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Abstract  

The Relationship Between Food Insecurity and Ultra-Processed Food Intake Among U.S. 

Children Aged 5-12 years: Evidence from NHANES 2001-2023 

Sandra Kahwaji 

Ultra-processed foods (UPFs) contribute a significant portion of total energy intake in the 

United States, particularly among children from low-income and racially/ethnically marginalized 

households. While UPF consumption has been linked to lower diet quality and adverse health 

outcomes, few studies have examined how food insecurity and federal nutrition assistance 

program participation (FNAP) influence UPF intake among U.S. school-aged children. Despite 

its implications for long-term health disparities, this intersection remains understudied. 

This dissertation examined associations between food security status and UPF 

consumption among U.S. children aged 5–12 years using nationally representative data from the 

National Health and Nutrition Examination Survey (NHANES) (2001–2023). The study had 

three aims:  

Aim 1: To examine the association between food security status and UPF consumption among 

U.S. children aged 5–12 years. 

Aim 2: To examine whether participation in FNAP modifies the association between food 

security status and UPF consumption. 

Exploratory Aim 3: To examine temporal trends in UPF consumption among U.S. children 

aged 5–12 years. 

UPF intake was classified using the Nova system and measured as percent energy from 

UPFs (% kcal) and percent grams from UPFs (% grams). Food security was assessed using the 

U.S. Food Security Survey Module. Survey-weighted multivariable regression models were 



 

conducted to estimate associations between food security status and UPF intake, assess effect 

modification by sociodemographic characteristics and FNAP participation, and examine 

temporal trends while accounting for the complex NHANES sampling design. 

A total of 13,850 children met the inclusion criteria of having at least one complete, 

reliable 24-hour dietary recall, no missing UPF data, and no missing food security data. A major 

finding based on the descriptive statistics is that UPFs accounted for approximately two-thirds 

(66%) of total energy intake among U.S. children aged 5–12 years.  

Aim 1 Results: First, food insecurity was associated with a higher percentage of energy 

intake from UPFs (+1.9 percentage points), in models adjusting for sociodemographic and 

NHANES survey cycle. Second, there was a positive association between food insecurity and 

percent energy from UPFs observed among Non-Hispanic White children and, to a lesser extent, 

Non-Hispanic Black children, whereas no clear association was observed among Hispanic 

children. Third, when 10 subgroups of UPF were analyzed, food insecure children had higher 

energy contributions from ready-to-eat/ready-to-heat mixed dishes and industrial grain products. 

Fourth, higher Healthy Eating Index-2020 (HEI-2020) scores were associated with lower UPF 

consumption, and when the models were adjusted for HEI-2020 scores the UPF to food security 

relationship remained significant.  

Aim 2 Results: First, FNAP participation modified the association between UPF and 

food security status, with differences in both the magnitude and direction across food security 

groups. Second, age and Poverty Income Ratio (PIR) further modified this relationship. Stronger 

associations were observed among food-insecure children participating in FNAP, particularly 

those aged 8–10 years and those with lower PIR. However, the highest UPF intake was observed 

among food-insecure children who did not participate in FNAP and had lower PIR. 



 

Exploratory Aim 3 Results: The temporal analyses of UPF consumption showed that 

intake increased from 2001–2008 to 2009–2016 and declined modestly in 2017–2023. However, 

changes in the UPF subgroups consumption were more evident than changes in overall intake, 

with increases in some subgroups and declines in others. Four subgroups increased over time: 

industrial grain foods, sweet snacks & desserts, ready-to-eat/ready-to-heat mixed dishes, and 

savory snacks. Whereas four subgroups decreased over time: sugar sweetened beverages, 

flavored dairy products, potato products, and other UPF decreased. Changes in UPF intake 

following the 2013 revision of school meal standards were similar among National School Lunch 

Program participants and non-participants. 

In summary, findings suggest that while food insecurity is associated with small 

differences in UPF intake, children’s high reliance on UPFs appears to reflect broader structural 

characteristics of the U.S. food environment rather than food security status alone. The 

relationship between food insecurity, UPF consumption, and FNAP appears complex and needs 

further research. These findings highlight the need for policies and interventions to address both 

food insecurity and the broader food system factors that influence children’s dietary patterns. 
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1 Chapter 1: Introduction 

1.1 Introduction 

According to the USDA, 13.5% of U.S. households (approximately 18.0 million) experienced 

food insecurity in 2023. Among households with children, the rate was even higher, 17.9% 

(approximately 6.5 million households) reported experiencing food insecurity during the same 

year (M. O. Rabbitt et al., 2025). These data serve as a reminder that millions of American 

children face uncertain access to adequate and nutritious food on a daily basis. At the same time, 

dietary patterns among U.S. children have experienced a dramatic transformation. Over the past 

two decades, there has been a marked shift in children's dietary patterns characterized by an 

increasing reliance on ultra-processed foods (UPFs) (Wang et al., 2021). These products are 

formulated through multiple industrial processes and typically manufactured from food-derived 

substances and additives designed to imitate natural flavors, textures, and colors (Baraldi et al., 

2018). As a result, UPFs are often energy-dense and rich in added sugars, saturated fats, and 

sodium, yet deficient in essential nutrients. According to recent analyses of the National Health 

and Nutrition Examination Survey (NHANES), UPFs now comprise over 65% of total daily 

caloric intake among children and adolescents and people with low food security consume nearly 

3% more UPF compared to those with high food security (Leung et al., 2022; Wang et al., 2021). 

Food insecurity not only results in inadequate food access but also significantly compromises 

diet quality and limits food choices, which makes it a serious public health concern (Morales & 

Berkowitz, 2016). The impact on school-aged children is particularly concerning, as it is a 

critical stage of physical and cognitive development, and dietary patterns established during this 



 

2 

 

period can influence health outcomes in adulthood (Craigie et al., 2011; Martín-Rodríguez et al., 

2022a). 

Multiple studies have linked high UPF consumption to adverse health outcomes in 

children, including increased risk of obesity, metabolic syndrome, and behavioral issues (Dos 

Santos et al., 2024; Khoury et al., 2024). The trend of high UPF consumption is occurring in 

parallel with persistently high rates of food insecurity, particularly among socioeconomically 

disadvantaged populations (Leung et al., 2022; Wang et al., 2021).  

To our knowledge, few studies have directly examined the relationship between food 

insecurity and UPF consumption. Most existing research has instead focused on UPF intake in 

relation to sociodemographic factors such as income, education, or race/ethnicity. While these 

variables are strongly correlated with food insecurity, the evidence linking food insecurity itself 

to UPF consumption remains limited, particularly among children. Furthermore, although food 

insecurity and UPF consumption have been studied independently, limited research has explored 

their association with children’s overall diet quality, particularly using long-term, nationally 

representative data and within the 5–13-year-old age group.  

The existing evidence is restricted to specific populations or shorter time frames, which 

leaves important questions unanswered regarding sociodemographic variations, UPF category-

specific consumption, and the role of Federal Nutrition Assistance Programs (FNAP) (Baraldi et 

al., 2018; Fulay et al., 2025a; Leung et al., 2022; J. Liu et al., 2022). This study aims to fill this 

critical gap by examining the interrelationship among food insecurity, UPF consumption, and 

diet quality in U.S. children aged 5-12 years, using over than two decades of nationally 

representative NHANES data. 
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1.2 Background and Rationale  

1.2.1 Food insecurity Among US Children 

Food insecurity is defined by the U.S. Department of Agriculture (USDA) as the lack of 

consistent access to enough food for an active, healthy life. It involves both reduced food quality 

and variety, as well as disrupted eating patterns and reduced food intake (M. P. Rabbitt et al., 

2023). 

 

Figure 1-1 Prevalence of Food Insecurity from 2001 to 2023 (USDA) 

Data from the USDA indicate that in 2023, 8.9% of households with children 

experienced food insecurity, a rate significantly higher than in 2021 (6.2%) and 2020 (7.6%)  

(M. P. Rabbitt et al., 2024). These households often struggle to provide adequate, nutritious 

meals for their children due to financial constraints. In 2023, 1.0% of households with children 

(approximately 374,000 households) reported instances where children were hungry, skipped 

meals, or went an entire day without eating. Although relatively low in percentage terms, these 

data represent a substantial number of children living with extreme nutritional deprivation (M. P. 

Rabbitt et al., 2023). Food insecurity disproportionately affects children from certain 

demographic groups. Households headed by single mothers, as well as Black and Hispanic 

households, experience significantly higher rates of food insecurity compared to white, non-
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Hispanic counterparts (M. P. Rabbitt et al., 2024). In addition to other structural and 

environmental factors such as unemployment and limited access to food assistance, which 

contribute to persistent food insecurity in vulnerable communities. 

Food insecurity can be detrimental for children. Its implications during childhood are 

substantial, affecting not only physical growth but also iron deficiency, increased risk of obesity 

and asthma, behavioral issues, and impaired cognitive and academic development (Gundersen & 

Ziliak, 2018). School-aged children may be particularly vulnerable to food insecurity due to 

increased energy and nutrient requirements during growth spurts, and higher cognitive demands 

related to academic performance (Frongillo et al., 2024; Jyoti et al., 2005). This age group is also 

more likely to be affected by changes in school meal program access or household income 

stability (Dave et al., 2024). Many low-income children rely on federally funded school meal 

programs (e.g., the National School Lunch Program and School Breakfast Program) as essential 

sources of daily nutrition. Interruptions in access, due to school holidays, remote learning, or 

under-enrollment can exacerbate the effects of household food insecurity (Forrestal et al., 2021). 

Given the scale, persistence, and disparities in food insecurity among U.S. children, 

particularly those in early and middle childhood, this study focuses on examining how such 

insecurity relates to dietary patterns and UPF consumption among children aged 5 to 12. Prior 

studies have primarily assessed adolescent populations when examining UPF consumption in 

relation to food insecurity (Fulay et al., 2025a; J. Liu et al., 2022), leaving younger school-aged 

children relatively understudied. By focusing on 5–12-year-olds, this study addresses that gap 

and contributes evidence on how household food insecurity and participation in federal nutrition 

assistance programs relate to UPF consumption among younger children in the United States. 

 



 

5 

 

1.2.2 Impact of Food Insecurity Among US Children on Diet Quality 

Food insecurity among children is closely linked to compromised diet quality, defined not only 

by insufficient caloric intake but also by reduced nutritional adequacy and diet diversity. 

Families facing food insecurity often rely on low-cost, energy-dense foods high in refined 

carbohydrates and fats at the expense of fresh produce, lean meats, whole grains, and other 

nutrient-rich items (Morales & Berkowitz, 2016). The reliance on low-cost, energy-dense foods 

among low-income families is not simply a matter of individual choice, but rather a consequence 

of U.S. agricultural and farm policies that heavily subsidize commodity crops, primarily corn and 

soy, making energy-dense, UPFs more affordable and accessible than healthier alternatives 

(Franck et al., 2013). One key example is the widespread use of high-fructose corn syrup 

(HFCS), derived from subsidized corn, which now accounts for over 40% of caloric sweeteners 

added to foods and beverages. HFCS demonstrates how agricultural policies translate into 

increased consumption of inexpensive, sugar-dense products that dominate the diets of low-

income households (Franck et al., 2013). This excessive intake of fats and sugars is worsened by 

the availability of extremely cheap caloric options. Most consumers fail to take into account the 

hidden costs of inexpensive food, particularly, the taxes paid toward various agricultural 

subsidies and the health costs associated with poor dietary practice (Franck et al., 2013). This 

contributes to both undernutrition and increased risk of obesity and related chronic conditions in 

children (Khoury et al., 2024; Neri et al., 2024). Large-scale national and regional studies show 

that children from food-insecure households had lower scores on adequacy components of the 

HEI-2005 and consumed fewer whole fruits and more sugar-sweetened beverages per 1,000 kcal 

than their food-secure counterparts (Hingle et al., 2023; J. Lee et al., 2019). 
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Food insecurity has both direct and indirect influences on children’s diet quality. Direct 

effects include reduced intake of critical nutrients due to economic constraints, while indirect 

pathways involve stress, inconsistent food availability, and reliance on highly processed 

convenience foods. These patterns are problematic during middle childhood (ages 5–12), when 

dietary habits begin to develop and nutritional needs are crucial to the cognitive and physical 

growth (Dave et al., 2024; Hanson & Olson, 2013; Hingle et al., 2023; J. Lee et al., 2019).  

1.2.3 UPF Consumption Trend Among US Children 

The consumption of ultra-processed foods (UPFs) has become a growing public health concern, 

particularly in high-income countries, where these foods constitute a large proportion of total 

energy intake. Studies have reported that UPFs contribute 58.8% of daily energy intake in the 

United States, 56.8% in the United Kingdom, and 47.7% in Canada, whereas lower-income 

countries such as Brazil (20.4%), Mexico (29.8%), and Colombia (15.9%) have comparatively 

lower UPF consumption (Shim et al., 2021). Despite these current low levels of consumption , 

UPF sales are on an upward trend (Shim et al., 2021).  In the United States, the latest report 

published in August 2025 by the CDC’s National Center for Health Statistics (NCHS) reveals 

that between August 2021 and August 2023, individuals aged 1 year and older consumed an 

average of 55.0% of their total daily calories from UPFs. Youth aged 1 to 18 years had a higher 

intake (61.9%) compared to adults aged 19 and older (53.0%) (Williams & Ogburn, 2025). 

Over the past two decades, UPFs have become an increasingly dominant component of 

the American diet, especially among children and adolescents. According to the Nova food 

classification system, UPFs are formulations of ingredients that are predominantly industrial in 

origin, such as refined starches, hydrogenated oils, high-fructose corn syrup, flavor enhancers, 

colorants, and emulsifiers, which are ingredients designed to be hyper-palatable, shelf-stable, and 
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convenient (Monteiro et al., 2010). These foods include items such as sweetened breakfast 

cereals, packaged snacks, fast food, frozen entrées, and sugar-sweetened beverages (Monteiro et 

al., 2010). Data from NHANES found that the proportion of total energy intake from UPFs 

among U.S. youths aged 2–19 rose from 61.4% to 67.0%  (Wang et al., 2021). This trend has 

been more evident among low-income and racially/ethnically marginalized populations (Wang et 

al., 2021). Multiple factors contributed to the growing demand for UPFs, most importantly the 

U.S. farm bill policies that provide subsidies for commodity crops such as corn and soy, key 

ingredients in many UPFs, these products are kept inexpensive, making socioeconomic status a 

key determinant of UPF consumption (Franck et al., 2013). Other factors include urbanization, 

rising incomes, changes in labor markets, and the increasing number of women working outside 

the home (Shim et al., 2021).  

Moreover, these products are heavily marketed to children through multiple channels 

including television, digital platforms, packaging, and even in-school promotions 

(FactSheet_Child_Marketing_2022_05_Final, n.d.; Vignola et al., 2021). Their low cost, long 

shelf life, and minimal preparation requirements make them particularly attractive to low-income 

households. For families experiencing food insecurity, UPFs often serve as a default option due 

to their accessibility, affordability, and satiating aspects (Moran et al., 2019). Qualitative 

research among SNAP-participating families showed that parents prioritized UPF foods for their 

familiarity and shelf stability, which reduce financial risk when children might reject fresh 

produce, and they often purchase and store UPFs early in the benefit cycle as a strategy to protect 

against end-of-month scarcity (Moran et al., 2019). Although recent reforms under the Healthy, 

Hunger-Free Kids Act have improved meal quality in many districts (Johnson et al., 2016), UPF 

items remain prevalent in many school menus, which potentially affects the efforts to reduce 
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UPF consumption among vulnerable populations (The Lancet Regional Health – Americas, 

2022). 

In summary, high UPF consumption is linked to poor nutrient intake and lower overall 

diet quality (Bleiweiss-Sande et al., 2020). As UPFs continue to penetrate global food systems, 

understanding their sociodemographic patterns, health implications, and policy interventions is 

important to address the dietary and nutritional challenges associated with their widespread 

consumption. 

1.2.4 Determinants of Food Choice and Dietary Behaviors 

Children’s food choices are shaped by a complex interplay of individual, familial, genetic and 

environmental factors. These influences determine not only the types of foods consumed but also 

the frequency, portion sizes, and contexts in which they are eaten (Scaglioni et al., 2018). It is 

essential to understand these determinants to assess how food insecurity interacts with UPF 

consumption. 

Some studies show a strong genetic influence on appetite traits in children, but 

environment plays an important role in modeling children’s eating behaviors (Scaglioni et al., 

2011). The association between food insecurity and poor diet quality is not merely a reflection of 

individual choice, but relatively a product of intersecting social, economic, and structural 

barriers. In neighborhoods with limited access to affordable, healthy food options, families may 

be constrained to purchase food from convenience stores or fast-food restaurants, where ultra-

processed and energy-dense options dominate. These environmental conditions reinforce dietary 

patterns that diverge from national nutrition guidelines and contribute to widening health 

disparities (Moran et al., 2019). Given the significant impact of food insecurity on children’s diet 
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quality, it is critical to examine how this compromised dietary environment may be contributing 

to increased consumption of UPFs (Moran et al., 2019). 

Food-related determinants such as taste, texture, and visual appeal also play an important 

role, as children naturally prefer sweet and salty flavors abundant in UPFs (Scaglioni et al., 

2018). Familiarity, repeated exposure, and child-targeted marketing further reinforce preferences 

for branded, heavily advertised UPFs (Zhong et al., 2022). Moreover, price is a critical driver, as 

energy-dense, nutrient-poor foods cost less per calorie than fresh produce or lean proteins, which 

can drive household purchasing patterns under financial constraints (Dave et al., 2024). 

Convenience, packaging, and ready-to-eat options further increase UPF appeal (Scaglioni et al., 

2018). 

Social and environmental determinants extend beyond the food itself to include  family, 

community, and policy contexts (Scaglioni et al., 2011). Parents strongly shape eating behaviors 

through role modeling, feeding practices, and food rules, but in food-insecure households, coping 

strategies often involve prioritizing shelf-stable, low-cost products over perishable items (Dave 

et al., 2024). Additionally, peer influence becomes increasingly important with age, as social 

norms within school or recreational settings can encourage consumption of certain snacks or fast 

foods (Salvy et al., 2012). The school food environment is also critical; the availability of 

competitive foods and vending machines can expose children to more UPFs during the day. Ang 

et al. (2019) looked at the environmental factors impacting students’ consumption during 

lunchtime. They found that the school food environment such as the variety, placement, and 

promotion of fruits, significantly influence children’s dietary choices (Ang et al., 2019a). 

Conversely, limited fruit choices, unappealing presentation, and competition from more energy-

dense, processed snacks can reduce consumption (Ang et al., 2019a; Zhong et al., 2022).  
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 At the community level, geographic access plays a key role where children in low-

income or rural areas are often closer to convenience stores and fast-food restaurants, with less 

access to full-service grocery stores. (Odoms-Young et al., 2024). Limited access to 

supermarkets and increased proximity to convenience stores or fast-food outlets have been linked 

to greater consumption of energy-dense, nutrient-poor foods, whereas proximity to full-service 

grocery stores is associated with higher fruit and vegetable intake (Odoms-Young et al., 2024). 

In food-insecure communities, structural inequities in the food environment can further 

exacerbate reliance on UPF due to both affordability and availability constraints.  

Broader environmental factors, such as marketing exposure, household income, cultural 

food traditions, and participation in nutrition assistance programs, also shape dietary patterns 

(Odoms-Young et al., 2024; Zhong et al., 2022). 

1.2.5 Role of Federal Nutrition Assistance Programs (FNAP) 

Federal Nutrition Assistance Programs (FNAP) such as the Supplemental Nutrition Assistance 

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

Children (WIC) are critical tools in addressing food insecurity and promoting nutritional well-

being among low-income households with children (Almohamad et al., 2024; Carlson & 

Neuberger, 2021). According to USDA, SNAP, the nation’s largest anti-hunger initiative, 

provided monthly benefits to over 41 million individuals in 2023, including approximately 14 

million children (USDA Food and Nutrition Service, 2024). WIC provides supplemental foods 

and nutrition support to low-income pregnant and postpartum women, infants, and children 

under five (Carlson & Neuberger, 2021). 

Participation in these programs has been associated with reductions in the prevalence and 

severity of food insecurity (Almohamad et al., 2024; Gundersen & Ziliak, 2018) . WIC 
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participation has been linked to improved intake of whole grains, fruits, and vegetables, and 

higher overall HEI scores among young children (Andreyeva et al., 2018). SNAP participation 

was associated with reduced household food insecurity and some improvements in nutrient 

intake, with mixed findings on its effect on overall diet quality (Andreyeva et al., 2018; Leung et 

al., 2017). A systematic review found mixed evidence on diet quality, with SNAP participants’ 

nutrient intake comparable to income-eligible nonparticipants but less nutritious than higher-

income children (Andreyeva et al., 2018). A recent study showed that adolescents participating 

in SNAP consumed 2.7% higher UPF intake compared to adolescents not participating in SNAP. 

Among lower-income U.S. adolescents, SNAP participation but not food security status was 

associated with higher UPF intake (Fulay et al., 2025a). This suggests that structural and 

environmental barriers to healthy eating persist even among program-enrolled populations (Dave 

et al., 2024). This latter can be explained by qualitative findings from focused group discussions 

that showed that SNAP participants choose UPFs because of their familiarity, low cost, shelf 

stability and the need to stretch benefits across the month (Moran et al., 2019). These patterns are 

partly explained by the retail environments as many authorized outlets, especially in low-income 

areas, are convenience or dollar stores with limited fresh produce and a high prevalence of UPFs 

(Moran et al., 2019).  

On the other hand, WIC’s food package revisions in 2009 aimed to increase access to 

healthier items such as fresh fruits and vegetables, whole grains, and low-fat dairy. However, 

their impact on UPF consumption appears modest, as many WIC households still purchase snack 

foods and sweetened beverages outside of the program’s approved list (Tester et al., 2016). Both 

SNAP and WIC provide limited monthly benefits that are intended to supplement, rather than 

fully cover, household food needs (Babb et al., 2023; USDA, 2023). Given these financial 
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constraints, many low-income families must rely on additional out-of-pocket spending, often 

opting for inexpensive, energy-dense foods that provide greater satiety per dollar. In this context, 

UPFs being shelf-stable, filling, and low-cost, may represent a practical short-term strategy to 

stretch food budgets, even as they compromise nutritional quality (Fulay et al., 2025a; Moran et 

al., 2019). Yet, it is important to note that U.S. farm and food policies subsidize the corn and soy 

used to produce many UPF ingredients, which makes UPFs relatively inexpensive, especially on 

a calorie-for-calorie basis (Pomeranz et al., 2023). 

Beyond SNAP and WIC, several additional FNAP play a critical role in shaping 

children’s dietary environments. The National School Lunch Program (NSLP) and School 

Breakfast Program (SBP) provide free or reduced-price meals to eligible students, together 

serving more than 30 million children on school days (Todd, 2025; USDA, 2024, 2025). The 

Summer Food Service Program (SFSP) ensures continued access to meals during school breaks, 

while the Child and Adult Care Food Program (CACFP) supports nutritious meals and snacks in 

childcare centers, family childcare homes, after-school programs, and adult day care facilities 

(USDA, FNS, 2025). These programs reinforce the importance of federal policy in addressing 

child food insecurity and influencing their dietary patterns. 

1.2.6 Summary of the Intersection of Food Security, UPF Consumption, and FNAP 

The above subsections highlight the different aspects of the relationship between food insecurity, 

UPF consumption, and the role of FNAP in shaping dietary behaviors among U.S. children. Food 

insecurity remains a persistent challenge, particularly among low-income, single-mother, and 

racially/ethnically marginalized households (M. P. Rabbitt et al., 2024). Its impacts extend 

beyond caloric sufficiency and contributes to adverse health and developmental outcomes 

(Gundersen & Ziliak, 2018). In parallel, UPFs have become a dominant component of children’s 
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diets, especially among those in food-insecure households (Williams & Ogburn, 2025). Their 

widespread availability, affordability, and convenience, often driven by U.S. agricultural 

subsidies, retail environments, and aggressive child-targeted marketing, make UPFs a default 

choice for many families struggling to maintain food security (Franck et al., 2013; Moran et al., 

2019; Vignola et al., 2021). This reliance is particularly problematic during middle childhood 

(ages 5-13), when nutritional needs are high, and lifelong dietary habits begin to form (Dave et 

al., 2024) 

Children’s food choices are not made in isolation but are shaped by individual 

preferences, familial practices, school environments, and broader socio-environmental factors 

(Odoms-Young et al., 2024; Scaglioni et al., 2011). In communities with limited access to fresh 

foods and a high density of convenience outlets, families face structural barriers that lead to poor 

diet quality and increase UPF consumption. In communities with limited access to affordable, 

nutritious foods, structural barriers such as inequitable food environments, pricing systems that 

favor processed foods, and marketing pressures, create conditions that can increase UPF 

consumption. 

FNAP such as SNAP, WIC, and school-based meal programs play a crucial role in 

mitigating food insecurity. These programs have demonstrated some positive effects on food 

access and nutrient intake (Almohamad et al., 2024; Andreyeva et al., 2018). However, evidence 

suggests that participation in these programs may not fully mitigate the structural and market 

forces that cause high UPF intake among low-income children. Therefore, disparities in diet 

quality and UPF consumption persist (Fulay et al., 2025a; Moran et al., 2019; Tester et al., 

2016). 
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In summary, these insights prove an important intersection between food insecurity, UPF 

intake and diet quality, and nutrition policies. This context forms the foundation for the present 

study. The following section outlines the purpose of our study, which aims to explore how food 

insecurity, FNAP, and sociodemographic factors relate to UPF consumption and diet quality 

among U.S. children aged 5 to 12 years using nationally representative data from NHANES. 

1.3 Purpose of the Study 

The purpose of this study is to examine how food security status is associated to the dietary 

patterns of school-aged U.S. children from 5 to 12 years old, particularly their UPF consumption. 

This study will be conducted using nationally representative NHANES data from 2001 to 2023. 

The study seeks to quantify the relationship between food security levels and UPF intake, 

measured as both the percentage of total energy (% kcal) and grams per day, examine variations 

in this relationship across sociodemographic groups, and identify specific UPF categories most 

affected. Additionally, the study will explore whether participation in FNAP, particularly SNAP, 

modifies this association. 

This dissertation makes a unique contribution by extending national evidence on UPF 

consumption among U.S. children beyond 2018, incorporating the most recent 2021–2023 

NHANES cycle, which captures dietary patterns in the post–COVID-19 period. While prior 

research has primarily focused on adults or adolescents, few studies have examined UPF 

consumption specifically among primary school–aged children, who are particularly vulnerable 

to both food insecurity and diet quality disparities. Moreover, this study is among the first to 

evaluate whether participation in FNAPs, including SNAP and WIC, moderates the relationship 

between food insecurity and UPF intake among children aged 5 to 12 years old. By integrating 

measures of both total and subcategory-specific UPF consumption with up-to-date food security 
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data, this research will provide a better understanding of how participation in FNAP and 

household-level factors are associated with children’s dietary quality over time. 

1.4 Specific Aims and Research Questions 

Aim 1: Relationship Between Food Insecurity and UPF Consumption 

To examine the relationship between food insecurity and ultra-processed food (UPF) 

consumption among primary school-aged U.S. children (5-12 years old). 

a) Is there an association between household food security status, measured using the 

U.S. Food Security Survey Module (US FSSM), and children’s UPF intake, assessed 

as the percentage of total energy intake (% kcal) and the percentage of total grams 

consumed (% grams), among children aged 5–12 years? 

b) Does the association between food security status and UPF consumption (% kcal and 

% grams) vary across sociodemographic factors such as race/ethnicity, gender, age, 

and household income? 

c) How is food security status associated with the consumption of specific UPF 

categories (e.g., snacks, sugary beverages, ready-to-eat meals) and the amount 

consumed (in % kcal and % grams) among children? 

d) Does the association between food security status and the intake of UPFs (% kcal and 

% grams) among U.S. children remain significant after accounting for overall diet 

quality, as measured by the Healthy Eating Index–2020 (HEI-2020)? 

Aim 2: Association Between Federal Nutrition Assistance Program (FNAP) Participation 

and UPF Intake  
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To assess whether participation in Federal Nutrition Assistance Programs (FNAP) modifies the 

association between food security status and ultra-processed food (UPF) intake among U.S. 

children aged 5–12 years. Given that SNAP represents the largest FNAP for school-aged 

children, secondary analyses will specifically assess whether SNAP participation is 

independently associated with UPF intake.  

a) Does participation in any FNAP (SNAP, WIC, NSLP, SBP, or SFSP) modify the 

association between food security status (high, marginal, and food insecure) and 

children’s UPF intake (% kcal and % grams)?  

b) Does SNAP participation specifically modify the association between food security 

status and UPF intake (% kcal and % grams)? 

c) Are the directions and magnitudes of these associations consistent across 

demographic subgroups (e.g., income, gender, race/ethnicity)? 

Exploratory Aim 3: Temporal Trends in UPF Consumption Among Children Aged 5 to 12 

years. 

To explore whether UPF consumption among U.S. children aged 5–12 has changed over time by 

comparing three distinct NHANES time periods: Early (2001–2008), Middle (2009–2016), 

Recent (2017–2023). 

a) How does the average UPF intake (% kcal) among children ages 5-12 years old differ 

across the three NHANES time periods? 

b)  Are there period-specific changes in the consumption of key UPF subcategories (e.g., 

sugary beverages, packaged snacks, ready-to-eat meals)? 
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c) Were changes in UPF intake over time modified by food security status and 

FNAP/SNAP participation among U.S. children ages 5-12 years old? 

d) Was there a change in the percentage of energy from UPFs among U.S. children aged 

5-12 years old following the 2013 revision of school meal standards, and did this 

change differ between NSLP participants and non-participants? 

1.5 Significance of the study 

Food insecurity and the increasing consumption of UPFs represent two concerning public health 

challenges with clear implications on child health in the United States. School-aged children are 

in a critical stage of physical and cognitive development, and dietary patterns established during 

this period can influence health outcomes in adulthood. Although both topics have been studied 

independently, few studies have explored how food insecurity is associated with UPF 

consumption, particularly using long-term, nationally representative data and among the 5 to 12 

years old age category.  

This study focuses on children aged 5 to 12 years, representing the elementary school–

aged population. The lower bound of 5 years was selected because, in the United States, 

kindergarten attendance is part of the public school system and is mandatory in most states, 

which marks the beginning of consistent exposure to school food environments and peer-

influenced eating behaviors. Therefore, it captures the transition from home- or childcare-based 

eating patterns to greater dietary autonomy and exposure to federally supported school meal 

programs such as the National School Lunch Program (NSLP) and School Breakfast Program 

(SBP). The upper bound of 12 years aligns with the end of elementary school, before 

adolescence and the associated developmental, behavioral, and physiological changes that 

significantly affect food choice, portion size, and metabolic requirements.  
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 Existing evidence has primarily assessed adolescent and adult populations when 

examining UPF consumption in relation to food insecurity or short time frames, which leaves 

younger school-aged children relatively understudied and important questions unanswered 

regarding sociodemographic variations, category-specific UPF consumption, and the role of 

Federal Nutrition Assistance Programs (FNAP). By focusing on 5–12-year-olds using over two 

decades of nationally representative NHANES data, this study addresses that gap and contributes 

evidence on how food security status and participation in FNAP relate to UPF consumption 

among younger children in the United States. This research will provide insight into whether 

current policy frameworks are positively affecting the nutritional disadvantages faced by food-

insecure children. 

By generating national-level evidence, the findings of this study aim to improve the 

understanding of the complex pathways linking food insecurity to poor diet quality in U.S. 

children. The findings have the potential to develop interventions that aim to reduce diet-related 

health disparities, improve nutrition assistance programs, and promote equitable access to 

healthy, nutrient-dense foods. In summary, the study aims to expand the knowledge base needed 

to address diet-related health inequities across diverse U.S. communities. 

1.6 Scope and Delimitations 

The goal of this study is to examine the associations between food insecurity and UPF 

consumption among U.S. children aged 5 to 12 years old using 2001-2023 NHANES data. The 

study design is a secondary data analysis drawing on cross-sectional dietary intake information 

obtained from 24-hour dietary recalls, along with sociodemographic, food security, and nutrition 

assistance program participation data. 
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The scope is limited to middle childhood, excluding preschool-aged children and older 

adolescents. As a secondary data analysis, the study is restricted to variables and measures 

collected by NHANES; hence, this analysis is limited to the available data and does not capture 

information on cultural food practices or local food environments. The use of 24-hour dietary 

recalls introduces potential recall bias, misreporting, and a lack of representation for habitual 

intake. The cross-sectional design means I can’t establish causality; therefore, the findings are 

limited to identifying associations. Additionally, UPF classification is based on applying the 

Nova framework to NHANES food codes, which may involve some misclassification. However, 

the use of large, nationally representative datasets over more than two decades provides valuable 

insights into national trends and disparities. 

1.7 Definition of Terms 

National Health and Nutrition Examination Survey (NHANES): A survey conducted by the 

National Center for Health Statistics (NCHS) to assess the health and nutritional status of the 

U.S. population through interviews, physical examinations, and laboratory tests. 

Food Insecurity: A social and economic condition of limited or uncertain access to adequate 

food. For this study, food insecurity is measured using the USDA Household Food Security 

Survey Module and categorized as food secure, low food security, or very low food security. 

Ultra-Processed Foods (UPFs): Industrial formulations including substances not commonly 

used in home cooking, such as flavor enhancers, colorants, emulsifiers, hydrogenated oils, and 

refined starches. Classified as group 4 according to the Nova food classification system 

Nova Food Classification System: A framework that categorizes foods into four groups based 

on the extent and purpose of processing: unprocessed/minimally processed foods, processed 

culinary ingredients, processed foods, and ultra-processed foods.  
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Healthy Eating Index (HEI): USDA-designed validated scoring system to assess overall dietary 

quality based on adherence to dietary recommendations for Americans for individuals 2 years 

and older. Scores are calculated from 24-hour dietary recall data. 

24-Hour Dietary Recall: A dietary assessment method in which respondents report all foods 

and beverages consumed during the previous 24 hours. NHANES uses the USDA’s Automated 

Multiple-Pass Method (AMPM). 

Supplemental Nutrition Assistance Program (SNAP): The largest federal food assistance 

program in the United States. It provides monthly benefits to eligible low-income individuals and 

families to purchase food at authorized retailers. 

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

federal assistance program administered by the USDA providing supplemental foods, health care 

referrals, and nutrition education to low-income pregnant, postpartum, and breastfeeding women, 

as well as infants and children up to age five. 

Household Income-to-Poverty Ratio (PIR): A measure of household income relative to the 

federal poverty threshold, adjusted for household size. A PIR of less than 1.0 indicates income 

below the poverty line. 

Cross-Sectional Study Design: An observational study design in which data are collected from 

a population at a single point in time. It allows the identification of associations but not causal 

relationships. 
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2 Chapter 2: Literature Review 

2.1 The Importance of Nutritious Dietary Patterns in Childhood 

2.1.1 Nutritional Needs of Children 

Nutritional needs during childhood are critical for growth and development, influencing long-

term physical, cognitive, and social outcomes. A balanced intake of macronutrients including 

carbohydrates, proteins, and fats; along with essential micronutrients such as vitamins and 

minerals is crucial for optimal development (Martín-Rodríguez et al., 2022a). Early childhood 

nutrition plays a key role in shaping body composition and immune function. While nutrient-

dense foods support healthy development, energy-dense and low-nutrient foods contribute to 

poor health outcomes (Savarino et al., 2021). According to the Dietary Guidelines for Americans 

and the World Health Organization (WHO), each developmental stage has different dietary 

needs to support healthy growth, immune function, and cognitive performance. In children, the 

daily caloric requirement is calculated based on the age, sex, and activity status of the child. The 

caloric requirement increases with the age of the child, and during the growth spurt children 

require higher amounts of calories to maintain the body and to grow. In general, an infant needs 

100cal/kg/day, ages 1 to 3 years need 80 kcal/kg/day, 4 to 5 years needs 70kcal/kg/day, 6 to 8 

years need 60 to 65 kcal/kg/day and 9+ needs 35 to 45 kcal/kg/day. Growth charts are important 

in guiding nutritional counseling in children (Faizan & Rouster, 2023). 

In addition to macronutrients, micronutrients play a vital role in immune function, bone 

health, and cellular processes. Deficiencies in key nutrients such as vitamins A, C, D, calcium, 

iron, and zinc can lead to impaired cognitive development, weakened immunity, and stunted 

growth (Savarino et al., 2021). On the contrary, a nutrient-dense diet in childhood is linked to 
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better academic performance, improved physical health, and long-term disease prevention 

(Martín-Rodríguez et al., 2022a). Socioeconomic factors and family dietary habits strongly 

influence children's nutritional intake, contributing to disparities in childhood obesity and 

malnutrition.  Hence, addressing the specific dietary needs of children, particularly in food-

insecure populations, is important for optimal growth and development during early life and 

adolescence. 

2.1.2 Defining and Measuring Diet Quality in Childhood  

Assessing diet quality during childhood is important to ensure that children are receiving the 

required nutrients for each stage and hence achieve optimal growth, development, and overall 

well-being. A well-balanced diet provides the foundation for physical health by supporting bone 

development, immune function, and metabolic processes.  

 What We Eat in American (WWEIA) is a report on the types and quantities of food and 

beverages American's consume and the data in this report is from the NHANES dietary recalls 

that capture what study participants consumed in a 24 hour period (USDA FNS, 2025a). These 

nationally representative dietary intake data are used to calculate average HEI-Toddlers-2020 

scores for the population ages 12 through 23 months and average HEI-2020 scores for the 

population ages 2 years and older. The HEI-Toddlers-2020 takes into account the unique 

guidance specific to young children ages 12 through 23 months. 

Diet quality in children between 5 to 12 years old is commonly measured using 

standardized scoring systems, such as the Healthy Eating Index (HEI) and the Youth Healthy 

Eating Index (YHEI). The YHEI, adapted from the adult HEI, evaluates the overall quality of a 

child’s diet based on adherence to dietary guidelines. Higher scores reflect greater alignment 

with recommended eating patterns. The Healthy Eating Index-2020 (HEI-2020) is a measure of 
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diet quality with 13 components used to assess how well a set of foods aligns with the key 

recommendations of the 2020–2025 Dietary Guidelines for Americans (DGA). The HEI uses a 

scoring system to evaluate a set of foods. The scores range from 0 to 100. An ideal overall HEI 

score of 100 reflects that the set of foods aligns with key dietary recommendations and dietary 

patterns published in the Dietary Guidelines. The HEI-2020 is the latest iteration of the index 

and can be used to assess alignment with the 2020-2025 DGA. The components and standards of 

HEI-2015 and HEI-2020 are similar as the USDA Dietary remained virtually the same in the 

2015-2020 and 2020-2025 DGA (USDA FNS, 2025a). Although no changes were made, the 

index was renamed to clarify that it aligned with most current guidance (i.e., the HEI-2020 for 

the 2020-2025 DGA) (USDA FNS, 2025a). The total score is the sum of the score of 9 adequacy 

components (i.e. foods to eat more of for good health) including total fruits, whole fruits, total 

vegetables, greens and beans, whole grains, dairy, total protein foods, seafood and plant proteins, 

fatty acids and 4 moderation components (i.e. foods to limit for good health) including refined 

grains, sodium, added sugars, fatty acids). Intakes equal to or better than the standards set for 

each component are assigned a maximum score. Maximum HEI-2020 component scores range 

from 5 to 10 points. Scores for intakes between the minimum and maximum standards are scored 

proportionately.  For the adequacy components (i.e., foods recommended for higher consumption 

such as fruits, vegetables, and whole grains), higher scores reflect higher intakes. For the 

moderation components (i.e., foods or nutrients recommended to be limited, such as added 

sugars, saturated fats, and sodium), higher scores reflect lower intakes because lower intakes are 

more desirable. 

In summary, adequacy components have a minimum threshold to meet, while moderation 

components have a maximum threshold not to exceed. A higher total score indicates a diet that 
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aligns better with the Dietary Guidelines. The scores for all components are summed to yield a 

total HEI-2020 score ranging from 0 to 100, with higher total scores indicating greater alignment 

with the Dietary Guidelines for Americans. 

A longitudinal study analyzing NHANES data from 1999 to 2018 examined trends in 

toddler diet quality in the United States, focusing on children aged 12 to 23 months (Wang et al., 

2021). The study assessed dietary intake using 24-hour dietary recalls and evaluated diet quality 

through the HEI-Toddlers-2020. Results indicated a significant improvement in toddler diet 

quality over time, with mean HEI scores increasing from 63.7 in 1999-2000 to 67.7 in 2017-2018 

and improvements were observed across all socioeconomic groups (Wang et al., 2021). Another 

cross-sectional study also using NHANES data from 1999 to 2018 examined trends in diet 

quality using HEI-2015 among U.S. children (2-18 years) and adults (19-59 years) (Huan Yu et 

al., 2021). Results indicated that while both children and adults experienced slight improvements 

in overall diet quality, children had more fluctuations and trend changes over time. Specifically, 

children showed significant shifts in total fruit (2011-2012), whole fruit (2005-2006), greens and 

beans (2013-2014), dairy (2013-2014), and total protein foods (2013-2014), whereas adults' diet 

quality trends remained relatively stable. Despite gradual improvements, children consistently 

had lower overall HEI-2015 scores compared to adults, reflecting poorer dietary quality (Huan 

Yu et al., 2021). 

According to USDA, the total HEI-2020 score for ages 2 and older is 58 out of 100. The 

average HEI-Toddlers-2020 score for ages 12 through 23 months is 63 out of 100 (USNA FNS, 

2025). This snapshot of overall diet quality indicates that average diets in the U.S. do not 

conform to dietary recommendations. Diet quality during childhood is not only a marker of 

immediate nutritional adequacy but also a predictor of long-term health outcomes, including 
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obesity risk, cardiovascular health, and cognitive performance. Establishing healthy dietary 

patterns early may help prevent chronic disease and promote lifelong well-being. Each step 

closer to eating a diet that aligns with Dietary Guidelines recommendations can help reduce the 

risk of developing diet-related chronic diseases. 

2.1.3 Impact of Poor Diet Quality on Children 

Poor diet quality in childhood can manifest in two primary ways, insufficient caloric intake 

leading to undernutrition or excessive caloric intake dominated by nutrient-poor foods leading to 

overweight or obesity. The latest estimates suggest that around 250 million children under five in 

low- and middle-income countries were at risk of not reaching their full development potential 

due to stunting and extreme poverty (Martín-Rodríguez et al., 2022). On the other hand, in 

industrialized countries, child obesity is an important public health challenge, with the most 

recent data indicating  that approximately 18.5% of the population from 2 to 19 years of age have 

obesity in the United States alone, and current trends in the United Kingdom suggest that by 

2050, 25% of all children under 20 years of age will be classified as obese (Martín-Rodríguez et 

al., 2022b). 

Low caloric intake often results in deficiencies of essential nutrients such as protein, 

vitamins, and minerals. This negatively affect growth, immune function, and cognitive 

development (Homan, n.d.; WHO et al., n.d.). Conversely, high caloric intake from ultra-

processed, energy-dense but nutrient-poor foods contributes to the rising prevalence of obesity 

and metabolic disorders, while still leaving children deficient in key micronutrients necessary for 

optimal health and development (Dos Santos et al., 2024). Diets high in UPFs, added sugars, and 

unhealthy fats increase the risk of obesity, insulin resistance, and early onset of chronic diseases 

such as type 2 diabetes and hypertension (Khoury et al., 2024). Research indicates that children 
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consuming excessive amounts of sugary beverages and fast food are more likely to develop 

metabolic syndrome, which can predispose them to cardiovascular diseases in adulthood 

(Khoury et al., 2024).  

Both forms of poor diet quality during childhood can have significant adverse effects on 

several aspects of development and health. In many cases, children may experience both 

conditions, either simultaneously or at different times. For example, a child may have an 

overweight status but still lack essential nutrients, or may cycle between periods of inadequate 

intake and overconsumption of low-cost, energy-dense foods when household resources fluctuate 

(Larson & Story, 2011; Metallinos-Katsaras et al., 2012; Nackers & Appelhans, 2013). Beyond 

physical health, studies have shown that diet quality significantly influences cognitive 

development and academic performance (Fonseca et al., 2023). As such, Deficiencies in omega-

3 fatty acids, iron, and vitamin B12 have been linked to impaired brain function, affecting 

learning and behavior. The increased prevalence of obesity in childhood is associated with 

changes in behavioral factors, like poor physical activity, inadequate sleep, long hours of screen 

time, and eating habits, such as skipping breakfast and drinking sugar-sweetened beverages 

(Fonseca et al., 2023). Additionally, research indicates that children consuming diets high in 

UPFs have diminished cognitive functions, including attention, memory, and problem-solving 

abilities. For instance, a study involving Chinese preschoolers found that frequent consumption 

of candy and sweet bakery products was associated with decreased Full-Scale Intelligence 

Quotient scores (S. Liu et al., 2023). Similarly, adherence to a Western-like dietary pattern rich 

in processed foods during early childhood has been associated with lower verbal ability scores 

and increased odds of mathematical difficulties (S. Liu et al., 2023). 
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2.2 The Nutrition Challenges Faced by Food insecure Children in United 

States 

2.2.1 Food Insecurity Among Children in the US (Prevalence and Demographics) 

Food insecurity in the United States is measured using the Current Population Survey Food 

Security Supplement (CPS-FSS), a nationally representative survey administered each December 

as part of the Bureau of Labor Statistics’ Current Population Survey (Gundersen & Ziliak, 2018). 

Since 2001, this survey has had an 18-item questionnaire for households with children and a 10-

item subset for households without children. Although the full questionnaire includes both adult- 

and child-referenced items, the 10-item adult scale is a validated subset of the U.S. Household 

Food Security Survey Module and can reflect the household food security status when child-

referenced items are not available. 

This questionnaire assesses conditions that arise at least in part from financial constraints 

(Gundersen & Ziliak, 2018). That is affirmative responses to these questions indicate increased 

risk of food insecurity. These items range in severity from concerns about food running out e.g., 

“I worried whether our food would run out before we got money to buy more” to more extreme 

situations such as a child not eating for an entire day because the household could not afford 

enough food. Based on responses to these questions, respondents are classified into three 

categories: 

• Food secure: all members have access at all times to enough food for an active, healthy 

life (0–2 affirmative responses to the 18 questions). 

• Low food secure: at least some members face uncertainty or limited ability to acquire 

enough food due to insufficient resources (3–7 affirmative responses to the 18 questions). 
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• Very low food secure: one or more members experience reduced food intake or 

disrupted eating patterns due to lack of resources (8 or more affirmative responses to the 

18 questions). 

In many studies, low and very low food security are often combined under the term food 

insecure (Gundersen & Ziliak, 2018). In 2016, 12.9% of all people in the U.S. (approximately 41 

million) lived in food-insecure households (Gundersen & Ziliak, 2018). More recently, the 

prevalence of food insecurity among U.S. households was 12.8% in 2022, increasing to 13.5% in 

2023 (Rabbitt et al., 2024). Very low food security affected 5.1% of households in 2023. Among 

households with children, 8.9% experienced food insecurity affecting either adults or children at 

some point during the year, while very low food security among children was reported in 1.0% 

of households. A study analyzed NHANES data from 2013 to 2016 in which the sample included 

6403 children, found that 13% experienced child-level food insecurity and 30% experienced 

household food insecurity. Moreover, children in urban areas were significantly more likely to 

report household food insecurity than those in rural areas (29.15% vs. 19.10%) (Dave et al., 

2024). 

Food insecurity is not evenly distributed across the United States, with significant 

geographic, demographic, and socioeconomic disparities. Rates tend to be lower in the upper 

Midwest and Northeast but are notably higher in regions such as the Mississippi Delta, 

Appalachia, along the Texas–Mexico border, and the rate exceeds 40% in counties with large 

American Indian populations (Gundersen & Ziliak, 2018). Rural areas may face barriers such as 

limited access to food retail, while urban areas struggle with high living costs and unstable 

employment (Gundersen & Ziliak, 2018). 
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Food insecurity disproportionately affects certain demographic groups. Households 

headed by single mothers, particularly those from non-Hispanic Black and Hispanic 

backgrounds, consistently experience rates of food insecurity nearly double those of non-

Hispanic White households (M. P. Rabbitt et al., 2024). Higher food insecurity rates are also 

observed among households with grandchildren present, households with a disabled parent or 

child, those affected by incarceration, households at high risk of homelessness, households with 

an adult smoker, chaotic households, and those with American Indian members (Gundersen & 

Ziliak, 2018). 

A main determinant of food insecurity is the household's low income, which is a 

consistent risk factor. However, the relationship between current income and food insecurity is 

moderated by other factors such as household assets. Human capital limitations (e.g., low 

education and financial management skills), physical assets (e.g., renting vs. owning a home), 

and financial constraints (e.g., low savings, lack of credit access) all contribute to food insecurity 

(Gundersen & Ziliak, 2018).  

Structural challenges such as unaffordable housing, lack of affordable childcare, and 

inadequate coverage from nutrition assistance programs worsen the problem. While many 

parents shield children from the most severe deprivation, a significant minority experience 

hunger, skipped meals, or entire days without eating due to insufficient resources. In 2023, this 

was the reality for approximately 374,000 U.S. households with children (M. O. Rabbitt et al., 

2025; M. P. Rabbitt et al., 2024). Such experiences pose significant risks to children’s physical 

growth, cognitive development, and socioemotional well-being. 
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2.2.2 Effect of Food Insecurity on Children's Dietary Habits 

Food insecurity impacts children’s diets through both direct and indirect mechanisms.  This leads 

to a lower dietary quality and restricted food variety. A major hypothesis in the literature is the 

“substitution” effect” which suggests that when resources are scarce, households replace 

nutrient-dense, higher-cost foods such as fresh fruits, vegetables, and lean proteins with less 

expensive, calorie-dense items high in refined grains, added sugars, and fats (Morales & 

Berkowitz, 2016). These substitutions help maximize calories per dollar but often compromise 

nutrient adequacy. This contributes to both undernutrition and diet-related chronic disease risk. 

Evidence from cross-sectional studies supports this hypothesis. In a study that included 

fourth- and fifth-grade children, they found that child food insecurity was associated with a 

lower Healthy Eating Index (HEI) vegetable subscale score and higher intakes of total energy, 

fat, sugar, and fiber(Morales & Berkowitz, 2016). Another study observed that adolescents 

experiencing food insecurity consumed fewer animal-source proteins, dairy products, and fruits, 

in addition to reduced dietary diversity. Nackers and Appelhans (2013) reported that food-

insecure households tended to have greater availability of ready-to-eat and microwavable foods 

in the home, which suggests that a household food environment skews toward convenience 

products rather than fresh ingredients(Nackers & Appelhans, 2013). A consistent body of 

evidence demonstrates that food insecurity is associated with lower overall diet quality among 

U.S. children. In a national systematic review, Hanson & Connor (2014) found that food 

insecurity was linked to reduced intake of fruits, vegetables, and key micronutrients in both 

children and adults (Hanson & Connor, 2014). More recent analyses confirm these findings, 

showing persistent disparities in HEI scores and other dietary indicators by food security status 

(Dave et al., 2024; Landry et al., 2019). 
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Studies using NHANES datasets confirm these disparities. Lee et al. (2019) found that 

children from food-insecure households consumed less whole fruit and more sugar-sweetened 

beverages on weekend days compared to their food-secure peers, patterns that may contribute to 

excess weight gain during school breaks (J. Lee et al., 2019). Moreover, Summer weekends were 

associated with accelerated weight gain among children. These results are concerning given that 

school-based nutrition programs are unavailable during summer and weekends, which shows a 

seasonal vulnerability among food-insecure households (J. Lee et al., 2019). In addition, Hingle 

et al. (2023) used the Children’s Healthy Living Program , a large-scale study across underserved 

Pacific jurisdictions, and reported that the total HEI scores is almost similar among food-secure 

and food-insecure children (59.9 vs. 58.3, respectively); however, children in food-secure 

households consistently scored higher on key components like fruit and vegetable intake and 

lower on moderation components such as sodium and added sugars (Hingle et al., 2023). More 

recent NHANES analysis by Dave et al. (2024) supports the persistence of poor diet quality 

among U.S. children, with an average HEI-2015 score of only 48.2 out of 100, regardless of 

urban or rural residence (Dave et al., 2024). 

On the contract, some studies have noted exceptions such as Trapp et al. (2015), who 

found no significant relationship between food insecurity and dietary measures. These 

contradictions may be due to variations in measurement methods, seasonal data collection, or 

regional food availability (Trapp et al., 2015). 

Large-scale national and regional studies consistently demonstrate the negative 

association between food insecurity and children’s dietary quality. For instance, Lee et al. 

(2019), found that children from food-insecure and food-secure households had HEI-2015 scores 

less than 50. (J. Lee et al., 2019). Using NHANES data from 2003–2008, Hanson and Olson 
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(2013) found no significant differences in weekday versus weekend diet quality based on school 

meal access. This result suggests that other factors beyond school nutrition programs also has an 

impact on children’s dietary patterns, such as household food environments and parental 

behavior (Hanson & Olson, 2013). Qualitative studies indicate that children’s own experiences 

of food insecurity can affect eating behaviors and perceptions of food adequacy. Connell et al. 

(2005) found that children’s self-reported experiences of worry, rationing, and disrupted eating 

patterns provide valuable insight into how food insecurity affects both diet and emotional well-

being (Connell et al., 2005). 

The existing evidence suggests that food insecurity is associated with dietary habits in 

ways that limit nutrient adequacy, reduce diet diversity, and increase reliance on energy-dense, 

ultra-processed products. These patterns have important implications for children’s long-term 

health and will be explored further in the section below, which examines the relationship 

between food insecurity, UPFs consumption, and related health outcomes. 

2.2.3 The Interplay Between Food Insecurity and UPF Consumption and Health 

Implications 

UPFs as classified under the Nova food system, are industrial formulations made largely or 

entirely from substances extracted from food industry ingredients such as high fructose corn 

syrup, lactose, and milk and soy proteins or synthesized in laboratories, such as refined starches, 

hydrogenated oils, emulsifiers, and colorants, and are designed to be hyper-palatable, convenient, 

and shelf-stable (Monteiro et al., 2010). Examples include packaged snacks, sugar-sweetened 

beverages, sweetened breakfast cereals, and ready-to-eat frozen entrées (Monteiro et al., 2010). 

More recent literature emphasizes that UPFs are not necessarily defined by their composition of 

extracted ingredients but rather by their inclusion of additives and processing techniques 
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specifically designed to increase hedonic appeal, sensory stimulation, and palatability 

(McCausland et al., 2025; Monteiro et al., 2018, 2019a; Neumann et al., 2023). Even the addition 

of minor components such as natural flavorings can shift a product into the ultra-processed 

category because these ingredients serve to enhance flavor and consumer appeal without 

contributing to an additional nutritional value. 

Collectively, UPFs are designed to be hyper-palatable, convenient, ready to eat or heat, 

and shelf-stable, promoting overconsumption and gradual displacement of minimally processed, 

home-prepared foods in the diet (McCausland et al., 2025; Monteiro et al., 2018). In a nationally 

representative analysis of U.S. household grocery purchases from 2001 to 2019, Dunford et al. 

(2023) found a substantial increase in the proportion of packaged food and beverage products 

containing food additives in which products purchased containing at least one additive rose from 

49.6% to 59.5% over the study period (Dunford et al., 2023). The most common additive types 

were flavors, colors, preservatives, and non-nutritive sweeteners, with notable increases across 

nearly all major food categories. On another hand, a recent analysis of branded food and 

beverage products available in the UK market, Neumann et al. (2023) identified flavorings, 

emulsifiers, and colorants as the most frequent markers used to detect UPFs (Neumann et al., 

2023). Using ingredient list data and the Nova classification framework, the authors found that 

these additives appeared in the majority of UPFs products with flavorings present in 

approximately 60%, emulsifiers in 35%, and colorants in 26% of products (Neumann et al., 

2023). These findings reinforce recent updates to the Nova system, which define UPFs not solely 

by the proportion of industrially derived ingredients but also by the use of cosmetic additives that 

modify flavor, texture, and appearance to increase consumer appeal. 



 

34 

 

2.2.3.1 Economic and Structural Drivers of UPF Consumption 

Over the past two decades, UPFs have become a dominant source of calories for U.S. children as 

they contribute to 67% of total daily energy intake (Wang et al., 2021). This reliance is 

particularly evident among low-income and racially/ethnically marginalized populations (Wang 

et al., 2021). 

Food insecurity and UPF consumption are interconnected through economic, 

environmental, and social pathways. For families facing food insecurity, limited finances, 

geographic barriers to full-service grocery stores, and time scarcity often make UPFs the most 

practical choice (Moran et al., 2019; Nordhagen & Demmler, 2023). Due to our current food and 

farm policies, these products are less expensive than fresh foods. Commodity crops such as corn 

and soy receive substantial subsidies, which keep their market prices low (Franck et al., 2013). 

These crops form the basis of many ingredients used in UPFs, such as high-fructose corn syrup, 

hydrogenated oils, and soy protein isolates. As a result, UPFs are often cheaper than minimally 

processed, nutrient-rich foods like fruits and vegetables and widely available in dollar stores and 

convenience outlets (even ironically, widely available in pharmacies).This structural imbalance, 

embedded within United States farm and food policy means that socioeconomic status becomes a 

critical determinant of UPF consumption, as low-income households are more likely to rely on 

inexpensive, energy-dense foods to meet their daily caloric needs. 

Qualitative research among SNAP participants has shown that parents strategically 

purchase shelf-stable UPFs early in the benefit cycle to avoid waste in case children reject 

perishable foods (Moran et al., 2019). Marketing also plays a role in UPF consumption among 

children. These products are heavily promoted across television, digital platforms, packaging, 
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and even in-school settings (Zhong et al., 2022). This prevalent marketing, combined with 

affordability and sensory appeal, has normalized UPFs in children’s diets across income levels. 

2.2.3.2 Sociodemographic variables and Evidence Linking UPF Intake to Food Insecurity 

Baraldi et al. (2018) reported that UPFs accounted for 57 to 61% of caloric intake regardless of 

household income, while disparities persist in the nutritional quality of the UPFs consumed 

(Baraldi et al., 2018). Many studies highlight the strong and consistent association between food 

insecurity and poor diet quality among U.S. children (Connell et al., 2005; Dave et al., 2024; 

Eicher-Miller et al., 2015; Hanson & Connor, 2014; Landry et al., 2019), but few have directly 

examined the relationship between food insecurity and UPF consumption itself. Instead, most 

have focused on UPF intake in relation to income level, education, or race/ethnicity. These 

sociodemographic variables are strongly correlated with food insecurity; nonetheless, the 

evidence linking food insecurity itself to UPF consumption remains limited, particularly among 

children, which makes it an important gap in the literature. A study examined the link between 

food insecurity and UPF consumption among adults only, aged 52–101 years, who were enrolled 

in the longitudinal Health and Retirement Study (HRS), a nationally representative study of 

aging (Aljahdali, 2025). They found that the prevalence of food insecurity is 15% and the means 

of UPFs were 49.1, 48.5, and 52.3% among adults with food security, low food security, and 

very low food security, respectively (Aljahdali, 2025). 

 Below, we present findings from studies that, although not explicitly focused on food 

insecurity, offer insights into the relationship between food insecurity and UPF intake through 

their analysis of related sociodemographic variables. 

NHANES analyses from 2007–2012 indicate that nearly 60% of calories consumed came 

from UPFs, with intake decreasing with age and income level, but increasing among non-
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Hispanic White and non-Hispanic Black children compared to other groups (Baraldi et al., 2018). 

Education also influenced consumption, with lower levels of education being associated with 

higher UPF intake. Over multiple NHANES cycles, overall UPF contribution rose by nearly 1 

percentage point per cycle, particularly among males, adolescents, and those with a high school 

education or less (Baraldi et al., 2018). Other research found that dietary energy from UPFs was 

also high among higher-income and urban households (Shim et al., 2021). In a low-income 

sample, food-insecure caregivers reported significantly greater availability of microwavable or 

quick-cook frozen foods and other obesity-promoting items in the home compared to food-secure 

caregivers (Nackers & Appelhans, 2013). Yet not all studies had the same findings, for example 

a study by Trapp et al. (2015) did not find a significant association between household food 

insecurity and children’s dietary intake or BMI percentile. Nevertheless, the broader body of 

evidence consistently shows a correlation between UPF consumption and lower diet quality in 

food-insecure households. 

2.2.3.3 Health Implications of UPF Consumption in Childhood 

The health implications are substantial and will be discussed at the end of Chapter 2. High UPF 

consumption in childhood has been linked to overweight and obesity, insulin resistance, 

dyslipidemia, hypertension, and inadequate intakes of fiber, vitamins, and minerals essential for 

growth (S. Liu et al., 2023; Martínez Steele et al., 2016; Neri et al., 2024; Zhang et al., 2022). 

Excessive intake of sugar-sweetened beverages and energy-dense snacks is associated with 

poorer cognitive performance, behavioral issues, and dental caries (Dos Santos et al., 2024; S. 

Liu et al., 2023). Moreover, regular exposure to hyper-palatable foods may push children’s taste 

preferences toward sweeter and more energy-dense options, which can affect unhealthy dietary 

patterns into adulthood (Stamou & Flórez, 2025). This is partly due to the fact that UPFs are 
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typically energy-dense and soft in texture, which facilitates rapid eating and reduce exposure to 

signals related to taste, texture, and smell which are essential for promoting satiety (Mottis et al., 

2025). As a result, these foods can contribute to overconsumption and excessive energy intake. 

On the other hand, the uniform flavor, appearance, and mouthfeel of UPFs may reinforce rigid 

eating patterns. Emerging evidence suggests that the widespread availability of highly palatable, 

uniform processed foods may unintentionally perpetuate or worsen food-avoidant behaviors by 

enabling individuals to maintain highly selective diets (Mottis et al., 2025). This is particularly 

relevant in the context of Avoidant/Restrictive Food Intake Disorder (ARFID), a feeding and 

eating disorder characterized by extreme selectivity or avoidance of certain foods due to sensory 

sensitivities, fear of adverse consequences, or lack of interest in eating. Children and adolescents 

with ARFID often rely on a narrow range of UPFs that align with their sensory preferences, a 

pattern that can further exacerbate nutritional deficiencies and negatively impact growth, 

development, and cognitive outcomes. Additionally, frequent consumption of saturated fats, 

refined sugars, and salt has been shown to alter taste perception, shifting preferences toward 

highly processed foods, thereby reinforcing habitual consumption patterns through 

chemosensory plasticity (Contreras-Rodriguez et al., 2022; Via & Contreras-Rodríguez, 2023). 

2.2.3.4 Summary and Policy Relevance 

Considering the aforementioned factors linking UPF consumption with food insecurity, 

addressing these factors require more than individual behavior change. Policy-level interventions 

are needed, including redesigning federal nutrition assistance programs (e.g., SNAP and WIC) 

and strengthening school meal standards, which are discussed in the following section. 
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2.2.4 Disparities in food access and the impact of Federal Assistance Programs (WIC, 

SNAP, and School Meal Programs) on Diet quality and UPF consumption 

Food access disparities in the United States are shaped by multiple socioeconomic, geographic, 

and structural factors. Low-income households, rural communities, and neighborhoods with 

limited supermarket presence, also called food deserts, face reduced availability of affordable, 

nutrient-dense foods (Odoms-Young et al., 2024). In contrast, these communities frequently have 

a higher density of convenience stores and fast-food outlets, which tend to offer a greater 

proportion of ultra-processed products. A study showed that Higher UPF availability score was 

observed in regions with lower income, higher percentage of people of color population, and 

higher number of members per household (Serafim et al., 2022). The findings show that the 

greater availability of UPFs is related to supermarkets and markets and regions of greater social 

vulnerability, which can put this population at nutritional risk. Other factors include 

transportation barriers, fluctuating household incomes, and limited time for food preparation 

which makes it more difficult for families to maintain healthy dietary patterns (Moran et al., 

2019). 

FNAPs play a critical role in addressing these inequities. SNAP is the nation’s largest 

anti-hunger initiative (USDA, 2025). In 2022, more than 40 million household, including 

approximately 14 million children, used SNAP and received a monthly average benefit of $230 

per person (Babb et al., 2023). Households that meet a low-income threshold are eligible to 

receive SNAP benefits, which can be used to purchase a variety of food items and food-

producing plants. Historically, SNAP benefits have been criticized for being too low to support a 

healthy diet. In 2021, significant changes were made to the Thrifty Food Plan (TFP) to better 

reflect current food prices, dietary guidelines, and the nutritional needs of a typical low-income 
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family. This was the first major update since 2006 and resulted in a 21% increase in SNAP 

benefits which is the largest in the program’s history. The USDA defines the TFP as “the cost of 

groceries needed to provide a healthy, budget-conscious diet for a family of four”. Since that 

time, inflation has caused food costs to escalate, raising questions about the adequacy of SNAP 

benefits in maintaining food and nutrition security. Research indicates that even with the 

increased benefits, many households often run out of benefits before the end of the month (Babb 

et al., 2023). A study conducted in Indiana found that SNAP benefits lasted only about 13 days a 

month for participating households as of June 2022, highlighting persistent food insecurity 

despite the increased benefits (Babb et al., 2023). 

A growing body of literature highlights the relationship between SNAP participation, diet 

quality, and UPF consumption among low-income households. A systematic review of 25 U.S. 

studies found that although SNAP effectively reduces food insecurity and supports caloric and 

nutrient adequacy, adult participants tend to have lower HEI scores compared to higher-income 

nonparticipants, with mixed evidence when compared to income-eligible nonparticipants 

(Andreyeva et al., 2018). Children's diets were similar among SNAP participants and low-

income nonparticipants, but were less nutritious than diets of higher-income children (Andreyeva 

et al., 2018). Qualitative evidence provides additional insight into the drivers of dietary patterns. 

Focus group research among SNAP and non-SNAP households with children revealed that 

SNAP participants often choose UPFs for their familiarity, long shelf-life, and reduced risk of 

waste (Moran et al., 2019). These choices are influenced by both rational considerations (cost, 

shelf stability) and intuitive drivers (marketing, household norms) (Moran et al., 2019; Zhong et 

al., 2022). A recent analysis of NHANES data focusing on low-income adolescents found that 

those from food-insecure households consumed a significantly higher proportion of their daily 
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calories from UPFs compared to food-secure peers (Fulay et al., 2025b). Importantly, while 

SNAP participation reduced the severity of food insecurity, it did not consistently improve 

overall diet quality or lower UPF consumption (Fulay et al., 2025b). These findings suggest that 

SNAP plays a role in addressing caloric insufficiency but may not improve nutritional quality. 

Leung et al. (2018) found that SNAP participants widely agreed that the program 

successfully fulfilled its primary purpose in helping families afford enough food and alleviating 

food insecurity (Leung et al., 2017). Participants emphasized the importance of being able to 

purchase food for their children and redirect limited household income toward other essential 

expenses. However, many also noted opportunities to enhance SNAP’s nutritional impact. 

Suggested improvements included expanding nutrition education, increasing monthly benefit 

allotments, incentivizing the purchase of healthful foods, and restricting the purchase of sugary 

beverages and other low-nutrient foods. In an experimental choice exercise, when participants 

and nonparticipants were asked to select between the current SNAP program and a modified 

version that combined healthy food incentives with exclusions for sugar-sweetened beverages 

(SNAP+), 68% of participants and 83% of nonparticipants preferred SNAP+. These findings 

highlight both the effectiveness of SNAP in meeting basic food needs and the potential public 

support for reforms aimed at improving diet quality (Leung et al., 2017).   

Other studies highlighted the intersection of SNAP, food insecurity, and chronic disease 

risk. Evidence suggests that while SNAP helps address hunger, participants may remain at 

elevated risk for diet-related conditions such as obesity and type 2 diabetes, partly due to dietary 

patterns high in refined grains, added sugars, and processed fats (Almohamad et al., 2024). 

(Moran et al., 2019). Qualitative research among SNAP-participating families showed that 

parents prioritized UPF foods for their familiarity and shelf stability, which reduce financial risk 
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when children might reject fresh produce, and they often purchase and store UPFs early in the 

benefit cycle as a strategy to protect against end-of-month scarcity (Moran et al., 2019). On the 

other hand, school meal programs often serve as a critical nutritional necessity for low-income 

children; however, they have historically included processed or semi-processed food products 

due to cost and storage considerations (Poti et al., 2014). Recently, the USDA has approved 

state-specific SNAP Food Restriction Waivers allowing several states including Nebraska, 

Indiana, and Iowa, to prohibit the use of SNAP benefits for non-nutritious items such as soda and 

candy starting in 2026, marking the first time such restrictions have been permitted at the state 

level (USDA FNS, 2025b). These restrictions specifically target “junk foods,” such as soda, 

candy, and desserts, with the precise scope of the bans varying by state. In some states, the 

policies focus narrowly on sugar-sweetened beverages, while others adopt broader limitations 

that include a range of highly processed snack foods(Evenden, 2025; Lanzone, 2025).These pilot 

projects involve redefining "eligible foods" under SNAP to exclude certain ultra-processed 

items, with each demonstration set to run for two years and subject to comprehensive evaluation 

(USDA FNS, 2025b). This policy shift represents a significant departure from the federal 

tradition of uniform SNAP eligibility standards and reflects ongoing debates about whether 

restricting food choices within SNAP improves diet quality or exacerbates stigma and 

administrative complexity for participants. 

Another major federal nutrition assistance program is the Special Supplemental Nutrition 

Program for Women, Infants, and Children (WIC) targets low-income pregnant and postpartum 

women, infants, and children up to age five, and provides both food benefits and nutrition 

education (USDA, Food and Nutrition Service, 2022). However, these benefits are modest in 

amount, depending on state and participant category. WIC benefits are more prescriptive, and 
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prioritizes nutrient-rich items such as fruits, vegetables, whole grains, and low-fat dairy, thereby 

it directly supports diet quality during critical stages of growth (Carlson & Neuberger, 2021).  

Other programs include, federally funded school meal programs, including the National 

School Lunch Program (NSLP) and School Breakfast Program (SBP), offer free or reduced-price 

meals to eligible students, often serving as a primary source of daily nutrition for food-insecure 

children (USDA, 2025)). Evidence from NHANES data (2013–2016) illustrates the importance 

of these programs: in a sample of 6,403 children, 13% reported child food insecurity, yet 90% 

participated in the FNAP and 88% were enrolled in school lunch programs (Dave et al., 2024). 

Although nearly 90% of the sample participated in FNAPs and school lunch programs, the study 

still found no meaningful variation in diet quality by FNAP participation or food security status. 

This suggests that structural and environmental barriers to healthy eating persist even among 

program-enrolled populations, especially in urban settings where food insecurity was more 

prevalent (29.2% vs. 19.1%) (Dave et al., 2024). 

Finally, While SNAP’s flexibility allows participants to choose their purchases based on 

the household preferences, it also permits higher purchases of ultra-processed items (Andreyeva 

et al., 2018). WIC’s structured food package approach ensures nutrient adequacy but serves a 

more limited demographic (Tester et al., 2016). School meal programs bridge some of these gaps 

but vary in appeal and overall diet quality across districts (Poti et al., 2014). The effectiveness of 

all these programs is influenced by the broader food environment; benefits may have limited 

impact when participants live in areas where fresh produce and healthy foods are scarce or 

unaffordable even with assistance (Ang et al., 2019a; Nackers & Appelhans, 2013). These 

dynamics highlight the need to consider program design alongside structural food access 

interventions to promote equitable access to healthy, nutrient-dense foods. 
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2.2.5 Key Historical and Policy Changes That Affected U.S. Dietary Trends (2001–2023) 

 The period from 2001 to 2023 involved several major economic, policy, and public health 

events that affected the U.S. food system and dietary patterns. One of the most influential policy 

shifts was the 2009 revision of the Special Supplemental Nutrition Program for Women, 

Infants, and Children (WIC) food package, which increased access to fruits, vegetables, whole 

grains, and low-fat dairy while reducing juice and high-fat milk allowances (Tester et al., 2016). 

Around the same time, the 2008 Great Recession resulted in widespread income loss and 

increased levels of food insecurity, which has led to a temporary expansion of the Supplemental 

Nutrition Assistance Program (SNAP) through benefit increases and relaxed eligibility rules 

(Moffitt, 2013). The following decade saw a gradual recovery in food security rates but a 

persistent dependence on low-cost, energy-dense foods that paralleled an increase in UPF intake 

(Baraldi et al., 2018; M. O. Rabbitt et al., 2025). 

Another major policy shift occurred in 2012–2013 with the implementation of updated 

school meal standards under the Healthy, Hunger-Free Kids Act of 2010 (HHFKA). These 

revisions significantly modified the National School Lunch Program (NSLP) and School 

Breakfast Program (SBP) requirements by increasing whole grains, fruits, and vegetables; setting 

limits on sodium and saturated fat; and establishing calorie standards by age group (Nutrition 

Standards in the National School Lunch and School Breakfast Programs: Final Rule, 2012). 

These standards represented a comprehensive reform of school meal nutrition requirements in 

decades and were intended to improve diet quality among participating children. Given the large 

proportion of U.S. children receiving school meals, the 2013 implementation of these standards 

may have influenced overall dietary intake patterns, including UPF consumption, particularly 

among program participants. 
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The COVID-19 pandemic (2020–2021) marked another significant disruption. School 

closures, supply-chain interruptions, and rising food prices altered household food purchasing 

and consumption behaviors. Emergency policy responses including the Families First 

Coronavirus Response Act and the American Rescue Plan Act, temporarily expanded SNAP and 

WIC benefits, introduced Pandemic-EBT, and supported school meal distribution (USDA FNS, 

2022). Despite these measures, pandemic-related disruptions intensified existing disparities in 

food access, particularly for low-income families. 

Concurrently, the U.S. food system experienced structural shifts that affected all 

households. Over the past two decades, food manufacturing increasingly emphasized ready-to-

eat and convenience products, the use of cosmetic additives and reformulations, and aggressive 

marketing of UPFs through digital media (Monteiro et al., 2018). The increase of online grocery 

platforms, the expansion of dollar stores increased accessibility to inexpensive, highly processed 

items while limiting the availability of fresh, nutrient-dense foods in many communities 

(Nordhagen & Demmler, 2023). 

In summary, these historical and policy developments, including WIC and SNAP 

reforms, economic crises, the 2013 revision of school meal standards, the COVID-19 pandemic, 

and changes in the food supply, provide essential context for understanding patterns of UPF 

consumption and food insecurity observed in NHANES 2001–2023. 

2.3 UPF Consumption (Trend and health implications) 

2.3.1 Definition and Classification of UPF Using Nova 

According to the United States Department of Agriculture (USDA), food processing refers to any 

procedure that alters food from its natural state. Due to the diverse nature of processed foods, 
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researchers have developed classification systems to distinguish foods based on processing 

levels, ranging from minimally processed to highly processed foods. One of the most widely 

used classification systems is the Nova framework, developed by Monteiro (Monteiro et al., 

2010). Almost all foods undergo some degree of processing, hence the Nova classification 

system offers a structured approach to categorize foods and beverages according to the extent 

and purpose of their processing levels, dividing them into four groups: unprocessed/minimally 

processed foods (Group 1), processed culinary ingredients (Group 2), processed foods (Group 3), 

and ultra-processed products (Group 4) (Monteiro et al., 2019b).  UPF, i.e. Group 4, are 

formulations created primarily by the food industry, often consisting of ingredients extracted 

from whole foods (e.g., starches, oils, sugars,  corn, milk and soy proteins combined with 

chemically synthesized additives such as flavor enhancers, colorants, emulsifiers, and 

preservatives containing long lists of ingredients not commonly found in home kitchens 

(Monteiro et al., 2019b).These chemically synthesized items are designed to enhance hyper-

palatability, mouthfeel, and physical appeal (Fonseca et al., 2023). They are also made to be 

convenient, inexpensive, and shelf-stable, qualities which make them widely consumed (Fonseca 

et al., 2023). Common examples include packaged snacks, sugar-sweetened beverages, 

sweetened breakfast cereals, reconstituted meat products, and ready-to-eat frozen meals 

(Monteiro et al., 2019b). 

The Nova system was later adapted by researchers at the University of North Carolina at 

Chapel Hill (UNC) to better reflect the complexity of the American food supply, classifying 

foods and beverages into four mutually exclusive categories. The adapted system was found to 

have the highest inter-rater reliability among three processing classification systems used in the 

U.S. (Bleiweiss-Sande et al., 2020). The Nova framework has also been widely applied in 
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NHANES-based research to assess dietary patterns among U.S. children (Martínez Steele et al., 

2017). Studies using NHANES datasets have confirmed that UPFs contribute significantly to 

total energy intake, with implications for diet quality and health outcomes (J. Liu et al., 2022). 

Although the Nova system has been widely applied, it also has limitations. Critics argue 

that its categories can sometimes be too broad or ambiguous, grouping together nutritionally 

diverse foods under the same “ultra-processed” label(Astrup & Monteiro, 2022b). A debate has 

been published in the American Journal of Clinical Nutrition about the concept of UPFs as 

defined within the Nova food classification system and if it helps inform the Dietary Guidelines 

for Americans (DGAs) (Astrup & Monteiro, 2022a). Proponents argue that UPFs are designed 

for hyper-palatability, contributing to poor diet quality and increased risk of chronic diseases 

such as obesity, diabetes, cardiovascular diseases, and mortality (Monteiro & Astrup, 2022). 

According to Monteiro, UPFs often contain non-traditional food ingredients and additives that 

may disrupt normal physiological processes, which can lead to overeating, metabolic imbalances, 

and other health issues. Despite the need for more research to fully understand these 

mechanisms, the current evidence is deemed sufficient to recommend avoiding UPFs to improve 

public health outcomes (Monteiro & Astrup, 2022). 

On the other hand, opponents, such as Astrup, criticize the Nova classification system for 

its vague definitions and potential for misclassification (Astrup & Monteiro, 2022b). He argues 

that many nutrient-dense foods, such as noncaloric sweetened yogurts and refined olive oil, are 

often misclassified as UPFs, while less healthy foods may not be. In his argument, he adds that 

many studies linking UPFs to adverse health outcomes fail to account for confounding variables 

like lifestyle and socioeconomic factors. Additionally, the metabolic effects attributed to UPFs 

are often explainable by conventional nutritional properties, such as energy density and fiber 
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content, rather than the degree of processing itself (Astrup & Monteiro, 2022b). Astrup argues 

that plant-based foods, animal food alternatives, and intelligent processing could help reduce 

carbon emissions associated with the growing demand for food due to population increase. He 

highlights the importance of considering both the health potential of foods and their 

environmental footprint simultaneously(Astrup & Monteiro, 2022b). Moreover, The UPF 

classification depends heavily on the presence of food additives, and as emphasized by Gibney 

and Forde, many of these additives are naturally occurring such as lecithin, citric acid, ascorbic 

acid, pectin, and carotene, found in common foods like eggs, orange juice, vegetables, apples, 

and spinach (Gibney & Forde, 2022). They argue that there is no evidence that these 

components, when present in small amounts, contribute to overconsumption or adverse health 

effects (Gibney & Forde, 2022). Hence, the reliance on food additives in the Nova classification 

system may lead to the misclassification of healthy foods (Astrup & Monteiro, 2022b).  Despite 

these counterarguments, the health implications of UPF consumption are increasingly well-

documented. Studies using NHANES datasets have confirmed that UPFs contribute significantly 

to total energy intake among U.S. children and adults, often displacing nutrient-dense, minimally 

processed foods from the diet (J. Liu et al., 2022; Martínez Steele et al., 2017). Additionally, 

recent randomized controlled trials have shown that UPF-rich diets can promote greater energy 

intake and weight gain compared with unprocessed diets (Dicken et al., 2025; Hall et al., 2019). 

Taken together, the evidence suggests that while the Nova framework has limitations, 

particularly in distinguishing between types of additives and degrees of processing, it remains a 

valuable tool for studying the health and environmental implications of modern food systems. 

Finally, it is important to mention here that there has been an intense focus on food 

additives risks overshadowing more urgent and foundational issues affecting children’s diet 
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quality. These issues include structural drivers such as the unequal availability of nutritious foods 

in food deserts, socioeconomic inequalities, targeted marketing, and entrenched food system 

inequities, which play a significant role in dietary patterns and health outcomes (Pechey & 

Monsivais, 2016). This may understate the importance of improving food environments, 

encouraging access to affordable whole foods, and addressing systemic determinants of poor diet 

quality. 

2.3.1.1 Alternative Frameworks for Classifying UPF 

Although the Nova system is the most widely used framework for classifying foods according to 

the extent and purpose of industrial processing, several alternative systems have emerged in 

recent years. In a recent systematic review, Medin et al. (2025) identified at least eight 

alternative frameworks that attempt to expand upon Nova, including the SIGA, UNC (University 

of North Carolina), EPIC, IFPRI, FSANZ, and UP3 systems (Medin et al., 2025). 

These frameworks vary in their classification approaches, some incorporate nutrient-

based criteria (e.g., levels of added sugars, sodium, or saturated fat), while others place greater 

emphasis on specific processing techniques or the presence of additives. The review found that, 

when comparing Nova’s UPF category with those defined in the other identified systems, none 

provided a clear specification of processing techniques. Both Nova and SIGA explicitly define 

additives unique to their UPF categories; however, SIGA distinguishes itself by addressing the 

varying risks associated with additives and incorporating quantitative criteria for nutritional 

quality, thereby responding to several criticisms of how UPFs have traditionally been defined 

(Medin et al., 2025). Despite these refinements, the review found substantial overlap across 

classification systems and noted that Nova classification remains the most widely applied and 
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operationalized system for identifying UPF foods in population-based dietary surveys, including 

NHANES, due to its feasibility and widespread use in research.  

2.3.2 Trends in Ultra-Processed Food Consumption in US schools 

2.3.2.1 Longitudinal Trends in UPF Consumption Among School-Aged Children. 

Studies analyzing NHANES data have reported a steady increase in UPF consumption among 

school-aged children (Wang et al., 2021). An analysis of NHANES data from 1999 to 2018 (10 

cycles) examined trends in UPF consumption among U.S. youths aged 2-19 years (n = 33,795). 

Over this period, the percentage of total energy intake derived from UPFs increased from 61.4% 

in 1999 to 67.0% in 2018, while the proportion of energy from unprocessed or minimally 

processed foods decreased from 28.8% to 23.5%. These findings indicate a growing reliance on 

UPFs among children and adolescents over the past two decades (Wang et al., 2021). Another 

study examining NHANES 2007-2012 found that UPFs contributed over 60% of children's daily 

energy intake (Baraldi et al., 2018). These findings raise concerns about long-term health risks. 

Additionally, Eicher-Miller et al., 2015 compared the mean daily intake of energy and nutrients 

from processed foods by level of processing among non-Hispanic white, non-Hispanic black, and 

Mexican American US children and found that UPFs contribute 66%-84% of total daily energy 

intake across all racial/ethnic groups (Eicher-Miller et al., 2015). A study published in the 

Journal of Adolescent Health (2022) among U.S. adolescents using NHANES 2007-2018 data 

revealed that U.S. adolescents consumed an average of 65.7% of their total daily energy from 

UPFs (Zhang et al., 2022). 

While long-term analyses of NHANES data from 1999 through 2018 demonstrated a 

steady increase in the proportion of total energy derived from UPFs among U.S. children and 

adolescents (Wang et al., 2021), more recent evidence from the National Center for Health 
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Statistics (NCHS) Data Brief No. 536 indicates a modest decline in recent years (Williams & 

Ogburn, 2025). The mean percentage of total calories from UPFs among U.S. youth increased 

and then decreased between 2013–2014 and 2021–2023, falling significantly from 65.6% in 

2017–2018 to 61.9% in 2021–2023. Among adults, UPF consumption also decreased from 

55.8% in 2013–2014 to 53.0% in 2021–2023. The report noted no significant differences by 

family income among youth, although reductions were observed among adults, particularly in 

higher-income groups. These findings suggest that while UPF intake among children had risen 

consistently over two decades, recent cycles may signal a potential plateau or modest decline. 

Given these changes, further analysis is needed to explore the factors associated with 

UPF intake trends and to assess whether household food security status and participation in 

FNAP are associated with UPF consumption patterns among U.S. children. 

2.3.2.2 Global Trends in Ultra-Processed Food Consumption 

Patterns observed in the U.S. are echoed globally. Global evidence indicates that UPF 

consumption has increased substantially over time across a wide range of countries. This reflects 

big transformations in food systems and dietary patterns. UPFs have increasingly displaced 

minimally processed foods, home-prepared meals, and traditional dietary practices, contributing 

to important nutritional, social, and environmental changes worldwide (Monteiro et al., 2025a; 

UNC, 2021).  

In high-income countries, UPFs now account for approximately half or more of total 

daily energy intake, including in the United States, the United Kingdom, and Canada, whereas 

intake remains lower but is rapidly increasing in middle- and lower-income countries 

(approximately 20%–40% of total energy intake) (UNC, 2021). These global patterns are further 

supported by market data showing significant growth in UPF availability, with global sales 
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increasing from approximately 920 billion kilograms in 2013 to 1000 billion kilograms in 2021, 

particularly in low- and middle-income countries (Monteiro et al., 2025a; Yi et al., 2025) (Yi et 

al., 2025; Monteiro et al., 2025b). 

Country-specific evidence further supports these global trends. For example, in South 

Korea, UPF intake increased from 17.4% in 1998–2005 to 26.7% in 2016–2019, while in Spain, 

consumption rose from approximately 11% to nearly 32% of total energy intake. Similarly, 

Brazil has experienced a rapid nutrition transition, with UPF intake increasing from 

approximately 10% to 20% (Monteiro et al., 2025a).Another study analyzing Korea National 

Health and Nutrition Examination Survey (KNHANES) data from 2010 to 2018 examined the 

trends and socioeconomic differences in UPF consumption among the Korean population (aged 

one year or older) (Shim et al., 2021). The findings showed that UPF consumption increased 

over time, rising from 23.1% of total energy intake in 2010-2012 to 26.1% in 2016-2018. The 

study also identified significant sociodemographic disparities in UPF consumption. Specifically, 

men, urban residents, and individuals with higher education levels consumed more UPFs 

compared to women, rural residents, and those with lower education levels. Adolescents had the 

highest UPF intake. The UPF consumption reached 32.6% of total energy, while older adults had 

the lowest intake (15.1%) (Shim et al., 2021). A cohort study conducted in New Zealand 

examined UPF consumption and its association with demographic factors among 669 children 

aged 12 to 60 months (Fangupo et al., 2021). Using validated food frequency questionnaires 

(FFQs) at 12, 24, and 60 months of age, the study found that UPF contributed 45%, 42%, and 

51% of total energy intake, respectively, at these points. The study found no consistent 

associations between demographic factors and UPF intake, except for maternal obesity at 12 

months, which was linked to higher UPF consumption in infants. Among the top UPF 
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contributors were bread, yogurt, crackers, whole-wheat breakfast cereal, sausages, and muesli 

bars. This shows that a mix of nutrient-dense and less nutritious foods contributed to UPF intake. 

These findings suggest that UPFs play a major role in the diets of young children in New 

Zealand (Fangupo et al., 2021). 

Additionally, recent data from the DELICIOUS Project, a multi-country survey of 2,011 

children and adolescents aged 6–17 years across five Mediterranean countries (Italy, Spain, 

Portugal, Egypt, and Lebanon), revealed that 95% of participants consumed unhealthy UPFs 

daily, with a median intake of 1.8 servings per day (Rosi et al., 2025). This study found that 

higher UPF consumption was associated with older age and obesity. Interestingly, higher 

parental education and younger parental age were also linked to greater UPF intake, which 

suggests that in some Mediterranean contexts, higher socioeconomic status may correspond with 

increased exposure to industrialized foods. Behavioral and lifestyle factors including frequent 

eating out, snacking, and greater screen time (>4 h/day), were also strongly correlated with daily 

UPF consumption, while family meals and higher lifestyle scores were protective. These findings 

show that even in regions traditionally characterized by healthy dietary patterns such as the 

Mediterranean diet, UPF consumption among youth is associated with social, economic, and 

environmental drivers including modern lifestyle behaviors, urbanization, and shifting family 

eating patterns. 

2.3.3 Differences in UPF Consumption by Sociodemographic Characteristics   

Disparities in UPF consumption are consistently observed across demographic and 

socioeconomic groups, with distinct disparities emerging by race/ethnicity, age, income, and 

food security status. 
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2.3.3.1 Racial and Ethnic Differences 

Nationally representative studies using NHANES data reveal widening racial and ethnic 

disparities in UPF consumption among U.S. children. Wang et al. found that the largest increase 

in UPF consumption was observed among non-Hispanic Black youths, where the percentage of 

energy from UPFs increased from 62.2% to 72.5% (a 10.3% increase). 

Mexican American youths also experienced a significant increase, from 55.8% to 63.5% 

(a 7.6% increase). In contrast, the increase among non-Hispanic White youths was more modest 

(from 63.4% to 68.6%, a 5.2% increase). These results show growing disparities in dietary 

patterns where racial and ethnic minority groups experience a more pronounced shift toward 

higher UPF consumption (Wang et al., 2021). Earlier analysis of NHANES 2003-2008 found 

that while processed foods contributed 66%–84% of total daily energy across all children, 

Mexican American children consumed greater energy, cholesterol, calcium, potassium, and fiber 

from minimally processed foods compared to their non-Hispanic Black and White peers (Eicher-

Miller et al., 2015). However, added sugar intake from minimally processed foods was lower 

among Mexican American and non-Hispanic Black children compared to non-Hispanic White 

children. Furthermore, Mexican American children had the highest consumption of foods 

categorized as “mixtures of combined ingredients”, from which they obtained the most energy, 

cholesterol, calcium, vitamin D, potassium, and fiber, compared to both non-Hispanic White and 

Black children. Another study showed that non-Hispanic White and non-Hispanic Black 

individuals had higher UPF consumption compared to other racial/ethnic groups (Baraldi et al., 

2018) . These findings emphasize racial and ethnic disparities in dietary composition and nutrient 

intake where racial and ethnic minority groups are experiencing a more pronounced dietary shift 
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toward higher UPF consumption, often accompanied by lower nutrient density (Eicher-Miller et 

al., 2015). 

2.3.3.2 Income and Education Differences 

Socioeconomic disparities mirror these racial/ethnic trends. Analyses from NHANES 2007–2012 

reported that UPFs accounted for nearly 60% of total energy intake among U.S. individuals aged 

≥2 years, with higher consumption among younger age groups, lower-income households, and 

those with less education (Baraldi et al., 2018). The findings revealed that UPF intake decreased 

with age and household income which suggests that younger individuals and lower-income 

groups consumed higher proportions of UPFs. Other studies assessing the association of UPF 

consumption and the level of income have shown that children from low-income households 

tend to consume higher proportions of UPFs due to financial constraints and limited access to 

fresh food retailers (Bleiweiss-Sande et al., 2020). Education level also played a role, with 

college-educated adults consuming smaller proportions of UPFs compared to individuals with 

lower educational attainment (Baraldi et al., 2018). These patterns highlight the structural and 

economic barriers that make low-cost, energy-dense foods more accessible than fresh, nutrient-

rich alternatives.  

2.3.3.3 Food Insecurity and Structural Determinants 

Recent studies further link UPF consumption to economic hardship and food insecurity. In the 

American Journal of Clinical Nutrition, Leung et al. reported that individuals with low or very 

low food security consumed nearly 3% more UPFs than those with high food security (Leung et 

al., 2022). Current U.S. farm policies, through subsidies, favor the production of crops like corn 

and soy, which are major ingredients in UPFs (Franck et al., 2013). Subsidies have indirectly 

helped make these food items more affordable and pervasive in food, particularly for families 
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living with food insecurity where UPF becomes a necessity more than a preference (Meador, 

2025). Substances such as high fructose corn syrup, hydrogenated oils, and soy protein isolates; 

additives whose function is to make the final product palatable or more appealing are prevalent 

in UPF products. These ingredients are designed to create convenient (ready-to-consume), 

profitable (low-cost ingredients, long shelf life), and hyperpalatable products liable to displace 

freshly prepared dishes and meals made from all other Nova food groups. Limited financial 

resources, lack of access to grocery stores with fresh produce, and time constraints often lead 

caregivers to rely on ultra-processed items that are widely available through dollar stores, corner 

markets, and even some federal nutrition assistance programs (Nordhagen & Demmler, 2023; 

Polsky et al., 2024). Despite efforts such as SNAP and WIC, structural inequities continue to 

limit the equitable access to healthy, nutrient-dense food options for children living in 

underserved communities (Leung et al., 2017). 

2.3.3.4 Overall Synthesis 

Although much of the literature on UPF consumption has focused on sociodemographic factors 

such as income, education, and race/ethnicity, only a few studies have looked at UPF 

consumption and food insecurity, particularly among children only. A recent study looked at 

UPF consumption by food security levels but among adults (Aljahdali, 2025). They found that 

the prevalence of food insecurity is 15% and the means of UPFs% were 49.1, 48.5, and 52.3 

among adults with food security, low food security, and very low food security, respectively 

(Aljahdali, 2025). Another study by Leung et al. (2022) found that food-insecure households 

were more likely to stock UPF such as microwavable or frozen meals and that children from 

these households consumed more grain-based mixed dishes (Leung et al., 2017; Serafim et al., 

2022). More recently, a study looked at UPF intake among adolescents by food security levels 
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and found that the mean UPF intake is 66.3% of total energy intake (TEI) for adolescents with 

high food security, and 65.7% of TEI for adolescents with food insecurity, which was not 

statistically significant (Fulay et al., 2025b). Therefore, household food insecurity was not 

associated with adolescent UPF intake. However, household SNAP participation was associated 

with higher UPF intake (Fulay et al., 2025b). 

 In summary, these findings suggest that while food insecurity may not always emerge as 

a direct predictor of UPF intake, its close correlations with socioeconomic disadvantage and 

reliance on food assistance programs create dietary environments where UPFs are often the most 

accessible and consistently consumed option. This gap in the literature highlights the need for 

more child-focused research to assess the relationship between food insecurity, UPF 

consumption, and FNAP participation. 

2.3.4 UPF Consumption and Diet Quality 

In addition to examining trends in UPF consumption over time and across sociodemographic 

groups, it is important to understand how UPFs affect diet quality. Diet quality is a key 

intermediary between food consumption patterns and long-term health outcomes, and it is often 

used to assess alignment with national dietary guidelines. A growing body of literature has 

examined how higher UPF consumption is associated with lower dietary quality in both children 

and adults, using HEI. 

Liu et al. (2022) conducted a study in which they analyzed the NHANES 2015-2018 

dataset that included 5,280 children (aged 2-19 years) and 9,758 adults (aged ≥20 years). The 

findings concluded that higher UPF consumption was significantly associated with lower overall 

diet quality in both children and adults. (J. Liu et al., 2022). Significant differences in diet quality 

components were observed across UPF consumption quintiles, particularly in fruit and vegetable 
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intake, sugar-sweetened beverages , nuts/seeds/legumes, refined grains, and added sugars (J. Liu 

et al., 2022). The results highlighted a strong inverse relationship between UPF consumption and 

overall diet quality. This suggests that children and adults with higher UPF intake have poorer 

dietary patterns, particularly due to higher added sugar intake and lower consumption of nutrient-

dense foods (J. Liu et al., 2022). Another analysis of NHANES 2009-2010 examined the 

nutritional impact of UPF consumption among 9,317 U.S. participants aged 1 year and older 

(Martínez Steele et al., 2017). The findings revealed a significant decline in overall nutritional 

quality as UPF consumption increased. Specifically, across quintiles of energy intake from 

UPFs, the average dietary content of protein, fiber, vitamins A, C, D, and E, as well as essential 

minerals such as zinc, potassium, phosphorus, magnesium, and calcium, progressively decreased. 

In contrast, the intake of carbohydrates, added sugars, and saturated fats increased with higher 

UPF consumption. These results suggest that diets higher in UPFs are associated with poorer 

nutrient density (Martínez Steele et al., 2017). Similarly, Martínez Steele et al. (2016) examined 

the relationship between UPF consumption and added sugar intake among 9,317 U.S. 

participants aged 1 year and older. The findings revealed that UPFs accounted for 57.9% of total 

energy intake yet contributed a disproportionate 89.7% of the total energy derived from added 

sugars. This indicates that UPFs are the primary source of excessive added sugar intake in the 

American diet (Martínez Steele et al., 2016). The aforementioned study of Bleiweiss-Sande et al. 

(2020) conducted among low-income children aged 6-12 years used the framework by Poti et al. 

instead of Nova and assessed diet quality using HEI-2015. Its findings showed that higher UPF 

consumption was significantly associated with lower diet quality. Specifically, a 10% increase in 

calories from highly processed foods was linked to a 2-point decrease in HEI-2015 score, 
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whereas a 10% increase in calories from minimally processed foods was associated with a 3-

point increase in HEI-2015 score (Bleiweiss-Sande et al., 2020). 

Expanding on this topic, the Martínez Steele et al. (2018) study examined the relationship 

between UPF consumption, protein leverage, and energy intake using NHANES 2009-2010 

among individuals 2 years and older. The findings revealed a strong inverse relationship between 

UPF consumption and dietary protein density; as UPF consumption increased, protein density in 

the diet decreased from 18.2% to 13.3% of energy intake between the lowest and highest 

quintiles of UPF consumption (Martínez Steele et al., 2018). This indicates that protein dilution 

from UPFs may contribute to excess calorie intake and obesity risk (Martínez Steele et al., 2018). 

The authors suggest reducing UPF consumption could improve dietary protein concentration and 

help curb excess energy intake. 

Another cross-sectional study conducted in Barbacena, Minas Gerais, Brazil, examined 

the prevalence of UPF consumption and associated factors among school children aged 7–9 

years enrolled in public schools (Fonseca et al., 2023). The study found that 69.6% of children 

consumed UPFs daily. Factors associated with higher UPF consumption included skipping 

breakfast, mid-afternoon snacks, and supper, as well as low physical activity levels and frequent 

consumption of "risk foods" (e.g., processed snacks, sugary beverages, and fast food). 

Conversely, greater consumption of minimally processed foods was linked to older age, 

consumption of structured meals (lunch and dinner), and intake of protective foods such as fruits 

and vegetables (Fonseca et al., 2023). 

2.3.5 Health Implications of Ultra-Processed Food Consumption 

Multiple studies have explored the health consequences of UPF consumption, particularly among 

children and adolescents. Given the increasing prevalence of UPFs intake among U.S. youth, it is 
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important to understand their health implications. This section reviews the literature on the 

association between UPF intake and various health indicators, including obesity and weight gain 

(2.3.3.1), cardiovascular health (2.3.3.2), and other physiological and developmental outcomes 

such as immune function, metabolic syndrome, inflammation, gut health, and mental health 

(2.3.3.3). 

2.3.5.1 UPF Impact on Obesity and Weight 

UPF consumption is strongly associated with poor diet quality, and consequently this is 

associated with increased risk of obesity and other health outcomes (Khoury et al., 2024). A 

recent systematic review about the impact of UPFs on obesity and cardiometabolic comorbidities 

concluded that most studies (14/17) showed that an increase in UPFs is associated with a higher 

prevalence of overweight and obesity in children and adolescents (Petridi et al., 2024). This 

consistency across diverse study designs strengthens the evidence base and reflects a strong 

underlying association. 

Liu et al. (2024) using NHANES data report that children with higher UPF intake have 

lower overall diet quality scores, consume more added sugars, and have deficiencies in key 

micronutrients (J. Liu et al., 2022). Neri et al. (2024) also analyzed NHANES data to examine 

the relationship between UPF consumption and weight gain in infants. The findings concluded 

that infants who adhered to the UPF dietary pattern were significantly more likely to experience 

rapid weight gain and an increased risk of being overweight/obesity. Specifically, higher UPF 

consumption was associated with a 1.3 times greater likelihood of rapid weight gain and a 1.2 

times higher risk of overweight/obesity (Neri et al., 2024). Taken together, these findings 

highlight that the adverse effects of UPFs are evident as early as infancy, which raises concerns 

about long-term developmental and metabolic trajectories. 
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Another cross-sectional analysis of NHANES 2011-2016 data examined the association 

between UPF consumption and adiposity indicators among adolescents aged 12-19 years (Neri et 

al., 2022). The study found that higher UPF consumption was significantly associated with 

increased risk of total, abdominal, and visceral overweight/obesity, a 10% increase in the 

proportion of UPFs in the diet was associated with a greater likelihood of both abdominal and 

visceral overweight/obesity (Neri et al., 2022). This is mostly important given that visceral 

adiposity is more strongly linked to metabolic dysfunction than overall BMI. Moreover, an 

NHANES study investigated the association between UPF consumption and muscle mass among 

young and middle-aged U.S. adults (20-59 years old). The findings of the study suggest that 

higher UPF consumption may contribute to muscle mass loss, potentially impacting physical 

function and long-term metabolic health (Sun et al., 2024). This finding expands the perspective 

from weight outcomes to body composition, which indicates that UPFs may compromise both fat 

and lean tissue quality. 

A microsimulation study using NHANES 2011–2016 data examined the potential impact 

of reducing UPF consumption on obesity rates among U.S. children and adolescents aged 7-18 

years (Livingston et al., 2021). The model projected that reducing UPF intake could lead to a 

median decrease of 2.09 kg/m² in BMI, with overweight prevalence declining from 37.0% to 

20.9% and obesity prevalence dropping from 20.1% to 11.0%. The largest BMI and weight 

reductions were observed among boys, adolescents, non-Hispanic Black and Hispanic youth, and 

children from lower-income households (Livingston et al., 2021). This suggests that 

interventions that target UPF reduction could help reduce health disparities, as the benefits may 

be disproportionately greater in vulnerable groups. 
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2.3.5.2 UPF Consumption Impact on Cardiovascular Health  

A study published in the Journal of Adolescent Health (2022) examined the relationship between 

UPF intake and cardiovascular health among U.S. adolescents using NHANES 2007-2018 data 

(Zhang et al., 2022). Findings revealed that U.S. adolescents consumed an average of 65.7% of 

their total daily energy from UPFs. Zhang et al. (2022) showed that each 5% increase in UPF 

intake was associated with poorer cardiovascular health (CVH) scores in U.S. adolescents, with a 

clear dose-response pattern. This graded association strengthens causal inference, as risk appears 

to rise progressively with higher UPF exposure (Zhang et al., 2022). These associations remained 

consistent across various demographic subgroups, which highlights a prevalent negative impact 

of UPF intake on adolescent heart health (Zhang et al., 2022). 

Findings from Mendoza et al. (2024) similarly confirmed adverse associations of UPF 

intake with cardiovascular disease and coronary heart disease in adults, consistent across 

multiple cohorts. The analysis included three large US prospective cohorts and a systematic 

review and meta-analysis of prospective cohort studies from multiple countries. (Mendoza et al., 

2024). The alignment of adolescent and adult findings suggests that the cardiovascular risks of 

UPFs likely track from early life into adulthood, confirming the importance of early dietary 

interventions. 

2.3.5.3 UPF Consumption Impact on Immune Pathway, Metabolic Syndrome, Mental 

Health, Gut Health, and Inflammation  

Under the scope of UPF’s health implications, Kong et al. (2022) assessed the association 

between UPF consumption and allergic symptoms among 2,736 children (aged 6 -19 years) and 

4,256 adults (aged ≥20 years) in the United States. The findings showed that higher UPF 

consumption was negatively associated with IgE sensitization in children, with those in the 
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highest quartile of UPF intake showing a 34% lower risk of elevated IgE levels compared to the 

lowest quartile (Kong et al., 2022). However, UPF intake was positively associated with current 

asthma in children, with those in the highest quartile experiencing a 76% increased risk. 

Additionally, UPF consumption was linked to a higher prevalence of eczema in girls only  (Kong 

et al., 2022). This study highlights the complexity of UPF’s effects on immune pathways, which 

may differ depending on outcome and population subgroup. 

Another cross-sectional study published in JAMA using data from the Childhood Obesity 

Risk Assessment Longitudinal Study (CORALS) examined the association between UPF 

consumption and cardiometabolic risk factors among 1,426 preschool children (aged 3-6 years) 

in Spain (Khoury et al., 2024). The study found that higher UPF consumption was significantly 

associated with increased BMI, waist circumference, fat mass index, and fasting plasma glucose, 

while being inversely associated with HDL cholesterol levels. Children in the highest tertile of 

UPF consumption had significantly higher z-scores for BMI (β = 0.20), waist circumference (β = 

0.20), fat mass index (β = 0.17), and fasting plasma glucose (β = 0.22), along with lower HDL 

cholesterol levels (β = -0.19) (Khoury et al., 2024). 

Petridi et al. (2024), in their systematic review, found 9 studies that examined the 

association of UPF consumption and cardiometabolic-related risk factors. They found a positive 

association found between UPFs and overweight/obesity and cardiometabolic comorbidities 

among children and adolescents (Petridi et al., 2024). 

Emerging research also suggests that excessive UPF consumption may negatively impact 

cognitive function and behavioral health. A cross-sectional study conducted in underdeveloped 

cities in Brazil examined the association between UPF consumption and cognitive performance 

among 116 adolescents aged 15-18 years attending public high schools. The findings showed 
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that adolescents with low cognitive performance consumed a slightly higher proportion of their 

daily energy from UPFs (26.5%) compared to those with medium-high cognitive performance 

(22.5%), but this difference was not statistically significant. Additionally, no significant 

differences were observed in total energy, macronutrient intake, or minimally processed food 

consumption across cognitive performance groups (Dos Santos et al., 2024). 

Emerging evidence suggests that UPF consumption may adversely affect gut microbiota 

composition and intestinal integrity (Whelan et al., 2024). Diets high in UPFs are typically low 

in dietary fiber, phytochemicals, and prebiotic substrates that nourish beneficial microbes, while 

being rich in additives such as emulsifiers, artificial sweeteners, and preservatives. These 

compounds have been shown to disrupt the gut barrier, reduce microbial diversity, and favor the 

growth of pathogenic bacteria, thereby contributing to dysbiosis and low-grade intestinal 

inflammation (Whelan et al., 2024). Such alterations are concerning in children, whose gut 

microbiota is still developing and plays a critical role in immune maturation, nutrient absorption, 

and metabolic regulation. Dysbiosis linked to UPF-heavy diets has been associated with 

increased risk of gastrointestinal disorders, obesity, and systemic inflammation (Whelan et al., 

2024). 

Beyond gut-level effects, UPF consumption contributes to systemic low-grade 

inflammation, a central pathway linking poor diet quality to chronic disease (Tristan Asensi et 

al., 2023). High levels of added sugars, refined starches, sodium, and unhealthy fats in UPFs 

promote postprandial glycemic spikes, oxidative stress, and adiposity. All of these trigger 

inflammatory pathways (Tristan Asensi et al., 2023). Epidemiological evidence supports these 

mechanisms: higher UPF intake has been correlated with elevated biomarkers of inflammation 

such as C-reactive protein (CRP) and interleukin-6 (IL-6). In children and adolescents, this 
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chronic inflammatory state may accelerate the development of metabolic syndrome, 

cardiovascular risk factors, and impaired neurocognitive outcomes (Tristan Asensi et al., 2023).  

Collectively, the literature indicates that UPF consumption adversely affects metabolic, 

cardiovascular, immune, and possibly neurocognitive systems. However, many studies are cross-

sectional, limiting causal inference. Nevertheless, these findings show that UPFs contribute to 

poor health trajectories, particularly in vulnerable populations with high reliance on processed 

diets. 

2.4 Summary of the Current Literature 

To summarize the key findings of the literature reviewed in Section 2.3, this section presents a 

structured summary of existing evidence. It outlines the search strategy used to identify relevant 

studies, highlights what is currently known about UPF consumption and mainly identifies the 

specific research gaps that this dissertation aims to address. 

2.4.1 Search Strategy 

To identify relevant studies for this dissertation, a systematic search was conducted using 

PubMed. The first search string targeted U.S.-based studies involving children and UPFs: 

(child OR children OR "school age" OR adolescent) AND ("processed food*" OR "ultra-

processed food*" OR "ultraprocessed foods") AND ("united states" OR "united-states") 

The first search generated 232 studies. A second search was conducted to focus on food 

insecurity in relation to processed food consumption: 

(child OR children OR "school age" OR adolescent) AND ("food insecurity" OR "food security") 

AND ("processed food*" OR "ultra-processed food*" OR "ultraprocessed foods") 
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The second search generated 57 studies. After full-text review, 24 studies were 

considered relevant to the aims of this dissertation, 20 of which used NHANES datasets. Of 

these, only 7 included children aged 5 to 12, and only 2 studies explicitly examined food 

insecurity as an exposure variable (Fulay et al., 2025b; Leung et al., 2022). This highlights the 

need for further research directly addressing how food insecurity influences UPF consumption 

and diet quality among school-aged children. 

2.4.2 What Is Known 

Over the past two decades, a growing body of research has looked at the nutritional implications 

of UPF consumption, particularly among children. Numerous studies have demonstrated that 

UPFs contribute significantly to total energy intake as it accounts for over 65% of daily caloric 

intake among U.S. children and adolescents (Wang et al., 2021). This trend is particularly 

pronounced among children from low-income households and racially or ethnically marginalized 

communities. UPF consumption has been consistently associated with lower overall diet quality 

and adverse health outcomes, increased added sugar and sodium intake and increased risk of 

obesity and metabolic syndrome (Dos Santos et al., 2024; Khoury et al., 2024). 

Of the 27 studies reviewed in this thesis, 18 used data from NHANES. Seven studies 

specifically focused on children aged 5 to 12 years. In addition, seven studies examined 

sociodemographic variables such as income, education, ethnicity, and nativity in relation to UPF 

intake. These studies highlight disparities in dietary patterns and health outcomes. However, 

most of these analyses have focused on UPF intake as the main exposure variable while using 

sociodemographic factors as covariates or moderators. 

Despite the extent of research on UPFs and dietary quality, few studies have directly 

examined the relationship between food insecurity and UPF intake, especially in school-aged 
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children (5 -12 years). Out of the 24 studies identified through a structured PubMed search, only 

2 studies in the reviewed literature used NHANES and directly examined the relationship 

between food insecurity and UPF consumption, one among adolescents only (12–19 years) 

(Fulay et al., 2025b) and the other among adults (20 – 65 years old) (Leung et al., 2022). Another 

study looked at food insecurity and UPF but only among adults and using the longitudinal Health 

and Retirement Study data (HRS) (Aljahdali, 2025).  

Other studies explored sociodemographic factors including race/ethnicity, household 

income, and parental education, none explicitly focused on food-insecure children aged 5 to 12 

years, a critical developmental phase. Furthermore, very few studies focus on how food 

insecurity interacts with UPF intake to affect diet quality among children aged 5–12. There is 

also limited research exploring category-specific UPF consumption patterns and how they may 

vary by food security status. Only three studies looked at the modifying role of FNAP such as 

SNAP on the relationship between food insecurity and diet quality or UPF intake (Aljahdali, 

2025; Fulay et al., 2025b; Leung et al., 2022). In summary, most studies prioritized adult 

populations which reduces the generalizability of findings to U.S. school-aged children. 

2.4.3 Filling the Gap/ Purpose of this Study 

This dissertation addresses a critical gap in the literature by directly examining the relationship 

between household food insecurity and UPF consumption among U.S. children aged 5 to 12 

years old. Unlike previous studies that rely solely on demographic variables, this study includes a 

validated measure of food security and examines both overall and category-specific UPF intake 

using more than two decades of NHANES data. To date, this is the first study to include 

NHANES cycles from 2001 to 2023 and to investigate the interrelationship between food 

insecurity, UPF consumption, and FNAP participation in school-aged U.S. children. This 
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analysis also evaluated how these relationships vary by sociodemographic factors and assessed 

the effect of FNAP, particularly SNAP on UPF intake among children. This study uniquely 

focuses on children aged 5 to 12 years, a critical window for nutritional intervention. Moreover, 

it incorporates the role of FNAP participation as a potential moderator of UPF consumption 

among children living in food-insecure households. By addressing these overlooked 

intersections, and including over 20 years of data, this study provides a comprehensive and 

longitudinal view of these associations among U.S. children. 

Table 2-1 Summary of Literature Examining UPF Intake and Food Insecurity Among 

Children 

Author/Year / 

Research Topic 

Setting / 

participants 

age / N 

Study 

design/ 

Length of 

the Study 

Exposure   Outcome Main 

Significant 

Results 

Includes 

age 5 to 

12? 

Fulay et al., 2025/ 

UPF and Food 

Insecurity and 

SNAP 

USA / 

NHANES 

2007–2016 / 

Adults 12-

19 years / 

N=3,067 

Cross 

sectional / 

5 cycles 

Food insecurity 

and SNAP 

UPF %energy SNAP 

participation but 

not food security 

status was 

associated with 

higher UPF 

intake. 

no 

Leung et al.,2022/ 

Food insecurity, 

UPF and SNAP 

partcipation 

USA / 

NHANES 

2007–2016 / 

adults aged 

20 to 65 y / 

N=9,190  

Cross-

sectional / 

5 cycles 

Food insecurity 

and SNAP 

UPF consumption  Food insecurity 

and SNAP 

participation 

were both 

associated with 

higher levels of 

UPF 

consumption. 

no 

Wang et al., 2021 / 

Trend in UPF 

intake in US youth 

(1999–2018) 

USA / 

NHANES 

1999–2018 / 

Youth 2–19 

yrs / 

N=33,795 

Cross-

sectional/  

10 cycles 

Secular time trend  % energy from 

UPFs over time 

UPF intake 

increased from 

61.4% to 67.0% 

yes 

Baraldi et al., 2018 

/ 

Sociodemographic 

factors associated 

with UPF 

consumption 

USA / 

NHANES 

2007–2012 / 

Age 2+ 

years / 

N=23,847 

Cross-

sectional / 

3 cycles 

Sociodemographic 

characteristics 

UPF consumption 

levels 

Higher UPF 

intake in 

younger, low-

education, low-

income groups 

yes 

Liu et al., 2022 / 

UPF consumption 

and diet quality 

USA / 

NHANES 

2015–2018 / 

Children 2–

Cross-

sectional/ 2 

cycles 

% energy from 

UPF 

AHA and HEI diet 

quality scores 

Higher UPF 

intake 

significantly 

worsened diet 

quality 

yes 
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19 years / 

N=5280 

Eicher-Miller et 

al., 2015 / UPF 

nutrient 

contributions by 

race/ethnicity 

USA / 

NHANES 

2003–2008 / 

Children 2–

18 yrs / 

N=10,298 

Cross-

sectional/ 3 

cycles 

% energy from 

UPF 

Nutrient intake by 

race/ethnicity 

All children, 

regardless of race 

or ethnicity 

consumed 

processed 

foods.66–84% of 

daily nutrients 

came from UPF 

yes 

Martínez Steele et 

al., 2017 / UPF and 

overall nutritional 

quality in US diets 

USA / 

NHANES 

2009–2010 / 

Age ≥1 yr / 

N=9317 

Cross-

sectional/ 1 

cycle 

 % Energy from 

UPF 

 Diet quality 

(macro- and 

micronutrient 

density) 

Higher UPF → 

↓fiber, protein, 

vitamins, ↑sugar, 

saturated fat 

yes 

Martinez Steele et 

al., 2016 / 

Contribution of 

UPFs to added 

sugar intake 

USA / 

NHANES 

2009–2010 / 

Age 1+ 

years / 

N=9317 

Cross-

sectional/ 1 

cycle 

 % energy from 

UPF 

Contribution to 

added sugars 

intake 

89.7% of added 

sugars came from 

UPFs 

yes 

Martínez Steele et 

al., 2017 / UPF, 

protein leverage, 

and energy intake 

USA / 

NHANES 

2009–2010 / 

Age ≥2 

years / 

N=9042 

Cross-

sectional/ 1 

cycle 

UPF % of diet Protein % intake 

and total energy 

Higher UPF → 

lower protein %, 

higher energy 

intake 

yes 

Studies in US but not NHANES 

Bleiweiss-Sande et 

al., 2020 / UPF and 

diet quality in low-

income US 

children 

USA / Low-

income, 

children 6-

12 yrs / 

N=131 

Cross-

sectional 

 % Energy from 

highly processed 

foods 

HEI-2015 diet 

quality, BMI-z 

Higher UPF → 

↓HEI-2015 diet 

quality; no 

association with 

BMI-z 

yes 

Aljahdali, 2024/ 

Food 

insecurity,UPF 

consumption in the 

Health and 

Retirement Study 

USA / 

Health and 

Retirement 

Study/ 2013/  

adults over 

50 yrs/ N= 

6295 

Serial 

cross-

sectional / 

1 year 

Food insecurity UPF consumption Food insecurity 

was positively 

correlated with 

UPF 

consumption 

among adults in 

the US 

No 

Studies assessing Health Implications 

Neri et al., 2022 / 

UPFs and adiposity 

in US adolescents 

USA / 

NHANES 

2011–2016 / 

Adolescents 

12–19 years 

/ N=3587 

Cross-

sectional/ 3 

cycles 

UPF intake % Total, abdominal, 

visceral adiposity 

High UPF linked 

to 45%-63% 

higher odds of 

adiposity 

no 

Mendoza et al., 

2024 / UPF 

consumption and 

cardiovascular 

disease 

USA / NHS 

(30–55 yrs 

at baseline), 

NHS II (25–

42 yrs), 

HPFS (40–

75 yrs) / 

Prospective 

cohort and 

meta-

analysis / 

~30+ years 

Total UPF and 

group-specific 

UPF intake 

Incidence of CVD, 

CHD, and stroke 

Higher UPF → 

11–16% higher 

CVD/CHD risk; 

weaker 

association for 

stroke 

no 
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Adults / N ≈ 

206,957 

Zhang et al., 2022 / 

UPF intake and 

cardiovascular 

health in 

adolescents 

USA / 

NHANES 

2007–2018 / 

Adolescents 

12–19 years 

/ N=5565 

Cross-

sectional 

UPF %kcal Cardiovascular 

Health (CVH) 

metrics 

Higher UPF 

intake associated 

with worse CVH 

scores 

no 

Neri et al., 2024 / 

UPF dietary 

patterns and infant 

weight gain 

USA / 

NHANES 

2009–2018 / 

Infants 6–12 

months / 

N=744 

Cross-

sectional 

UPF-based dietary 

patterns 

Rapid weight gain, 

overweight/obesity 

risk 

UPF patterns 

associated with 

30% higher odds 

of rapid weight 

gain 

no 

Kong et al., 2022 / 

UPF and allergic 

symptoms in US 

children and adults 

USA / 

NHANES 

2005–2006 / 

Children 

16–19 yrs & 

Adults ≥20 

yrs / 

N=6992 

Cross-

sectional/1 

cycle 

% Energy from 

UPFs 

Allergic symptoms 

(IgE, asthma, 

eczema) 

In children: UPFs 

linked to ↓IgE 

and ↑current 

asthma; ↑eczema 

in girls; no 

association in 

adults 

no 

Wang et al., 2024 / 

UPF and muscle 

mass in young & 

middle-aged adults 

USA / 

NHANES 

2011–2018 / 

Adults 20–

59 years / 

N=7173 

Cross-

sectional 

with DXA/ 

4 cycles 

UPF %energy Muscle mass 

(MMI, AMMI) 

Higher UPF 

linked to lower 

muscle mass 

no 

Buckley et al., 

2019 / UPF and 

phthalate/bisphenol 

exposure 

USA / 

NHANES 

2013–2014 / 

Age ≥6 yrs / 

N=2212 

Cross-

sectional / 

biomarker 

study/1 

cycle 

UPF %energy 

intake 

Urinary phthalate 

and bisphenol 

concentrations 

Higher UPF → 

higher urinary 

phthalate markers 

yes 

Studies in Other Countries 

Fonseca et al., 

2024 / UPF 

consumption and 

associated factors 

in Brazilian 

children 

Brazil / 

Public 

schools / 7–

9 yrs / N not 

directly 

stated 

Cross-

sectional 

Daily UPF 

consumption 

Dietary behaviors 

and physical 

activity 

69.6% 

prevalence of 

daily UPF; 

Associated with 

unhealthy 

behaviors 

yes 

Khoury et al., 2024 

/ UPF and 

cardiometabolic 

risk in children 

Spain / 

CORALS 

Study / 

Preschool 

3–6 yrs / 

N=1426 

Cross-

sectional 

Energy-adjusted 

UPF consumption 

BMI, fat mass, 

glucose, HDL 

cholesterol 

Higher UPF → 

↑BMI, waist 

circumference, 

glucose; ↓HDL 

no 

Liu et al., 2023 / 

UPF and cognitive 

function among 

Chinese children 

China / 

Guangxi 

Zhuang 

Birth Cohort 

/ 4–7 yrs / 

N=325 

Cross-

sectional 

Frequent 

consumption of 

candy, bakery, 

fast-food 

Full-Scale IQ 

(FSIQ) and 

cognitive deficits 

Frequent 

candy/bakery 

intake → ↓FSIQ 

and verbal 

comprehension; 

↑risk of cognitive 

deficit 

yes 

dos Santos et al., 

2024 / UPF and 

cognitive 

performance in 

Brazil / 15–

18 yrs / 

N=116 

Cross-

sectional 

 % Energy from 

UPF 

Cognitive 

performance (non-

verbal IQ test) 

No significant 

association found 

between UPF and 

cognitive scores 

no 
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low-income 

Brazilian 

adolescents 

Fangupo et al., 

2021 / UPF and 

demographics in 

New Zealand 

children 

New 

Zealand / 

Cohort 

study / 12–

60 months / 

N=669 

Cohort 

study 

(Secondary 

analysis of 

RCT) 

 % Energy intake 

from UPF 

Demographic 

predictors of UPF 

consumption 

UPF ~45–51% of 

intake; higher if 

maternal obesity 

at 12 months 

no 

Monteiro et al., 

2010 / New food 

classification based 

on processing 

Brazil / 

Brazilian 

Household 

Budget 

Survey / 

N=48,470 

households / 

All ages 

Cross-

sectional 

food 

availability 

survey 

Food group 

classification 

(unprocessed vs 

processed vs UPF) 

Food purchase 

patterns 

UPF = 20% of 

calories overall, 

higher in higher 

income 

households 

no 

Shim et al., 2021 / 

UPF trends and 

SES factors in 

Korean adults 

Korea / 

KNHANES 

2010–2018 / 

one year or 

older / N= 

6682 

Cross-

sectional 

overtime 

(trend 

analysis)/ 4 

cycles 

% Energy from 

UPF 

Socioeconomic 

trends in UPF 

consumption 

UPF increased 

from 23.1% to 

26.1%; Higher in 

adolescents, 

urban residents, 

high education 

Serial 

cross-

sectional 
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3 Chapter 3: Methods 

3.1 Overview of Study Design 

The purpose of this chapter is to provide an overview of the study methods. It includes a 

description of the study design, data sources, National Health and Nutrition Examination Survey 

(NHANES) data collection and instruments, and the data analysis plan. This study is a secondary 

data analysis using data from NHANES. NHANES is a nationally representative, cross-sectional 

survey designed to assess the health and nutritional status of adults and children in the United 

States (CDC, 2024a). Administered by the Centers for Disease Control and Prevention 

(CDC's) National Center for Health Statistics (NCHS), NHANES uses a complex, multistage, 

probability sampling design to ensure national representation of the civilian, non-

institutionalized U.S. population across all 50 states and the District of Columbia.  

Data collection includes household interviews, physical examinations, dietary interviews, 

and laboratory tests (CDC, 2024a). NHANES is the only national survey that combines all these 

elements. NHANES also collects data about what participants eat, drink, and take as supplements 

to determine how many nutrients are in their diet. These dietary interviews and blood tests help 

in measuring the nutritional status of U.S. adults and children. This enables strong analyses of 

nutrition and health outcomes. Each year, approximately 5,000 participants are selected, with 

written informed consent obtained from adults and parental permission for children under 18 

years of age. The NHANES principal sample design consists of multi-year, stratified, clustered 

four-stage samples. Data are released in 2 -year- cycles and are available for public use as de-

identified data. All protocols are approved by the NCHS Research Ethics Review Board 

(National Center for Health Statistics, 2024). 
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For this analysis, we will conduct a cross-sectional study of NHANES participants aged 5 

to 12 years. We will combine ten continuous 2-year cycles from 2001 to 2023 into a combined 

analytic dataset to maximize sample size and statistical power. This dataset will provide more 

than two decades of nationally representative dietary and health information on U.S. children. 

Survey design variables and sample weights will be applied following NHANES analytic 

guidelines to produce nationally representative estimates (National Center for Health Statistics, 

2024). 

3.1.1 Data collection and Instruments (NHANES 2001-2023) 

NHANES collects extensive demographic and socioeconomic data through structured 

questionnaires, including household income (Poverty Income Ratio, PIR), parental education, 

race/ethnicity, age, and gender. Information on participation in federal nutrition assistance 

programs such as the Supplemental Nutrition Assistance Program (SNAP) and the Special 

Supplemental Nutrition Program for Women, Infants, and Children (WIC) is also available, 

In addition to demographic data, NHANES collects extensive dietary intake through 24-hour 

dietary recalls, administered using the Automated Multiple-Pass Method (AMPM) developed by 

the USDA. What We Eat In America (WWEIA) is the dietary survey in NHANES. It is 

completed as part of an ongoing joint project between U.S. Department of Health and Human 

Services (DHHS) and the U.S. Department of Agriculture (USDA). The final results are 

managed by the Food Surveys Research Group, which is part of the USDA. One of the two 24-

hour diet recalls per participant is conducted in the Mobile Examination Center (MEC), and the 

second is conducted on a non-consecutive day, at the time of the phone follow-up; in both cases, 

the Automated Multiple Pass Method (AMPM) is used to collect diet information. Except for the 

2021–2023 cycle, during which both Day 1 and Day 2 dietary recalls were conducted entirely by 
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telephone due to changes in field operations. The interviews are conducted by trained staff 

interviewers fluent in English and Spanish. Each participant is provided with measuring guides 

to help quantify food and provided with additional measuring guides for use at home for the 

follow-up interviews. Records from the AMPM system are imported into a food coding and 

management system developed by the USDA, Survey Net, which is aligned with the WWEIA 

database. In addition to demographic and dietary data, information on food security is collected 

via the U.S. Food Security Survey Module (US FSSM) questions, a validated instrument 

administered during the household interview to classify households or adults in the households 

into levels of food security. These data provide a critical context for understanding disparities in 

food access and dietary quality. In 2021-2023 cycle, only the adult Food security data was 

available as the child-specific items were dropped to reduce the participant burden. We checked 

the agreement between adult and household food security, and it showed a perfect concordance 

(cohen’s k =0.97). Therefore, the adult food security was used as a proxy to household food 

security to ensure comparability across cycles. 

For this study, we analyzed NHANES data from survey cycles 2001 to 2023. 

Demographic, food security, diet and behavior, and dietary data were used for children aged 5–

12 years who had at least one complete and reliable 24-hour dietary recall during this period. 

Prior to conducting this secondary data analysis, a research determination request was 

submitted to the Institutional Review Board (IRB) of Teachers College, Columbia University. 

The IRB reviewed determined that the proposed study did not constitute human subjects research 

as defined under 45 CFR 46.102, as it involved secondary analysis of publicly available, de-

identified NHANES data. Therefore, the study did not require IRB review or approval and was 

determined to be Not Human Subjects Research by the Teachers College Columbia University 
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Institutional Review Board (NHSR 26-024). Documentation of this determination is provided in 

Appendix A. 

3.1.2 Data Source, Response Rates, and Weighting Procedures 

3.1.2.1 NHANES Cycles and Design 

Data files from ten continuous NHANES cycles (2001-2002 to 2021-2023) were combined for 

this analysis. Sampling weights were adjusted appropriately according to NHANES analytic 

guidelines to account for the complex, multistage sampling design and the combination of 

multiple survey cycles (National Center for Health Statistics, 2024). Because field operations for 

NHANES 2019–2020 were suspended due to the COVID-19 pandemic, data collected during 

this partial cycle were combined with NHANES 2017–2018 to form a single nationally 

representative dataset (2017-March 2020 pre-pandemic) (CDC, 2024). In August 2021, 

NHANES field operations resumed. The most recent 2021-2023 cycle has been released and is 

nationally representative, which marks a return to the standard two-year reporting schedule 

(CDC, 2024). 

3.1.2.2 Rationale for Selected NHANES Cycles 

The 2001–2023 period was selected to ensure inclusion of all continuous NHANES cycles with 

complete and comparable dietary intake and food security data. NHANES introduced its 

continuous 2-year design beginning in 1999–2000, and starting in 2001–2002, the dietary data 

collection and food composition coding became standardized under the What We Eat in America 

(WWEIA) component, which supports consistent Nova-based classification of foods across 

cycles. The earlier cycles (prior to 1999–2000) used different dietary methodologies and are 

therefore not directly comparable. The endpoint of 2023 represents the most recent nationally 
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representative dietary data currently available, following the resumption of field operations after 

COVID-19–related disruptions. Additionally, both UPF classification variables and the Healthy 

HEI-2020 can be generated consistently beginning in 2001, therefore associations could be 

examined across more than two decades (2001–2023) while maintaining methodological 

consistency and comparability across survey cycles. 

3.1.2.3 Response Rates 

Survey response rates in NHANES declined significantly across the study period, with the 

largest reductions observed in the post-pandemic cycles. The unweighted examination response 

rate decreased from 80.0% in 2001–2002 to 58.7% in 2015–2016, 46.9% in 2017–March 2020, 

and 25.7% in the August 2021–August 2023 cycle. Similarly, interview response rates declined 

from 51.0% in 2017–March 2020 to 34.6% in 2021–2023 (CDC, 2024c). These declines reflect 

trends seen across many federal surveys particularly due to the disruptions related to the COVID-

19 pandemic. As a result, the 2019–2020 cycle was not completed and is not nationally 

representative on its own; therefore, partial 2019–March 2020 data were combined with the 

2017–2018 cycle to create the 2017–March 2020 pre-pandemic dataset (CDC, 2021). 

The significant decline in response rates increases the potential for nonresponse bias and 

complicates comparisons across cycles. To address this, NHANES incorporates survey weights 

that account for unequal probabilities of selection, differential nonresponse, and alignment of the 

weighted sample with known U.S. population distributions. In addition, for the 2021–2023 cycle, 

NCHS conducted a comprehensive nonresponse bias assessment, including evaluation of 

subgroup response patterns, comparisons with external data sources, and testing of alternative 

weighting adjustments. This assessment indicated that no major sources of bias were identified 

beyond those addressed through weighting adjustments (CDC, 2024b). Although declining 
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response rates raise concerns about generalizability, prior research and NCHS methodological 

evaluations suggest that NHANES estimates remain broadly representative of the U.S. 

population when appropriate survey weights are applied. This is due to the use of complex 

sampling design, oversampling of key subgroups, and post-stratification adjustments that align 

the sample with population benchmarks (CDC, 2021, 2024b). Nonetheless, changes in survey 

design, field operations, and variable availability in recent cycles were carefully considered when 

harmonizing analytic variables and interpreting findings across time (CDC, 2024c). For example, 

household food security was not available for 2021–2023; hence, adult-referenced food security 

was chosen as a proxy. Similarly, household size and parental education were not available for 

2017–2020; therefore, these variables were not included in the multivariable regression models. 

3.1.2.4 Dietary Recall Procedures 

Dietary data was derived from the What We Eat in America (WWEIA) component of NHANES. 

Each participant is eligible to complete up to two 24-hour dietary recalls: the first conducted in 

person at the Mobile Examination Center (MEC) and the second collected by telephone on a 

non-consecutive day. Except for the 2021–2023 cycle, during which both Day 1 and Day 2 

recalls were conducted entirely by telephone, the Automated Multiple Pass Method (AMPM) is 

used in all cases to collect diet information. Dietary recalls were documented in the Individual 

Foods Files (DR1IFF and DR2IFF) and summarized in the Total Nutrient Intake Files (DR1TOT 

and DR2TOT). Nutrient and food group information was supplemented using the USDA Food 

Patterns Equivalents Database (FPED), which provides standardized conversions of reported 

foods and beverages into dietary components consistent with the Dietary Guidelines for 

Americans (DGA). 
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For this study, only Day 1 dietary recall data were used. This decision was made to 

ensure consistency across survey cycles, maximize sample size, and align with the use of Day 1 

dietary weights, thereby producing nationally representative estimates. Although a single 24-

hour recall does not reflect the usual individual intake due to day-to-day variation, it provides 

unbiased estimates of mean population-level intake when appropriate survey weights are applied. 

3.1.2.5 Weighting of Dietary Data 

For dietary analyses, NHANES provides separate sampling weights for participants with one or 

two completed 24-hour recalls. Following analytic guidance from the National Cancer Institute 

(T. Chen et al., 2018), we used Day 1 dietary weights (WTDRD1) for all participants to produce 

estimates representative of the U.S. non-institutionalized population. These weights are 

recommended because they are available for the entire sample and ensure consistency across 

analyses (Herrick et al., 2018). 

For standard two-year cycles and the 2021–2023 cycle, the Day 1 dietary weight 

(WTDRD1) was used. For the 2017–March 2020 pre-pandemic cycle, the corresponding pre-

pandemic Day 1 dietary weight (WTDRD1PP) was used, as recommended by NHANES analytic 

guidelines. 

NHANES cycles from 2001–2023 were pooled; therefore, dietary sample weights were 

adjusted to account for differences in cycle length so that each cycle contributes proportionally to 

the full analytic period. The total number of years represented across all pooled cycles combined 

was 21.2 years (16 years for 2001–2016, 3.2 years for 2017–March 2020, and 2 years for 2021–

2023), thus the denominator of 21.2 reflects the total number of years represented across all 

pooled cycles. 
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For the standard 2-year cycles from 2001–2002 through 2015–2016, the Day 1 dietary 

weight (WTDRD1) for each participant was multiplied by 2/21.2. For the 2017–March 2020 pre-

pandemic file, which represents 3.2 years rather than the standard 2 years, WTDRD1 was 

multiplied by 3.2/21.2. For the 2021–2023 cycle, which represents 2 years, WTDRD1 was 

multiplied by 2/21.2. In practice, pooled Day 1 dietary weights were created by multiplying each 

participant’s original NHANES Day 1 dietary weight by the proportion corresponding to that 

cycle. The denominator of 21.2 reflects the total number of years represented across all pooled 

cycles combined (16 years for 2001–2016, 3.2 years for 2017–March 2020, and 2 years for 

2021–2023).  This approach allowed each cycle to contribute according to the length of time it 

represented and ensured that estimates remained nationally representative of the U.S. civilian, 

noninstitutionalized population across the full study period. 

2017–March 2020 pre-pandemic cycle 

As in prior NHANES cycles, survey weights were designed to account for unequal 

probabilities of selection, nonresponse, and coverage bias across multiple stages of data 

collection, including screening, interview, and examination. For the 2017–March 2020 pre-

pandemic file, NCHS applied an additional PSU-level adjustment factor because the 2019–2020 

cycle was interrupted by the COVID-19 pandemic and data collection was completed in only 18 

of 30 sampled primary sampling units. This adjustment was used to better balance representation 

across strata before standard interview and MEC weights were derived, which allowed the 

combined 2017–2018 and 2019–March 2020 file to support nationally representative estimates 

for the full 3.2-year pre-pandemic period (CDC, 2021). NCHS also emphasized that the partial 

2019–March 2020 data alone are not nationally representative and should not be analyzed 

separately from the combined 2017–March 2020 pre-pandemic file. 
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August 2021–August 2023 cycle 

For the August 2021–August 2023 cycle, NHANES resumed data collection using a 

modified sample design and revised field procedures introduced during the COVID-19 period. 

NCHS reported that weighting adjustments accounted for selection probability, nonresponse, and 

calibration of the weighted sample to known U.S. population distributions (CDC, 2024b). In 

addition, NCHS evaluated the performance of the released weights by examining their 

distribution, their effect on effective sample size, and their ability to reproduce demographic and 

health estimates from benchmark surveys such as the American Community Survey and the 

National Health Interview Survey. Alternative weighting approaches were also tested, but the 

released weights were retained because they did not improve representativeness and in some 

cases reduced precision (CDC, 2024b). These procedures supported the use of NHANES weights 

to produce nationally representative estimates, while highlighting the need for caution when 

interpreting results across cycles with different designs and response patterns. Accordingly, 

trends in UPF intake from 2001–2002 through August 2021–August 2023 in our results and 

discussion section were interpreted in the context of COVID-19–related disruptions to NHANES 

data collection and the absence of data during the early pandemic period. 

All analyses incorporated the complex survey design using primary sampling units 

(SDMVPSU), strata (SDMVSTRA), and the pooled dietary weights. Variance estimates were 

calculated using Taylor series linearization with single-unit strata centered (CDC, 2024c; T. 

Chen et al., 2018). 

3.1.2.6 Data Files and Core Variables 

Demographic data files (DEMO) provided core variables including age, gender, race/ethnicity, 

education, household income (Poverty Income Ratio), and survey design variables necessary for 
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variance estimation. Questionnaire data included the Household Food Security Survey Module 

(FSQ), which was used to derive adult food security status, and the Diet Behavior and Nutrition 

Questionnaire (DBQ), which provided information on participation in school-based nutrition 

programs, including the School Breakfast Program (SBP), National School Lunch Program 

(NSLP), and Summer Food Service Program (SFSP). 

Dietary intake data were obtained from Total Nutrient Intake Files (DR1TOT) and from 

What We Eat in America (WWEIA) dietary interview files, including the Individual Foods Files 

(DR1IFF). These files were used to derive HEI scores. 

Examination and laboratory data files were not used in this analysis, as the study focused 

on dietary intake and food insecurity. 

Since the primary outcomes were derived from dietary recall data, Day 1 dietary sample 

weights were used for all analyses, including models that incorporated demographic and food 

security variables. Applying dietary weights ensured that estimates remained nationally 

representative of the U.S. non-institutionalized population while appropriately accounting for the 

complex survey design. 

3.1.2.7 Data Management and Weighting 

Data cleaning, harmonization, and merging across survey cycles were conducted using Stata 

software in accordance with NHANES analytic guidelines. Participant records were linked 

across datasets using the respondent sequence number (SEQN). Variables were reviewed for 

consistency across cycles, and harmonized variables were created when necessary to ensure 

comparability in pooled analyses. 

All analyses accounted for the complex, multistage probability sampling design of 

NHANES by incorporating primary sampling units (SDMVPSU), strata (SDMVSTRA), and 
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appropriate dietary sample weights. Variance estimates were calculated using Taylor series 

linearization to produce unbiased standard errors. 

3.1.2.8 Handling of Missing Data 

NHANES data undergoes extensive quality control procedures, but some degree of missingness 

occurs due to item nonresponse, incomplete dietary recalls, or skipped questionnaire items. 

Children were excluded from the analyses if they had missing food security data, or missing 

dietary data and its corresponding UPF intake data. 

For covariates, age, sex, race/ethnicity, Poverty Income Ratio (PIR), SNAP participation, 

and survey cycle were included in regression models and were available across all pooled cycles. 

Parental education, marital status, and household size were included in descriptive analyses 

(Table 4-2) but were not included in regression models to preserve comparability across all 

NHANES cycles (2001–2023), as these variables were not available in certain survey waves 

(e.g., 2017–March 2020). HEI scores were not available for the 2021–2023 cycle due to the 

absence of corresponding FPED data. Therefore, HEI-related analyses were restricted to survey 

cycles for which HEI data were available. 

Multiple imputation was not performed because missingness was primarily structural 

(cycle-level variable availability) rather than due to random item nonresponse. Final analytic 

sample sizes were reported for all models. 

3.1.3 Study Population (Inclusion and Exclusion criteria) 

The analytic sample included school-aged children between 5 to 12 years old at the time of the 

survey. Children were included if they had available food security data and at least one complete, 

reliable dietary recall data with corresponding UPF intake data. 
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Children younger than 5 years and older than 12 years were excluded to maintain a focus 

on early to middle childhood, a developmental period when dietary patterns are being established 

and food insecurity may have a particularly strong influence on diet quality. 

Inclusion criteria: 

• Children aged 5–12 years at the time of the NHANES interview. 

• At least one complete and reliable 24-hour dietary recall with corresponding UPF intake 

data. 

• Availability of adult food security data from the USDA Food Security Survey Module. 

• Availability of key sociodemographic variables included in regression models: age, 

gender, race/ethnicity. 

Exclusion criteria: 

• Missing or incomplete 24-hour dietary recall data or missing corresponding UPF intake 

data. 

• Missing food security status 

• Unreliable dietary recall data based on NHANES quality control criteria (i.e., recalls not 

meeting minimum reliability standards as indicated by the dietary recall status variable 

[DRSTZ]). 

Previous studies that used NHANES data and included children between 5 and 12 years 

define exclusion criteria based on plausibility and do not exclude based on fixed kcal ranges 

(Jia et al., 2022; Jun et al., 2021). NHANES uses proxy respondents for dietary recalls 

depending on the child’s age: 

• For children aged 5 years, dietary recalls are completed by a parent or guardian. 

• For children aged 6 to 11 years, recalls are completed by the child with adult assistance. 
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• For adolescents aged 12 and older, the child is the primary respondent, with minimal 

adult assistance if necessary. However, NHANES does not capture the extent of caregiver 

involvement in these interviews, and it is not possible to determine whether older 

children completed recalls independently or with assistance. 

3.2 Variables and measures 

3.2.1 Exposures (Food Insecurity) 

The primary exposure of interest was food security status, assessed using the U.S. Food Security 

Survey Module (US FSSM) administered as part of the NHANES household interview (Bickel et 

al., 2016). The US FSSM is a validated instrument that measures food-related hardships 

experienced over the previous 12 months. 

Although the original analytic plan proposed using household food security status based 

on the full 18-item scale, household-level food security classification was not available in the 

2021–2023 NHANES cycle. To ensure consistency across all survey cycles (2001–2023), adult 

food security status (FSDAD) was used instead. Adult food security status was derived from the 

10 adult-referenced items of the USDA 18-item Household Food Security Survey Module 

(HFSSM). This is a validated instrument that classifies adult food security status based on the 

number of affirmative responses to a series of 10 questions assessing food-related hardships 

experienced by adults in the household over the past 12 months. It ranges from 0 to 10 

affirmative responses. Adult food security status is categorized according to USDA guidelines as 

follows: high food security (score 0), marginal food security (score 1–2), low food security 

(score 3–5), and very low food security (score 6–10). Following USDA guidelines, and prior 
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NHANES-based research (Fulay et al., 2025a),  households with low or very low food security 

were categorized into a single “food insecure” category. A three-level variable was created: 

1 = High food security (0 affirmative responses) 

2 = Marginal food security (1–2 affirmative responses) 

3 = Food insecurity (low or very low food security; ≥3 affirmative responses) 

This classification captures both the presence and severity of food-related hardship while 

preserving sufficient sample size for subgroup analyses. 

To evaluate comparability between adult and household food security classifications in 

survey cycles where both measures were available, concordance was assessed using Cohen’s 

kappa statistic. The agreement between the two classifications was 97.5%, and the kappa 

coefficient was 0.95 (p < 0.001), which indicates almost perfect agreement. These findings 

demonstrate that adult food security status closely approximated overall household food security 

classification. Therefore, adult food security was used as the primary exposure variable across all 

survey cycles. 

3.2.2 Effect Modifier variables (FNAP Participation) 

The Federal nutrition assistance programs (FNAP) participation included participation in any of 

the following programs: the Supplemental Nutrition Assistance Program (SNAP), the Special 

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

Lunch Program (NSLP), the School Breakfast Program (SBP), or the Summer Food Service 

Program (SFSP). 

SNAP Participation 

Information on SNAP participation was obtained from the NHANES Food Security 

Questionnaire (FSQ), which is administered as part of the household interview. SNAP 
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participation questions differed across cycles. In 2001–2002, the variable was based on whether 

the respondent was “authorized to receive Food Stamps” (FSD180). In 2003–2004 and 2005–

2006, the question referred to whether the respondent or any household member was “authorized 

to receive Food Stamps” (FSQ170)(CDC, 2007). In 2007–2008 through 2011–2012, the wording 

changed to whether the respondent or any household member “received Food Stamp benefits” 

(FSQ171). Beginning in 2013–2014 and continuing through 2021–2023, the question was 

updated to ask whether the respondent or any household member “received SNAP or Food 

Stamp benefits” (FSQ012). Across cycles, participants who responded “yes” were categorized as 

SNAP participants, and those who responded “no” were categorized as non-participants.  Since 

the wording shifted from authorization to receipt, this harmonized variable was not a perfectly 

identical measure over time. 

Missing values in SNAP 

SNAP participation was examined in Aim 2 as a potential effect modifier. This variable included 

missing responses, thus interaction models assessing SNAP participation specifically (Aim 2, 

RQ 2b) were restricted to participants with non-missing SNAP data. Consequently, the models 

assessing SNAP as an effect modifier had a reduced analytic sample (N = 8,031) compared with 

the full analytic sample (N = 13,850). 

The missingness in SNAP-related variables was partly attributable to known data 

collection limitations documented by NHANES. For example, in 2001–2002, errors occurred in 

the collection of details related to food stamp receipt, and follow-up information was unavailable 

for some individuals (CDC, 2006). In 2003–2004, a computer programming error resulted in 

missing responses to questions regarding length of receipt and current receipt of food stamps for 

some household members. NHANES further noted that some food stamp measures may have 
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been affected by respondent misunderstanding of the term “authorized,” which may have 

reduced the reliability of certain indicators in early cycles (CDC, 2007). Considering the above, 

SNAP was not included as a covariate in the primary analyses (model 1). Rather, it was included 

as part of FNAP participation and then examined separately in RQ 2 b to assess whether 

participation in SNAP modified the association between food insecurity and UPF intake. SNAP 

was assessed separately in RQ 2b due to its distinct eligibility criteria, benefit structure, and 

relevance to household-level food purchasing power. 

WIC Participation 

Information on WIC participation was obtained from the NHANES Food Security Questionnaire 

(FSQ), which is administered as part of the household interview. WIC participation was assessed 

using the question: “In the last 12 months, did {you/you or any member of your household} 

receive benefits from the WIC program?” (FSQ 162 and FSD 160). Participants responding 

“yes” were categorized as WIC participants. 

NSLP, SBP, and SFSP participation 

Participation in school-based nutrition programs (NSLP, SBP, and SFSP) was obtained from the 

NHANES Diet Behavior and Nutrition Questionnaire (DBQ), which collects information on 

school meal participation. The participation in these programs was assessed using the following 

questions: “(Do you/Does SP) get these lunches free, at a reduced price, or (do you/does he/she) 

pay full price?” (DBQ390); “(Do you/Does SP) get these breakfasts free, at a reduced price, or 

(do you/does he/she) pay full price?” (DBQ421); and “(Do you/Does SP) get a free or reduced-

price meal at any summer program (he/she) attends? (DBQ424). 

Children were considered participants in NSLP, SBP, or SFSP if they reported receiving 

free or reduced-price meals through the respective program. 
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FNAP participation 

A combined FNAP variable was created and categorized as: 

• 0 = No participation in any federal nutrition assistance program 

• 1 = Participation in at least one FNAP program 

Finally, variable names and coding structures were not always consistent across 

NHANES cycles. Therefore, all FNAP-related variables were carefully reviewed for 

comparability prior to merging datasets. Consistent variables were created after confirming that 

question wording and response options were the same across cycles. This approach ensured 

consistency in variable definitions for pooled analyses spanning 2001–2023. Missing responses 

were excluded from regression analyses and were also coded as missing in the descriptive 

analysis in Table 4-2. 

3.2.3 Outcome (UPF consumption) 

The primary outcome is UPF consumption. The UPF intake was quantified using 24-hour dietary 

recall data. Foods and beverages were classified according to the Nova classification system, 

which categorizes foods based on the extent and purpose of processing. Nova is a classification 

system that assigns foods and beverages to one of four groups according to level of physical, 

biologic, and chemical processing (Monteiro et al., 2010). Group 1 foods are natural (e.g. fish) or 

minimally processed by drying, pasteurizing, roasting, boiling, grinding, refrigerating, or 

freezing to enable longer storage (e.g. frozen fruit); Group 2 foods are natural (e.g. salt) or 

processed culinary ingredients (e.g. oils and sugars); Group 3 foods are processed foods made by 

adding Group 2 culinary ingredients to Group 1 foods using canning, bottling, or fermentation to 

increase the durability and gustatory enjoyment of Group 1 foods and prevent proliferation of 

microorganisms (e.g., canned beans); and Group 4 foods are UPF that have gone through 
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multiple processing steps combining extracted elements from food, such as oils and starches, 

with formulations of industrial-level emulsifiers, colors, and additives to enhance taste, color, 

and texture (e.g. almond milk, granola bars). UPF or Group 4 foods will be calculated from 

NHANES nutrition data collected via 24-hour dietary recall as the percentage of total daily 

energy intake (%) derived from UPFs and percentage of grams from UPFs. 

Nova food-processing classification was introduced 15 years ago (Tompa et al., 2025). 

The validity of the Nova food classification system has been widely debated since its 

introduction. Evidence from a recent scoping review by Tompa et al. (2025) indicates that Nova 

demonstrates strong validity when applied to diet quality and health outcomes. The majority of 

studies assessing its association with other healthfulness indicators reported synergistic 

relationships. For instance, Nova classifications consistently aligned with established dietary 

quality measures such as the HEI, Mediterranean Diet scores, and nutrient-rich food indices. 

Moreover, higher consumption of UPFs; Nova Group 4 has been strongly linked to poorer diet 

quality, as well as elevated risks of morbidity and mortality from noncommunicable diseases. 

These findings highlight Nova’s effectiveness as a valid indicator of diet-related health risks. 

Criticism of the system also centers on methodological challenges that may compromise 

its validity (Astrup & Monteiro, 2022a; Tompa et al., 2025). The classification scheme is 

sometimes imprecise and prone to misclassification, particularly for mixed dishes, homemade 

meals, or foods with incomplete labeling information. Moreover, Nova does not consider the 

quantity and quality of ingredients or nutrient composition, which limits its ability to 

discriminate between “healthy” and “unhealthy” foods within the same processing category. 

Some scholars also argue that the system lacks a clear biological rationale for why the degree of 
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processing alone should predict health outcomes, suggesting the need for refinement and 

integration with nutrient profiling methods. 

Despite these criticisms, reviews of epidemiological data from many countries have 

found a positive correlation with percentage of the diet from Nova Group 4 and risk factors for 

metabolic diseases such as CVD, obesity, and metabolic syndrome (Livingston et al., 2021; 

Mendoza et al., 2024b; Petridi et al., 2024; Zhang et al., 2022). 

Nova datasets were requested from Dr. Martínez-Steele through a form “Application 

For Use of The Nova System Coded Databases in US NHANES” that was filled, sent and 

approved (Appendix B.). Dr. Martínez-Steele shared Nova datasets corresponding to each 

NHANES cycle. UPF intake was determined using data from NHANES 24-hour dietary recall 

interviews. The files listed below represent the most recent versions available and were last 

updated in January 2025.: 

nh0102.nova.v20250131; nh0304.day1.nova.v20250131;nh0506.day1.nova.v20250131; 

nh0708.day1.nova.v20250131; nh0910.day1.nova.v20250131; 

nh1112.day1.nova.v20250131;nh1314.day1.nova.v20250131; nh1516.day1.nova.v20250131; 

nh1718.day1.nova.v20250131;nh1720.day1.nova.v20250131; nh2123.day1.nova.v20250131; 

nh1718.day1.content. 

Dr. Martínez-Steele’s research group applied the Nova food classification system to all 

dietary interview files across NHANES cycles to assign a level of food processing to each 

reported food and beverage item. For each participant and each survey cycle, the level of 

processing was determined based on both energy (kilocalories) and mass (grams). For each 

dietary recall day, four UPF variables were available: 

1. Absolute energy from UPFs (kcal) 
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2. Percent of total energy intake from UPFs (% kcal) 

3. Absolute grams of UPFs 

4. Percent of total grams from UPFs (% grams) 

Dietary intake in NHANES is collected on two non-consecutive days; therefore, these 

variables were available for each recall day. Analyses in this study were based on Day 1 dietary 

recall data, consistent with the use of Day 1 dietary weights and to maximize sample size across 

survey cycles. 

For this dissertation, UPF intake was examined using two complementary relative measures: 

• Percent of total energy intake from UPFs (% kcal from UPFs), consistent with prior 

NHANES-based Nova studies 

• Percent of total gram intake from UPFs (% grams from UPFs) 

Examining both outcomes allowed assessment of whether food security status and 

participation in FNAP were associated with a higher relative contribution of UPFs to total dietary 

energy, as well as a greater proportional intake of UPFs by weight. Using both measures may 

capture different aspects of UPFs consumption. 

3.2.3.1 Classification of UPFs (Nova Group 4) Using NHANES Dietary Data 

The shared datasets classified foods and beverages reported in NHANES dietary recalls into the 

four Nova groups, following a systematic and cycle-specific approach based on publicly 

available ingredient and food description data (Steele et al., 2023). For each NHANES food 

code, they first reviewed the “Main Food Description” and its corresponding ingredient list, 

drawing from the cycle-specific USDA Food and Nutrient Database for Dietary Studies 

(FNDDS) and the USDA Standard Reference (SR) database. When foods represented hand-made 

or composite recipes, classification was applied at the ingredient level for greater precision. 
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Ingredients for branded food products were verified using the USDA Branded Food Products 

Database or the Fooducate platform, which provides supplemental ingredient details (Wang et 

al., 2021). 

Mixed dishes and foods with ambiguous preparation methods (e.g., bakery items, 

sandwiches, pizza, pasta, burgers) were directly classified UPFs if they were labeled as branded, 

pre-prepared, or ready-to-eat/heat/drink, or if the ingredients included substances not typically 

used in culinary preparation. Examples of such ingredients include modified starches, 

hydrogenated oils, protein isolates, flavorings, emulsifiers, non-sugar sweeteners, and other food 

additives. In the absence of clear indications of ultra-processing, classification was deferred to 

the item’s individual ingredients (via SR codes) to ensure a more accurate grouping. For 

example, in the food code “Pork and rice with tomato-based sauce,” individual ingredients such 

as pork and rice were classified as unprocessed/minimally processed, while canned tomato sauce 

and salt were classified as processed or culinary ingredients. 

Additional NHANES variables were considered to refine the classification, in which they 

reviewed “Combination food type” and “Source of food” variables. Foods consumed as frozen 

meals, Lunchables, or acquired from vending machines or fast-food outlets were reclassified as 

UPFs if not already categorized as such. When classification remained uncertain due to lack of 

detail (e.g., generic codes like “Yogurt, NFS”), they opted for the lower level of processing, 

minimizing the risk of overestimation. Homemade recipes with unknown details were classified 

based on the most likely set of main ingredients, which may result in a modest underestimation 

of UPF or culinary ingredient intake. 

It is important to note that foods within the same general category can fall into different 

Nova groups. For instance, plain rolled oats are minimally processed, while flavored breakfast 
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cereals with additives and flavorings are classified as ultra-processed. Similarly, bread was 

classified based on the production method: homemade or artisanal bread was treated as 

processed, while industrial bread (with food additives) was classified as ultra-processed. Among 

industrial breads with known ingredients in NHANES, 97.7% were classified as ultra-processed 

(Wang et al., 2021). Yogurt is another good example; plain yogurt is minimally processed, 

whereas sweetened, flavored, or additive-containing yogurts fall into the ultra-processed 

category (Levine & Ubbink, 2023). 

The same Nova classification protocol was applied consistently across NHANES cycles. 

Each cycle used the corresponding version of FNDDS, which is updated every two years to 

reflect marketplace changes and newly reported food items. Updates may include the addition of 

new food codes, changes in portion sizes, or refinements in ingredient details (e.g., crust type in 

pizza or frozen vs. fresh). These periodic updates enhance classification accuracy and align food 

coding with consumer trends, although they are unlikely to introduce substantial bias in trend 

estimates. 

By using cycle-specific FNDDS files and a consistent Nova-based coding algorithm, they 

ensured that food and beverage classification remained precise, reproducible, and reflective of 

both underlying ingredients and contextual variables across all included NHANES cycles. 

3.2.3.2 UPF Subcategories 

In addition to the analysis of overall UPF intake as a main outcome, consumption within specific 

UPF categories was assessed as a secondary outcome to address research question 1c.  

Foods classified within Nova Group 4 were categorized into 10 subgroups consistent with 

prior NHANES-based studies (Martínez Steele et al., 2017; Wang et al., 2021). Each subgroup 
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was examined to identify specific consumption patterns and their contribution to overall UPF 

intake. 

Emerging evidence suggests that some UPF subcategories may differ in their associations 

with health outcomes (Vadiveloo & Gardner, 2023). Prior NHANES analyses have shown that 

added sugars and poor nutrient profiles are concentrated in certain UPF subgroups particularly 

sweetened beverages, desserts, and snacks (Martínez Steele et al., 2016, 2017) whereas other 

categories, such as fortified cereals or yogurt, may contribute beneficial nutrients. Recent 

evidence further supports this heterogeneity, Mendoza et al. (2024) found that some UPFs, 

including yogurt, certain breads, and fortified cereals, were positively associated with overall 

diet quality, whereas others remained strongly linked to lower HEI scores. Recognizing these 

differences, subgroup analyses in this analysis allowed the exploration of whether household 

food insecurity is differentially associated with the consumption of nutritionally diverse UPF 

categories. Therefore, examining subcategories allowed a better understanding of how food 

insecurity relates not only to total UPF intake but also to specific types of UPFs that vary in 

nutritional composition and health implications. This categorization also aligns with WWEIA 

coding structures, which facilitate consistent mapping of NHANES foods into analytically 

meaningful UPF groups. The UPF subgroups were selected based on a study conducted by Wang 

et al. (2021) and published in Jama (Wang et al., 2021). The sub-groups are presented in the 

table below: 

Table 3-1  Subcategories of UPFs Selected for This Study (Adapted from Wang et al., 2021) 

Subgroups of Ultra processed Foods Types of Food in this Subgroup 

Industrial grain foods Breads, rolls, and tortillas 

Breakfast cereals 

Biscuits, muffins, and quick breads 

Pancakes, waffles, and French toast 

Frozen, Ready-to-heat and -eat mixed dishes Pizza 
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Sandwiches or hamburgers 

Frozen and shelf-stable meals 

Sweet snacks and sweets Sweet bakery products 

Desserts and other sugary products 

Savory snacks Crackers 

Popcorn 

Chips (potato/vegetable/corn/tortilla/other)  

Fast-food or reconstituted meat, poultry, or fish Fast food meat patties/fried chicken/fish sticks Patties, 

or fillets 

Chicken nugget 

Sausages, ham, lunch meats 

Meat spreads 

Beef/port/other meat jerky 

Sugar-sweetened beverages Sugar-sweetened and diet soft drinks 

Fruit and other sweetened drinks 

Condiments, soup, and sauces  Instant and canned soups 

Salad dressings, tomato based/soy-based/other 

condiments 

Dips, gravies, and other sauces 

Flavored dairy foods and dairy substitutes Flavored milk 

Frozen yogurt  

Ice cream, ice pops  

Sugary Dairy drinks 

Fast-food or prepared potato products Fast food /pre-prepared /frozen French fries, hash 

browns, potato puffs, stuffed potatoes 

Other ultraprocessed foods Including soy products such as meatless patties and fish 

sticks; sweeteners, and all syrups (excluding 100% 

maple syrup); distilled alcoholic drinks, and instant 

baby formula.  

 

3.2.4 Covariates 

3.2.4.1 Demographics and Socio-Economic Variables 

Covariates were selected based on their known associations with food insecurity and UPF 

consumption in prior literature. Variable names were not always consistent across NHANES 

cycles; hence, variables were carefully reviewed for comparability before merging the data. 

Consistent variables were created after confirming that question wording and response options 

were the same across cycles. This approach ensured consistency in variable definitions for 

pooled analyses spanning 2001–2023. 
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The below variables were included as potential confounders in multivariable regression 

models. 

Covariates included in regression models were: 

• Age (continuous, in years; RIDAGEYR) 

• Gender (male, female; RIAGENDR) 

• Race/ethnicity (Non-Hispanic White, Non-Hispanic Black, Hispanic, Other; 

RIDRETH1) 

• Ratio of family income to poverty (PIR) (continuous; INDFMPIR) 

Age and PIR were modeled as continuous variables. The functional form of PIR was evaluated 

using LOWESS plots and a quadratic term; no strong evidence of non-linearity was observed, 

and PIR was retained as a linear term. Similarly to age, plots suggested an approximately linear 

association between age (5–12 years) and UPF intake; therefore, age was modeled linearly in 

final analyses. 

Race/ethnicity categories were constructed by combining Mexican American and Other 

Hispanic into a single Hispanic category. The “Other” category included multi-racial participants 

and other racial/ethnic groups. 

The covariates below were only used in the descriptive analysis: 

• Household education level (DMDEDUC3), categorized as: 

1. Less than high school 

2. High school diploma or GED 

3. Some college or higher 

• Household size (continuous, DMDHHSIZ) 

• Household marital status (married or partnered, non-married; DMDMARTL) 
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All demographic variables were obtained from the NHANES Demographic Questionnaire 

dataset. Data from demographic files were combined across survey cycles prior to merging with 

dietary and food security datasets. The respondent sequence number (SEQN) was used to link 

participant records across datasets. Household marital status (DMDMARTL), household 

Education (DMDEDUC3) and household size (DMDHHSIZ) were included in descriptive 

analyses to characterize the study sample but were not included as covariates in regression 

models to preserve comparability across all pooled NHANES cycles (2001–2023), as they were 

not available in all survey cycles. Therefore, socioeconomic status was captured using the PIR, 

which is strongly correlated with educational attainment and is widely used as an indicator of 

household socioeconomic status in health research (Braveman et al., 2005).  

The variable masked variance pseudo-stratum (SDMSTRA) was used to estimate variance in 

the model. Other variables were used for the survey command in Stata to account for the 

NHANES complex, multistage probability sampling design. Variance estimation incorporated 

the masked variance pseudo–primary sampling units (SDMVPSU) and masked variance pseudo-

strata (SDMVSTRA) variables provided in the demographic dataset. 

For dietary analyses, Day 1 dietary sample weight from dietary data was used. The 2-year 

dietary weight (WTDRD1) was applied for standard cycles, and the pre-pandemic dietary weight 

(WTDRD1PP) was used for the 2017–March 2020 cycle. As survey cycles from 2001 to 2023 

were pooled, weights were recalculated according to NHANES analytic guidelines to create 

time-scaled pooled dietary weights. Survey-weighted analyses were conducted using the 

following Stata command: 

svyset sdmvpsu [pweight=w_d1_pooled], strata(sdmvstra) vce(linearized) singleunit(centered) 
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3.2.4.2 Diet Quality 

Diet quality in children between 5 to 12 years old is commonly measured using the Healthy 

Eating Index (HEI) and the Youth Healthy Eating Index (YHEI). The YHEI, adapted from the 

adult HEI, evaluates the overall quality of a child’s diet based on adherence to dietary guidelines. 

This study will assess diet quality for children aged 5–12 years using the Healthy Eating Index 

(HEI), which measures adherence to the Dietary Guidelines for Americans (DGA). The HEI is 

validated for use across all age groups beginning at age two and is widely applied in nationally 

representative datasets such as NHANES, making it the most appropriate tool for this study 

population (USDA FNS, 2025a). Although the Youth Healthy Eating Index (YHEI) was 

designed to capture dietary behaviors specific to older children and adolescents (e.g., snacking 

and fast-food intake), it has not been validated for younger children (Giampieri et al., 2024; 

Hurley et al., 2009). Because the target population includes both younger children and early 

adolescents, the HEI provides a more reliable and consistent measure of diet quality across the 

full age range. 

The original HEI, released in 1995, consists of 10 components, each with scores ranging 

from 0 to 10. Higher component scores represent higher diet quality. The first 5 components 

measure adherence to the recommended daily intake for the 5 major food groups: grains, 

vegetables, fruits, milk, and meat. The remaining 5 components measure total fat consumption, 

saturated fat intake as a percentage of total food energy intake, total cholesterol intake, total 

sodium intake, and dietary variety. Higher scores reflect greater alignment with recommended 

eating patterns. A 2005 revision (HEI-2005) reflects the 2005 Dietary Guidelines represented in 

MyPyramid (Hurley et al., 2009). A perfect score is 100.  HEI has been revised and updated in 

2010, 2015 and 2020. The HEI-2020 is a measure of diet quality with 13 components used to 
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assess how well a set of foods aligns with the key recommendations of the 2020–2025 DGA. The 

HEI uses a scoring system to evaluate a set of foods. The scores range from 0 to 100. An ideal 

overall HEI score of 100 reflects that the set of foods aligns with key dietary recommendations 

and dietary patterns published in the Dietary Guidelines. The HEI-2020 is the latest iteration of 

the index and can be used to assess alignment with the 2020-2025 DGA. The components and 

standards of HEI-2015 and HEI-2020 are similar as the USDA Dietary remained virtually the 

same in the 2015-2020 and 2020-2025 DGA (USDA FNS, 2025a). Although no changes were 

made, the index was renamed to clarify that it aligned with most current guidance (i.e., the HEI-

2020 for the 2020-2025 DGA) (USDA FNS, 2025a). The total score is the sum of the score of 9 

adequacy components (i.e. foods to eat more of for good health) including total fruits, whole 

fruits, total vegetables, greens and beans, whole grains, dairy, total protein foods, seafood and 

plant proteins, fatty acids and 4 moderation components (i.e. foods to limit for good health) 

including  refined grains, sodium, added sugars, fatty acids). Intakes equal to or better than the 

standards set for each component are assigned a maximum score. Maximum HEI-2020 

component scores range from 5 to 10 points. Scores for intakes between the minimum and 

maximum standards are scored proportionately. Scores for each component are summed up to 

create a total maximum HEI-2020 score of 100 points. For the adequacy components, higher 

scores reflect higher intakes. For the moderation components, higher scores reflect lower intakes 

because lower intakes are more desirable. A higher total score indicates a diet that aligns better 

with the Dietary Guidelines. 

In summary, The HEI-2020 can be used to see how well the diets of the population in the 

United States align with the dietary patterns and the key recommendations published in the DGA 

2020-2025. Although researchers are advised to assess diet based on the version of which aligns 
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with the DGA in effect during the period when the data are collected (Reedy et al., 2018), HEI-

2020 was applied uniformly across all survey years (2001–2023) to ensure comparability over 

time and to align the analysis with the most recent dietary guidance. We acknowledge that HEI-

2020 is not the guideline in place during earlier cycles and it does not fully reflect the specific 

DGA that were in place during earlier years (e.g., 2005, 2010, 2015). However, this approach 

promotes consistency across cycles and aligns with current dietary guidance. 

Reedy et al. (2018) published a paper on the validation of HEI. This instrument was 

originally designed to assess how well individual diets adhere to the recommendations provided 

by the DGA and to provide a measure of diet quality (Reedy et al., 2018). The evaluation of the 

HEI-2020 demonstrated strong evidence of both validity and reliability as a measure of diet 

quality aligned with the 2020 - 2025 DGA. Validity was supported by analyses showing that 

exemplary menus received very high scores, while low-scoring dietary recalls reflected poor 

nutritional quality(Lerman et al., 2023). NHANES data revealed a wide distribution of scores 

across the population, which captures meaningful variation in diet quality, and low correlations 

with energy intake confirmed that the HEI-2020 assesses quality independently of quantity. 

Reliability testing demonstrated that intercorrelations among components were generally low to 

moderate, which reflects distinct dietary dimensions, and Cronbach’s alpha was within the 

expected moderate range for a multidimensional measure (Lerman et al., 2023). These findings 

confirm that the HEI-2020 is both a valid and reliable tool for evaluating adherence to dietary 

guidelines in population research. All values in the HEI are energy-adjusted to account for 

nutrient density, which represents an advantage over other approaches that may not normalize for 

caloric intake. 
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HEI scores were calculated using dietary intake data from What We Eat in America 

(WWEIA), which is the dietary interview component of NHANES. In WWEIA, participants 

report the types and quantities of foods and beverages consumed during a 24-hour period. These 

nationally representative dietary intake data are used to estimate HEI scores for the U.S. 

population (USDA FNS, 2025a). To compute HEI scores, nutrient intake data were obtained 

from the NHANES dietary total nutrient intake files (DR1TOT and DR2TOT), which provide 

total energy and nutrient values for each 24-hour recall day. Food group equivalents required for 

HEI component scoring were obtained from the Food Patterns Equivalents Database (FPED), 

which is developed by the USDA and linked to WWEIA dietary data. FPED translates reported 

foods and beverages into standardized food pattern components used for HEI scoring. 

HEI scores were calculated using the scoring algorithm provided by the National Cancer 

Institute (NCI). The NCI provides HEI scoring algorithms for both per-day and per-person 

estimation. Because older NHANES cycles (e.g., 2001–2002) included only one 24-hour dietary 

recall, and to maintain consistency with the use of Day 1 dietary weights in this study, the HEI 

per-day scoring algorithm was used. This approach calculates HEI scores separately for each 

dietary recall day. 

The NCI SAS-based scoring algorithm was adapted and implemented in Stata. The 

algorithm was run separately for each NHANES cycle (Appendix C). The adapted Stata code 

followed NCI scoring specifications to ensure consistency in the calculation of components and 

total HEI scores (Appendix D).  

HEI scores were generated for cycles in which FPED data were available. However, 

FPED data were not yet available for the 2021–2023 NHANES cycle at the time of analysis. 

Therefore, HEI score was not available for the most recent cycle 2021-2023. 
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3.2.5 Rationale for Covariate Selection  

Covariates included in the multivariable models were selected a priori based on prior literature 

and their potential role as confounders in the relationship between food insecurity and UPF 

intake. 

Table 3-2 Covariates Included in Multivariable Models and Justification 

Covariate included  Model Reason 

Age 1 and 2 Strongly associated with dietary intake and UPF 

consumption patterns across childhood; consistently 

adjusted for in prior studies (Fulay et al., 2025; Leung 

et al., 2022; Wang et al., 2021; Baraldi et al., 2018). 

Race/ethnicity 1 and 2 Reflects structural and socioeconomic differences 

which influence food access, dietary behaviors, and 

food insecurity; widely included in UPF and food 

insecurity literature (Leung et al., 2022; Martínez 

Steele et al., 2017; Zhang et al., 2022). 

Gender  1 and 2 Associated with differences in dietary intake and 

health behaviors; routinely adjusted for in prior 

analyses of UPF intake (Fulay et al., 2025; Liu et al., 

2022; Eicher-Miller et al., 2015). 

Household income-to-poverty 

ratio (PIR) 

1 and 2 Key indicator of socioeconomic status and closely 

related to food insecurity and dietary quality; 

consistently used in prior NHANES-based studies 

(Leung et al., 2022; Martínez Steele et al., 2016; 

Zhang et al., 2022). 

Survey Cycle 2 Accounts for temporal trends and changes in dietary 

patterns over time; commonly included in trend 

analyses of UPF intake (Wang et al., 2021; Leung et 

al., 2022). 

 

Age, gender, and race/ethnicity were included because they are associated with both 

dietary behaviors and the distribution of food insecurity in the U.S. population. Household 

income-to-poverty ratio (PIR) was included as a key indicator of socioeconomic status, which is 

strongly related to both food insecurity and diet quality. Survey cycle was included to account 

for temporal changes in dietary patterns, food environments, and policy contexts over time. The 

adjustment for these variables allowed to estimate the independent association between food 

insecurity and UPF intake while minimizing confounding. Survey cycle was treated as a 
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categorical variable in this analysis to account for temporal variation in dietary intake and 

differences in survey design across NHANES cycles. This approach was chosen to allow for 

non-linear changes over time, particularly given disruptions to data collection during the 

COVID-19 pandemic. 

While other papers using NHANES data (REFS) have used SNAP participation as a 

covariate (Aljahdali, 2025; Stamou & Flórez, 2025), it was not included as a covariate in our 

analyses because of significant missing data across survey cycles and because it may function as 

an intermediate variable rather than a confounder in the association between food insecurity and 

UPF intake. Including SNAP as a standard adjustment variable could therefore introduce 

overadjustment bias and substantially reduce the analytic sample. Accordingly, SNAP 

participation was examined separately as an effect modifier in Aim 2. 

3.3 Data analysis plan 

3.3.1 Methodological Considerations for Pooling NHANES Data from 2001 to 2023 

The NHANES data collection process was significantly impacted by the COVID-19 

pandemic, which required special analytic considerations as we merged multiple NHANES 

cycles pre and post the pandemic. Field operations for NHANES 2019-2020 were suspended in 

March 2020, resulting in an incomplete data cycle. To address this, the National Center for 

Health Statistics (NCHS) combined data from 2017–2018 with partial data from 2019–2020 to 

form a special “2017–March 2020 prepandemic dataset” representing a 3.2-year cycle (CDC, 

2024).  NHANES field operations resumed in August 2021, and the 2021- 2023 cycle has since 

been released as a nationally representative dataset. However, this cycle introduced several 

design differences. Unlike previous cycles, 2021–2023 did not include race/ethnicity or income-
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based oversampling, leading to smaller sample sizes for some subgroups (non-Hispanic Black, 

low-income children), wider standard errors, and greater uncertainty in subgroup estimates. 

Additionally, both Day 1 and Day 2 dietary recalls were conducted entirely by telephone. 

Because the 2019–2020 data were not released as a standalone cycle, and due to 

methodological disruptions, the 2017–March 2020 prepandemic file was used for pooled 

analysis, not 2019–2020 alone. Additionally, there is a gap in data collection from April 2020 to 

July 2021.  

To ensure methodological accuracy, we directly contacted the NHANES Research 

Data Center Analysts (RDCA), who confirmed that the 2017–March 2020 prepandemic file is 

the cycle that should be used in pooled analyses rather than 2019–2020 data alone. They also 

confirmed that the 2021–2023 cycle is compatible with earlier cycles for trend and cross-

sectional analyses, but only with appropriate weighting adjustments. These weighting 

adjustments were made based on the analytic guidelines shared by the RDCA and pooled 

weights were recalculated by multiplying each cycle’s weight by the proportion of years 

represented by that cycle relative to the total analytic period (years_in_cycle ÷ total_years). This 

ensured appropriate proportional contribution of each cycle while maintaining national 

representativeness.  

3.3.2 Statistical method for each aim 

Prior to analysis, datasets from each NHANES cycle were cleaned and harmonized. Variables of 

interest were labeled and standardized across cycles, and the ten survey cycles (2001–2023) were 

merged using the respondent sequence number (SEQN) to align data across demographic, 

dietary, and questionnaire files. Variable names were not always consistent across cycles; 

therefore, comparability was verified before generating consistent variables for pooled analyses.  
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Survey weights were used to account for NHANES’ complex multistage sampling design 

adjusting for clustering, stratification, and unequal probability of selection to ensure nationally 

representative estimates. Descriptive and inferential statistics incorporated the survey (svy) 

commands to ensure nationally representative estimates.  All statistical analyses were performed 

using Stata data analysis and statistical software, version 19.5. 

Analyses were conducted according to the three study aims: 

3.3.2.1 Aim 1: Relationship Between Food Insecurity and UPF Consumption 

Research Question 1a: 

Is there an association between household food security status, measured using the U.S. Food 

Security Survey Module (US FSSM), and children’s UPF intake, assessed as the percentage of 

total energy intake (% kcal) and the percentage of total grams consumed (% grams), among 

children aged 5–12 years? 

Hypothesis 1a: Children living in food-insecure households will have a higher percentage of 

total energy intake (% kcal) and the percentage of total grams (% grams) from UPF compared to 

children in food-secure households. 

Statistical analysis: 

First, the distribution of UPF intake, expressed as percentage of total energy (% kcal) and 

percentage of total grams consumed (% grams), was examined using histograms and boxplots to 

assess normality and identify potential outliers. 

Second, descriptive analyses were conducted to estimate survey-weighted means and 

standard errors of UPF intake across food security categories (high, marginal, and food insecure). 

Differences among the three groups were assessed using survey-weighted Wald F tests. When 
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the overall test was statistically significant, pairwise comparisons were conducted using adjusted 

survey-weighted t-tests. 

Multivariable associations were examined using survey-weighted linear regression 

models. The primary independent variable was adult food security status (three categories: high 

food security [reference], marginal food security, and food insecurity). The dependent variables 

were (1) percentage of total energy intake from UPFs (% kcal) and (2) percentage of total grams 

from UPFs. The unadjusted model included food security status as the sole predictor. Model 1 

adjusted for age (continuous), gender, race/ethnicity, and Poverty Income Ratio (PIR), and model 

2 additionally adjusted for survey cycle. 

• Unadjusted model: included food security status only 

• Model 1 (Sociodemographic adjusted): adjusted for age (continuous), gender, 

race/ethnicity, and Poverty Income Ratio (PIR).  

• Model 2 (Fully adjusted): additionally adjusted for NHANES survey cycle.  

Survey cycle was included as a categorical variable to account for temporal changes in 

dietary patterns and broader contextual factors across the 2001–2023 study period. 

All analyses accounted for the NHANES complex survey design using Taylor Series 

Linearization with masked variance pseudo-strata (SDMVSTRA), masked variance pseudo–

primary sampling units (SDMVPSU), and time-scaled pooled Day 1 dietary weights. Linearity 

assumptions for continuous covariates (age and PIR) were evaluated using LOWESS plots and 

testing of quadratic terms; no strong evidence of non-linearity was observed, and linear 

specifications were retained in final models. 

Research Question 1b: 

Does the association between food security status and UPF consumption (% kcal and % grams) 
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vary across sociodemographic factors such as race/ethnicity, gender, age, and household 

income? 

Hypothesis 1b: The association between food insecurity and UPF intake (% kcal and % grams) 

will vary across sociodemographic characteristics, particularly race/ethnicity and household 

income. 

Statistical analysis: 

Descriptive analyses were conducted to report survey-weighted means and standard errors of 

sociodemographic variables (race/ethnicity, gender, age, and Poverty Income Ratio [PIR]) across 

food security categories. Differences were assessed using survey-weighted linear regression for 

continuous variables and Rao–Scott adjusted chi-square tests for categorical variables. UPF 

intake was modeled as two separate continuous outcomes: Percent energy (% kcal) from UPFs 

and percent Grams from UPFs (% grams). 

To examine effect modification, interaction terms between food security status and each 

sociodemographic variable (race/ethnicity, gender, age, and PIR) were added individually to the 

survey-weighted linear regression models. For example, interaction terms included Food 

Insecurity × Female, Food Insecurity × PIR, and Food Insecurity × Race/Ethnicity categories. 

Interaction effects were evaluated using adjusted Wald tests.  

If statistically significant interactions were detected, stratified analyses were conducted to 

estimate associations within relevant subgroups. Separate survey-weighted regression models 

were fitted within each stratum (for race and PIR), adjusting for the same covariates as the 

primary models while accounting for the NHANES complex survey design. Adjusted means and 

standard errors for UPF intake across food security categories and race/ethnicity strata were 

estimated using predictive margins from survey-weighted linear regression models. Same 
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analysis was conducted with Household income-to-poverty ratio (PIR) in which PIR was 

categorized as <1.3, 1.31–3.5, and >3.5, corresponding to thresholds commonly used for SNAP 

eligibility criteria and broader income strata.  The margins command in Stata was used following 

each regression model to compute model-adjusted predicted means. These margins represent 

covariate-adjusted population means. All interaction and stratified analyses incorporated pooled 

dietary weights and accounted for masked variance pseudo-strata (SDMVSTRA) and masked 

variance pseudo–primary sampling units (SDMVPSU) using Taylor Series Linearization. 

Research Question 1c: 

How is food security status associated with the consumption of specific UPF categories (e.g., 

snacks, sugary beverages, ready-to-eat meals) and the amount consumed (in % kcal and % 

grams) among children? 

Hypothesis 1c: Food insecurity will be associated with higher consumption of specific UPF 

subcategories, particularly energy-dense and convenience-oriented foods (e.g., industrial grain 

products, ready-to-eat or ready-to-heat mixed dishes). 

Statistical Analysis: 

To examine this question, survey-weighted linear regression models were used to estimate 

differences in intake of each UPF subgroup across food security categories (high, marginal, and 

food insecure). UPF subgroups were modeled asrPercent energy (% kcal) from UPFs and percent 

Grams from UPFs (% grams). For each UPF subgroup, three models were estimated: 

• Unadjusted Model: Included food security status only. 

• Model 1 (Sociodemographic adjusted): Adjusted for age, gender, race/ethnicity, and 

poverty income ratio (PIR). 

• Model 2 (Fully adjusted): Additionally adjusted for NHANES survey cycle. 
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For each model, overall differences across food security categories were evaluated using 

survey-weighted Wald F tests. When the overall test was statistically significant (p < 0.05), 

pairwise comparisons between food security groups were conducted using adjusted Wald tests. 

All analyses accounted for the NHANES complex survey design using Taylor Series 

Linearization, strata (SDMVSTRA), primary sampling units (SDMVPSU), and pooled Day 1 

dietary weights. 

Research Question 1d: 

Does the association between food security status and the intake of UPFs (% kcal and % grams) 

among U.S. children remain significant after accounting for overall diet quality, as measured by 

the Healthy Eating Index–2020 (HEI-2020)? 

Hypothesis 1d: The association between food insecurity and UPF intake (% kcal and % grams) 

tested in RQ1a will change after adjustment for overall diet quality, as measured by the Healthy 

Eating Index–2020 (HEI-2020). 

Statistical Analysis: 

The association between UPF intake and overall diet quality, measured using the Healthy Eating 

Index–2020 (HEI-2020), was first examined descriptively. The relationships between UPF intake 

and HEI-2020 scores were visualized using bar charts. UPF intake was modeled as two separate 

continuous outcomes: Percent energy (% kcal) from UPFs and percent Grams from UPFs (% 

grams). Subsequently, survey-weighted linear regression models were used to examine the 

association between HEI-2020 and UPF intake: 

• Unadjusted model: included food security status only 

• Model 1 (Sociodemographic adjusted): adjusted for age (continuous), gender, 

race/ethnicity, and Poverty Income Ratio (PIR).  
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• Model 2 (Fully adjusted): additionally adjusted for NHANES survey cycle.  

To address Research Question 1d, survey-weighted multivariable linear regression 

models were estimated to examine whether the association between food security status and UPF 

intake remained after adjustment for overall diet quality. 

Food security status (high, marginal, low/very low) was included as the primary 

independent variable, with high food security as the reference category. To assess whether 

overall diet quality explains the association observed in RQ 1a, the HEI-2020 total score 

(continuous) was added to previously specified regression models. Two models were estimated: 

• Model 1 (Sociodemographic adjusted): Adjusted for age, gender, race/ethnicity, 

poverty income ratio (PIR) and HEI-2020 total score. 

• Model 2 (Fully adjusted): Additionally adjusted for HEI-2020 total score and NHANES 

survey cycle. 

For RQ 1d, the HEI-2020 total score was included as a continuous covariate in both 

models. Regression coefficients for household food security status from these HEI-adjusted 

models were compared with corresponding models from RQ 1a that did not include HEI-2020. 

The percentage change in the food insecurity coefficient between models was calculated 

following adjustment for overall diet quality. 

All analyses accounted for NHANES’ complex, multistage probability sampling design 

using Taylor series linearization, incorporating appropriate dietary sample weights, primary 

sampling units (SDMVPSU), and strata (SDMVSTRA). Statistical significance was defined as p 

< 0.05. 

3.3.2.2 Aim 2: Association Between FNAP Participation and UPF Intake  

Research Question 2a: 
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Does participation in any FNAP (SNAP, WIC, NSLP, SBP, or SFSP) modify the association 

between food security status (high, marginal, and food insecure) and children’s UPF intake (% 

kcal and % grams)?  

Hypothesis 2a: Participation in any federal nutrition assistance program (FNAP) will modify the 

association between food security status and UPF intake (% kcal and % grams). 

Statistical analysis: 

FNAP participation was defined as the participation in at least one of the following programs: 

the Supplemental Nutrition Assistance Program (SNAP), the Special Supplemental Nutrition 

Program for Women, Infants, and Children (WIC), the National School Lunch Program (NSLP), 

the School Breakfast Program (SBP), or the Summer Food Service Program (SFSP). 

Effect modification was assessed by including interaction terms between food security 

status (high, marginal, low/very low) and FNAP participation in survey-weighted multivariable 

linear regression models. UPF intake was modeled as two separate continuous outcomes: Percent 

energy (% kcal) from UPFs and percent Grams from UPFs (% grams). Wald tests were used to 

assess the joint statistical significance of interaction terms.  

• Model 1 (Sociodemographic adjusted): Adjusted for age, gender, race/ethnicity, and 

poverty income ratio (PIR). 

• Model 2 (Fully adjusted): Additionally adjusted for NHANES survey cycle. 

The significance of p < 0.05 was considered indicative of potential effect modification. 

When a statistically significant interaction was identified, stratified survey-weighted 

regression analyses were conducted by FNAP participation status to estimate associations 

between food security status and UPF intake separately among participants and non-participants. 
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All analyses accounted for NHANES’ complex, multistage sampling design using 

appropriate dietary sample weights, strata (SDMVSTRA), and primary sampling units 

(SDMVPSU). 

Research Question 2b: 

Does SNAP participation specifically modify the association between food security status and 

UPF intake (% kcal and % grams)? 

Hypothesis 2b: SNAP participation will modify the association between food security status and 

UPF intake (% kcal and % grams). 

Statistical analysis: 

Given the substantial overlap between SNAP and other federal nutrition assistance programs, 

SNAP participation was examined separately from the composite FNAP variable to avoid 

conceptual redundancy and potential multicollinearity. In addition, SNAP is the most widely 

studied federal nutrition assistance program in the existing literature; therefore, analyzing SNAP 

separately allowed us to directly compare our findings with prior research. 

Collinearity diagnostics were conducted prior to modeling. The correlation between 

SNAP and broader FNAP participation was strong (r = 0.76, p < 0.001); however, variance 

inflation factors were below conventional thresholds (mean VIF ≈ 3.05; maximum VIF < 6), 

which indicates no evidence of problematic multicollinearity. Nevertheless, SNAP and FNAP 

were modeled in separate regression analyses. 

Effect modification by SNAP participation was evaluated by including interaction terms 

between food security status and SNAP participation in survey-weighted regression models. UPF 

intake was modeled as two separate continuous outcomes: Percent energy (% kcal) from UPFs 
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and percent Grams from UPFs (% grams). Joint interaction tests were conducted using Wald F 

statistics. 

• Model 1 (Sociodemographic adjusted): Adjusted for age, gender, race/ethnicity, and 

poverty income ratio (PIR). 

• Model 2 (Fully adjusted): Additionally adjusted for NHANES survey cycle. 

Research Question 2c: 

Are the directions and magnitudes of these associations consistent across demographic 

subgroups (income, gender, race/ethnicity)? 

Hypothesis 2c: A three-way interaction is hypothesized, such that the association between food 

security status and UPF intake differs across income, gender, race/ethnicity subgroups and is 

further modified by FNAP participation. 

Statistical analysis: 

To evaluate whether the interaction between food security status and FNAP participation varied 

across demographic subgroups, three-way interaction terms were incorporated into survey-

weighted multivariable linear regression models. UPF intake was modeled as two separate 

continuous outcomes: Percent energy (% kcal) from UPFs and percent Grams from UPFs (% 

grams).  

Three-Way Interaction Models: 

For each demographic characteristic (Household PIR, child age, and race/ethnicity), a 

three-way interaction term was added to the previously specified FNAP-modified models: 

𝐹𝑜𝑜𝑑 𝑆𝑒𝑐𝑢𝑟𝑖𝑡𝑦 × 𝐹𝑁𝐴𝑃 × 𝐷𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑟 

• Model 1 (Sociodemographic adjusted): Adjusted for age, gender, race/ethnicity, and 

poverty income ratio (PIR). 
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• Model 2 (Fully adjusted): Additionally adjusted for NHANES survey cycle. 

Joint significance of the three-way interaction terms was evaluated using adjusted Wald 

tests. A p-value < 0.05 was considered statistically significant for effect modification at this stage 

of analysis. 

When a statistically significant three-way interaction was detected, stratified analyses 

were conducted by relevant sociodemographic variables. For these analyses, child age was 

categorized into three groups (5–7, 8–10, and 11–12 years) to reflect meaningful developmental 

stages and improve interpretability of results. Household income-to-poverty ratio (PIR) was 

categorized as <1.3, 1.31–3.5, and >3.5, corresponding to thresholds commonly used for SNAP 

eligibility criteria and broader income strata. Within each subgroup, survey-weighted 

multivariable regression models were used to estimate beta coefficients (β) for the association 

between food security status and UPF intake, stratified by FNAP participation. These stratified 

estimates were presented to illustrate the direction and magnitude of subgroup-specific 

associations. 

All analyses accounted for NHANES’ complex, multistage probability sampling design 

using appropriate dietary weights, strata (SDMVSTRA), and primary sampling units 

(SDMVPSU). 

3.3.2.3 Exploratory Aim 3: Temporal Trends in UPF Consumption Among Children Aged 

5 to 12 years old 

To explore whether UPF consumption among U.S. children aged 5–12 has changed over 

time by comparing three distinct NHANES time periods: Early (2001–2008), Middle (2009–

2016), Recent (2017–2023). For Aim 3, which was exploratory, UPF intake was assessed using 



 

114 

 

percent of total energy from UPFs (% kcal) only; UPF intake in percent of total grams from 

UPF was not examined in these analyses. 

Research Question 3a:  

How does the average UPF intake (% kcal) among children aged 5 -12 years old differ across 

the three NHANES time periods? 

Hypothesis 3a: The percentage of total energy intake from UPFs (% kcal) among U.S. children 

aged 5–12 years will differ between 2001 and 2023. 

Statistical analysis: 

Descriptive Analyses: For each time period, weighted means and SE were estimated for total 

UPF intake, measured as percent of total energy (% kcal). Differences in mean UPF intake 

across the three time periods were evaluated using survey-weighted Wald tests. 

Multivariable Trend Regression: Survey-weighted linear regression models were 

conducted with time period modeled as a categorical variable (reference group: 2001–2008). The 

outcome included percent energy from UPF only since it is an exploratory aim. Models were 

adjusted for child age, gender, race/ethnicity, income-to-poverty ratio, and survey cycle. This 

analytic approach paralleled the method used by Wang et al. (2021) to assess secular trends in 

UPF intake among U.S. youth. 

Research Question 3b: 

Are there period-specific changes in the consumption of key UPF subcategories (e.g., sugary 

beverages, packaged snacks, ready-to-eat meals)? 

Hypothesis 3b: Trends in UPF consumption will vary across specific UPF subcategories 

between 2001 and 2023. 

Statistical analysis:  
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Subgroup trend analyses were conducted to examine changes in major UPF subcategories across 

NHANES time periods. For each time period, survey-weighted means and SE were estimated for 

key UPF subcategories. Separate survey-weighted linear regression models were then used to 

test for differences in subcategory intake across the three periods while adjusting for child age, 

gender, race/ethnicity, and income-to-poverty ratio. Analytic methods paralleled those used by 

Wang et al. (2021), which evaluated secular changes in specific UPF subgroups among U.S. 

youth. 

Research Question 3c: 

Were changes in UPF intake over time modified by food security status and FNAP/SNAP 

participation among U.S. children ages 5-12 years old? 

Hypothesis 3c: Temporal changes in UPF intake will differ by food security status and 

FNAP/SNAP participation. 

Statistical Analysis: 

Interaction With Food Insecurity: To evaluate whether temporal trends in IPF intake differed by 

food security status, survey-weighted regression models were estimated including percent energy 

from UPFs (% kcal) as the dependent variable and interaction terms between time period and 

food security status (time period × food security). Marginal predicted means were calculated to 

visualize and compare trends in UPF intake across time within food-secure and food-insecure 

households. 

Interaction With FNAP Participation: To examine whether participation in FNAP 

modified temporal trends in UPF intake, additional models were estimated including percent 

energy from UPFs (% energy) as the dependent variable with interaction terms between time 

period and FNAP participation (time period × FNAP), as well as between time period and SNAP 
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participation (time period × SNAP). Marginal predicted means were generated to assess 

differences in UPF intake trends across participation groups. 

Research Question 3d: 

Was there a change in the percentage of energy from UPFs among U.S. children ages 5- 12 

years old following the 2013 revision of school meal standards, and did this change differ 

between NSLP participants and non-participants? 

Hypothesis 3d: The percentage of energy from UPFs will change following the 2013 revision of 

school meal standards, with differences between NSLP participants and non-participants. 

Statistical Analysis: 

Descriptive analyses were first conducted to estimate survey-weighted means and standard errors 

of percent energy from UPF within each period, stratified by National School Lunch Program 

(NSLP) participation status. 

Survey-weighted linear regression models were then estimated to assess: The association 

between the post-2013 period and percent energy from UPF; and whether changes over time 

differed by NSLP participation status through inclusion of an interaction term (NSLP × post-

2013). Models were adjusted for child age, gender, race/ethnicity, household income-to-poverty 

ratio (PIR). 

All analyses incorporated NHANES survey design variables (SDMVSTRA and 

SDMVPSU) and appropriate dietary sample weights using Taylor series linearization. Statistical 

significance of interaction effects was evaluated using Wald tests. 
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4 Chapter 4: Results 

This chapter presents the findings of the analyses that examined the association between food 

security status and UPF intake among U.S. children aged 5–12 years using NHANES 2001–2023 

data. It starts with the distribution of the analytic sample across NHANES cycles and then 

presents a description of the demographic and household characteristics of the analytic sample, 

followed by overall estimates of UPF intake across food security categories. 

Subsequent sections present multivariable regression models that evaluate associations 

between food security status and UPF intake measured as both percent of total energy (% kcal) 

and percent of total grams (% grams), as well as analyses of specific UPF subgroups. Effect 

modification by sociodemographic characteristics and participation in FNAP and SNAP was 

then examined. Finally, trends in UPF intake across pooled NHANES survey periods were 

evaluated, including pairwise comparisons and interaction analyses which assessed whether 

temporal patterns differed by food security status. Results are presented by study aim, 

corresponding to the study hypotheses outlined in Chapter 3. 

All estimates are survey-weighted to account for the complex, multistage sampling 

design of NHANES and are representative of the U.S. civilian noninstitutionalized child 

population. 

4.1 Sample Characteristics 

Across NHANES 2001–2023, 17,695 children aged 5 to 12 years were eligible. After excluding 

participants with missing dietary recall data, missing food security status, and UPF data, the final 

analytic sample included 13,850 children. Figure 4-1 presents the sample selection process. 
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Figure 4-1 Flowchart for NHANES analytical sample (N= 13,850) 

 

The distribution of the analytic sample of U.S. children aged 5–12 years across NHANES 

cycles from 2001 to 2023 (N = 13,850) is presented in Table 4-1. Unweighted sample sizes were 

relatively consistent across survey cycles from 2001–2002 through 2015–2016, each contributed 

approximately 9–11% of the total analytic sample. The 2017–March 2020 prepandemic cycle 

contributed a larger proportion of the unweighted sample (12.79%), whereas the 2021–2023 

cycle contributed the smallest proportion (5.67%). 

After applying survey weights to account for the complex, multistage sampling design 

and pooling procedures, the weighted distribution differed slightly from the unweighted 

distribution. The 2017–March 2020 cycle represents the largest portion of the weighted analytic 

sample (15.18%) because it corresponds to a combined 3.2-year prepandemic data collection 

period. Although the 2021–2023 cycle has a smaller unweighted sample size, its weighted 

contribution (9.41%) reflects post-pandemic nonresponse adjustments which was incorporated 

into NHANES sampling weights. Each of the earlier two-year cycles contributed approximately 

9–10% of the weighted analytic sample. 
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Table 4-1 Distribution of the Analytic Sample of U.S. Children Aged 5–12 Years Across 

NHANES Cycles 2001–2023 (N= 13,850) 

NHANES Cycle N Unweighted % Weighted % 

2001–2002 1,517 10.95 9.10 

2003–2004 1,280 9.24  9.18 

2005–2006 1,463 10.56  9.43 

2007–2008 1,425 10.29  9.12 

2009–2010 1,469 10.61 9.50 

2011–2012 1,451 10.48  9.69 

2013–2014 1,367 9.87  9.52 

2015–2016 1,321 9.54 9.80 

2017–March 2020 1,772 12.79 15.18 

2021–2023 785 5.67 9.41 

Total 13,850 100.00 100.00 

Note: Percentages are weighted to account for the complex, multistage probability sampling design of NHANES and 

are representative of the U.S. civilian noninstitutionalized child population aged 5–12 years during 2001–2023. 

 

4.1.1 Overall Sample Characteristics 

Food Security 

Food security status was derived from the U.S. Adult Food Security Survey Module and applied 

consistently across all NHANES cycles (2001–2023). In the 2021–2023 cycle, only adult food 

security data were available because child-specific items were removed to reduce participant 

burden. The agreement between adult and household food security was tested and showed a 

near-perfect concordance (cohen’s k =0.97). Therefore, the adult food security was used as a 

proxy to household food security to ensure comparability across cycles. Overall, 68.69% of 

children were classified as food secure, 12.40% as marginally food secure, and 18.91% as food 

insecure. 

Descriptive analyses included missing responses as a separate category to assess the 

extent and distribution of missing data across key variables. Information on household reference 

person education, marital status, and household size was not available for the 2017–March 2020 

cycle. In addition, several FNAP variables contained significant missing data (SNAP and SBP), 
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with the degree of missingness varying across programs and, in some cases, across food security 

categories. 

Age, Gender, Race/Ethnicity, Income-to-Poverty Ratio (PIR), Marital Status, HH size, 

Parental Education 

The mean age of the sample was 8.55 years, and approximately half of the sample was male 

(51.35%) and half female (48.65%). In terms of race/ethnicity, 21.77% of children were 

Hispanic, 55.21% were non-Hispanic White, 13.96% were non-Hispanic Black, and 9.06% were 

classified as Other race/ethnicity. The mean household income-to-poverty ratio (PIR) was 2.47, 

and the mean household size was 4.62 persons. The majority of children lived in married or 

partnered households (64.50%), and 41.60% of children had a parent with some college 

education or higher. 

Participation in federal nutrition assistance programs (FNAP) was common in the overall 

sample: 26.32% participated in SNAP, 14.98% in WIC, 33.48% in the School Breakfast 

Program, and 45.34% in the National School Lunch Program. Overall, 52.76% of children 

participated in at least one FNAP. 

Table 4-2 Descriptive Statistics of Participant Characteristics Aged 5-12 Years, NHANES 

2001-2023 (N= 13,850) 

 Overall N Food Security Status  

  High Food 

Security 

Marginal Food 

Security 

Food Insecurity p-value 

 N (weighted%) N (weighted%) N (weighted%) N  

(weighted%) 

 

Overall N (%)  13,850 (100) 8,362 (68.69) 2,163 (12.40) 3,325 (18.91)  

Gender  13,850 (100)    0.4647 

Male 6,963 (51.35) 4,178 (51.08) 1,082 (50.62) 1,703 (52.80)  

Female 6,887 (48.65) 4,184 (48.92) 1,081 (49.38) 1,622 (47.21)  

Race/Ethnicity  13,850 (100)    <0.0001 

ˤHispanic 4,606 (21.77) 2,259 (15.36) 841 (32.90) 1,506 (37.78)  
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 Overall N Food Security Status  

  High Food 

Security 

Marginal Food 

Security 

Food Insecurity p-value 

Non-Hispanic 

White 
4,104 (55.21) 3,051 (64.28) 417 (35.54) 636 (35.13) 

 

Non-Hispanic 

black 
3,707 (13.96) 2,036 (10.88) 728 (23.52) 943 (18.86) 

 

Other race (incl. 

multiracial) 
1,433 (9.06) 1,016 (9.48) 177 (8.04) 240 (8.22) 

 

HH Marital 

Status 
13,850 (100)    <0.0001 

Married or Living 

with a partner 
8,369 (64.5) 5,428 (69.01) 1,149 (56.17) 1,792 (53.60) 

 

Not Married 3,125 (17.15) 1,592 (13.61) 588 (23.06) 945 (26.15)  

Missing 2,356 (18.34) 1,342 (17.38) 426 (20.77) 588 (20.25)  

HH education 

level* 
13,850 (100)    <0.001 

Less than high 

school 
3,723 (20.31) 1,679 (14.37) 699 (30.22) 1,345 (35.39)  

High school / GED 2,835 (20.58) 1,628 (19.70) 529 (24.39) 678 (21.31)  

Some college or 

higher 
5,203 (41.60) 3,874 (49.20) 566 (26.39) 763 (23.93)  

Missing 2,089 (17.51) 1,181 (16.73) 369 (19.00) 539 (19.38)  

SNAP 13,850 (100)    <0.001 

Yes 4,545 (26.32) 1,726 (14.97) 1,036 (47.40) 1,783 (53.71)  

No 3,486 (25.30) 2,199 (26.04) 508 (23.87) 779 (23.53)  

Missing 5,819 (48.38) 4,437 (58.98) 619 (28.74) 763 (22.76)  

WIC 13,850     

Yes 2,731 (14.98) 1,136 (9.39) 599 (25.06) 996 (28.65) <0.001 

No 10,913 (83.24) 7,100 (88.69) 1,527 (73.15) 2,286 (70.05)  

Missing 206 (1.79) 126 (1.92) 37 (1.80) 43 (1.30)  

SBP 13,850     

Yes 6,107 (33.48) 2,695 (22.10) 1,259 (53.64) 2,153 (61.63) <0.001 

No 555 (4.80) 437 (5.90) 64 (3.70) 54 (1.51)  

Missing 7,188 (61.72) 5,230 (72.00) 840 (42.66) 1,118 (36.86)  

NSLP 13,850     

Yes 8,207 (45.34) 3,788 (31.56) 1,670 (69.58) 2,749 (79.49) <0.001 

No 2,960 (29.34) 2,544 (38.44) 226 (13.88) 190 (6.40)  

Missing 2,683 (25.32) 2,030 (30.00) 267 (16.54) 386 (14.11)  

SFSP 13,850    <0.001 

Yes 1,724 (8.62) 675 (5.05) 389 (15.52) 660 (17.08)  

No 5,893 (34.96) 2,852 (25.67) 1,161 (51.12) 1,880 (58.11)  

Missing 6,233 (56.42) 4,835 (69.28) 613 (33.37) 785 (24.81)  
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 Overall N Food Security Status  

  High Food 

Security 

Marginal Food 

Security 

Food Insecurity p-value 

Received at least 

one of the FNAP 
13,850     

Yes 9,245 (52.76) 4,337 (37.61) 1,863 (80.92) 3,045 (89.36) <0.001 

No 4,589 (47.12) 4,013 (62.25) 300 (19.08) 276 (10.53)  

Missing 16 (0.12) 12 (0.15) 0 (0.00) 4 (0.11)  

Continuous 

variable (N) 

Weighted Mean 

(SE) 

Weighted Mean 

(SE) 

Weighted Mean 

(SE) 

Weighted Mean 

(SE) 

 

Age (13,850) 8.55 (0.02) 8.55 (0.04) 8.54 (0.06) 8.54 (0.05) 0.991 

HH income-to-

poverty ratio (PIR) 

(13,159) 

2.47 (0.04) 3.02 (0.05) 1.46 (0.04) 1.16 (0.03) <0.001 

*HH size (12,078) 4.62 (0.02) 4.53 (0.03) 4.77 (0.06) 4.87 (0.05) <0.001 

Notes: Percentages represent column percentages within food security categories. 

ˤHispanic includes Mexican American and Other Hispanic. 

HH: Household 

*Household reference person education, marital Status and household size were not available for the 2017–March 

2020 cycle. 

SNAP: Supplemental Nutrition Assistance Program; WIC: Women, Infants, and Children; SBP: School Breakfast 

Program; NSLP: National School Lunch Program; SFSP: Summer Food Service Program. 

HH Poverty Income Ratio (PIR) is the ratio of household income to the federal poverty threshold; higher values 

indicate higher income relative to the poverty line. 

Sample sizes vary across variables due to missing responses and cycle-specific availability of variables. 

 

4.1.2 Child Characteristics by Food Security Status 

4.1.2.1 Age &Gender 

As shown in Table 4-2, the distribution of child age did not differ significantly across food 

security categories (p = 0.991). Similarly, gender distribution did not vary by food security status 

(p = 0.467). 

4.1.2.2 Race/ethnicity 

Race/ethnicity differed significantly across food security categories (p < 0.001). Hispanic 

children represented a larger proportion of the food-insecure group (37.78%) compared with the 

food-secure group (15.36%). Similarly, non-Hispanic Black children represented a higher 

proportion of marginally food-secure (23.52%) and food-insecure households (18.86%) 
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compared with food-secure households (10.88%). In contrast, non-Hispanic White children 

represented the majority of the food-secure group (64.28%) but a smaller proportion of the 

marginally food-secure (35.54%) and food-insecure groups (35.13%). 

4.1.2.3 Household Marital Status 

Marital status of the household reference person differed significantly across food security 

categories (p < 0.001). Children living in households where the reference person was not married 

or partnered represented a larger proportion of the food-insecure group (26.15%) compared with 

the food-secure group (13.61%). In contrast, children living in married or partnered households 

represented a greater proportion of the food-secure group (69.01%) compared with the food-

insecure group (53.60%). A notable proportion of observations had missing marital status data 

(approximately 18%), which had relatively similar distributions across food security categories. 

4.1.2.4 Household Education 

Household education level varied significantly by food security status (p < 0.001). Children from 

households with less than a high school education represented a larger proportion of the food-

insecure group (35.39%) compared with the food-secure group (14.37%). Conversely, children 

from households with some college education or higher represented a greater proportion of the 

food-secure group (49.20%) than of the food-insecure group (23.93%). A notable proportion of 

observations had missing education data (approximately 17–19%), with similar distributions 

across food security categories. 

4.1.2.5 FNAP 

Participation in federal nutrition assistance programs differed significantly across food security 

categories (all p < 0.001). Children living in food-insecure households had higher participation in 
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several programs compared with those in food-secure households. Specifically, participation in 

the National School Lunch Program (NSLP) was significantly higher among food-insecure 

children (79.49%) compared with food-secure children (31.56%), and participation in the School 

Breakfast Program (SBP) was also higher among food-insecure children (61.63%) than among 

food-secure children (22.10%). Similarly, participation in WIC was higher among food-insecure 

households (28.65%) compared with food-secure households (9.39%). Participation in the 

Summer Food Service Program (SFSP) was relatively low overall but remained higher among 

food-insecure children (17.08%) compared with food-secure children (5.05%). 

Participation in SNAP was also higher among food-insecure households (53.71%) 

compared with food-secure households (14.97%); however, SNAP data included substantial 

missing responses, particularly among food-secure households. Similarly, high levels of missing 

data were observed for some school-based programs, especially SBP and SFSP. Overall, 

participation in at least one FNAP was higher among food-insecure children (89.36%) compared 

with food-secure children (37.61%). 

4.1.2.6 Age, PIR, HH size 

Continuous characteristics also differed across food security categories. Mean household 

income-to-poverty ratio declined across food security levels (3.02 among food secure; 1.46 

among marginally food secure; 1.16 among food insecure; p < 0.001). Similarly, household size 

increased with lower food security scores (4.53 among food secure; 4.77 among marginally food 

secure; 4.87 among food insecure; p < 0.001). Mean age did not differ significantly across food 

security categories (p = 0.991). 
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4.2 Aim 1 – Results 

Aim 1: Relationship Between Food Insecurity and UPF Consumption 

4.2.1 Research Question 1a 

Is there an association between household food security status, measured using the U.S. Food 

Security Survey Module (US FSSM), and children’s UPF intake, assessed as the percentage of 

total energy intake (% kcal) and the percentage of total grams consumed (% grams), among 

children aged 5–12 years? 

Distribution of UPF Intake (% kcal and % grams) 

The distribution of percent energy from UPF intake (% kcal) was unimodal and moderately left-

skewed, with most children in the higher range of intake (Figure 4-2). The median intake was 

66.7%, with an interquartile range from 53.1% to 79.3%. This indicates that the middle 50% of 

children consume between approximately 50% and 80% of their total energy from UPFs. 

Variability was greater at lower levels of intake, while the middle range appeared more 

concentrated. A small proportion of children consumed very low or very high levels of UPFs, with 

approximately 0.14% consuming ≤10% of total energy from UPFs and 8.82% consuming ≥90%. 

These findings are consistent with the tails observed in both the histogram and boxplot. As shown 

in Figure 4-2, the boxplot further illustrates the concentration of observations within the 

interquartile range and the presence of a small number of extreme values at both ends of the 

distribution. 
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Figure 4-2 Distribution of Percent Energy (% kcal) from UPFs Shown as Histogram and 

Boxplot 

Note: Histogram bars represent the percentage of children within 5-percentage-point intervals of UPF intake. The y-

axis reflects the proportion of the sample within each interval. 

 

 

 
      Figure 4-3 Distribution of Percent Grams (% grams) from UPFs Shown as Histogram 

and Boxplot 

Note: Histogram bars represent the percentage of children within 5-percentage-point intervals of UPF intake. The y-

axis reflects the proportion of the sample within each interval. 

 

The distribution of percent grams from UPF intake (% grams) ranged from near 0% to 

approximately 100% and was unimodal (Figure 4-3). The median intake was 42.3%, with an 

interquartile range from 27.5% to 59.5%. This indicates that approximately half of children 

consume between about 30% and 60% of their total grams from UPFs. The highest concentration 

of observations was around 30% to 40%, with a smaller proportion of children consuming very 

high levels (>75%). Additionally, 3.51% of children consumed ≤10% of total grams from UPFs, 
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while 2.23% consumed ≥90%. The boxplot further illustrates the concentration of observations 

within the interquartile range, with no extreme outliers observed. 

Table 4-3 Mean Percent Energy (% kcal) and Percent Grams (% grams) from UPFs by 

Food Security Status Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 

(N = 13,850) 

 Total sample 

(N= 13,850) 

Mean (SE) 

High food 

security 

(N=8,362) 

Mean (SE) 

Marginal food 

security 

(N=2,163) 

Mean (SE) 

Food 

insecurity 

(N=3,325) 

Mean (SE) 

p-value 

% of Energy (kcal) 

from UPF 

66.06 (0.2) 65.93 (0.2) 66.35 (0.2) 66.33 (0.6) 0.76 

% of gram from 

UPF 

43.11 (0.3) 42.80 (0.4) 44.15 (0.7) 43.62 (0.7) 0.20 

Notes: p-values derived from overall Wald F tests comparing means across household food security categories. 

 

Differences in UPF intake were assessed as both the percentage of total energy (% kcal) 

and the percentage of grams per day derived from Nova group 4 foods. Table 4-3 presents the 

mean percentage of total energy intake and gram intake from UPF by food security status among 

U.S. children aged 5–12 years. Overall, children consumed a mean of 66.06% (0.2) of total 

energy from UPF and 43.11% of total gram intake from UPF. When UPF intake was tested for 

significant differences by food security status, differences across food security categories were 

not statistically significant (p = 0.76). Similarly, mean percent of total gram intake from UPF 

was 42.80 (0.4) and again when tested for statistical differences by food security status there 

were no differences (p = 0.20). 

Multivariable Linear Regression: Percent Energy (% kcal) from UPF 

Following this analysis, multivariable linear regression models were conducted to examine the 

association between food security status and the percentage of total energy intake derived from 

UPFs (Table 4-4). Model assumptions were evaluated using residual diagnostics from the 

survey-weighted linear regression models. Histograms of residuals were examined to assess 
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approximate normality, and residual-versus-fitted plots were inspected to evaluate 

homoscedasticity and linearity (Figure E-1). 

Table 4-4 Adjusted Mean Percent Energy (% kcal) from UPFs by Food Security Status 

Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

  Model 1 Model 2 

Food Security 

Status 

Adjusted 

Mean (SE) 
β (SE) p-value 

Adjusted 

Mean (SE) 
β (SE) p-value 

High food 

security (ref) 
65.64 (0.27) Ref — 65.74 (0.28) Ref — 

Marginal food 

security 
67.18 (0.72) 1.54 (0.8) 0.053 66.94 (0.72) 1.20 (0.78) 0.123 

Food insecurity 

(low/very low) 
67.52 (0.62) 1.88 (0.6) 0.005 67.34 (0.62) 1.60 (0.66) 0.016 

Overall Wald p-

value 
0.0108 0.0417 

Notes: Model 1: adjusted for: age, gender, race/ethnicity, and PIR 

Model 2: adjusted for: age, gender, race/ethnicity, PIR, and NHANES survey cycle 

 

In Model 1, adjusted for age, gender, race/ethnicity, and poverty income ratio (PIR), the 

adjusted mean percentage of energy from UPFs among food-secure children was 65.64%. 

Among marginally food-secure children adjusted means were 67.18% and among food-insecure 

children 67.52%. Compared with food-secure children, marginal food security was associated 

with a 1.54 percent higher contribution of UPFs to total energy intake (β = 1.54, p = 0.053), 

while food insecurity was associated with a 1.88 percentage point higher contribution (β = 1.88, 

p = 0.005). The overall Wald test for food security status was statistically significant (p = 

0.0108). 

In Model 2, which additionally adjusted for NHANES survey cycle, food insecurity 

remained significantly associated with higher UPF intake (β = 1.60, p = 0.016), whereas 

marginal food security was not significantly associated with UPF intake. Children living in food-
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insecure households consumed, on average, 1.6 percentage points more energy from UPFs 

compared with children in food-secure households. 

Multivariable Linear Regression: Percent Grams (% grams) from UPF 

Associations between food security status and the percentage of grams from UPFs are shown in 

Table 4-5. In Model 1, adjusted for age, gender, race/ethnicity, and PIR, the adjusted mean 

percentage of grams from UPFs among food-secure children was 43.22%. Among marginally 

food-secure children adjusted means were 43.82% and among food-insecure children the mean 

was 43.01%. Compared with food-secure children, neither marginal food security (β = 0.60, p = 

0.498) nor food insecurity (β = −0.20, p = 0.814) was significantly associated with percentage of 

grams from UPFs. The overall Wald test was not statistically significant (p = 0.6892). 

In Model 2, after adjustment for sociodemographic characteristics and NHANES survey 

cycle, marginal food security was associated with a higher percentage of grams from UPFs (β = 

1.78, p = 0.043), whereas no significant association was observed for food insecurity (β = 0.81, p 

= 0.378). 

Table 4-5 Adjusted Mean Percent Grams (% grams) from UPFs by Food Security Status 

Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

  Model 1 Model 2 

Food Security Status 
Adjusted 

Mean (SE) 
β (SE) 

p-

value 

Adjusted 

Mean (SE) 
β (SE) 

p-

value 

High food security 

(ref) 
43.22 (0.41) Ref — 42.89 (0.37) Ref — 

Marginal food 

security 
43.82 (0.82) 0.60 (0.88) 0.498 44.67 (0.77) 1.78 (0.87) 0.043 

Food insecurity 

(low/very low) 
43.01 (0.82) −0.2 (0.92) 0.814 43.70 (0.82) 0.81 (0.92) 0.378 

Overall Wald p-

value 
0.6892 0.1309 

Notes: Model 1: adjusted for: age, gender, race/ethnicity, and PIR 

Model 2: adjusted for: age, gender, race/ethnicity, PIR, and NHANES survey cycle 
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Summary of RQ 1a Findings 

In sociodemographic adjusted models, food insecurity was associated with a higher percentage 

of total energy intake from UPFs among U.S. children aged 5 to 12 years. Children living in 

food-insecure households consumed approximately 1.9 percentage points more energy from 

UPFs compared with food-secure children, and the overall association was statistically 

significant. After further adjustment for sociodemographic characteristics and survey cycle, this 

association slightly decreased (β = 1.6, p = 0.016) but remained statistically significant. 

In contrast, when UPF intake was measured as percentage of grams, marginal food 

security (but not food insecurity) was associated with higher UPF intake after adjustment (β = 

1.78, p = 0.043), whereas food insecurity was not significantly associated with percentage of 

grams from UPFs in the fully adjusted model. 

4.2.2 Research Question 1b 

Does the association between food security status and UPF consumption (% kcal and % grams) 

vary across sociodemographic factors such as race/ethnicity, gender, age, and household 

income? 

Effect Modification by Sociodemographic Characteristics 

Table 4-6 presents survey-weighted Wald tests of interaction terms assessing whether the 

association between food security status and UPF intake differed across sociodemographic 

characteristics. 

In Model 1 (adjusted for age, gender, race/ethnicity, and poverty income ratio), there was 

no evidence of effect modification by age or gender for either percentage of energy or percentage 

of grams from UPFs (all p > 0.05). Household income (PIR) showed marginal evidence of 

interaction with food security for percentage of energy from UPFs (p = 0.078), but not for 



 

131 

 

percentage of grams (p = 0.105). On the other hand, race/ethnicity significantly modified the 

association between food security status and percentage of energy from UPFs (p = 0.024) and 

percentage of grams from UPFs (p = 0.001) in Model 1, which indicates that the relationship 

between food insecurity and UPF intake varied across racial/ethnic groups.  

In Model 2, after adjustment for sociodemographic characteristics and NHANES survey 

cycle, race/ethnicity remained a statistically significant effect modifier for both percentage of 

energy (p = 0.023) and percentage of grams from UPFs (p = 0.0008). In addition, household 

income (PIR) significantly modified the association between food security and percentage of 

grams from UPFs (p = 0.006), although not for percentage of energy (p = 0.088). 

Table 4-6 Effect Modification of the Association Between Food Security Status and Percent 

Energy from UPFs (% kcal) by Sociodemographic Characteristics Among U.S. Children 

Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

  Model 1 Model 2 

Interaction Term 

% Energy from 

UPF  

p-value 

% Grams from UPF  

p-value 

% Energy from 

UPF  

p-value 

% Grams from 

UPF p-value 

FS x Age 

(continuous) 
0.684 0.425 0.252 0.456 

FS x Gender 0.762 0.633 0.755 0.366 

FS x Race/ethnicity 0.024 0.001 0.023 0.0008 

FS x Household 

income (PIR) 
0.078 0.105 0.088 0.006 

Notes: FS: Food Security 

Model 1: Adjusted for age, gender, race/ethnicity, and PIR 

Model 2: Adjusted for age, gender, race/ethnicity, PIR, and NHANES survey cycle. 

Interaction p-values are from adjusted Wald F tests of the joint significance of food security × sociodemographic 

interaction terms in survey-weighted linear regression models. 

 

Stratified Analysis of UPF Intake by Race/Ethnicity 

 

Given evidence of effect modification by race/ethnicity in both Model 1 and Model 2 for 

percentage of UPF intake from energy and grams (Table 4-6), stratified analyses were conducted 
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by race/ethnicity, and adjusted mean percentage of UPF intake was reported for % energy (Table 

4-7) and % grams (Table 4-8). In addition, given evidence of effect modification by household 

income (PIR) for percentage of grams from UPF (% grams) in Model 2, stratified analyses by 

income were also conducted (Table 4-9). 

Stratified Analysis of UPF Intake by Race/Ethnicity: Percent Energy (% kcal) from UPF 

Overall, non-Hispanic White children had the highest percent energy intake from UPFs 

(68.47%), followed by non-Hispanic Black children (67.35%), Hispanic children (62.58%), and 

children of other race/ethnicity (60.71%). Among Non-Hispanic White children, food insecurity 

was associated with higher percent energy intake from UPFs compared with high food security 

(70.74% vs. 67.68%). Marginal food security was also associated with elevated UPF intake 

(69.41%). A similar but smaller trend was observed among Non-Hispanic Black children 

(68.32% in food insecure vs. 67.07% in high food security). In contrast, among Hispanic 

children, percent energy from UPFs was slightly lower among food-insecure children 

compared with marginally food-secure and food-secure children (61.86 versus 62.12 and 62.86). 

Among children categorized as Other race, marginal food security (64.99%) was associated with 

higher UPF intake compared with food insecurity (63.35%) and high food security (59.23%). 

Figure 4-4 presents the adjusted mean percentage of kcal from UPFs by food security 

status and race/ethnicity. Points represent predictive margins from survey-weighted linear 

regression models adjusted for child age, gender, PIR, and NHANES survey cycle. Vertical bars 

indicate 95% confidence intervals. 
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Table 4-7 Adjusted Mean Percent Energy from UPFs (% kcal) by Food Security Status and 

Race/Ethnicity Among U.S. Children Aged 5–12 Years, NHANES 2001–2023  

(N= 13,850) 

Race/Ethnicity (N) 
Overall 

(N=13,850) 

High food 

security 

(N=8,362) 

Marginal food 

security 

(N=2,163) 

Food insecurity 

(N=3,325) 

Hispanic (N=4,606) 62.58 (0.39) 62.86 (0.47) 62.12 (1.03) 61.86 (0.74) 

Non-Hispanic White 

(N=4,104) 
68.47 (0.37) 67.68 (0.43) 69.41 (1.24) 70.74 (1.13) 

Non-Hispanic Black 

(N=4,104) 
67.35 (0.55) 67.07 (0.68) 67.45 (1.32) 68.32 (0.90) 

Other race/ethnicity 

(N=1,433) 
60.71 (0.92) 59.23 (1.06) 64.99 (2.64) 63.35 (2.11) 

Notes: Adjusted for child age (years), gender, PIR, and NHANES survey cycle. 

The interaction between food security status and race/ethnicity was statistically significant (adjusted Wald F 

=20.915, p = < 0.001). 

 

 

Figure 4-4 Adjusted Mean Percent Energy from UPFs  

(% kcal) by Food Security Status and Race/Ethnicity among  

U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

 

Stratified Analysis of UPF Intake by Race/Ethnicity: Percent Grams (% grams) from UPF 

Overall, Non-Hispanic Black (45.62%) and Non-Hispanic White children (45.42%) had the 

highest adjusted mean percentage of grams from ultra-processed foods, followed by Hispanic 

children (40.27%) and children of Other race/ethnicity (39.63%). Among Non-Hispanic White 
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children, marginal food security was associated with the highest adjusted mean percentage of 

grams from UPFs (48.85%), compared with 43.65% among food-secure children and 46.66 % 

among food-insecure children, which suggests that UPF intake does not increase or decrease 

uniformly across food security categories. In contrast, among Non-Hispanic Black children, the 

pattern was reversed compared with Non-Hispanic White children. Food-secure children had the 

highest adjusted mean percentage of grams from UPFs (46.74%), compared with 44.74% among 

marginally food-secure children and 45.42% among food-insecure children. Among Hispanic 

children, the pattern of percent grams from UPFs was similar to that observed for percent energy 

from UPFs, with food-secure children consuming slightly more UPFs (41.35%) compared with 

marginally food-secure (40.02%) and food-insecure children (39.45%). Among children 

classified as Other race/ethnicity, adjusted mean percentage of grams from UPFs ranged from 

37.44% among food-secure children to 41.33% among marginally food-secure children and 

40.07% among food-insecure children. Overall, the direction and magnitude of the association 

between food security status and percentage of grams from UPFs differed across racial/ethnic 

groups. 

Table 4-8 Adjusted Mean Percent Grams from UPFs (% grams) by Food Security Status 

and Race/Ethnicity Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 

13,850) 

Race/Ethnicity (N) 
Overall  

(N= 13,850) 

High food 

security  

(N=8,362) 

Marginal food 

security 

(N=2,163) 

Food 

insecurity 

(N=3,325) 

Hispanic (N=4,606) 40.27 (0.49) 41.35 (0.64) 40.02 (1.23) 39.45 (0.97) 

Non-Hispanic White 

(N=4,104) 
45.42 (0.44) 43.65 (0.58) 48.85 (1.51) 46.66 (1.48) 

Non-Hispanic Black 

(N=4,104) 
45.62 (0.64) 46.74 (0.75) 44.74 (1.34) 45.42 (1.08) 

Other race/ethnicity 

(N=1,433) 
39.63 (0.98) 37.44 (0.99) 41.33 (2.32) 40.07 (1.98) 
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Notes: Adjusted for child age (years), gender, PIR, NHANES survey cycle. 

The interaction between food security status and PIR was statistically significant (adjusted Wald F = 3.24, p = 

0.0019). 

Figure 4-5 presents the adjusted mean percentage of grams from UPFs by food security 

status and race/ethnicity. Points represent predictive margins from survey-weighted linear 

regression models adjusted for child age, gender, PIR, and NHANES survey cycle. Vertical bars 

indicate 95% confidence intervals. 

 

 
 

Figure 4-5 Adjusted Mean Percent Grams from UPFs (% gram) by Food Security Status 

and Race/Ethnicity among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 

13,850) 

Stratified Analysis of UPF Intake by PIR: Percent Grams (% grams) from UPF 

Given the significant interactions with income (PIR), stratified analyses were conducted to 

further examine how the association between food insecurity, and percent grams from UPF 

varied across income groups. Therefore, PIR was categorized into three groups (≤1.30; 1.31–

3.50; >3.50), consistent with SNAP eligibility thresholds and prior literature (Baraldi et al., 

2018). 
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Overall, the adjusted mean percentage of grams from UPFs decreased with increasing 

household income, from 44.32% among children in households with PIR ≤1.30 to 43.93% 

among those with PIR 1.31–3.50 and 41.99% among those with PIR >3.50. Among children 

living in low-income households (PIR ≤1.30) there was no clear gradient across food security 

categories, marginal food security was associated with the highest adjusted mean percentage of 

grams from UPFs (45.83%), compared with 44.24% among food-secure children and 43.63% 

among food-insecure children. In contrast, among children in the middle-income group (PIR 

1.31–3.50), food insecurity was associated with higher UPF intake (46.39%) compared with both 

marginally food-secure (44.59%) and food-secure children (43.14%). This suggests a positive 

association between food insecurity and UPF intake within this income group. A similar but 

stronger pattern was observed among children in higher-income households (PIR >3.5), where 

UPF intake increased from 40.96% among food-secure children to 43.05% among marginally 

food-secure and 45.03% among food-insecure children. Overall, these findings indicate that the 

association between food security status and percent grams from UPFs varied by household 

income, with clearer increases in UPF intake with worsening food security observed among 

children from higher-income households. 

Table 4-9 Adjusted Mean Percent Grams from UPFs (% grams) by Food Security Status 

and PIR Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

PIR Category (N) Overall 

(N=13,850) 

High food security  

(N=8,362) 

Marginal food 

security 

(N=2,163) 

Food 

insecurity 

(N=3,325) 

≤1.30 (N = 5,769) 
44.32 (0.64) 44.24 (0.81) 45.83 (1.06) 43.63 (0.89) 

1.31–3.5 (N = 4,672) 
43.93 (0.48) 43.14 (0.62) 44.59 (1.26) 46.39 (1.26) 

>3.5 (N = 3,409) 
41.99 (0.69) 40.96 (0.61) 43.05 (2.81) 45.03 (1.80) 

Notes: Adjusted for child age (years), gender, race/ethnicity, PIR, and NHANES survey cycle. 



 

137 

 

Figure 4-6 presents the adjusted mean percentage of grams from UPFs by food security 

status and PIR category. Points represent predictive margins from survey-weighted linear 

regression models adjusted for child age, gender, race/ethnicity, and NHANES survey cycle. 

Vertical bars indicate 95% confidence intervals. 

 

 
Figure 4-6 Adjusted Mean Percent Grams from UPFs (% grams) by Food Security Status 

and Income among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

Summary of RQ 1b Findings  

Race/ethnicity significantly modified the association between food security status and UPF 

intake. In sociodemographic-adjusted models, race/ethnicity significantly modified the 

association between food insecurity and percentage of energy from UPFs, and this interaction 

remained statistically significant after further adjustment for NHANES survey cycle. A positive 

trend between food insecurity and UPF intake was observed among Non-Hispanic White 

children, with higher UPF consumption among marginally food-secure and food-insecure groups 

compared with food-secure children. A smaller positive pattern was observed among Non-

Hispanic Black children, whereas a very little trend was observed among Hispanic children. 
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For percentage of grams from UPFs, patterns differed across racial/ethnic groups. Among 

non-Hispanic Black, a modest inverse association was observed, with lower intake among 

marginally food-secure and food-insecure groups compared with food-secure children. Among 

Non-Hispanic White children, a non-linear pattern was observed, with the highest intake among 

marginally food-secure children and somewhat lower intake among food-insecure children. 

Among Hispanic children, UPF intake was slightly lower among marginally food-secure and 

food-insecure children compared with food-secure children. 

Additionally, the relationship between food security status and percent grams from UPF 

intake varied across income groups. Among lower-income children, little to no consistent 

gradient was observed across food security categories. In contrast, among middle- and higher-

income children, UPF intake tended to increase with worsening food security. 

Overall, the magnitude and direction of the association between food insecurity and UPF 

intake differed across racial/ethnic, with clearer and more consistent patterns observed for 

percentage of energy than for percentage of grams. 

4.2.3 Research Question 1c 

How is food security status associated with the consumption of specific UPF categories (e.g., 

snacks, sugary beverages, ready-to-eat meals) and the amount consumed (in % kcal and % 

grams) among children? 

First, survey-weighted mean percentage of total energy (% kcal) from individual UPF subgroups 

by food security status were reported (Table 4-10), followed by pairwise comparisons (Table 4-

11). 

Percent Energy (% kcal) from UPF Subgroups 
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In unadjusted analyses, several UPF subgroups differed significantly across food security 

categories. Intake of ready-to-heat/ready-to-eat mixed dishes differed across food security groups 

(p = 0.002), with the highest intake observed among food-insecure children (9.9%), followed by 

marginally food-secure (9.3%) and food-secure children (8.4%). Similarly, intake of sugar-

sweetened beverages differed across food security categories (p = 0.002), with marginally food-

secure children reporting the highest intake (6.7%), followed by food-insecure (6.4%) and food-

secure children (5.9%).  

In contrast, sweet snacks and sweets also differed significantly (p = 0.005), with food-

secure children reporting the highest intake (4.4%), compared with marginally food-secure 

(3.8%) and food-insecure children (3.5%). 

In addition, other ultra-processed foods differed across food security categories (p = 

0.018), with lower intake observed among food-insecure children. Industrial grain foods showed 

borderline differences in unadjusted analyses (p = 0.063) and the fully adjusted model (p=0.003). 

After adjustment for age, gender, race/ethnicity, and household income-to-poverty ratio 

some subgroup differences persisted. Industrial grain foods (p = 0.025) and ready-to-heat/ready-

to-eat mixed dishes (p = 0.009) remained statistically significant. However, differences for sweet 

snacks and sweets, sugar-sweetened beverages, and other ultra-processed foods were no longer 

statistically significant. 

In fully adjusted models additionally controlling for NHANES survey cycle, most 

subgroup differences were no longer statistically significant. Industrial grain foods remained 

statistically significant (p = 0.003), while ready-to-heat/ready-to-eat mixed dishes (p = 0.212), 

sugar-sweetened beverages (p = 0.097), sweet snacks and sweets (p = 0.796), and other ultra-

processed foods (p = 0.883) were no longer significantly associated with food security status. 



 

140 

 

Table 4-10 Mean Percent Energy from Each UPF Subgroup (% kcal) by Food Security 

Status Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

UPF subgroup (% kcal) 

 

Mean % 

Kcal from 

UPFs (SE) 

High 

food 

security 

Mean 

(SE) 

Marginal 

food 

security 

Mean (SE) 

Food 

insecurity 

Mean (SE) 

1p-

value 

2p-

value 

3p-

value 

Industrial grain foods 

(bread; sugared cereals; 

cakes/pastries) 

21.06(0.20) 21.2 (0.2) 19.7 (0.5) 21.6 (0.4) 0.063 0.025 0.003 

Ready-to-heat / ready-

to-eat mixed dishes 

(pizza; sandwiches; 

burgers; plate meals) 

8.80 (0.20) 8.4 (0.3) 9.3 (0.5) 9.9 (0.4) 0.002 0.009 0.212 

Sweet snacks and sweets 

(sweet snacks; 

desserts/sugary products) 

4.13 (0.12) 4.4 (0.1) 3.8 (0.2) 3.5 (0.2) 0.005 0.566 0.796 

Savory snacks (crackers, 

chips, popcorn) 

6.63 (0.13) 6.7 (0.2) 6.7 (0.3) 6.3 (0.2) 0.255 0.406 0.502 

Reconstituted meat, 

poultry, or fish products 

5.51 (0.12) 5.4 (0.2) 5.8 (0.3) 5.8 (0.3) 0.290 0.636 0.756 

Sugar-sweetened 

beverages (soft drinks; 

other sweetened 

beverages) 

6.12 (0.13) 5.9 (0.2) 6.7 (0.3) 6.4 (0.3) 0.002 0.119 0.097 

Soups, condiments, and 

sauces (soups; 

sauces/dressings/gravies) 

2.78 (0.06) 2.7 (0.1) 3.0 (0.2) 2.8 (0.1) 0.130 0.523 0.686 

Flavored dairy foods 

and substitutes (ice 

cream/frozen dairy; 

sugared milk drinks) 

6.71 (0.13) 6.8 (0.2) 6.8 (0.3) 6.3 (0.2) 0.173 0.240 0.360 

Prepared potato 

products (French 

fries/potato products) 

1.82 (0.08) 1.8 (0.1) 1.8 (0.2) 1.9 (0.2) 0.822 0.852 0.717 

*Other ultra-processed 

foods 

2.90 (0.07) 3.1 (0.1) 2.7 (0.2) 2.5 (0.2) 0.018 0.483 0.883 

Notes: Values represent survey-weighted means (SE). p-values derived from survey-weighted Wald F tests comparing subgroup 

means across food security categories. 
1p-values are from unadjusted model 
2p-values are from adjusted model 1 (age, gender, race/ethnicity, and PIR) 
3p-values are from adjusted model 2 (for age, gender, race/ethnicity, PIR, NHANES survey cycle) 

* Including soy products such as meatless patties and fish sticks; dips, spreads, mustard, and catsup; margarine; sugar substitutes, 

sweeteners, d all syrups (excluding 100% maple syrup); distilled alcoholic drink 

 

Percent Energy (% kcal): Pairwise Comparisons for Significant UPF Subgroups 

Pairwise comparisons were conducted for UPF subgroups that showed statistically significant 

differences in overall Wald tests (Table 4-11). 
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In unadjusted analyses, children experiencing marginal or food insecurity consumed a 

greater percentage of energy from ready-to-heat/ready-to-eat mixed dishes compared with food-

secure children. Marginally food-secure children consumed 1.0 percentage point more energy (β 

= 1.01, p = 0.042), and food-insecure children consumed 1.45 percentage points more (β = 1.45, 

p = 0.001). Similarly, intake of sugar-sweetened beverages was slightly higher among marginally 

food-secure (0.93 percentage points higher; β = 0.93, p = 0.001) and food-insecure children (0.57 

percentage points higher; β = 0.57, p = 0.039) compared with food-secure children. In contrast, 

food-insecure children consumed a lower percentage of energy from sweet snacks and sweets 

(0.75 percentage points lower; β = −0.75, p = 0.001) and from other ultra-processed foods (0.48 

percentage points lower; β = −0.48, p = 0.006) relative to food-secure children. For industrial 

grain foods, food-insecure children consumed 1.53 percentage points more energy than 

marginally food-secure children (β = 1.53, p = 0.019). 

After adjustment for sociodemographic characteristics (Model 1), differences in industrial 

grain foods and ready to eat dishes remained significant between food secure and insecure 

groups.  

In fully adjusted models, only differences in industrial grain foods (food-insecure vs 

marginal; p = 0.019 and food-secure vs marginal; p=0.001) and Sugar-sweetened beverages 

(food-secure vs marginal; p = 0.033) remained statistically significant. 

Table 4-11 Associations Between Food Security Status and Percent Energy from UPF 

Subgroups Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

Subgroup Comparison 

β (SE), 

percentage 

points 

1p-values 2p-values 3p-values 

Industrial grain foods 

(bread; sugared cereals; 

cakes/pastries) 

Marginal vs High −0.85 (0.53) 0.108 0.499 0.012 
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Subgroup Comparison 

β (SE), 

percentage 

points 

1p-values 2p-values 3p-values 

 Food insecure vs High 0.67 (0.51) 0.190 0.021 0.204 

 
Food insecure vs 

Marginal 
1.531 (0.64) 0.019 0.011 0.001 

Ready-to-heat / ready-to-

eat mixed dishes (pizza; 

sandwiches/burgers; plate 

meals) 

Marginal vs High 1.01 (0.49) 0.042 0.073 0.667 

 Food insecure vs High 1.45 (0.44) 0.001 0.004 0.078 

 Food insecure vs 

Marginal 
0.44 (0.58) 0.446 0.403 0.291 

Sweet snacks and sweets 

(sweet snacks; 

desserts/sugary products) 

Marginal vs High -0.37 (0.24) 0.126 0.308 0.802 

 Food insecure vs High -0.75 (0.23) 0.001 0.941 0.618 

 Food insecure vs 

Marginal 
-0.38 (0.28) 0.175 0.403 0.511 

Sugar-sweetened beverages 

(soft drinks; other sweetened 

beverages) 

Marginal vs High 0.93 (0.26) 0.001 0.057 0.033 

 Food insecure vs High 0.57 (0.27) 0.039 0.999 0.551 

 Food insecure vs 

Marginal 
-0.36 (0.31) 0.256 0.083 0.128 

Other ultra-processed 

foods 
Marginal vs High -0.25 (0.18) 0.167 0.642 0.989 

 Food insecure vs High -0.48 (0.17) 0.006 0.230 0.628 

 Food insecure vs 

Marginal 
-0.23 (0.22) 0.288 0.524 0.695 

Notes: 1p-values are from unadjusted model 
2p-values are from adjusted model 1 (age, gender, race/ethnicity, and PIR) 
3p-values are from adjusted model 2 (for age, gender, race/ethnicity, PIR, and NHANES cycle) 

* Including soy products such as meatless patties and fish sticks; dips, spreads, mustard, and catsup; margarine; 

sugar substitutes, sweeteners, and all syrups (excluding 100% maple syrup); distilled alcoholic drink 

 

Percent Grams (% grams) from UPF Subgroups 



 

143 

 

Survey-weighted mean percentage of total UPF (grams) from individual UPF subgroups by food 

security status are presented in Table 4-12. 

In unadjusted analyses, intake of ready-to-heat/ready-to-eat mixed dishes differed 

significantly across food security categories (p = 0.001). Marginally food-secure children 

reported the highest consumption (4.31%), followed by food-insecure (4.15%) and food-secure 

children (3.62%). Other subgroups, including sweet snacks and sweets (p = 0.092), sugar-

sweetened beverages (p = 0.083), and soups, condiments, and sauces (p = 0.056), demonstrated 

borderline differences in unadjusted models. No statistically significant differences were 

observed for industrial grain foods, savory snacks, reconstituted meat products, flavored dairy 

foods, prepared potato products, or other ultra-processed foods. 

After adjustment for age, gender, race/ethnicity, and PIR, the association for ready-to-

heat/ready-to-eat mixed dishes remained borderline statistically significant (p = 0.050). 

However, after additional adjustment for NHANES cycle, no statistically significant differences 

in percentage of grams from UPF subgroup intake were observed across food security categories. 

Table 4-12 Mean Percent Grams from Each UPF Subgroup (% grams) by Food Security 

Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

UPF subgroup (% gram) % 

Gram 

from 

UPF 

(SE) 

High 

food 

security 

Marginal 

food 

security 

Food 

insecurity 

1p-

values 

2p-

values 

3p-

values 

Industrial grain foods 

(bread; sugared cereals; 

cakes/pastries) 

6.57 

(0.07) 

6.60 

(0.09) 

6.21 (0.18) 6.69 (0.16) 0.2671 0.2433 0.0951 

Ready-to-heat / ready-to-

eat mixed dishes (pizza; 

sandwiches; burgers; plate 

meals) 

3.81 

(0.10) 

3.62 

(0.11) 

4.31 (0.25) 4.15 (0.19) 0.0010 0.0502 0.5116 

Sweet snacks and sweets 

(sweet snacks; 

desserts/sugary products) 

1.31 

(0.04) 

1.37 

(0.05) 

1.28 (0.07) 1.16 (0.07) 0.0917 0.5679 0.7717 

Savory snacks (crackers, 

chips, popcorn) 

1.43 

(0.03) 

1.44 

(0.04) 

1.43 (0.06) 1.36 (0.07) 0.5180 0.6045 0.6304 
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Reconstituted meat, 

poultry, or fish products 

2.16 

(0.05) 

2.09 

(0.06) 

2.35 (0.14) 2.30 (0.11) 0.1818 0.6099 0.7742 

Sugar-sweetened beverages 

(soft drinks; other sweetened 

beverages) 

17.32 

(0.35) 

17.10 

(0.42) 

18.03 

(0.60) 

17.66 (0.66) 0.0834 0.3311 0.2256 

Soups, condiments, and 

sauces (soups; 

sauces/dressings/gravies) 

1.96 

(0.05) 

1.90 

(0.06) 

2.13 (0.11) 2.06 (0.11) 0.0559 0.6561 0.7736 

Flavored dairy foods and 

substitutes (ice 

cream/frozen dairy; sugared 

milk drinks) 

6.11 

(0.14) 

6.10 

(0.17) 

6.08 (0.31) 6.15 (0.29) 0.8377 0.5250 0.6018 

Prepared potato products 

(French fries/potato 

products) 

0.73 

(0.03) 

0.72 

(0.04) 

0.68 (0.06) 0.77 (0.06) 0.5572 0.6108 0.5844 

Other ultra-processed 

foods 

0.93 

(0.03) 

0.97 

(0.04) 

0.89 (0.07) 0.81 (0.08) 0.3442 0.9911 0.9903 

Notes: Values represent survey-weighted means (SE). p-values derived from survey-weighted Wald F tests comparing subgroup 

means across food security categories. 
1p-values are from unadjusted model 
2p-values are from adjusted model 1 (age, gender, race/ethnicity, and PIR) 
3p-values are from adjusted model 2 (for age, gender, race/ethnicity, PIR, and NHANES survey cycle) 

* Including soy products such as meatless patties and fish sticks; dips, spreads, mustard, and catsup; margarine; sugar substitutes, 

sweeteners, and all syrups (excluding 100% maple syrup); distilled alcoholic drink 

 

Percent Grams (% grams): Pairwise Comparisons for Significant UPF subgroups 

Pairwise comparisons were conducted for only ready-to-heat/ready-to-eat mixed dishes subgroup 

which showed statistically significant differences in overall Wald tests (Table 4-13). 

In unadjusted analyses, marginally food-secure children consumed 0.73 percentage points 

more of total UPF (grams) from ready-to-heat/ready-to-eat mixed dishes compared with food-

secure children (β = 0.734; p = 0.003). Food-insecure children consumed 0.55 percentage points 

more than food-secure children (β = 0.548; p = 0.007). There was no significant difference 

between food-insecure and marginally food-secure children. 

After adjustment for sociodemographic characteristics, only the difference between 

marginally food-secure and food-secure children remained statistically significant (0.52 

percentage points higher; p = 0.032). In fully adjusted models, all pairwise associations were no 

longer statistically significant. 
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Table 4-13 Associations Between Food Security Status and Percent Grams (% grams) from 

Ready-to-Heat/Ready-to-Eat Mixed Dishes Among U.S. Children Aged 5–12 Years, 

NHANES 2001–2023 (N= 13,850) 

Subgroup Comparison β (SE), percentage 

points 

1p-values 2p-

values 

3p-

values 

 

Ready-to-heat / 

ready-to-eat mixed 

dishes (pizza; 

sandwiches/burgers; 

plate meals) 

Marginal vs High 0.734 (0.2) 0.003 0.032 0.669 

 

 Food insecure vs High 0.548 (0.2) 0.007 0.122 0.078  

 Food insecure vs 

Marginal 
-0.186 (0.3) 0.532 0.577 0.291 

 

Notes: 1p-values are from unadjusted model 
2p-values are from adjusted model 1 (age, gender, race/ethnicity, and PIR) 
3p-values are from adjusted model 2 (for age, gender, race/ethnicity, PIR, and NHANES survey cycle) 

Summary of RQ 1c Findings 

In unadjusted analyses, children experiencing marginal or low food security consumed a greater 

percentage of energy from ready-to-heat/ready-to-eat mixed dishes and sugar-sweetened 

beverages compared with food-secure children, while food-insecure children consumed a lower 

percentage of energy from sweet snacks and sweets and from other ultra-processed foods. Food-

insecure children also consumed a higher percentage of energy from industrial grain foods 

compared with marginally food-secure children. After additional adjustment for NHANES 

survey cycle, only differences in industrial grain foods remained statistically significant. For 

percentage of grams from UPF, significant differences were observed only for ready-to-

heat/ready-to-eat mixed dishes in unadjusted models, and these associations were no longer 

statistically significant after adjustment. 
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4.2.4 Research Question 1d 

Does the association between food security status and the intake of UPFs (% kcal and % grams) 

among U.S. children remain significant after accounting for overall diet quality, as measured by 

the Healthy Eating Index–2020 (HEI-2020)? 

Diet Quality (HEI-2020) by Food Security Status 

The overall mean HEI-2020 score of our sample was 49.77 and it did not differ significantly 

across food security categories (p = 0.193), even after adjustment for sociodemographic 

characteristics, and NHANES survey cycle (all p > 0.05) (Table E-1, Appendix E).  

Association Between HEI-2020 and Percent Energy (% kcal) from UPF 

Figure 4-7 illustrates a clear inverse relationship between diet quality as measured by the HEI-

2020 score and the percentage of energy derived from UPF. UPF intake decreased progressively 

across the quartiles of HEI-2020 score. Children in the lowest diet quality quartile (Q1) 

consumed, on average, 75.4% of total energy from UPFs, compared with 62.2% in Q2, 69.11% 

in Q3, and 56.6% among children in the highest diet quality quartile (Q4). This pattern shows 

that children who have higher overall diet quality consumed substantially lower proportions of 

energy from UPF. 
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Figure 4-7 Mean Percent Energy from UPFs (% kcal) by HEI-2020 Quartile Among U.S. 

Children Aged 5–12 Years, NHANES 2001–2020 (N= 13,065) 

Consistent with this pattern, HEI-2020 total score was strongly and inversely associated 

with percentage energy from UPF (Table 4-14). In the unadjusted model, each 1-point increase 

in HEI-2020 score was associated with a 0.63 percentage point decrease in percent energy 

from UPF (β = −0.63, p < 0.001). This association remained statistically significant after 

adjustment for age, gender, race/ethnicity, and PIR (β = −0.61, p < 0.001), and in the fully 

adjusted model including NHANES cycle (β = −0.62, p < 0.001). These findings indicate that 

higher overall diet quality was strongly associated with lower UPF consumption. 

Table 4-14 Association Between HEI-2020 Total Score and Percent Energy from 

UPFs (% kcal) Among U.S. Children Aged 5–12 Years, NHANES 2001–2020 (N= 13,065) 

 Unadjusted Model Model 1 Model 2 

Predictor β (SE) p-value β (SE) p-value β (SE) p-value 

HEI-2020 

Total Score  
-0.63 (0.002) <0.001 −0.61 (0.02) <0.001 −0.62 (0.02) <0.001 

Notes: Model 1: adjusted for age, gender, race/ethnicity, and PIR 

Model 2 adjusted for age, gender, race/ethnicity, PIR, and Survey NHANES cycle 

β coefficients represent the change in percent energy from UPF (percentage, 0–100) per 1-point increase in HEI-

2020 total score. 
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Association Between Food Security Status and Percent Energy (% kcal) from UPF 

Adjusted for HEI-2020 

After adjustment for HEI-2020 total score, the association between food insecurity and percent 

energy from UPF was almost similar compared to RQ 1 models that did not include HEI (Table 

4-15). In Model 1, adjusted for sociodemographic characteristics and HEI-2020, children 

experiencing food insecurity consumed 2.11 percentage points more energy from UPF compared 

to children with high food security (β = 2.11, p = 0.001).  

In the fully adjusted model including NHANES survey cycle, the association between food 

insecurity and percent energy from UPF remained the same (β = 1.73, p = 0.005). 

These results were comparable to RQ 1a results. These findings suggest that although 

higher HEI-2020 scores were strongly associated with lower UPF intake, overall diet quality did 

not fully explain differences in UPF consumption by food security status. 

Table 4-15 Association Between Food Security Status and Percent Energy from UPFs (% 

kcal) Adjusted for HEI-2020 Total Score Among U.S. Children Aged 5–12 Years, NHANES 

2001–2020 (N= 13,065) 

 Model 1 Model 2 

Food Security 

Status 

Adjusted 

Mean (SE) 
β (SE) p-value 

Adjusted 

Mean (SE) 
β (SE) p-value 

High food 

security (ref) 
61.34 (2.62) Ref -- 61.55 (2.65) Ref -- 

Marginal food 

security 
62.80 (2.74) 1.43 (0.70) 0.041 62.51 (2.75) 0.96 (0.70) 0.175 

Food insecurity 

(low/very low) 
63.50 (2.75) 2.11 (0.61) 0.001 63.28 (2.77) 1.73 (0.60) 0.005 

Overall Wald p-

value 
0.0021 0.0169 

Notes: High food security is reference category.  

Model 1: Adjusted for age, gender, race/ethnicity, PIR, and HEI-2020 total score 

Model 2: Adjusted for age, gender, race/ethnicity, PIR, NHANES survey cycle, and HEI-2020 total score 

 

Association Between HEI-2020 and Percent Grams (% grams) from UPF 
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Consistent with findings for percent energy from UPFs, a similar inverse pattern was observed 

between HEI-2020 quartiles and the percent grams from UPFs (Figure 4-8). Children in the 

lowest diet quality quartile (Q1) consumed, on average, 53.4% of total grams from UPFs, 

compared with 47.4% in Q2, 41.1% in Q3, and 33.4% among children in the highest diet quality 

quartile (Q4). This pattern further reinforces that higher overall diet quality was consistently 

associated with significantly lower consumption of UPFs, whether measured in terms of energy 

contribution or quantity of grams consumed. 

 
Figure 4-8 Mean Percent Grams from UPFs (% grams) by HEI-2020 Quartile Among U.S. 

Children Aged 5–12 Years, NHANES 2001–2020 (N= 13,065) 

HEI-2020 total score was strongly and inversely associated with percent grams from UPF 

(Table 4-16). In the unadjusted model, each 1-point increase in HEI-2020 score was associated 

with a 0.66 percentage point decrease in percent grams from UPF (β = −0.66, p < 0.001). 

The association remained statistically significant after adjustment for sociodemographic 

characteristics (β = −0.64, p < 0.001) and in the fully adjusted model including NHANES cycle 

(β = −0.65, p < 0.001). These results indicate a strong inverse association between overall diet 

quality and the proportion of dietary grams from UPFs. 
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Table 4-16 Association Between HEI-2020 Total Score and Percent Grams from UPFs (% 

grams) Among U.S. Children Aged 5–12 Years, NHANES 2001–2020 (N= 13,065) 

 Unadjusted Model Model 1 Model 2 

Predictor β (SE) p-value β (SE) p-value β (SE) p-value 

HEI-2020 

Total Score  
-0.66 (0.02) <0.001 -0.64 (0.012) <0.001 -0.65 (0.026) <0.001 

Notes: Model 1: Adjusted for age, gender, race/ethnicity, and PIR 

Model 2: Adjusted for age, gender, race/ethnicity, PIR, and NHANES survey cycle. 

β coefficients represent the change in percent energy from UPF (percentage scale, 0–100) per 1-point increase in 

HEI-2020 total score. 

 

Association Between Food Security Status and Percent Grams (% grams) from UPF 

Adjusted for HEI-2020 

After adjustment for HEI-2020 total score, food insecurity was not significantly associated with 

percent grams from UPF (Table 4-17). In Model 1, adjusted for sociodemographic characteristics 

and HEI-2020, neither marginal food security (β = 0.76, p = 0.365) nor food insecurity (β = 0.16, 

p = 0.862) was associated with percent grams from UPF. However, in the fully adjusted model 

including NHANES cycle, the association between marginal food security and high food security 

became significant where marginally food-secure children consumed 1.7-point percentage more 

compared to food secure children. The association remained non-significant for food insecurity 

(β = 0.97, p = 0.283).  

In RQ 1a models that did not include HEI-2020, food insecurity was not significantly 

associated with the percentage of total grams from UPFs. The inclusion of HEI-2020 in RQ 1d 

did not affect the magnitude or statistical significance of these associations. These findings 

indicate that, although overall diet quality was strongly and consistently associated with the 

percentage of grams from UPFs, food insecurity was not independently associated with UPF 

intake when measured in grams. 
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Table 4-17 Association Between Food Security Status and Percent Grams from UPFs (% 

grams) Adjusted for HEI-2020 Total Score Among U.S. Children Aged 5–12 Years, 

NHANES 2001–2020 (N= 13,065) 

 Model 1 Model 2 

Food Security 

Status 

Adjusted 

Mean (SE) 
β (SE) p-value 

Adjusted 

Mean (SE) 
β (SE) p-value 

High food 

security (ref) 
46.20 (3.16) Ref -- 46.22 (3.03) Ref -- 

Marginal food 

security 
46.96 (3.35) 0.76 (0.80) 0.365 47.92 (3.17) 1.70 (0.84) 0.046 

Food insecurity 

(low/very low) 
46.36 (3.14) 0.16 (0.93) 0.862 47.20 (2.93) 0.97 (0.90) 0.283 

Overall Wald 

p-value 
0.6343 0.1352 

Notes: High food security is reference category.  

Model 1: Adjusted for age, gender, race/ethnicity, PIR, and HEI-2020 total score. 

Model 2 Adjusted for age, gender, race/ethnicity, PIR, NHANES survey cycle and HEI-2020 total score. 

 

Summary of RQ 1d Findings 

Overall, findings from RQ 1d indicate that higher HEI-2020 scores were strongly and 

consistently associated with lower UPF intake. However, adjustment for overall diet quality did 

not meaningfully alter the association between food insecurity and UPF consumption. 

For percentage of energy from UPFs, food insecurity was positively associated with UPF intake 

in both Model 1 (adjusted for sociodemographic variables and HEI-2020) and Model 2 

(additionally adjusted for NHANES survey cycle). In contrast, for percentage of grams from 

UPFs, food insecurity was not significantly associated with UPF intake in either Model 1 or 

Model 2. These patterns were consistent with findings from RQ 1a, which did not include HEI-

2020. These results suggest that differences in UPF intake by food security status are more 

complex and not fully explained by overall diet quality alone, and that broader contextual and 

structural factors may play a more significant role. 
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4.3 Aim 2 – Results 

Aim 2: Association Between FNAP Participation and UPF Intake  

4.3.1 Research Question 2a 

Does participation in any FNAP (SNAP, WIC, NSLP, SBP, or SFSP) modify the association 

between food security status (high, marginal, and food insecure) and children’s UPF intake (% 

kcal and % grams)? 

To examine whether FNAP participation modified the association between food security status 

and children’s UPF intake, interaction terms between food security status and FNAP 

participation were estimated (Table 4-18). Additional models examining the overall association 

between FNAP participation and UPF intake are presented in Appendix Tables E-2 and E-3 

(Appendix E). In these supplemental models, FNAP participation was associated with higher in 

1.6 percentage point of energy from UPF in the sociodemographic adjusted models (p=0.032), 

but these associations were no longer statistically significant after additional adjustment for 

survey cycle (Table E-2). For percent grams from UPF, FNAP participation was associated with 

a 2.65 percentage point higher intake compared with non-participation in the fully adjusted 

model that included survey cycle (p=0.002) (Table E-3). These findings provided context for the 

interaction analyses presented below. Table 4-18 presents the interaction between food security 

status and FNAP participation in relation to percent energy (% kcal) and percent grams (% 

grams) from UPFs. 

Interaction Between Food Security Status and FNAP Participation: Percent Energy (% 

kcal) from UPF 
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In sociodemographic-adjusted models (Model 1), there was evidence of effect modification by 

FNAP participation for percent energy from UPF (overall Wald p = 0.010). Compared with food-

secure children who did not participate in FNAP (reference group), children living in marginally, 

low or very low food secure households who participated in FNAP consumed 2.9 percentage 

points more energy from UPF (p = 0.006 and p= 0.003). Similarly, children living in food secure 

households who participated in FNAP consumed 1.63 percentage points more energy from UPF 

(β = 1.63, p = 0.043). In addition, children experiencing food insecurity who did not 

participate in FNAP consumed 4.1 percentage points more energy from UPF than the reference 

group (β = 4.07, p = 0.002). These differences are reflected in the adjusted means, where UPF 

intake increased from approximately 64.9% among food-secure non-participants to 68.9% 

among food-insecure non-participants, while differences among FNAP participants were smaller 

(approximately 66.5% to 67.8%). 

This pattern was similar in the fully adjusted model that included NHANES survey 

cycles (Model 2), the interaction was statistically significant (overall Wald p = 0.034), and all the 

food security and FNAP categories had almost the same magnitude and significance. 

Table 4-18 Interaction Between Food Insecurity and FNAP Participation in Relation to 

Percent Energy (% kcal) and Percent Grams (% grams) from UPFs Among U.S. Children 

Aged 5–12 Years,  NHANES 2001–2023 (N= 13,850) 

% Energy from UPF 

 Model 1 Model 2 

Interaction 

Term (N) 

Adjusted 

Means (SE) 
β (SE) p-value 

Adjusted 

Means (SE) 
β (SE) p-value 

High FS × No 

FNAP (4,013) 
64.88 (0.51) Ref - 65.07 (0.52) Ref - 

High FS × Yes 

FNAP (4,337) 
66.51 (0.46) 1.63 (0.80) 0.043 66.49 (0.45) 1.42 (0.81) 0.079 

Marginal FS × 

No FNAP (300) 
66.16 (1.77) 1.28 (1.75) 0.463 65.89 (1.81) 0.83 (1.78) 0.642 
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Marginal FS × 

Yes FNAP 

(1,863) 

67.80 (0.82) 2.92 (1.05) 0.006 67.53 (0.78) 2.46 (1.02) 0.017 

Food Insecurity 

× No FNAP 

(276) 

68.95 (1.23) 4.07 (1.32) 0.002 69.09 (1.25) 4.02 (1.34) 0.003 

Food Insecurity 

× Yes FNAP 

(3,045) 

67.76 (0.71) 2.92 (1.00) 0.003 67.48 (0.70) 2.42 (0.96) 0.012 

Overall 

interaction 

(Wald test) 

0.010 0.034 

% Grams from UPF 

High FS × No 

FNAP (4,013) 
42.90 (0.70) Ref - 41.40 (0.65) Ref - 

High FS × Yes 

FNAP (4,337) 
43.65 (0.56) 0.75 (0.98) 0.445 44.57 (0.52) 3.17 (0.94) 0.001 

Marginal FS × 

No FNAP (300) 
44.35 (2.09) 1.45 (2.15) 0.501 43.96 (2.05) 2.56 (2.11) 0.227 

Marginal FS × 

Yes FNAP 

(1,863) 

43.81 (0.94) 0.91 (1.22) 0.458 45.58 (0.85) 4.17 (1.16) <0.001 

Food Insecurity 

× No FNAP 

(276) 

45.49 (2.17) 2.59 (2.32) 0.267 45.27 (2.01) 3.87 (2.16) 0.075 

Food Insecurity 

× Yes FNAP 

(3,045) 

42.84 (0.89) 
−0.06 

(1.19) 
0.960 44.33 (0.88) 2.93 (1.17) 0.014 

Overall 

interaction 

(Wald test) 

0.803 0.012 

Notes: Model 1 adjusted for age, gender, race/ethnicity, PIR 

Model 2 adjusted for age, gender, race/ethnicity, PIR, and NHANES Survey cycle. 

 

Interaction Between Food Security Status and FNAP Participation: Percent Grams (% 

grams) from UPF 

In contrast to the findings for percent energy, no statistically significant interaction between food 

security status and FNAP participation was observed for percent grams from UPF in Model 1 

(overall Wald p = 0.803). However, in Model 2, the interaction became statistically significant 

(overall Wald p = 0.012). In the fully adjusted model, compared with the reference group of 

children with high food security and no FNAP participation, children with high food security and 
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FNAP participation had a significantly higher percentage of grams from UPFs (β = 3.17, p = 

0.001). Similarly, marginally food-secure children with FNAP participation had higher UPF 

intake measured in grams (β = 4.17, p < 0.001), and food-insecure children with FNAP 

participation also had significantly higher intake (β = 2.93, p = 0.014). Among children without 

FNAP participation, neither marginal food security nor food insecurity was significantly 

associated with percentage of grams from UPFs in Model 2. These differences are reflected in 

the adjusted means, where percent grams from UPFs among FNAP participants ranged from 

approximately 43.6% to 45.6%, compared with about 41.4% to 45.5% among non-participants. 

These findings suggest that, after adjustment for survey cycle, FNAP participation modified the 

association between food security status and UPF intake when measured as percentage of grams. 

However, the magnitude of these differences was modest and less consistent than those observed 

for percent energy. 

Summary of RQ 2a Findings 

Overall, findings for RQ 2a indicate that participation in FNAP modified the association between 

food security status and children’s UPF intake. In models examining percent energy from UPF, 

children living in marginally food secure households and those experiencing food insecurity who 

participated in FNAP consumed approximately 2.9 percentage points more energy from UPF 

compared with food-secure children who did not participate in FNAP, while food-insecure 

children who did not participate in FNAP consumed about 4 percentage points more energy from 

UPF than the reference group. However, when UPF intake was measured as the percentage of 

grams from UPF, the interaction between food security status and FNAP participation was 

statistically significant only in the fully adjusted model. 
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Children participating in FNAP across all food security categories had higher percentage 

of grams from UPFs compared with the reference group, whereas no significant differences were 

observed among non-participants. This shows that FNAP participation may modify the 

association between food security and UPF intake when measured in Kcal and grams. 

4.3.2 Research Question 2b 

Does SNAP participation specifically modify the association between food security status and 

UPF intake (% kcal and % grams)? 

Association Between Food Security Status and SNAP Participation 

 

The association between food security status and SNAP participation was presented in Appendix 

E as supplemental tables. Supplemental Table E-4 and E-5 present the overall association 

between SNAP participation and UPF intake. In unadjusted analyses, SNAP participation was 

not significantly associated with percent energy from UPF and was associated with slightly 

lower percent grams from UPF. However, after adjustment for sociodemographic characteristics, 

SNAP participation was significantly associated with 2 percentage points more energy from UPF 

compared to non-participation (Table E-4). For percent grams from UPF, an inverse pattern was 

observed, whereby FNAP participation was associated with approximately 2 percentage points 

lower UPF intake compared with non-participation. However, this association was not 

statistically significant in the adjusted models (Table E-5). 

Interaction Between Food Security Status and SNAP Participation: Percent Energy (% 

kcal) from UPF 

Table 4-19 presents the interaction between food security status and SNAP participation in 

relation to UPF intake among U.S. children aged 5–12 years. For percent energy from UPF, 

results differed slightly across models. In Model 1 (adjusted for sociodemographic characteristics 
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only), the overall interaction between food security status and SNAP participation was 

statistically significant (Wald p = 0.029). In this model, children living in food-insecure 

households who participated in SNAP consumed 3.66 percentage points more energy from UPF 

compared with food-secure children not participating in SNAP (β = 3.66, p = 0.001). However, 

after additionally adjusting for NHANES survey cycle (Model 2), the interaction was no longer 

statistically significant (Wald p = 0.614), and the magnitude of the interaction terms decreased. 

Adjusted mean differences across SNAP and food security groups were also attenuated after 

accounting for temporal trends. 

Table 4-19 Interaction Between Food Security Status and SNAP Participation in Relation 

to Percent Energy (% kcal) and Percent Grams (% grams) from UPFs Among U.S. 

Children Aged 5–12 Years, NHANES 2001–2023 (N= 8,031) 

% Energy from UPF 

 Model 1 Model 2 

Interaction 

Term 

Adjusted 

Means 

(SE) 

β (SE) p-value 
Adjusted 

Means (SE) 
β (SE) p-value 

High FS × 

No SNAP 

(2,199) 

65.08 (0.67) Ref - 66.49 (0.68) Ref - 

High FS × 

Yes SNAP 

(1,726) 

66.91 (0.69) 1.83 (1.10) 0.098 65.82 (0.71) −0.67 (1.14) 0.561 

Marginal 

FS × No 

SNAP 

(508) 

65.74 (1.27) 0.65 (1.46) 0.656 65.92 (1.29) -0.57 (1.46) 0.514 

Marginal 

FS × Yes 

SNAP 

(1,036) 

67.40 (1.05) 2.32 (1.38) 0.095 66.38 (0.97) −0.11 (1.34) 0.696 

Food 

Insecurity 

× No 

SNAP 

(779) 

66.56 (1.58) 1.48 (1.75) 0.399 67.21 (1.34) 0.72 (1.51) 0.635 

Food 

Insecurity 

× Yes 

68.75 (0.74) 3.66 (1.04) 0.001 67.52 (0.80) 1.03 (1.16) 0.376 
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SNAP 

(1,783) 

Overall 

interaction 

(Wald test) 

0.029 0.614 

% Grams from UPF 

High FS × 

No SNAP 

(2,199) 

46.99 (1.01) Ref - 45.01 (1.04) Ref - 

High FS × 

Yes SNAP 

(1,726) 

43.70 (0.87) 
−3.28 

(1.47) 
0.027 45.17 (0.88) 0.16 (1.55) 0.918 

Marginal 

FS × No 

SNAP 

(508) 

45.78 (1.46) 
−1.20 

(1.79) 
0.504 45.67 (1.41) 0.67 (1.80) 0.711 

Marginal 

FS × Yes 

SNAP 

(1,036) 

44.01 (1.23) 
−2.97 

(1.68) 
0.079 45.68 (1.05) 0.68 (1.61) 0.675 

Food 

Insecurity 

× No 

SNAP 

(779) 

44.17 (1.65) 
−2.82 

(2.03) 
0.168 44.16 (1.55) −0.85 (1.93) 0.661 

Food 

Insecurity 

× Yes 

SNAP 

(1,783) 

44.35 (1.10) 
−2.64 

(1.59) 
0.099 45.54 (1.02) 0.53 (1.58) 0.736 

Overall 

interaction 

(Wald test) 

0.337 0.970 

Notes: Model 1: adjusted for age, gender, race/ethnicity, PIR. 

Model 2: adjusted for age, gender, race/ethnicity, PIR, and NHANES cycle. 

 

Interaction Between Food Security Status and SNAP Participation: Percent Grams (% 

grams) from UPF 

For percent grams from UPF, no meaningful overall interaction between food security status and 

SNAP participation was observed (Table 4-18). Although Model 1 indicated that children from 

food-secure households participating in SNAP consumed 3.28 percentage points fewer grams 

from UPF compared with the reference group (β = −3.28, p = 0.027), this pattern contrasts 

with the results observed for percent energy (% kcal) from UPFs, where SNAP participation 
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was associated with higher intake. However, the overall interaction test was not statistically 

significant (Wald p = 0.337). After adjusting for survey cycle (Model 2), the interaction terms 

remained small and statistically non-significant, and the joint Wald test confirmed the absence of 

effect modification (p = 0.970). Additionally, adjusted mean differences across SNAP and food 

security groups were minimal. 

Summary of RQ 2b Findings 

For Research Question 2b, a statistically significant interaction between food security status and 

SNAP participation was observed for percent energy from UPF in the sociodemographic 

adjusted model (Model 1; p = 0.029). In this model, children living in food-insecure households 

who participated in SNAP consumed 3.66 percentage points more energy from UPF compared 

with food-secure children not participating in SNAP (p = 0.001). However, this interaction was 

no longer statistically significant after adjusting for NHANES survey cycle (Model 2; p = 0.614). 

For percent grams from UPF, although SNAP participants from food-secure households 

consumed 3.28 percentage points fewer grams from UPF in Model 1 (p = 0.027), the overall 

interaction test was not significant, and this association was attenuated after adjustment for 

survey cycle. Overall, these findings indicate that SNAP participation alone did not consistently 

modify the relationship between food security status and UPF intake among U.S. children aged 

5–12 years. 

4.3.3 Research Question 2c 

Are the directions and magnitudes of these associations consistent across demographic 

subgroups (income, gender, race/ethnicity)? 

Effect Modification by Income, Age, and Race/Ethnicity: Percent Energy (% kcal) from 

UPF 
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Table 4-20 presents tests of three-way interactions examining whether income (PIR), age, or 

race/ethnicity modified the association between food security status, FNAP participation, and 

percent energy from ultra-processed foods. In Model 1, adjusted for sociodemographic 

characteristics, significant three-way interactions were observed for both income (p = 0.0209) 

and age (p = 0.0086), which suggests that the combined association between food security and 

FNAP participation with UPF intake varied across levels of household income and child age. 

By contrast, race/ethnicity did not significantly modify the association (p = 0.2907). 

However, after additional adjustment for NHANES survey cycle (Model 2), the three-way 

interaction with income was reduced to marginal significance (p = 0.067). while the interaction 

with age remained significant (p = 0.009). Race/ethnicity remained non-significant in the fully 

adjusted model (p = 0.2945). 

Table 4-20 Sociodemographic Modification of the Food Security × FNAP Association with 

Percent Energy from UPFs (% kcal) Among U.S. Children Aged 5–12 years, NHANES 

2001–2023 (N= 13,850) 

Effect Modifier Model 1 p-value Model 2 p-value 

Income (PIR) 

Adjusted for gender, 

race/ethnicity, age; 

includes FS×FNAP×PIR 

0.0209 

Adjusted for gender, 

race/ethnicity, age, 

cycle, includes 

FS×FNAP×PIR 

0.0670 

Age  

Adjusted for PIR, gender, 

race/ethnicity; includes 

FS×FNAP×age 

0.0086 

Adjusted for PIR, 

gender, race/ethnicity, 

cycle; includes 

FS×FNAP×age 

0.0092 

Race/ethnicity  

Adjusted for PIR, gender, 

age; includes 

FS×FNAP×race 

0.2907 

Adjusted for PIR, 

gender, age, cycle; 

includes 

FS×FNAP×race 

0.2945 

 

Stratification by Age and Household Income (PIR): Percent Energy from UPFs (% kcal) 

Given the significant three-way interactions for age and income (PIR), stratified analyses were 

conducted to further examine how the association between food insecurity, FNAP participation, 
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and percent energy from UPF varied across age and income groups. Therefore, household 

income-to-poverty ratio (PIR) was categorized into three groups (≤1.30; 1.31–3.50; >3.50), 

consistent with SNAP eligibility thresholds and prior literature (Baraldi et al., 2018). Child age 

was categorized into three groups (5–7, 8–10, and 11–12 years to reflect early, middle, and later 

stages within the 5–12 years age range and to allow for sufficient sample size within each 

stratum for interaction analyses. 

Stratification by Age: Percent Energy (% kcal) from UPF 

Table 4-21 presents the interaction between food security status and participation in FNAP on 

the percentage of energy intake from UPF, stratified by age category. The reference group 

consisted of children with high food security who did not participate in FNAP. 

Among children aged 5–7 years, only one interaction category was significantly 

associated with UPF intake. Children experiencing food insecurity who did not participate in 

FNAP consumed a significantly higher proportion of energy from UPF compared with the 

reference group, with a difference of 4.92 percentage points (p = 0.012). No significant 

differences were observed among FNAP participants within this age group. Consistent with these 

findings, adjusted means showed minimal differences between FNAP participants and non-

participants within each food security category (66.0% vs. 64.3% among food-secure children), 

which indicated limited variation by FNAP participation in this age group. 

Among children aged 8–10 years, several combinations of food security status and FNAP 

participation were associated with higher UPF intake. Children with high food security who 

participated in FNAP consumed 2.82 percentage points more energy from UPF than food-secure 

non-participants (p = 0.023). Similarly, children with marginal food security who participated in 

FNAP consumed 4.94 percentage points more energy from UPF relative to the reference group 
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(p = 0.001). Among children experiencing food insecurity, both FNAP participants and non-

participants had higher UPF intake than food-secure non-participants, with differences of 3.11 

percentage points (p = 0.045) and 4.79 percentage points (p = 0.019), respectively. Adjusted 

means further illustrate these differences, with FNAP participants generally consuming more 

UPF than non-participants within the same food security groups (67.6% vs. 64.8% among food-

secure children and 69.7% vs. 65.1% among marginally food-secure children), which shows a 

more pronounced pattern in this age group. 

Among children aged 11–12 years, only children experiencing food insecurity who 

participated in FNAP had significantly higher UPF intake compared with the reference group, 

with a difference of 3.30 percentage points (p = 0.045). No other food security × FNAP 

combinations were significantly associated with UPF intake in this age group. 

Table 4-21 Interaction Between Food Security Status and Participation in FNAP on 

Percent Energy from UPFs (% kcal) by Age Category Among U.S. Children Aged 5-12 

years, NHANES 2001–2023 (N= 13,850) 

Interaction Term (N) 
Adjusted Means 

(SE) 
β (SE) p-value 

Age Category 5-7 years old (N= 5,046) 

High FS × No FNAP 

(1,473) 
64.31 (0.76) Ref - 

High FS × Yes FNAP 

(1,597) 
66.06 (0.77) 1.75 (1.25) 0.165 

Marginal FS × No FNAP 

(103) 
66.60 (2.70) 2.29 (2.73) 0.404 

Marginal FS × Yes FNAP 

(705) 
66.00 (1.02) 1.69 (1.43) 0.241 

Food Insecurity × No 

FNAP (109) 
69.23 (1.76) 4.92 (1.94) 0.012 

Food Insecurity × Yes 

FNAP (1,059) 
66.75 (0.94) 2.44 (1.41) 0.085 

Age Category 8-10 years old (N=5,140) 

High FS × No FNAP 

(1,440) 
64.75 (0.78) Ref - 
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High FS × Yes FNAP 

(1,620) 
67.57 (0.67) 2.82 (1.23) 0.023 

Marginal FS × No FNAP 

(109) 
65.10 (2.75) 0.35 (2.67) 0.895 

Marginal FS × Yes FNAP 

(680) 
69.68 (1.10) 4.94 (1.51) 0.001 

Food Insecurity × No 

FNAP (102) 
69.53 (1.96) 4.79 (2.02) 0.019 

Food Insecurity × Yes 

FNAP (1,189) 
67.85 (1.20) 3.11 (1.54) 0.045 

Age Category 11-12 years old (N=3,648) 

Term  β (SE) p-value 

High FS × No FNAP 

(1,100) 
65.85 (0.92) Ref - 

High FS × Yes FNAP 

(1,120) 
65.49 (0.92) −0.37 (1.43) 0.798 

Marginal FS × No FNAP 

(88) 
67.15 (3.06) 1.30 (3.30) 0.694 

Marginal FS × Yes FNAP 

(478) 
67.77 (1.64) 1.91 (2.11) 0.366 

Food Insecurity × No 

FNAP (65) 
67.49 (2.63) 1.64 (2.73) 0.549 

Food Insecurity × Yes 

FNAP (797) 
69.16 (1.18) 3.30 (1.63) 0.045 

Note: Models adjusted for gender, race/ethnicity, and poverty-income ratio (PIR). 

Stratification by Household Income (PIR): Percent Energy (% kcal) from UPF 

Table 4-23 presents the interaction between food security status and participation in FNAP on 

the percentage of energy intake from UPF, stratified by household income categories based on 

the poverty-income ratio (PIR). The reference group consisted of children with high food 

security who did not participate in FNAP. 

Among children living in low-income households (PIR ≤ 1.30), children across all food 

security categories who participated in FNAP had higher UPF intake compared with food-secure 

children who did not participate in FNAP. Specifically, children with high food security, 

marginal food security, and food insecurity who participated in FNAP consumed approximately 
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5.83, 6.92, and 6.43 percentage points more energy from UPF, respectively (p = 0.019, p = 

0.006, and p = 0.009). A larger magnitude difference was observed among food-insecure 

children who did not participate in FNAP, who consumed 10.62 percentage points more energy 

from UPF compared with food-secure non-participants (p = 0.002). These differences are 

reflected in the adjusted means, which ranged from approximately 59.4% among food-secure 

non-participants to 70.0% among food-insecure non-participants. Among children in middle-

income households (PIR 1.31–3.50), fewer differences were observed. Children with marginal 

food security who participated in FNAP consumed 3.20 percentage points more energy from 

UPF compared with food-secure non-participants (p = 0.031). Similarly, food-insecure children 

who participated in FNAP consumed 4.06 percentage points more energy from UPF compared to 

the reference group (p = 0.002). No significant differences were observed among children with 

marginal food security or food insecurity who did not participate in FNAP. Among children in 

higher-income households (PIR > 3.50), none of the food security and FNAP participation 

combinations were significantly associated with UPF intake relative to the reference group. 

Consistent with these findings, adjusted mean UPF intake was relatively similar across groups 

(approximately 63.9% to 69.3%), indicating minimal variation by food security status or FNAP 

participation. 

Table 4-22 Interaction Between Food Security Status and Participation in FNAP on 

Percent Energy from UPFs (% kcal) by PIR Category Among U.S. Children Aged 5-12 

years, NHANES 2001–2023 (N= 13,850) 

Interaction Term (N) 
Adjusted Means 

(SE) 
β (SE) p-value 

PIR ≤ 1.30 (N= 5,766) 

High FS × No FNAP 

(205) 
59.40 (2.29) Ref - 

High FS × Yes FNAP 

(2,007) 
65.23 (0.63) 5.83 (2.45) 0.019 
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Marginal FS × No 

FNAP (47) 
60.71 (2.70) 1.31 (3.64) 0.719 

Marginal FS × Yes 

FNAP (1,229) 
66.32 (0.97) 6.92 (2.46) 0.006 

Food Insecurity × No 

FNAP (74) 
70.02 (2.31) 10.62 (3.31) 0.002 

Food Insecurity × Yes 

FNAP (2,204) 
65.83 (0.76) 6.43 (2.44) 0.009 

PIR 1.31-3.5 (N= 4,667) 

High FS × No FNAP 

(1,504) 
65.71 (0.70) Ref - 

High FS × Yes FNAP 

(1,632) 
66.93 (0.65) 1.22 (0.94) 0.199 

Marginal FS × No 

FNAP (189) 
65.76 (2.33) 0.05 (2.43) 0.985 

Marginal FS × Yes 

FNAP (494) 
68.91 (1.24) 3.20 (1.47) 0.031 

Food Insecurity × No 

FNAP (166) 
67.49 (1.53) 1.77 (1.59) 0.267 

Food Insecurity × Yes 

FNAP (682) 
69.78 (1.09) 4.06 (1.32) 0.002 

PIR >3.5 (N= 3,401) 

High FS × No FNAP 

(2,304) 
65.81 (0.50) Ref - 

High FS × Yes FNAP 

(698) 
65.53 (1.08) -0.28 (1.18) 0.815 

Marginal FS × No 

FNAP (64) 
69.35 (2.72) 3.54 (2.66) 0.184 

Marginal FS × Yes 

FNAP (140) 
65.37 (2.43) -0.44 (2.42) 0.857 

Food Insecurity × No 

FNAP (36) 
67.38 (4.22) 1.57 (4.23) 0.711 

Food Insecurity × Yes 

FNAP (159) 
63.88 (2.50) -1.93 (2.51) 0.444 

Note: Models adjusted for gender, race/ethnicity, and age. 

 

Effect Modification by Income, Age, and Race/Ethnicity: Percent Grams (% grams) from 

UPF 

Similarly, When UPF intake was assessed as percent of total grams consumed, evidence of effect 

modification differed across age and income (table 4-23). In Model 1, adjusted for 
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sociodemographic characteristics, significant three-way interactions were observed for both 

income (p = 0.0060) and age (p = 0.0142), which suggests that the combined association 

between food security and FNAP participation with UPF gram intake varied across levels of 

household income and child age. However, race/ethnicity did not significantly modify the 

association (p = 0.9243). 

After additional adjustment for NHANES survey cycle (Model 2), age and income 

remained a statistically significant modifiers in the fully adjusted model. Therefore, we 

conducted a stratified analysis by age and income while adjusting for sociodemographic 

variables and NHANES survey cycle. 

Table 4-23 Sociodemographic Modification of the Food Security × FNAP Association with 

Percent Grams from UPFs (% grams) Among U.S. Children Aged 5-12 years, NHANES 

2001–2023 (N= 13,850) 

Effect Modifier Model  p-value Model 2 p-value 

Income (PIR) 

Adjusted for gender, 

race/ethnicity, age; includes 

FS×FNAP×PIR 

0.0060 

Adjusted for gender, 

race/ethnicity, age, cycle; 

includes FS×FNAP×PIR 

0.0012 

Age 

Adjusted for PIR, gender, 

race/ethnicity; includes 

FS×FNAP×age 

0.0142 

Adjusted for PIR, gender, 

race/ethnicity, cycle; includes 

FS×FNAP×age 

0.0002 

Race/ethnicity 
Adjusted for PIR, gender, age; 

includes FS×FNAP×race 
0.9243 

Adjusted for PIR, gender, age, 

cycle; includes FS×FNAP×race 
0.9221 

 

Stratification by Age: Percent Grams (% grams) from UPF 

Age-stratified analyses showed some statistically significant differences when UPF intake was 

measured as the proportion of grams consumed (Table 4-24). 

Among children aged 5–7 years, children with high food security who participated in 

FNAP consumed significantly more UPF (β = 3.55, p = 0.010) compared to food secure children 

non-participating in FNAP (reference group). Similarly, food-insecure children who participated 

in FNAP also had higher UPF intake (β = 3.30, p = 0.041) compared with the reference group. 
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Among children aged 8–10 years, a similar pattern was observed. Children with high 

food security who participated in FNAP (β = 2.82, p = 0.037) and those with marginal food 

security who participated in FNAP (β = 4.98, p = 0.002) had significantly higher UPF intake 

compared with the reference group. The association for food-insecure children who did not 

participate in FNAP approached statistical significance (p = 0.058). 

In contrast, among children aged 11–12 years, although estimates suggested slightly 

higher UPF intake among some FNAP-participating groups, no statistically significant 

associations were observed across food security and FNAP participation categories. 

Overall, these findings indicate that the interaction between food security status and 

FNAP participation on UPF intake (grams) varies by age, however; the magnitude and pattern of 

these associations are not consistently different across age categories. 

Table 4-24 Interaction Between Food Security Status and Participation in FNAP on 

Percent Grams from UPFs (% grams) by Age Category Among U.S. Children Aged 5-12 

years, NHANES 2001–2023 (N= 13,850) 

Interaction Term (N) 
Adjusted Means 

(SE) 
β (SE) p-value 

Age Category 5-7 years old (N= 5,046) 

High FS × No FNAP 

(1,473) 
40.13 (0.93) Ref - 

High FS × Yes FNAP 

(1,597) 
43.68 (0.80) 3.55 (1.35) 0.010 

Marginal FS × No FNAP 

(103) 
44.71 (3.04) 4.57 (3.25) 0.161 

Marginal FS × Yes 

FNAP (705) 
42.61 (1.13) 2.47 (1.61) 0.126 

Food Insecurity × No 

FNAP (109) 
44.43 (2.44) 4.30 (2.58) 0.098 

Food Insecurity × Yes 

FNAP (1,059) 
43.44 (1.14) 3.30 (1.60) 0.041 

Age Category 8-10 years old (N=5,140) 

High FS × No FNAP 

(1,440) 
42.28 (0.87) Ref - 
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High FS × Yes FNAP 

(1,620) 
45.10 (0.84) 2.82 (1.34) 0.037 

Marginal FS × No FNAP 

(109) 
42.15 (2.73) −0.13 (2.87) 0.965 

Marginal FS × Yes 

FNAP (680) 
47.26 (1.19) 4.98 (1.60) 0.002 

Food Insecurity × No 

FNAP (102) 
47.63 (2.55) 5.35 (2.80) 0.058 

Food Insecurity × Yes 

FNAP (1,189) 
44.57 (1.33) 2.29 (1.78) 0.199 

Age Category 11-12 years old (N=3,648) 

High FS × No FNAP 

(1,100) 
42.08 (1.13) Ref - 

High FS × Yes FNAP 

(1,120) 
44.94 (1.16) 2.86 (1.77) 0.108 

Marginal FS × No FNAP 

(88) 
45.07 (3.68) 2.99 (3.83) 0.436 

Marginal FS × Yes 

FNAP (478) 
47.50 (1.76) 5.42 (2.30) 0.020 

Food Insecurity × No 

FNAP (65) 
42.47 (4.43) 0.39 (4.65) 0.933 

Food Insecurity × Yes 

FNAP (797) 
45.12 (1.37) 3.04 (1.98) 0.126 

Note: Models adjusted for gender, race/ethnicity, PIR and NHANES survey cycle. 

Stratification by Household Income (PIR): Percent Grams (% grams) from UPF 

Table 4-25 presents the interaction between household food security status and participation in 

FNAP on the percentage of UPFs consumed in grams, stratified by household income categories 

based on the poverty-income ratio (PIR). The reference group is children with high food security 

who did not participate in FNAP. 

Among children living in low-income households (PIR ≤ 1.30), children participating in 

FNAP across multiple food security categories consumed significantly higher proportions of 

UPF (grams) compared with the reference group. Children with high food security who 

participated in FNAP consumed approximately 7.63 percentage points more UPF (grams) (p = 

0.012), while those with marginal food security who participated in FNAP consumed 8.52 
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percentage points more (p = 0.003). Similarly, food-insecure children who participated in FNAP 

had higher UPF intake (β = 6.38, p = 0.035). No statistically significant differences were 

observed among children who did not participate in FNAP within this income group. These 

differences are reflected in the adjusted means, which ranged from approximately 37% among 

food-secure non-participants to about 46% among FNAP participants, which shows consistently 

higher UPF intake among participating children regardless of food security status. 

Among children in middle-income households (PIR 1.31–3.50), several significant 

associations were observed among FNAP participants. Children with high food security who 

participated in FNAP consumed 2.85 percentage points more UPF (grams) (p = 0.020), while 

those with marginal food security who participated in FNAP consumed 3.84 percentage points 

more (p = 0.041). Food-insecure children who participated in FNAP also had higher UPF intake 

(β = 4.98, p = 0.003). In contrast, no significant differences were observed among children who 

did not participate in FNAP. 

These associations decreased with increasing household income. Among children in 

higher-income households (PIR > 3.50), no statistically significant associations were observed 

across any combinations of food security status and FNAP participation when compared with the 

reference group. 

Overall, these findings indicate that the association between food security status, FNAP 

participation, and UPF intake (grams) is most pronounced among children in lower- and middle-

income households and is largely driven by higher UPF consumption among FNAP participants. 
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Table 4-25 Stratified Associations Between Food Security, FNAP Participation, and 

Percent Grams from UPFs (% grams) by PIR Category Among U.S. Children Aged 5-12 

years, NHANES 2001–2023 (N= 13,850) 

Interaction Term (N) 
Adjusted Means 

(SE) 
β (SE) p-value 

PIR ≤ 1.30 (N= 5,766) 

High FS × No FNAP 

(205) 
37.44 (2.78) Ref - 

High FS × Yes FNAP 

(2,007) 
45.08 (0.76) 7.63 (3.02) 0.012 

Marginal FS × No 

FNAP (47) 
42.99 (4.00) 5.56 (4.92) 0.260 

Marginal FS × Yes 

FNAP (1,229) 
45.96 (1.02) 8.52 (2.85) 0.003 

Food Insecurity × No 

FNAP (74) 
43.54 (3.51) 6.09 (4.48) 0.176 

Food Insecurity × Yes 

FNAP (2,204) 
43.83 (0.87) 6.38 (3.01) 0.035 

PIR 1.31-3.5 (N= 4,667) 

High FS × No FNAP 

(1,504) 
41.99 (0.90) Ref - 

High FS × Yes FNAP 

(1,632) 
44.84 (0.79) 2.85 (1.21) 0.020 

Marginal FS × No 

FNAP (189) 
43.00 (2.42) 1.01 (2.72) 0.710 

Marginal FS × Yes 

FNAP (494) 
45.83 (1.49) 3.84 (1.86) 0.041 

Food Insecurity × No 

FNAP (166) 
45.39 (2.48) 3.40 (2.70) 0.210 

Food Insecurity × Yes 

FNAP (682) 
46.97 (1.40) 4.98 (1.66) 0.003 

PIR >3.5 (N= 3,401) 

High FS × No FNAP 

(2,304) 
40.85 (0.67) Ref - 

High FS × Yes FNAP 

(698) 
41.70 (1.01) 0.86 (1.27) 0.500 

Marginal FS × No 

FNAP (64) 
42.33 (4.99) 1.48 (4.92) 0.764 

Marginal FS × Yes 

FNAP (140) 
42.00 (3.13) 1.15 (3.15) 0.715 

Food Insecurity × No 

FNAP (36) 
44.17 (4.59) 3.32 (4.61) 0.471 
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Interaction Term (N) 
Adjusted Means 

(SE) 
β (SE) p-value 

PIR ≤ 1.30 (N= 5,766) 

Food Insecurity × Yes 

FNAP (159) 
43.03 (2.36) 2.19 (2.42) 0.367 

Note: Models adjusted for gender, race/ethnicity, PIR and NHANES survey cycle. 

Interaction Between Food Security Status, SNAP Participation, and Sociodemographic 

Characteristics 

Additional analyses examined whether the association between food security status, SNAP 

participation, and children’s UPF intake varied across demographic characteristics, including 

household income, age, and race/ethnicity. Three-way interaction terms between food security 

status, SNAP participation, and these demographic variables were tested, and no statistically 

significant interactions were observed. The interaction between food security status, SNAP 

participation, and household income was not significant (Wald test p = 0.762). Similarly, the 

three-way interaction with age was not statistically significant (p = 0.091), and with 

race/ethnicity was also not significant after adjustment for covariates (p = 0.155). These results 

suggest that the association between food security status, SNAP participation, and UPF intake 

did not significantly differ across these demographic subgroups. 

Summary of RQ 2c Findings 

Research Question 2c examined whether sociodemographic factors modified the association 

between household food security status, participation in FNAP, and children’s UPF intake. 

Children’s age and household poverty-income ratio (PIR) showed evidence of effect 

modification. Stratified analyses indicated that the association between food insecurity and the 

percentage of energy from UPF differed across age and income groups. In age-stratified models, 

statistically significant associations between food security status, FNAP participation, and UPF 

intake were observed in multiple age groups, with the largest number of significant associations 
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detected among children aged 8–10 years. In this age group, children with high, marginal, or low 

food security who participated in FNAP had higher UPF intake compared with food-secure 

children who did not participate in FNAP. Similarly, household income modified these 

relationships. Among children living in the lowest-income households (PIR ≤ 1.30), food-

insecure children who did not participate in FNAP consumed a substantially higher percentage of 

energy from UPFs compared with food-secure children who did not participate in FNAP 

(reference group). Food-insecure children who participated in FNAP also had higher UPF intake, 

but the magnitude of the difference was smaller. In contrast, fewer significant differences were 

observed among children living in middle- and higher-income households. When UPF intake 

was measured as the proportion of total grams consumed, children living in the lowest-income 

households (PIR ≤ 1.30) with high food security, marginal food security, and food insecurity 

who participated in FNAP consumed a higher proportion of UPF (grams) compared with food-

secure children who did not participate in FNAP (reference group). A similar pattern was 

observed among children in middle-income households (PIR 1.31–3.50), where FNAP 

participation was also associated with higher UPF intake across food security categories, 

whereas no significant differences were observed among children in higher-income households 

(PIR > 3.50). 

4.4 Aim 3 – Results 

Exploratory Aim 3: Temporal Trends in UPF Consumption Among Children. 

To explore whether UPF consumption among U.S. children aged 5–12 has changed over time by 

comparing three distinct NHANES time periods: Early (2001–2008), Middle (2009–2016), 

Recent (2017–2023). 
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Table 4-26 presents the distribution of the analytic sample of U.S. children aged 5–12 years 

across pooled NHANES survey periods (2001–2023). Of the total analytic sample (N = 13,850), 

36.90% were from the early period (2001–2008), 38.51% from the middle period (2009–2016), 

and 24.59% from the recent period (2017–2023). Sample distribution was relatively similar 

between the early and middle periods, whereas the recent period contributed a smaller proportion 

of the analytic sample. 

Table 4-26 Distribution of the Analytic Sample of U.S. Children Aged 5–12 Years Across 

Pooled NHANES Survey Periods, 2001–2023 (N= 13,850) 

NHANES Period N Weighted% 

Early (2001–2008) 5,685 36.90 

Middle (2009–2016) 5,608 38.51 

Recent (2017–2023) 2,557 24.59 

Total 13,850 100.00 

 

4.4.1 Research Question 3a 

How does the average UPF intake (% kcal) among children ages 5-12 years old differ across the 

three NHANES time periods? 

The percentage of total energy derived from UPFs increased from 64.6% in the early period 

(2001–2008) to 67.1% in the middle period (2009–2016), followed by a slight decline to 66.7% 

in the recent period (2017–2023) (Table 4-27). Despite this modest decrease in the most recent 

cycle, UPF consumption remained substantially higher than in the early 2000s. The overall Wald 

test indicated statistically significant differences across time periods (p < 0.001). After adjusting 

for demographic variables, the trend remained significant (Table 4-27). 
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Table 4-27 Trends in Ultra-Processed Food Intake Among U.S. Children Aged 5–12 Years 

by NHANES Time Period, 2001–2023 (N= 13,850) 

NHANES Time Period 
N UPF Intake (% of total energy), 

Mean (SE) 

Early (2001–2008) 5,685 64.6 (0.4) 

Middle (2009–2016) 5,608 67.1 (0.4) 

Recent (2017–2023) 2,557 66.7 (0.5) 

Unadjusted p-value  <0.001 

Adjusted p-value  < 0.001 

Notes: Survey-weighted linear regression models adjusted for age, gender, race/ethnicity, PIR. 

Figure 4-3 illustrates adjusted mean percent energy intake from ultra-processed foods 

across NHANES survey periods. As shown, UPF intake increased from the early period (2001–

2008) to the middle period (2009–2016), followed by a modest decline in the recent period 

(2017–2023). 

 

Figure 4-9 Adjusted Mean Percentage Energy from UPFs Across NHANES Periods 2001–

2023 (N= 13,850) 
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Compared with the Early period, the Middle and recent periods were associated with a 

significantly higher percentage of energy from UPF (+2.9 percentage points; p < 0.001) (Table 

4-28). There was no significant difference between the Recent and middle period (p = 0.997). 

Table 4-28 Pairwise Comparisons of Adjusted Percent Energy from UPFs (% kcal) Across 

NHANES Time Periods 2001–2023 (N= 13,850) 

Comparison β (Percentage Point Difference) p-value 

Middle vs Early +2.91 (0.59) <0.001 

Recent vs Early +2.91 (0.68) <0.001 

Recent vs Middle 0.00 (0.69)   0.997 

Notes: Models adjusted for child age (years), gender, race/ethnicity, PIR. Early period (2001–2008) served as the 

reference category for time period comparisons.  

Summary of RQ 3a Findings 

Percent energy intake from UPFs increased from 64.6% in 2001–2008 to 67.1% in 2009–2016, 

followed by a slight decline to 66.7% in 2017–2023 (Table 4-27). Overall differences across 

periods were statistically significant in both unadjusted and adjusted models (p < 0.001). 

Pairwise comparisons showed that the middle and recent period were significantly higher than 

the early period (+2.9 percentage points, p < 0.001). However, in the recent period when UPF 

intake was lower compared to other periods, there was no statistical significance. These findings 

indicate an increase in UPF consumption in middle (2009-2016) and recent cycles (2017-2023) 

compared to earlier cycles (2001-2008). 

4.4.2 Research Question 3b 

Are there period-specific changes in the consumption of key UPF subcategories (e.g., sugary 

beverages, packaged snacks, ready-to-eat meals)? 
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Between 2001–2008 and 2017–2023, the contribution of UPFs to children’s diets shifted 

significantly across most UPF subgroups (Table 4-29). Overall, several categories increased in 

percentage energy contribution over time, whereas others declined, with all trends remaining 

statistically significant after adjustment for sociodemographic characteristics. 

The percentage of total energy from industrial grain-based foods increased steadily from 

19.6% in 2001–2008 to 21.4% in 2009–2016 and 22.1% in 2017–2023 (adjusted p < 0.001). 

Similarly, ready-to-eat mixed dishes increased markedly from 5.9% to 10.4% before declining 

slightly to 9.5% in the most recent period, though remaining substantially higher than in the early 

years (adjusted p < 0.001). Sweet snacks and desserts also demonstrated a gradual upward trend 

across periods (3.9% to 4.4%; adjusted p < 0.001). In addition, savory snacks (subgroup 4) 

showed a modest but statistically significant increase over time (adjusted p = 0.049). 

In contrast, sugar-sweetened beverages (subgroup 6) declined consistently from 7.8% in 

2001–2008 to 4.6% in 2017–2023 (adjusted p < 0.001). Flavored dairy products (subgroup 8), 

prepared potato products (subgroup 9), and other UPFs (subgroup 10) also exhibited significant 

downward trends in adjusted analyses. 

Reconstituted meat, poultry, and fish products (subgroup 5) displayed a non-linear 

pattern, with a slight decline in the middle period followed by an increase in 2017–2023. Sauces 

and condiments (subgroup 7) showed a modest upward shift across periods, whereas changes in 

some subgroups were smaller in magnitude despite statistical significance. 

Table 4-29 Weighted Mean Percent Energy from UPF Subgroups (% kcal) Among U.S. 

Children Aged 5–12 Years, by NHANES Time Period (2001–2023) (N= 13,850) 

UPF subgroup 2001–2008 

Mean (SE) 

2009–2016 

Mean (SE) 

2017–2023 

Mean (SE) 

Trend 

direction 

unadjusted 

p-value 

adjusted 

p-value 

UPF Intake (% of 

total energy) 
64.6 (0.4) 67.1 (0.4) 66.7 (0.5) ↑ then ↓ <0.001 <0.001 
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UPF subgroup 2001–2008 

Mean (SE) 

2009–2016 

Mean (SE) 

2017–2023 

Mean (SE) 

Trend 

direction 

unadjusted 

p-value 

adjusted 

p-value 

Industrial grain 

foods 
19.64 (0.33) 21.40 (0.32) 22.14 (0.35) ↑ <0.0001 <0.0001 

Ready-to-eat mixed 

dishes 
5.93 (0.33) 10.42 (0.31) 9.52 (0.36) ↑ then ↓ <0.0001 <0.0001 

Sweet snacks & 

desserts 
3.88 (0.23) 4.12 (0.18) 4.45 (0.20) ↑ <0.0001 <0.0001 

Savory snacks 6.30 (0.20) 6.48 (0.16) 7.26 (0.35) ↑ 0.0567 0.049 

Processed meats 5.34 (0.22) 5.22 (0.19) 6.14 (0.23) ↓ then ↑ 0.0069 0.0014 

Sugar-sweetened 

beverages 
7.76 (0.25) 5.94 (0.17) 4.56 (0.21) ↓ <0.0001 <0.001 

Sauces & 

condiments 
2.90 (0.11) 2.59 (0.11) 2.92 (0.10) ↓ then ↑ <0.0001 <0.001 

Flavored dairy 

products 
7.29 (0.29) 6.69 (0.18) 6.08 (0.20) ↓ 0.0007 0.0001 

Potato products 2.26 (0.18) 1.66 (0.10) 1.58 (0.14) ↓ 0.0070 0.0108 

*Other UPF 4.12 (0.14) 2.53 (0.09) 2.11 (0.10) ↓ <0.0001 <0.001 

Notes: Adjusted Models for age, gender, race, and PIR 

*Including soy products such as meatless patties and fish sticks; dips, spreads, mustard, and catsup; margarine; sugar substitutes, 

sweeteners, and all syrups (excluding 100% maple syrup); distilled alcoholic drink 

 

Summary of RQ 3b Findings 

Several UPF subcategories showed significant temporal changes. Industrial grain products, 

ready-to-eat mixed dishes, sweet snacks, and savory snacks increased over time, whereas sugar-

sweetened beverages, flavored dairy products, potato products, and other UPFs declined. Most 

trends remained statistically significant after adjustment for sociodemographic characteristics. 

These findings indicate that although total UPF intake changed modestly over time, the 

composition of UPF consumption shifted substantially across specific subgroups. 

4.4.3 Research Question 3c 

Were changes in UPF intake over time modified by food security status and FNAP/SNAP 

participation among U.S. children ages 5-12 years old? 

Interaction Between Survey Period and Food Security Status 
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Among food-secure children, mean percent energy from UPF increased from 64.6% in 2001–

2008 to 67.1% in 2009–2016 and slightly decreased to 66.7% in 2017–2023 (Table 4-30). 

Among marginally food-secure children, mean percent energy from UPF was 66.4% in 

the early period, 66.6% in the middle period, and 67.4% in the recent period. 

Among food-insecure children, mean percent energy from UPF was 65.0% in 2001–

2008, decreased to 64.3% in 2009–2016, and increased to 67.0% in 2017–2023. 

In adjusted models controlling age, gender, race/ethnicity, and household income-to-

poverty ratio, the interaction between survey period and food security status was not statistically 

significant at the conventional α = 0.05 level (F(4,161) = 2.03, p = 0.093).  

Table 4-30 Mean Percent Energy from UPFs (% kcal) by Time and Food Security Status 

Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

Notes: Overall time × food security interaction: F(4,161) = 2.03, p = 0.093 

Adjusted Model for age, gender, race/ethnicity, PIR. 

 

Interaction Between Survey Period and SNAP 

The interaction between time period and SNAP participation was not statistically significant 

(p=0.3826), which indicates that temporal changes in UPF intake did not differ by SNAP 

participation status (Table-31). 

Food security 

status 
2001–2008 2009–2016 2017–2023 

P for  

interaction 

High food security 64.6 (0.41) 67.1 (0.42) 66.7 (0.50) 0.093 

Marginal food 

security 
66.4 (0.98) 66.6 (1.11) 67.4 (1.56)  

Food insecure 65.0 (1.15) 64.3 (1.15) 67.0 (0.87)  
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Table 4-31 Mean Percent Energy from UPFs (% kcal) by Time and SNAP Participation 

Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 8,031) 

SNAP participation 2001–2008 2009–2016 2017–2023 P for interaction 

No SNAP 64.9 (0.68) 68.2 (1.41) 68.8 (1.08) 0.3826 

SNAP 64.9 (0.91) 67.8 (0.67) 67.4 (1.05)  

Notes: Overall time × SNAP interaction: F (2,163) = 0.97, p= 0.3826 

Adjusted Models for age, gender, race/ethnicity, and PIR. 

 

Interaction Between Survey Period and FNAP 

The interaction between time period and FNAP participation did not meet the traditional 

threshold for statistical significance, the p-value (0.059) suggests modest evidence that temporal 

trends in UPF intake may have differed by FNAP participation (Table 4-32). Descriptively, 

among children not participating in FNAP, percent energy from UPF increased between 2001–

2008 and 2009–2016 and then declined slightly in 2017–2023. In contrast, among FNAP 

participants, UPF intake increased steadily across periods, with a more evident increase between 

the early and middle survey cycles. Although these differences were modest in magnitude, they 

suggest that trends in UPF intake may have evolved differently across participation groups. 

Table 4-32 Mean Percent Energy from UPFs (% kcal) by Time and FNAP Participation 

Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

FNAP participation 2001–2008 2009–2016 2017–2023 P for interaction 

No FNAP 65.7 (0.64) 67.0 (0.73) 65.8 (0.92) 0.059 

FNAP 63.3 (0.62) 67.1 (0.53) 67.3 (0.68)  

Overall time × FNAP interaction: F (2,163) =2.87, p=0.059 

Notes: Adjusted Model for age, gender, race/ethnicity, and PIR. 

 

Summary of RQ 3c Findings 

There was modest evidence that changes in UPF intake over time differed by household food 

security status (p for interaction = 0.093). In contrast, temporal trends did not differ by SNAP 

participation (p = 0.383). For FNAP participation, the interaction approached significance (p = 



 

180 

 

0.059), which suggests possible heterogeneity in trends over time. Descriptively, UPF intake 

increased across periods in most groups, with slightly different patterns among FNAP 

participants compared to non-participants; however, overall differences in temporal trends were 

small in magnitude. 

4.4.4 Research Question 3d 

Was there a change in the percentage of energy from UPFs among U.S. children aged 5-12 

years old following the 2013 revision of school meal standards, and did this change differ 

between NSLP participants and non-participants? 

To examine whether percentage energy from UPFs changed following the 2013 revision of 

school meal standards and whether this change differed by NSLP participation, both descriptive 

and adjusted analyses were conducted (Tables 4-33 and 4-34). 

Descriptively, percent energy from UPF increased among both groups. Among children 

who did not participate in NSLP, mean UPF intake increased from 67.3% pre-2013 to 68.5% 

post-2013. Similarly, among NSLP participants, intake increased from 64.6% to 67.2% over the 

same period. Although both groups experienced increases, NSLP participants consumed a lower 

proportion of energy from UPFs than non-participants in both periods. Nevertheless, this model 

was not statistically significant (p-value= 0.3032) 

In adjusted models controlling age, gender, race/ethnicity, and income-to-poverty ratio, 

percent energy from UPF increased by 2.19 percentage points among non-participants following 

2013, which approached statistical significance (p = 0.055). By comparison, NSLP participants 

experienced a statistically significant increase of 2.76 percentage points (p < 0.001). However, 

the overall NSLP × Post-2013 interaction was not statistically significant (p = 0.666), which 
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indicates that the magnitude of change in UPF intake after 2013 did not differ significantly 

between NSLP participants and non-participants. 

Table 4-33 Mean Percent Energy from UPFs (% kcal) Pre- and Post-2013 by NSLP 

Participation Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

NSLP Participation Pre-2013 Mean % (SE) Post-2013 Mean % (SE) p-value 

Yes 64.6 (0.49) 67.2 (0.50) - 

No 67.3 (0.56) 68.5 (0.97) 0.3032 

 

Table 4-34 Change in Percent Energy from UPFs (% kcal) Before and After 2013 by NSLP 

Participation Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

Comparison Difference (Percentage Points) (SE) p-value 

Within-Group Changes (Post vs Pre)   

Yes NSLP: Post vs Pre +2.76 (0.68) <0.001 

No NSLP: Post vs Pre +2.19 (1.13) 0.055 

Overall NSLP × Post-2013 Interaction 0.6664 

Notes: Model adjusted for age, gender, race/ethnicity, and income-to-poverty ratio (PIR). 

 

Summary of RQ 3d Findings 

Following the 2013 revision of school meal standards, percent energy from UPFs increased 

among both NSLP participants and non-participants. In adjusted analyses, children who did not 

participate in NSLP experienced a 2.19 percentage-point increase in UPF intake (p = 0.055), 

whereas NSLP participants experienced a statistically significant 2.76 percentage-point increase 

(p < 0.001). However, the difference in the magnitude of change between the two groups was not 

statistically significant (p = 0.666). These findings indicate that although UPF intake increased in 

the post-2013 period, the increase was comparable among NSLP participants and non-

participants, which suggests that the policy revision was not associated with differential changes 

in overall UPF consumption by NSLP participation status. 
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4.5 Supplemental Analysis 

Income and Program Participation (NSLP AND SNAP) Patterns in UPF Intake 

Across income-to-poverty ratio (PIR) categories, mean percent energy from UPFs was uniformly 

high, ranging from 65.4% to 66.88%, with the middle PIR group (1.31–3.5) showing the highest 

mean intake (Table 4-35).  Although the overall difference across PIR categories approached 

statistical significance (overall Wald p=0.0604), adjusted regression estimates indicated no 

statistically significant differences between PIR categories after accounting for age, gender, and 

race/ethnicity (Table 4-36). 

Table 4-35 Percent Energy from UPFs (% kcal) by PIR Category Among U.S. Children 

Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

PIR category Mean % energy from UPF (SE) 

≤1.30 65.43 (0.46) 

1.31–3.5 66.88 (0.40) 

>3.5 65.78 (0.46) 

Overall difference across PIR categories from adjusted Wald test: F(2,163)= 2.86, p=0.0604. 

 

Table 4-36 Association Between PIR Category and Percent Energy from UPFs (% kcal) 

Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

Predictor β (SE), percentage points p-value 

Reference: PIR ≤1.30   

PIR 1.31–3.5 vs ≤1.30 +0.51 (0.61) 0.403 

PIR >3.5 vs ≤1.30 −0.88 (0.66) 0.185 

Note: Model adjusted for age, sex, race/ethnicity. Overall PIR test: p=0.0604. 

When examined together by PIR and NSLP participation, the overall PIR × NSLP 

interaction was not statistically significant (p=0.1436). Hence, there is no clear evidence that the 

association between NSLP participation and UPF intake differed across income groups (Table 4-

37). Notably, in the highest PIR category (>3.5), NSLP participants had lower mean UPF intake 
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than non-participants (63.5% vs 67.8%); however, this pattern was not supported as statistically 

significance in adjusted interaction testing (Table 4-38). 

Table 4-37 Percent Energy from UPFs (% kcal) by PIR Category and NSLP Participation 

Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

PIR category NSLP No  NSLP Yes  

 mean % (SE) mean % (SE) 

≤1.30 65.15 (1.64) 65.72 (0.46) 

1.31–3.5 67.86 (0.81) 66.84 (0.54) 

>3.5 67.79 (0.60) 63.50 (0.84) 

PIR × NSLP interaction (overall): 0.1436 

 

SNAP Participation, UPF, and 2013 revision 

In contrast, SNAP participation significantly modified the association between the post-2013 

period and percent energy from UPFs. Prior to 2013, children participating in SNAP consumed a 

slightly higher percentage of energy from UPFs (66.8%) compared with non-participants 

(65.1%). In the post-2013 period, UPF intake increased among non-participants to 68.6%, 

whereas intake among SNAP participants remained relatively stable at 67.1% (Table 4-38). 

Table 4-38 Mean Percent Energy from UPFs (% kcal) by SNAP Participation and Policy 

Period (Pre-/Post-2013) Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 

8,031) 

SNAP Pre-2013 mean % (SE) Post-2013 mean % (SE) 

No 65.11 (0.66) 68.55 (0.90) 

Yes 66.77 (0.64) 67.10 (0.74) 

 

Following 2013, UPF intake increased by 4.33 percentage points among children not 

participating in SNAP (p<0.001), whereas the corresponding change among SNAP participants 

was only increased by 0.28, however this change was not statistically significant (change = +0.28 

percentage points; p=0.758) (Table 4-39). 
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Table 4-39 Post-2013 Change in Percent Energy from UPFs (% kcal) Within SNAP Groups 

Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 8,031) 

Group Post vs Pre change (pp) p-value 

No SNAP +4.33 <0.001 

SNAP participants +0.28 0.758 

Note: SNAP group change estimated as (Post-2013 + SNAP×Post-2013). 

In adjusted models, SNAP participants consumed 3.23 percentage points more energy 

from UPFs than non-participants in the pre-2013 period (p=0.001) (Table 4-40). 

Post-2013, children not participating in SNAP consumed 4.33 percentage points more 

energy from UPFs compared with the pre-2013 period (p < 0.001) (Table 4-40). However, the 

significant negative SNAP × Post-2013 interaction (−4.06 percentage points; p = 0.006; joint 

interaction test p = 0.0063) indicates that this increase was significantly smaller among children 

participating in SNAP. In other words, the upward shift in UPF intake observed after 2013 

occurred primarily among non-participants, whereas intake among SNAP participants remained 

relatively stable. 

Table 4-40 Interaction Between SNAP Participation and Post-2013 Period in Relation to 

Percent Energy from UPFs (% kcal) Among U.S. Children Aged 5–12 Years, NHANES 

2001–2023 (N= 8,031) 

Predictor β (SE), percentage points p-value 

SNAP (Yes vs No), Pre-2013 +3.23 (0.92) 0.001 

Post-2013 (vs Pre-2013) among non-SNAP +4.33 (1.11) <0.001 

SNAP × Post-2013 −4.06 (1.46) 0.006 

Notes: Model adjusted for age, sex, race/ethnicity, and PIR. Joint interaction test p=0.0063. 

4.6 Summary of Findings 

This chapter examined the relationship between food security status, FNAP participation, and 

UPF intake among U.S. children aged 5–12 years using NHANES 2001–2023 data. Across aims, 

several consistent patterns emerged. The summary of main findings is presented in Table 4-41. 
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The average consumption of percentage energy from UPF was approximately 66%, and 

the percentage of grams from UPF was approximately 43%. Food insecurity was associated with 

higher percent energy from UPFs in adjusted model; however, the magnitude of the association 

was small and ranged between approximately 1.5 to 1.9 percentage points. When intake was 

examined as percentage of total grams, associations were generally weak and not consistently 

statistically significant across food security categories in fully adjusted models (adjusted for 

NHANES survey cycle). These findings suggest that differences by food security status were 

modest and more consistently observed when UPF intake was expressed as percent energy rather 

than percent grams. 

Effect modification by race/ethnicity showed important variations. Among Non-Hispanic 

White children, a positive trend was observed in which marginally food-secure and food-

insecure groups consumed a higher percentage of energy from UPFs compared with food-secure 

peers. A smaller positive pattern was observed among Non-Hispanic Black children. In contrast, 

little to no consistent evidence of a positive association was observed among Hispanic children. 

When measured as percent of grams, a modest inverse or non-linear pattern emerged among 

Non-Hispanic Black children with marginally food-secure and food-insecure children consuming 

a slightly lower proportion of total grams from UPFs compared with food-secure children. This 

change between energy and gram percent measures suggests differences in the types of UPFs 

consumed, potentially reflecting variation in energy density or composition of foods across 

racial/ethnic groups. This potentially reflects variation in energy density across racial/ethnic 

groups. Overall, Hispanic children, regardless of their food security status, had a lower intake of 

UPF in both kcal and grams compared to the other racial groups. 
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Subcategory analyses clarified these patterns. In models that examined percent energy 

from UPF, children experiencing marginal or low food security consumed a slightly higher 

percentage of energy from ready-to-heat/ready-to-eat mixed dishes and sugar-sweetened 

beverages in unadjusted analyses. Food-insecure children also consumed a slightly higher 

percentage of energy from industrial grain products compared to food-secure and marginally 

food-secure children. Conversely, lower energy contribution from sweet snacks, sweets, and 

other UPFs was observed among food-insecure children. After full adjustment, only differences 

in industrial grain products remained statistically significant, while other differences were 

attenuated. 

When examined as percent of total grams, significant differences were limited primarily 

to ready-to-heat/ready-to-eat mixed dishes in unadjusted and sociodemographic models. Overall, 

when UPF intake was assessed as percent of total grams, findings were weaker and less 

consistent than the percentage of total energy intake findings. This indicates that observed 

disparities were driven more by caloric contribution than by proportional weight in the diet. 

Although higher HEI-2020 scores were strongly and consistently associated with lower 

UPF consumption, adjustment for overall diet quality using the HEI-2020 score did not 

meaningfully change the association between food security status and UPF intake. 

In general, FNAP participation was associated with a higher intake of UPF in percentage 

kcal and grams compared to non-participants; however, food-insecure children who did not 

participate in FNAP often consumed a higher UPF intake compared to food-insecure participants 

when both groups were compared to food-secure non-participants. This suggests a potential 

moderating role of FNAP participation. Age and PIR modified the association between FNAP 
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and UPF intake, with age category 8–10 years and PIR ≤ 1.30 showing the stronger association 

between FNAP, food security, and UPF intake, particularly in percentage kcal. 

Temporal analyses showed persistently high UPF consumption across all periods, with 

shifts occurring more in composition than in overall magnitude. Percent energy from UPFs 

increased significantly from 2001–2008 to 2009–2016, followed by a plateau with no statistically 

significant difference between 2009–2016 and 2017–2023. Despite this, UPFs continued to 

contribute approximately two-thirds of total energy intake. Changes over time were more evident 

in the composition of UPF intake than in total magnitude. Industrial grain products, ready-to-

eat/ready-to-heat mixed dishes, sweet snacks, and savory snacks increased across periods, 

whereas sugar-sweetened beverages, flavored dairy products, potato products, and other UPFs 

declined. These shifts suggest changes across UPF subcategories rather than meaningful 

reductions in overall exposure. 

Temporal trends showed limited variation by food security status and program 

participation. Additionally, following the 2013 school meal standards revision, percent energy 

from UPFs increased among both National School Lunch Program participants and non-

participants, with no significant difference in the magnitude of change between groups. 

These findings indicate that while total UPF intake fluctuated modestly over time, high levels of 

consumption persisted, and shifts occurred primarily within specific UPF subcategories rather 

than in overall dietary reliance on UPFs. 

In summary, these findings indicate that associations between food insecurity and UPF 

intake are modest but heterogeneous, varying by race/ethnicity, income, and measurement 

approach (kcal vs grams). Overall, differences reflect variation in dietary composition and 

energy contribution rather than substantial differences in total UPF grams. 
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Table 4-41 Summary of Main Findings Across Study Aims and Research Questions 

Aim 1: Food insecurity & UPF intake 

Research 

Question 
Outcome Main Findings Interpretation 

RQ 1a % kcal 

Food insecurity associated with higher UPF 

intake (+~1.6–1.9 pp); remained significant 

after adjustment for cycle 

Food insecurity linked to higher 

energy contribution from UPFs 

 % grams 
Marginal FS associated with higher UPF; 

food insecurity not significant 

Differences depend on 

measurement (energy vs grams) 

RQ 1b % kcal  

Significant interaction by race/ethnicity; 

strongest positive pattern among NH White 

and NH black; little to no consistent pattern 

among Hispanic 

Association varies significantly 

across racial/ethnic groups 

 % grams 

Significant interaction by Race/ethnicity and 

PIR; non-linear pattern among NH White; 

modest inverse pattern in NH Black and 

Hispanic; in middle and high-income 

households (highest UPF among food 

insecure) 

Association varies significantly 

across racial/ethnic and income 

groups 

RQ 1c 
UPF 

subgroups 

Initial differences in SSBs and mixed 

dishes; after adjustment, only industrial 

grain foods remained significant in % kcal 

and % grams 

Specific UPF categories 

influence the observed 

differences by FS status 

RQ 1d 
% kcal & 

grams 

HEI inversely associated with UPF, but did 

not change the FS–UPF relationship, which 

remained significant 

Association not explained by 

overall diet quality alone 

Aim 2: FNAP participation 

Research 

Question 
Outcome Main Findings Interpretation 

RQ 2a % kcal 

FNAP participation modified association; 

higher UPF intake among FI participants 

and non-participants compared to FS 

nonparticipants 

FNAP may influence dietary 

patterns 

 % grams 

Significant interaction only in fully adjusted 

model; participants had higher UPF intake 

across FS groups 

Modification depends on UPF 

measures 

RQ 2b % kcal  

SNAP interaction was significant in socio-

demographic adjusted model: SNAP 

participation associated with higher UPF 

intake  

SNAP alone does not 

consistently modify the UPF-FI 

association 

 % grams SNAP interaction was not significant  

RQ 2c % kcal 

Effect modification by age and PIR; 

strongest patterns in ages 8–10 and low-

income households. Higher UPF intake 

among FNAP non-participants in low-

income 

Contextual factors (age, 

income) are important 
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 % grams 

Effect modification by age and PIR; Higher 

UPF intake among FNAP participants in 

low- and middle-income groups; no 

differences in high-income 

Income influence UPF intake 

measured in % grams 

Aim 3: Temporal trends 

Research 

Question 
Outcome Main Findings Interpretation 

RQ 3a % kcal 

UPF intake increased (64.6% → 67.1%) 

then slightly declined (66.7%); overall 

significant 

UPF consumption remains 

consistently high over time 

RQ 3b Subgroups 
Increase in grains and snacks; decrease in 

SSBs and dairy 

Composition of UPF intake 

changed over time 

RQ 3c % kcal 
Limited evidence of interaction by FS and 

FNAP (borderline significance) 

Trends largely consistent across 

groups 

RQ 3d % kcal 
UPF increased post-2013 in both NSLP 

groups; no difference between groups 

This Policy change is not 

associated with differential UPF 

trends 
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5 Chapter 5: Discussion 

This chapter summarizes the key findings from the study, interprets the results, presents how the 

findings compare to other studies, and discusses the strengths, limitations, implications, and 

directions for future research. 

5.1 Key Findings 

This study examined the relationship between food insecurity, participation in FNAP, and UPF 

consumption among U.S. children aged 5–12 years using nationally representative NHANES 

data from 2001–2023. The analysis supported most of the proposed hypotheses. Food insecurity 

was associated with higher UPF intake when measured as percentage of energy, and this 

relationship varied across race and income. However, the modifying role of FNAP participation 

was less consistent than expected. There was one general finding from the descriptive data: 

Key Overall Finding: Children’s Diets are High in Ultra-Processed Foods 

Overall, the findings indicate that children’s diets are characterized by a high reliance on UPFs, 

with approximately two-thirds (66%) of total daily energy derived from UPFs across the study 

period.  

Participation in federal nutrition assistance programs did not consistently modify these 

associations. In addition, the composition of UPF consumption changed significantly over the 

three time periods analyzed across specific UPF food categories. Thus, regardless of whether a 

child was food secure or food insecure, or a FNAP participant or non-participant, UPF 

consumption was high, accounting for approximately two-thirds of total energy intake among 

children aged 5 to 12 years. 

Below are key findings by Study Aim. 
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Five Key Findings from Aim 1 that Explored the Relationship Between Food Insecurity 

and UPF Consumption 

1-1. Food Insecurity Increases Reliance on UPF, But Magnitude Small 

Food insecurity was associated with a higher percentage of energy intake from UPFs 

(approximately 1.6–1.9 percentage points) in the adjusted models. When UPF was measured as 

percentage of grams, only marginal food security was associated with a higher UPF intake 

(approximately 1.6–1.8 percentage points) compared to food-secure children. These findings 

suggest that while children experiencing food insecurity may rely slightly more on UPFs relative 

to total energy intake, the magnitude of this relationship is relatively small.  

1-2. UPF and Food Security Relationship is Different Across Race/Ethnicity 

Additionally, the relationship between food insecurity and UPF consumption differed across 

racial and ethnic groups. Race/ethnicity significantly modified this association, with stronger 

positive patterns observed among Non-Hispanic White children, thus food insecurity appears to 

increase UPF consumption among Non-Hispanic White children. However, there was a weaker 

pattern among Non-Hispanic Black and inverse pattern among Hispanic children.  

1-3. Food Insecurity May Increase Reliance on Industrial Grain Products and Read-to-Eat 

Dishes  

Food insecurity was associated with differences in the consumption of certain UPF 

subcategories, particularly industrial grain products and ready-to-eat mixed dishes. However, 

many of these associations were no longer statistically significant after adjustment for 

sociodemographic factors and survey cycle.  

1-4. Inverse Relationship Between Diet Quality and Ultra-Processed Food Consumption 
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When children’s Healthy Eating Index (HEI)–2020 scores were compared with UPF 

consumption, a moderate inverse relationship was observed for both percent energy (% kcal) and 

percent grams (% grams) from UPFs (r = −0.44). The children in the lowest quartile for HEI-

2020 score (lowest diet quality, which had HEI scores between 11 and 40 on the 100-point scale) 

ate about 72% of kcal from UPF. Whereas children in the highest quartile for HEI score (which 

had HEI scores between 59 and 92) ate about 47% of kcal from UPF. 

1-5. Relationship Between UPF and Food Security Still Exist Even with Adjustments for 

Diet Quality 

When the model investigating associations between UPF intake and food security was adjusted 

for diet quality, the significant relationship showing that less food-secure groups consumed more 

UPF remained statistically significant. These findings indicate that, although overall diet quality 

is inversely associated with UPF consumption, a reduction in diet quality does not fully explain 

the higher UPF intake observed among more food-insecure groups. Thus, these results suggest 

that the higher levels of UPF intake associated with greater food insecurity are not solely driven 

by lower diet quality, but may also reflect broader contextual and structural factors, such as food 

affordability, availability, and access to minimally processed foods. 

Three Key Findings for Aim 2 that Examined the Association between Federal Nutrition 

Assistance Program (FNAP) Participation and UPF Intake   

2-1. Food Insecurity is Associated with Higher UPF Consumption, Regardless of if 

Children Participate in FNAP 

Overall, the findings showed that FNAP was associated with differences in UPF intake patterns, 

particularly when measured as percent energy from UPF. Some descriptive differences were 

observed, including higher UPF intake among children experiencing marginal food security or 
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food insecurity who participated in FNAP (approximately 1.5 to 3 percentage points higher) 

compared with food-secure children who did not participate in FNAP (reference group). 

However, food-insecure children who did not participate in FNAP showed a larger magnitude of 

UPF intake (approximately 4 percentage points higher) compared with participants when both 

groups were compared to the reference group. Similarly, SNAP participation alone showed some 

increases in UPF intake when measured as percent energy. However, when the model accounted 

for NHANES survey cycle, these associations were no longer statistically significant. Stratified 

analyses suggested that these relationships varied across certain sociodemographic groups; age 

and household income modified the association between food insecurity, FNAP participation, 

and UPF intake. In conclusion, there are inconsistencies in associations with FNAP participation 

and UPF consumption, but what is consistent across all analysis is food insecurity is associated 

with higher UPF, whether or not a child participates in FNAP. 

2-2. Variation by Age in the Association Between Food Security, FNAP Participation, and 

UPF Intake 

The interaction between food security status and FNAP participation varied by age group, with 

the most evident differences observed among children aged 8–10 years, where several significant 

associations were observed. In this age group, FNAP participants generally had higher UPF 

intake compared to non-participants. However, among children aged 5–10 years, those who did 

not participate in FNAP experienced greater increases in UPF intake (approximately 4%) 

compared to other subgroups. 

2-3. Low-Income Children Not Participating in FNAP Have Higher UPF Consumption  

Differences in UPF consumption were more evident among children living in the lowest-income 

households. These results show that children living in the lowest-income households (PIR ≤ 
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1.30) had higher UPF consumption. Children in low-income households who were also FNAP 

participants consumed approximately 6.5 percentage points more UPF than the reference 

group (food-secure children not participating in FNAP). However, children in low-income 

households who were not FNAP participants had an even larger difference, consuming 

approximately 10 percentage points more UPF than the same reference group. Thus, these 

findings suggest that lower income is associated with higher UPF consumption, and that FNAP 

participation may be beneficial in moderating this relationship among children living in low-

income households, as the increase in UPF intake was smaller among participants (6.5 vs. 10 

percentage points). These findings suggest that socioeconomic context may modify the 

relationship between food insecurity, nutrition assistance participation, and children’s dietary 

patterns. 

Three Key Findings for Exploratory Aim 3 on Temporal Trends in UPF Consumption 

3-1. Proportion of UPF Increased Over Time and Appears to be Leveling Off 

The proportion of energy derived from UPFs increased from 2001–2008 to 2009–2016 and then 

declined slightly in the most recent period (2017–2023). However, levels remained significantly 

higher than those observed in the early 2000s. One caution with interpreting the leveling off is 

the large decrease in response rate for the final two cycles in this analysis which may limit 

comparability across periods and introduce potential nonresponse bias. 

3-2. Consumption Levels of Several UPF Subgroups Changed Over Time 

Despite relatively modest changes in total UPF intake, important shifts were observed across 

specific food categories. Consumption of industrial grain-based products, ready-to-eat mixed 

dishes, and snack foods increased over time, while intake of sugar-sweetened beverages, 

flavored dairy products, and certain other UPF categories declined. These findings indicate that 
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while children’s overall reliance on UPFs remained consistently high, the types of UPFs 

contributing to their diets have evolved over time. Analyses examining whether these trends 

differed by food security status or nutrition assistance participation showed limited evidence of 

differential trends across groups.  

3-3. No Change in UPF Consumption of School Meal Participants After 2013 Revision of 

School Meal Nutrition Standards 

Finally, last question examined the period before and after the 2013 revision of school meal 

nutrition standards which indicated that UPF intake increased modestly among both National 

School Lunch Program participants and non-participants, with no significant difference in the 

magnitude of change between groups. 

Summary of Key Findings 

In summary, these findings highlight the persistent role of UPFs in the diets of U.S. children and 

suggest that while food insecurity, household poverty, and other socioeconomic factors may be 

related to increased UPF consumption, reliance on UPFs foods represents a larger population-

level pattern likely influenced by structural factors related to the current food environment. 

That is the trend toward high consumption of UPF indicates that what food is readily 

available, highly marketed, and relatively less expensive is what children consume. Thus, what 

could reverse this trend is a focus on systemic changes to the food environment to make whole 

and minimally processed foods more available, affordable, and marketed and UPF less readily 

available, more comparable in price to whole and minimally processed foods, and less marketed. 

These data suggest that this systemic change to the food environment is more important to drive 

change than a focus on individual responsibility for dietary change. 
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5.1.1 Interpretation of the First & Main Finding: UPF Consumption Among U.S. 

Children Aged 5–12 Years Old 

Overall, children in this nationally representative sample consumed a very high proportion of 

their daily energy from UPFs, averaging approximately 66% of total energy intake. This 

corresponds to roughly 990 kcal per day from UPFs for a child consuming a 1,500-kcal diet, 

which represents a significant portion of daily intake from foods such as packaged snacks, ready-

to-eat meals, and sugar-sweetened beverages. Children in middle childhood (ages 6–11 years) 

have been identified as having among the highest UPFs intakes across the U.S. population, 

which highlights the importance of examining dietary patterns and disparities during this critical 

period for physical growth and the development of dietary habits and food preferences (Williams 

& Ogburn, 2025). The high proportion of energy derived from UPF observed in this dissertation 

is consistent with national estimates. This shows that UPFs represent a major component of the 

diets of U.S. children and adolescents. Analyses of NHANES data have reported that UPFs 

contribute between 61% and 67% of total daily energy intake among U.S. youth (Wang et al., 

2021). Earlier research also showed that UPFs account for the majority of added sugars in the 

U.S. diet, which highlights their significant contribution to dietary intake patterns (Martínez 

Steele et al., 2016). More recent national estimates indicate that children aged 6–11 years 

obtained approximately 64.8% of their total daily energy from UPFs between 2021 and 2023 

(Williams & Ogburn, 2025). The estimate observed in our study for the most recent period 

(2017–2023; 66.7%) is slightly higher than this recent report. This difference may reflect 

variations in analytic approaches or the inclusion of additional survey years. Nevertheless, it 

should also be interpreted with caution due to the significant decline in NHANES response rates 

in recent cycles. Although survey weights attempt to adjust for nonresponse, residual bias may 
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remain, and it is difficult to determine the extent to which these differences reflect true changes 

in UPFs consumption versus methodological limitations. It is important to monitor future 

NHANES cycles to determine whether these patterns reflect true temporal changes in UPF 

intake. 

When compared to global estimates, UPF intake observed in our sample (66%) appears 

significantly higher than that reported in most other countries. This finding is consistent with 

recent evidence published in The Lancet, which indicates that U.S. youth have among the highest 

UPF consumption levels globally, exceeding those of U.S. adults as well as populations in many 

low-, middle-, and high-income countries (Monteiro et al., 2025a). As illustrated in Figure 5-1, 

the United States is positioned at the upper end of the global distribution of UPF intake, 

particularly US youth aged 2 to 19 years old (Monteiro et al., 2025a) .Studies from other settings 

report considerably lower contributions of UPFs to total energy intake. For example, UPFs 

account for approximately 42% of energy intake in Australia and 40–45% in Canada and 

Barbados, while lower levels have been reported in Chile (28.6%), Mexico (29.8%), and Brazil 

(22.7%) (Crimarco et al., 2021). Even among children, lower estimates have been documented, 

such as 34.4% of energy intake among Colombian children aged 5–12 years. Across European 

countries, UPFs intake ranges widely but generally remains below levels observed in our 

analysis, with estimates ranging from approximately 10% in Portugal to 50% in the United 

Kingdom (Crimarco et al., 2021). 
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Figure 5-1 Global trends in ultra-processed food (UPF) consumption as a percentage of total 

energy intake across countries. Adapted from Monteiro et al. (2025a), The Lancet. 

The high levels of UPFs intake observed in this analysis indicate that the magnitude of 

UPF intake among school-aged children in the United States is among the highest reported. 

These findings highlight the public health relevance of examining dietary patterns and disparities 

within the age group 5 to 12 years old. 

5.1.2 Interpretation of UPF Intake Metrics (% Energy vs. % Grams) 

Both percent energy (% kcal) and percent grams (% grams) were examined to assess UPF intake; 

however, the two measures resulted in different patterns of association in this analysis. Findings 

based on percent energy were more consistent and statistically significant, whereas results based 

on percent grams were generally weaker and less consistent across models, including subgroup 

and interaction analyses. 

The use of both percent energy and percent grams provides complementary but distinct 

perspectives on children’s dietary patterns. Percent energy from UPFs reflects the relative 

contribution of UPFs to overall dietary intake and is more aligned with diet quality. It also 

captures the contribution of highly energy-dense products, such as snack foods and desserts, 

which provide a high number of calories in relatively small portions. In contrast, percent grams 



 

199 

 

represents the proportion of total food weight derived from UPFs and may be more difficult to 

interpret, as it can be influenced by foods with high water content or lower energy density. For 

example, foods such as chips or packaged snack items contribute relatively high energy despite 

their lower weight, whereas beverages such as soda contribute larger gram amounts but fewer 

calories per gram (Rolls, 2009). As a result, children may consume smaller quantities of energy-

dense UPFs while still obtaining a larger proportion of their total energy intake from these foods. 

These differences are further illustrated by the distributional patterns observed for each 

measure. As shown in Figure 4-2 in chapter 4, percent energy from UPFs was left-skewed with 

values concentrated at higher levels of intake. Additionally, frequencies did not have a tail on the 

right side. This indicates that there were more children with very high levels of percent energy 

from UPF and very few children at the low end. For example, 0.14% of children had percent 

energy from UPF ≤10%, while 8.82% of children had consumption levels ≥90%. This along with 

a median of approximately 66.7% and a relatively narrow interquartile range, which indicates 

that most children derived a substantial proportion of their total energy from UPFs, with some 

being especially high. In contrast, Figure 4-3 in Chapter 4 showed that percent grams from UPFs 

had a lower central tendency (median: 42.3%) and a wider spread across the distribution, with 

values ranging from near 0% to 100%. This measure was right-skewed. The highest 

concentration of observations for percent grams occurred at more moderate levels 

(approximately 30%–40%), and extreme values were less pronounced. However, there were a 

small number of children whose diet was almost completely UPF, as is shown by the jump up in 

frequency at the highest level for both percent energy and percent grams. This is important to 

understand that in the current food environment it is more likely for children on the margins to 

have a very high intake of UPF than to have a very low intake of UPF and this is more 
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pronounced with the percent energy than percent grams. This higher concentration of children at 

the upper end of the percent energy distribution suggests that very high reliance on UPFs is more 

common than very low intake, which highlights the dominant role of UPFs in children’s diets.  

These distributional differences reinforce that the two measures capture distinct aspects 

of dietary intake. While percent energy highlights the dominant contribution of UPF to total 

caloric intake, percent gram reflects a broader range of consumption patterns by weight. This 

further supports the interpretation that diets high in UPFs among children are characterized more 

by energy-dense food choices rather than uniformly high consumption by volume, consistent 

with evidence that UPFs tend to be more energy-dense and contribute disproportionately to total 

energy intake (Hall et al., 2019; Monteiro et al., 2019b; Vadiveloo & Gardner, 2023).  

Given the differences in our results from percent energy and percent grams, and that prior 

literature has predominantly used percent energy to assess UPF intake, the interpretation of the 

findings below primarily focuses on percent energy from UPFs. However, throughout this 

discussion percent grams is used when it seems particularly supportive as a complementary 

measure, such as when both measures showed consistent results and thus reinforcing the strength 

of an association. Percent grams is also discussed when both measures showed different results 

to speculate on why these two measures yielded contrasting results. 

5.2 Aim 1 

5.2.1 RQ 1a - UPF and Food security Status 

Association Between Food Insecurity and Ultra-Processed Food Intake 

The initial analysis examined the association between UPF intake and food security status among 

children aged 5-12 years old across all survey cycles, without adjustment for sociodemographic 
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characteristics. In this unadjusted model, there was no statistically significant association 

between percentage of energy from UPFs and food security status. Next, in the regression 

models adjusted for sociodemographic characteristics and survey cycle, children living in food-

insecure households consumed a slightly higher percentage of energy from UPFs (approximately 

1.5 to 1.9 percentage points) compared with food-secure children. This indicates that differences 

in dietary composition by food security status persist even after accounting for both children’s 

sociodemographic characteristics as well as temporal trends.  

For a child consuming 1,500 kcal per day, a 1.8 percentage-point higher contribution of 

energy from UPFs corresponds to: 1,500×0.018=27 kcal/day. Thus, a difference from 66.0% to 

67.8% of total energy from UPFs corresponds to approximately 990 kcal/day versus 1,017 

kcal/day from UPFs, or an additional 27 kcal/day. In practical terms, this difference is roughly 

equivalent to about 5–6 potato chips, half of a small cookie, or a few bites of a packaged snack 

food. Another way to interpret this difference is that UPFs may be replacing calories from whole 

or minimally processed foods. This small increase suggests a modest but measurable difference 

in dietary composition rather than a large difference in total food intake. Over time, this small 

daily difference may contribute to increased risk of diet-related metabolic conditions. 

On the other hand, no significant associations were observed when UPF intake was 

measured using percent grams. The results were weaker and less consistent across models. 

These findings suggest that differences by food security status were modest and more 

consistently observed when UPF intake was expressed as percent energy rather than percent 

grams.  

The limited differences in UPF intake across food security groups observed in this study, 

particularly in unadjusted models using percent energy (% kcal) and percent grams (% grams) 
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from UPFs, are consistent with emerging literature examining this relationship. For example, 

Fulay et al. (2025) analyzed nationally representative NHANES data among U.S. adolescents 

and found no significant association between food security status and UPF intake (Fulay et al., 

2025b).  These findings suggest that, regardless of differences in UPF intake across food security 

status categories, overall UPF intake remains very high (about two-thirds of calories) among 

U.S. children. Another way to look at this is that only about one-third of children’s calories are 

from whole and minimally processed foods that have significant health benefits. The high levels 

of UPF consumption observed in this analysis reflect broader characteristics of the U.S. food 

system rather than differences explained solely by food security status. Several factors may help 

explain the limited differences observed across food security groups. First, UPFs are widely 

consumed across all socioeconomic groups in the United States, which may reduce observable 

variation between socioeconomic groups. When UPF constitutes the majority of caloric intake 

for most children, differences in UPF consumption by food security status appear to be relatively 

small in magnitude. In this context, the relatively modest differences observed by food security 

status may be partly explained by a ceiling effect, whereby UPF consumption is already high 

across the population, which leaves limited variability to be explained by food insecurity (Zou, 

2024).  Thus, the modest effect sizes observed in this RQ should not be interpreted as a lack of 

importance, but rather as a reflection of the pervasive role of the food environment in influencing 

children’s diets. In this analysis, the association between food insecurity and UPF intake 

observed in sociodemographic-adjusted models remained significant after adjusting NHANES 

survey cycle with minimal attenuation in magnitude. This suggests that the observed differences 

in UPF intake by food security status are relatively strong and not significantly explained by 

temporal trends. This high prevalence of UPFs could be explained by their accessibility in many 
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food environments that are accessible to children. These foods are relatively inexpensive, shelf-

stable, heavily marketed, and require minimal preparation, which contributes to their widespread 

availability across different household contexts (Moran et al., 2019).  

Moreover, structural factors such as agricultural subsidies for commodity crops used in 

many UPFs have helped maintain low prices for these products, potentially reinforcing their 

accessibility among lower-income households (Franck et al., 2013). Additionally, these same 

factors have made whole and minimally processed foods such fruits and vegetables relatively 

more expensive and less available in our current food environment. Consequently, structural 

characteristics of the food system may contribute to high levels of UPF intake across the 

population (Baker et al., 2025a; Monteiro et al., 2025a; Scrinis et al., 2025). 

In this research question (RQ 1a), food insecurity was associated with higher UPF intake 

when measured as percent energy, but not when assessed using percent grams. This pattern 

suggests that differences in UPF consumption among food-insecure children are likely driven 

more by the types of foods consumed and their energy density rather than the overall proportion 

of food consumed by weight. In other words, children experiencing food insecurity may 

consume diets composed of a higher proportion of ultra-processed, energy-dense foods, even if 

the overall contribution of UPFs to total food weight does not differ substantially. Therefore, 

examining both measures adds context to the findings. 

Overall, these findings suggest that food insecurity is modestly associated with higher 

energy intake from UPFs; however, consumption levels are high across all food security groups. 

This shows the importance of considering broader environmental and structural factors when 

examining UPF intake among children. 
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5.2.2 RQ 1b - Sociodemographic Variation in the Association Between Food Security and 

UPF Intake 

Effect Modification by Race/Ethnicity: Percent Energy from UPF (% kcal) 

This study examined whether the association between food security status and UPF intake 

differed across sociodemographic characteristics including race/ethnicity, gender, age, and 

household income. No significant interactions were observed for age, gender, or household 

income when UPF was assessed as percent energy from UPF. This suggests that the association 

between food security status and UPF intake was generally consistent across these demographic 

groups. These findings do not support our hypothesis that the association between food 

insecurity and UPF intake would vary across sociodemographic characteristics such as age, 

gender, and household income. However, in both adjusted models, race/ethnicity significantly 

modified the association between food security status and UPF intake. 

The stratified analyses by race showed significant differences in the direction and 

magnitude of the association across racial and ethnic groups. Among non-Hispanic White 

children, food insecurity was associated with higher consumption of UPFs, with food-insecure 

children consuming approximately 3 percentage points more of their total energy from UPFs 

compared with food-secure children. A smaller but similar pattern was observed among non-

Hispanic Black children (approximately 1 percentage point difference between food secure vs 

food insecure children). In contrast, among Hispanic children, UPF intake was slightly lower 

among food-insecure groups compared with food-secure children (approximately 1 percentage 

point difference). To contextualize the magnitude of this difference, a 3 percentage-point 

increase in UPF intake corresponds to approximately 45 additional kilocalories per day from 

UPFs for a child consuming 1,500 kcal per day (1,500 × 0.03 = 45 kcal). In practical terms, this 
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is roughly equivalent to a small handful of chips or part of a cookie, depending on portion size 

and product type. This amount of Kcal is very small at the individual level, but may still reflect 

meaningful shifts in dietary composition, particularly when considered over time and across 

populations. Considering the already high baseline intake of UPFs, even small proportional 

increases may support dietary patterns characterized by high reliance on UPFs, and UPFs 

replacing whole and minimally processed foods. 

These findings align with prior research that shows racial and ethnic disparities in UPF 

consumption among U.S. children. Analyses of NHANES data have shown that non-Hispanic 

White and non-Hispanic Black children tend to consume higher proportions of UPFs compared 

with other racial and ethnic groups, while Mexican American children often obtain a greater 

share of energy from minimally processed or mixed dishes (Baraldi et al., 2018; Eicher-Miller et 

al., 2015). 

Previous research suggests that dietary behaviors among children are influenced not only 

by food security or socioeconomic conditions but also by cultural food practices, household 

cooking patterns, food access, and intergenerational food traditions, in addition to structural 

factors such as neighborhood food environments, retail availability, and targeted food marketing 

which may further contribute to these disparities (Moran et al., 2019; Odoms-Young et al., 

2024). For example, some studies have shown that among Hispanic populations, lower levels of 

acculturation and more recent immigration status are associated with greater reliance on home-

prepared meals and traditional dietary patterns, which may include more minimally processed 

foods. However, these patterns are not uniform across all Hispanic households, and dietary 

behaviors may shift with increased acculturation and exposure to the U.S. food environment 

(Barb et al., 2025; Pachipala et al., 2022). Race/ethnicity alone may not fully capture these 
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patterns, as heterogeneity within Hispanic and other racial/ethnic populations, particularly by 

nativity and level of acculturation, may further influence dietary behaviors. A growing body of 

evidence suggests that individuals who are U.S.-born or more acculturated tend to consume 

higher levels of UPFs compared with those who are foreign-born or less acculturated. For 

example, among Asian American populations, higher acculturation, English language use, and 

U.S.-born status have been associated with significantly greater UPF consumption (Pachipala et 

al., 2022). Similarly, analyses of nationally representative samples have shown that each unit 

increase in acculturation is associated with higher UPF intake, regardless of race/ethnicity (Barb 

et al., 2025). Additional evidence suggests that nativity may also influence consumption of 

specific UPF subgroups, such as sugar-sweetened beverages, with higher intake observed among 

U.S.-born individuals experiencing food insecurity (Stamou & Flórez, 2025). 

These findings support the interpretation that lower UPF intake observed among Hispanic 

children in this study may reflect greater adherence to traditional dietary patterns among 

immigrant or less acculturated households, which often emphasize home-prepared meals and less 

processed ingredients. In contrast, greater exposure to the U.S. food environment among more 

acculturated or U.S.-born populations may contribute to higher reliance on UPFs. 

On the other hand, dietary patterns among non-Hispanic White and non-Hispanic Black 

children may reflect greater reliance on commercially prepared foods that are widely available in 

the U.S. food system. This could be the result of structural factors such as neighborhood retail 

environments, socioeconomic conditions, and targeted food marketing. Evidence from the Rudd 

Center for Food Policy and Health shows that Black children are disproportionately exposed to 

advertising for unhealthy and UPFs with the vast majority promoting fast food, sugary drinks, 

snacks, and candy, while healthier products account for only a minimal share of advertising 
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(Harris et al., 2019). These disparities in marketing exposure have also increased over time, 

which reflects sustained and targeted industry practices (Harris et al., 2019). These findings 

illustrate how cultural dietary practices may interact with socioeconomic conditions and food 

environmental factors to influence children’s exposure to UPF and influence the magnitude of 

differences observed across racial subgroups. 

Effect Modification by Race/Ethnicity and Income: Percent Grams from UPF (% Grams) 

When UPF intake was assessed using percentage of grams, the patterns differed slightly across 

racial and ethnic groups. Among non-Hispanic White children, marginal food security was 

associated with the highest proportion of grams from UPF. However, among non-Hispanic 

Black, patterns were less consistent, with marginally food-secure and food insecure groups 

showing slightly lower intake compared with food-secure children. Among Hispanic children, 

food-insecure groups consumed slightly lower proportions of UPF when measured in grams 

compared with food-secure children. These differences may reflect variation in the types and 

energy density of UPF consumed rather than differences in the total quantity of food intake. 

Additional stratified analyses by household income (PIR) showed that children living in low-

income households (PIR ≤1.30), marginal food security was associated with slightly higher 

percentage of grams from UPFs compared with food-secure children and food-insecure children. 

This indicates a non-linear pattern with no clear gradient across food security categories. In 

contrast, among children in middle-income (PIR 1.31–3.5) and higher-income households (PIR 

>3.5), food insecurity was consistently associated with higher UPF intake, with clearer gradients 

observed across food security levels. These associations are consistent with prior research 

indicating that, in high-income countries, lower socioeconomic status is associated with greater 

reliance on UPFs (Crimarco et al., 2021). These findings indicate that the association between 
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food security status and UPF intake varies by income level, with more pronounced increases in 

UPF consumption with worsening food security observed among middle- and higher-income 

groups. In lower-income households, where reliance on low-cost staple foods is already high 

across all food security groups, differences by food security status may be less pronounced or 

follow non-linear patterns. In contrast, among middle- and higher-income households, food 

insecurity may represent a more distinct constraint, potentially leading to greater reliance on UPF 

foods compared with food-secure peers. 

In summary, these findings suggest that the relationship between food insecurity and UPF 

consumption may vary across racial and ethnic groups; however, the broader U.S. food 

environment characterized by widespread availability, affordability, and marketing of UPFs 

likely contributes to consistently high consumption among children across sociodemographic 

groups. 

5.2.3 RQ 1c - Food Security Status and Consumption of Specific UPF Categories 

This study further examined whether food security status was associated with differences in the 

consumption of specific UPF categories among U.S. children aged 5–12 years. Examining 

specific subgroups of UPFs is important because emerging evidence suggests that not all UPFs 

have the same health implications (Vadiveloo & Gardner, 2023). Recent prospective cohort 

studies indicate that the relationship between UPF intake and chronic disease risk may vary 

significantly across food categories. For example, in three large U.S. cohorts, higher total UPF 

intake was associated with a greater risk of type 2 diabetes; however, the magnitude and 

direction of associations differed across UPF subgroups. Refined breads, sauces and condiments, 

sugar-sweetened beverages, animal-based ultra-processed products, and ready-to-eat mixed 

dishes were associated with higher diabetes risk, whereas other subgroups such as certain 



 

209 

 

cereals, whole-grain breads, yogurt products, and some snack foods showed neutral or inverse 

associations (Z. Chen et al., 2023). Similarly, analyses from large European cohorts have 

reported that higher overall UPF consumption is associated with an increased risk of 

cardiometabolic multimorbidity, particularly for subgroups such as ultra-processed beverages 

and animal-based products, while other subgroups such as ultra-processed breads and cereals 

were not associated with increased risk (Córdova et al., 2023). 

Additionally, a recent commentaries emphasized on the heterogeneity within UPF 

categories and suggested that public health recommendations may need to prioritize reducing 

intake of specific UPF groups that are consistently associated with adverse health outcomes 

particularly those high in added sugars, saturated fats, and sodium while recognizing that some 

UPFs, such as whole-grain breads or low-sugar yogurts, may contribute positively to dietary 

patterns or improve food accessibility (Vadiveloo & Gardner, 2023). 

Percent Energy (% kcal) from UPF Subgroups 

In our analysis, several UPF subgroups differed significantly across food security categories. In 

unadjusted models, children experiencing marginal food security or food insecurity consumed a 

greater proportion of energy from ready-to-heat or ready-to-eat mixed dishes and sugar-

sweetened beverages compared with food-secure children. In contrast, the proportion of energy 

derived from sweet snacks and sweets was higher among food-secure children than among 

food-insecure children. Differences were also observed for other ultra-processed foods 

(Including soy products such as meatless patties and fish sticks; dips, spreads, mustard, and 

catsup; margarine; sugar substitutes, sweeteners, and all syrups), which were consumed in 

smaller proportions among food-insecure children. These findings are consistent with our 

Hypothesis which proposed that food insecurity would be associated with higher consumption of 
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specific ultra-processed food subcategories, particularly energy-dense and convenience-oriented 

foods such as industrial grain products and ready-to-eat or ready-to-heat mixed dishes. 

Among UPF subgroups, the most notable difference was observed for ready-to-heat or 

ready-to-eat mixed dishes, where food-insecure children consumed approximately 1.5 

percentage points more of their daily energy from these foods compared with food-secure 

children. For a child consuming 1,500 kcal per day (1,500 × 0.015 = 22.5 kcal), which is 

roughly equivalent to a few bites of pizza, a sandwich, or a burger. Additionally, differences 

observed for other UPF subgroups, including industrial grain products and sugar-sweetened 

beverages, were smaller in magnitude equivalent to less than 15 kilocalories per day. These 

results suggest that the differences in UPF groups intake by food security status is small in 

magnitude.  

After adjustment for sociodemographic characteristics, some subgroup differences 

persisted, particularly for industrial grain foods and ready-to-eat mixed dishes. However, after 

additional adjustment for NHANES survey cycle, only industrial grain foods remained 

significantly associated with food security status, with food-insecure children consuming a 

greater proportion of energy from these products compared with marginally food-secure 

children. This suggests that food insecurity may be associated with the differences in the 

composition of UPF intake rather than substantially increasing total consumption. Overall, 

subgroup differences were small in magnitude, except for ready-to-eat mixed dishes. This is 

consistent with the idea that households experiencing food insecurity may rely more on 

convenient, meal-type foods that require minimal preparation. Additionally, industrial grain 

products including bread, sweetened cereals, and baked goods are widely available, relatively 

inexpensive, and commonly consumed as essential foods in children’s diets. Greater reliance on 
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these products among food-insecure households may reflect their affordability, long shelf-life, 

and versatility in household meals. 

The distribution of UPF subgroups observed in this study aligns with prior research 

where a substantial portion of UPF intake among U.S. children originates from packaged grain 

products, ready-to-eat meals, snack foods, and sugar-sweetened beverages (Martínez Steele et 

al., 2016; Stamou & Flórez, 2025; Wang et al., 2021). For example, a study among U.S. adults 

found that individuals experiencing food insecurity consumed significantly greater amounts of 

sugar-sweetened beverages compared with food-secure individuals (Stamou & Flórez, 2025). 

Although this study focused on adults and examined nativity differences, it similarly suggests 

that financial constraints and food access may be associated with the consumption of inexpensive 

sweetened beverages. Analyses of another NHANES data have shown that UPFs account for the 

majority of added sugar intake in the United States, with sweetened beverages, desserts, 

representing major contributors to total dietary energy (Martínez Steele et al., 2016) . Wang et al. 

also found that Ready-to-heat and -eat mixed dishes and industrially processed grain products 

serve as major contributors to UPF intake (Wang et al., 2021).  

The higher intake of ready-to-eat mixed dishes observed among marginally food-secure 

and food-insecure children in unadjusted analyses is also consistent with previous research where 

households experiencing economic constraints may rely on inexpensive, energy-dense foods that 

require minimal preparation. Ready-to-eat meals, fast-food–type products, and packaged 

beverages are widely available, shelf-stable, and relatively inexpensive, which may make them 

accessible options for families managing limited food budgets. Qualitative studies among SNAP 

participants have shown that caregivers often prioritize foods that are familiar to children, 
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inexpensive, and unlikely to be wasted, which frequently include packaged and ready-to-

consume products (Moran et al., 2019).  

The higher intake of sugar-sweetened beverages observed among children experiencing 

lower levels of food security in unadjusted analyses is important to highlight given the well-

established associations between sugar-sweetened beverage intake and adverse metabolic 

outcomes in both children and adults. Sugar-sweetened beverages represent a major source of 

added sugars in the U.S. diet and are consistently associated with increased risk of obesity, type 

2 diabetes, and cardiometabolic diseases. Evidence from large cohort studies further suggests 

that ultra-processed beverages are among the UPF subgroups most consistently associated with 

increased chronic disease risk (Z. Chen et al., 2023; Cordova et al., 2023). As such, even modest 

differences in the consumption of these specific UPF categories may have important implications 

for long-term health. 

The associations mentioned above were no longer significant after adjustment for 

socioeconomic characteristics and NHANES survey cycle, which indicates that differences in 

specific UPF categories may be explained by broader socioeconomic factors rather than food 

security status alone. Household income and exposure to the broader food environment may 

influence purchasing patterns in ways that reduce differences attributable solely to food security 

status. The widespread availability and marketing of UPFs across retail settings may contribute 

to similar consumption patterns across households regardless of food security status ( Zhong et 

al., 2022). In addition, U.S. agricultural policies that subsidize commodity crops such as corn and 

soy key ingredients used in many UPF products may contribute to the relatively low cost and 

widespread availability of these foods in the retail food environment (Franck et al., 2013). More 

recent evidence suggests that the expansion of UPFs is also driven by the broader organization of 
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food systems and economic incentives that favor the production, marketing, and distribution of 

highly processed products over minimally processed alternatives (Baker et al., 2025b) 

An interesting finding was the slightly higher proportion of energy from sweet snacks 

and desserts among food-secure children compared with food-insecure children in unadjusted 

analyses. The difference was a difference of approximately 0.9 percentage points, or about 14 

additional kilocalories for a child consuming 1,500 kcal (1,500 × 0.009 = 13.5 kcal). Although 

this difference was small in magnitude, it may reflect differences in household purchasing 

priorities under constrained budgets, where families may prioritize staple foods or meal-based 

items rather than discretionary snack products. In contrast, beverages such as sugar-sweetened 

drinks may be perceived as routine beverage options rather than discretionary treats, which may 

partly explain why higher intake of sugar-sweetened beverages was observed among children 

experiencing lower levels of food security. Nonetheless, the lack of significant differences after 

adjustment suggests that consumption of snack-type UPFs remains common across food security 

categories. 

Another interesting pattern observed in this analysis is that children in marginally food-

secure households may have UPF intake levels that are comparable to or, in some cases, 

higher than those in food-insecure households. Although these differences were not consistently 

statistically significant, they may reflect the complex nature of food insecurity. For example, 

marginal food insecurity may capture households experiencing intermittent or less severe 

resource constraints, where reliance on convenient, lower-cost UPFs remains high. Marginal 

food security may also reflect a form of “hidden” or less visible food-related stress, where 

households experience uncertainty about food access without meeting the threshold for food 

insecurity. This may lead to adaptive purchasing behaviors that favor convenient, ready-to-eat or 
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ready-to-heat meal options rather than reducing the overall food intake. In contrast, households 

experiencing more severe food insecurity may face constraints that limit overall food intake or 

alter food purchasing patterns in ways that do not necessarily translate into higher UPF 

consumption. In addition, these households may reside in similar food environments as food-

insecure populations and be similarly exposed to targeted marketing of UPFs. This distinction 

may help explain why marginally food-secure households exhibited similar or, in some cases, 

higher intake of certain UPF subgroups (e.g., ready-to-eat mixed dishes), while showing different 

patterns for others, such as lower consumption of sugar-sweetened beverages. These mixed 

patterns suggest that dietary adaptations under marginal food security are not uniform across 

food categories but may reflect prioritization of filling, meal-based foods over discretionary 

snack or beverage items. These findings, alongside the observed increases among low-income 

children not participating in FNAP (in RQ 2c), highlight the challenges in separating the 

independent and combined effects of food insecurity, income, and program participation, as 

these factors are closely interconnected and may influence dietary intake through overlapping 

pathways. These results suggest that marginal food security represents a distinct and potentially 

vulnerable group that may be overlooked when combined with food-secure households in 

analysis. In other words, Food insecurity, income, and FNAP participation are closely linked, 

and it’s difficult to isolate their individual effects. What we observe likely reflects a combination 

of these factors rather than a single driver. 

Percent Grams (% grams) from UPF Subgroups 

When UPF intake was assessed in grams, initial differences observed for ready-to-eat mixed 

dishes in unadjusted analyses were similarly attenuated after adjustment for sociodemographic 



 

215 

 

variables and NHANES survey cycle, and no statistically significant differences remained across 

food security groups.  

Differences across food security groups were more apparent when UPF intake was 

expressed as a percentage of total energy rather than as grams per day. This pattern suggests that 

children across food security categories may consume similar quantities of foods in grams, but 

those foods may differ in energy density or in the proportion of calories derived from ultra-

processed sources. This distinction may be particularly relevant for beverage categories such as 

sugar-sweetened beverages, which contain substantial water content and therefore contribute 

large gram weights relative to their caloric contribution.  

Nutritional and Health Significance of Differences in UPF Subgroups 

The observed differences in specific UPF subgroups are important to consider in light of their 

nutritional and health implications. Prior research indicates that major contributors to UPF intake 

among children include sandwiches, sweet bakery products, savory snacks, and sugar-sweetened 

beverages (Williams & Ogburn, 2025). Diets high in these UPFs often displace nutrient-dense 

foods and may be associated with lower intake of essential micronutrients, including fat-soluble 

vitamins (A, D, E, and K), B vitamins, iron, magnesium, and calcium (Martini et al., 2021). 

In addition to their nutritional profile, specific UPF subgroups have been linked to 

adverse health outcomes. For example, higher consumption of UPFs such as sweetened 

beverages, refined sweetened products, salty snacks, and processed meats has been associated 

with increased risk of chronic conditions (Z. Chen et al., 2023; Crimarco et al., 2021; Rico-

Campà et al., 2019). This has been reflected by the sustained upward trend of obesity prevalence 

among U.S. children. National Center for Health Statistics (NCHS) data based on NHANES 

indicate that obesity prevalence among children aged 6–11 years increased from approximately 
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15% in 1999–2002 to over 20% in recent years. In summary, these findings suggest that even 

modest differences in the types of UPFs consumed, particularly greater reliance on ready-to-eat 

mixed dishes and sugar-sweetened beverages, may have important implications for dietary 

quality and long-term health among children. This demonstrates the importance of targeting 

specific food categories when developing nutrition interventions for this age category. 

5.2.4 RQ 1d - Food Security, UPF intake and for Diet Quality 

This study examined whether the association between food security status and UPF intake 

remained after accounting for overall diet quality using the Healthy Eating Index–2020 (HEI-

2020). Consistent with our expectations, overall diet quality was strongly and inversely 

associated with UPF consumption. Children with higher HEI-2020 scores consumed 

significantly lower proportions of energy and grams from UPFs, and this relationship remained 

statistically significant after adjustment for sociodemographic characteristics, and NHANES 

survey cycle. As expected, these findings indicate that children with healthier overall dietary 

patterns consume fewer UPFs, which reinforce the conceptual link between diet quality and food 

processing levels. That is, from these results it appears that UPF are replacing the whole and 

minimally processed foods such as whole grains, healthy protein rich foods, vegetables, fruits, 

and legumes. 

Association Between HEI-2020 and Percent Energy (% kcal) from UPF 

In the present analysis, mean HEI-2020 scores did not differ significantly across food security 

categories, which was somewhat surprising as previous research has often reported poorer diet 

quality among food-insecure children (Hingle et al., 2023; Landry et al., 2019; J. Lee et al., 

2019). The lack of differences observed here may reflect the overall high consumption of UPF 

across the U.S. children, which may reduce observable variation in diet quality between food 
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security groups. Prior research has suggested that families experiencing food insecurity often 

rely on inexpensive, energy-dense foods high in refined carbohydrates and added sugars while 

limiting consumption of fresh produce and other nutrient-rich foods (Morales & Berkowitz, 

2016). As discussed in earlier research questions, UPFs represent a substantial portion of 

children’s daily energy intake nationwide, which may reduce observable differences in overall 

diet quality between food-secure and food-insecure households. 

After adjustment for HEI-2020 total score and sociodemographic characteristics, children 

experiencing food insecurity consumed a significantly greater proportion of energy from UPFs 

compared with food-secure children. This finding is consistent with results from RQ 1a. This 

suggests that higher UPF intake among food-insecure children persisted even after accounting 

for overall diet quality. 

The correlation between UPF intake and HEI-2020 score was moderate and inverse (r ≈ 

−0.4), which indicates that while the two measures are related, they are not collinear. This means 

the inclusion of HEI-2020 in models where UPF is the outcome is not problematic, as each 

captures distinct aspects of diet. While UPF intake reflects the level of food processing, HEI-

2020 reflects adherence to dietary guidelines, including intake of fruits, vegetables, whole grains, 

and key nutrients. 

These findings indicate that while overall diet quality was strongly inversely associated 

with UPF consumption, adjusting for diet quality did not substantially alter the relationship 

between food security status and UPF intake. The estimated association between food insecurity 

and UPF intake increased slightly after adjustment for HEI-2020 (β = 1.88 to β = 2.11). 

However, this change should be interpreted with caution, as the analytic sample size in RQ 1d 

was reduced (N = 13,065) as HEI-2020 scores for the 2021–2023 NHANES cycle was not 
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computed as FPED data were not yet released. Therefore, the observed change in the coefficient 

may reflect differences in sample size rather than the independent effect of diet quality alone. 

Rather, the attenuation observed in fully adjusted models (β = 2.11 to β = 1.73) suggests that 

differences in UPF intake across food security categories may partially overlap with broader 

dietary patterns rather than food security only. The HEI-2020 reflects adherence to the Dietary 

Guidelines for Americans and captures greater intake of recommended foods such as fruits, 

vegetables, whole grains, and lean protein foods, alongside lower intake of nutrients of concern 

such as added sugars, sodium, and saturated fats. As a result, higher diet quality scores are 

consequently associated with lower UPF consumption. In other words, children with poorer 

overall diet quality tend to consume more UPFs regardless of food security status. 

Association Between HEI-2020 and Percent Grams (% grams) from UPF 

Results based on percentage of grams from UPFs further support the interpretation of results 

from UPF as percent energy. The HEI-2020 total score remained strongly and inversely 

associated with the percentage of grams from UPFs. Children with higher diet quality had a 

lower proportion of their total food intake derived from UPFs. However, food security status was 

not associated with percent grams from UPFs after adjustment for HEI-2020 and other 

covariates. These findings suggest that overall diet quality may be more strongly associated with 

the relative contribution of UPFs to children’s diets than food security status alone. 

5.2.5 Synthesis of Aim 1 Findings 

Overall, the findings from Aim 1 indicate that UPFs constitute a dominant component of the 

diets of U.S. children aged 5–12 years, accounting for approximately two-thirds of total daily 

energy intake. While differences in overall UPF consumption by food security status were 

modest, several patterns emerged in the types of UPFs consumed across food security groups. 
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Children experiencing marginal or low food security tended to consume higher proportions of 

industrial grains, ready-to-eat mixed dishes and sugar-sweetened beverages, whereas food-secure 

children consumed slightly higher proportions of sweet snacks and desserts. These findings 

suggest that food insecurity may be associated with the differences in the composition of UPF 

intake rather than the overall amount consumed. Additional analyses examining overall diet 

quality indicated that higher HEI-2020 scores were strongly associated with lower UPF 

consumption. Adjusting diet quality (HEI-2020), sociodemographic characteristics and 

NHANES Survey cycle, food insecurity remained associated with higher percent energy from 

UPFs. However, no significant associations were observed when UPF intake was assessed in 

grams. 

In summary, the most significant results from Aim 1 are that UPF consumption 

accounted for about two-thirds of total energy intake among U.S. children aged 5–12 years. This 

is a level that poses concerns for future health status. This high consumption appears to be driven 

by the widespread availability and affordability of UPFs. Economic constraints influenced 

certain dietary patterns, but this was overshadowed by the overall high UPF consumption across 

all children. 

5.3 Aim 2 

5.3.1 RQ 2a and RQ 2b - Effect Modification by Federal Nutrition Assistance Program 

Participation 

Aim 2 examined whether participation in federal nutrition assistance programs modified the 

association between food security status and children’s intake of UPFs. Two complementary 

analyses were conducted: Research Question 2a assessed modification by participation in any 
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federal nutrition assistance program (FNAP), whereas Research Question 2b specifically 

examined SNAP participation. 

In sociodemographic adjusted models, both FNAP and SNAP participation showed 

evidence of effect modification when UPF intake was measured as percent energy. However, 

these interactions were not statistically significant after additional adjustment for survey cycle 

and other covariates. 

Effect Modification by FNAP: Percent Energy (% kcal) from UPF 

For FNAP participation, in the sociodemographic-adjusted model, children living in marginally 

food secure or food-insecure households who participated in FNAP consumed approximately 2.9 

percentage points more energy from UPF compared with food-secure children who did not 

participate in FNAP (the reference group). In comparison, food-insecure children who did not 

participate in FNAP consumed a larger excess of approximately 4 percentage points more energy 

from UPF relative to the same reference group. Additionally, even among food-secure 

households, children participating in FNAP consumed about 1.6 percentage points more energy 

from UPF than food-secure non-participants. These patterns suggest that FNAP participation was 

associated with slightly higher UPF intake overall. However, among children experiencing food 

insecurity, the magnitude of the difference in UPF intake was smaller among those participating 

in FNAP (2.9 percentage points) compared with those not participating (4.0 percentage points). 

This pattern may suggest that differences in UPF intake associated with food insecurity were 

somewhat smaller among children participating in FNAP than among non-participants. The 

interaction remained statistically significant after additional adjustment for NHANES survey 

cycle. 

Effect Modification by SNAP: Percent Energy (% kcal) from UPF 
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Similar patterns were observed when focusing specifically on SNAP participation. In the 

sociodemographic-adjusted model, a statistically significant interaction was observed between 

food security status and SNAP participation for percent energy from UPF. Children living in 

food-insecure households who participated in SNAP consumed approximately 3.7 percentage 

points more energy from UPF compared with food-secure children not participating in SNAP. 

However, after adjustment for survey cycle, the interaction was no longer statistically significant, 

and the magnitude of the estimates decreased. 

Role of FNAP Participation and Temporal Changes in UPF Intake 

These findings indicate that while children experiencing food insecurity tended to have 

somewhat higher intake of UPFs, participation in FNAP including SNAP can modify this 

relationship. The decrease of interactions after adjustment for survey cycle when we assessed 

SNAP suggests that temporal changes in the U.S. food environment over the study period may 

play an important role in children’s dietary patterns, independent of program participation. These 

results indicate that participation in nutrition assistance programs cannot mitigate or modify the 

high consumption of UPFs among children experiencing economic hardship. Nutrition assistance 

programs and school meal policies have undergone several changes over the past two decades, 

which may help contextualize these findings. For example, reforms to school meal standards 

under the Healthy, Hunger-Free Kids Act aimed to improve nutritional quality of foods offered 

through the National School Lunch and School Breakfast Programs (Johnson et al., 2016; 

Nutrition Standards in the National School Lunch and School Breakfast Programs: Final Rule, 

2012). In addition, for SNAP this includes revisions to the Thrifty Food Plan in 2021 to increase 

SNAP benefit levels (U.S. Department of Agriculture., August2021). While these policy changes 

may have improved certain aspects of diet quality, UPFs remain widely available, affordable, 
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and prevalent across the U.S. food environment. As a result, high levels of UPF intake may 

persist regardless of program participation. Rather than concluding a clear protective or harmful 

effect of program participation itself, these findings may indicate the broader structural 

conditions in which low-income families make food choices. 

FNAP Participation and UPF Intake: Context from Prior Research 

These findings are consistent with previous research on the complex relationship between 

FNAPs and dietary outcomes. Programs such as SNAP and WIC are designed to improve food 

access among low-income households with children, and participation in these programs has 

been associated with reductions in the prevalence and severity of food insecurity (Almohamad et 

al., 2024; Gundersen & Ziliak, 2018). Evidence regarding their influence on diet quality, 

however, has been mixed. In a systematic review, children's diets were similar among SNAP 

participants and low-income nonparticipants, but were less nutritious than diets of higher-income 

children (Andreyeva et al., 2018). Similarly, Fulay et al. found that among lower-income U.S. 

adolescents, SNAP participation, but not food security status, was associated with higher UPF 

intake (Fulay et al., 2025b). Dave et al. also reported no meaningful variation in diet quality by 

food security or FNAP participation among children, despite high levels of program participation 

(Dave et al., 2024). This suggests that enrollment alone may be insufficient to overcome 

structural barriers to healthy eating.  

The present findings show some similarities with those reported by Leung et al. (2022), 

who found that SNAP participation modified the association between food insecurity and UPFs 

consumption. In their study, lower food security was associated with higher intake of UPFs 

among income-eligible and income-ineligible nonparticipants, whereas the association between 

food insecurity and UPFs intake was not statistically significant among SNAP participants 
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(Leung et al., 2022). This pattern suggests that SNAP participation may attenuate the relationship 

between food insecurity and consumption of UPFs. In our analysis, a somewhat similar pattern 

was observed in the adjusted FNAP model: food-insecure children who did not participate in 

FNAP had the largest excess in UPF intake compared with food-secure nonparticipants, while 

differences across food security categories were smaller among FNAP participants.  

Other mechanisms described in the literature may help explain our findings. Qualitative 

work by Moran et al. showed that families participating in SNAP often prioritize UPFs because 

they are familiar, inexpensive, shelf-stable, and less likely to be wasted if children reject them 

(Moran et al., 2019). Families may also purchase and store UPFs early in the benefit cycle to 

protect against end-of-month scarcity. In addition, in many low-income neighborhoods, the retail 

food environment is dominated by convenience stores and discount retailers where UPFs are 

widely available and often less expensive than fresh alternatives (Moran et al., 2019). As a result, 

households participating in nutrition assistance programs may continue to rely on UPFs due to 

availability, affordability, shelf stability, and convenience. Even when programs such as WIC or 

school meals improve access to healthier items, these benefits may be modest relative to the 

larger food environment, household budget constraints, and market influences that continue to 

favor lower-cost processed products.  

Moreover, only a small number of studies have examined whether participation in 

programs such as SNAP or broader FNAP modifies the relationship between food insecurity and 

dietary outcomes among children, where most of this literature has focused on adults or 

adolescents rather than school-aged children. This limits direct comparability with the present 

analysis. In that context, the current findings contribute new evidence by showing that among 

U.S. children aged 5–12 years, any apparent differences by FNAP or SNAP participation were 



 

224 

 

modest, dependent on model specification, and not consistently observed across UPF measures. 

Thus, the findings support the interpretation that FNAPs remain essential for reducing 

hardship and supporting food access but may not be sufficient on their own to substantially 

reduce children’s UPF intake without broader changes in food affordability, food access, and 

the nutritional quality of foods available within and outside program settings. 

In summary, our findings should not be interpreted as evidence that participation in 

nutrition assistance programs causes higher consumption of UPFs. Rather, they likely reflect the 

broader socioeconomic and food environment conditions faced by households who participate in 

these programs. Households participating in FNAP often experience multiple overlapping forms 

of disadvantage including low income, food insecurity, time scarcity, and limited access to 

healthy food environments, which together influence dietary behaviors. Federal nutrition 

assistance programs play a critical role in reducing food insecurity among millions of children in 

the United States. However, the persistence of high UPFs food consumption among program 

participants caused by the widespread availability, affordability, and marketing of UPFs 

highlights the need for complementary strategies that improve access to affordable, minimally 

processed foods within retail environments and community food systems. Additional strategies, 

including nutrition education, financial incentives for healthier foods, and improvements in the 

availability and affordability of nutritious foods in low-income communities, may be necessary 

to support healthier dietary patterns among children. 

5.3.2 RQ 2c - Sociodemographic Modification of the Association Between Food Security, 

FNAP Participation, and Children’s UPF Intake 

This research question examined whether the association between food security status, 

participation in FNAPs, and children’s UPF intake differed across demographic subgroups. In 
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sociodemographic adjusted models, household income and child age significantly modified the 

combined association between food security status and FNAP participation with percent energy 

from UPF, whereas race/ethnicity did not. However, the interaction with income was no longer 

significant after additional adjustment for survey cycle. 

Age Differences in the Association Between Food Security, FNAP Participation, and UPF 

Intake 

Stratified analyses showed interesting patterns across age groups. Among younger children aged 

5–7 years, few significant differences were observed across food security and FNAP 

participation categories. The only statistically significant finding in this age group was among 

children experiencing food insecurity who did not participate in FNAP, who consumed nearly 

five percentage points more energy from UPFs compared with food-secure nonparticipants. This 

pattern suggests that among younger children, higher UPF intake may be primarily associated 

with food insecurity itself rather than with program participation. In contrast, the most consistent 

differences were observed among children aged 8–10 years. Within this age group, several 

combinations of food security status and FNAP participation were associated with higher UPF 

intake relative to the reference group. Children participating in FNAP consumed more UPF 

compared to food secure non-participants, regardless of their food security status. Children who 

are food secure (+2.8 percentage points), marginally food secure (+4.9 percentage points), and 

food insecure (+3.1 percentage points) who participated in FNAP, consumed significantly 

higher proportions of energy from UPFs compared with food-secure nonparticipants. Food-

insecure nonparticipants (+4.8 percentage points) also consumed more than food secure 

nonparticipants. These findings suggest that dietary differences associated with food insecurity 

and program participation may be most evident during middle childhood.  
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Among older children aged 11–12 years, fewer significant differences were observed 

across food security and FNAP participation categories. The only statistically significant 

association was among food-insecure children who participated in FNAP, who consumed 

approximately three percentage points more energy from UPF compared with food-secure 

nonparticipants. The overall attenuation of associations in this older age group may reflect 

increasing autonomy in food choices, greater exposure to foods outside the home environment, 

being increasingly exposed to school food environments and peer influences, or other behavioral 

and social factors that influence dietary intake during early adolescence. Hence, developmental 

and social influences may help explain this pattern. In addition to developmental and social 

influences, differences in dietary assessment methods by age may also contribute to the observed 

patterns. In NHANES, children aged 12 years are permitted to report their own dietary intake 

with minimal adult assistance, whereas younger children’s recalls are typically completed with 

greater parental involvement. This shift in reporting may introduce differences in recall accuracy, 

as self-reported dietary data among early adolescents may be subject to greater measurement 

error, including underreporting or omission of foods. The fewer statistically significant 

associations observed among older children in this study may therefore partly reflect differences 

in reporting reliability rather than true absence of associations. Furthermore, recent changes in 

data collection methods in recent cycles, including increased reliance on telephone-based dietary 

recalls, may also influence reporting patterns. 

Prior studies conducted in the United States have reported higher UPF consumption 

among younger individuals (Crimarco et al., 2021). As children grow older, food choices 

become increasingly shaped by external influences such as peers, school environments, and 

marketing exposure (Salvy et al., 2012; Scaglioni et al., 2018). Children also tend to prefer sweet 
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and salty flavors and visually appealing packaged foods that are common in UPFs, and repeated 

exposure to these products can reinforce preferences over time (Scaglioni et al., 2011; Zhong et 

al., 2022). In recent years, marketing of UPFs to children has intensified, with products 

increasingly designed using child-targeted packaging, branding, and naming strategies that 

enhance appeal (Elliott, 2012; Harris et al., 2019). These approaches often emphasize fun, 

convenience, and perceived healthfulness, and may also leverage parental concerns about 

convenience, cost, and children’s food preferences (Asada et al., 2020; Harris et al., 2019). Such 

marketing strategies can increase children’s demand for these products and influence purchasing 

decisions within households. 

School environments may also contribute to these patterns. The availability and 

presentation of foods in school settings, as well as the presence of competing snack options, can 

influence children’s dietary choices during the school day (Ang et al., 2019b; Asada et al., 2020). 

Middle childhood may therefore represent a stage in which children remain strongly influenced 

by the home food environment but are also increasingly exposed to external dietary influences, 

which may amplify differences in UPF consumption across socioeconomic groups. 

Income Differences in the Association Between Food Security, FNAP Participation, and 

UPF Intake 

Income- related differences in UPF intake were most present among children living in 

households with the lowest income (PIR ≤1.30). Within this group, children across all food 

security categories who participated in FNAP had higher UPF intake compared with food-secure 

nonparticipants, with differences ranging from approximately 5.8 to 6.9 percentage points. 

However, food-insecure children who did not participate in FNAP had the largest magnitude 

difference and consumed about 10.6 percentage points more energy from UPFs compared 
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with food secure nonparticipants. Although children experiencing food insecurity who 

participated in FNAP also had higher UPF intake than the reference group, the magnitude of this 

difference was smaller than that observed among food-insecure children who did not participate 

in FNAP. This pattern suggests that participation in nutrition assistance programs may partially 

reduce the excess consumption of UPFs associated with food insecurity, even though overall 

UPF intake remained relatively high among program participants.  

These findings may also help explain patterns observed in Aim 2 (RQ 2a and RQ 2b) 

analyses overall. When household income is not explicitly included in the analysis, the 

relationship between FNAP participation and UPF intake may appear mixed or inconsistent. 

However, stratified results indicate that among low-income children, FNAP participation may 

play a positive role by reducing the high reliance on UPFs associated with food insecurity. In 

contrast, few differences were observed among children living in middle- or higher-income 

households. These findings suggest that household income may play an important role in 

children’s dietary patterns and may interact with both food insecurity and program participation 

in influencing UPF consumption. It is important to note, however, that PIR does not capture 

competing financial demands such as housing, transportation, childcare, or medical expenses that 

may substantially constrain food budgets. As a result, households with similar PIR values may 

experience different levels of financial strain and food access, which may contribute to the 

variability in UPF intake observed within income groups. For example, children living in 

households with PIR ≤1.30 may face multiple structural and logistical challenges beyond limited 

financial resources. These include reduced access to full-service grocery stores, greater reliance 

on convenience stores and fast-food outlets, and limited availability of fresh, minimally 

processed foods in their neighborhoods. In addition, caregivers in low-income households may 
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experience significant time constraints due to work schedules, transportation barriers, or multiple 

jobs, which can further increase reliance on convenient, ready-to-eat or ready-to-heat food 

options (Fielding-Singh, 2017). 

These patterns are often attributed to differences in food affordability, accessibility, and 

convenience. These income-related differences likely reflect the broader structural conditions 

under which families make food choices. As discussed in the literature, the association between 

food insecurity and poor diet quality is not simply a matter of individual preference but is shaped 

by intersecting economic and environmental constraints (Scaglioni et al., 2018). In low-income 

communities, families often face limited access to big grocery stores and greater exposure to 

convenience stores and fast-food outlets, where ultra-processed and energy-dense foods 

dominate the retail environment (Moran et al., 2019; Odoms-Young et al., 2024). Under these 

conditions, caregivers may rely on shelf-stable, ready-to-eat products because they are 

inexpensive, familiar to children, less likely to be wasted, and easier to store and prepare (Dave 

et al., 2024; Moran et al., 2019). Price also remains a major driver of food choice, as energy-

dense foods tend to cost less per calorie than fresh produce or lean proteins (Darmon & 

Drewnowski, 2008). Thus, the particularly large differences observed among the lowest-income 

children in this study likely reflect the combined effects of constrained food budgets, 

neighborhood food environments, and the relative affordability and convenience of UPFs. These 

patterns may also reflect differences in exposure to food marketing and neighborhood food 

environments. Evidence from the Rudd Center for Food Policy and Health shows that children 

are disproportionately exposed to advertising for UPFs, with higher levels of targeted marketing 

in lower-income communities and in neighborhoods with higher proportions of Black residents 

(Harris et al., 2019). These environments are often characterized by greater availability and 
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promotion of ultra-processed products and more limited access to fresh, minimally processed 

foods. As a result, children living in these contexts may have consistently high baseline exposure 

to UPFs regardless of food security status or FNAP participation. 

Race Differences in the Association Between Food Security, FNAP Participation, and UPF 

Intake 

Race/ethnicity did not significantly modify the association between food security, FNAP 

participation, and UPF intake in this analysis. This finding is notable given prior evidence of 

racial and ethnic differences in UPF consumption in RQ 1b and the literature. Some NHANES 

analyses have reported higher or increasing UPF intake among non-Hispanic Black and Hispanic 

youth, while other studies have found differences across racial and ethnic groups that reflect 

broader social and economic disparities (Baraldi et al., 2018; Neri et al., 2022). In RQ 1b, 

differences in UPF intake were also observed across racial and ethnic groups, including non-

Hispanic White, non-Hispanic Black, and Hispanic children. However, in this RQ 2c it was a 

three-way interaction including FNAP participation with food security and race/ethnicity (food 

security × FNAP × race/ethnicity). The absence of significant three-way interaction in this RQ 

suggests that once FNAP is included in the interaction model, the combined association between 

food insecurity and UPF intake did not differ significantly across racial or ethnic groups. One 

possible explanation is the complexity and reduced statistical power associated with three-way 

interaction models. This finding also supports the interpretation that structural factors such as 

income, food affordability, and neighborhood food environments may be more influential drivers 

of dietary disparities than race or ethnicity alone. Additionally, the inclusion of FNAP 

participation and additional socioeconomic factors in the present models may have accounted for 
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part of the variation previously attributed to race/ethnicity, which highlights the strong role of 

socioeconomic conditions in dietary patterns. 

To our knowledge few studies have examined whether participation in FNAPs modifies 

the association between food insecurity and dietary outcomes across socioeconomic or 

demographic subgroups. Only a small number of studies have explored effect modification by 

program participation in relation to UPF intake or diet quality, and even fewer have examined 

whether these relationships vary across socioeconomic characteristics among children. Thus, this 

dissertation contributes new evidence by examining how the combined relationship between 

food insecurity, FNAP participation, and UPF intake differs across income, age, and 

race/ethnicity in a nationally representative sample of U.S. children. 

In summary, the results of RQ 2c suggest that the relationship between food insecurity, 

FNAP participation, and children’s UPF intake is not uniform across demographic groups. 

Instead, it appears to be associated primarily by economic disadvantages and developmental 

phase, with the strongest differences observed among children living in the lowest-income 

households and, to a lesser extent, among children in middle childhood (8-10 years). We can say 

that while participation in nutrition assistance programs alone may not substantially reduce UPF 

consumption, it may play a role in moderating the magnitude of dietary disparities associated 

with food insecurity.  

5.3.3 Synthesis of Aim 2 Findings 

Overall, the findings from Aim 2 indicate that although participation in FNAP, including SNAP, 

modify the relationship between food insecurity and UPF intake, the observed associations 

varied by model specification and sociodemographic context. We can conclude that reducing 

children’s UPF intake in food-insecure households may require more than food assistance 
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program participation alone. Additional strategies, including nutrition education, financial 

incentives for healthier foods, and improvements in food access and the retail food environment, 

may be necessary to support healthier dietary patterns among children in low-income households 

(Leung et al., 2022; Moran et al., 2019; Odoms-Young et al., 2024). Moreover, policy-level 

interventions targeting the food environment may therefore be necessary. Policy approaches 

proposed in recent public health frameworks include restrictions on marketing of UPFs to 

children, implementation of front-of-package labeling systems, fiscal policies such as taxation of 

sugar-sweetened beverages and other ultra-processed products and strengthening of nutrition 

standards in schools (UNC, 2021). In addition, reforms to agricultural and food system policies 

that influence the affordability and availability of UPFs may be critical for shifting dietary 

patterns at the population level. These strategies emphasize the need for comprehensive, multi-

level approaches to reduce children’s exposure to and consumption of UPFs. 

5.4 Aim 3 

5.4.1 RQ 3a - Trends in UPF Intake Among U.S. Children (2001-2023) 

Aim 3 is exploratory; therefore, the analysis focused on the percentage of total energy derived 

from UPFs and did not include an analysis of UPF consumption as a percentage of grams. 

Percent energy from UPFs is commonly used in population-based studies because it captures the 

contribution of UPFs to overall dietary energy intake (Baraldi et al., 2018). This measure is also 

widely used in NHANES-based analyses assessing temporal trends in dietary intake (Wang et 

al., 2021). Therefore, the present analysis focused on percent energy from UPFs as a primary 

indicator of children’s reliance on UPFs over time. 
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The findings from Research Question 3a indicate that UPFs constituted a substantial 

proportion of children’s dietary energy across all NHANES periods examined. The percentage of 

total energy derived from UPFs increased from 64.6% in the early period (2001–2008) to 67.1% 

in the middle period (2009–2016), followed by a modest decline to 66.7% in the most recent 

period (2017–2023). Despite the slight decrease observed in the most recent period, UPF intake 

remained significantly high, with approximately two-thirds of children’s total dietary energy 

coming from UPFs. The overall trend across periods was statistically significant in both 

unadjusted and adjusted models, which indicates meaningful changes in UPF consumption 

patterns over time. Pairwise comparisons also showed that the middle period was associated with 

significantly higher UPF intake than the early period, with an increase of approximately 3.2 

percentage points. However, the most recent period did not differ significantly from the early 

period, this suggests that the increase observed during the early 2000s may have plateaued in 

more recent years. Additionally, UPF intake during the recent period was significantly lower 

than during the middle period, which indicates a modest decline following the peak observed 

between 2009 and 2016. 

These findings are very consistent with previous analyses of NHANES data documenting 

the increasing role of UPFs in the diets of U.S. children and adolescents over the past two 

decades. Wang et al. (2021), using ten NHANES cycles from 1999 to 2018, reported that the 

proportion of total dietary energy from UPFs among U.S. youth aged 2–19 years increased from 

61.4% in 1999 to 67.0% in 2018, while the contribution of minimally processed foods declined 

over the same period (Wang et al., 2021). Similarly, Baraldi et al. (2018) reported that UPFs 

contributed more than 60% of total energy intake among children based on NHANES 2007–

2012 data (Baraldi et al., 2018). These findings together suggest that the increase observed 
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between the early and middle periods in this analysis reflects a broader national trend toward 

greater reliance on UPFs. 

The slight decline observed in the most recent NHANES period may also reflect 

emerging shifts in dietary patterns. Recent national surveillance reports from the National Center 

for Health Statistics indicate that the percentage of total calories from ultra-processed foods 

among U.S. youth declined modestly in recent years, decreasing from 65.6% in 2017–2018 to 

61.9% in 2021–2023 (Williams & Ogburn, 2025). Although the magnitude of decline observed 

in the present study was relatively small, the downward shift following the peak observed in the 

middle period may signal the beginning of a plateau or gradual reduction in UPF consumption 

among children.  

Possible explanations include increased public awareness of diet quality, changes in food 

marketing practices, school nutrition policies, or broader shifts in the food environment over the 

past decade. But it is also important to note that the analytic sample for the most recent period 

was smaller than for earlier periods, representing approximately 24.6% of the total study 

sample, compared with 36.9% and 38.5% in the early and middle periods, respectively. This 

smaller sample size may reduce the precision of estimates. In addition, the 2021–2023 NHANES 

cycle was released following disruptions to data collection during the COVID-19 pandemic. 

According to NHANES analytic guidance, estimates from the 2021–2023 dataset can be 

compared with earlier cycles using standard survey methods; however, these comparisons should 

be interpreted carefully because of differences in sampling and data collection procedures across 

periods. Consequently, while the modest decline in UPF intake observed in the most recent 

period may reflect emerging shifts in dietary patterns, it may also partly reflect methodological 

differences between NHANES cycles. NHANES documentation highlights that the 2017–March 
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2020 pre-pandemic data and the 2021–2023 cycle differ from earlier cycles in both sampling 

design and data collection procedures due to COVID-19 disruptions, including changes in field 

operations and declining response rates (Akinbam et al., 2022; CDC, 2024b). Survey response 

rates declined substantially over time, in which examination response rates decreasing from 

80.0% in 2001–2002 to 25.7% in 2021–2023 (CDC, 2024b). NHANES conducted non-response 

bias assessments for these NHANES cycles and reported no major unaddressed bias; however, 

these large declines may still introduce uncertainty when comparing estimates across time 

periods, particularly for dietary outcomes that are sensitive to reporting and participation 

patterns. 

The persistently high levels of UPF intake observed across all periods remain concerning. 

UPFs are typically energy-dense and high in added sugars, sodium, and unhealthy fats while 

providing lower amounts of dietary fiber and essential micronutrients. High consumption of 

UPFs has been associated with poorer diet quality and adverse cardiometabolic outcomes in both 

children and adults (Wang et al., 2021; Baraldi et al., 2018). The findings of the present analysis 

therefore reinforce growing concerns about the central role of UPFs in children’s diets in the 

United States. 

Global Trends in Ultra-Processed Food Consumption 

Our findings also reflect broader changes in the global food system. Studies across diverse 

international contexts have documented similarly high consumption of UPFs among children and 

adolescents. For example, research conducted in Brazil, Nepal, and several Mediterranean 

countries has shown that UPFs constitute a large proportion of children’s daily food intake and 

often replace minimally processed foods such as fruits, vegetables, and whole grains (Mescoloto 

et al., 2024; Rosi et al., 2025; Serafim et al., 2022; Shim et al., 2021). 
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Global evidence indicates that UPF consumption has increased significantly over time 

across a wide range of countries. This reflects a broader transformation of food systems and 

dietary patterns. UPFs have rapidly displaced unprocessed or minimally processed foods, freshly 

prepared meals, and traditional dietary practices in many settings. This has contributed to 

significant nutritional, social, economic, and environmental changes worldwide (UNC Global 

Food Research Program, 2021). In high-income countries, UPFs now account for approximately 

half or more of total daily energy intake. For example, more than 50% of total calories are 

derived from UPFs in the United States, the United Kingdom, and Canada. In contrast, intake 

levels remain lower, but are increasing, in many middle- and lower-income countries, where 

UPFs contribute approximately 20% to 40% of total energy intake (UNC Global Food Research 

Program, 2024). Countries such as Mexico, and Chile report lower but rising levels of UPF 

consumption, while European countries show wide variability, ranging from relatively low levels 

in Portugal to higher levels in the United Kingdom. 

Consistent with these patterns, global sales data demonstrate a steady increase in the 

availability of UPFs. For example, total global sales of UPFs including soft drinks, 

confectionery, snacks, and processed meats increased from approximately 920 billion kilograms 

in 2013 to 1000 billion kilograms in 2021 (Yi et al., 2025). Analyses across 93 countries further 

indicate that UPF sales have risen in nearly all regions, with particularly rapid increases observed 

in low- and middle-income countries. However, overall consumption levels remain highest in 

high-income countries such as the United States, Canada, and the United Kingdom (Monteiro et 

al., 2025b). 

Country-specific studies further illustrate these trends. In South Korea, the proportion of 

energy intake from UPFs increased from 17.4% in 1998–2005 to 26.7% in 2016–2019, followed 
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by a slight decline during the COVID-19 pandemic period (2020–2022), although this decrease 

may be temporary (H. Lee et al., 2025). Similarly, in Spain, UPF consumption has increased 

substantially over recent decades, rising from approximately 11% to nearly 32% of total energy 

intake. In Brazil, intake has increased from approximately 10% to 20%, reflecting a rapid 

nutrition transition (Monteiro et al., 2025b). 

These findings indicate that while the levels of UPF consumption observed in the present 

study are among the highest reported globally, similar upward trends are occurring across diverse 

geographic and socioeconomic contexts. This global shift toward greater reliance on UPFs has 

been linked to the expansion of multinational food companies, urbanization, increased food 

marketing targeted toward children, and the relative affordability and convenience of UPFs 

compared to minimally processed foods. 

5.4.2 RQ 3b - Trends in Ultra-Processed Food Subcategories Among U.S. Children, 2001–

2023 

The findings from Research Question 3b indicate that although overall UPF consumption among 

children remained consistently high across NHANES periods, the composition of UPF intake 

changed significantly across specific subcategories over time. Several UPF subgroups increased 

their contribution to total dietary energy, whereas others declined. Among the subgroups that 

increased over time, industrial grain-based foods showed a steady rise from 19.6% of total 

energy in 2001–2008 to 22.1% in 2017–2023, which makes them the largest contributor to 

children’s UPF intake across all periods. This corresponds to an increase from approximately 

294 kcal/day to 332 kcal/day for a child consuming 1,500 kcal. This represents an increase of 

about 38 kcal/day, equivalent to a small portion of bread, cereal, or baked goods. Similarly, 

ready-to-eat mixed dishes demonstrated a substantial increase from 5.9% to 9.5% of total 
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energy; however, levels peaked in the middle period before slightly declining in the most recent 

years. This corresponds to an increase from approximately 89 kcal/day to 143 kcal/day for a 

child consuming 1,500 kcal. This represents an increase of about 54 kcal/day, equivalent to about 

half a slice of pizza, a few bites of a sandwich, or part of a small fast-food item. These foods 

include items such as pizza, burgers, and sandwiches that are widely available and require 

minimal preparation. Sweet snacks and desserts also showed small but statistically significant 

increases over time (from 3.9% to 4.5% of total energy). These categories include products such 

as cookies, cakes, pastries, and other packaged snack foods. This represents an increase of 

approximately 9 kcal/day, equivalent to a small bite of a cookie or a small portion of a dessert 

item. Savory snack foods also showed modest but statistically significant increases over time 

(from 6.3% to 7.3% of total energy). This category includes products such as chips, crackers, and 

other packaged snack foods.  This represents an increase of approximately 14 kcal/day, 

equivalent to a small handful of chips or a few crackers. These findings suggest that certain 

categories of UPFs, particularly grain-based products and convenience meals, have become 

increasingly prominent components of children’s diets. Although individual increases appear 

small, together they represent a meaningful shift toward greater consumption of convenience and 

snack-based UPFs in children’s diets. 

These results align with previous analyses of NHANES data that documented shifts in the 

types of UPFs consumed by U.S. children and adolescents. Using data from 1999–2018, Wang et 

al. (2021) reported significant increases in the proportion of energy derived from ready-to-heat 

and ready-to-eat mixed dishes, which rose sharply over time and included items such as pizza, 

sandwiches, and other convenience meals. In the same analysis, energy intake from sweet snacks 

and bakery products also increased significantly, which reflects the growing contribution of 
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packaged snack foods and desserts to children’s diets. These patterns are consistent with the 

increases observed in our analysis for sweet snacks and savory snacks. 

In contrast, several UPF subcategories showed significant declines across the study 

periods. Most notably, sugar-sweetened beverages (SSB) decreased consistently from 7.8% of 

total energy in 2001–2008 to 4.6% in 2017–2023. This corresponds to a reduction from 

approximately 117 kcal/day to 69 kcal/day for a child consuming 1,500 kcal. This represents a 

meaningful decrease of about 48 kcal/day, equivalent to reducing intake by approximately one-

third to one-half of a standard 12-ounce sugary beverage. Similar downward trends were 

observed for flavored dairy products, prepared potato products, and the category of other 

UPFs. Flavored dairy products decreased from 7.3% to 6.1% of total energy (approximately 109 

kcal/day to 91 kcal/day). This represents a reduction of about 18 kcal/day, equivalent to a few 

sips of flavored milk or a small portion of sweetened yogurt. Prepared potato products declined 

from 2.3% to 1.6% of total energy (approximately 34 kcal/day to 24 kcal/day). This is equivalent 

to a reduction of about 10 kcal/day, or a small portion of fries or hash browns. The category of 

other UPFs decreased more substantially from 4.1% to 2.1% of total energy (approximately 62 

kcal/day to 32 kcal/day). This represents a reduction of about 30 kcal/day, which may reflect 

lower intake of items such as meatless patties and fish sticks; dips, spreads, mustard, and catsup; 

margarine; sugar substitutes, sweeteners, and syrups.  

The reduction in SSB consumption aligns with national surveillance reports and 

previous research documenting declines in sugary beverage intake among U.S. youth over the 

past two decades (Bleich et al., 2018; Wang et al., 2021). These declines have been attributed to 

several factors, including increased public health awareness regarding added sugars, school 

beverage policies limiting the availability of sugary drinks, and broader shifts in consumer 
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preferences toward alternative beverages (Asada et al., 2020; Schwartz et al., 2015; Wang et al., 

2021). 

While some categories declined, others showed more complex patterns. For example, 

processed meat products showed a slight decrease during the middle period followed by an 

increase in the most recent period, while sauces and condiments demonstrated a modest non-

linear pattern across periods. Overall, these declines suggest reductions in certain beverage- and 

condiment-based sources of UPFs. However, when considered alongside the increases observed 

in industrial grain-based foods, ready-to-eat mixed dishes, and snack foods, the overall pattern 

indicates that decreases in some UPF categories were offset by increases in others. 

Consequently, even when specific subgroups decline, the overall dietary contribution of UPFs 

may remain relatively stable due to substitution with other ultra-processed products. This shift 

toward more convenience-oriented, and snack-based UPFs may help explain why total UPF 

intake remained consistently high despite meaningful changes in dietary composition over time. 

The observed shifts in UPF composition also reflect broader structural changes in the 

food environment. Over the past two decades, the food supply has increasingly emphasized 

convenience products or quick-preparation foods, including packaged grain-based foods, snack 

items, and ready-to-eat meals that require minimal preparation (Monteiro et al., 2018; Moodie et 

al., 2021). These products are often inexpensive, shelf-stable, and heavily marketed, making 

them attractive options for households facing time and budget constraints (Moran et al., 2019; 

Poti et al., 2014). Such characteristics contribute to the widespread inclusion of UPFs into daily 

dietary patterns among children. 

The nutritional implications of these shifts are also important to highlight in this section. 

Previous research has shown that diets higher in UPFs are associated with poorer nutrient 
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profiles, including higher intakes of added sugars, refined carbohydrates, and saturated fats, 

alongside lower intake of dietary fiber and essential micronutrients (Martínez Steele et al., 2017). 

Diets high in these UPFs often displace nutrient-dense foods and may be associated with lower 

intake of essential micronutrients, including fat-soluble vitamins (A, D, E, and K), B vitamins, 

iron, magnesium, and calcium (Martini et al., 2021). Analyses of NHANES data have similarly 

demonstrated that as the proportion of dietary energy derived from UPFs increases, the overall 

nutritional quality of the diet tends to decline. Therefore, the increasing contribution of snack 

foods, grain-based products, and convenience meals observed in the present study may have 

important implications for children’s long-term diet quality and health. 

In summary, the findings from RQ 3b suggest that while total UPF intake among U.S. 

children has remained consistently high, the types of UPFs consumed have evolved over time. 

The decline in SSBs may represent a positive shift in children’s dietary patterns; however, 

increases in other UPFs categories particularly grain-based products, snacks, and ready-to-eat 

meals, indicate that UPFs continue to play a dominant role in children’s diets. The total UPF 

intake was not reported in absolute kilocalories in the main results; however, supplementary 

analyses indicate a slight downward trend across the three time periods (2001–2008: 1300 kcal; 

2009–2016: 1274 kcal; 2017–2023: 1268 kcal). These patterns underline the importance of 

examining not only overall UPF intake but also the specific food categories that contribute to 

children’s consumption of UPFs. 

5.4.3 RQ 3c - Temporal Trends in Ultra-Processed Food Intake by Food Security Status 

and Nutrition Assistance Participation 

The results of Research Question 3c suggest that temporal changes in UPF consumption among 

U.S. children were generally similar across food security and nutrition assistance participation 
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groups. Although mean UPF intake changed modestly across NHANES periods, interaction tests 

indicated that these trends were not significantly modified by food security status or by SNAP 

participation. The interaction between survey period and food security status did not reach 

statistical significance (p = 0.093), which suggests that changes in UPF intake over time were 

largely comparable across food-secure, marginally food-secure, and food-insecure children. 

Similarly, temporal trends in UPF intake did not differ by SNAP participation (p = 0.383). These 

findings indicate that increases in UPF consumption observed in earlier years, followed by a 

modest decline or stabilization in recent years, occurred relatively consistently across 

socioeconomic groups. 

For FNAP participation, the interaction approached statistical significance (p = 0.059), 

which suggests modest evidence that temporal trends may have differed slightly between 

participants and nonparticipants. Descriptively, children who did not participate in FNAP 

showed an increase in UPF intake between the early and middle periods followed by a slight 

decline in the most recent period. In contrast, UPF intake among FNAP participants increased 

more steadily across survey periods. Although these differences were small in magnitude and did 

not meet conventional thresholds for statistical significance, they may indicate some differences 

in how dietary patterns evolved among children participating in FNAPs compared with those 

who did not participate. 

These findings should be interpreted in the context of previous research that examined 

long-term trends in UPF consumption among U.S. youth. Analyses of NHANES data have 

documented a large increase in the proportion of dietary energy derived from UPFs between 

1999 and 2018 among children and adolescents (Wang et al., 2021). However, most of these 

studies have focused on overall population patterns rather than assessing whether trends differ 
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across socioeconomic or food security groups. The present findings therefore extend existing 

literature by suggesting that the increase in UPF consumption observed in previous studies 

reflects wide changes in the U.S. food environment that affect children across socioeconomic 

groups, rather than trends limited to food-insecure or low-income households. 

The absence of strong interaction effects may reflect the widespread availability and 

affordability of UPFs across the U.S. food system (Monteiro et al., 2019a; Wang et al., 2021). As 

a result, consumption of UPFs has become deeply integrated into dietary patterns across diverse 

demographic groups. This widespread availability may partly explain why temporal trends in 

UPF intake did not differ significantly by food security status or SNAP participation in our 

analysis. 

At the same time, structural factors associated with food insecurity may still affect dietary 

patterns within each time period. Previous research has shown that food insecurity is associated 

with lower overall diet quality and greater reliance on inexpensive, energy-dense foods 

(Gundersen & Ziliak, 2018; Leung et al., 2017). Similarly, studies examining SNAP 

participation have reported mixed associations with diet quality and UPFs consumption (Fulay et 

al., 2025b; Leung et al., 2022). However, these studies have focused on cross-sectional 

differences rather than on how dietary trends evolve over time across participation groups. 

Finally, the relatively modest differences in temporal trends observed in this analysis may 

also reflect methodological considerations. The most recent NHANES period included a smaller 

analytic sample and data from the 2021–2023 survey cycle was released as a stand-alone dataset 

following disruptions to data collection during the COVID-19 pandemic. These factors may limit 

the ability to detect sensitive differences in trends across UPF subgroups. 
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Overall, the findings from RQ 3c suggest that while UPF consumption among children 

has changed over time, these changes have occurred relatively consistently across food security 

and nutrition assistance participation groups. This pattern stresses on the pervasive role of UPFs 

within the U.S. food environment and highlights the importance of population-level strategies to 

improve dietary quality among children. 

5.4.4 RQ 3d - Changes in Ultra-Processed Food Intake Following the 2013 School Meal 

Standards by NSLP Participation 

The findings from Research Question 3d indicate that the percentage of total dietary energy 

derived from UPFs increased modestly following the implementation of the 2013 school meal 

standards. Descriptive analyses showed that mean UPF intake increased in both groups between 

the pre-2013 and post-2013 periods. Among children who did not participate in NSLP, the 

proportion of energy from UPFs increased from 67.3% before 2013 to 68.5% afterward. A 

similar pattern was observed among NSLP participants, whose UPF intake increased from 64.6% 

to 67.2% over the same period. Although both groups experienced increases in UPF intake, 

children participating in NSLP consistently consumed a slightly lower proportion of dietary 

energy from UPFs compared with non-participants. This suggests that children receiving school 

meals may have somewhat lower reliance on UPFs overall. 

Adjusted analyses confirmed these descriptive patterns. Following 2013, percent energy 

from UPFs increased by approximately 2.2 percentage points among children who did not 

participate in NSLP and by about 2.8 percentage points among NSLP participants. However, the 

interaction between NSLP participation and the post-2013 period was not statistically significant, 

which indicates that the magnitude of change in UPF intake over time did not differ 

meaningfully between participants and non-participants. These findings suggest that while UPF 
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intake increased modestly in the post-2013 period, the changes observed were similar across 

groups regardless of NSLP participation. These findings suggest that increases in UPF intake 

over time were not specific to school meal participation but rather reflect changes in the U.S. 

food environment which affected children’s dietary patterns across all groups.  

These results should be interpreted in the context of major policy changes affecting 

school meals during this period. The Healthy, Hunger-Free Kids Act (HHFKA) of 2010 

introduced comprehensive revisions to school meal standards beginning in 2012–2013, including 

increased requirements for fruits, vegetables, and whole grains, limits on sodium and saturated 

fat, and age-specific calorie standards (Nutrition Standards in the National School Lunch and 

School Breakfast Programs: Final Rule, 2012). These reforms represented one of the most 

substantial updates to school meal nutrition standards in decades and were intended to improve 

diet quality among children participating in federal school meal programs. Previous research has 

documented improvements in the nutritional quality of school meals following these reforms. It 

included increased consumption of fruits, vegetables, and whole grains among students 

participating in school meal programs (Johnson et al., 2016; Schwartz et al., 2015). For example, 

Johnson et al. found that the new standards were associated with significant improvements in the 

nutritional quality of foods selected by students, reflected in increases in the mean adequacy ratio 

and reductions in the energy density of school meals. However, these improvements primarily 

reflect the nutritional composition of foods offered within school settings and may not translate 

to reductions in UPF consumption at the overall dietary level. These findings suggest that the 

revised standards successfully improved the nutritional profile of foods offered and selected 

within school settings. 
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Despite these improvements in school meal quality, our findings suggest that the 2013 

revisions were not associated with differential changes in overall UPF consumption among 

children participating in NSLP compared with non-participants. One possible explanation is that 

while school meals represent an important component of children’s daily food intake, they 

account for only a portion of total dietary intake across the entire day. Children may consume a 

substantial proportion of their daily energy from foods obtained outside of school settings, 

including foods consumed at home, in restaurants, or through snacks purchased in retail 

environments. Consequently, improvements in school meal standards may influence specific 

aspects of diet quality without necessarily reducing the overall proportion of dietary energy 

derived from UPFs across the entire day.  

Another possible explanation relates to broader structural changes in the food system 

during the same period. Over the past two decades, the U.S. food supply has increasingly 

emphasized ready-to-eat and highly processed products that are widely available, relatively 

inexpensive, and heavily marketed to consumers (Monteiro et al., 2018). These products have 

become deeply integrated into daily dietary patterns across households, which may limit the 

extent to which school-based nutrition policies alone can influence children’s overall dietary 

reliance on UPFs. Therefore, the lack of a differential trend by NSLP participation observed in 

this study may reflect the broader food environment in which children obtain food from multiple 

sources throughout the day. 

Finally, these findings should be considered alongside other contextual factors affecting 

dietary patterns during the study period. Economic and policy changes including the result of the 

Great Recession, expansions in nutrition assistance programs, and later disruptions associated 

with the COVID-19 pandemic may also have influenced food purchasing and consumption 
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behaviors among U.S. households (Moffitt, 2013; Nutrition Standards in the National School 

Lunch and School Breakfast Programs: Final Rule, 2012; USDA FNS, 2025b). These 

overlapping influences may have masked any differential effect associated specifically with 

school meal policy changes. Additionally, it is possible for school meals to meet “food groups” 

based standards while still relying on pre-prepared, heat-and-serve products that are classified as 

ultra-processed. Thus, compliance with nutritional standards does not necessarily equate to 

lower exposure to UPFs. Given this complexity, school meals alone cannot be expected to make 

up for an overall food environment in which UPFs are ubiquitous. 

In summary, the findings from RQ 3d suggest that although the 2013 school meal 

standards represented an important policy effort to improve the nutritional quality of school 

meals, the proportion of dietary energy derived from UPFs still increased among children during 

the same period. While the increase occurred among both NSLP participants and non-

participants, children participating in the school lunch program consistently consumed a lower 

proportion of energy from UPFs than non-participants in both the pre- and post-2013 periods. 

However, the magnitude of change in UPF intake over time did not differ significantly between 

groups. This indicates that the policy revision was not associated with differential trends in 

overall UPF consumption by NSLP participation status. These findings highlight the complexity 

of influencing children’s overall dietary patterns through single policy interventions and show 

the importance of bigger food environment strategies that aim to reduce reliance on UPFs across 

multiple settings. 

5.4.5 Synthesis of Aim 3 Findings 

Overall, the findings from Aim 3 indicate that UPFs constitute a consistently high proportion of 

children’s dietary intake in the United States, with evidence of both persistence and increase in 
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consumption patterns over time. Similar upward trends have been documented across diverse 

geographic and socioeconomic contexts; however, the levels of UPF intake observed in this 

analysis are among the highest reported globally. 

Although overall UPF intake remained high across all study periods, the composition of 

UPF consumption changed over time. Declines in sugar-sweetened beverage intake may reflect 

improvements in certain aspects of children’s dietary patterns; however, increases in other UPF 

categories, particularly grain-based products, snacks, and ready-to-eat meals, indicate that UPFs 

continue to dominate children’s diets. These findings highlight the importance of examining not 

only total UPF intake but also the specific types of UPFs. Temporal changes in UPF intake were 

observed consistently across food security and nutrition assistance participation groups, which 

suggests that shifts in children’s diets are largely driven by broader changes in the U.S. food 

environment rather than differences at the household or program level. Policy efforts, such as the 

implementation of the 2013 school meal standards, represent important steps toward improving 

the nutritional quality of foods offered in school settings. However, despite these reforms, the 

proportion of dietary energy derived from UPFs continued to increase over the same period.  

In summary, these findings indicate that high UPF consumption among U.S. children is a 

persistent and systemic issue associated with broader environmental, economic, and policy 

factors. Efforts to reduce reliance on UPFs require strategies that extend beyond individual 

programs to address the wider food environment in which children and families make dietary 

choices. 
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5.5 Strengths and Limitations 

5.5.1 Strengths 

This study has several important strengths. First, the analysis used more than two decades of 

nationally representative data (2001–2023) from the National Health and Nutrition Examination 

Survey (NHANES), which allowed us to examine both (1) cross-sectional associations and (2) 

long-term trends in UPF intake among U.S. children. The extended time period captured major 

shifts in the U.S. food system and policy landscape, including revisions to federal nutrition 

assistance programs, the implementation of updated school meal standards under the Healthy, 

Hunger-Free Kids Act, and broader changes in the food environment. Examining these changes 

across multiple NHANES cycles provides valuable insight into evolving dietary patterns among 

children. 

Second, this study used nationally representative data collected through NHANES, which 

uses a complex, multistage probability sampling design to represent the civilian, 

noninstitutionalized U.S. population. The large analytic sample of 13,850 children aged 5 to 12 

years allowed us to run detailed analyses across food security categories, nutrition assistance 

participation groups, and sociodemographic subgroups. The use of survey weights and design 

variables ensured that estimates accounted for unequal probabilities of selection and the clustered 

sampling design, thereby improving the generalizability of findings to U.S. children. 

Third, this study assessed UPF intake using multiple dietary metrics, including both the 

percentage of total energy derived from UPFs and grams per day. The use of both measures 

allowed for a more nuanced evaluation of dietary intake patterns. In some analyses, associations 

were observed when UPF intake was expressed as percent of total energy but not in grams, and 

vice versa. This shows that relying on a single metric may overlook meaningful patterns in 
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dietary intake. Percent energy from UPFs is widely used in population-based studies because it 

reflects the contribution of UPFs to overall caloric intake, while percent grams measures capture 

the physical quantity of food consumed. 

Another important strength of this study is the use of the Nova food classification system 

to identify UPFs. This classification has been increasingly applied in nutritional epidemiology to 

examine the role of food processing in diet quality and health outcomes. The use of this 

standardized classification enhances comparability with prior studies examining UPF 

consumption in the United States and internationally and allows findings to contribute to the 

growing body of literature linking UPF intake with dietary patterns and health outcomes. 

Fourth, this study examined multiple factors including the association between food insecurity 

and UPF intake, potential modification by participation in FNAPS, and temporal trends in 

consumption patterns. Few studies have examined these relationships simultaneously among 

U.S. children using nationally representative data. Therefore, this study, by including analyses of 

food insecurity, program participation, and dietary trends, provides a thorough understanding of 

how socioeconomic and policy-related factors may influence children’s reliance on UPFs. 

Finally, the study incorporated policy-relevant analyses, including an evaluation of 

potential changes in UPF intake following the implementation of updated school meal standards 

in 2013. Given the large proportion of U.S. children participating in the National School Lunch 

Program, this analysis provides valuable insight into the impact of policy changes on children’s 

diet. 

5.5.2 Limitations 

Despite these strengths, several limitations should be considered when interpreting the findings. 
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First, this study relied on cross-sectional data, which limits the ability to infer causal 

relationships between food insecurity, nutrition assistance participation, and UPF intake. 

Although NHANES provides high-quality nationally representative data, the cross-sectional 

design captures dietary intake and socioeconomic conditions at a single point in time for each 

participant, therefore we can’t assess longitudinal changes within individuals. 

Second, dietary intake in NHANES is assessed using 24-hour dietary recalls, which are 

subject to several limitations, including recall bias and potential misreporting of food 

consumption. Participants may underreport or overreport certain foods, particularly socially 

undesirable or highly processed foods. Additionally, this study relied on Day 1 dietary recall 

data, consistent with previous NHANES analyses examining UPF consumption (e.g., Wang et 

al.). Although the Day 1 recall is collected for all participants and is considered the most reliable 

recall, it reflects intake on a single day and may not fully capture usual dietary intake or 

variations for an individual between weekdays and weekends. However, single dietary recalls are 

more reliable for understanding outcomes that are population trends, as is the purpose of this 

study. 

Third, differences in data collection procedures across NHANES cycles may also 

introduce variability in dietary estimates. In earlier cycles, the first dietary recall was conducted 

in person at the Mobile Examination Center, whereas in more recent cycles the recall was 

conducted by telephone. Although standardized protocols are used to ensure consistency, 

differences in interview method may influence reporting data. Additionally, NHANES dietary 

recall procedures vary by age. For children aged 6–11 years, recalls are conducted with the child 

and the assistance of an adult familiar with the child’s intake, whereas older children (including 

those aged 12 years) may serve as the primary respondent. However, NHANES does not 
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consistently capture the extent of caregiver involvement in these interviews, and it is not possible 

to determine whether older children completed recalls independently or with assistance. As a 

result, dietary data among older children may be more prone to reporting errors, including 

underreporting or omission of foods, particularly for snack foods and items consumed outside the 

home. This difference in reporting methodology may contribute to the weaker and less consistent 

associations observed among older children in this analysis. 

Fourth, certain variables were not available for all survey cycles, which limited their 

inclusion in adjusted analyses. For example, household size and household education variables 

were not available for the 2017–2020 cycle and therefore were not included as confounders in 

adjusted models in order to retain these cycles in the analytic sample. Similarly, Healthy Eating 

Index (HEI) scores for the 2021–2023 cycle were not available at the time of analysis because 

the corresponding Food Patterns Equivalents Database (FPED) had not yet been released. As a 

result, HEI-adjusted analyses were limited to 2001-2020 cycles (RQ 1d). Additionally, since 

HEI-2020 reflects the adherence to most recent versions of the dietary guidelines and our study 

period includes earlier NHANES cycles beginning in 2001, the HEI-2020 may not perfectly 

reflect the dietary recommendations in place during earlier survey cycles. 

Fifth, some analyses were affected by missing data for SNAP participation, which 

reduced the analytic sample size for models adjusting for SNAP to 8031. Consequently, models 

including SNAP participation (in Aim 2) had smaller sample sizes and potentially reduced 

statistical power. 

Sixth, changes in NHANES sampling design across cycles may affect the precision of 

certain estimates. In particular, the 2021–2023 NHANES cycle did not include oversampling by 

race/Hispanic origin or income, which differs from previous cycles. As a result, sample sizes for 
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certain demographic subgroups differ from earlier survey cycles and estimates for some 

subgroups may have greater variability and lower precision. 

Seventh, NHANES response rates declined significantly over the study period, 

particularly in the most recent cycles. The unweighted examination response rate decreased from 

80.0% in 2001–2002 to 58.7% in 2015–2016, 46.9% in 2017–March 2020, and 25.7% in the 

August 2021–August 2023 cycle. Similarly, interview response rates declined from 51.0% in 

2017–March 2020 to 34.6% in 2021–2023. Although NHANES incorporates survey weights to 

account for differential nonresponse and conducted nonresponse bias assessments which 

indicated no major unaddressed bias, such substantial declines may still introduce uncertainty, 

particularly for dietary outcomes based on self-reported data. In addition, lower response rates 

may contribute to reduced precision for certain subgroup analyses and complicated comparisons 

across survey cycles. 

Eighth, combining the 2021–2023 cycle with earlier NHANES cycles requires caution 

because there was a gap in data collection between March 2020 and August 2021 due to the 

COVID-19 pandemic. Analyses that combine these cycles assume that unobserved dietary 

patterns during this gap did not differ substantially from those observed in close periods, an 

assumption that may not fully hold given disruptions to food access, employment, and daily 

routines during the pandemic. 

Finally, the period examined in this study (2001–2023) includes multiple major 

economic, policy, and food system changes that may influence dietary behaviors in complex 

ways. While the analyses accounted for several sociodemographic factors, it was not possible to 

fully capture all structural and contextual influences on dietary patterns over time. In addition, as 

a secondary analysis of existing survey data, the study was limited to variables available within 
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NHANES and could not incorporate qualitative information on household food purchasing 

behaviors, food preferences, or decision-making processes that may help explain observed 

dietary patterns. 

5.6 Future Research Direction and Implications 

5.6.1 Future Research Direction 

Based on the findings of this study, several pathways for future research could further improve 

the understanding of the relationship between food insecurity, nutrition assistance participation, 

and UPF consumption among children 

First, future analyses should consider the role of nativity and generational status in 

shaping children’s dietary patterns. Prior research suggests that cultural food practices and levels 

of acculturation may influence reliance on UPFs, even among households experiencing food 

insecurity. NHANES includes information on birth country of the household person; however, 

this variable was not examined in our analysis. Including nativity and generational status in 

future studies may provide additional insight into cultural and behavioral factors that influence 

UPF consumption. 

Second, further research is needed to examine how participation in specific FNAPs, 

particularly SNAP, relates to the consumption of specific UPF subgroups. While our analysis 

evaluated overall UPF intake, examining subgroup patterns such as industrial grain products, 

ready-to-eat mixed dishes, and sugar-sweetened beverages, by program participation may help 

identify more targeted dietary patterns and inform program-specific nutrition interventions. In 

addition, future research could compare households participating in a single federal nutrition 

assistance program with those participating in multiple programs (e.g., SNAP, WIC, and school 
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meal programs) to assess differences in UPF consumption among children. Such comparisons 

may help clarify whether cumulative program participation is associated with distinct dietary 

patterns or instead reflects greater underlying socioeconomic need. 

Third, future research should explore heterogeneity in dietary patterns by examining 

discordance between overall diet quality and UPF intake. For example, some children may 

have relatively high diet quality despite high UPF consumption, while others may have low diet 

quality with comparatively lower UPF intake. Identifying and characterizing these discordant 

patterns could provide important insights into how UPFs are incorporated into the diet and 

whether certain dietary patterns mitigate or exacerbate nutritional risk. 

Fourth, future studies could explore these relationships using a different study design like 

cohort studies to better understand how changes in food security status influence children’s 

dietary patterns over time. The cross-sectional design of NHANES limits the ability to assess 

causal relationships. Longitudinal cohort studies could help determine whether addressing food 

insecurity or incorporating nutrition assistance programs lead to measurable changes in 

children’s reliance on UPFs. 

Fifth, future research could examine household-level and environmental factors that 

may affect children’s consumption of UPFs through qualitative data collection. While this study 

accounted for several sociodemographic variables, additional factors such as food retail access, 

neighborhood food environments, parental work schedules, food preparation time constraints, 

and household food purchasing behaviors may play important roles in food choices. Moreover, 

geographic data or linking dietary data with measures of food environments could provide better 

understanding of structural determinants of children’s reliance on UPFs. 
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Sixth, further research is needed to better understand the heterogeneity of UPFs and their 

health implications. As demonstrated in this dissertation, the contribution of specific UPF 

subgroups to children’s diets varied across categories, and the emerging evidence suggests that 

the health effects of UPFs may differ by food type. Future studies should continue to examine 

specific UPF subcategories rather than relying solely on aggregate measures of UPF intake. This 

approach should focus on identifying which types of UPFs contribute most to adverse health 

outcomes. This will help in developing recommendations that are more specific. Future studies 

could also examine how food product reformulation and the introduction of “healthier” ultra-

processed products influence dietary patterns among children. Many food manufacturers have 

introduced reformulated products with reduced sugar, sodium, or added nutrients, and 

understanding whether these products meaningfully improve diet quality remains an important 

area of research. 

Finally, future studies could also investigate the role of food marketing and retail 

product placement in children’s consumption of UPFs. Children are frequently exposed to 

marketing of snack foods, beverages, and packaged meals through digital media and retail 

environments, and understanding how these exposures are associated with dietary choices may 

help identify new intervention targets. 

 In summary, more qualitative research is needed to complement and confirm our 

findings. Most of the aforementioned research ideas require additional qualitative research, or 

quantitative cohort designs that follow a study population over time, to complement and 

contextualize these findings. Such studies could explore in depth how households make food 

purchasing and preparation decisions under economic and time constraints, and how these 

factors influence children’s consumption of UPFs. Qualitative research has shown that 
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households often balance competing demands such as cost, time, convenience, and children’s 

preferences when making food decisions. For example, they may choose ready-to-eat or 

packaged foods to ensure that meals are quick to prepare after long work hours, to avoid food 

waste when children are selective eaters, or to stretch limited budgets by purchasing inexpensive, 

calorie-dense products. A paper by Priya Fielding-Singh highlights how parents navigate these 

constraints in ways that prioritize satiety, acceptability to children, and household stability, even 

when these choices may not align with dietary recommendations (Fielding-Singh, 2017).  

Exploring factors such as time availability, cooking skills, children’s food preferences, 

and perceived affordability may help explain why UPF intake remains very high. Additional 

factors such as access to kitchen equipment, transportation to grocery stores, exposure to food 

marketing, and neighborhood food environments may further influence these decisions and 

contribute to increased reliance on UPFs. 

5.6.2 Implications 

Growing evidence suggests that structural and policy-level interventions may play an 

important role in UPF consumption. Several countries have implemented strategies such as taxes 

on sugar-sweetened beverages, front-of-package warning labels, reformulation targets, and 

restrictions on marketing and school food environments to reduce UPF intake. For example, 

Mexico’s tax on sugar-sweetened beverages was associated with a 6% reduction in purchases, 

with the largest declines observed among lower socioeconomic groups (Crimarco et al., 2021). 

Consistent with these findings, our analysis observed a decline in sugar-sweetened beverage 

consumption over time, which represents one of the clearer positive trends identified. This 

pattern may reflect the influence of policy changes such as the Healthy, Hunger-Free Kids Act, 

which aimed to improve the nutritional quality of foods and beverages available in schools 
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(Asada et al., 2020). This pattern may serve as proof of concept that targeted policy and 

environmental interventions can effectively shift consumption of specific UPF subgroups, even 

in the context of persistently high overall UPF intake. The reduction in sugar-sweetened 

beverages suggests that focused strategies, such as school beverage standards, taxation, and 

public health campaigns, may successfully modify particular components of children’s diets. 

However, an important limitation of current fiscal policies is the lack of complementary 

incentives that promote access to healthier foods. Evidence suggests that combining taxes on 

unhealthy products with subsidies for nutritious foods may lead to greater improvements in 

diet quality and health outcomes (Crimarco et al., 2021; Peñalvo et al., 2017). 

In the U.S. context, these findings are particularly relevant given the role of federal 

nutrition assistance programs. Policies that simultaneously discourage UPF consumption while 

improving access to healthier alternatives within programs such as SNAP and school meals may 

be more effective in reducing dietary inequities. The findings of this dissertation highlight the 

need for multi-level approaches to improve children’s dietary environments. Given the high 

reliance on UPFs across all food security groups, interventions should extend beyond individual 

behavior change to address broader structural factors such as food affordability, marketing 

practices, and the availability of minimally processed foods in schools, retail settings, and 

community food environments. Public health efforts that combine nutritional education with 

improvements in food access and affordability may be important to support healthier dietary 

patterns among children from diverse socioeconomic backgrounds. 

5.7 Conclusion 

This dissertation contributes to the growing literature that focuses on the relationship between 

food insecurity and dietary patterns among U.S. children. The analysis of nationally 
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representative data from NHANES of more than two decades (2001–2023), this research 

provides a comprehensive assessment of how food insecurity, participation in FNAP, and 

broader temporal trends are associated with children’s UPF intake. This dissertation offers a 

nuanced understanding of dietary patterns among children living in households with different 

levels of food security by examining UPF consumption using both the percentage of total energy 

and grams per day, as well as exploring differences across sociodemographic groups and specific 

UPF subcategories, 

Overall, findings suggest that the high consumption of UPFs among U.S. children 

represents a population-level trend rather than one limited to households experiencing food 

insecurity. This dissertation also highlights important heterogeneity in UPF consumption 

patterns, including differences across racial and socioeconomic groups and shifts in the 

composition of UPF intake over time. In addition, findings suggest that participation in FNAP 

was associated with differences in children’s UPF intake; however, the magnitude of these 

differences varied across groups and did not indicate a consistent protective or adverse pattern. 

From a theoretical perspective, these findings suggest that the structure of the food 

environment—including widespread availability, affordability, and marketing of UPFs 

contrasted with less availability, affordability and marketing of whole and minimally processed 

food —may play a crucial role in children’s dietary patterns across socioeconomic groups. Food 

insecurity remains an important social determinant of health; however, the results of this 

dissertation indicate that addressing children’s dietary quality may require broader food system 

strategies that extend beyond income support or food assistance alone. Nevertheless, specific 

support should be directed specifically towards low-income households that currently are not 

receiving any FNAP. Children living in these conditions were consuming 10% more UPF than 
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their high income and food secure peers and thus are a group that needs specific attention. 

Policies should aim to improve the nutritional quality of foods available in schools, to regulate 

the marketing of UPFs to children, and to increase access to minimally processed foods. These 

may be the important components of interventions to improve children’s diets. 

In conclusion, this study advances the understanding of the complex relationship between 

food insecurity, nutrition assistance participation, and UPF consumption among U.S. children. 

The findings underline the importance of complex public health strategies that address both 

structural and behavioral determinants of diet, with the goal of improving children’s dietary 

environments and reducing persistent nutritional inequities. 
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Appendix B. Nova Dataset Request 

 

PART 1: GENERAL INFORMATION 

 

LEAD APPLICANT DETAILS 

Name: Sandra Kahwaji 

Institute/organisation: Teachers College, Columbia University 

Position in institute/organisation: Doctoral Student 

Contact details 
Phone number: 646 578-2490 
E-mail: shk2191@tc.columbia.edu 

 

PLEASE LIST ANY FUNDING SUPPORT TO CONDUCT THIS PROJECT 

Tisch Food Center 

 

POTENTIAL CONFLICTS OF INTEREST 

NA 

 

 

  

PART 2: PROJECT DETAILS 
 

Database of interest: 

[x] NHANES 2001-02 

[x] NHANES 2003-04 

[x] NHANES 2005-06 

[x] NHANES 2007-08 

[x] NHANES 2009-10 

[x] NHANES 2011-12 

[x] NHANES 2013-14 

[x] NHANES 2015-16 

[x] NHANES 2017-18 

[x] NHANES 2021-23 
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Project title 
The Relationship Between Food Insecurity and, Ultra-Processed Food Intake 
Among U.S. Children Aged 5-12 years: Evidence from NHANES 2001-2023 

 

Research hypothesis 

Children aged 5 to12 years old living in food-insecure households will have higher 
UPF intake (measured as both % of total energy and grams/day) compared to 
children in food-secure households. 
Participation in any FNAP (SNAP, WIC, NSLP, SBP, SFSP) will modify the 
association between food insecurity and UPF intake. 

 

Objectives (primary and secondary) 

Primary Objectives 
To evaluate the association between household food insecurity and ultra-
processed food (UPF) consumption among U.S. children aged 5–12 years, using 
Nova-classified dietary data from NHANES 2001–2023. 
To examine whether the association between food insecurity and UPF intake 
varies across sociodemographic subgroups, including race/ethnicity, age, gender, 
household income, and parental education. 
To assess how food insecurity is associated with the consumption of specific 
NOVA UPF subcategories, measured in both percentage of energy and grams per 
day. 
 
Secondary Objective 
To determine whether the association between food insecurity and UPF intake 
remains significant after adjusting for overall diet quality, measured using the 
Healthy Eating Index–2020. 
To evaluate whether participation in Federal Nutrition Assistance Programs 
(FNAP) including SNAP, WIC, NSLP, SBP, and SFSP modifies the association 
between food insecurity and UPF intake. 
 
Third Objective: 
 
To explore temporal trends in UPF intake among U.S. children aged 5–12 by 
comparing three NHANES periods (2001–2008, 2009–2016, and 2017–2023), and 
to assess whether the relationships between food insecurity, FNAP participation, 
and UPF consumption differ across these time periods. 

 

Population 

US Children in elementary schools aged 5 to 12 years old. 
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Main exposure(s) 

Food insecurity 

 

Main outcome(s) 

ultra-processed food (UPF) intake measured as percentage of total energy and 
grams per day 

 

Analysis plan 

Survey-weighted multivariable linear regression models will be used to examine 
the association between food insecurity and children’s UPF intake, and to test 
effect modification by FNAP and SNAP participation. 

 

Project timeline 

Proposal hearing: September 2025 
Data hearing: by January 2026 
Thesis defence: by May 2026 

 

 

HEREBY UNDERTAKE that the lead applicant will use the information in accordance 

with the following conditions. 

 

The database will be used only for the project proposed and described in this 

application under supervision of the lead applicant, who will ensure the confidentiality 

and security of the data. Use of any of this information in any other project will not be 

undertaken until a separate application form has been submitted to, and approved by, 

NUPENS/USP. 

Delays in project completion must be communicated to NUPEN/USP. Nevertheless, the 

permission to use the database may be withdrawn.  

The use of the database will be acknowledged in all reports and publications resulting 

from this project, using the following reference: Steele EM, O'Connor LE, Juul F, Khandpur N, 

Galastri Baraldi L, Monteiro CA, Parekh N, Herrick KA. Identifying and Estimating Ultraprocessed Food 

Intake in the US NHANES According to the Nova Classification System of Food Processing. J Nutr. 2023 

Jan;153(1):225-241. doi: 10.1016/j.tjnut.2022.09.001. Epub 2022 Dec 15. PMID: 36913457; PMCID: 

PMC10127522. 

 

 

 

Signature: _____________________________________ 

 

Date: 11/22/ 2025 
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Please send completed form to: 

Eurídice Martínez Steele (e-mail: emar_steele@hotmail.com) 
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Appendix C. HEI Score (Stata Coding) 

**STEP 1** 

**Use FPED DATASETS **** 

 

**DATA fped 1** 

 

import sas using "C:\Users\shk2191\Desktop\HEI\2007-2008\FPED\fped_dr1tot_0708.sas7bdat" 

save "C:\Users\shk2191\Desktop\HEI\2007-2008\FPED\FPEDday1.dta" 

 

 

use "C:\Users\shk2191\Desktop\HEI\2007-2008\FPED\FPEDday1.dta", clear 

keep SEQN DR1T_F_CITMLB DR1T_F_OTHER DR1T_PF_MPS_TOTAL DR1T_PF_EGGS 

DR1T_PF_NUTSDS DR1T_PF_SOY DR1T_PF_SEAFD_HI DR1T_PF_SEAFD_LOW 

DR1T_ADD_SUGARS DR1T_SOLID_FATS DR1T_V_TOTAL DR1T_V_DRKGR 

DR1T_V_LEGUMES DR1T_PF_LEGUMES DR1T_F_TOTAL DR1T_G_WHOLE 

DR1T_D_TOTAL DR1T_G_REFINED 

gen DAYREC=1 

 

rename DR1T_F_CITMLB F_CITMLB 

rename DR1T_F_OTHER F_OTHER 

rename DR1T_PF_MPS_TOTAL PF_MPS_TOTAL 

rename DR1T_PF_EGGS PF_EGGS 

rename DR1T_PF_NUTSDS PF_NUTSDS 

rename DR1T_PF_SOY PF_SOY 

rename DR1T_PF_SEAFD_HI PF_SEAFD_HI 

rename DR1T_PF_SEAFD_LOW PF_SEAFD_LOW 

rename DR1T_ADD_SUGARS ADD_SUGARS 

rename DR1T_SOLID_FATS SOLID_FATS 

rename DR1T_V_TOTAL V_TOTAL  

rename DR1T_V_DRKGR V_DRKGR 

rename DR1T_V_LEGUMES V_LEGUMES 

rename DR1T_PF_LEGUMES PF_LEGUMES 

rename DR1T_F_TOTAL F_TOTAL 

rename DR1T_G_WHOLE G_WHOLE 

rename DR1T_D_TOTAL D_TOTAL 

rename DR1T_G_REFINED G_REFINED 

 

save "C:\Users\shk2191\Desktop\HEI\2007-2008\FPED\FPED1.dta" 

 

 ***fped 2*** 

import sas using "C:\Users\shk2191\Desktop\HEI\2007-2008\FPED\fped_dr2tot_1314.sas7bdat" 
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save "C:\Users\shk2191\Desktop\HEI\2007-2008\FPED\FPED2.dta" 

 

 

use FPEDday2.dta, clear 

keep SEQN  DR2T_F_CITMLB  DR2T_F_OTHER  DR2T_PF_MPS_TOTAL  

DR2T_PF_EGGS  DR2T_PF_NUTSDS  DR2T_PF_SOY  DR2T_PF_SEAFD_HI  

DR2T_PF_SEAFD_LOW  DR2T_ADD_SUGARS  DR2T_SOLID_FATS  DR2T_V_TOTAL  

DR2T_V_DRKGR  DR2T_V_LEGUMES  DR2T_PF_LEGUMES  DR2T_F_TOTAL  

DR2T_G_WHOLE  DR2T_D_TOTAL  DR2T_G_REFINED 

gen DAYREC=2 

 

rename DR2T_F_CITMLB F_CITMLB 

rename DR2T_F_OTHER F_OTHER 

rename DR2T_PF_MPS_TOTAL PF_MPS_TOTAL 

rename DR2T_PF_EGGS PF_EGGS 

rename DR2T_PF_NUTSDS PF_NUTSDS 

rename DR2T_PF_SOY PF_SOY 

rename DR2T_PF_SEAFD_HI PF_SEAFD_HI 

rename DR2T_PF_SEAFD_LOW PF_SEAFD_LOW 

rename DR2T_ADD_SUGARS ADD_SUGARS 

rename DR2T_SOLID_FATS SOLID_FATS 

rename DR2T_V_TOTAL V_TOTAL  

rename DR2T_V_DRKGR V_DRKGR 

rename DR2T_V_LEGUMES V_LEGUMES 

rename DR2T_PF_LEGUMES PF_LEGUMES 

rename DR2T_F_TOTAL F_TOTAL 

rename DR2T_G_WHOLE G_WHOLE 

rename DR2T_D_TOTAL D_TOTAL 

rename DR2T_G_REFINED G_REFINED 

 

save "C:\Users\shk2191\Desktop\HEI\2007-2008\FPED\FPED2.dta"  

 

 

 

**merging FPED 1 AND FPED2 into FPED12 // 

 

//use "C:\Users\shk2191\Desktop\WWEIA\nhanes-2011-2012-fped-per-person-hei-

2015\Home\FPED\FPED1.dta"  

 

//merge 1:1 SEQN using "C:\Users\shk2191\Desktop\WWEIA\nhanes-2011-2012-fped-per-

person-hei-2015\Home\FPED\FPED2.dta" // 

 

***merging vertically**  n= 9,338 from each dataset, total = 18,676 
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use FPED1, clear 

append using FPED2 

 

save "C:\Users\shk2191\Desktop\HEI\2007-2008\FPED\FPED12.dta" 

 

 

****STEP 2**** 

**Using NHANES Folder to get the dietary collected data day 1 and day 2 to create Nutrients 

Folder** 

 

**variable DR1DRSTZ, code 1= Reliable and met the minimum criteria, 2= Not reliable or not 

met the minimum criteria, 4= consume breast milk, 5= not done** 

 

**Nutrient 1** 

import sasxport5 "C:\Users\shk2191\Desktop\HEI\2007-2008\NH\DR1TOT_H.XPT" 

 

keep seqn wtdrd1 dr1tkcal dr1tmfat dr1tpfat dr1tsfat dr1tsodi dr1drstz 

gen dayrec=1 

keep if dr1drstz== 1 

 

rename dr1tkcal kcal 

rename dr1tmfat mfat 

rename dr1tpfat pfat 

rename dr1tsfat sfat 

rename dr1tsodi sodi 

 

save "C:\Users\shk2191\Desktop\HEI\2007-2008\NH\NUTRIENT1.dta" 

 

**creating nutrient 2 from day 2 NHanes** 1677 missing* 

 

import sasxport5 "C:\Users\shk2191\Desktop\HEI\2007-2008\NH\DR2TOT_H.XPT" 

keep seqn wtdr2d dr2tkcal dr2tmfat dr2tpfat dr2tsfat dr2tsodi dr2drstz 

gen dayrec=2 

keep if dr2drstz== 1 

 

rename dr2tkcal kcal 

rename dr2tmfat mfat 

rename dr2tpfat pfat 

rename dr2tsfat sfat 

rename dr2tsodi sodi 

save "C:\Users\shk2191\Desktop\HEI\2007-2008\NH\NUTRIENT2.dta" 
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***merging Nutrient1 and Nutrient2 Vertically** 

 

use NUTRIENT1, clear 

 

append using NUTRIENT2 

 

 

rename seqn SEQN  

rename dayrec DAYREC 

 

save "C:\Users\shk2191\Desktop\HEI\2007-2008\NH\NUTRIENT12.dta" 

 

 

**Demographic dataset** 

 

**Use the dofile from NHANES FOLDER of the correspondent year** except the exclusion of 

pregnant women, I need the original age variable** 

 

**after running the dofile** 

 

keep seqn sddsrvyr sdmvpsu sdmvstra wtmec2yr wtint2yr MEC_status cycle_nb MEC_status 

gender age_yr age_month race nativity adult_edu marital_status pregnancy pir WIC_eligibility 

ridageyr ridagemn 

 

rename seqn SEQN 

 

 

save "C:\Users\shk2191\Desktop\HEI\2007-2008\Demo.dta" 

 

******Combine the required datasets*** 

 

**Open FPED12 DATASET** 

//use FPED12, clear 

//sort SEQN DAYREC 

 

**Open Nutrients dataset** 

//use NUTRIENT12, clear 

//sort seqn dayrec 

 

//rename seqn SEQN  

//rename dayrec DAYREC// 
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***merging FPED12 and Nutrients datasets while keeping the observations that have data in 

both datasets only***  

**dataset called NUTFDPYR** 

**OPEN FPED12** 

 

use FPED12, clear 

merge 1:1 SEQN DAYREC using "C:\Users\shk2191\Desktop\HEI\2007-

2008\NH\NUTRIENT12.dta" 

keep if _merge == 3 

 

 

save "C:\Users\shk2191\Desktop\HEI\2007-2008\NUTFDPYR.dta" 

 

**save it as NUTFDPYR** 

 

***Merging FPED12, Nutrient, Demo in one COHORT Dataset**  WE can keep if _merge==3 

if we want exclude missing values here 

use "C:\Users\shk2191\Desktop\NHANES Analysis 2024\HEI\2007-2008\Demo data recoded 

2007-2008.dta" 

merge 1:m SEQN using "C:\Users\shk2191\Desktop\HEI\2007-2008\NUTFDPYR.dta" 

sort SEQN 

 

save "C:\Users\shk2191\Desktop\HEI\2007-2008\COHORT.dta" 

gen FWHOLEFRT = F_CITMLB + F_OTHER 

gen MONOPOLY = mfat + pfat 

gen VTOTALLEG = V_TOTAL + V_LEGUMES 

gen VDRKGRLEG = V_DRKGR + V_LEGUMES 

gen PFALLPROTLEG = PF_MPS_TOTAL + PF_EGGS + PF_NUTSDS + PF_SOY + 

PF_LEGUMES 

gen PFSEAPLANTLEG = PF_SEAFD_HI + PF_SEAFD_LOW + PF_NUTSDS + PF_SOY + 

PF_LEGUMES 

 

*Step 4: Apply the HEI-2015 scoring macro. * CREATE IT IN STATA** 

/*                                                                       */ 

/*   "kcal"         * Specifies calorie amount.                          */ 

/*                                                                       */ 

/*   "vtotalleg"    * Specifies the intake of total veg plus             */ 

/*                      legumes in cup eq.                               */ 

/*                                                                       */ 

/*   "vdrkgrleg"    * Specifies the intake of dark green veg             */ 

/*                      plus legumes in cup eq.                          */ 

/*                                                                       */ 

/*   "f_total"      * Specifies the intake of total fruit in cup eq      */ 
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/*                                                                       */ 

/*   "fwholefrt"    * Specifies the intake of whole fruit in cup eq.     */ 

/*                                                                       */ 

/*   "g_whole"      * Specifies the intake of whole grain in oz. eq.     */ 

/*                                                                       */ 

/*   "d_total"      * Specifies the intake of total dairy in cup eq.     */ 

/*                                                                       */ 

/*   "pfallprotleg" * Specifies the intake of total protein              */ 

/*                      (includes legumes) in oz. eq.                    */ 

/*                                                                       */ 

/*   "pfseaplantleg"  * Specifies the intake of seafood, fish and plant  */ 

/*                      protein (includes legumes) in oz. eq.            */ 

/*                                                                       */ 

/*   "monopoly"       * Specifies the grams of mono fat plus poly fat.   */ 

/*                                                                       */ 

/*   "satfat"         * Specifies the grams of saturated fat.            */ 

/*                                                                       */ 

/*   "sodium"         * Specifies the mg of sodium.                      */ 

/*                                                                       */                                                                  

/*   "g_refined"      * Specifies the intake of refined                  */ 

/*                       grain in oz. eq.                                */ 

/*                                                                       */ 

/*   "add_sugars"     * Specifies the intake of added sugars in tsp. eq. */ 

/*                                                                       */ 

/*   "outdat"         * Specifies the name of the resulting dataset.     */ 

/*                 */ 

* Define a local macro for the dataset name 

//local indat "BYID"  // Replace with your dataset name 

local kcal " kcal " 

local vtotalleg "VTOTALLEG" 

local vdrkgrleg "VDRKGRLEG" 

local f_total "F_TOTAL" 

local fwholefrt "FWHOLEFRT" 

local g_whole "G_WHOLE" 

local d_total "D_TOTAL" 

local pfallprotleg "PFALLPROTLEG" 

local pfseaplantleg "PFSEAPLANTLEG" 

local monopoly "MONOPOLY" 

local satfat " sfat " 

local sodium " sodi " 

local g_refined "G_REFINED" 

local add_sugars "ADD_SUGARS" 

local outdat "HEI2015"// 
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**# Bookmark #1 

* Calculate VEGDEN and HEI2015C1_TOTALVEG 

gen VEGDEN = ( VTOTALLEG / (kcal / 1000)) if kcal>=0 

replace VEGDEN = 0 if kcal == 0 

gen HEI2015C1_TOTALVEG = (5 * (VEGDEN / 1.1) )  

replace HEI2015C1_TOTALVEG = 5 if HEI2015C1_TOTALVEG > 5 & 

!missing(HEI2015C1_TOTALVEG) 

replace HEI2015C1_TOTALVEG = 0 if VEGDEN == 0 

 

* Calculate GRBNDEN and HEI2015C2_GREEN_AND_BEAN 

gen GRBNDEN = (VDRKGRLEG / (kcal / 1000)) if kcal>=0 

gen HEI2015C2_GREEN_AND_BEAN = (5 * (GRBNDEN / 0.2)) 

replace HEI2015C2_GREEN_AND_BEAN = 5 if HEI2015C2_GREEN_AND_BEAN > 5 & 

!missing(HEI2015C2_GREEN_AND_BEAN) 

replace HEI2015C2_GREEN_AND_BEAN = 0 if GRBNDEN == 0 

 

* Calculate FRTDEN HEI2015C3_TOTALFRUIT 

gen FRTDEN = (F_TOTAL / (kcal / 1000)) if kcal>=0 

gen HEI2015C3_TOTALFRUIT = (5 * (FRTDEN / 0.8)) 

replace HEI2015C3_TOTALFRUIT = 5 if HEI2015C3_TOTALFRUIT > 5 & 

!missing(HEI2015C3_TOTALFRUIT) 

replace HEI2015C3_TOTALFRUIT = 0 if FRTDEN == 0 

 

* Calculate WHFRDEN HEI2015C4_WHOLEFRUIT 

gen WHFRDEN = (FWHOLEFRT / (kcal / 1000)) if kcal>=0 

gen HEI2015C4_WHOLEFRUIT = (5 * (WHFRDEN / 0.4)) 

replace HEI2015C4_WHOLEFRUIT = 5 if HEI2015C4_WHOLEFRUIT > 5 & 

!missing(HEI2015C4_WHOLEFRUIT) 

replace HEI2015C4_WHOLEFRUIT = 0 if WHFRDEN == 0 

 

* Calculate WGRNDEN HEI2015C5_WHOLEGRAIN 

gen WGRNDEN = (G_WHOLE / (kcal / 1000)) if kcal>=0 

gen HEI2015C5_WHOLEGRAIN = (10 * (WGRNDEN / 1.5)) 

replace HEI2015C5_WHOLEGRAIN = 5 if HEI2015C5_WHOLEGRAIN > 5 & 

!missing(HEI2015C5_WHOLEGRAIN) 

replace HEI2015C5_WHOLEGRAIN = 0 if WGRNDEN == 0 

 

* Calculate DAIRYDEN HEI2015C6_TOTALDAIRY 

gen DAIRYDEN = (D_TOTAL / (kcal / 1000)) if kcal>=0 

gen HEI2015C6_TOTALDAIRY = (10 * (DAIRYDEN / 1.3)) 

replace HEI2015C6_TOTALDAIRY = 10 if HEI2015C6_TOTALDAIRY > 10 & 

!missing(HEI2015C5_WHOLEGRAIN) 
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replace HEI2015C6_TOTALDAIRY = 0 if DAIRYDEN == 0 

 

* Calculate PROTDEN HEI2015C7_TOTPROT 

gen PROTDEN = (PFALLPROTLEG / (kcal / 1000)) if kcal>=0 

gen HEI2015C7_TOTPROT = (5 * (PROTDEN / 2.5)) 

replace HEI2015C7_TOTPROT = 5 if HEI2015C7_TOTPROT > 5 & 

!missing(HEI2015C7_TOTPROT) 

replace HEI2015C7_TOTPROT = 0 if PROTDEN == 0 

 

* Calculate SEAPLDEN HEI2015C8_SEAPLANT_PROT 

gen SEAPLDEN = (PFALLPROTLEG / (kcal / 1000)) if kcal>=0 

gen HEI2015C8_SEAPLANT_PROT = (5 * (SEAPLDEN / 0.8)) 

replace HEI2015C8_SEAPLANT_PROT = 5 if HEI2015C8_SEAPLANT_PROT > 5 & 

!missing(HEI2015C8_SEAPLANT_PROT) 

replace HEI2015C8_SEAPLANT_PROT = 0 if SEAPLDEN == 0 

 

*Calculate FARATIO HEI2015C9_FATTYACID** make sure in other datasets if there is this 

option: satfat=0 and &monopoly > 0 

 

gen FARATIO = MONOPOLY / sfat if (sfat > 0) & (sfat != .) 

gen HEI2015C9_FATTYACID = . 

replace HEI2015C9_FATTYACID = 0 if FARATIO <= 1.2 

replace HEI2015C9_FATTYACID = 0 if ( sfat== 0 ) & ( MONOPOLY== 0) 

replace HEI2015C9_FATTYACID = 10 if FARATIO >= 2.5 & !missing(FARATIO) 

replace HEI2015C9_FATTYACID = 10 if ( sfat== 0 ) & ( MONOPOLY== 0) 

replace HEI2015C9_FATTYACID = 10 * ((FARATIO - 1.2) / (2.5 - 1.2)) if (FARATIO > 1.2 & 

FARATIO <2.5 )  

 

* Calculate SODEN HEI2015C10_SODIUM* 

gen SODDEN = sodi / kcal if kcal>=0 

gen HEI2015C10_SODIUM = . 

 

replace HEI2015C10_SODIUM = 10 if SODDEN <= 1.1 

replace HEI2015C10_SODIUM = 0 if SODDEN >= 2.0 & !missing(SODDEN) 

replace HEI2015C10_SODIUM = 10 - (10 * (SODDEN - 1.1) / (0.9)) if (SODDEN > 1.1 & 

SODDEN <2) 

 

*Calculate RGDEN HEI2015C11_REFINEDGRAIN 

gen RGDEN = (G_REFINED / (kcal / 1000)) if kcal>=0 

gen HEI2015C11_REFINEDGRAIN = . 

 

replace HEI2015C11_REFINEDGRAIN = 10 if RGDEN <= 1.8 

replace HEI2015C11_REFINEDGRAIN = 0 if RGDEN >= 4.3 & !missing(RGDEN) 



 

290 

 

replace HEI2015C11_REFINEDGRAIN = 10 - (10 * (RGDEN - 1.8) / (2.5)) if (RGDEN > 1.8 

& RGDEN <4.3) 

*Calculate SFAT_PERC HEI2015C12_SFAT 

gen SFAT_PERC = (100 * ((sfat * 9)/ (kcal))) if kcal>=0 

gen HEI2015C12_SFAT = . 

replace HEI2015C12_SFAT = 10 if SFAT_PERC <= 8 

replace HEI2015C12_SFAT = 0 if SFAT_PERC >= 16 & !missing(SFAT_PERC) 

replace HEI2015C12_SFAT = 10 - (10 * (SFAT_PERC - 8) / (8)) if (SFAT_PERC > 8 & 

SFAT_PERC <16) 

 

*Calculate ADDSUG_PERC HEI2015C13_ADDSUG** 

gen ADDSUG_PERC = (100 * ((ADD_SUGARS * 16)/ (kcal))) if kcal>=0 

gen HEI2015C13_ADDSUG = . 

 

replace HEI2015C13_ADDSUG = 10 if ADDSUG_PERC <= 6.5 

replace HEI2015C13_ADDSUG = 0 if ADDSUG_PERC >= 26 & !missing(ADDSUG_PERC) 

replace HEI2015C13_ADDSUG = 10 - (10 * (ADDSUG_PERC - 6.5) / (19.5)) if 

(ADDSUG_PERC > 6.5 & ADDSUG_PERC <26) 

 

* Calculate HEI2015_TOTAL_SCORE 

egen HEI2015_TOTAL_SCORE = rowtotal(HEI2015C1_TOTALVEG 

HEI2015C2_GREEN_AND_BEAN HEI2015C3_TOTALFRUIT HEI2015C4_WHOLEFRUIT 

HEI2015C5_WHOLEGRAIN HEI2015C6_TOTALDAIRY HEI2015C7_TOTPROT 

HEI2015C8_SEAPLANT_PROT HEI2015C9_FATTYACID HEI2015C10_SODIUM 

HEI2015C11_REFINEDGRAIN HEI2015C12_SFAT HEI2015C13_ADDSUG) 

 

**make sure HEI is 0 if kcal is 0** 

if kcal == 0 { 

    replace HEI2015C1_TOTALVEG = 0 

    replace HEI2015C2_GREEN_AND_BEAN = 0 

    replace HEI2015C3_TOTALFRUIT = 0 

    replace HEI2015C4_WHOLEFRUIT = 0 

    replace HEI2015C5_WHOLEGRAIN = 0 

    replace HEI2015C6_TOTALDAIRY = 0 

    replace HEI2015C7_TOTPROT = 0 

    replace HEI2015C8_SEAPLANT_PROT = 0 

    replace HEI2015C9_FATTYACID = 0 

    replace HEI2015C10_SODIUM = 0 

    replace HEI2015C11_REFINEDGRAIN = 0 

    replace HEI2015C12_SFAT = 0 

    replace HEI2015C13_ADDSUG = 0 

} 

**Calculate HEI Total** 
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gen HEI2015_TOTAL_SCORE2 = HEI2015C1_TOTALVEG + 

HEI2015C2_GREEN_AND_BEAN + HEI2015C3_TOTALFRUIT + 

HEI2015C4_WHOLEFRUIT + HEI2015C5_WHOLEGRAIN + HEI2015C6_TOTALDAIRY + 

HEI2015C7_TOTPROT + HEI2015C8_SEAPLANT_PROT + HEI2015C9_FATTYACID + 

HEI2015C10_SODIUM + HEI2015C11_REFINEDGRAIN + HEI2015C12_SFAT + 

HEI2015C13_ADDSUG 

 

* Label the variables 

label var HEI2015_TOTAL_SCORE "TOTAL HEI-2015 SCORE" 

label var HEI2015C1_TOTALVEG "HEI-2015 COMPONENT 1 TOTAL VEGETABLES" 

label var HEI2015C2_GREEN_AND_BEAN "HEI-2015 COMPONENT 2 GREENS AND 

BEANS" 

label var HEI2015C3_TOTALFRUIT "HEI-2015 COMPONENT 3 TOTAL FRUIT" 

label var HEI2015C4_WHOLEFRUIT "HEI-2015 COMPONENT 4 WHOLE FRUIT" 

label var HEI2015C5_WHOLEGRAIN "HEI-2015 COMPONENT 5 WHOLE GRAINS" 

label var HEI2015C6_TOTALDAIRY "HEI-2015 COMPONENT 6 DAIRY" 

label var HEI2015C7_TOTPROT "HEI-2015 COMPONENT 7 TOTAL PROTEIN FOODS" 

label var HEI2015C8_SEAPLANT_PROT "HEI-2015 COMPONENT 8 SEAFOOD AND 

PLANT PROTEIN" 

label var HEI2015C9_FATTYACID "HEI-2015 COMPONENT 9 FATTY ACID RATIO" 

label var HEI2015C10_SODIUM "HEI-2015 COMPONENT 10 SODIUM" 

label var HEI2015C11_REFINEDGRAIN "HEI-2015 COMPONENT 11 REFINED GRAINS" 

label var HEI2015C12_SFAT "HEI-2015 COMPONENT 12 SAT FAT" 

label var HEI2015C13_ADDSUG "HEI-2015 COMPONENT 13 ADDED SUGAR" 

label var VEGDEN "DENSITY OF TOTAL VEGETABLES PER 1000 KCAL" 

label var GRBNDEN "DENSITY OF DARK GREEN VEG AND BEANS PER 1000 KCAL" 

label var FRTDEN "DENSITY OF TOTAL FRUIT PER 1000 KCAL" 

label var WHFRDEN "DENSITY OF WHOLE FRUIT PER 1000 KCAL" 

label var WGRNDEN "DENSITY OF WHOLE GRAIN PER 1000 KCAL" 

label var DAIRYDEN "DENSITY OF DAIRY PER 1000 KCAL" 

label var PROTDEN "DENSITY OF TOTAL PROTEIN PER 1000 KCAL" 

label var SEAPLDEN "DENSITY OF SEAFOOD AND PLANT PROTEIN PER 1000 KCAL" 

label var FARATIO "FATTY ACID RATIO" 

label var SODDEN "DENSITY OF SODIUM PER 1000 KCAL" 

label var RGDEN "DENSITY OF REFINED GRAINS PER 1000 KCAL" 

label var SFAT_PERC "PERCENT OF CALORIES FROM SAT FAT" 

label var ADDSUG_PERC "PERCENT OF CALORIES FROM ADDED SUGAR" 

 

**summarize HEI** 

summarize seqn kcal HEI2015C1_TOTALVEG HEI2015C2_GREEN_AND_BEAN 

HEI2015C3_TOTALFRUIT HEI2015C4_WHOLEFRUIT HEI2015C5_WHOLEGRAIN 

HEI2015C6_TOTALDAIRY HEI2015C7_TOTPROT HEI2015C8_SEAPLANT_PROT 

HEI2015C9_FATTYACID HEI2015C10_SODIUM HEI2015C11_REFINEDGRAIN 



 

292 

 

HEI2015C12_SFAT HEI2015C13_ADDSUG HEI2015_TOTAL_SCORE 

HEI2015_TOTAL_SCORE2, detail  
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Appendix D. NCI (HEI Coding) 

HEI2020 Simple Scoring Algorithm (Per Day) 
 
This ReadMe file describes the methodology implemented in the SAS program that demonstrates 

how to calculate the Healthy Eating Index-2020 (HEI-2020) component and total scores, using 

FPED and NHANES data.  The provided SAS program, and the required HEI2020 scoring 

macro, can be used to calculate Healthy Eating Index (HEI)-2020 scores from 24-hour recall data 

collected in NHANES.  This method is known as the “simple scoring algorithm (per day)” in the 

literature and on the NCI website. The specific instructions on how to successfully run the HEI 

procedure are within the provided SAS program. 

 

NOTE:  Users must decide (at the food item level) whether to include calories and nutrients 

from items such as nutrition beverages (e.g., Ensure, Glucerna). Analysts should consider the 

effects of including versus excluding these items because energy from them will contribute to the 

denominator of the HEI-2020 component densities, and contribute little, if at all, to the 

numerator of the densities, which will impact HEI scores.               

The program calculates HEI-2020 component and total scores for each recall (i.e., each 

individual’s reported 1-day intake).   Additional code that calculates HEI-2020 component and 

total scores for multiple 24-hour recalls (“Simple Per Person”) is available on the NCI Healthy 

Eating Index website. 

 

The program has been tested using SAS, version 9.4 and uses 2017-2018 NHANES data.   This 

code can be adapted to calculate HEI-2020 scores for other cycles of NHANES or for other data 

sources that use a complex sampling strategy.   

 

NOTE:  This is the only method for calculating HEI scores for an individual when only one day 

of 24-hour recall data is available.  The SAS program calculates HEI-2020 scores using a simple 

method that does not account for measurement error.  Therefore, the HEI scores obtained using 

the method described below should be interpreted with appropriate caveats noting the limitations 

of this method.  However, if you are calculating HEI scores for a group using one day of data, 

then you could use the population ratio method.  More information about measurement error in 

dietary assessment is available in the Dietary Assessment Primer.  When multiple days of data 

are available, it is possible to adjust for some of the measurement error inherent in dietary data in 

many cases.  Please see the Research Uses-Choosing a Method webpage  for information about 

other methods of calculating HEI scores which do account for some of the measurement error 

inherent in self-report dietary data.  

 

This code creates unweighted HEI-2020 scores.  However, the demographic file is included 

below because it will likely be used in any analysis that uses these scores.  Make sure to read in 

the required variables from the demographic dataset needed for your analysis. 

  

Required datasets: 

• NHANES 2017-2018 Dietary Interview data: Total Nutrient Intakes, First Day files   

• NHANES 2017-2018 Demographic Variables and Sample Weights  

https://epi.grants.cancer.gov/hei/sas-code.html
https://epi.grants.cancer.gov/hei/sas-code.html
http://dietassessmentprimer.cancer.gov/concepts/error/
https://epi.grants.cancer.gov/hei/tools.html
http://wwwn.cdc.gov/Nchs/Nhanes/Search/DataPage.aspx?Component=Dietary&CycleBeginYear=2009
http://wwwn.cdc.gov/Nchs/Nhanes/Search/DataPage.aspx?Component=Demographics&CycleBeginYear=2009
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• Food Patterns Equivalents Database (FPED), 2017-2018: FPED_DR1TOT_1718_sas.exe  

(this is a zipped file that contains the SAS file “fped_dr1tot_1718.sas7bdat) 

 

Required macro: available on the NCI Healthy Eating Index website. 

 

• hei2020.score.macro.sas 

 

Some of the variables needed to calculate these components come directly from The Food 

Patterns Equivalents Database (FPED) and NHANES totals files, but others are created as part of 

the SAS program. 

 

The FPED data provide the following components used directly in the calculation of HEI-2020: 

Total Fruit; Whole Grains; Dairy; Refined Grains; and Added Sugars. The NHANES Total 

Nutrient Intake data provide Sodium and Saturated Fats.  

 

Additional steps are necessary to create the remaining components that are a combination of 

variables: Total Vegetables; Greens and Beans; Whole Fruit; Total Protein; Seafood and Plant 

Proteins and Fatty Acids.  

 

The SAS program carries out 5 steps: 

 

1. Reads in the required datasets and variables and makes necessary edits to the datasets. 

 

a. Reads in the FPED data, based on Food Patterns Equivalents per 100 grams of food: 

 

b. Reads in the NHANES 2017-2018 Total Nutrient Intakes, First Day dataset 

(NUTRIENT).   

NOTE: This step imports data only from those participants with reliable dietary 

recalls; this restricts the dataset to those with reliable dietary recalls.  To read more 

about how NHANES determines if a dietary recall is reliable, see The Centers for 

Disease Prevention and Control’s - DR1DRSTZ - Dietary recall status information. 

 

c. Reads in the NHANES 2017-2018 Demographic dataset (DEMO) and keep only 

variables needed for analysis.  This example keeps the following variables:  

• SEQN: Respondent sequence number 

• RIDAGEYR: Age in years of the participant at the time of screening. 

• RIAGENDR: Gender of the participant. 

• SDDSRVYR: Data release cycle 

• SDMVPSU: Masked variance unit pseudo-PSU variable for variance 

estimation 

• SDMVSTRA: Masked variance unit pseudo-stratum variable for variance 

estimation 

 

  

http://www.ars.usda.gov/Services/docs.htm?docid=23869
https://epi.grants.cancer.gov/hei/sas-code.html
https://epi.grants.cancer.gov/hei/sas-code.html
http://wwwn.cdc.gov/nchs/nhanes/2009-2010/DR1TOT_F.htm#DR1DRSTZ
http://wwwn.cdc.gov/nchs/nhanes/2009-2010/DR1TOT_F.htm#DR1DRSTZ
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NOTE: The variables kept here are one example; researchers should consider which 

variables they will need in their particular analysis. 

 

NOTE:  In this step only participants ages 2 and older are included in the analysis.  

Keeping this inclusion criteria is recommended as the HEI-2020 is based on the 2020-

2020 Dietary Guidelines for Americans, which are intended as guidelines for the US 

population ages 2 and over. 

 

2. Combines the FPED, NHANES Nutrients, and Demographic datasets to create the 

COHORT dataset. 

 

First, the FPED and NHANES Nutrients dataset are merged by SEQN and DAY to create the 

NUTFDPYR dataset.  The NUTFDPYR dataset is then merged with the Demographic 

dataset by SEQN to create the COHORT dataset. 

 

3. Creates additional required variables: FWHOLEFRT, MONOPOLY, 

PFALLPROTLEG, PFSEAPLANTLEG, VTOTALLEG, and VDRKGRLEG. 

 

Calculation note for FWHOLEFRT: FWHOLEFRT sums together Citrus, Melons and 

Berries with Other Fruits to generate the value for Whole Fruit (non-juice) consumption.  

(FWHOLEFRT = DR1T_F_CITMLB (cups) + DR1T_F_OTHER (cups)).   

 

Calculation note for MONOPOLY:  MONOPOLY sums together monounsaturated and 

polyunsaturated fatty acids (MONOPOLY = DR1TMFAT + DR1TPFAT).  To estimate the 

fatty acid ratio of unsaturated fatty acids to saturated fatty acids, the scoring macro will 

divide this summed value by saturated fatty acids (MONOPOLY/Total saturated fatty acids 

(g)). 

 

Calculation note for  PFALLPROTLEG and PFSEAPLANTLEG:   PFALLPROTLEG sums 

together all animal and plant proteins, including meat, poultry, fish, eggs, nuts, seeds, soy, 

and legumes (PFALLPROTLEG = DR1T_PF_MPS_TOTAL (oz) + DR1T_PF_EGGS (oz)   

+DR1T_PF_NUTSDS (oz)  + DR1T_PF_SOY (oz) + DR1T_PF_LEGUMES (oz)); while 

PFSEAPLANTLEG sums together all fish and plant proteins, including fish,  nuts, seeds, 

soy, and legumes (PFSEAPLANTLEG = DR1T_PF_SEAFD_HI (oz)  + 

DR1T_PF_SEAFD_LOW (oz)  + DR1T_PF_NUTSDS (oz)  + DR1T_PF_SOY (oz)  + 

DR1T_PF_LEGUMES (oz)).   

 

NOTE:  Legumes here are in ounce equivalents (for protein foods), not in cup equivalents 

(as they would be for vegetables). 

 

Calculation note for VTOTALLEG and VDRKGRLEG:   VTOTALLEG sums together all 

vegetables and legumes (VTOTALLEG = DR1T_V_TOTAL (cups) + DR1T_V_LEGUMES 

(cups)); and VDRKGRLEG sums together dark green vegetables and legumes 

(VDRKGRLEG = DR1T_V_DRKGR (cups) + DR1T_V_LEGUMES (cups)).  
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NOTE: Legumes here are in cup equivalents (for vegetables), not in cup equivalents (as they 

would be for protein foods). 

 

Calculation note regarding conversion of cup equivalents to ounce equivalents:  One-fourth 

cup of legumes is equal to 1-ounce equivalent of meat. Thus, the number of cup equivalents 

of legumes is multiplied by 4 to convert to ounce equivalents of meat. 

4. Runs the HEI-2020 scoring macro which calculates intake density amounts and HEI 

total and component scores. 

 

The HEI-2020 scoring macro, hei2020.score.macro.sas, is called to calculate densities for each 

HEI-2020 component and then apply the scoring algorithm. 

 

Below are the HEI-2020 Component Scoring Standards. For more information on HEI 

components, see Comparing Versions of the HEI on the NCI website. 

  

 

HEI–20201 Components & Scoring Standards 

 

Component 
Max 

points 

Standard for maximum 

score 

Standard for minimum 

score of zero 

Adequacy:    

Total Fruits2 5 
≥0.8 cup equiv. per 1,000 

kcal 
No Fruits 

Whole Fruits3 5 
≥0.4 cup equiv. per 1,000 

kcal 
No Whole Fruits 

Total Vegetables4 5 
≥1.1 cup equiv. per 1,000 

kcal  
No Vegetables 

Greens and Beans4 5 
≥0.2 cup equiv. per 1,000 

kcal 
No Greens and Beans 

Whole Grains 10 
≥1.5 oz equiv. per 1,000 

kcal 
No Whole Grains 

Dairy5 10 
≥1.3 cup equiv. per 1,000 

kcal  
No Dairy 

Total Protein Foods4 5 
≥2.5 oz equiv. per 1,000 

kcal 
No Protein Foods 

Seafood and Plant 

Proteins6 
5 

≥0.8 oz equiv. per 1,000 

kcal 

No Seafood or Plant 

Proteins 

Fatty Acids7 10 
(PUFAs + MUFAs)/SFAs 

≥2.5 

(PUFAs + MUFAs)/SFAs 

≤1.2 

Moderation:    

Refined Grains 10 
≤1.8 oz equiv. per 1,000 

kcal 

≥4.3 oz equiv. per 1,000 

kcal  

Sodium 10 ≤1.1 gram per 1,000 kcal ≥2.0 grams per 1,000 kcal 

Added Sugars 10 ≤6.5% of energy ≥26% of energy 

Saturated Fats 10 ≤8% of energy ≥16% of energy 

https://epi.grants.cancer.gov/hei/sas-code.html
https://epi.grants.cancer.gov/hei/comparing.html
http://epi.grants.cancer.gov/hei/developing.html#f1
http://epi.grants.cancer.gov/hei/developing.html#f2
http://epi.grants.cancer.gov/hei/developing.html#f3
http://epi.grants.cancer.gov/hei/developing.html#f4
http://epi.grants.cancer.gov/hei/developing.html#f4
http://epi.grants.cancer.gov/hei/developing.html#f5
http://epi.grants.cancer.gov/hei/developing.html#f6
http://epi.grants.cancer.gov/hei/developing.html#f6
http://epi.grants.cancer.gov/hei/developing.html#f7
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1: Intakes between the minimum and maximum standards are scored proportionately. 

2: Includes 100% fruit juice. 

3: Includes all forms except juice. 

4: Includes legumes (beans and peas). 

5: Includes all milk products, such as fluid milk, yogurt, and cheese, and fortified soy beverages. 

6: Includes seafood, nuts, seeds, soy products (other than beverages), and legumes (beans and peas). 

7: Ratio of poly- and monounsaturated fatty acids (PUFAs and MUFAs) to saturated fatty acids (SFAs). 

 

 

5. Displays and saves the results to the specified output folder (see notes in the provided 

SAS program).  

 

a. This program saves the HEI-2020 total score and set of component scores for each 

individual, based on one 24HR. The results are saved as a CSV file.   

 

b. Calculates an unweighted mean for all individuals in the group. 

 

This step is included as a data check.  The min and max can be compared to the 

bounds of HEI-2020 scores – if any scores <0 or >100, this is a red flag. 

   

 

The program was written by Lisa Kahle, Information Management Services, Inc. Please send 

any comments and questions regarding this code to RFAB@mail.nih.gov.  

 

mailto:RFAB@mail.nih.gov
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Appendix E. Supplemental Tables 

 
 

 
Figure E-1 Residual Distribution for Adjusted Model of Percent Energy from UPFs (% 

kcal) 

Model assumptions were assessed using residual diagnostics, including histograms of 

residuals and residual-versus-fitted plots from the survey-weighted linear regression models. 

Table E-1 Mean HEI-2020 Total Scores by Food Security Status Among U.S. Children 

Aged 5–12 Years, NHANES 2001–2020 (N= 13,065) 

 Overall 

Sample 

High Food 

Security 

Marginal 

Food 

Security 

Food 

Insecurity 

1p-value 2p-value 3p-value 

HEI-2020 

score (SE) 

49.77 49.80 49.13 50.06 0.193 0.294 0.2601 

Notes:   1p-values are from unadjusted model 
2p-values are from adjusted model 1 (for age, gender, race/ethnicity, and PIR) 
3p-values are from adjusted model 2 (for age, gender, race/ethnicity, PIR, and NHANES cycle) 
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Table E-2 Associations Between FNAP Participation and Percent Energy from UPFs (% 

kcal) Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

  Unadjusted model Adjusted model 1 Adjusted model 2 

FNAP 
Unadjusted 

Means (SE) 
β (SE) p-value β (SE) p-value β (SE) p-value 

No 66.21 (0.43) Ref  Ref  Ref  

Yes 65.92 (0.34) -0.30 (0.5) 0.617 1.60 (0.70) 0.032 1.32 (0.74) 0.077 

Notes: Model 1 adjusted for age, gender, race/ethnicity, PIR. 

Model 2 adjusted for age, gender, race/ethnicity, PIR, and NHANES Survey cycle. 

 

 

Percentage of Total Energy (% Kcal) from UPF 

As part of RQ 2a, associations between participation in FNAP and percent energy intake from 

ultra-processed foods were examined among U.S. children aged 5–12 years (Table E-1). 

In unadjusted analyses, mean percent energy from UPF did not differ significantly between 

FNAP participants and non-participants (65.92% vs. 66.21%; p = 0.617). 

In Model 1, adjusted for age, sex, race/ethnicity, and income-to-poverty ratio, children 

participating in FNAP consumed 1.6 percentage points more energy from UPF compared with 

non-participants (β = 1.60, p = 0.032). 

However, in Model 2, which additionally adjusted for NHANES survey cycle, this association 

was marginally significant. 

Table E-3 Associations Between FNAP Participation and Percent Grams from UPFs (% 

grams) Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 13,850) 

  Unadjusted model Adjusted model 1 Adjusted model 2 

FNAP Mean (SE) β (SE) p-value β (SE) p-value β (SE) p-value 

No  42.39 (0.63) Ref  Ref  Ref  
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  Unadjusted model Adjusted model 1 Adjusted model 2 

FNAP Mean (SE) β (SE) p-value β (SE) p-value β (SE) p-value 

Yes 43.78 (0.42) 1.40 (0.77) 0.073 0.23 (0.89) 0.791 2.65 (0.85) 0.002 

Notes: Model 1 adjusted for age, gender, race/ethnicity, PIR. 

Model 2 adjusted for age, gender, race/ethnicity, PIR, and NHANES survey cycle 

 

Percentage of Total Grams from UPF 

Table E-2 presents associations between participation in FNAP and percent gram intake from 

UPFs. In unadjusted analyses, children participating in FNAP consumed 1.4 percentage points 

more grams from UPF compared with non-participants (43.78% vs. 42.39%). Although this 

difference approached statistical significance, it did not reach conventional thresholds (β = 1.40, 

p = 0.073). By contrast, after adjusting for age, gender, race/ethnicity, and income-to-poverty 

ratio and NHANES survey cycle (Model 2), the association was significant and FNAP 

participation was associated with 2.6 percentage points higher gram intake from UPF compared 

to non-participation (p = 0.002).  

Table E-4 Associations Between SNAP Participation and Percent Energy from UPFs (% 

kcal) Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 8,031) 

  Unadjusted model Adjusted model 1 Adjusted model 2 

SNAP 
Mean 

(SE) 
β (SE) p-value β (SE) p-value β (SE) p-value 

No 
66.07 

(0.53) 
Ref  Ref  Ref  

Yes 
66.95 

(0.49) 
0.88 (0.71) 0.216 2.0 (0.80) 0.01 −0.05 (0.83) 0.957 

Notes: Model 1 adjusted for age, gender, race/ethnicity, PIR. 

Model 2 adjusted for age, gender, race/ethnicity, PIR, and NHANES cycle. 

 

Percentage of Total Energy (% Kcal) from UPF 
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Participation in SNAP in the past 12 months was not consistently associated with UPF intake 

among U.S. children aged 5–12 years (Tables E-3 and E-4). In unadjusted analyses, children 

living in households participating in SNAP had a slightly higher mean percentage of energy from 

UPFs compared with non-participants (66.95% vs. 66.07%), but this difference was not 

statistically significant (β = 0.88 percentage points; p = 0.216). After adjustment for age, gender, 

race/ethnicity, and income-to-poverty ratio (Model 1), SNAP participation was associated with a 

modestly higher percentage of energy from UPFs (β = 2.0 percentage points; p = 0.01). 

However, this association was no longer statistically significant after further adjustment for 

NHANES survey cycle (Model 2) (β = −0.05 percentage points; p = 0.957). 

Table E-5 Associations Between SNAP Participation and Percent Grams from UPFs (% 

grams) Among U.S. Children Aged 5–12 Years, NHANES 2001–2023 (N= 8,031) 

  Unadjusted model Adjusted model 1 Adjusted model 2 

SNAP 
Mean 

(SE) 
β (SE) p-value β (SE) p-value β (SE) p-value 

No 
46.10 

(0.71) 
Ref  Ref  Ref  

Yes 
44.08 

(0.60) 
−2.02 (0.87) 0.022 -1.97 (1.05) 0.064 

0.54 

(1.07) 
0.612 

Notes: Model 1 adjusted for age, gender, race/ethnicity, PIR. 

Model 2 adjusted for age, gender, race/ethnicity, PIR, and NHANES cycle. 

 

Percentage of Total Grams (% Kcal) from UPF 

When UPF intake was measured as the percentage of grams from UPFs (Table E-4), SNAP 

participants had a lower mean intake compared with non-participants in unadjusted analyses 

(44.08% vs. 46.10%), and this difference was statistically significant (β = −2.02 percentage 

points; p = 0.022). After adjustment for sociodemographic characteristics (Model 1), the 

association was attenuated and no longer statistically significant (β = −1.97 percentage points; p 
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= 0.064). Further adjustment for NHANES cycle (Model 2) resulted in a small, non-significant 

positive association between SNAP participation and UPF intake measured in grams (β = 0.54 

percentage points; p = 0.612). 

Overall, these findings suggest that SNAP participation was not independently associated with 

UPF intake among U.S. children after accounting for sociodemographic characteristics and 

survey cycle. 

 

 

 


