered strength.22 Also, the use of objective outcomes such as z-BMI and 

cardiometabolic markers is a strength, but it is important to consider these strengths 

within the context of the study’s limitations. This study used a validated tool, the 

HFI,17 to measure the HFE; however, it has not been updated since 2008 which could 

be perceived as a limitation due to the rapidly changing food environment. Additional 

limitations should be acknowledged including the cross-sectional design of the study 

that limits the ability to establish causality. Furthermore, the study relied on self-

reported dietary intake data, which may be subject to recall and social desirability 

biases.43 Given that data come from a study which was a pilot, the small sample size 

and lack of generalizability of our study due to geographic area and the majority of 

participants identifying as White and higher income should be considered. There are 

no established thresholds for scoring the obesogenic score which would be useful 

when trying to understand the HFE. The clinical interpretation of the HEI scores have 

not been established, grades ranging from A (90 points or above) to F (0-59 points) 

have been suggested to provide an indication of the degree to which diets conform 

with the DGAs.44 However, grades do not reflect the degree of nutrient requirements 

nor the appropriateness of energy intake given they are based on population-level 

recommendations.44 Lastly, data were collected during COVID-19 which could have 
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impacted the findings of this study, including food availability but this influence was 

not assessed as part of the study. 

Conclusion 

The observed findings highlight the influence of the physical HFE on children's 

weight status, diet, and health. There is a need for nutrition interventions targeting the 

home environment to promote healthful eating behaviors, especially for those aiming 

to prevent childhood obesity. Successful changes to promote healthy behaviors at an 

individual level might be achieved with multi-level interventions that consider 

interpersonal parent-child relationships and environmental settings. 
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Table 4 Demographic Characteristics of 44 Children and 29 Households Who 
Participated in a Cross-sectional Study in Newark, DE. 

Individual Characteristics n (%) 
Child Sex 
   Male 
   Female 

 
17 (38.6) 
27 (61.4) 

Child Age, years, mean ± SD 9.5 ± 1.98 
Child Race 
  American Indian or Alaskan Native 
  Asian 
  African American/Black 
  Native Hawaiian or Other Pacific Islander 
  White 
  More than one Race/Mixed 
  Other 

 
1 (2.3) 
2 (4.5) 
6 (13.6) 
0 (0) 
26 (59.1) 
7 (15.9) 
2 (4.5) 

Child Ethnicity 
   Hispanic or Latino 
   Not Hispanic or Latino 

 
4 (9.1) 
40 (90.9) 

Household Characteristics 
Annual Household Income 
  £ $29,999 
   $30,000 - 49,999 
   $50,000 - 99,999 
   ³$100,000 

 
3 (10.3) 
2 (6.9) 
9 (31) 
15 (51.6) 

Food Security Status 
  High/Marginal Food Security (food secure) 
  Low/Very Low Food Security (food insecure) 

 
25 (86.2) 
4 (13.8) 
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Table 5 Healthy Eating Index 2020 Component Scores and Total Score for 44, 6–
12-Year-Old Children from Newark, DE. 

 Maximum 
Points 

Mean (Standard 
Deviation) 

Adequacy Components 
  Total Vegetables 
  Greens and Beans 
  Total Fruits 
  Whole Fruits 
  Whole Grain 
  Dairy 
  Total Protein Foods 
  Seafood and Plant Proteins 
  Fatty Acids 
Moderation Components 
  Sodium 
  Refined Grains 
  Added Sugars 
  Saturated Fats 
Total Score 
  HEI-2020a total score 

 
5 
5 
5 
5 
10 
10 
5 
5 
10 
 
10 
10 
10 
10 
 
100 

 
2.75 (1.69) 
2.13 (2.14) 
3.46 (1.67) 
3.77 (1.67) 
5.44 (3.31) 
6.41 (2.78) 
3.84 (1.32) 
2.97 (1.93) 
4.13 (3.18) 
 
5.44 (3.03) 
3.60 (3.37) 
7.50 (1.91) 
6.10 (2.86) 
 
57.53 (14.01) 

aHEI-2020 = Healthy Eating Index 2020 total score



 

Table 6 Associationsa Between HFE ‘Obesogenic’ Score and HFE Subcategory Scores from 29 households with 
Diet Quality and  Cardiometabolic Biomarkers of 44 children in Newark, DE. 

 
‘Obesogenic’ score FVb Availability Sweet and Salty Snack 

foods SSBc 

b (SE)d p-value b (SE)d p-value b (SE)d p-value b (SE)d p-value 

HEI-2020e,f   
-0.40 (0.25) 0.113 0.73 (0.25) 0.005* -0.08 (0.49) 0.871 2.05 (2.18) 0.352 

z-BMIg  
0.03 (0.01) 0.029* -0.01 (0.02) 0.751 0.03 (0.03) 0.343 0.17 (0.13) 0.190 

Cardiometabolic Biomarkersh   

  Total Cholesterol (mg/dL) 
-0.05 (0.64) 0.941 -1.54 (0.59) 0.014* -1.48 (1.60) 0.362 7.24 (5.65) 0.210 

  HDLi-Cholesterol (mg/dL) 
-0.05 (0.20) 0.814 -0.15 (0.20) 0.463 -0.16 (0.51) 0.757 0.56 (1.83) 0.763 

  LDLj-Cholesterol (mg/dL) 
0.04 (0.52) 0.935 -1.31 (0.47) 0.010* -1.26 (1.30) 0.340 5.93 (4.59) 0.207 

  Triglycerides (mg/dL) 
-0.42 (0.60) 0.492 -0.37 (0.62) 0.551 -0.34 (1.55) 0.830 4.27 (5.47) 0.441 

  Glucose (mg/dL) 
0.03 (0.12) 0.838 0.14 (0.12) 0.273 0.65 (0.29) 0.033* 1.07 (1.13) 0.925 

  Insulin (uIU/mL) 
0.05 (0.35) 0.893 0.57 (0.29) 0.067 0.49 (0.55) 0.379 5.60 (2.44) 0.035* 
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aLinear mixed model regressions generated the results 
bFV = Fruit and vegetable 
cSSB = Sugar sweetened beverage 
db (SE) = unstandardized beta estimate (standard error) 
eHEI-2020 = Healthy Eating Index 2020 total scores 
fAdjusted for ethnicity (Hispanic/Latino) 
gz-BMI = Body mass index z-scores 
hSample size for total cholesterol, HDL, LDL, triglycerides, and glucose was n=30 and sample size for insulin was n=17. 
iHDL - High density lipoprotein  
jLDL = Low density lipoprotein  
*p<0.05 
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Chapter 4 

FEASIBILITY OF A FRUIT AND VEGETABLE HOME FOOD 
ENVIRONMENT ACCESSIBILITY INTERVENTION  

Chapter 4 (Paper 3) was submitted to the Journal of Nutrition Education and 
Behavior. Suggested citation: Verdezoto Alvarado Adriana, Vega-López Sonia, 
Ruggiero Laurie, Earthman Carrie & Robson Shannon. Feasibility of a Fruit and 
Vegetable Home Food Environment Accessibility Intervention. 

Abstract 

Objective: Examine the feasibility of an intervention to increase the accessibility of 

fruits and vegetables (FV) for children within the home food environment (HFE). 

Design: An 8-week pre/post intervention. 

Setting: Virtual sessions. 

Participants: Thirty-two parents (40.8±4.9 years) and children (9.5±2.4 years) 

enrolled in the study.  

Intervention: Weekly virtual sessions where parents set goals to increase the 

accessibility (form, visibility, and reach of the FV) of two fruits and three vegetables. 

If the fruit or vegetable was accessible, parents set goals for positive reinforcement. 

Main Outcome Measure(s): Indicators of feasibility included retention rate, sessions 

attended, session length, adherence to goals, and parent satisfaction. 

Analysis: Frequencies were used to analyze feasibility indicators and thematic 

analysis for open-ended questions related to satisfaction. 
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Results: Retention rate was 94%, average attendance was 7.4 out of 8 sessions, 

session lengths ranged from 9.2 to 15.2 minutes, adherence to 3.6 of 5 goals per week, 

and high parent satisfaction.  

Conclusions and Implications: The intervention used goal setting to increase FV 

accessibility for children was feasible. Understanding the efficacy of a FV intervention 

will be an important next step. 

Introduction 

The physical home food environment (HFE) refers to the availability and 

accessibility of foods in the home,1 and has been broadly associated with a child’s 

eating behavior.2 Food availability is often contextualized as the actual physical 

presence or absence of foods in the home, while food accessibility represents the foods 

that are retrievable to facilitate consumption.3,4 More specifically the location (e.g., 

kitchen, counter, refrigerator), form (e.g., whole, cut, cooked), and visibility (e.g., 

foods sitting out on the countertops or in the refrigerator/freezer visible without 

moving any other items) are elements of food accessibility.3,4 Given the HFE can 

influence child eating behaviors, it has been suggested as an important strategy for 

intervention efforts to improve dietary intake.5 

The Social Ecological Model suggests that children’s individual-level dietary 

behaviors are influenced by a multitude of factors at the interpersonal (e.g., family), 

community, and societal levels.6 Among these factors, the HFE has been identified as 

a family-level factor to influence individual-level dietary intake.3 Similarly, the Social 

Cognitive Theory, which suggests that environmental characteristics, such as the those 

within the HFE, influence individual-level behaviors, such as eating.7 Whereas 

children are affected by their environments, parents serve as the primary gatekeepers.8 
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Parents regulate the HFE and are responsible for the foods purchased, prepared, and 

served at home, making them an essential part of child-focused interventions.9,10 

Understanding how the parent can use the HFE to influence child food choices and 

behaviors may be important to promote diet quality.5,11 

The associations between the HFE and fruit and vegetable (FV) intake have 

been explored through observational research. For example, Ong and colleagues12 

conducted a review to explore the associations between components of the home 

environment (physical, political and sociocultural environments) and FV intake among 

children 6 to 12 years old. Seventeen (of 33) studies included in the review explored 

different physical environment components, of which availability and accessibility of 

FVs had the most consistent evidence for associations with FV consumption.12 

Whereas mixed findings were reported for associations between FV availability and 

FV intake, five (of five) studies found a positive association between FV accessibility 

and FV intake.12 Hence, a better understanding of how to improve accessibility is 

needed given children might not be able to consume FV that are hard to access even if 

they are available in the home.13 

Interventions solely targeting FV accessibility in the home are scarce,14,15 and 

often incorporate multiple aspects of the social and physical HFE, making it 

challenging to isolate the specific impact of accessibility on dietary behaviors. 

Furthermore, discrepancies in defining accessibility across studies underscore the need 

for a uniform definition to allow for targeted accessibility interventions.3 To date, 

accessibility has been measured in a variety of ways, including whether the food items 

were present on the kitchen counter or visible when opening the refrigerator door,16 or 

as a food that is retrievable, ready-to-eat, or in a location where it is easy for a child to 
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reach it,4 or simply as whether the child could reach the food.17 Given the diversity of 

definitions, a review of methods used to measure availability and accessibility of 

foods, indicated future studies need to clearly define the domains of accessibility, and 

address the conceptualization of accessibility in an intervention.3 Therefore, the 

purpose of this study was to assess the feasibility, with clearly defined domains, of a 

FV accessibility intervention for parents with a 6-12-year-old child living in the home.  

 

Methods 

Study Design and Recruitment  

This was a pre-post study which included qualitative data collection and was 

conducted between April 2023 and December 2023.  Participants were recruited 

through a database of individuals who had previously indicated an interest in 

participating in research and provided permission to be contacted again, and through 

study flyers which were distributed in the Newark, DE community. Interested 

participants were screened for eligibility over the phone. Eligibility included being a 

parent of a 6- to 12-year-old child and the primary parent responsible for obtaining 

and preparing food for that child. Eligible parents also had to report having at least 

two types of fruit (e.g., apple and orange) and three types of vegetables (e.g., broccoli, 

lettuce, carrots) available in their home in a typical week and willingness to have 

research personnel come into their homes for study assessments. All parents had to 

report access to the internet for participation in study sessions. Parents were ineligible 

if the child did not live in the household seven days per week. If the household had 

more than one eligible child, only one child was eligible to participate as the primary 
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child participant in the study with the older child being suggested for enrollment. 

Study approval was obtained from the University of Delaware’s Institutional Review 

Board (ID: 2015683-1). Eligible parents completed written informed consent, and 

children provided verbal assent via Zoom18 that was compliant with the Health 

Insurance Portability and Accountability Act (HIPPA) standards. Child participation 

was limited to assessment data collection, not presented in this study given the 

purpose of feasibility of the intervention.  

 

FV Accessibility Intervention  

The intervention, delivered to parents only, was developed based on the 

domains of FV accessibility to children defined as foods that are in a location, form 

(cooked or ready-to-eat), and visible to the child to encourage consumption.3,4 The FV 

accessibility intervention used parent-derived goal setting, a behavioral modification 

strategy from the Social Cognitive Theory,7 to increase the enrolled child’s access to 

FVs in the home. At the start of the session, parents were asked to identify two 

different fruits and three different vegetables currently available in their homes. FVs 

identified could be fresh, frozen, and/or canned and in any quantity. For each FV, a 

decision tree (Figure 3), which is a flow diagram with decision steps for the 

interventionist to take based on parent responses to questions (nods), was used to 

guide each intervention session based upon the initial question “Is the [chosen FV] 

ready to eat for your child?”. Each subsequent response resulted in the identification 

of one of four different types of goals. A goal related to positive reinforcement7 was 

established if the identified FV was already accessible, or a goal was established based 

on location, visibility or form based upon the definition of accessibility.3,4 If a goal 
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was established around the accessibility domain of form, a goal was established 

related to cooking the FV (e.g., steaming frozen broccoli) or making it ready-to-eat 

(e.g., cutting up a watermelon). The decision tree process was applied to each of the 

two parent-identified fruits and three parent-identified vegetables that were available 

in the home to create a weekly goal for each FV chosen. After each session parents 

were provided with an electronic utilization card that offered information on storage, 

preparation, usage, and a recipe (Figure 4) for each FV for which a goal was 

established.  

At each session a doctoral-level trained interventionist with a background in 

nutrition and behavior modification employed the decision tree using Research 

Electronic Data Capture (REDCap), a secure, web-based software platform designed 

to support data capture for research studies hosted at the University of Delaware.19,20 

REDCap ensured consistency in facilitating the decision tree process. Responses were 

collected at each question (nod) for each FV. In sessions two through eight, attainment 

of the goals established at the previous intervention session for each FV was evaluated 

at the beginning of each session before establishing new goals. All sessions were 

conducted via Zoom.18 

Measures 

Two assessments occurred at the participants’ home. One baseline assessment 

was completed before the intervention and one final assessment, after the 8-week 

intervention within two weeks of completion of the intervention. Parents received a 

$25 gift card for completion of the baseline assessment and a $35 gift card for the final 

assessment. The participating child also received a small toy for the completion of 

each assessment visit. 
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Parents self-reported responses to a demographic questionnaire prior to the 

baseline assessment via RedCap that collected parent and child age, sex, race, 

ethnicity, and household annual income. Household food security was verbally 

assessed by research personnel using the 18-item U.S. Household Food Security 

Survey Module: Three Stage Design with Screeners22 with a 30-day reference period 

at the baseline and final assessment. A raw score was calculated that ranged from 0-

18, with lower scores indicating higher food security. Food security scores were 

dichotomized to classify households as having high/marginal food security (0-2) or 

low/very low food security (3-18).22  

Feasibility measures were collected over the course of the entire 8-week study. 

Feasibility indicators21 were collected on study recruitment (number of participants 

screened), enrollment (completed baseline assessment), reasons for ineligibility, 

retention (calculated as completion of final assessment/completion of baseline 

assessment), assessment completion and assessment visit duration, intervention 

implementation (number of goals established at each session, length of intervention 

sessions), and adherence (intervention session attendance, achievement of parent-

established goals). The frequency of goals set and attained for each accessibility 

domain of location, visibility or form (cooked or ready-to-eat) were collected in 

addition to if FV accessibility was achieved, and whether positive reinforcement was 

used. 

Parent satisfaction about the intervention content, study length, session length, 

delivery via Zoom, and individual delivery rather than in groups was collected 

verbally based upon reported response to a 10-point Likert scale (1 being not satisfied 

and 10 being very satisfied). Additionally, parents rated the ease of meeting the FV 
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accessibility goals each week on a similar scale (with 1 being extremely easy and 10 

being extremely difficult). Parents were also asked if they used the utilization cards 

provided after each session; if they answered affirmatively, they were asked to rank 

the usefulness on a scale of 1 to 10 (with 1 being not helpful and 10 being very 

helpful). Additional open-ended questions about the intervention content and overall 

experience were also verbally asked to all parents during the final assessment. Parents 

were verbally asked the following open-ended questions by research personnel: “What 

did you learn for the study?” “How did the intervention impact your child’s FV 

intake?” “How did the intervention impact the FV intake of other adults and children 

living in your home?” “What were the biggest barriers to making fruits accessible?” 

“What were the biggest barriers to making vegetables accessible?” “What were the 

barriers to engagement for weekly sessions?” “What were the barriers to completing 

the assessment?” and, “What else would you have liked to learn from the study?”. 

Data Analysis 

 Means and frequencies were used to summarize participant 

demographic characteristics and to evaluate feasibility indicators and Likert scale 

ratings for parent satisfaction. Sensitivity analyses were conducted to examine 

differences in demographic characteristics between parents and children who 

completed the final assessment versus those who did not complete it. To examine goal 

attainment across the different goal types, a one-way analysis of variance (ANOVA) 

with Bonferroni post hoc tests was used. All analysis were conducted using SPSS 

Version 29.0, SPSS Inc., Chicago, IL. 2022. A p-value of <0.05 (two-tailed) was 

considered statistically significant.  



 85 

Qualitative responses to open-ended parent satisfaction questions were audio-

recorded, transcribed verbatim by an external company, and analyzed by research 

personnel using thematic analysis.23 First, responses to each question were read to get 

a sense of the initial impressions; then, two authors independently coded each 

transcript. Authors met to discuss coding discrepancies and achieve a consensus. 

Codes were examined to determine themes identified within responses to each 

question.  

 

Results 

Participant Characteristics. Of the 32 parents enrolled, the majority of parents 

(93.8%) identified as female and had an age range of 31 to 51 years with a mean age 

of 40.8 ± 4.9 years. Enrolled children were 56% male and had an age range of 6.0 to 

12.6 years and a mean age of 9.5 ± 1.9 years. Two thirds (66%) of households had an 

annual family income of  ³$100,000 and 97% had high/marginal food security. Table 

7 presents demographic characteristics. Participants (n = 30) who completed the final 

assessment had significantly higher food security than those who did not (c2 (1, n = 

30) = 15.5, p<0.001). No other demographic characteristics differed between 

participants who completed final assessment and participants who did not.  

 

Feasibility: Study Recruitment, Enrollment, and Retention. Of the 71 participants 

interested in the study, 37 (52%) completed informed consent/child assent, of which 

32 (86%) completed the baseline assessment. One child declined assent and four 

parent-child dyads enrolled but were lost to follow up after a minimum of 10 attempts 

to schedule a baseline assessment. The most common reasons for non-enrollment were 
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not interested (n=15), unable to make contact after initial contact (n=15), declined 

research personnel coming to the home for the assessment visit (n=1), did not have 

two types of fruit and three types of vegetables in the home (n=1), or child did not live 

with parent 7 days per week (n=1). An additional (n=1) interested parent reached out 

after recruitment had closed. Of the 32 participants completing a baseline assessment, 

30 participants completed the final assessment visit (94% retention rate). Parents 

(n=32) attended a mean 7.4±1.3 sessions out of a possible eight sessions. Across the 

eight sessions, attendance ranged from 81% to 100% per session with an average of 

93% across sessions. Overall, 22 (68.8%) parents attended all eight sessions. Session 

length ranged from 9:13 minutes to 15:17 minutes, with a mean session length of 

11:31 minutes per session over the eight weeks.  

 

Feasibility: Assessment Completion and Assessment Duration. The baseline 

assessment was completed by all 32 parents and children and all assessment measures 

were completed; the mean baseline assessment visit duration was 57 ± 12 minutes. 

The final assessment after the 8-week intervention was completed by 30 parents and 

children who completed all the measures, the mean follow-up assessment visit 

duration was 59 ± 8 minutes. 

 

Feasibility: Intervention Implementation and Adherence. All parents were able to 

set a goal for two fruits and three vegetables at each session attended, except for one 

parent at one session who only set goals for one fruit and two vegetables. Of the total 

fruit-related goals set over the entire 8-week intervention, 51% of parents set a goal to 

use positive reinforcement, 3% set a goal related to location, 5% visibility, and 41% 
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form (2% related to cooking and 39% on making the fruits ready-to-eat). Of the total 

vegetable-related goals set, 9% of parents set goals on positive reinforcement, 2% on 

location, 4% on visibility, and 84% form (60% on cooking and 24% on making the 

vegetables ready-to-eat).  

Achievement of the five parent-established goals each week across the eight 

weeks ranged from 3.3 to 3.9 with a mean of 3.6 ± 0.2 goals achieved per week. 

Adherence to fruit-related goals for each accessibility domain was 92% for location, 

88% for visibility, 67% of cooked goals, and 78% of ready-to-eat goals were met. For 

parents who set a goal related to positive reinforcement, 80% reported achieving the 

goals. For vegetable-related goals, adherence was 75% for location, 58% for visibility, 

77% for cooked goals, and 79% for ready-to-eat goals were met. For parents who set a 

goal related to positive reinforcement, 76% reported achieving the goals. There was no 

difference in adherence to fruit goal attainment (F(4, 54) = 1.78, p=.146) and 

vegetable goal attainment (F(4, 95) = 2.22, p=.072) across the goal types.  

 

Parent Satisfaction. Parents who completed the intervention (n=30) reported high 

satisfaction across various aspects of the study. On average, parents rated the content 

of the study at 9.6 out of 10, 9.2 for study length, 9.8 for session length, and 9.9 for 

delivery via Zoom (all out of a 10-point scale). Additionally, parents rated the 

individual delivery sessions as opposed to group sessions at 9.6. Parents rated the ease, 

with 1 being extremely easy and 10 being extremely difficult, of making two fruits 

accessible per week as a goal at 1.9 and making three vegetables accessible per week 

as a goal at 2.8. Fourteen of the thirty (46.7%) parents reported using the electronically 
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sent FV utilization cards and rated them an average of 8.1 (out of 10) in terms of 

helpfulness.  

Several themes emerged from parent responses to open-ended questions as 

shown in Table 8. Regarding knowledge learned from the study, the major themes that 

emerged included knowledge/awareness, preparation skills, availability/exposure to 

FVs, and accessibility to FVs. Regarding the questions about the intervention’s impact 

on child FV consumption, prevalent themes included awareness, perceived 

increase/effort, and no perceived change. When asked about the intervention’s impact 

on other adults and children in the home, prominent themes were perceived 

increase/positive change by household member(s) and no perceived change. Parents 

highlighted convenience and time, and spoilage/keeping fruits fresh as key barriers to 

making fruits accessible, while convenience and time and child preferences were 

perceived as barriers to making vegetables accessible. Time/schedule was the most 

prominent barrier to engaging in the weekly sessions and completing the assessments. 

Lastly, two themes emerged when parents were asked about additional desired 

learnings from the study, including desire for dietary/nutritional knowledge and food 

skills (e.g., meal preparation).  

Discussion 

This study aimed to assess the feasibility of an intervention targeting FV 

accessibility in the HFE for parents of a 6- to 12-year-old child. Findings demonstrate 

feasibility of implementing a FV accessibility intervention given rates for recruitment, 

enrollment, and retention. Retention and engagement (attendance, adherence) rates of 

70%24 and 80%21 have been identified as strong benchmarks for feasibility, which this 

study surpassed given a rate of 94% and 93%, respectively. 
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As recommended by Gebremariam and colleagues,3 this study specifically 

defined the accessibility domains3,4 as location, visibility, and form (cooked or ready-

to-eat) to change the physical HFE. Parent-identified goal setting was used to increase 

accessibility of FVs for children; however, alternative behavioral strategies could be 

employed. For example, Pearson and colleagues25 used self-monitoring in a family-

based randomized controlled trial focused on making FV readily available and 

accessible for adolescents. Ninety five percent of the parents in the intervention group 

reported receiving the newsletter packs and monitoring charts over one month; 82% of 

parents reported newsletters useful and 80% reported the recipes and portion guides 

helpful. Another study developed an intervention that supported parents in making 

positive changes to the home environment to promote self-efficacy, environmental 

availability and accessibility found that parents’ program evaluations were positive for 

the intervention (e.g., ‘stories made good sense’) and the technological relevance.26 

Despite positive evaluations attendance declined from 83% in week one to 55% in 

week eight.26 Together these findings, including the present study demonstrate that an 

intervention focused on one, simple behavior strategy such as goal setting of self-

monitoring and outcome of FV accessibility studies may increase feasibility.  

During the intervention, parents were able to successfully establish goals for 

both fruits and vegetables; however, the types of goals for fruits and for vegetables 

varied across the different domains of accessibility. For example, a higher percentage 

of parents set goals related to positive reinforcement for fruits compared to vegetables, 

which suggests that fruits might have been in a location, visible, and in a form ready 

for the child to consume. Conversely, goals related to vegetables mainly focused on 

modifying the form of the vegetable by cooking it or making it ready-to-eat. Since 
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vegetables might require cooking skills and more preparation time, accounting for 

these barriers,27 particularly in low-income households where families report 

struggling to travel to grocery stores that provide lower-cost FVs and the cost of 

specialized equipment needed to prepare these foods.28 The accessibility difference 

between FVs might also be due to children’s food preferences, which are typically 

rated higher for fruits than vegetables due to the innate sweet flavor of fruit and 

vegetables being less acceptable in raw form in children.29,30 While data from the 

National Health and Nutrition Examination Survey (NHANES) 2017-2018 in children 

6-11 years old, suggest 57% and 49% of children reported consuming fruits31 and 

vegetables32 on a given day respectively, there is a need to increase this prevalence to 

support health. 

Feasibility is demonstrated by quantitative data and further supported by 

qualitative responses from parents. It was not surprising that themes emerged related 

to availability/exposure and accessibility given the focus of the study on FV 

accessibility. The accessibility domain parents mentioned the most was visibility, 

which suggests parents became aware of the importance of visibility as a stimulus7 in 

the HFE to encourage consumption by their children. Understanding if accessibility 

changes over the course of the intervention would be an important next step.  

Barriers to making FV accessible shared a common theme of convenience and 

time as barriers. A systematic review of qualitative studies33 on determinants of FV 

consumption found that time considerations are challenging since there is a perceived 

trade-off between time and being healthy. Parents reported that children might prefer 

instantly available snacks and these require minimal preparation time and present a 

lower risk of wasting money.33 Given the growing contribution of snacks to daily 
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energy intake,34 snacking should be considered when making FVs more accessible. 

Snacking has been defined as consumption of specific types of foods (e.g., chips, 

cookies, or cakes) or timed-defined occasions (e.g., food between meals).35 Given the 

accessibility of fruit, where 51% of parents in this study indicated fruit was already 

accessible and focused on providing positive reinforcement of its consumption, fruit 

needs to be considered as a viable option for snack. The same cannot be said for 

vegetables that were not as accessible. Exploring ways to provide education to parents 

about fruit snack options, coupled with positive reinforcement, might be an effective 

way to increase access to FVs for children in their HFE. Child preference has often 

been cited as a barrier, including in this study, to making vegetables accessible since 

children might not be willing to consume vegetables.33 Identifying alternative ways to 

offer vegetables may be an important consideration to minimize this barrier.  

Given the well-established barrier of time of parents with children, this 

intervention offered a low intensity intervention based upon a mean time requirement 

of 11:31 minutes per session. An important next step will be to understand if a low-

intensity FV accessibility intervention alters FV consumption. Completing 

assessments in participant homes and delivering the intervention via Zoom, which has 

been positively rated by other studies,36 likely also contributed to feasibility and 

reducing the time barrier (e.g., parents did not need to drive to/from a location for an 

assessment). 

Lastly, more dietary and nutritional knowledge and food skills were mentioned 

as themes parents would have liked to learn from the study. This is similar to 

qualitative findings that synthesized that knowledge, awareness and acceptability of 

national FV recommendations were needed to promote the intake of FVs.33 Within 
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foods skills, defined as skills related to meal planning, meal preparation, food 

shopping, and label reading consumer awareness,37 parents identified that food 

preparation and finding the time to go grocery shopping would be helpful to make FVs 

more accessible. The inclusion of food skills might help parents increase cooking and 

food skill confidence, grocery shopping skills, and nutritional knowledge36 which 

could support parents in making FV more accessible.  

Limitations 

Several limitations should be acknowledged. Given that our primary purpose 

was to examine feasibility, the sample size was small and consisted of parents with 

relatively high socioeconomic status and food security; this may limit the 

generalizability of our findings. The study was designed for feasibility testing and 

efficacy assessments would need to be tested to assess changes in FV intake. The 

qualitative open-ended questions did not undergo pretesting, which could have 

influenced the responses provided by parents. Furthermore, session delivery and 

assessments were not blinded because the PI of the study delivered the intervention 

and completed the study visits; as such, bias could have influenced the results. Lastly, 

even though quantitative benchmarks for feasibility have been suggested,21 feasibility 

methods might differ given the lack of a standardized criteria for feasibility.  

Implications For Research and Practice 

Future research should explore the efficacy of FV accessibility interventions 

on children’s dietary intake. Additionally, investigating the sustainability of such 

interventions in real-world settings given influences impacting FV availability will be 

important to inform policy and practice. Specifically, incorporating strategies to 
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address socioeconomic disparities in access to fresh produce and how to promote 

accessibility within lower socioeconomic settings may further enhance the 

intervention's effectiveness and reach. In addition, a FV accessibility intervention 

could support the growing number of food is medicine programs, which include 

medically tailored meals, groceries and produce prescriptions38 to increase uptake of 

these foods once in the HFE. 
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Figure 3 Decision tree used in study sessions to set goals to increase 

accessibility of fruits and vegetables.   
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Figure 4 Fruit and vegetable utilization card sample. Canva, 
https://www.canva.com/.  
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Table 7 Demographic Characteristics of 32 Parent-Child Dyads Enrolled in the 
FV Accessibility Intervention. 

 n (%) 
Parent Characteristics 
Parent’s Sex 
   Male 
   Female 

 
2 (6.3) 
30 (93.8) 

Parents Age, years, M ± SD 40.8 ± 4.9 
Parents Race 
  Asian 
  African American/Black 
  White 
  More than one Race/Mixed 

 
2 (6.3) 
6 (18.8) 
22 (68.8) 
2 (6.3) 

Parent’s Ethnicity 
   Hispanic or Latino 
   Not Hispanic or Latino 

 
3 (9.4) 
29 (90.6) 

Child Characteristics 
Childs’s Sex 
   Male 
   Female 

 
18 (56.3) 
14 (43.8) 

Childs’s Age, years, M ± SD 9.5 ± 1.9 
Child’s Race 
  Asian 
  African American/Black 
  White 
  More than one Race/Mixed 

 
1 (3.1) 
6 (18.8) 
21 (65.6) 
4 (12.5) 

Child’s Ethnicity 
   Hispanic or Latino 
   Not Hispanic or Latino 

 
4 (12.5) 
28 (87.5) 

Household Characteristics 
Household Income 
  £ $39,999 
   $40,000 - 74,999 
   $75,000 - 99,999 
   ³$100,000 

 
2 (6.2) 
7 (21.9) 
2 (6.3) 
21 (65.7) 

Food Security Status 
  High/marginal Food Security 
  Low/very low Food Security 

 
31 (96.9) 
1 (3.1) 



 

Table 8 Frequencies of Key Themes and Specific Subthemes from the Topic Areas of Open-Ended Qualitative 
Questions. 

Question Theme 
   Subthemes 

Representative quotes 

“What did you learn 
from the study? 

Knowledge/awareness “They make you be consistent and aware of what you’re eating, so it’s good.” 
– Female parent 1 of a 11-year-old girl 
 
“It just made me cognizant of trying to include fruits and vegetables in all of 
his meals at least when I’m home with him.” 
– Female parent 2 of a 7-year-old boy 

Preparation skills “So, I just learned that preparation is important.” 
– Female parent 3 of a 12-year-old girl 
 
“…just to think ahead to how it needs to be prepared in order for child to 
access it quickly.” 
– Female parent of 4 an 8-year-old boy 

Availability/exposure “Probably just offering varieties of foods and I think it kinda just pushed me to 
keep doing it, even though he was resistant to it and saying like why do you 
keep doing that, why do you keep putting this food on my plate. I'm not eating 
it, mom. Just keep offering it to him, I think it helped me keep doing it.” 
– Female parent of 5 a 6-year-old boy 
 
“That I need to give him more options even if he’s not gonna eat them just so 
that he can be exposed to it.” 
– Female parent 6 of an 8-year-old boy 
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Accessibility 
 

“I think just how to make things more visible and aware of placement and how 
that affects how child eats.” 
– Female parent 7 of a 9-year-old girl 
 
“I learned the importance of having fresh fruits and vegetables visible, that was 
important.” 
– Female parent 8 of a 12-year-old girl 
“…as far as child and just keeping it at eye level, prepared, ready for him; 
making it more accessible, I guess.” 
– Female parent 9 of a 9-year-old boy 

“How did the 
intervention impact 
your child’s FV 
intake?” 

Awareness “It definitely made him aware of the lack of eating fruits and vegetables at first 
and then how proud he was eating a school lunch and came home and was like, 
“And I even ate the corn.” I was like, “Oh, good.” 
– Female parent 10 of a 11-year-old boy 
 
“I guess it helped a little. I feel like we usually do try to incorporate that in, but 
I think making me more aware of it probably was somewhat helpful.” 
– Female parent 7 of a 9-year-old girl  

Perceived 
increase/effort 

“I think it definitely increased.” 
– Female parent 11 of a 6-year-old boy  
 
“…and I would say we, overall, we just made more of an effort to have more 
fruits and vegetables available and also with meals too.” 
– Female parent 12 of an 8-year-old boy  

No perceived change “I don't really know if it did, but I think that down the road it could.” 
– Female parent 13 of a 6-year-old boy  
 
“So, I would say it didn't impact. Like, it's the same.” 
– Male parent 14 of a 7-year-old boy  
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“How did the 
intervention impact the 
FV intake of other 
adults and children 
living in your home?” 

Perceived 
increase/positive change 
by member(s) of the 
household 

“It was a really good impact. We're pretty much all on the same path as far as 
getting our fruits and vegetables in. Everybody now in the household wants to 
kinda like get healthy, so I'm happy about it.” 
– Female parent 15 of a 11-year-old girl  
 
“I think it made me pay attention and join in with her as well as making it 
readily available and accessible, that everybody was able to – when the grapes 
were out, they were gone. So, they were already washed and prepared. So, I 
think it made everybody a little more able to eat the fruits.” 
– Female parent 16 of a 10-year-old girl  

No perceived change “Probably about the same for – I mean I wouldn't say she started eating more 
or less because of the study.” 
– Female parent 17 of a 12-year-old girl 
 
“For us, we’re all the same I think, adults.” 
– Female parent 18 of a 10-year-old boy 

“What were the biggest 
barriers to making 
fruits accessible?” 

Convenience and time 
 

“Just getting, yeah, just getting out and getting to the store. Probably both, just 
because of my schedule and situation, like just going to the store isn't always 
easy and then ordering, I don't get it right away. So, it's a little bit of time and 
accessibility to the store.” 
– Female parent 3 of a 12-year-old girl 
 
“So, if I go and I get blueberries or strawberries or whatever, making sure that 
they’re washing and ready for him to eat.” 
– Female parent of 4 an 8-year-old boy 

Spoilage/Keeping fruits 
fresh 

“I guess more so finding fresh fruit and keeping it fresh for that certain period 
of time.” 
– Female parent 15 of a 11-year-old girl  
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“Just making sure they don’t spoil too soon.” 
– Female parent 19 of a 11-year-old girl 

“What were the biggest 
barriers to making 
vegetables accessible?” 

Convenience and time 
 

“…like just time. If I ran out of time and just didn't get to cook whatever I was 
planning on cooking and then went for a quicker option instead.” 
– Female parent 17 of a 12-year-old girl 
 
“And our biggest barrier, again, is if I run out of something and then I would 
have to go to the store to pick it up.” 
– Female parent 2 of a 7-year-old boy 

Child’s preferences “I think the biggest barrier is the kids really don't like to eat vegetables, they 
really don't and it's unfortunate.” 
– Female parent 20 of an 8-year-old boy 
 
“Yeah, because normally since, I mean since she doesn't eat them and it's much 
easier to, and then I’m like oh, well if I buy this stuff and then if I’m the only, 
or he doesn't eat or something then I’m like, it's going to be wasted so why buy 
it? But at least this went to the store.” 
– Female parent 21 of a 6-year-old boy 

“What were the 
barriers to engagement 
for weekly sessions?” 

Work/schedule 
challenges 

“The scheduling sometimes was tough.” 
– Female parent 16 of a 10-year-old girl  
 
“Only because sometimes the problem we have a lot of things to do every day 
and run to and from school for the kids and the activities.” 
– Female parent 1 of a 11-year-old girl 

Remembering/forgetting 
sessions 

“Just sometimes I'd forget.” 
– Female parent 20 of an 8-year-old boy 
 
“Remembering that I was supposed to be on a call.” 
– Female parent 22 of a 6-year-old girl 
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No barriers “There were no barriers.” 
– Female parent 23 of a 9-year-old girl 
 
“No, I had none. It was great.” 
– Female parent 24 of a 9-year-old girl 

“What were the 
barriers to completing 
the assessment?” 

Time/schedule “Oh, no, just making the time.” 
– Female parent 17 of a 12-year-old girl 
 
“I was forgetting about it. I saw the email and I’m like, I’ll do it later, and then 
you gotta remember to come back to it later.” 
– Female parent 9 of a 9-year-old boy 

No barriers “For this visit I don't think so there was any barriers. You guys came here, and 
you are facilitating us, and you are doing your service. So, yeah.” 
– Male parent 14 of a 7-year-old boy  
 
“I don't think there were any barriers.” 
– Male parent 25 of a 11-year-old girl  

“What else would you 
have liked to learn 
from the study? 

Dietary/Nutritional 
Knowledge 

“Maybe more about portions for the fruits and vegetables to know how much I 
should be serving.” 
– Female parent 16 of a 10-year-old girl  
 
“…it would have been interesting to know like well, he consumed this on this 
day and be like, “Well, that's not really meeting the recommendations. We 
recommend three to four…” 
– Female parent 9 of a 9-year-old boy 

Food skills “Maybe more of afterwards or something, or even during the process, maybe 
meal plans in a sense, more of a nutritional like, this is what we would 
recommend is a weekly balanced meal with vegetables and fruits and 
something like that.” 
– Male parent 25 of a 11-year-old girl  
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“maybe some additional recipes or things to, ways to prepare fresh fruits and 
vegetables.” 
– Female parent 26 of a 8-year-old girl 
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Chapter 5 

CONCLUSION 

This dissertation is composed of three unique, but interrelated papers that 

examined the home food environment, eating behaviors, and cardiometabolic health 

among children within an ecological framework. The systematic review revealed that 

behavioral interventions targeting children at risk for type 2 diabetes can positively 

affect cardiometabolic outcomes such as weight status. The impact on additional 

cardiometabolic health outcomes may not be as apparent in young children given 

children are typically born with ideal cardiovascular health. Thus, assessing diet 

quality, which may serve as precursor to cardiovascular disease risk factors it is 

important to consider.  

The second study highlighted the relationships between the availability of 

specific food groups (e.g., fruits and vegetables) and various cardiometabolic health 

metrics. Notably, increased availability of fruits and vegetables was positively 

associated with higher diet quality scores (b=0.73, p=0.005) and lower total 

cholesterol (b=-1.54, p=0.014) and LDL-cholesterol (b=-1.31, p=0.010) levels. These 

results suggest that strategic modifications of the home food environment, particularly 

availability of healthful foods can enhance diet quality and potentially mitigate 

cardiometabolic risk factors. This work paved way for intervening in the physical 

home food environment which is composed of both availability and accessibility of 

foods. 
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In children, the importance of accessibility of fruits and vegetables in the home 

food environment is underscored by the need for foods to be visible and readily 

available for consumption. The third study was a feasibility study of an intervention 

designed to increase the accessibility of fruits and vegetables within the home. High 

retention rates, consistent goal adherence and positive parent feedback indicated the 

intervention was feasible and well-received by parents. Future research should 

continue to explore the efficacy of intervention strategies targeting the home food 

environment. By focusing on the home food environment through tailored, multilevel 

interventions, there is opportunity to improve diet quality and promote 

cardiometabolic health among all children living in the home.  
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