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Food insecurity and low resources continue to be a burden influencing the health, well-being,
growth and development of millions of U.S. children and adults [1–4]. Individuals and families
experiencing restrained access to food may be concentrated in certain geographic areas or distributed
throughout communities. Sometimes groups managing the situation of little or no food resources
are even unknown because of their isolated situations. They include all ages, groups of varying
races/ethnicities, diverse household compositions, those living in rural and urban areas and many
others [1,2]. Many of these groups, both hidden and visible, have rates of food insecurity well above the
national average and are influenced by persistent conditions which are historically resistant to trends
of national improvement in food security [1,5,6]. Yet, even national food security estimate trends are
currently in flux as environmental influences such as the coronavirus pandemic and economic changes
shape the food landscape of the U.S. [7]. Research attention to these subsets of the population and
varying environmental influences are imperative to determine U.S. health, well-being and nutritional
status associated with food insecurity and to use this information to improve these conditions.

Not enough is known about the nutritional status and dietary intake in the diverse array of
low-resource and food insecure groups despite summary information regarding the broad group of
U.S. children and adults. Some of these subsets may be missed in national surveillance for reasons such
as limited samples to make robust estimates, non-response or attrition [8,9]. Nor are the environments
and nutritional barriers of the diversity of vulnerable population groups affected by food insecurity and
low resources fully understood [10,11]. Creating interventions that effectively intervene to improve
food security and nutritional status, however, are dependent on this knowledge as broad, summary
information may not translate to a one-size-fits-all approach to improve food security in such a varied
food landscape. Tailored approaches to quantify access to food, the nutrition environment, dietary
behaviors and other barriers are necessary to identify the needs in diverse populations and then to
build successful interventions that will improve dietary intake, reduce rates of chronic disease and
counter negative factors in the environment [12]. In order to begin to fill this gap, this Special Issue on
“Nutrition Among Vulnerable Populations” features papers quantifying dietary intake, nutritional
status, access to food and food security, barriers to healthful foods and food security and environmental
influences experienced by vulnerable groups with a high prevalence of food insecurity. The following
sections summarize the findings of the four papers on children [13–16], three papers on adults [17–19]
and three papers featuring studies of families or households (Figure 1) [20–22].

Nutrients 2020, 12, 3150; doi:10.3390/nu12103150 www.mdpi.com/journal/nutrients1
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Figure 1. Populations sampled and topical areas of studies included in the Special Issue “Nutrition
among Vulnerable Populations”.

The diet, health and environmental associations linked with food insecurity or low resources
among vulnerable child populations are featured in papers including samples drawn from rarely
investigated young children living in Hawai’i, Guam and the Midwestern U.S., while a sample of
children and adolescents included in the National Health and Nutrition Examination Survey (NHANES)
provided nationally representative contrasts of the diets of food secure and insecure children. Starting
with a national scope, the foods and beverages and food groups that were most frequently consumed
and contributing most to energy among U.S. children ages 6 to 11 years and 12 to 17 years who were
living in situations of food security and food insecurity among household children were determined
and compared in a study by Eicher-Miller et al. [14] using NHANES data. Results showed that both the
frequency and energy contributions of beverages (including diet, sweetened, juice, coffee and tea) were
significantly greater among food insecure compared with food secure children ages 12 to 17 years who
had significantly more frequent water intake, while beverage and mixed dish frequency were higher
among food insecure children ages 6 to 11 years compared to food secure children who exhibited
higher frequency and energy from snacks [14]. Dietary differences by food security status among
infants were also investigated by Campbell et al. [13] in a sample from Hawai’i. Surprisingly, findings
showed that Native Hawaiian, Pacific Islander and Filipino infants ages 3 to 12 months from food
insecure households consumed foods from more food groups and consumed fresh foods on a greater
proportion of days compared with infants from food secure households [13]. A community-based
sample of children 2 to 8 years old from Guam were the focus of another study evaluating health,
lifestyle and dietary intake [15]. Approximately 80% were receiving food assistance, 51% experienced
food insecurity and 27.4% were affected by overweight and obesity. Compared with children who had a
healthy weight, children who were overweight and obese were more likely to have educated caregivers
and to have a higher intake of sugar-sweetened beverages [15]. These dietary and demographic
associations with poor health outcomes among young children are important factors to consider in
health and food security-promoting interventions. However, broad, environmental-level influences
may also be linked with the health and development of young children. The food environment
is conceptualized as the availability, affordability and accessibility of grocery stores or other food
retail outlets that promote a healthful diet [23]. Parent reports of the community food environment
of children ages 3 to 5 years from a Midwestern U.S. state showed that children living in higher
quality community food environments had better cognitive ability, specifically executive function,
compared with children living in lower quality community food environments [16]. Insights from
these child-focused papers contribute new information on the environmental, demographic, lifestyle
and behavioral factors of vulnerable groups that influence nutrition, health and development.
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Advances in knowledge of the nutrient intake and health risks associated with food security
along [17,18] with early effects of the coronavirus pandemic [19] among U.S. adults are featured
separately in three articles. Total usual micronutrient intakes from foods, beverages and dietary
supplements were compared to the dietary reference intakes among U.S. adults ≥19 years by sex and
food security status using nationally representative data from the NHANES [17]. Results showed
that both male and female adults living in food insecure households had a higher risk for inadequate
intakes of magnesium, potassium and vitamins A, B6, B12, C, D, E and K, while food insecure men
also had a higher risk for inadequate phosphorous, selenium and zinc. The risk of inadequacy was
not different by food security status for nutrients, calcium, iron (determined in men only), choline
or folate. However, the risk for exceeding the tolerable upper intake level was greater among some
dietary supplement users [17]. Micronutrient inadequacy may contribute to the risk for chronic disease
and poor health, especially when experienced over years into later adulthood [23]. The association of
household food insecurity among low-income adults ages 20 to 65 years with cumulative biological
risk, a measure of the body’s physiological response to chronic stress, was investigated, similarly using
NHANES data in a study by Leung et al. [18]. Results showed that women with food insecurity had
higher cumulative biological risk scores and higher odds of elevated biological risk, while associations
were not observed among men. The authors hypothesized that the chronic stress of food insecurity may
facilitate the association with chronic poor health outcomes for women [18]. Another national, although
not representative, sample of low-income (<250% of the federal poverty line) U.S. adults ≥18 years old
completed a web-based survey to determine the early impact of the COVID-19 pandemic, offering
a critical first look at how low-income families are coping with economic and lifestyle changes [19].
Approximately 44% were food insecure, and were significantly more likely to report basic needs
challenges compared with food secure adults, with the group experiencing very low food security
reporting the most severe difficulties. Food insecure compared with food secure adults were more
vulnerable to the economic, dietary and health risks of the pandemic [19]. These current and ongoing
effects of the pandemic may compound the micronutrient and cumulative biological risk disparities
discovered and documented in these Special Issue articles on U.S. adults.

Clearly, there is a need for interventions that apply knowledge of the barriers, nutrition, health
and environmental risks to improve food security and health among low-resource populations.
Three studies in this Special Issue focus on interventions or behaviors that may be promoted in future
interventions among low-resource families [20–22]. A sample of families with young children in Head
Start from a rural area of a northern U.S. state was used to investigate the association of food resource
management behaviors, food resource management self-confidence and financial practices with
household food insecurity [20]. The participants with high food resource management self-confidence
had significantly lower odds of household food insecurity; the inclusion of food resource management
self-confidence promotion in nutrition education interventions for the low-resource population may
assist management of food dollars to improve household food insecurity [20]. Nutrition education
programs like the Supplemental Nutrition Assistance Program Education (SNAP-Ed) have been shown
to improve food security and may integrate food resource management self-confidence building to
potentially increase the magnitude or sustainability of those changes. Eicher-Miller et al. investigated
the characteristics of SNAP-Ed program delivery to determine their role in SNAP-Ed’s intervention
effect on food insecurity. In addition, the role of participant co-participation in food assistance
programs like SNAP was also investigated as a mediator or moderator to food security change due
to SNAP-Ed as an intervention [21]. Results of this secondary analysis of data from a longitudinal
randomized controlled trial of SNAP-Ed among women ≥18 years from households with children
in a Midwestern U.S. state showed that neither variation of program delivery characteristics nor
participation or changes in participation in food assistance programs, associated with the impact of
SNAP-Ed on change in food security over time, meaning SNAP-Ed directly improved food security
among participants [21]. Other interventions among low-income and food insecure participants
include incentives to encourage improved fruit and vegetable intake. A scoping review of fruit and
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vegetable incentive-based interventions was completed to determine structural factors that influenced
program effectiveness [22]. Eighteen of the 19 studies reported a positive impact on either participant
fruit and vegetable purchases or intake, and most were located at farmers’ markets and offered an
incentive in the form of a token, coupon or voucher. The summative knowledge may further inform
the design, implementation and success of future fruit and vegetable interventions targeted to improve
nutrition among low-income populations [22].

In conclusion, the articles in this Special Issue address dietary intake, behaviors and health
among low-resource and food insecure groups. Some of the studies feature populations that have
not traditionally been included in research and fill gaps, informing knowledge of the characteristics,
lifestyles and environments of these groups. Others feature results representative of vulnerable
groups in the U.S. population. These contributions may inform future interventions on food security
and dietary intake to incorporate confidence-promoting aspects, an evaluation of the program and
participation factors of nutrition education interventions, and a summary of the structural factors of
successful fruit and vegetable incentive programs. This Special Issue advances knowledge to improve
food security and health among vulnerable U.S. populations.

Funding: This work is/was supported by the USDA National Institute of Food and Agriculture, Hatch project
1019736, by the National Institute on Minority Health and Health Disparities of the National Institutes of Health
(U54MD00760), and the HMSA Foundation Community Fund grant #CF-021803.
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Abstract: Food insecurity is associated with nutritional risk in children. This study identified and
compared the most frequently consumed foods, beverages, and food groups and their contributions to
energy intake among U.S. children and adolescents (6–11, 12–17 years) by food security status. Dietary
intake from the day-1, 24-h dietary recall, and household child food security status were analyzed in
the 2007–2014 National Health and Nutrition Examination Survey (n = 8123). Foods and beverages
were classified into food categories, ranked, and compared by weighted proportional frequency and
energy contribution for food security groups by age. Significant differences between household child
food security groups were determined using the Rao-Scott modified chi-square statistic. The weighted
proportional frequency of beverages (including diet, sweetened, juice, coffee, and tea) and their energy
was significantly higher among food insecure compared with food secure while the reverse was true
for water frequency among 12–17 years. Beverage and mixed dish frequency were higher among food
insecure compared with food secure 6–11 years while the reverse was true for frequency and energy
from snacks. Frequency-differentiated intake patterns for beverages and snacks by food security
across age groups may inform dietary recommendations, population-specific dietary assessment
tools, interventions, and policy for food insecure children.

Keywords: food group intake; child food security; popularly consumed foods; low-resource children;
adolescents; food intake; beverage intake; dietary intake; food insecurity; US children

1. Introduction

The U.S. Dietary Guidelines for Americans Advisory Committee identified many children and
adolescents as having low intakes of fruits, vegetables, whole grains, and dairy concomitant with
excessive intakes of sodium, saturated fats, added sugars, and refined grains [1]. Such dietary
patterns are linked with nutritional risk, or dietary deficiencies that endanger health, as age progresses
through childhood. Low micronutrient intakes combined with excessive energy intakes culminate in
adolescence, when growth is accelerated and nutrients are at highest demand and yet this age group
has the most nutrient shortfalls across the lifespan [2].

Adolescents and children in food insecure households, with “limited or uncertain availability of
nutritionally adequate and safe foods or limited or uncertain ability to acquire acceptable foods in
socially acceptable ways” [3], may be particularly vulnerable to nutrition risk, increasing the likelihood
of suboptimal cognitive and physical health [4–6]. Indeed, iron deficiency anemia and low bone mineral
content were associated with food insecurity in childhood as were behavioral and mental health

Nutrients 2020, 12, 304; doi:10.3390/nu12082304 www.mdpi.com/journal/nutrients7
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problems, and poorer general health [7–10]. These associations may stem from disparities in dietary
intake among food insecure children [11] where the opportunity for divergence from recommended
dietary patterns is high considering limited household budget, time, and other resources. For example,
a recent systematic review among U.S. children found strong and consistent evidence of higher added
sugar intake among food insecure children 6–11 years compared to those who were food secure [11].
Food insecurity is particularly salient in the U.S. as 3.1 million or 8% of households with children in
2016 were food insecure: 7% low food security or “reduced quality and food access problems” and 1%
very low food security or “reduced food intake and disrupted eating patterns” because of inadequate
food resources [12].

However, little is known about the specific eating patterns and food and beverage exposure
patterns among U.S. children and adolescents with regard to food security status. Eating patterns,
including frequency and amount of foods and beverages consumed, snacking and meal skipping,
time of eating occasions and other eating behaviors, influence energy intake and contribute to
dietary quality [13]. Research on these patterns was a data gap in the Scientific Report of the 2015
Dietary Guidelines Advisory Committee along with investigation of foods comprising the U.S. food
environments, particularly for food insecure households and low-income individuals [1]. Knowledge
of the specific frequently consumed foods is a novel and practical contribution to inform interventions
and policies aimed to improve dietary quality and food security among children. For example,
results may inform a food package of nutrient-dense foods already known to be familiar and often
consumed among food insecure children. Therefore, the purposes of this study were to use the National
Health and Nutrition Examination Survey (NHANES) 2007–2014 data to: (1) determine the foods and
beverages and categories of foods and beverages most frequently consumed by food security status
(food secure, low food secure, and very low food secure) in children (6–11 years) and adolescents
(12–17 years), and (2) compare the energy contributions and frequency of reported intake of food and
beverage categories by food security status.

2. Materials and Methods

2.1. NHANES Design

NHANES is a nationally representative, cross-sectional survey of the National Center for Health
Statistics (NCHS) and Centers for Disease Control and Prevention [14,15]. The non-institutionalized,
civilian U.S. population are sampled based on characteristics such as age, sex, race-ethnicity, and
income to accommodate the complex, stratified, multistage probability sampling framework [16].
Oversampling of certain sub-groups allows for generation of reliable estimates. NHANES protocol
was reviewed and approved by the NCHS Research Ethics Review Board [17].

2.2. Participants

All participants of this secondary analysis completed the dietary component of What We Eat
in America (WWEIA)/NHANES 2007–2008, 2009–2010, 2011–2012, and 2013–2014. Children were
6–17 years (n = 8,123, Table 1), having a 24-h dietary recall, dietary weights and scores for the U.S.
Household Food Security Survey Module [18]. Socioeconomic characteristics of participants were
recorded in participant homes during an in-depth interview for those 16–17 years and a proxy-assisted
interview for those 6–15 years. Age (6–11 or 12–17 years), gender (male or female), survey year
(2007–2008, 2009–2010, 2011–2012, 2013–2014), poverty-income-ratio (0.00–0.99, 1.00–1.99, 2.00–2.99,
3.00–5.00), race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic and Mexican American,
and “other” race including multi-race), and weight status as indicated by body mass index (underweight,
normal weight, overweight), characterized participants. Per NCHS analytic guidelines, “other” race is
not representative of race/ethnic population estimates.
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2.3. Measures

One adult per household completed the 18-item U.S. Household Food Security Survey Module
for households with children <18 years during the household interview. Eight child-focused items
determined food security of household children and were used to classify food security, low and very
low food security; low and very low categories were also collapsed to classify food insecurity [18].
Food security of household children rather than the entire household was chosen as more directly tied
to the child experience and dietary intake of household children. Measures of height and weight were
collected during a physical examination at the Mobile Examination Center. Body mass index was
calculated as body weight divided by the square of body height and categorized according to age- and
sex-specific percentiles of the 2000 Centers for Disease Control and Prevention growth chart such that
<5% (underweight), 5 ≥ 85% (normal weight), 85 ≥ 95% (overweight), ≥95% (obese) to indicate weight
status [19].

The day-1 dietary recall was completed in person at the Mobile Examination Center using the
USDA Automated Multiple Pass Method, designed to enhance food recalls using a 5-step interview
process [20,21]. Participants were prompted to recall all types and amounts of foods and beverages
(including water) consumed in the 24-h midnight to midnight time frame before the interview. Children
6–11 years reported dietary intake with the assistance of a parent or guardian, those 12–17 years
self-reported. Probes queried the time and eating occasion of foods, details about preparation and
amounts eaten, and finally, any frequently forgotten foods and foods not mentioned earlier. A USDA
food code was assigned to each reported item and linked to a food or beverage in the Food and Nutrient
Database for Dietary Studies (version 4.1 released 2010, 5.0 released 2012, 6.0 released 2014, 2013–2014
released 2016) [22], and further sorted and assigned a WWEIA food sub-category/group and broad
food category/group [14].

2.4. Statistical Analysis

The data of food secure and food insecure children, including low and very low food secure
categories were stratified by ages: 6–11 and 12–17 years because of similar diets within age ranges,
food security reporting, known differences in food security by age in the same household and the
NHANES methodology of self-reported dietary recall by age groups. Despite small participant n
for the very low food secure group, hypothesis testing was included because food category reports
were the unit of analysis and n >20 for all food categories except “alcohol” and “other” including
infant and baby formula (excluded from Table 2). Food category reports of “water” contributing
energy were also <20 but were retained for comparison with frequency. Unadjusted frequencies were
assessed for each food code or WWEIA food or beverage category code using: n

∑
i = 1(Ri) where n

= the sample size, i = each participant, Ri = the number of reports of individual food codes for the
ith individual [23]. The weighted sum of each food code was: n

∑
i = 1(Riwi) where wi = sample

weight for the ith individual was used to determine the weighted proportion of foods to the total foods
reported, or the contribution of each food category reported to the total food category reported, given
as: n

∑
i = 1(Riwi)/n

∑
i = 1(Tiwi) (100) where Ti = total number of reports of all food codes for the ith

individual. The weighted proportion of reported energy was similarly calculated with substitution of
energy for frequency and total energy for total number of reports. Foods were ranked by weighted
frequency and contribution to energy individually, by food sub-category and broad category (selected
data shown in tables). The Rao-Scott modified chi-square determined significant differences among
food secure, low, and very low food secure groups (p < 0.05/3 or p < 0.02 using a Bonferroni adjustment
for multiple comparisons to mitigate the probability of Type 1 error) and among food secure and
insecure groups (p < 0.05). The results of significant differences among broad food groups were used to
focus presentation of the results and discussion. All analyses were completed in SAS version 9.4 using
SAS survey procedures with adjustment for survey design elements, non-response, and interview
weights to allow inference to U.S. population.
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3. Results

Overall, ~90% of U.S. children and adolescents were food secure and 10% food insecure, with
the smallest proportion being very low food secure (1–2%). Household poverty-income-ratio and
race/ethnicity differed among 6–11 and 12–17 years by food security status (p ≤ 0.0004, Table 1) as did
the prevalence of at-risk-for-overweight and overweight only among children 6–11 years (p = 0.001).

3.1. Frequency and Energy Contribution of Broad Food Categories, Sub-Categories, and Foods

The broad food categories, energy contributions and reported frequency of consumption, were
compared by food security status for ages 6–11 and 12–17 years in Table 2. Broad food category rankings
by frequency and energy contributions were also considered. Ranking revealed broad category “snacks
and sweets” as the most frequently consumed items for all children 6–11 years (Table 2). Broad
category “beverages” were second or third most frequently consumed but ranked sixth in terms of
group contributing to energy. Among those 12–17 years, “snacks and sweets” shared the top ranking
with “beverages” and where ranking differed by food security status. “Beverage” contribution to
energy ranked third to fifth. “Mixed dishes” ranked lower in frequency compared with contribution to
energy ranking among both age groups and all food security categories. “Milk and dairy”, “grains”,
and “protein foods” also had high rankings in both frequency and energy contribution for all ages and
food security categories. “Water” and “condiments” added little to energy but ranked higher in terms
of frequency.

3.1.1. 6–11 Years

The weighted proportion of the broad category “beverages” (p = 0.02, Table 2) and “mixed dishes”
(p = 0.04) reported by frequency was statistically significantly greater for food insecure compared
with secure children 6–11 years (12.7% vs. 11.4%, Table 2). “Mixed dishes” were also more frequently
reported among food insecure at 9.3% compared with food secure at 8.0%. In contrast, reported intake
of “snacks and sweets” by frequency (p = 0.02) and energy contribution (p = 0.02) was lower among
food insecure compared with secure children of similar age (14.4% vs. 16.1% and 18.3% vs. 21.0%).
Additional significant differences resulted among food secure, low and very low food secure groups
(p = 0.02) for “snacks and sweets” (21.0%, 18.1%, 20.1%).

Food sub-categories contributing to the broad beverage category such as “fruit drinks” captured
3.2%, 4.3%, and 4.1% of reports (Table 3) among food secure, low, and very low food secure children.
The pattern was consistent with lower “soft drink” reports for food secure (3.0%) compared with low
(3.9%) and very low (3.4%) food secure children. Top items in these sub-categories were “fruit flavored
drink from powder”, “fruit-flavored caffeine-free soft drink”, “cola-type soft drink”, “apple juice”,
“orange juice”, “fruit juice drink”, and “reduced sugar fruit juice drink” (Supplemental Table S1).
The broad “snacks and sweets” category included sub-categories, “cookies and brownies” and “candy
without chocolate”, with a higher percentage of reports among food secure (both 2.6%) compared with
low (1.9%, 1.6%, respectively) and very low (1.5%, 2.2%, respectively) food secure children. “Corn
tortilla chips”, “hard candy”, “chocolate chip cookie”, “ice cream” and “snack crackers” were most
frequently consumed items in these sub-categories.
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3.1.2. 12–17 Years

Compared with food secure adolescents 12–17 years (12.7%) “beverages” as a broad category
were more statistically significantly frequently consumed by low (15.5%) and very low food secure
(14.4%) and also combined food insecure groups (15.4%, p = 0.0001). A greater contribution of energy
from “beverages” (p = 0.03) was also determined for food insecure compared with secure (13.0% vs.
11.2%). Alternatively, significantly more frequent intake of “water” was observed among food secure
(p = 0.004), compared with insecure and low and very low food secure groups (10.3%, 8.7%, 8.6%, 8.8%).

Food secure adolescents reported 4.3% intake frequency of “soft drinks” contrasting with the
similar pattern of higher intakes for low food secure at 5.6%, the most frequently consumed sub-category
for this group, and 5.1% for very low food secure adolescents as in the younger age group, but with an
even greater percentage of reports. Top items were “cola-type soft drink”, “fruit-flavored, caffeine
free soft drink”, “brewed sugar-sweetened iced tea”, “orange juice”, “fruit flavored drink from
powder”, “fruit flavored soft drink”, “fruit juice drink”, and “apple juice”. “Tap water” had the reverse
pattern as “soft drinks” and comprised the most (5.9%) reports among food secure adolescents while
accounting for 4.5% and 3.5% of low and very low food secure reports. “Bottled water”, however, was
less frequently consumed among food secure and low food secure groups (4.0%, 4.1% respectively)
compared with very low (5.2%) food secure reports. “Tap water” and “unsweetened bottled water”
were the most frequently consumed items.

4. Discussion

Both the frequency and amount of food and beverage intake are important behavioral exposures
characterizing dietary intake. Frequency data permits consideration of the most commonly consumed
foods while amount shows the “dose”. In this analysis, U.S. children and adolescents had similar
frequency of consumption of food categories regardless of food security with the exception of beverage
and snack categories. Frequency alone is often overlooked as a component of dietary patterns among
children and only two studies are known among adults [23,24]. Traditional dietary assessment,
namely food frequency questionnaires, have relied on querying frequency to obtain results focused
on contributions to servings of foods, energy and nutrients. Yet, separation of frequency from
energy contribution and consideration of frequency as a dietary behavior with potential links to
health presents opportunities for behavioral interventions. “Beverages” or “snacks and sweets” were
the most frequently consumed broad food groups for all children 6–17 years yet neither ranked as
highest contributor to energy, exemplifying their potentially under-recognized importance in children’s
diets. Their ubiquitous frequency represents potentially impactful targets for intervention to improve
overall dietary quality to develop healthy habits for later life [25]. “Beverages” as a broad category
represents a spectrum of product types, some without and others with added sugars and key nutrients,
respectively [1,14]. However, sub-categories and individual foods ranked by frequency reveal that
beverages with a high amount of added sugars are prominent choices [26]. Thus, particular attention
to intervention messaging and counseling to improve drink choice among children should be provided.
Recommendations for specific beverages and not only broad categories, may be gleaned from these
frequency rankings and used to educate healthful patterns. High frequency of snacks and sweets,
particularly candy, cookies and brownies, and ice cream, may be targets of interventions more clearly
interpreted to broadly limit because of their inherent added sugars [26], yet perhaps more difficult,
compared with beverages, to find acceptable substitutions.

Frequency differences in “beverages” and “snacks and sweets” by food security status supports
a previous summary of the literature for children 6–11 years for higher added sugar intake [11],
sourced from beverages, snacks and sweets among U.S. children [26], and are novel among the sparse
evaluation for those 12–17 years [11,27]. “Beverage” intake frequency associated with food insecurity
in both age groups may potentially be a manifestation of choices prioritized to satisfy hunger rather
than health. Less frequent “water” intake among food insecure adolescents 12–17 years may be related,
as a trade-off for higher intake of other beverages [28] or due to lack of potable water supply access
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among food insecure households [29]. These results support findings showing higher odds of heavy
(i.e., more energy) total sweetened beverage intake among low-income compared with high-income
children 2–11 years [30]. Older children may be making independent dietary choices and may also be
encouraged to obtain food outside the household when also food insecure.

“Soft drinks” were the highest ranking items in the “beverages” category among older food
insecure children with caffeinated soft drinks ranking prominently. Older, prevalently low-income
children may be working and contributing to family income [31] and using caffeinated beverages
to maintain their schedules [32]. Intake frequency and timing of caffeinated beverages may matter
more to healthful sleep/wake habits compared with total intake. Previous observational studies have
suggested that consumption of caffeinated beverages leads to sleep dysfunction in junior high and high
school children [33], and associate with obesity among children 11 years of age [34]. High frequency of
caffeinated soft drinks is consistent with these observational results and offers additional evidence
supporting dietary interventions to reduce caffeine intake and frequency among all children and
especially older food insecure children.

Less frequency and energy contributions of “snacks and sweets” among food insecure compared
with secure may represent a relatively more healthful dietary pattern among food insecure 6–11-year-old
children. “Snacks and sweets” may be viewed as non-essential foods where budget may be conserved
and include high-energy, high-sodium foods [25,35]. As such, the results are unaligned with previous
explanations of dietary differences among food insecure groups generalizing a reliance on high energy,
low nutrient foods [36].

Frequently consumed foods and beverages among children and adolescents may be used to
inform opportunities to promote available and familiar foods that are sources of the nutrients or dietary
components that are lacking [11,27], and inform efforts to build on dietary strengths by promoting foods
that are already frequently consumed. For example, cow’s milk and raw apple were highly reported
and may be further promoted in children’s food environments. The prominence of “condiments”
among frequently consumed foods was apparent. Items like catsup, mustard, mayonnaise, and salsa
consumed in relatively small amounts and with little contribution to energy may be used to enhance
taste. Their frequent use presents an opportunity to for stealth nutrition interventions to potentially
fortify condiments with nutrients most children need more of, and to further reduce components most
children need less of (e.g., sodium and sugar).

4.1. Implications

While applications of stealth nutrition may help, the overall poor dietary intake of U.S. children
regardless of food security status demand more dramatic changes to improve dietary selection. Primary
care contact or public health education among youth provide an ideal environment for education and
discussion of dietary habits and suggestions for substitution of soft drinks, for example, with water
or low-fat dairy and promotion of fruits and vegetables. Dietary recommendations for food groups
and categories may be further translated to specify frequently consumed foods comprising groups
recommended for increase or decrease. Federal nutrition assistance programs such as Supplemental
Nutrition Assistance Program; Special Supplemental Nutrition Assistance Program for Women, Infants,
and Children; and the National School Lunch and Breakfast Programs may similarly apply knowledge
of the frequently consumed foods to tailor education and menu components to the 59% of 2016 U.S.
food insecure households participating [12]. The National School Lunch and Breakfast Programs play
key roles in child nutrition as they represent two main eating occasions of a child’s day. Vegetables
and fruits may be further promoted through these programs in order to increase their frequency
and contributions to total energy. Frequently consumed foods may be key foods for companies to
consider nutrient profile improvement to reduce added sugars, sodium and increase calcium, vitamin
D, potassium, and fiber [1]. Examination of frequently consumed foods by age group can inform
dietary intake questionnaires and be used to populate technology-assisted dietary assessment search
tools. Finally, foods listed by frequency may inform monitoring of population dietary intake and
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potential food environment improvements that enhance safe access to enough foods for healthy, active
lifestyles [37].

4.2. Strengths and Limitations

Dietary intake and reporting are reliant on memory and prone to error [38]. Much less is known
about the measurement error in children and adolescents self-reported diets compared with adults.
Dietary recalls throughout the week allow representation of week and weekend days for U.S. children
contributing a strength, yet this analysis is limited as it only represents one day of data for each
participant and does not reflect usual intake over time. Aggregation to broad and sub-food categories
may highlight food group differences that depend on the groups combined while dis-aggregation may
highlight differences that are not meaningful to nutrition such as ‘tap water” vs. “bottled water”, yet
use of broad and sub-food categories aligns with the practical translation of dietary recommendations.
Lastly, since food security among household children is reported by a household adult, an individual
child’s food security may be biased by the perception of the adult and the adult’s perception of
food security for other children in the household [39]. Older children tend to be under-classified as
food insecure while younger children may be over-classified. While imperfect, differences by food
security and age were observed in this analysis and add knowledge of the dietary patterns of food
insecure children.

5. Conclusions

Among children and adolescents 6–17 years old, similar foods ranked among those frequently
consumed. However, frequency-differentiated intake patterns exist for beverages and snack foods
by food security across age groups. The main findings reported in this paper may inform dietary
recommendations, development of population-specific dietary assessment tools, interventions, menus,
and the composition of food packages, and food policy for food insecure children, and adolescents.
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Abstract: Food insecurity and other nutritional risks in infancy pose a lifelong risk to wellbeing;
however, their effect on diet quality in Native Hawaiian, Pacific Islander, and Filipino (NHPIF)
infants in Hawai‘i is unknown. In this cross-sectional analysis, the association between various
indicators of food security and NHPIF infant diet quality were investigated in 70 NHPIF infants aged
3–12 months residing on O‘ahu, Hawai‘i. The dietary assessments of the infants were collected using
a mobile food recordTM. Foods consumed across four days were categorized into seven food groups.
Indicators for food security were examined through an adapted infant food security index and other
indicators. Data were analyzed using chi-square tests, independent sample t-tests, multinomial
logistic regression, and linear regression models. In models adjusting for age and sex, infants defined
as food insecure by the adapted index were found to consume foods from more food groups and
consume flesh foods on a greater proportion of days. Of the indicators examined, the adapted index
was shown to be the best indicator for food group consumption. Further work is needed on a more
representative sample of NHPIF infants to determine the impact that food security has on nutritional
status and other indicators of health.

Keywords: infants; minority; food security; diet diversity; diet quality

1. Introduction

Food insecurity is defined as limited or uncertain availability of nutritionally adequate foods. It is
considered a high priority for public health stakeholders given its economic and health impacts and
the associated nutritional risks [1]. These impacts include worse developmental outcomes and chronic
illness among children [2], and poorer health outcomes in infants [3]. Situations of food insecurity
are linked with disrupted eating patterns, poor diet quality and nutritional inadequacy across age
groups and demographics [4]. Infants aged 0–12 months are more susceptible to the adverse effects of
food insecurity given their high nutritional requirements for growth and dependence on others for
nutrition [3]. Optimal nutrition during infancy protects against morbidity and mortality, reduces the
risk of chronic disease, and promotes better overall development, and thus efforts to understand and
mitigate nutritional risks such as infant food insecurity and improved nutrition in early life may have
far-reaching implications [5].
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An eighteen-item survey known as the U.S. Household Food Security Survey Module (USHFSSM)
was developed by the United States Department of Agriculture (USDA) to assess household food
security; a portion of the survey questions may be used to determine the food security of a child or
children within the household [6]. In contrast to this method, Schlichting D. et al. devised a food
security index which aims to assess the food security of an infant at an individual level within a
household [3]. In addition to food security status, another indicator of nutritional risk is household
income as it is theorized that some low-income households lack economic access to healthy foods [7,8].
Similarly, eligibility to food assistance programs, such as the Special Supplemental Nutrition Program
for Women, Infants and Children (WIC) and the Supplemental Nutrition Assistance Program (SNAP),
are based on household income criteria and may also indicate nutritional risk [8–10]. The separate
associations between each of these indicators of nutritional risk: food insecurity, household income,
and food assistance program participation, with overall dietary quality, reveals disagreement across
the literature. These nutritional risks may have contrasting influences on the diet quality of different
demographics, namely by age and ethnic group.

Food insecurity disproportionately influences households headed by individuals of minority
race/ethnicity [4]. For example, the odds of food insecurity were higher among ethnic minority
infants including Maori, Pacific Islander, and Asian infants when compared to all other infants, in a
representative sample of the New Zealand infant population [3]. This race/ethnicity disparity in food
insecurity extends to associations with poor dietary intake among food-insecure minority groups.
Leung C et al. studied a population of 4393 adults from the National Nutrition and Health Examination
Survey (NHANES) and found food insecurity was associated with a lower diet quality indicated
by Healthy Eating Index (HEI) score, and this association was most pronounced among those who
identify as American Indian or Alaska Native, Native Hawaiian or Pacific Islander or as multiracial [4].
Despite their inclusion in this sample, the Native Hawaiian or Pacific Islander population represents
a unique group within the US at risk of poorer health outcomes than the overall population [11].
Heinrich K. and colleagues found that a combination of high living costs and low-income negatively
impacts some low-income residents in Hawai‘i, contributing to food insecurity [12].

Minority groups such as Native Hawaiian, Pacific Islander or Filipinos (NHPIF) in Hawai‘i report
higher levels of food insecurity than other ethnicities [13]. Yet the relationship between food insecurity
and other indicators of nutritional risk, household income and food assistance participation, to diet
quality among NHPIF infants in Hawai‘i is not known, nor is which indicator has a stronger relationship
to dietary quality. Therefore, the objective of this study was to determine which indicator of nutritional
risk would have the strongest association with the diet quality of NHPIF infants 3–12 months of age.
This was assessed using responses to two questions modified from the USHFSSM relating to money
running out for food and utilities, participation in food assistance programs, annual household income,
or an adapted infant food security index. A Minimum Dietary Diversity (MDD) score is used when
evaluating the diet quality of infants aged 6–12 months, and thus MDD was used for this analysis.
The diet quality of infants aged 3–12 months was examined by food group consumption. Authors
hypothesized that an adapted infant food security index, which takes into account multiple indicators
of food insecurity, would have the strongest association with diet quality assessed using the MDD and
food group consumption [14].

2. Materials and Methods

2.1. Study Sample

The target population for this cross-sectional study was NHPIF infants between 3–12 months
of age residing on O‘ahu, Hawai‘i. To be eligible to participate in the study, the infant’s caregiver(s)
had to be 18 years of age or older, have an iOS mobile device, and have reliable access to the Internet.
The infant participants had to have commenced complementary feeding prior to study onset and be
reported by the caregiver as at least part Native Hawaiian, Pacific Islander or Filipino. A convenient
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sample of NHPIF infants was primarily recruited through community-based events (e.g., Baby Expo),
programs (e.g., WIC), and networking. Seventy infants and their caregivers completed the study,
of which 56 of the infants were aged 6–12 months. Institutional Review Board (IRB) exemption from the
University of Hawai‘i was received prior to the collection of data (IRB reference number: 2017-00845).
Consent was obtained in writing from the caregivers for both their participation and their infant’s
participation prior to collecting any data. Data was collected between March 2018–February 2019.

2.2. Participant Characteristics

At study onset, caregivers completed a questionnaire using a secure on-line web application.
Topics included feeding practices followed prior to enrolment in the study. Demographic information
included annual household income, information relating to household food security status including
household participation in food assistance programs such as WIC, SNAP, free or reduced cost school
meals, food banks since the child was born and two questions informed from the USHFSSM [6].
The two questions modified from the USHFSSM were:

1. In the past 12 months, how often did your money for food run out before the end of the month? (Never,
Seldom, Sometimes, Most times, Always, Don not know, No response)

2. In the past 12 months, how often did your money for household utilities (e.g., water, fuel, oil, electricity)
run out before the end of the month? (Never, Seldom, Sometimes, Most times, Always, Do not know,
No response)

2.3. Dietary Assessment

Infant dietary assessment was completed through surrogate reporting via the caregiver with
the mobile food recordTM (mFRTM) [15]. The mFRTM is an application designed specifically for
the assessment of dietary intake from the Technology Assisted Dietary AssessmentTM project (http:
//tadaproject.org/) which uses the camera on a mobile device to capture food and beverage intake,
which is then used to estimate energy, nutrients, food and beverage intakes [15–18]. The mFRTM was
loaded on to the caregiver’s mobile device and training on the mFRTM application was completed
prior to data collection. Caregivers were instructed to take before and after images of all foods and
beverages the participant consumed over a 4-day collection period (Thursday–Sunday). After the
collection period concluded, a member of the research team reviewed the images with caregivers to
verify content, as needed, and to probe for any forgotten foods or beverages. At the end of the data
collection period, caregivers were compensated with a $40 gift card.

2.4. Dietary Diversity Score

The global metric Minimum Dietary Diversity (MDD) score from the World Health Organisation’s
(WHO) indicators for assessing infant and young child feeding practices (IYCF, 2007) [14] was used to
examine infant diet quality. Consuming a wide range of foods to meet one’s nutrient needs is one tenet
of a healthy diet and, in infancy, the number of food groups consumed can predict the nutrient density
of the diet [19]. Given the absence of an HEI for children aged below 2 years [20] and the limited
selection of infant diet quality scoring metrics in the US, MDD was implemented as an indicator of the
micronutrient adequacy of NHPIF infants. The WHO recommends the initiation of complementary
feeding from 6 months onward [21]; thus, this assessment is appropriate only for infants aged 6 months
and older. Solid foods and liquids consumed in any amount more than a condiment were enumerated
over the 4 days using the mFRTM images. Using the MDD metric, solids and liquids consumed in a day
were categorized into seven food groups: (1) grains, roots, and tubers; (2) legumes and nuts; (3) dairy
products (milk, including formula, yogurt, cheese); (4) flesh foods (meat, fish, poultry, liver/organ
meats); (5) eggs; (6) vitamin A-rich fruits and vegetables; and (7) other fruits and vegetables. Particular
attention is given by the WHO to assess vitamin A intake in children aged 6–59 months. This is because
vitamin A deficiency in infancy is a public health problem in many developing countries. Furthermore,
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vitamin A deficiency can cause visual impairment and may increase the risk of illness and death
from childhood infections [22]. MDD was considered met if the infant consumed four or more of the
seven food groups, on average, each day and unmet if less than four food groups had been consumed,
on average, each day. Human milk is not counted in a food group in the version of the WHO MDD
metric used [14].

2.5. Adapted Food Security Index

A food security index was adapted from an index developed by Schlichting D. et al. and is
outlined in Table 1 [3]. The adapted index estimates the degree of infant food security as a weighted
sum of scores from two of the modified USHFSSM questions, i.e., use of defined methods to cope with
food insecurity such as using food banks, and infant breastfeeding status at 3 months. Breastfeeding
status at this age was chosen as each participant had commenced complementary feeding prior to study
onset and the minimum participant age was 3 months. Positive points were awarded for breastfeeding
to 3 months and never running out of money for food or utilities, while scoring was reversed and
points deducted for the use of coping methods such as using food assistance programs. The range of
scores was −14 to 4. For ease of discussion, a constant equal to the lowest value (−14) was added to all
scores, shifting the range upward to 0–18 where 0 represents the lowest status of food security and 18
the highest. A cutoff for infant food insecurity was set at half a standard deviation below the mean
(12.76). This cutoff point is consistent with other authors who claim it represents the minimum socially
acceptable level of food insecurity prevalence. Infants were classified by this index into either extremely,
highly or moderately food insecure or extremely, highly or moderately food secure (see Table 1 and
Table 5) [3].

Table 1. The adapted infant food security index a components, weights, scores, and ranges applied to
this study.

Adapted Infant Food Security Index Used in this Study

Component Weight Min Max

Coping

Money for food runs out by the end of the month

Never = 1
Seldom = 0

Sometimes = −1
Most times = −2

Always = −3

−3 1

Money for utilities runs out by the end of the month

Never = 1
Seldom = 0

Sometimes = −1
Most times = −2

Always = −3

−3 1

Participation in WIC Yes = −2
No = 0 −2 0

Participation in SNAP Yes = −2
No = 0 −2 0

Receives reduced cost/free school meals Yes = −2
No = 0 −2 0

Receives other food assistance Yes = −2
No = 0 −2 0
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Table 1. Cont.

Adapted Infant Food Security Index Used in this Study

Component Weight Min Max

BF Breastfeeding to 3 months

Exclusive = +2
BF and Formula

Feeding = +1
Formula only or BF
< 3 month = 0

0 2

Total Score −14 4

Add constant of 14 0 18
a Adapted from Schlichting D. et al. [3].

2.6. Analysis

Descriptive statistics were used to categorize the sample. Mean and standard deviations (SD)
were used to describe age and food group consumption. Frequencies and percentages were used to
describe food security prevalence by the various indicators. Participation in food assistance programs
was examined from the dichotomous responses: yes or no. Responses to the modified USHFSSM
questions on running out of money for food or utilities were collapsed into dichotomous variables
(yes or no). The responses never or seldom to either question was reported as not experiencing (no)
while the responses sometimes, most times or always were reported as experiencing it (yes). The mean
daily consumption of the 7 food groups was calculated as a mean of all four mFRTM days, a method
commonly used [3,23]. The frequency of consumption of each food group with the average number of
food groups consumed was examined in all participants (i.e., 3–12 months). Quantitative variables were
compared between food-secure and food-insecure subgroups using both independent samples t-test
methods and the non-parametric Mann–Whitney U tests. Independent sample t-test p-value results
were presented when the results from the two approaches were similar. Categorical variables were
compared using Chi-squared tests or Fisher’s exact tests [23]. Spearman’s rho correlation coefficient
was used in examining correlation between food security indicators and food groups consumed [24].
The proportion meeting/not meeting the MDD (≥4 food groups) was determined in the participants
6–12 months of age subgroup only, across all four days of the mFRTM. A sequence of multivariable
logistic regression and linear regression models were developed to investigate the relationships between
MDD and individual and total food group intake, and those variables that yielded significant results in
the bivariate analysis. In logistic regression analysis, MDD was met or not, on average, across the four
days (yes or no) was used as the dependent variable to investigate its associations with the adapted food
security index score, household income or the response to running out of money for food, adjusting for
age and sex. In the linear regression analysis, total and individual food group consumption was used as
the dependent variable to study its relationships with the adapted food security index score, household
income, responses to running out of money for food and utilities or WIC and SNAP participation
status, adjusting for age and sex as considered in similar studies [23]. Statistical significance was set at
p-value < 0.05. All statistical analyses were performed using SPSS version 26 (Armonk, NY, USA).
As this was a secondary analysis, a power calculation was not conducted to identify the sample size.

3. Results

3.1. Food Security Classification Using the Adapted Food Security Index

Of the 70 infants, approximately one quarter were classified as food insecure, with over 20% being
classified as moderately or highly or extremely food insecure. Over 40% were highly food secure,
while no infant was classified as extremely food secure (see Table 2).
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Table 2. Food security classifications using an adapted food security index among infants aged
3–12 months in the cross-sectional study (n = 70) a.

SD Cut Point Score Range Definition Prevalence, n (%)

<−2 SD <7.12 Extremely food insecure 4 (5.7)

−2 SD ≤ • < −1 SD 7.13–10.88 Highly food insecure 5 (7.1)

−1 SD ≤ • < −0.5 SD 10.89–12.76 Moderately food insecure 9 (12.9)

−0.5 SD ≤ • < +0.5 SD 12.77–16.52 Moderately food secure 16 (22.9)

+0.5 SD ≤ • < +1 SD 16.53–18.40 Highly food secure 31 (44.3)

≥+1 SD ≥18.41 Extremely food secure 0 (0)

SD = standard deviation. a Total number of responses = 65 as there were 5 (7.1%) incomplete responses.

3.2. Other Characteristics of Participants

Approximately half of the infants were girls and the mean age was 7.4 months. A greater
proportion of food-secure infant caregivers were married and earning higher incomes. Likewise,
a greater proportion of food-secure infant caregivers attended college (see Table 3).

Table 3. Characteristics of food-secure and food-insecure infants and their caregivers included in this
cross-sectional study examining food security and Native Hawaiian, Pacific Islander, and Filipino
(NHPIF) a infant diet (n = 70).

Characteristics Total Sample
Food- b Secure

Subsample

Food-Insecure
Subsample

p-Value c

Age

Months (mean ± SD) 7.4 ± 2.1 7.2 ± 2.1 8 ± 2.2

3–6 months, n (%) 14 (20.1) 10 (21.4) 4 (27.9)
0.2

6–12 months, n (%) 56 (79.9) 37 (78.7) 14 (72.1)

Sex
Boy, n (%) 38 (54.3) 27 (57.4) 8 (44.4)

0.4
Girl, n (%) 32 (45.7) 20 (42.6) 10 (55.6)

Marital Status

Married, n (%) 46 (61.3) 36 (76.6) 10 (55.6)
0.02Single/divorced/

widowed, n (%) 24 (31.9) 11 (23.4) 8 (44.4)

Highest Level of
Education
Attended

College, n (%) 50 (66.6) 37 (78.7) 9 (50)

0.03Grade School
(Elementary–High

School), n (%)
20 (26.6) 10 (21.3) 9 (50)

Employed for
Wages

Yes, n (%) 42 (60) 28 (59.6) 10 (55.6)
0.8

No, n (%) 28 (40) 19 (40.4) 8 (44.4)

Annual Household
Income

>$35,000 48 (81.4) 38 (90.5) 10 (58.8)
0.01

<$35,000 11 (18.6) 4 (9.5) 7 (41.2)
a Native Hawaiian, Pacific Islander or Filipino ethnicity. b As categorized by the adapted infant food security index
used in this study. c p-values comparing food-secure and food-insecure subsamples.

Table 4 displays the proportion of infants classified as food secure or insecure by component on
the food security index adapted from Schlichting D. et al. [3]. Most infants classified as food insecure
were part of households who experienced running out of money for food or utilities by the end of the
month. Additionally, over 80% of food-insecure infants’ households participated in WIC and over 50%
participated in SNAP.
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Table 4. Proportion of infants aged 3–12 months enrolled in the cross-sectional study classified as food
secure or insecure by each component of the adapted infant food security index used in this study
(n = 70) a,b.

Component Food Security Status
Chi-Squared

p-Value

Coping

Food Secure
n (%)

Food Insecure
n (%)

Money for food runs out by
the end of the month

Yes
No

3 (6.4)
44 (93.6)

15 (83.3)
3 (16.7) 0.001

Money for utilities runs out by
the end of the month

Yes
No

6 (11.5)
46 (88.5)

12 (92.3)
1 (7.7) <0.0001

Participation in Special
Supplemental Nutrition

Program for Women (WIC)

Yes
No

7 (14.9)
40 (85.1)

15 (83.3)
3 (16.7) <0.0001

Participation in Supplemental
Nutrition Assistance

Program (SNAP)

Yes
No

3 (6.4)
44 (93.6)

10 (55.6)
8 (44.4) <0.0001

Receives reduced cost/free
school meals

Yes
No

0 (0)
47 (100)

7 (38.9)
11 (61.1) 0.001

Receives food assistance
(Food Bank/Food Pantries or

Commodity Foods)

Yes
No

0 (0)
47 (100)

2 (11.1)
16 (88.9) 0.07

Breastfeeding

Exclusive breastfeeding to 3 months 30 (63.8) 14 (77.8) 0.7

Breast and formula feeding to
3 months 13 (28.7) 2 (11.1) 0.2

Formula only or breastfeeding
<3 months 4 (8.5) 2 (11.1) 0.1

a Adapted from Schlichting D. et al. [3]. b Total number of responses were 65. 5 (7.1%) incomplete responses.

3.3. Average Percentage Daily Food Group Consumption by Food Security Status

The seven food groups used to classify the infants’ dietary characteristics are shown in Table 5.
Grains, roots or tubers were the most commonly consumed foods followed by other fruits and
vegetables and dairy products. The mean total number of food groups consumed daily was a little
over 3.0 food groups with a range between 1.0–5.3. The mean consumption of food groups by infants,
3–12 months, from households who experience running out of money for food or utilities at the end of
the month was almost four food groups each day, while infants from households who do not experience
running out of money for food or utilities at the end of the month had, on average, three food groups
each day. Infants, 3–12 months, from households not experiencing running out of money for food or
utilities at the end of the month consumed a flesh food more than half of the time, while those who
did not experience running out of money for food or utilities by the end of the month consumed a
flesh food approximately 20% of the time. A marginal but statistically significant difference in the
consumption of grains, roots and tubers, between those who do and do not experience running out
of money for food, was also identified. Infants, 3–12 months, from households who do experience
running out of money for food at the end of the month consumed a grain root or tuber almost 100% of
the time, while those who do not experience running out of money for food by the end of the month
consumed a grain, root or tuber approximately 80% of the time.
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Only one marginal, but statistically significant, difference in infant daily food group consumption
was identified between households who do and do not participate in WIC and SNAP. Infants in
households who participate in WIC or SNAP consumed a grain, root or tuber over 90% of the time,
while those who do not participate in WIC or SNAP consumed a grain, root or tuber approximately
80% of the time. On average, infants in households who participate in WIC or SNAP consumed foods
from approximately 3.5 food groups each day, while infants in households who do not participate in
WIC or SNAP consumed foods from approximately 3.0 food groups each day (see Table 5).

There was a significant difference in the intake of flesh foods between those infants who were
and were not defined as food insecure by the adapted food security index. Those defined as food
insecure had a flesh food intake over 60% of the time, while those defined as food secure had a flesh
food intake more than 15% of the time. Likewise, infants defined as food insecure had a grain, root or
tuber group over 95% of the time versus approximately 80% of the time by those defined as food secure.
Furthermore, infants defined as food insecure had, on average, 3.76 out of seven food groups a day,
while those defined as food secure had, on average, almost 3.0 food groups (see Table 5).

Weak to moderate, but statistically significant negative spearman correlations were observed
between infant food security by the adapted index and total food group, the grain, root, and tuber
food group and the flesh food group consumption. Likewise, weak, but significant negative spearman
correlations were found between household income and total food group consumption (see Table 5).

3.4. Proportion of Infants Aged 6–12 Months Meeting the MDD by Food Security Indicators

Table 6 presents the proportion of infants 6–12 months who did and did not meet the MDD by the
various indicators of food security examined in this study. The highest proportion of infants to meet
the MDD were those classified as moderately food insecure by the adapted infant food security index,
of whom over 70% met the MDD. Significantly more food-insecure infants met the MDD in comparison
to food-secure infants. In addition, over two-thirds of infants from households with an annual income
of <$35,000, met the MDD whereas a little less than 30% of infants from households with an annual
income of >$35,000 met the MDD. Similarly, the income bracket with the highest proportion of infants
(approximately 80%) meeting the MDD was <$10,000 while the lowest proportion of infants (over
15%) meeting the MDD were from the $60,000–75,000 bracket followed by the >$75,000 bracket with
over 25%.

Table 6. Proportion of infants aged 6–12 months enrolled in the cross-sectional study meeting the
Minimum Dietary Diversity (MDD) score a by the various indicators of food security examined in this
study (n = 70) b.

Met MDD
n (%)

Did not
Meet MDD

n (%)

Chi Square p
Values

Total 20 (35.7) 36 (64.3) -

Money for food running out by the end
of the month c

No 10 (26.3) 28 (73.7)
0.052

Yes 8 (57.1) 6 (42.9)

Money for utilities running out by the
end of the month d

No 13 (31) 29 (69)
0.173

Yes 6 (54.5) 5 (45.5)

Participation in WIC
No 10 (28.6) 25 (71.4)

0.165
Yes 10 (47.6) 11 (52.4)

Participation in SNAP
No 13 (29.5) 31 (70.5)

0.092
Yes 7 (58.3) 5 (41.7)
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Table 6. Cont.

Met MDD
n (%)

Did not
Meet MDD

n (%)

Chi Square p
Values

Food Security Index Status e

Extremely
food insecure 2 (66.7) 1 (33.3)

0.046

Highly food
insecure 2 (50) 2 (50)

Moderately
food insecure 5 (71.4) 2 (28.6)

Moderately
food secure 2 (16.7) 10 (83.3)

Highly food
secure 7 (28) 18 (72)

Extremely
food secure 0 (0) 0 (0)

Food Security Index Classification e
Food insecure 9 (24.3) 28 (75.7)

0.019
Food secure 9 (64.3) 5 (35.7)

Annual Household Income ($)

<10,000 4 (80) 1 (20)

0.008

10,000–20,000 1 (50) 1 (50)

20,000–35,000 3 (60) 2 (40)

35,000–60,000 3 (42.9) 4 (57.1)

60,000–75,000 1 (16.7) 5 (83.3)

>75,000 7 (28) 18 (72)

<35,000 8 (66.7) 4 (33.3)
0.038

>35,000 11 (28.9) 27 (71.1)

Special Supplemental Nutrition Program for Women, Infants and Children (WIC), The Supplemental Nutrition
Assistance Program (SNAP). a Minimum Dietary Diversity Score. b Total number of responses 65. 5 (7.1%)
incomplete responses. c No = Never/seldom. Yes = Sometimes/most times/always. d No = Never/seldom.
Yes = Sometimes/most times/always. e Based on the adapted Infant Food Security Index used in this study.

3.5. Infant Food Security Indicators and Food Group Consumption Examined Using Linear Regression Analysis

Presented in Table 7 are the statistically significant results of linear regression analysis between food
security indicators and total food group consumption, grain, root, and tuber food group consumption,
and flesh group consumption. The regression findings indicate a statistically significant association
between food security score and grain, root, and tuber consumption. For each unit increase in food
security classification from extremely food insecure to extremely food secure by the adapted food
security index, the frequency of daily grain, root, and tuber consumption decreases by approximately
6% after controlling for age and sex. A similar trend is observed across the models whereby running
out of money for food or utilities by the end of the month and lower food security score results in a
higher percentage increase in either of total food group, grain, root, and tuber food group consumption,
and flesh group consumption.

3.6. Infant Food Security Indicators and Meeting the MDD Examined Using Multivariable Logistic
Regression Analysis

Multivariable logistic regression results, which adjusted for age and sex, did not find significant
associations between meeting the MDD and running out of money for food by the end of the month,
being defined as food insecure by the adapted infant food security index and having a low household
income (see Table A1).
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4. Discussion

As hypothesized, the indicator of nutritional risk which had the strongest association with the diet
quality of NHPIF infants 3–12 months was the adapted infant food security index, which takes into
account multiple indicators of food insecurity. Significant associations after adjusting for infant age
and sex were only found with the adapted infant food security index and the two modified USHFSSM
questions regarding food group consumption as an indicator of dietary quality. Food-insecure NHPIF
infants classified by the adapted infant food security index used in this study consumed a greater
number of food groups on average each day, had a greater intake of flesh foods and a greater intake of
grains, roots and tubers compared to those classified as food secure by the index. Households who
experienced running out of money for food or utilities by the end of the month were significantly
associated with greater total food group and more frequent daily flesh food consumption compared
to those who did not experience running out of money for food or utilities by the end of the month.
However, significant differences in the intake of legumes and nuts, dairy products, eggs, vitamin A-rich
fruit or vegetables or other fruit and vegetables were not apparent between infants defined as food
secure or insecure by any of the nutritional risk indicators. Based on these findings, the adapted infant
food security index may be the better indicator to use to assess the association between food security
and food group consumption within this sample of NHPIF infants compared with the two questions
modified from the USHFSSM, participation in food assistance programs, annual household income.

Of the infants in this study, 36% met the MDD, on average, each day. This is higher than what has
been reported in a cohort of infants aged 8–12 months in Cincinnati, Ohio, where only 28% of infants
were found to meet the MDD, on average, each day [25]. In the present study, none of the associations
between MDD and any indicators of nutritional risk remained significant in multivariable logistic
regression models adjusting for infant age and sex. These findings may be attributed to the small
sample size available in this study for infants 6–12 months.

The association between total food group consumption and infant food insecurity by the adapted
food security index found in this study was interesting but not unique among the literature. In a
study conducted in South Africa, where socioeconomic status (SES) was measured using a composite
score of assets and market access, household income, employment status, and educational attainment,
MDD was higher among lower SES 6–12-month-old infants. The authors report that their results
may have been reflective of the small sample size when stratified by SES and age [23]. A similar
justification could be considered for this study whereby infants classified as food insecure by the
index used in this study made up only 25.7% (n = 18) of the sample. In addition, this study was
a secondary analysis and was not sampled to be representative of NHPIF food-insecure infants in
Hawai‘i. Thus, the food group consumption identified in this study may not be generalized for the
population. These results are suggestive, however, that NHPIF food-insecure infants in Hawai‘i are
not at nutritional disadvantage compared to those that are food secure. Rossen L.M et al. similarly
reported that food insecurity was largely not associated with dietary intake in a representative sample
of 5136 US children aged 2–15 years from NHANES [26]. Likewise, Shinyoung J. et al. did not find a
substantial difference in diet quality by household food security or food security among a sample of
5540 children from NHANES 2011–2014 [27]. Other research from a representative sample of New
Zealand infants found that food-secure infants had a more diverse diet compared to those who were
food insecure [3]. Infants defined as food insecure by the adapted index applied in this study may
be employing coping mechanisms such as participation in food assistant programs such as WIC and
SNAP. Furthermore, the nutrition of these infants may be prioritized by their caregiver, providing
protection against the lack of food resources in the household, as seen in other studies [27].

Similar patterns of higher flesh food intake were identified among lower SES infants in South
Africa, as in the results of this study, where the most common type of flesh food consumed daily by low
SES infants was processed meat followed by red meat [23]. Processed meats are high in sodium and fat
and their intake during infancy has been associated with hypertension and coronary artery disease
during adulthood [23,28]. While studies have shown the benefits of flesh foods on infant growth
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and cognitive development [28,29], the effect of high flesh food consumption in food-insecure infants
found in this study was not clear, nor was the type of flesh foods consumed. Meat as a complementary
food in infancy is a key source of the micronutrients zinc, iron and vitamin B12 [30]. The pattern of
high flesh food intake may contribute to the intake of these micronutrients; however, as this study
does not address the type and quantity of foods consumed in each food group, micronutrient intake
remains unclear. Factors such as poor maternal nutrition knowledge, delayed introduction of flesh
foods, or concerns about potentially allergenic foods [23,31] may influence flesh food consumption
patterns during this stage of life.

While authors suggest that dietary diversity is generally associated with child nutritional status
and that the associations remain when controlling for household wealth and welfare factors [32],
there are drawbacks of assessing infant diet using the global MDD score from the WHO for assessing
infant and young child feeding practices. Firstly, food is enumerated when consumed; however,
there is no amount recorded. This decision by the creators of the MDD, may be a result of infant
portion sizes being small and overall differences in portion sizes having a minimal impact. Secondly,
the MDD does not adjust for total energy (kcal). Higher energy intakes could contribute to being
overweight during infancy, which is consistently associated with a risk of obesity in childhood and
adult life. This association is especially important in populations where the obesity risk is higher such
as those of NHPIF ancestry [11]. Thirdly, the designated food groups do not completely distinguish
added sugars, sodium and saturated fats. As an example, guidelines for the grains, roots and tubers
group does not distinguish a French fry from a boiled wholefood sweet potato. Thus, we identified a
greater diversity of foods being eaten by food-insecure infants, however, the quality and quantity of
these foods were not assessed using the MDD score. This issue was addressed by Schlichting et al.,
who added an additional grouping of energy dense nutrient poor foods, which gave an indication
of the unhealthy foods consumed [3]. Importantly, the outcome of diet diversity is a concept unique
from more traditional dietary quality indices. Furthermore, this dietary assessment method did not
incorporate a breastfeeding assessment element. The WHO updated the MDD in 2017 to reflect
inclusion of breast milk as the eighth food group [33]. In the present study, breastfeeding status was
only considered within the adapted infant food security index.

WIC and SNAP are two important food and nutrition assistance programs conducted by USDA
to improve the nutritional well-being of low-income individuals, and there is ongoing interest in
investigating the roles of these programs in accomplishing these intentions. One study reported,
from a NHANES sample of 1197 children aged 2 to 4 years from low-income households, that WIC
food packages are associated with higher diet quality for low-income children [34]. Another study,
which addressed the participation and effectiveness of SNAP and WIC in a multi-equation framework
for nutrient intakes for young children in the US, found that WIC participation increases the
intakes of iron, potassium, and fiber; however, no nutritional effects were found with SNAP
participation [35]. The results of this study demonstrate that despite residing in lower income
WIC- and SNAP-participating households, these infants may not be at a disadvantage nutritionally
compared to those who do not participate in these programs and who are assumed to be of higher
income. These results suggest that participation in WIC and SNAP supports more healthful food group
consumption. However, further investigation on how these programs mitigate food insecurity and
diet quality are needed to inform program implementation in the NHPIF population.

The strengths of this study include the application of an adapted infant food security index which
classified food security at the level of the infant and incorporated various indicators of food security.
However, this adapted index did not undergo any tests for validity and it did not include the complete
18-item USHFSSM, nor the eight items specific to determining child food security, which would have
provided another indicator of food security status. Another strength of the study is that it is the first
known examination of food security in this particular population, which acts to fill the relative deficit of
such data and provides a base of work for further research. This collection of infant dietary intake by an
image-based mFRTM served to reduce the confounding of results, which can occur due to misreporting
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dietary intake [16]. The mFRTM images enabled a more accurate distinction of foods into appropriate
food groups, giving more confidence to the assessment of diet by diversity. Given the cross-sectional
nature of this study, only associations can be estimated. In addition, this study was unable to indicate
portion size, report on the types of foods consumed within each food group or assess the nutrient
quality of foods consumed. This study was only able to report on whether different types of food were
consumed. Additionally, the small sample size in this secondary data analysis may have limited the
statistical power, and may not be representative of NHPIF infants residing on O‘ahu, Hawai‘i.

5. Conclusions

This study investigated various nutritional risk indicators and examined their association with
MDD and individual and total food group intake in NHPIF infants. Infants defined as food secure
based on the adapted infant food security index had greater overall, flesh food, and grain, tuber and
root consumption compared to those defined as food secure. The caregivers of these infants may be
employing coping mechanisms such as participation in food assistance programs such as WIC and
SNAP. Likewise, these infants may be protected from the effects of food insecurity as their nutrition is
prioritized by their caregivers. Of the nutritional risk indicators examined, two questions modified
from the USHFSSS, participation in food assistance programs, an adapted infant food security index,
and household income, the adapted infant food security index was shown to be the best indicator for
consuming more food groups. Further research is needed on a more representative sample of NHPIF
infants to determine the most appropriate indicator for food security risk and MDD.
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Appendix A

Table A1. Multinomial logistic regression results examining the association between food security
indicators and meeting the MDD in infants 6–12 Months (n = 56).

Model 1 B SE p-Value OR 95% CI

Intercept −0.693 0.612 0.258 -
Household income <$35,000 1.591 0.709 0.025 4.909 1.223–19.709

Model 2

Intercept 7.650 2.543 0.003 -
Age −1.006 0.304 0.001 0.366 0.202−0.663

Household income <$35,000 1.736 0.896 0.053 5.672 0.979–32.855

Model 3

Intercept 8.842 2.905 0.002 -
Age −0.994 0.305 0.001 0.370 0.204−0.673
Sex −0.800 0.778 0.304 0.449 0.098–2.065

Household income <$35,000 1.647 0.908 0.070 5.191 0.875–30.779
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Table A1. Cont.

Model 4

Intercept −0.288 0.540 0.594 -
Running out of money for food by the end of the month 1.317 0.654 0.044 3.733 1.037–13.445

Model 5

Intercept 7.751 2.585 0.003 -
Age −0.923 0.290 0.001 0.397 0.225−0.701

Running out of money for food by the end of the month 1.037 0.755 0.170 2.820 0.642–12.392

Model 6

Intercept 8.810 2.905 0.002 -
Age −0.908 0.289 0.002 0.404 0.229−0.711
Sex −0.714 0.750 0.341 0.489 0.113–2.127

Running out of money for food by the end of the month 0.842 0.785 0.283 2.321 0.499–10.803

Model 7

Intercept −0.588 0.558 0.292 -
Food security index score 1.723 0.677 0.011 5.600 1.487–21.096

Model 8

Intercept 7.081 2.587 0.006 -
Age −0.873 0.288 0.002 0.418 0.238−0.734

Food security index score 1.387 0.775 0.073 4.003 0.877–18.271

Model 9

Intercept 8.039 2.898 0.006 -
Age −0.862 0.288 0.003 0.422 0.240−0.743
Sex −0.641 0.757 0.397 0.527 0.120–2.323

Food security index score 1.229 0.799 0.124 3.419 0.715–16.356

Model 1–3: food security indicator: Household income <$35,000. Model 4–6: food security indicator: Running out
of money for food by the end of the month. Model 6–8: food security indicator: Food security index score. Model 1,
4, 7: Food security indicator. Model 2, 5, 8: Food security indicator + age. Model 3, 6, 9: Food security indicator +
age + sex.
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Abstract: This study is part of the Children’s Healthy Living program in U.S. Affiliated Pacific
region. The objectives were to estimate overweight and obesity (OWOB) prevalence and identify
possible related risk factors among ethnic groups in Guam. In 2013, 865 children (2–8 years) were
recruited via community-based sampling from select communities in Guam. Children’s demographic
and health behavior information; dietary intake; and anthropometric measurements were collected.
Logistic regression, odds ratio, t-tests, and chi-square tests were used to determine differences and
assess covariates of OWOB. The results indicate that 58% of children were living below the poverty
level, 80% were receiving food assistance, and 51% experienced food insecurity. The majority of
children surveyed did not meet recommendations for: sleep duration (59.6%), sedentary screen-time
(83.11%), or fruit (58.7%) and vegetable (99.1%) intake, and consumed sugar sweetened beverages
(SSB) (73.7%). OWOB affected 27.4% of children. Children affected by OWOB in this study were
statistically more likely (p= 0.042) to suffer from sleep disturbances (p= 0.042) and consume marginally
higher amounts (p value = 0.07) of SSB compared to children with healthy weight. Among Other
Micronesians, children from families who considered themselves ‘integrated’ into the culture were
2.05 (CI 0.81–5.20) times more likely to be affected by OWOB. In conclusion, the OWOB prevalence
among 2–8-year-olds in Guam was 27.4%; and compared with healthy weight children, children with
OWOB were more likely to have educated caregivers and consume more SSBs. Results provide a
basis for health promotion and obesity prevention guidance for children in Guam.

Keywords: child obesity; Guam; Children’s Healthy Living (CHL); islander; Pacific; Micronesia

1. Introduction

Childhood overweight and obesity (OWOB) is a global epidemic affecting many countries [1–5],
including the United States (US) and the US Affiliated Pacific region (USAP). In the US a high
prevalence of OWOB among racial/ethnic minority groups for children 2–19 years is reported,
specifically Non-Hispanic black (19.5%) and Hispanic (21.9%), yet Native Hawaiian or Other Pacific
Islanders are not included [1,2]. Novotny and colleagues conducted a systematic review of childhood
OWOB in the USAP region and estimated that the prevalence of OWOB for children 2–8 years was
21%, and that the prevalence increased to 39% by age 8 [6]. Similarly, the proportion of obese children
increased from 10% at age 2 years to 23% at age 8 years, with the highest prevalence of obesity in

Nutrients 2020, 12, 2527; doi:10.3390/nu12092527 www.mdpi.com/journal/nutrients39



Nutrients 2020, 12, 2527

both Guam and American Samoa [6]. The systematic review found that in Guam, OWOB prevalence
(39%) among children ages 3 to 5 years [6] exceeded the US national average (23%) for children aged
2 to 5 years [1,2].

Guam is a U.S. Territory located in the northwestern Pacific Ocean, approximately 3700 miles
west of Hawaii, 6000 miles west of California, and 1300 miles southeast of Japan. CHamorus are the
original inhabitants of Guam [7,8], and are typically grouped with other Pacific Islanders. However,
the current population of Guam is characterized by substantial ethnic variation [9]: 37% CHamoru,
26% Filipino, 12% other Pacific Islander, 11% other ethnicity, 7% White, and 7% other Asian. This ethnic
diversity evolved through centuries of colonization and migration that continues today [10] and may
modify the burden and predictors of OWOB among CHamorus. Factors related to OWOB are sleep,
physical activity, psychosocial, life course exposure, SES, and diet [11,12] that for many racial/ethnic
groups in Guam is influenced by this history [12,13]. OWOB prevalence among adults is higher
among CHamorus compared to other ethnic groups on Guam [11]. In a study among adults in the
two largest ethnic populations in Guam then (2008) and now, CHamorus and Filipinos, there was
a significant difference in energy density of diets between the two groups, where CHamorus had a
higher energy and added sugar intake [11]. In 2009 and 2010, prevalence of OWOB was highest among
CHamorus followed by Other Micronesians reported in one of the first reports to disaggregate BRFSS
data by ethnicity [14].

Children who are overweight or obese have a higher risk of being overweight or obese adults [15]
with an increased risk of chronic diseases later in life [16]. However, there is limited information
about young children in Guam, and data are needed to understand the burden of and determine the
appropriate intervention for childhood OWOB. Therefore, the purpose of this study is to estimate the
prevalence of OWOB among children in Guam and identify demographic or other risk factors targeted
by the Children’s Healthy Living (CHL) program for overweight and obesity in CHamoru children.

2. Methods

The Children’s Healthy Living Program for Remote Underserved Minority Populations in the
Pacific Region (CHL) program is a partnership of universities and local organizations across the remote
USAP (Alaska, American Samoa, Commonwealth of the Northern Marianas, Federated States of
Micronesia, Republic of Marshall Islands, Republic of Palau, Hawaii, and Guam) working to prevent
childhood obesity in the Pacific. Detailed information on the study design of the CHL program can be
found elsewhere [17,18]. Briefly, approximately 900 children (2–8 years) and their parents/caregivers
from each participating USAP jurisdiction were recruited to participate in the study at both baseline
and 24-month follow-up. On Guam, a total of 865 children were recruited at baseline (2013) and
696 children were recruited from the same communities at 24-month follow-up. This paper will focus
on baseline data of the 865 children on Guam recruited from communities (Agana Heights, Sinajana,
Agat, Santa Rita, Yigo, Yona, Talafofo, and Dededo) selected due to their size, representation of
indigenous (CHamoru) residents, and isolation and cohesiveness (for purpose of intervention) [17].
Behavioral targets of the CHL program were increasing sleep, water intake, fruit and vegetable intake,
physical activity and decreasing sugar sweetened beverage intake and sedentary behavior [17].

Child participants were recruited primarily at early childhood education centers (e.g., Guam Head
Start program, daycares, and public elementary schools) and community-based settings
(e.g., municipal centers and public housing areas) on Guam. Data collection occurred over a minimum
of two visits at these recruitment sites. Further details on recruitment is described elsewhere [17,18].
Child participants with parents’ consent and who provided assent were assessed.

At the first visit, parents/caregivers completed surveys on demographic information (i.e., child age,
place of birth, race/ethnicity, and sex; household composition and food security; parent/caregiver
educational level and income); cultural identity of the parent/caregiver; and general health status,
early life feeding behaviors, and sedentary screen-time and sleep behavior germane to the child.
They also received instructions for completing a two-day food and activity log at home during the
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week. Sleep quality was measured with the Tayside Children’s Sleep Questionnaire (TCSQ) [19]
and sleep duration [20] was reported by the parent/caregiver as hours asleep at night and during
naps. Other surveys were adapted from previous studies [17] with some local terminology added for
participant clarity.

Detailed information was collected in CHL on race/ethnic groups, allowing for multiple groups
to be selected; classification prioritized ethnic groups indigenous to the jurisdiction. On Guam,
the indigenous ethnic group is CHamoru [7,8]. If more than one race/ethnicity was indicated for the
child and CHamoru was selected, the child was categorized as CHamoru. If a child identified as not
CHamoru and as one of the other Micronesian Pacific Island ethnic groups, such as Chuukese, Palauan,
Yapese, Carolinian, Marshallese, or Kosraean, that child was categorized as ‘Other Micronesian’,
because the only other Pacific Island ethnic groups identified in the Guam sample were from Micronesia
and not Polynesia (e.g., Native Hawaiians or Samoans). These other Micronesian Pacific Islander
groups were grouped together as their numbers were small and they were all from neighboring
Micronesian islands.

Food insecurity was determined by asking one question from the US Department of Agriculture’s
Core Food Security Module: “In the past 12 months how often does money for food run out by the end
of the month?” (never, seldom, sometimes, most times, always, don’t know, or no response [21]. In this
study, options of don’t know or no response were treated as missing values. Household food insecurity
was considered present if the respondent chose sometimes, most times, or always. Parent’s cultural
identity, or “acculturation,” was determined using their responses reported on a cultural affiliation
questionnaire, which assesses one of four modes of acculturation, from two cultural identity subscales
(i.e., respondent’s ethnic group and the US): traditional (high ethnic and low US subscale scores),
integrated (high ethnic and high US subscale scores), assimilated (low ethnic and high US subscale
scores), or marginalized (low ethnic and low US scores) [22]. The same scoring system was used as
described by Kaholokula and others [22].

After providing assent, each child was measured for weight, height, and waist circumference (WC)
by trained and standardized research staff [23] and described in detail elsewhere [17]. These measures
were used to compute Body Mass Index (BMI) [weight (kg)/height(m)2], WC (cm) to height (cm)
ratios, and subsequent BMI z-score, BMI-for-age-percentiles, and waist circumference- for-age
percentiles [24,25]. BMI percentiles and z-scores were calculated according to CDC reference data [26]
and BMI categories were assigned accordingly: underweight (<5th percentile), healthy weight
(5th–84th percentile), overweight (85th–94th percentile), and obese (≥95th percentile). Children were
considered to have OWOB if their BMI percentile was greater than the 85th percentile for age and
sex. Cutoff values for biologically implausible values defined as <−5 or >4 standard deviations (SD)
for height-for-age z-score and <−4 or >8 SD for BMI z-score (according to CDC reference data) were
removed from the analysis. Child participants were considered to have abdominal obesity if their WC
was greater than the International Diabetes Federation [27] cut-point.

Fruit, vegetable, and beverage intake were estimated using data recorded in the child’s two-day
food logs reported by the child’s parent/caregiver and data collection methods are described in detail
elsewhere [17]. Parents/caregivers were asked to complete the food log of everything their children ate
or drank for two randomly assigned non-consecutive days, which included weekdays and weekend
days, between visit one and two, approximately 6 days apart. Assignment of recording days was based
on the day of the child’s first visit (Monday–Saturday). Parents/caregivers were instructed in record
keeping techniques with the aid of food models, service ware, and measuring utensils. During visit two,
research staff reviewed the food log with the parents/caregivers (e.g., for completeness of food entries,
portion size estimation, food preparation methods, and/or accuracy of recording data). Trained staff
entered the food log data into the Pacific Tracker3 (PacTrac3), which includes a food composition
database developed in collaboration with the University of Hawaii Cancer Center for use in the Pacific
region [28–30]. For this study, PacTrac3 data were used to classify beverage type (i.e., sugar-sweetened
beverages (SSB), milk, or water), fruit, and vegetable, as well as, calculate intake (e.g., cups/day,
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grams/day). All soft drinks, fruit drinks (fruit flavored or containing less than 100% juice), sports drinks,
energy drinks, sweetened tea, and sweetened coffee reported were classified as SSB. Milk intake in
cups was calculated for food log entries and included all fluid milk (cow and/or goat), chocolate milk,
lactose-reduced milk, lactose-free milk, filled milk, dry milk, and evaporated milk. Fruit, vegetable,
milk, water, and SSB intake per day was adjusted for within person variance and then averaged over
the two days of records, weighted for weekday and weekend days.

Compensation for study participation was provided at visits one and two [17]. The CHL program
was funded by the United States Department of Agriculture (USDA), Agriculture and Food Research
Initiative. Ethical approval for this project was granted by both the University of Guam Committee
on Human Research Subjects (IRB) (CHRS#12-74) and the University of Hawaii Institutional Review
Board (CHS#18915); written consent was given by all parents and oral assent was given by all child
participants prior to their inclusion, in accordance with the Declaration of Helsinki.

Statistical analyses were performed using IBM SPSS Statistics version 26 (IBM Corporation,
Armonk, NY, USA). Data analysis included the calculation of percentages for ordinal and nominal
data, and means and standard errors for the interval and continuous data. t-tests and chi-square tests
were used to test for differences in continuous and categorical variables, respectively, between BMI
groups and ethnic groups. Binary logistic regression models of OWOB assessed its relationship with
several potential covariates, adjusted for sex, age, and ethnicity and with the variance corrected
for clustering of children within communities. Odds ratios and 95% CI were the primary statistics
reported from the models. ORs were calculated for each of the following child factors from all
ethnic groups combined and in CHamoru and Other Micronesian children separately: child age, sex,
ever breastfed, sleep, sedentary screen-time, vegetable intake, fruit intake, water intake, and SSB
intake; and parent/caregiver education, acculturation and marital status; and household income,
food insecurity, food assistance, and household size. Does-response was assessed using a trend
variable assigned consecutive integers (1, 2, . . . ) to each ordered category. These factors were selected
among demographic and lifestyle-related variables because they have been reported to be risk factors
for OWOB among children [17,25,31,32] and/or were behaviors of interest for the CHL Program.
p values < 0.05 were considered statistically significant, whereas p values of 0.05 to 0.10 were described
as borderline significant.

3. Results

3.1. Demographics

The descriptive characteristics of child participants at baseline are summarized by ethnicity
in Table 1. The average age of child participants was 5.79 years (sem 0.062). The majority of
child participants were male (51.7%), 2–5 years old (53.8%), CHamoru ethnicity (64.8%), born on
Guam (84.5%), from households where parents were not married (60.7%) or there were 3 or more
children (76.2%), and considered as being ‘integrated’ (79.9%) as reported by parent/caregiver.

Overall, more than half of participating children (57.9%) came from families whose annual income
was less than $20,000, which was slightly below the poverty level for a 3-person household in 2015 [33].
A significantly higher (p < 0.001) proportion of Other Micronesian children (82.9%) came from families
whose annual income was less than $20,000 compared to CHamoru (54.2%), Filipino (43.24%) and
Other (40%) children. Parents of Filipino children reported significantly higher (p < 0.001) education
attainment levels compared to both CHamoru and Other Micronesians.

3.2. OWOB Prevalence

OWOB prevalence among child participants in this study is 27.4%. A significantly (p = 0.03)
higher proportion of Other Micronesian children were affected by obesity (BMI ≥ 95th percentile)
compared to CHamoru children (18.3% versus 11.0%) (Table 1).
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Table 2 shows child participant characteristics by weight status for all ethnic groups combined, and
for CHamorus and Other Micronesians separately. Children affected by OWOB reported statistically
higher body size parameters as measured by height, weight, WC, BMI, and BMI z-scores, compared to
healthy weight children. All children with abdominal obesity, as defined by the International Diabetes
Federation [27], were OWOB. Among children in the OWOB weight status, 33.8% had abdominal
obesity by this cut-point. It is worth noting that the International Diabetes Federation cut-point is
for older children (6–10 years old) and is limited in identifying younger children (2–5 years) with
abdominal obesity.

Table 2. Characteristics of child participants from Guam in the Children’s Healthy Living (CHL)
Program stratified by BMI status.

Participant & Family
Characteristics

Total Mean ± SE
or n(%)

Healthy Weight *
Mean ± SE or n (%)

OWOB * Mean ± SE
or n (%)

p Value

Age 0.069
2–5 years old 437 (53.2%) 329 (55.1%) 108 (48%)
6–8 years old 385 (46.8%) 268 (44.9%) 117 (52%)

Sex 0.917
Boys 425 (51.7%) 308 (51.6%) 117 (52.0%)
Girls 397 (48.3%) 289 (48.4%) 108 (48.0%)

Child Ethnicity 0.455
CHamoru 528 (64.55%) 392 (65.88%) 137 (61.16%)

Other Micronesians 203 (24.82%) 144 (24.20%) 59 (26.34%)
Filipino 77 (9.41%) 51 (8.57%) 26 (11.61%)
Other 10 (1.22%) 8 (1.34%) 2 (0.89%)

Annual Family Income Level 0.473
<$20,000 331 (57.6%) 234 (56.9%) 97 (59.1%)

$20,000–$34,999 86 (15%) 63 (15.3%) 23 (14%)
$35,000–$59,999 89 (15.5%) 60 (14.6%) 29 (17.7%)
>$60,000 69 (12%) 54 (13.1%) 15 (9.1%)

Receiving any Food Assistance 0.768
Yes 645 (78.5%) 470 (78.7%) 175 (77.8)
No 177 (21.5%) 127 (21.3%) 50 (22.2%)

Type of Food Assistance
SNAP 556 (67.9%) 408 (68.7%) 148 (65.8%) 0.426

Local Food Bank 99 (12.15%) 72 (72.7%) 27 (27.3%) 0.977
WIC 258 (31.5%) 196 (33.0%) 62 (27.6%) 0.135

Free School Lunch/Breakfast 238 (29.1%) 169 (28.5%) 69 (30.7%) 0.533
Food Insecurity 0.566

Always/most times 120 (16.7%) 88 (16.8%) 32 (16.3%)
Sometimes 253 (35.2%) 178 (34%) 75 (38.3%)

Seldom/never 346 (48.1%) 257 (49.1%) 89 (45.4%)
Parent/Caregiver Education 0.052

<12th Grade 269 (32.7%) 207 (34.7%) 62 (27.6%)
12th Grade/GED 331 (40.3%) 241 (40.4%) 90 (40%)

Some college or higher 222 (27%%) 149 (25%) 73 (32.4%)
Parent Marital Status 0.06

Married 326 (39.7%) 225 (37.7%) 101 (44.9%)
Not Married 496 (60.3%) 372 (62.3%) 124 (55.1%)

Number Children in
Household 4.19 ± 0.077 4.19 ± 0.094 4.22 ± 0.152 0.838

Household Size 0.491
1–2 children 197 (24.1%) 145 (24.4%) 52 (23.1%)
3–4 children 319 (38.9%) 224 (37.7%) 95 (42.2%)

5 or more children 303 (37%) 225 (37.9%) 78 (34.7%)
Birthplace 0.0070

Guam 685 (84.46%) 505 (85.45%) 180 (81.45%)
U.S. Mainland 52 (6.41%) 37 (6.26%) 15 (6.79%)
Saipan, CNMI 31 (3.82%) 20 (3.38%) 13 (5.88%)

Other Islands in Micronesia 25 (3.08%) 21 (3.55%) 4 (1.81%)
Philippines 13 (1.60%) 8 (1.35%) 5 (2.26%)

Other 4 (0.49%) 1 (0.17%) 4 (1.82%)
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Table 2. Cont.

Participant & Family
Characteristics

Total Mean ± SE
or n(%)

Healthy Weight *
Mean ± SE or n (%)

OWOB * Mean ± SE
or n (%)

p Value

Acculturation 0.2913
Integrated 542 (80.30%) 394 (79.60%) 148 (82.22%)
Traditional 94 (13.78%) 72 (14.54%) 21 (12.14%)
Assimilated 17 (2.52%) 10 (2.02%) 7 (3.89%)

Marginalized 23 (3.41%) 19 (3.84%) 4 (2.22%)
Ever Breastfed? 0.2140

Yes 529 (64.59%) 373 (66.13%) 156 (70.59%)
No 256 (35.41%) 191 (33.87%) 65 (29.41%)

Exclusively Breastfed? 0.5655
Yes 97 (13.13%) 68 (12.69%) 29 (14.29%)
No 642 (86.87%) 468 (87.13%) 174 (85.71%)

Child age (mos) when weaned
from breastmilk

9.76 ± 0.438
(n = 495) 10.22 ± 0.542 9.23 ± 0.844 0.3248

Child fed both breastmilk &
infant formula 0.5135

Yes 421 (54.39%) 300 (53.67%) 121(56.28%)
No 353 (45.61%) 259 (44.33%) 94 (43.72%)

Average Sleep Duration (h/d) 8.62 ± 0.08 8.64 ± 0.096 8.59 ± 0.142 0.7122
TCSQ Sleep Score 6.34 ± 0.205 6.55 ± 0.257 5.59 ± 0.341 0.0421

Met Sleep Recommendations 0.725
Yes 327 (40.4%) 236 (40%) 91 (41.4%)
No 483 (59.6%) 354 (60%) 129 (58.6%)

Average Screen-time (h/d) 5.26 ± 0.132 5.15 ± 0.150 5.55 ± 0.270 0.1743
Met Screen-time

Recommendations 0.444

Yes 117 (16.8%) 82 (16.2%) 35 (18.6%)
No 578 (83.2%) 425 (83.8%) 153 (81.4%)

Height (cm) 110.52 ± 0.47 108.71 ± 0.528 115.34 ± 0.912 0.0001
Weight (kg) 21.26 ± 0.26 18.77 ± 0.185 27.91 ± 0.635 0.0001
BMI, kg/m2 16.95 ± 0.11 15.64 ± 0.038 20.45 ± 0.280 0.0001
BMI z-score 0.485 ± 0.036 0.007 ± 0.026 1.79 ± 0.045 0.0001

Waist Circumference (cm) 55.07 ± 0.457 51.93 ±0.188 64.40 ± 0.707 0.0001
Abdominal Obesity 0.0001

Yes 75 (9.2%) 0 (0%) 75 (33.60%)
No 741 (90.8%) 591 (100%) 148 (66.40%)

Beverage Consumption ‡
Water (c/d) 1.31 ± 0.035 1.32 ± 0.043 1.28 ± 0.070 0.5793
Milk (c/d) 1.24 ± 0.24 1.25 ± 0.028 1.21 ± 0.048 0.5994

Sugar-sweetened drinks (c/d) 0.84 ± 0.03 0.81 ± 0.34 0.93 ± 0.061 0.0676
Vegetable Intake ‡ (c/d) 0.61 ± 0.013 0.60 ± 0.015 0.63 ± 0.027 0.2535

Fruit Intake ‡ (c/d) 0.88 ± 0.021 0.87 ± 0.025 0.89 ± 0.040 0.7324
Met Recommendation for:

Fruit Intake 257 (41.35%) 185 (39.96%) 79 (46.20%) 0.1571
Vegetable Intake 6 (0.90%) 4 (0.86%) 2 (1.17%) 0.7242

* Healthy weight defined as BMI between 5th–84th percentile for age and sex; ‘OWOB’ defined as BMI greater than
85th percentile for age and sex, ‡ Consumption in cups/day, weighted for weekday/weekend days and adjusted for
within person variance.

There were no significant differences in the presence of OWOB among children by sex, ethnicity,
family income, food insecurity, food assistance, acculturation, screen-time, sleep duration, or intake of
fruits, vegetables, water, or milk. OWOB children consumed marginally higher amounts (p value = 0.07)
of SSB compared to healthy weight children. There were significant differences in the presence of
OWOB among children by certain demographic characteristics, such as parent/caregiver education
level, parent/caregiver marital status, and child birthplace (Table 2).

To explore further the relationship between the behavioral factors of interest and OWOB, we
calculated ORs separately for CHamorus and Other Micronesians, the two largest ethnic groups in
the study (Table 3). Among CHamoru children, those who were older (6–8 years) were 1.63 times
more likely to be affected by OWOB than younger children (2–5 years). The highest prevalence of
OWOB was seen among Filipino children (33.8%), followed by Other Micronesian children (28.9%),
and CHamoru children (26.0%). OWOB was also more likely to occur among children ages 6–8 years
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(30.4%) versus children between the ages of 2–5 years (24.7%). No significant associations were found
except that association between OWOB and SSB intake, and OWOB and parent education level.

Table 3. Prevalence and Odds of OWOB among child participants from Guam in the Children’s Healthy
Living (CHL) Program.

Variable n % OWOB † (95% CI) Adjusted OR †† (95% CI)

Overall 822 27.4 (24.3–30.4)
Child Characteristics

Sex
Males 425 27.5 (23.3–31.8) Referent

Females 397 27.2 (22.8–31.6) 1.001 (0.734–1.366)
Age

2–5 years 437 24.7 (20.7–28.8) Referent
6–8 years 385 30.4 (25.8–35.0) 1.337 (0.982–1.821)

Ethnicity
CHamoru 531 26.0 (22.3–29.7) Referent

Other Micronesians 204 28.9 (22.7–35.2) 1.186 (0.824–1.706)
Filipino 77 33.8 (23.0–44.6) 1.454 (0.870–2.430)
Other 10 20.0 (−10.2–50.2) 0.693 (0.144–3.329)

Child was breastfed?
Yes 530 29.4 (25.5–33.3) 1.212 (0.861–1.708)
No 258 25.6 (20.2–30.9) Referent

Child met sleep standard for his/her age group?
Yes 327 27.8 (23.0–32.7) 0.994 (0.717–1.378)
No 483 26.7 (22.8–30.7) Referent

Child met recommendation for screen-time of ≤ 2 h/day?
Yes 117 29.9 (21.5–38.3) 1.184 (0.757–1.851)
No 578 26.5 (22.9–30.1) Referent

Child met recommendation for vegetable intake for his/her age group?
Yes 6 33.3 (−20.9–87.5) 1.342 (0.236–7.649)
No 628 26.9 (23.4–30.4) Referent

Child met recommendation for fruit intake for his/her age group?
Yes 264 29.9 (24.4–35.5) 1.274 (0.89–1.823)
No 370 24.9 (20.4–29.3) Referent

SSB beverage intake ‡ (cups/day)
(zero intake—referent) 160 21.3 (14.8–27.7) Referent

Tertile 1 (≤0.42) 54 33.3 (20.4–46.3) 2.064 (1.024–4.160)
Tertile 2 (0.42–1.09) 208 26.4 (20.4–32.5) 1.495 (0.90–2.485)

Tertile 3 (≥1.09) 212 30.2 (24.0–36.4) 1.824 (1.106–3.007)
p-value for trend 0.022

Water beverage intake ‡ (cups/day)
(zero intake—referent) 26 30.8 (11.8–49.8) Referent

Tertile 1 (≤0.92) 195 26.2 (19.9–32.4) 0.827 (0.333–2.057)
Tertile 2 (0.92–1.62) 201 28.4 (22.1–34.6) 0.965 (0.388–2.401)

Tertile 3 (≥1.62) 212 25.9 (20.0–31.9) 0.819 (0.330–2.033)
p-value for trend 0.597

Parent/Caregiver/Household Characteristics
Education Level

Less than 12th grade (use this as
reference) 269 23.1 (18.0–28.1) Referent

12th grade/GED or higher 553 29.5 (25.7–33.3) 1.415 (1.004–1.994)
Marital Status

Married 326 31.0 (25.9–36.0) Referent
Not married 496 25.0 (21.2–28.8) 0.776 (0.564–1.067)

Annual household income
<$20,000 331 29.3 (24.4–34.2) Referent

$20,000–$34,999 86 26.7 (17.2–36.3) 0.867 (0.501–1.502)
$35,000–$59,999 89 32.6 (22.7–42.5) 1.121 (0.664–1.892)

$60,000+ 69 21.7 (11.8–31.7) 0.600 (0.315–1.143)
Food Insecurity

Yes 120 26.7 (18.6–34.7) 0.982 (0.627–1.539)
No 599 27.4 (23.8–31.0) Referent
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Table 3. Cont.

Variable n % OWOB † (95% CI) Adjusted OR †† (95% CI)

Receiving any food assistance
Yes 645 27.1 (23.4–30.6) 1.027 (0.699–1.509)
No 177 28.3 (21.6–35.0) Referent

Number of children in household
1–2 children 197 26.4 (20.2–32.6) Referent
3–4 children 319 29.8 (24.7–34.8) 1.18 (0.789–1.766)

5 or more children 303 25.7 (20.8–30.7) 0.948 (0.622–1.446)
Acculturation—Family considers themselves ‘integrated’ into culture

Yes 545 27.3 (23.6–31.1) 1.162 (0.747–1.81)
No 134 24.6 (17.2–32.0) Referent

†‘ Underweight’ children excluded from analysis, †† Adjusted for clustering by community, age, sex, and ethnicity,
‡ Consumption in cups/day, weighted for weekday/weekend days and adjusted for within person variance.

3.3. Nutrition Factors

The majority of child participants (80.4%) were receiving some sort of food assistance,
including USDA Supplemental Nutrition Assistance Program (SNAP) (67.8%), USDA Supplemental
Nutrition Assistance Program for Women, Infants, and Children (WIC) (31.8%), free or reduced school
lunch/breakfast (28.8%), and/or assistance from a local food bank (11.7%). Food insecurity was also
prevalent as 51.5% of participants reported that food money ran out at the end of the month either
always/most times (16.8%) or sometimes (34.7%). Significantly more (p < 0.001) Other Micronesian
child participants (74.9%) reported that food money ran out at least sometimes compared to CHamoru
(42.8%), Filipino (53.7%) and Other (50%) children.

As for OWOB risk factors and CHL related nutrition behaviors, majority of children did not meet
recommendations for fruit (58.7%) and vegetable (99.1%) intake and consumed SSB (73.7%). Fruit and
vegetable intake did not differ significantly by ethnicity (Table 1) or by the presence of OWOB (Table 2).
Mean intake of vegetables was low (0.61 c/d) and only 6 children surveyed (0.09%) consumed the
recommended amount of vegetables daily, which equates to ≥1 cup equivalent for children 2 years old
and ≥1.5 cup equivalent for children 3–8 years old [34–36]. Mean intake of fruits was somewhat better
(0.88 c/d) and more children (41.3%) reported consuming the recommended amount of fruits daily,
which equates to ≥1.5 cup equivalent for children 2–8 years old [34].

When asked if the child participant was ever breastfed as a baby, about two-thirds (67%) of all
parents/caregivers responded yes. Only 13.1% of children were exclusively breastfed (not shown in
table), while 54.2% of children surveyed were fed both breastmilk and infant formula as an infant.
CHamoru children (21.32) reported being significantly less likely to be ever breastfed compared to
Other Micronesian children (37.2%). Of those children who were ever breastfed, Other Micronesian
children were weaned at a significantly older age (12.48 m) compared to children from other ethnic
groups. Breastfeeding during infancy, whether exclusive or mixed with infant formula feeding did not
differ by the presence of OWOB. Age at weaning also did not differ by presence of OWOB. Among those
who were exclusively breastfed, mean age at weaning was significantly higher compared to mixed fed
infants (19.27 ± 1.19 m versus 7.56 ± 0.04 m). Risk of OWOB increased significantly with SSB intake.
The relationship between presence of OWOB and increasing SSB intake was not monotonic, the ORs
(95% CI) for SSB intake for the tertile groups for consumers compared to those with zero intake of SSB
were 2.06 (1.02–4.16), 1.50 (0.90–2.48), and 1.82 (1.11–3.01). Only 25% of children surveyed consumed
the recommended amount of “zero intake” of SSB [37], and one-third of child participants consumed
at least 1.1 cups of SSB per day. Correlation analysis showed that SSB intake was positively and
significantly associated with BMI and waist circumference. Among CHamoru children, the relationship
between SSB intake and body size was stronger, as SSB intake among CHamoru children was positively
and significantly associated with BMI (r = 0.18, p = 0.0002), waist circumference (r = 0.16, p = 0.0007),
and BMI z-score (r = 0.11, p = 0.023). In Table 3, although SSB intake was not significantly associated
with OWOB for Other Micronesian children, it was significant for CHamoru children. The relationship
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again was not monotonic, the ORs (95% CI) for SSB intake for the tertile groups of consumers compared
to those with zero intake of SSB were 3.15 (1.1–9.08), 2.84 (1.28–6.30) and 3.19 (1.46–6.95).

3.4. Sleep and Screen-Time

Less than half of all children surveyed (40.4%) met the sleep duration recommendations [20];
those recommendations being at least 8–11 h/day for children under the age of 5 years, and 8–10 h
per day for children 5 years and older. Sleep duration did not differ by the presence of OWOB,
yet we observed TCSQ sleep quality scores (Table 2) were significantly lower (p = 0.0421) among
children affected by OWOB compared to children with healthy weight (5.59 ± 0.34 versus 6.55 ± 0.26,
respectively), meaning that children with OWOB were statistically more likely to suffer from sleep
disturbances. Only 30.58% of Other Micronesian children met sleep recommendations (Table 1),
which was significantly (p = 0.014) less than children from other ethnic groups. Other Micronesian
children reported TCSQ sleep quality scores that were lower (p = 0.056) compared to children from the
other ethnic groups.

The recommended daily screen-time for children is less than 2 h per day [38]. Only one sixth of the
children surveyed (16.9%) met this recommendation and meeting screen-time recommendations did
not differ between healthy weight children and children affected by OWOB. Average screen-time was
slightly more than 5 h per day. When comparisons were made across four ethnic groups, there was a
significant difference (p = 0.007) in the proportion of children that met the screen-time recommendation:
CHamorus (16.7%), Other Micronesian (22.5%), Filipinos (4.6%), and Other (0%). There was also a
significant difference in the average daily screen-time among the ethnic groups: CHamorus (5.13 h),
Other Micronesians (5.45 h), Filipinos (6.24 h), and Other (3.59 h) (Table 1).

3.5. Acculturation

The majority of study participants (80%) considered their cultural affiliation as integrated, meaning
a bicultural orientation where the respondent retains their ethnic cultural identity at the same time
moving to join the dominant society (i.e., the US) [22,39]. About 15% of both CHamorus and Other
Micronesians considered their cultural affiliation traditional, where the respondent retains their ethnic
identity and does not recognize or identify with cultural characteristics of the US [22,39]. The Other
Micronesians (6.1%) were most likely of all ethnic groups represented in this study to report having
marginalized cultural affiliation, meaning the respondent does not maintain his/her ethnic cultural
characteristics and excludes or withdraws him/herself from the dominant society (i.e., the U.S.) [22,39].
Acculturation did not differ by the presence of OWOB (Table 2). However, we observed that among
Other Micronesians, children from families who considered their cultural affiliation as integrated into
the culture were 2.05 times more likely to be affected by OWOB (CI 0.81–5.20) (Table 3).

4. Discussion

Pacific Islanders were one of the fastest growing racial/ethnic groups in the US in 2000 to
2010 [40], but little is known about OWOB for young children (under 11 year) in the Pacific region [41].
The current prevalence of OWOB in the US is 25% among children between 2–5 years and 32.8%
among children between 6–8 years [42]. Findings in this current study on Guam were consistent
with previous reports [43] and similar to the US. Unlike previous reports, this study revealed ethnic
differences in OWOB presence among children in Guam. Filipino and Other Micronesian had the
highest OWOB (33%) and obesity (18%) prevalence compared to other children in Guam.

Some recent studies have shown that obesity among various Pacific Islander groups, such as
Samoans, may be linked to specific genes influencing adiposity [40,41,44]; and Pacific Islanders of
Polynesian, Micronesian, and Melanesian origin may all carry certain alleles associated with higher
body weight, BMI, and risk of obesity [41,45]. Waist circumference-to-height ratio (WHR) and WC
have been used as markers of body adiposity in adults and, in children and adolescents (8–18 years),
WHR was determined to be better at predicting adiposity [46–48]. One third of this study’s participants
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(33.8%) were observed to have both, abdominal obesity and OWOB. On the other hand, healthy weight
children did not have abdominal obesity (0%). This aligns with other studies that found adiposity
indicators, like WC, were associated with being overweight [47]. This is alarming as the location and
distribution of body fat are associated with cardiovascular and other disease risks that is likely to
continue into adulthood [49–51].

Given the steady rise in obesity over the past few decades on a global scale, environmental
(macro and micro) factors promoting obesity are a more likely predominant explanation for racial/ethnic
disparities in childhood obesity [52], such as the increase in obesity seen on Guam and other islands in
the Pacific. A majority of children in this study exhibited several behaviors that are obesity risk factors
such as low intake of fruits and vegetables, high intake of SSB, low sleep duration, and high amounts
of sedentary screen-time [52].

From the micro-environment of children, which includes their families and households, in this
study, the majority of child participants came from households where their parent/caregivers were
unmarried (60.7%) and with at least three or more children (76.2%). Those two factors, compounded by
the fact that most of the parents in this study also reported low annual incomes, can lead to an
unfavorable home environment. Research shows that family and home environments, whether directly
or indirectly, may contribute to the development of child OWOB [53–55], possibly through maternal
depression and stress. Further study and more specific questions regarding parent/caregiver
psychological health is needed to determine impact of family environment on the presence of
OWOB among children in Guam.

Surprisingly, 59.65% of the children surveyed did not meet the recommended sleep duration
for their age. Research indicates that short sleep duration puts children at risk for obesity and other
metabolic, cardiovascular, and behavior disorders [56–58]. This study did not find sleep duration
to differ significantly between children with OWOB and those with healthy weight, possibly due
to misinterpretation of the question on sleep duration. Given some of the very low reported levels
of sleep hours per day for some of the children and limited English comprehension of the islander
parents/caregivers, it is possible that nap times during the day may have been the reported time,
rather than sleep over the 24-h period. Future studies should separate questions for nap time sleep from
night sleep in determining USAP children’s sleep duration and include more qualitative non-subjective
measurements for sleep duration. In terms of sleep quality, children affected by OWOB in this study
were statistically more likely to suffer from sleep disturbances. This aligns with the research linking
poor sleep quality with OWOB and an increased risk for cognitive and behavioral problems [56–58].
Research also links reduced sleep quality with high SSB intake, and in bed screen-time [59].

The proportion of children exceeding screen-time recommendation in this study (83%) was
comparable to the 87% reported among a prospective birth cohort of children born in New York led
by researchers from the NIH Eunice Kennedy Shriver National Institute of Child Health and Human
Development [60]; however, the birth cohort included children below two years of age, which is an age
group not represented in the Guam study. Additionally, while screen-time increased with preschool
age in the birth cohort, the total hours decreased to below the recommended two hours by 7–8 years
old possibly due to school activities [60].

Screen-time has been shown to be associated with other behaviors, especially sleep. Twenge and
colleagues [61] found an inverse association, increased screen-time and reduced sleep duration
among a population-based sample of 0–17 year-olds in the United States [61]. In the current study,
the order of screen-time, from highest to lowest duration, by ethnic group was Filipino (6.24 h),
Other Micronesians (5.45 h), CHamorus (5.13 h), and Other (3.59 h). Interestingly, this order was
reversed with the TCSQ sleep quality score, where Filipinos reported the highest quality sleep
(5.23), and Others reported the lowest quality (8.0), but the pattern was not the same with sleep
duration. Researchers are beginning to better understand the impact of screen-time on sleep behaviors.
For example, Guerrero and colleagues [62] found a relationship between increased screen-time and
increased social problems (e.g., rule-breaking, social problems, aggressive behavior, and thought
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problems), and the relationship was mediated by sleep duration (every hour increase in sleep = 8.8%
to 16.6% decrease in problem behaviors) among 9–10 year-old in the Adolescent Brain Cognitive
Development study [63]. Behavioral problems, although complex, are real issues plaguing children and
should be considered when building wellness models for healthy families and healthy communities.
Further studies on screen-time among children in Guam are warranted.

Childhood behavioral problems have been linked to racial socialization and cultural resilience [64].
Similarly, cultural affiliation, or low acculturation (i.e., traditional), is associated with lower rates of
obesity and sedentary behaviors in children from migrant populations [39]. Although CHamorus in
this study are not likely migrants, the long history of colonization in Guam lends to multidimensional
acculturation for CHamorus and Guamanians alike in the presence of the colonial society (i.e., the US).
This considered, CHamoru children had the highest proportion of parents identifying as traditional and
the lowest rates of obesity compared to other ethnic groups in this study. Additionally, Filipino children
identified most as integrated had the highest average screen-time (hr/d) compared to other ethnic
groups. These findings align with previous studies that have found traditional or low acculturation to be
protective against obesity and related risk factors [39,65,66]. A greater acculturation (i.e., assimilation)
has also shown to be a predictor of lower fruit and vegetable intake among adult populations [67,68].
Therefore, obesity interventions or health programs in Guam should include cultural values and
practices to maintain or reinforce healthy cultural behaviors unique to each and shared across
ethnic group(s).

Both fruit and vegetable consumption among child participants in this study were low and failed
to meet the recommendations set forth by the USDA Dietary Guidelines [34]. Little is known about the
food intake, particularly fruits and vegetables, of children on Guam. Pobocik and colleagues [69,70]
studied the food intake of over 1000 elementary school-aged children on Guam and reported fruit
and vegetable consumption was well below the recommended intake levels [69]. Leon Guerrero and
Workman [71] studied health behaviors of adolescents on Guam and reported that only 24.7% of those
surveyed reported consumption at least one serving of fruit and/or vegetable, and none reported
consuming the recommendations for fruit and vegetable intake set forth by the Dietary Guidelines.
Children on Guam are not unlike children from the US mainland. A recent study looking at diet quality
by BMI category of US children found that in general, all children’s diets in the United States were poor
and in need of improvement, regardless of BMI status, age, sex, race/ethnicity, and poverty-to-income
ratio classification [72].

CHamorus and Filipinos were less likely to exclusively breastfeed and tended to breastfeed for
shorter durations, compared to other Micronesians and Other ethnic groups; mixed feeding was
common in all ethnic groups and associated with earlier weaning as would be expected. No relationship
of feeding method with overweight and obesity was detected. Breastfeeding is the biologic norm,
important for infant nutrition and healthy growth, and protective for child obesity [73–75], although not
demonstrated here. Likely other socio-economic (e.g., income) and behavioral factors (e.g., SSB intake)
not controlled in this comparison confound the association in this study.

Several studies have shown an association between SSB intake and adverse health outcomes
in children, particularly overweight, obesity, unhealthy weight gain, and central adiposity [76–78].
Other longitudinal data indicated that children consuming as little as one SSB serving per day were
55% more likely to be OWOB compared to children with limited SSB consumption [79]. Wojcicki and
colleagues looked at the effect of SSB consumption on leukocyte telomere length in preschool
children [80]. After adjusting for age sex, and BMI, SSB intake among the preschool children was
significantly related to shorter leukocyte length. Shorter telomere length has been associated with
a number of adverse health outcomes such as type 2 diabetes, stroke, and myocardial infarction
because shortened telomeres start the inflammatory cascade through increased production of cytokines,
thus adversely impacting cellular health [80]. SSB consumption during early childhood may not lead
immediately to OWOB, as there may be an age effect. It may take a number of years of SSB consumption
before the development of OWOB or metabolic changes associated with obesity [77,80–82]. SSB intake
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may also be a marker of a food and beverage intake pattern and other lifestyle factors that are associated
with obesity.

High intake of SSB is common on Guam, and SSBs are readily available in food stores. In a previous
study looking at dietary intake of CHamoru and Filipino adults living on Guam, Leon Guerrero and
colleagues [11] found that CHamoru adults reported consuming between 7–9% of food energy from
SSBs (7% for women and 9% for men). In this same study [11], SSBs were the second largest contributor
to energy intake for CHamoru adults; and third largest contributor to energy intake for Filipino adults.

Like most other islands in the Pacific, Guam relies heavily on imported processed foods.
A 2013 survey of processed foods available in the Pacific Islands [83] showed that Guam recorded the
highest number of available processed food products compared to the other Pacific islands surveyed,
with over 2100 products available to Guam consumers. High intake of SSBs is not only a problem
for children affected by OWOB. The child participants surveyed on Guam, whether or not they were
affected by OWOB, consumed a high amount of SSBs, putting them at risk for developing adverse
cardiometabolic outcomes as they grow older.

There were some limitations to this study. The small sample size of Other Micronesian and
especially Filipino children made ethnic group comparisons difficult. Some parents/caregivers,
Other Micronesians in particular, spoke English as a second language and had limited English
comprehension; making it difficult to comprehend and respond to survey tools. This may have affected
accuracy of results. Generalizations are limited due to non-randomized cluster sampling. However,
recruitment of children at the community-based settings in Guam communities was designed to ensure
appropriate representation by age, sex, ethnicity, and geographic location. Since this study reports
cross-sectional data, causal association of OWOB with behavioral or demographic factors cannot be
conclusively inferred; longitudinal examination is needed to confirm causality. Despite the limitations,
we were able to recruit and assess a large sample of children (n = 865) from several communities
across the island that were representative of the major ethnic groups on Guam. Anthropometric
measurements of children surveyed provided a reliable assessment of OWOB status among children
on Guam.

In conclusion, the child participants surveyed on Guam, whether or not they are currently affected
by OWOB, are at a high risk for developing OWOB in adulthood, as well as other chronic diseases.
Specifically, for OWOB risk factors and CHL behaviors, the majority of children surveyed did not meet
recommendations for: sleep duration (59.6%), sedentary screen-time (83.11%), or fruit (58.7%) and
vegetable (99.1%) intake and consumed SSB (73.7%). The study found children affected by OWOB in
this study, were statistically more likely (p = 0.042) to suffer from sleep disturbances, and consumed
marginally higher amounts (p value = 0.07) of SSB compared to children with healthy weight. The study
identified indicators of potentially stressful home situations among participant families that include:
high prevalence of the child participants being cared for by a single parent (60.7%), families with
three or more children (76.2%), and high prevalence of some level of food insecurity (59.6%) among
participant families. These family stressors may also contribute to OWOB among children on Guam.
With respect to OWOB prevention guidance, the study found evidence supporting previous studies’
findings that traditional or low acculturation to be protective against obesity [39,59,60]. Healthy cultural
behaviors, both unique to and shared across ethnic group(s), should be incorporated in future obesity
interventions by highlighting healthy cultural values, practices and traditional foods. The obesogenic
factors identified in the children in this study provide a basis for health promotion and obesity
prevention guidance for children in Guam.
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Abstract: The present study utilized a cross-sectional design to assess whether two indicators of
the community food environment, parent perceptions of the community food environment (i.e., as
assessed by parent reports of access to, availability, and affordability of foods) and limited food
access (via census data), were related to executive function in preschool children. Children were
recruited during the 2014–2015 academic year from Head Start and community-based preschools
(N = 102) and children’s executive function ability was tested using the Head–Toes–Knees–Shoulders
task. Multiple linear regression analysis was used, as well as adjusted standard errors to account
for clustering at the classroom level. Parent reports of their food environment were significantly
related to children’s executive function, such that children living in higher quality community food
environments had better executive function. In contrast, limited food access using census data was not
significantly related to executive function. The results suggest that parent reports of the community
food environment in early childhood may contribute to young children’s cognitive outcomes more
so than being in a limited food access area, as these data may not represent individual behaviors or
capture the variability of the accessibility and affordability of healthy foods. Policy makers should
consider correlations between the food environment and early executive functioning when developing
new community health/wellness legislation.

Keywords: food access; executive function; preschool children; community food environment

1. Introduction

The consumption of foods with a low nutrient density is an important correlate of well-being
throughout life and a modifiable risk factor for chronic disease and obesity, which may originate in
childhood [1–3]. Previous studies suggest that not eating a healthful diet, adhering to the Dietary
Guidelines for Americans (DGA) recommendations, may lead to adverse health outcomes, including
iron-deficiency anemia, acute infection, chronic illness, and developmental and mental health problems
among children [3–6]. Thus, determining the barriers to health and nutrition among United States
(U.S.) children is critical to improving child nutrition and health in both the short and long term [7,8].
The community food environment, conceptualized as the reported availability, affordability, and
accessibility (e.g., available transportation) of grocery stores or other entities that sell foods that
promote a healthful diet via the DGA [3], has received consideration as a possible determinant of
dietary intake and may potentially be associated with health and nutritional outcomes [9,10]. Evidence
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that U.S. children and adults with access to foods that most children do not consume enough of, such
as fruits and vegetables, fare better in terms of their physical health and development compared to
those without such access, supports recognition of the community food environment as a potential
barrier to health and nutrition [3,11,12].

However, most of the research examining the community food environment in the context of child
health and nutrition focuses on the consumption of fruits and vegetables and dietary intake [13–16], but
does not consider a potential link between the community food environment and cognitive outcomes.
Alternatively, the research related to cognitive outcomes has explicitly evaluated the role of nutrition
and obesity (e.g., body mass index (BMI)) in older children and adults on cognition and has not
explored the association of the community food environment with cognitive development in young
children [16–19]. Thus, very little is known about the potential association between the community food
environment and cognition among children. Further, no studies have examined the relation between
the community food environment (as assessed both subjectively via parent reports and objectively via
census data) and executive function in early childhood, thus warranting further exploration.

Executive function (EF) is defined as the ability to flexibly control automatic thoughts and
responses in order to remain goal oriented [20,21] and is considered to have three integrated, cognitive
components [22,23]: cognitive flexibility, inhibitory control, and working memory. EF in early
childhood is considered an important predictor of short- and long-term health, social–emotional, and
academic outcomes [21,24–28]. For instance, children with stronger EF during the preschool years
(3−5 years of age) have lower BMIs [25] and demonstrate better social–emotional competence, school
readiness, and subsequent academic achievement (e.g., literacy and math [21,26–28]). Furthermore, the
preschool years are considered a sensitive period for the development of EF due to structural changes
in the prefrontal cortex [20,29]. Thus, EF in this developmental stage may be more susceptible to
environmental influences. This may be particularly true for nutritional deficiencies during the preschool
period [30,31]. Nutrients provide the necessary components for developmental processes in the brain
that impact cognitive development (e.g., neuronal/glial metabolism, myelination, enzyme systems), and
deficits to these processes may have a larger impact when the brain is rapidly changing [30,31]. Thus,
the community food environment, particularly the availability and affordability of healthful foods,
may support EF development in preschool; however, to date, no studies have explored this association.

An Ecological Systems Perspective

The ecological systems perspective illustrates the barriers and opportunities of the community
food environment [7,8,32,33]. This perspective posits that, although development is impacted by
multiple levels of children’s environments, proximal contexts or microsystems (including barriers
to healthy food in the home and neighborhood contexts) are the most critical, and often interact
to influence developmental outcomes, such as EF [32]. Afshin and colleagues use this perspective
to explain an individual’s relationship with health and nutrition using a series of microsystems
ranging from the most distal, like global impact (e.g., global food availability, international food
standards) to sociocultural influences (e.g., social support, social class, social culture norms, social
cohesion) to characteristics of an individual (e.g., age, sex, nutritional knowledge, and skills [7]). This
framework acknowledges the multiple factors that impact health and nutrition while specifically
focusing on associations between individuals and their environments. Barriers to health and healthy
diets within the larger ecological system can lead to nutrition risk, which may impact parts of the
developing brain that are associated with EF skills [30], thus impacting early EF ability. Though these
barriers likely apply more directly to adults, children’s food consumption is influenced by parenting
behaviors, including parental fruit and vegetable, fat, and soft drink intake [34,35], as well as parental
feeding style and eating practices [8]. If parents experience barriers related to the availability and
affordability of foods, their children may consequently be impacted when these barriers are linked with
developmental trajectories [11,12]. Furthermore, parent experiences and perceptions of the community
food environment (via parent reports of access to, availability, and affordability of foods) may be
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particularly important for evaluating access to healthful foods, relative to more distal assessments of
the community food environment (i.e., census tract data of limited access). This may be true given
that parents are embedded in their communities, likely understanding the nuances of their access
and affordability. In support of this hypothesis, previous literature has identified that adults are able
to accurately assess their access to healthful foods, whereas food desert status (as indicated by U.S.
Department of Agriculture (USDA) and geographic information systems (GIS) data at the census tract
level) does not predict where (e.g., nearest store) and how (e.g., shopping frequency) individuals obtain
healthful foods [36]. These discrepancies may be a result of certain assumptions made when evaluating
access using census tract data (e.g., assuming individuals buy from the closest stores [37]). Therefore,
knowledge of how the community food environment (perceptions or limited access) is related to child
development may inform public health programs and policies.

Therefore, the primary aim of this study is to assess whether two indicators of the community
food environment, parent reports of the food environment (e.g., access to, availability, and affordability
of foods) and limited food access (via census data), are related to EF in children who are three to five
years old. We included a subjective (parent reports) and objective measure (census data on limited
food access) of the community food environment to test whether differential associations would
emerge between these indicators and EF skills. We expected that children with better community food
environments across both indicators would have higher scores on an EF task compared with those
with worse community food environments.

2. Materials and Methods

2.1. Study Design and Participants

Participants of this cross-sectional study included 102 children (52% female) and one of their
parents recruited from 25 Head Start (a federal U.S. preschool program for children from families
with low incomes (according to federal U.S. Poverty Guidelines) that provides early child care and
education) or center- and community-based preschools located in the central and western regions of a
Midwestern state in the U.S. Children ranged from 40 to 66 months (Mean [M] = 53.57, SD = 5.42), and
51% of children were enrolled in Head Start classrooms. Parents’ highest level of education ranged
from 8th grade to doctoral degree, and approximately 50% of the sample had a high school degree or
less. Refer to Table 1 for full descriptive and demographic information.

Table 1. Descriptive means and standard deviations for full sample (N = 102).

Variable Mean or % (SD) Minimum Maximum

Age (in months) 53.57 (5.42) 40 66
Sex a

Male (n = 48) 48.00% — —
Female (n = 52) 52.00% — —
White (n = 71) b 69.61% — —

Non-white (n = 26) 25.49% — —
Parent education c 4.59 (1.59) 1 9

Home learning environment d 2.41 (0.64) 0.80 3.83
HTKS 8.79 (13.53) 0 50

Limited food access e

Yes limited access (n = 28) 34.15%
No limited access (n = 54) 65.85%

Food environment f 2.85 (0.91) 0 4

Note. HTKS = Head–Toes–Knees–Shoulders task. Food environment was measured so that affirmative answers to
each of the four questions were scored and tallied with scores ranging from 0–4, where 0 = poor food environment.
a Sex was not reported for two children. b Race/ethnicity was not reported for five children. c 1 = 8th grade or less, 2
= some high school, 3 = GED, 4 = high school diploma, 5 = some college, 6 = associate’s degree, 7 = bachelor’s
degree, 8 =master’s degree, 9 = doctoral/postgraduate degree. d Home learning environment was missing for 18
children (84 children). e Limited food access was missing for 20 children (82 children). f Food environment was
missing for 23 children (79 children).
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2.2. Procedures

Recruitment occurred during the 2014–2015 academic year after the study was approved by a
university Institutional Review Board. Preschools were selected using convenience sampling. Parents
of all children within the target age range of 3–5 years old at participating preschools were sent a
letter describing the study, inviting them and their child to participate. Written consent was obtained
from parents/primary caregivers prior to participation. Children in the study did not have any known
pervasive developmental disorders or have severe auditory or visual impairments that were not
corrected, and all children were English language speakers who were able to participate in assessments
that required an age-appropriate level of English proficiency. All data were collected in the preschool
year at one time point. Parents self-reported demographic and family characteristics (e.g., home
learning environment) on paper surveys, and children were interviewed in a quiet space in their
classrooms for the direct assessment of EF. All participants received a $20 gift card and children
received stickers after completing assessments.

2.3. Measures

2.3.1. Food Environment

Parent reports of the food environment were assessed using a four-item survey that included
the following items: “My family has access to a grocery store”; “There is public transportation to
the grocery store”; “Is healthy food available in your community?”; “Is healthy food affordable in
your community?” Responses were scored 0 for “no” and 1 for “yes” and scores were summed (range
0–4) to create the independent variable for use in analysis. Lower scores indicated a poorer food
environment based on the U.S. Department of Agriculture’s (USDA) definition of food access [38].
Researchers created this parent-report tool because a brief measure, quantifying perceptions of access,
transportation, and healthy food availability and affordability was not available [8,11]. The simplicity
of the measures (four items), which is similar to other measures that have been used in previous
studies [36,39–42], affects the moderate internal reliability for this novel measure (α = 0.50).

2.3.2. Limited Food Access

Census tract information for each residential address (parent-reported) in the sample was obtained
from the American Community Survey (ACS) data from the U.S. Census Bureau [43], which uses
geographical information systems (GIS) software to map addresses to a specific census tract that
corresponds with an address. We used tracts from the 2015 data set, the year the data were collected.
After identifying what tract families were in, we used a low-access tract variable from the USDA Food
Access Research Atlas data set [44]. The Food Access Research Atlas data flagged a tract as low access
if at least 500 people within the tract, or 33% of the population, were living more than 1

2 mile (urban
areas) or 10 miles (rural areas) from the nearest supermarket, supercenter, or large grocery store. In the
USDA’s 2017 report, a directory of supermarkets, supercenters, and large grocery stores within every
state was derived by merging the 2015 Store Tracking and Redemption System (STARS) directory of
stores authorized to accept Supplemental Nutrition Assistance Program (SNAP) benefits and the 2015
Trade Dimensions TDLinx directory of stores. The block-level population data were derived from the
2010 Census of Population and Housing. A score of 1 indicated a tract was low access and a score of 0
indicated the tract was not considered low access.

2.3.3. Executive Function

Children’s executive function was assessed using the Head–Toes–Knees–Shoulders task
(HTKS) [45]. The HTKS is a behavioral measure that directly taps into all three components of
EF (cognitive flexibility, inhibitory control, working memory), and is typically used with children
aged 3–7 [45]. In the practice round, children are first asked to respond by following the directions
normally (e.g., “Touch your head”), and then they are asked to respond in the opposite way (e.g.,
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children are asked to touch their heads when the research assistant says, “Touch your toes”). The
testing portion consists of 30 items (three sections of ten), and the sections get increasingly complex as
the child progresses. In order to progress to the second section, a child has to receive a score of at least
4 on the first section, and similarly, in order to progress to the third section, a child has to receive a
score of at least 4 on the second section. Each correct response is worth two points, making the range of
possible scores 0–60. Each item is scored as 0 (incorrect), 1 (self-correct), or 2 (correct). The total score
of the test is the sum of all the correct items. This task takes approximately 5–10 min to complete. The
interrater reliability, scoring agreement, and test–retest reliability is high and shows strong predictive
validity [45]. The HTKS has moderate to strong effect sizes, predicting achievement levels and gains
across multiple studies in pre-k and kindergarten-aged children [45–47].

2.3.4. Covariates

The characteristics of children and parents, including child sex (1 = female), child age (range:
40–66 months), race/ethnicity (0 =White/Caucasian, 1 = non-White/Caucasian) and parent education
(1 = 8th grade or less, 2 = some high school, 3 = GED, 4 = high school diploma, 5 = some college,
6 = associate’s degree, 7 = bachelor’s degree, 8 =master’s degree, 9 = doctoral/postgraduate degree)
were also assessed in the participant survey. See Table 1 for details on response categories. The home
learning environment was included as a covariate in order to capture other potential confounders that
may be related to EF development [48]. Thus, the home learning environment was assessed using 30
parent-reported items that address the frequency of home learning activities that incorporated math,
literacy, and general educational practices in which parents engage with their children. Sample items
included “playing board games,” “using number activity books,” “identifying sounds of alphabet
letters.” Parents reported on the frequency of the activities using the following response options: 0 =
never; 1 = a few times per month; 2 = a few times per week; 3 = every day. An average score of all 30
items was used in analyses (α = 0.89).

2.4. Analytic Strategy

Data analyses were completed using Stata 16.0 [49]. The classroom intraclass correlation (ICC) was
examined to determine between-classroom variance in order to determine whether multilevel modeling
would be appropriate. The ICC was 0.002, and thus our models did not require multilevel modeling.
However, to be conservative in our statistical approach, in our regression analyses, we adjusted
standard errors to account for clustering at the classroom level. In our analysis, we examined the
association between the two indicators of the community food environment (parent reports of the food
environment and limited food access) and EF among preschool children, while controlling for the
home learning environment, child sex, age, race/ethnicity, and parent education. There were very little
missing outcome data (< 5% for HTKS); however, full information maximum likelihood (FIML) was
employed to handle missing data.

3. Results

Main Results

Means and standard deviations for all study variables can be found in Table 1. On average,
participants scored 8.79 points on the HTKS (SD = 13.53). A summary of correlations can be found
in Table 2. The HTKS was significantly correlated with parent education (r = 0.28, p = 0.007). Race
was significantly correlated with both limited food access (r = −0.23, p = 0.040) and reports of the
community food environment (r = 0.30, p = 0.008).
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Table 2. Correlation matrix for all study variables (N = 102).

Variable 1 2 3 4 5 6 7

1. Age a —
2. Male −0.14 —
3. White 0.08 0.19 t —

4. Parent education 0.21 * 0.05 0.06 —
5. Home learning environment 0.06 −0.09 −0.10 0.17 —

6. HTKS 0.17 t −0.18 t 0.06 0.28 ** 0.12 —
7. Limited food access 0.01 −0.15 −0.23 * 0.01 0.08 −0.04 —
8. Food environment 0.22 t −0.00 −0.30 ** 0.22 t 0.15 0.21 0.13

Note. a Child age measured in months. HTKS = Head–Toes–Knees–Shoulders task. t p < 0.10, * p < 0.05, ** p < 0.01,
*** p < 0.001.

It was hypothesized that higher ratings on both indicators of the community food environment
would predict stronger EF skills. Partially as expected, parent reports of the food environment were
significantly related to children’s EF (β = 0.22, p = 0.016) above and beyond limited food access, after
controlling for the home learning environment, child sex, child age, race/ethnicity, and parent education.
Specifically, a one-unit increase in the community food environment was associated with over three
additional points scored on the HTKS. Children normatively gain approximately 1.33 points each
month on the HTKS [45]. Thus, what this score indicates is that children experience a fairly substantial
increase in EF development (approximately a 3-month gain in EF) with a one-unit increase in parent
reports of the food environment. However, contrary to the hypotheses, limited food access was not
significantly related to children’s EF skills (β = −0.08, p = 0.484). Among the control variables, parent
education was significantly and positively associated with EF (β = 0.23, p = 0.023), as well as child sex
(β = 0.21, p = 0.030). See Table 3 for all regression estimates.

Table 3. Regression estimates predicting executive functioning.

Variable β (SE)

Age a 0.02 (0.10)
Male −0.21 (0.10) *
White 0.12 (0.10)

Parent education 0.23 (0.10) *
Home learning environment 0.03 (0.08)

Limited food access −0.08 (0.11)
Food environment 0.22 (0.09) *

Note. a Child age measured in months. * p < 0.05, ** p < 0.01, *** p < 0.001.

4. Discussion

The primary goal of this study was to assess whether two indicators of the community food
environment (subjective via parent reports of the food environment and objective via limited food
access) were related to EF in preschool-aged children. EF skills in preschool are robust indicators of
academic [26,28,50], social–emotional [51], and healthy outcomes [25], and EF deficits during early
childhood are related to hyperactivity and attention deficits [52]. Thus, identifying early predictors of
EF is critical. Results from our study indicated that, after controlling for the home learning environment,
child age, race, sex, and parent education, parent reports of the food environment were significantly
positively related to stronger EF skills, whereas limited food access was not related to EF. This suggests
that the children of parents who believe they have higher quality community food environments have
better EF, regardless of whether families are located in census tracts that are flagged as having limited
food access.
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4.1. Community Food Environment and Executive Function

As expected, there was an association between the subjective measure of the community food
environment (i.e., parent reports of access to, availability, and affordability of foods) and EF in
early childhood. This association may be due to the measure encompassing several environmental
barriers to healthful foods that put children at greater nutritional risk, thus affecting developmental
outcomes like EF. This link between the community food environment and EF development is novel
at the distal ecological level, and variables that only examine limited food access at the tract level,
rather than the individual level, may not be able to capture these associations. Food insecurity or
insufficiency may be a potential mediating factor between the community food environment and
EF. Food insufficiency is defined as inadequate food intake due to a lack of environmental resources,
and similarly, food insecurity refers to the limited or uncertain availability of or inability to acquire
nutritionally adequate, safe, and acceptable foods due to limited resources which may be impacted by
environmental constraints (e.g., the community food environment) [53,54]. Food insufficient/insecure
families may live in poor food environments where individuals are 22–35% less likely to have a diet
conforming to the DGA than those in food environments with a better availability of supermarkets
and healthy foods [13]. Additionally, poverty and environmental impacts of poverty (e.g., akin to
social class and environmental impacts), as proposed in the sociocultural layer in the larger ecological
model [7], may affect nutrition, and in turn, cognitive development [55]. Food insufficiency/insecurity
has a limited but growing literature, showing a link with academic achievement in older U.S. children
(e.g., poorer math scores, poorer reading scores, grade repetition [53,54,56]), and EF is closely related
to these outcomes [26,50]. Further, previous literature that has directly assessed the concurrent and
long-term impacts of food insecurity on EF in preschool-aged (3–5) and early elementary-aged children
(6–7) has found that global and domain-specific EFs are significantly negatively impacted when children
are exposed to any degree of food insecurity [57,58]. Specifically, one of these studies found that any
exposure to any level of food insecurity (either marginally insecure or completely food insecure) in
either kindergarten or first grade resulted in worse working memory and cognitive flexibility, two
components of EF [57].

Alternatively, there was not an association between an objective measure of the food environment
(i.e., limited food access; if at least 500 people within the tract, or 33% of the population were, living
more than 1

2 mile (urban areas) or 10 miles (rural areas) from the nearest supermarket, supercenter,
or large grocery store) and EF scores. The finding that parent reports were related to EF and an
objective measure of food access was not surprising. This may be because our objective measure
of limited food access assumes that (1) full-service grocery stores are a proxy for the presence of
affordable and nutritionally sufficient food [37], (2) households buy from the closest supermarket [37],
(3) alternative store types may not have a similar selection or may not offer as many fruits or vegetables
as supermarkets [59], and (4) families are not getting food from alternative food sources like home and
community gardens or farmers’ markets. Moreover, there is evidence of variability within census tracts
related to whether individuals with low incomes shop at a neighborhood store or even the nearest
chain store [60]. One study found that while SNAP recipients live 1.8 miles on average from full-service
grocery stores, most individuals travel 4.9 miles from home to shop for food [61]. Thus, whether
a census tract is flagged as limited food access based on distance from a store may not accurately
represent individual behaviors regarding where families are going to buy food or access to foods
within a store. Furthermore, this measure may not capture small groceries or small general stores.

Additionally, it may be that parent reports of the food environment are more strongly related to
cognitive outcomes, like EF. Indeed, parents’ perceptions can be quite powerful influencers on children’s
development (e.g., reports of praise and school readiness on academic outcomes, perceptions of being
overweight on future weight gain) [62,63]. Furthermore, parent reports of the food environment may
tap into an emotional or social connectedness of the community they are in, which may then have an
effect on EF outcomes. In one study, social cohesion (sense of belonging and unity among members of
a community [64]) and reports of food availability (i.e., a large selection of fresh fruits and vegetables
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is available in my neighborhood grocery/food stores; a large selection of low-fat products is available
in my neighborhood grocery/food stores; the fresh fruits and vegetables in my neighborhood are of
high quality [39]) were significantly and positively associated [61].

Furthermore, parents may more accurately predict the community food environment because
they may be more aware of their experiences and their access to healthful foods. Census data may not
be the strongest indicator of the community food environment because they do not take into account
factors that contribute to access, like affordability and transportation. In support of this notion, one
scholar has proposed that self-reported levels of constructs, like the community food environment (e.g.,
food insecurity, hunger, access) may be more appropriate when assessing its relations with outcomes
because it truly captures the experiences of the phenomena, as opposed to an indirect indicator, like
census data [53].

4.2. Limitations and Future Directions

Although this study is the first to document a significant association between parent reports of the
community food environment and preschool children’s EF skills, limitations must be noted. The study
was limited to just one direct assessment of children’s EF. Future studies would benefit from the use of
multiple measures of early EF, as well as the inclusion of more questions about the social, emotional,
and other ecological barriers of the community food environment for exploring the extent to which the
community food environment may be differentially related to various components of EF. Additionally,
there were missing data for the outcome measure (HTKS), parent reports of the food environment, and
the limited food access measure. The missingness of the limited food access measure can be attributed
to two things: (1) parents did not provide an address or (2) the address provided could not be matched
with a census tract using the GIS software. Furthermore, the missingness of the parent reports of the
community food environment can be attributed to a lack of response to the question. Although we
cannot force research participants to provide responses to survey questions, future research would
benefit from full data on the community food environment. Another limitation was that a definition
for healthy food was not provided on the parent report of the community food environment, which
may have had an impact on how parents responded to items in the survey. It will be important for
future studies to include a definition in parent-report measures of the community food environment
to ensure consistency in how parents are conceptualizing a healthy diet. Finally, albeit small, the
sample was fairly diverse in terms of socioeconomic status (i.e., parent education), but was rather
homogeneous in terms of race/ethnicity. A replication of the findings in future studies with larger
samples is necessary to ensure generalizability. Future studies should also consider the intermediary
role that food security, food insufficiency, and food intake may play between the community food
environment and cognitive outcomes.

5. Conclusions

Results suggest that researchers need to continue efforts to explore the extent to which the
community food environment may be linked with EF and other developmental outcomes in early
childhood, at both distal and proximal levels. Policy makers may consider the correlation between the
parent reports of the food environment and early EF skills when working to improve current legislation
around issues related to community health and well-being. Policy measures that not only improve the
community food environment broadly, but also consider and take into account parent perceptions of
access, affordability, availability and transportation, may have important health and developmental
implications, especially in light of the childhood obesity epidemic that exists in the United States [2].
The current findings also have implications for physicians and pediatricians working with families who
may be experiencing barriers to a high-quality community food environment. For example, physicians
and pediatricians can consider parent perceptions of access, and could provide additional resources
for obtaining access to healthful foods that would help to support children’s healthy development.
This research could help set the stage for the development of effective community- and family-based
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interventions that target improving access to healthful foods by providing a rationale to intervene in
communities by linking families with transportation, economical food access, food delivery, and other
policies to promote food access. This study also lays a foundation for future research examining the
potential impact of poor community food environments and children’s cognitive outcomes.
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Abstract: This study examined total usual micronutrient intakes from foods, beverages, and dietary
supplements (DS) compared to the Dietary Reference Intakes among U.S. adults (≥19 years) by sex
and food security status using NHANES 2011–2014 data (n = 9954). DS data were collected via
an in-home interview; the NCI method was used to estimate distributions of total usual intakes
from two 24 h recalls for food and beverages, after which DS were added. Food security status
was categorized using the USDA Household Food Security Survey Module. Adults living in food
insecure households had a higher prevalence of risk of inadequacy among both men and women
for magnesium, potassium, vitamins A, B6, B12, C, D, E, and K; similar findings were apparent for
phosphorous, selenium, and zinc in men alone. Meanwhile, no differences in the prevalence of risk
for inadequacy were observed for calcium, iron (examined in men only), choline, or folate by food
security status. Some DS users, especially food secure adults, had total usual intakes that exceeded the
Tolerable Upper Intake Level (UL) for folic acid, vitamin D, calcium, and iron. In conclusion, while DS
can be helpful in meeting nutrient requirements for adults for some micronutrients, potential excess
may also be of concern for certain micronutrients among supplement users. In general, food insecure
adults have higher risk for micronutrient inadequacy than food secure adults.

Keywords: NHANES; dietary supplement; micronutrients; DRI; food security

1. Introduction

The 2015–2020 Dietary Guidelines for Americans (DGA) reported a number shortfall nutrients
among U.S. adults including calcium, iron, magnesium, potassium, choline, folate and vitamins A,
C, D, and E [1,2]. The DGA also recognized food insecurity, defined as limited availability of foods
and an individual’s inability to access food [3], as a potential barrier to a healthy diet that warrants
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further research [1]. Indeed, a systematic review concluded that food insecure adults have lower
intakes of vitamin A, vitamin B6, calcium, magnesium, and zinc from diet alone when compared
to those who were food secure [4]. Dietary supplement (DS) use is also lower in adults living in
food insecure U.S. households than in those that are food secure [5], implying that differences in
micronutrient intakes between the food secure and food insecure population subgroups might be
amplified when total nutrient intakes, inclusive of DS, are considered; however, to our knowledge,
no study has compared total usual nutrient intakes by household food security status. Therefore, the
purpose of this analysis was to estimate the prevalence of risk of micronutrient inadequacy and excess
by comparing total usual micronutrient intake distributions to the Dietary Reference Intakes (DRI); and
to parse out the contributions of DS to the total intakes of U.S. adults (1) in the general population and
(2) by household food security status, using data from the National Health and Nutrition Examination
Survey (NHANES), 2011–2014.

2. Methods

The NHANES is a nationally representative, continuous cross-sectional survey of
noninstitutionalized, civilian residents of the U.S. conducted by the National Center for Health
Statistics. Complete details of the NHANES survey are publicly available [6]. Briefly, the NHANES
protocol includes an in-person household interview that queries health information and demographics
as well as a follow-up health examination in a Mobile Examination Center (MEC) for each participant.
Written informed consent was obtained for all participants or their proxies, and the NHANES protocol
(and publicly released de-identified data) was approved by the Research Ethics Review Board at
the CDC/National Center for Health Statistics. For the purposes of this analysis, the most recent
data on dietary and DS intakes available from the NHANES (2011–2012 and 2013–2014 cycles) were
combined to form an analytic sample of 19,151 participants. These survey years were combined in
order to increase the statistical reliability of estimates across population subgroups [6]. Participants
who were <19 years of age (n = 7939), did not complete or had incomplete 24 h dietary recall or dietary
supplement questionnaire data (n = 1088), or who were pregnant and/or lactating (n = 170) were
excluded, yielding a final analytic sample size of 9954 adults.

All demographic data used for this analysis were collected from participants in NHANES using
the Computer-Assisted Personal Interview system during the household interview. Household food
security status was measured using the USDA’s Household Food Security Survey Module; one
household reference person responded to 18 items for households with children, or 10 items for
households without children. The USDA’s Household Food Security Survey Module is on a continuum
comprised of four different food security classifications, ranging from full, marginal, low, to very low
household food security. “Full food security” describes a household with very little trouble or anxiety
regarding household members gaining access to food, while “marginal food security” refers to anxiety
regarding household members gaining access to food, without a reduction in the quantity, quality, or
the variety of foods consumed [7,8]. “Low food security” defines households that reduce the quality,
variety, and desirability of foods, yet the quantity of foods consumed remains adequate [7,8]. “Very
low food security” exists when the quantity of foods consumed is inadequate, and eating patterns
of the household are subsequently disrupted [7,8]. Households that were considered to have full or
marginal food security were classified as food secure (<3 affirmative responses); those with low or
very low food security were classified as food insecure (≥3 affirmative responses) [9]. Household food
security is reflective of conditions over the previous 12 months, that serve as the inherent reference
period in the USDA’s Household Food Security Survey Module [10].

DS use in the previous 30 days was collected during the household interview via an in-home
inventory and the dietary supplement questionnaire. Participants were asked to show interviewers the
containers for all products taken in the past 30 days. For each DS reported, interviewers recorded the
name, manufacturer, form of the products (e.g., tablet) and dose per serving for selected single nutrient
products from the label. Detailed information on the consumption frequency, amount, and duration of
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DS use were also collected for each product reported. Mean daily nutrient intakes from supplemental
sources for each individual were calculated using the total number of reported days, amount taken per
day, and the dose per serving of each product from the label. More information on the NHANES DS
component protocol can be found elsewhere [5,11–13]. All information from DS was obtained from the
dietary supplement questionnaire in the in-home inventory.

Dietary intake was self-reported in the MEC using an in-person 24 h dietary recall. A second
24 h dietary recall was completed via telephone approximately 3–10 days after the MEC exam.
Both 24 h recalls were collected by trained interviewers using the USDA’s automated multiple-pass
method [14,15]. The USDA Food and Nutrient Database for Dietary Studies and the NHANES Dietary
Supplement Database were used to convert foods, beverages, and DS as consumed to their respective
nutrient values [16,17].

The micronutrients chosen for presentation in the main tables of this analysis were selected based
on under-consumed micronutrients identified in the 2015–2020 Dietary Guidelines for Americans
among some subgroups within the U.S. population: calcium, magnesium, iron, potassium, choline,
folate and vitamins A, C, D, and E [1,2]. Micronutrients associated with lower intakes from diet alone
among the food insecure (calcium, magnesium, zinc, and vitamins A and B6) in a systematic review
were also included [4]. However, vitamins A and E were not available in the NHANES 2011–2014 DS
data files; thus, total nutrient intakes could not be estimated, and intakes are reflective of food sources
only for these vitamins in the supplementary material provided in Tables S1 and S2. Information on all
of the additional micronutrients examined are provided in the supplementary material (Tables S1 and
S2). It should be noted that the UL for folate only applies to the synthetic form, folic acid, obtained from
DS and fortified foods. Thus, folic acid was the only form of folate used to estimate the proportion of
the population exceeding the UL. Sodium was excluded since negligible amounts are found in DS [18].

An adaptation of the National Cancer Institute (NCI) method [19,20] was used to estimate (1)
distributions of usual micronutrient intakes (from foods alone and total) by men and women and (2)
the proportions of the subpopulations (i.e., sex, food security status) whose usual intakes were above
or below age and sex-specific DRIs. The NCI method is used to estimate the distributions of “usual”
or “long-term mean daily” intakes by accounting for random measurement error (i.e., within-person
variation). It was adapted to estimate the contributions of DS to usual micronutrient intake estimates
through the incorporation of reported DS intakes from the dietary supplement questionnaire, using
the method described by Bailey et al. [18,21]. Covariates incorporated in the usual intake models
included day of the week of the dietary recall (weekend/weekday), interview sequence (first or second
dietary recall), and DS use overall. Categorical variables for sex and food security status were used for
subgroup analyses. Mean daily nutrient intakes from DS and their relative contribution to total intakes
were estimated by adding nutrients from supplemental sources to the adjusted distributions of usual
intake from dietary sources to estimate the distributions of total usual micronutrient intake among the
adult total population (DS users and nonusers combined) [18,22]. The relative contribution of DS to
total micronutrient intakes was calculated by dividing the total usual micronutrient intake from DS by
the total usual micronutrient intake from all sources (inclusive of foods and DS) at the population level
(Table 1).

Total usual micronutrient intake distributions were compared to age and sex-specific DRIs
established by the National Academies of Science, Engineering, and Medicine in order to compare total
usual micronutrient intakes to the DRIs, including the %< Estimated Average Requirement (EAR), %>
Adequate Intake (AI), and %> Tolerable Upper Intake Level (UL) using the cut-point method [23,24].
The EAR cut-point method assumes that the nutrient requirement distribution is symmetric; therefore,
it cannot be applied to iron, since the requirement distribution for iron is skewed in reproductive-aged
women [25]. Therefore, iron estimates are only presented relative to the EAR for men.

All statistical analyses were performed using SAS software (version 9.4; SAS Institute Inc., Cary,
NC, USA) accounting for the NHANES complex survey design and sampling weights to adjust for
differential non-response and non-coverage, and oversampling and post-stratification. Standard errors
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(SE) for all statistics of interest were approximated using Fay’s modified Balanced Repeated Replication
technique [26,27]. Differences in the proportion of the population with total usual micronutrient
intakes < EAR or > AI within sex groups by food security status were compared using pairwise t-tests;
a Bonferroni- adjusted p-value of <0.005 was considered statistically significant (Table 2, Table S2).
Multiple comparisons were conducted using a pairwise t statistic to assess differences in the proportion
of U.S. adult supplement users with total usual micronutrient intakes > UL within sex groups by
food security status; a Bonferroni-adjusted p-value of <0.0125 was considered statistically significant
(Figure 2).

3. Results

In general, the proportion of nutrients from dietary sources was greater than the proportion
from DS. However, the relative contributions of DS to total intake varied by nutrient, with the
lowest contributions for choline, (0.5%), potassium (0.5%), phosphorus (0.5%), vitamin K (7.0%), and
magnesium (8.2%) (Table 1, Table S1). DS contributed over half of total intake for vitamins B6 (61%),
B12 (93%), C (52%), and D (71%). However, even with high intakes of vitamins C and D from DS, the
proportion of adults at risk of inadequacy remains high (Table 1). Most notably, for vitamin D, 98%
of women and 92% of men in the U.S. were at risk of inadequate intake from foods alone, yet, the
prevalence of vitamin D inadequacy among adults ranged from 59% to 66%, depending on the sex,
even when taking into account nutrient intakes from DS. Smaller differences were found for calcium,
magnesium, and vitamin C in both men and women, and for zinc and vitamin B6 in women alone.
Calcium DS reduced the prevalence of at-risk intakes from 26% (foods alone) to 21% (total) among
men and from 58% (foods alone) to 41% (total) among women, although, unlike vitamin D, calcium
from supplemental sources varied, accounting for only 4% to 21% of total intake depending on the
sex/food security group considered.

DS contributed a larger proportion to total usual intakes among adults living in food secure
households compared with those living in food insecure households for all nutrients examined
(Figure 1). A higher prevalence of inadequate intakes was observed among adults living in food
insecure than in food secure households, especially for magnesium, vitamin C, and vitamin D (Table 2).
Adults living in food insecure households also had a lower prevalence of intakes exceeding the AI
for potassium when compared with those in food secure households (Table 2). Similar patterns were
observed for intakes of copper, niacin, riboflavin, vitamin B12, and vitamin K in men and women, and
phosphorous, selenium, and zinc in men alone (Table S2).

A small proportion of supplement users had total usual intakes that exceeded the UL for folic
acid, vitamin D, calcium, or iron (Figure 2); but this was only significantly different for women by food
security status with regard to calcium.
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Figure 1. Relative contribution of foods/beverages and dietary supplements to total usual intakes
for selected nutrients by age group among men and women by food security status (≥19 years)
in the U.S., 2011–2014. 1 (1 The analytic sample includes individuals ≥19 years old that were not
pregnant or lactating with complete information for food security and the day 1 and 2, 24 h dietary
recalls. Percentages above each bar represent the relative contribution from dietary supplements).
Abbreviations: M, Men; W, Women; DFE, Dietary Folate Equivalents.
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Table 2. Proportion of the population falling below the Estimated Average Requirement or above the
Adequate Intake from total usual nutrient intakes of select nutrients, by food security status, among
adults (≥19 years) in the U.S., 2011–2014. 1,2

Food Security Status, % < EAR/> AI (SE)

Food Insecure Food Secure

Men (n, %) (915, 14.9%) (3993, 85.1%)
Calcium (mg) 25.0 (2.2) 20.0 (1.3)

Iron (mg) 3 0.3 (0.2) 0.1 (0.1)
Magnesium (mg) 57.2 (1.7) a 43.9 (1.5) b

Potassium (mg) 4 25.0 (2.5) a 37.0 (1.6) b

Zinc (mg) 20.1 (2.4) a 11.3 (1.1) b

Choline (mg) 4 12.6 (2.3) 11.8 (1.1)
Folate (DFE, μg) 5 7.0 (1.8) 4.0 (0.7)
Vitamin B6 (mg) 6.1 (1.3) a 1.4 (0.4) b

Vitamin C (mg) 49.0 (3.8) a 37.0 (1.7) b

Vitamin D (μg) 79.2 (1.5) a 64.1 (1.2) b

Women (n, %) (1010, 15.6%) (4034, 84.4%)
Calcium (mg) 46.0 (3.0) 40.0 (1.3)

Iron (mg) 3 – –
Magnesium (mg) 56.9 (2.6) a 40.9 (1.4) b

Potassium (mg) 4 24.0 (3.1) a 35.0 (1.7) b

Zinc (mg) 17.1 (2.8) 12.2 (1.3)
Choline (mg) 4 4.4 (1.5) 3.5 (0.6)

Folate (DFE, μg) 5 15.0 (3.5) 11.0 (1.3)
Vitamin B6 (mg) 19.0 (1.6) a 8.8 (0.9) b

Vitamin C (mg) 42.0 (2.4) a 29.0 (1.3) b

Vitamin D (μg) 74.7 (1.7) a 56.2 (1.2) b

Abbreviations: EAR, Estimated Average Requirement; AI, Adequate Intake; SE, standard error. 1 The analytic
sample includes individuals ≥19 years old that were not pregnant/lactating with complete information for the day
1 and 2, 24 h dietary recalls. 2 Different superscript letters denote a significant difference between food security
categories at a p-value < 0.005. 3 Proportion of the population below the EAR for iron was unable to be assessed
using the cut-point method in women due to a skewed distribution of nutrient requirements. 4 Indicates %> AI
rather than %< EAR. This occurs when sufficient scientific evidence is not available to establish an EAR. 5 As dietary
folate equivalents (DFEs). 1 DFE = 1 μg food folate = 0.6 μg of folic acid from fortified food or as a consumed with
food = 0.5 μg of a supplement taken on an empty stomach.
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Figure 2. Estimated percent (%) of total micronutrient intakes above the Tolerable Upper Intake Level
(UL) by food security status among adult (≥19 years) supplement users in the U.S., 2011–2014. 1,2 (1 The
analytic sample includes individuals ≥19 years old that were not pregnant or lactating with complete
information for food security and the day 1 and 2, 24 h dietary recalls. Numerical data labels within each
bar represent the estimated proportion (%) of U.S. adult supplement users with intakes greater than
the UL. 2 Different superscript letters denote a significant difference between food security categories
within sex at a p-value < 0.0125.).

4. Discussion

Our findings suggest that DS aid in reducing the proportion of the population at risk for inadequate
intakes, especially for vitamin D, calcium, and vitamin C. However, many Americans still have low
intakes of some micronutrients, even with the use of DS, which is especially true among U.S. adults
with food insecurity. While this study focuses on individual nutrients, the health effects of a diet,
especially those related to chronic diseases, are determined by the sum and interaction of many food
constituents in addition to nutrients. Many of these constituents are not yet fully understood and do
not have DRIs. Plant products are particularly complex with many bioactive components (flavonoids,
various types of fiber, etc.). The recognized health benefits of diets rich in fruits, vegetables, and whole
grains, for example, are attributable to more than their nutrient content [1]. Consequently, the Dietary
Guidelines for Americans focus on the quality of the overall dietary pattern. To address the problem of
food insecurity, the 2015–2020 Dietary Guidelines for Americans call for supporting individuals in
making healthy food choices by expanding nutrition-assistance programs and creating networks and
partnerships to address the problem. One example is improving the offerings at food pantries [28].
Another is expanding programs, such as the Expanded Food and Nutrition Education Program and
SNAP-Ed, which teach food resource management [29].

Two studies have confirmed that total usual nutrient intakes, inclusive of DS, vary by income
alone using the family poverty-to-income ratio (PIR) [21,30]. However, as outlined by the Academy
of Nutrition and Dietetics, food security results from a constellation of factors that may predispose
individuals to nutrition risk beyond income alone, including environmental factors like transportation,

78



Nutrients 2020, 12, 38

food prices, housing costs, unemployment, and social capital, among others [31]. In a previous analysis
in Canada, Kirkpatrick et al. revealed a higher prevalence of micronutrient inadequacy for several
micronutrients among adolescents and adults living in food insecure as compared with food secure
households, specifically for vitamin A, thiamin, riboflavin, vitamin B6, folate, vitamin B12, magnesium,
phosphorus, and zinc [32]. The present analysis extends prior foods-based work by examining total
micronutrient intakes, inclusive of DS, by food security status. Adults living with food insecurity had
a higher risk of micronutrient inadequacy for most micronutrients examined, except for calcium, iron
(examined only in men), folate, or choline, when compared with food secure adults. Most notably,
in addition to the micronutrients identified by Kirkpatrick et al. [32], the present analysis observed a
higher prevalence of micronutrient inadequacy among adults living with food insecurity for copper,
potassium, niacin, and vitamins C, D, E, and K in both men and women, and selenium in men alone.
While nutrient inadequacy was more of a concern among adults living in food insecure households, all
DS users, regardless of food security status, had an increased likelihood of usual intakes above the UL
for iron, calcium, vitamin D, and folic acid, increasing risk of adverse health effects [25,33,34].

A strength of this analysis is that the models applied to examine total usual intakes adjust for the
effects of random measurement error to the extent possible, in addition to using the recommended
method of adding mean daily nutrient intakes from supplemental sources to the adjusted usual nutrient
intakes from dietary sources [18,22]. USDA’s automated multiple-pass method is a state-of-the-art
method for capturing dietary data, as is the Food and Nutrient Database for Dietary Studies that
supports it. However, self-reported dietary data are prone to systematic measurement error, like
energy underreporting, that may result in an underestimation of micronutrient intakes from the diet.
Furthermore, the analysis of nutrients in DS relies on label declarations on products, rather than
analytically derived values, that are likely to result in an underestimation of micronutrients from DS [35].
Furthermore, we assume that the DS intake reported for the past 30 days during the in-home interview
reflects long-term, habitual DS intake, but little is known about the measurement error structure of
DS reporting [18]. NHANES is a nationally representative survey of the U.S. noninstitutionalized
population. However, the response rates for the years 2011–2012 and 2013–2014 for adults were 66%
and 65%, respectively [36,37], and total usual nutrient intakes could not be estimated for vitamins
A and E, as these nutrients are not included in the current NHANES DS data files. An additional
limitation is that the bioavailability of nutrients from DS compared to the bioavailability of nutrients
from foods remains largely unknown.

5. Conclusions

In summary, our findings are consistent with previous reports that demonstrate that many U.S.
adults have inadequate intakes of potassium, magnesium, calcium, vitamin D, and/or vitamin C, even
with the use of DS, and that those living with food insecurity have a higher prevalence of micronutrient
risk than those not living with food insecurity. These findings suggest that, while DS can be helpful in
meeting nutrient requirements for adults for some nutrients, potential excess may also be of concern
for certain nutrients among supplement users.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/1/38/s1,
Table S1: Relative contribution of dietary supplements to total usual nutrient intakes and the estimated percent
(%) of usual intakes (foods alone and total) below the Estimated Average Requirement or above the Adequate
Intake for other nutrients among adults (≥19 years) in the U.S., 2011–2014, Table S2: Proportion of the population
falling below the Estimated Average Requirement or above the Adequate Intake from total usual nutrient intakes
of other nutrients, by food security status among adults (≥ 19 years) in the U.S., 2011–2014.
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Abstract: Household food insecurity has been associated with adverse health outcomes; however,
the mechanisms underlying these associations are not well-defined. Using data from 5005 adults
from the 2007–2010 National Health and Nutrition Examination Surveys (NHANES), we examined
associations between household food insecurity and cumulative biological risk, a measure of the
body’s physiological response to chronic stress. Household food security was assessed using the
18-item Household Food Security Survey Module. Marginal food security refers to 1–2 positive
responses, and food insecurity refers to ≥3 positive responses. The cumulative biological risk scores
were calculated based on the distributions of ten biomarkers from the cardiovascular, metabolic,
and immune systems. Elevated biological risk was defined as a risk score of ≥3. Multivariable
regression models were used to examine associations between food security and cumulative biological
risk scores, adjusting for sociodemographic characteristics. After multivariable adjustment, food
insecurity was associated with a 0.14-unit higher cumulative biological risk score (95% CI 0.05–0.22,
p-trend = 0.003) and higher odds of elevated biological risk (OR 1.20, 95% CI 1.05–1.37, p-trend =
0.003). These associations differed by gender. Among women, food insecurity was associated with
0.30-unit higher cumulative biological risk score (95% CI 0.14–0.45, p-trend = 0.0004) and higher
odds of elevated biological risk (OR 1.61, 95% CI 1.29–2.00, p-trend < 0.0001). These associations
were not observed in men. Women experiencing food insecurity demonstrated elevated levels of
biological risk. These findings support the hypothesis that food insecurity may be associated with
women’s chronic health outcomes through the pathway of chronic stress. Further research is needed
to understand why these associations were not observed in men.

Keywords: food insecurity; allostatic load; biological risk; chronic stress; National Health and
Nutrition Examination Surveys

1. Introduction

Food insecurity, defined as inadequate access and availability of food due to a lack of monetary
resources, has persisted in the United States since its routine measurement in national population
surveys in the 1990s [1]. In 2018, it was estimated that 14.3 million households or 11.1% of U.S.
households experienced food insecurity during the year [1]. Household food insecurity has been
associated with numerous physical and mental health outcomes among low-income adults, including
higher levels of obesity [2–4], hypertension [5], diabetes [6,7] and poorer diabetes management [8,9],
metabolic syndrome [10], lower cognitive function [11,12], depression [13,14], and poorer overall
health [15,16]. The mechanisms underlying these associations have not been fully elucidated; however,
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a number of studies have demonstrated associations between household food insecurity and modifiable
health behaviors, such as poorer diet quality [17–19], lower levels of physical activity [20], higher rates
of smoking [21–23], and poorer sleep outcomes [24,25]. Several researchers have also alluded to the
role of chronic stress in explaining the observed associations [14,26–30], though none of these studies
have been able to test the association between food insecurity and chronic stress directly.

Chronic stress refers to the repeated activation of major body systems in response to external
stimuli perceived to be threatening [31]. In response to a stressor, the hypothalamic–pituitary–adrenal
(HPA) axis and the sympathetic–adrenal–medullary (SAM) systems are activated, triggering a release
of hormones and cytokines that act on multiple organ systems [31,32]. The concept of allostatic load
has been used to describe how repeated exposure and prolonged response to stress can dysregulate
these organ systems, resulting in “wear and tear” on the body over time [32]. Operationally, there is
no single, gold-standard approach for measuring allostatic load, though allostatic load scores often
include a combination of biomarkers from neuroendocrine, immune, metabolic, and cardiovascular
systems—all known to be affected by the secretion of stress hormones and inflammatory markers [33].
Thus, allostatic load is theorized to represent the body’s cumulative physiological response to chronic
stress and to account for individual variability in the appraisal of different stress exposures, which may
be more relevant to predicting subsequent health outcomes than the perception of stress [34].

Prior research has explored the role of the allostatic load as a framework through which to understand
health disparities. Greater socioeconomic adversity [35–38] and minority race/ethnicity [39–41] have
both been associated with elevated allostatic load in numerous studies. Household food insecurity is
both a form of socioeconomic adversity and an issue with relatively high prevalence in low-income and
minority racial/ethnic households [1]. However, its relation to allostatic load has only been explored
in one study [42]. In an analysis of 733 Puerto Rican adults residing in Boston, food insecurity was
associated with greater dysregulation of the neuroendocrine and inflammatory systems, but not total
allostatic load [42]. In order to understand the pathways connecting food insecurity and adverse health
outcomes, more research is needed to examine this association in a larger and more representative
sample of adults.

In the present study, neuroendocrine markers are important components of allostatic load
measurement but were unavailable in the National Health and Nutrition Examination Surveys
(NHANES). Thus, we created a score to represent a cumulative biological risk, guided by the allostatic
load framework. The objective of the present study was to examine the association between household
food insecurity and cumulative biological risk in a national sample of adults. We hypothesized that
adults who experienced more severe household food insecurity would demonstrate greater cumulative
biological risk.

2. Materials and Methods

2.1. Study Population

Administered by the National Center for Health Statistics, NHANES is an ongoing, multistage
survey designed to be representative of the civilian, noninstitutionalized U.S. population. NHANES
collects information on demographic indicators and health outcomes through interviews, in-person
examinations, and laboratory testing. Data from 2007 to 2008 and from 2009 to 2010 were combined in
the present study, representing the most recent years in which all markers of cumulative biological risk
were routinely collected (e.g., C-reactive protein was not assessed in NHANES 2011–2012 or 2013–2014).
The analytic population was further restricted to adults between the ages of 20–65 and with household
incomes ≤300% of the federal poverty level (FPL). An income threshold of 300% FPL was chosen
because household food insecurity is relatively uncommon among households with incomes >300%
FPL, and inclusion of a lower-income sample reduces the potential for confounding by socioeconomic
status, as has been done in prior studies [6,17,43]. Pregnant women were also excluded, as body mass
index (BMI) was one of the markers of biological risk. The analytic sample included 5005 adults.
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2.2. Food Security Status

The primary exposure of interest was household food security, measured using the 18-item U.S.
Household Food Security Survey Module [44]. Questions were asked in three stages and attribute
related experiences or behaviors to insufficient resources to buy food over the past 12 months. A score
was created by summing the affirmative responses of the 18 questions, with higher scores indicating
more severe food insecurity. Food security was defined as 0 affirmative responses, meaning the
household had no indicators of insufficient food access. Marginal food security was defined as
1–2 affirmative responses and refers to mild indicators of insufficient food access such as anxiety
over the food supply. Food insecurity was defined as three or more affirmative responses and refers
to multiple indicators of insufficient food access, including reducing the quality and the variety of
the amount of food consumed by at least one member of the household. Food insecurity refers to
the combined categories of low food security (i.e., 3–5 affirmative responses in households without
children or 3–7 affirmative responses in households with children) and very low food security
(i.e., 6–10 affirmative responses in households without children or 8–18 affirmative responses in
households with children). Food insecurity categorizations and definitions are in accordance with the
U.S. Department of Agriculture [44].

2.3. Cumulative Biological Risk

To assess cumulative biological risk, we included the following ten biomarkers: (1) systolic
blood pressure, (2) diastolic blood pressure, (3) body mass index (BMI), (4) glycohemoglobin, (5) total
cholesterol, (6) high-density lipoprotein (HDL) cholesterol, (7) total/HDL cholesterol ratio, (8) C-reactive
protein, (9) albumin, and (10) estimated glomerular filtration rate (eGFR). The selection of biomarkers
for the present study was guided by the availability of data within NHANES and on the basis of
previous research [45–48]. Systolic blood pressure, diastolic blood pressure, total cholesterol, HDL
cholesterol, and pulse represented the cardiovascular system. BMI, glycohemoglobin, albumin,
and eGFR represented the metabolic system. C-reactive protein represented the immune system.

Each biomarker was categorized using clinically-relevant guidelines for low-risk, moderate-risk,
and high-risk categories [47]. The cut-points used were: (1) systolic blood pressure: <120 mmHg,
120–<150 mmHg, and ≥150 mmHg; (2) diastolic blood pressure: <80 mmHg, 80–<90 mmHg,
and ≥90 mmHg; (3) BMI: <25 kg/m2, 25–<30 kg/m2, ≥30 kg/m2; (4) glycohemoglobin: <5.7%,
5.7–<6.5%, and ≥6.5%; (5) total cholesterol: <200 mg/dL, 200–<240 mg/dL, ≥240 mg/dL; (6) HDL
cholesterol: ≥60 mg/dL, 40–<60 mg/dL, and <40 mg/dL; (7) total/HDL ratio: <5; 5–<6, ≥6; (8) C-reactive
protein: <1 mg/L, 1–<3 mg/L, and ≥3 mg/L; (9) albumin: ≥3.8, 3.0–<3.8, and <3.0; and (10) eGFR:
≥60 mL/min/1.73 m2, 30–<60 mL/min/1.73 m2, and <30 mL/min/1.73 m2. Each biomarker was scored
as zero points for low risk, 0.5 points for moderate risk, and one point for high risk. Adults who
reported taking medication for high blood pressure, high cholesterol, or diabetes were also assigned to
the high-risk groups for systolic and diastolic blood pressure, total cholesterol, and glycohemoglobin,
respectively. A cumulative biological risk score was then created as the sum of the risk scores across
the ten components, ranging from 0 (lowest) to 10 (highest). Similar to prior studies [45,46], elevated
biological risk was defined as a score ≥3. Both continuous and dichotomous cumulative biological risk
scores were examined as primary outcomes.

2.4. Study Covariates

Sociodemographic covariates were selected as variables hypothesized to be joint predictors of
the association between food insecurity and cumulative biological risk, guided by the prior literature.
These included age (continuous), gender, race/ethnicity (Non-Hispanic White, Non-Hispanic Black,
Hispanic, Other), educational attainment (<12 years, high school graduate or equivalent, some college,
or college graduate), household income relative to the federal poverty line (continuous), and marital
status (married or living with a partner, never married, or separated, widowed, or divorced).
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2.5. Statistical Analysis

Complex sampling weights for the mobile examination center were recalculated and used
to account for different sampling probabilities and participation rates across the four-year period.
Sampling weights were used in all subsequent analyses. Differences in sociodemographic characteristics
by household food security were compared using univariate regression for continuous variables and
χ2 tests for categorical variables. Next, the distributions in individual biomarkers by household food
security were compared using univariate regression and χ2 tests. Multivariable linear and logistic
regression models were used to examine associations between food security and cumulative biological
risk. Differences in these associations by gender were evaluated by testing the significance of the
interaction terms between household food security and gender on the outcomes. Models were first
adjusted for age and gender, and second for all other sociodemographic covariates (race/ethnicity,
educational attainment, household income, and marital status). In all models, age and household
income were modeled as linear and quadratic terms to allow for a curvilinear relationship with
cumulative biological risk. In a sensitivity analysis, we further examined the associations between the
household food security and cumulative biological risk using a four-category household food security
variable. Statistical tests were two-sided, and significance was considered at p < 0.05. Statistical
analyses were performed with SAS 9.3 (SAS Institute Inc., Cary, NC, USA).

3. Results

In the analytic population of 5005 adults, 59.3% were food-secure, 14.4% were marginally food
secure, and 26.2% were food-insecure. Table 1 shows the differences in the sociodemographic
characteristics by household food security. Compared to food-secure adults, marginally food-secure
and food-insecure adults were more likely to be of younger age, of minority race/ethnicity background,
have lower educational attainment, have lower household income, and were more likely to be never
married, or separated, divorced, or widowed.

Bivariate comparisons of biomarkers comprising cumulative biological risk and household
food security are shown in Table 2. Compared to food-secure adults, marginally food-secure and
food-insecure adults were more likely to have higher mean glycohemoglobin (p = 0.01), C-reactive
protein (p = 0.005), and albumin (p = 0.0002). Significant differences were also evident for some risk
categories. Marginally food-secure adults were more likely to be at moderate- or high-risk for systolic
blood pressure (p = 0.04), and both marginally food-secure and food-insecure adults were more likely
to be at moderate- or high-risk for HDL cholesterol (p = 0.05). There were no other significant bivariate
associations between individual biomarkers and food security status.

Table 3 shows the associations between household food security and cumulative biological risk.
Food insecurity was associated with a 0.22-point greater cumulative biological risk score (95% CI
0.11–0.32, p-trend = 0.0002), which remained significant after multivariate adjustment (β = 0.14, 95% CI
0.05–0.22, p-trend = 0.003). Although the associations between marginal food security and cumulative
biological risk and between food insecurity and cumulative biological risk both appeared stronger in
women than in men, the interaction was not statistically significant (p-interaction = 0.09).

When examining elevated biological risk (score ≥3), food insecurity was associated with higher
odds of elevated biological risk (OR 1.20, 95% CI 1.05–1.37, p-trend = 0.003), after adjusting for
sociodemographic characteristics. This association was significantly modified by gender (p-interaction
= 0.03). Among women, food insecurity was associated with elevated biological risk (OR 1.61, 95% CI
1.29–2.00, p-trend < 0.0001). Among men, no association was observed between food insecurity and
elevated biological risk (OR 0.93, 95% CI 0.72–1.20, p-trend = 0.70). A sensitivity analysis using a
four-category household food security variable showed similar results with cumulative biological risk
scores and elevated biological risk (Supplemental Table S1).
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4. Discussion

In this national sample of lower-income adults, food insecurity was significantly associated with
elevated biological risk in women. Significant associations were also observed between marginal food
security and food insecurity and higher cumulative biological risk scores, supporting the notion that
marginal food security is similar to food insecurity with respect to adverse health risks [30,49]. These
findings suggest that food insecurity, and potentially even experiences of marginal food security are
associated with the dysregulation of the major body systems in women [31,50].

To date, only one other study has examined the association between food insecurity and allostatic
load. Among 733 Puerto Rican adults in the Boston Puerto Rican Health Study (BPHC), McClain and
colleagues found that food insecurity was associated with greater dysregulation of the neuroendocrine
and immune systems over a five-year follow-up period, but not with the total allostatic load [42].
The differences in these findings may be due to BPHC study participants being older and already
having higher burden of chronic disease at baseline than the general NHANES population, and the
lack of neuroendocrine markers within NHANES to investigate this specific association.

The results of the present study also highlight differences in the associations between food
insecurity and cumulative biological risk between men and women. Although it is unclear why
the associations were significant among women and not significant among men, prior research
on the connections between food insecurity and stress may provide insight into these differences.
The development of the early Radimer/Cornell hunger scale drew primarily from women’s experiences
of household food insecurity and demonstrated that one of the earliest indicators was worrying
about the household food resources being depleted [51]. This item, now in the U.S. Household Food
Security Survey Module, is consistently endorsed by the vast majority of food-insecure households [1].
Qualitative research studies exploring the lived experiences of women have also expanded our
understanding of the stressful experience of food insecurity. In a study of predominantly mothers
from Quebec City, participants described the “psychological suffering” of food insecurity, as feelings of
powerlessness, guilt, shame, feelings of inequity, and fears of being judged or labeled [29]. Mothers
from another study in Philadelphia and Minneapolis discussed the continual trade-off between food and
other basic necessities due to limited financial resources, characterizing their psychological response as
sadness, frustration, resignation, worry and fear, and shame [52]. In quantitative studies of pregnant
women, food insecurity has been related to higher reported levels of perceived stress, disordered
eating behaviors, trait anxiety, and depressive symptoms, and lower self-esteem and mastery [53,54].
Furthermore, a systematic review on social position, stress, and obesity-related risk factors concluded
that women not only perceive stress more strongly but also exhibit a greater physiological response to
social stressors when compared to men [55]. At the present time, more qualitative and quantitative
research is needed to better understand how men’s psychological and physiological responses to food
insecurity may differ from the responses of women and how those differences may translate into
subsequent implications for health.

Although the present study did not include dietary intake as a mediator or outcome, the inverse
association between food insecurity and diet quality has been well-established in prior studies. In a
study of food pantry clients in Connecticut, food insecurity was associated with a lower likelihood of
consuming fruits, vegetables, and fiber [56]. Another study in Texas found that urban and rural adults
experiencing food-related hardship were more likely to consume sugar-sweetened beverages [57].
Within NHANES, a previous analysis showed inverse associations between household food insecurity
and adult’s dietary quality, as indicated by the lower scores on the Healthy Eating Index and the
Alternate Healthy Eating Index [17]. The results from the present study on household food insecurity
and some biomarkers of cumulative biological risk, e.g., glycohemoglobin, HDL cholesterol, and systolic
blood pressure, may be driven, in part, by differences in dietary quality rather than chronic stress.
However, the chronic stress and dietary pathways stemming from food insecurity are not mutually
exclusive, and several studies have demonstrated how chronic stress could also alter eating behaviors
to negatively impact dietary quality. Chronic stress activates the hypothalamus–pituitary–adrenal
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(HPA) axis, which triggers a cascade of hormones, leading to the release of cortisol [32,58]. Cortisol
stimulates food intake, particularly foods high in fat and sugar, and can lead to excessive caloric intake
and cardiometabolic disease over time [59,60]. When food is available, food-insecure individuals may
overeat not simply in response to the physical sensation of hunger, but as physiological and behavioral
coping strategies to chronic stress. In a qualitative study by Tester and colleagues, food-insecure
parents discussed disordered eating habits observed in their children, including binge eating, hiding
food, and night-time eating behaviors not discussed by food-secure parents [61]. To date, there have
been few studies on the associations between household food insecurity and disordered eating among
adults, with most research limited to children [62,63] and pregnant women [54,63]. Further research,
particularly using longitudinal study designs and robust measurement of food insecurity, chronic
stress, diet quality and eating behaviors, and multiple systems comprising allostatic load, are needed
to better understand the relationship between food insecurity and allostatic load and elucidate the
pathways of chronic stress and dietary intake in the general population.

The results of this study have potential clinical and policy implications. The finding that even
marginal food security was associated with higher cumulative biological risk scores among women
is consistent with research showing that children in households with marginal food security exhibit
poorer health and developmental outcomes than children in food-secure households [49]. Screening of
food insecurity in health care settings using the validated Hunger Vital Sign measure can help identify
adults with marginal food security for the referral to community food programs and social services [64].
Economic and nutrition programs and policies aimed at improving food security should also ensure
that they are reaching populations with marginal food security to ameliorate any adverse health
outcomes related to anxiety over household food resources and milder indicators of food insecurity
that precede behavioral adaptations.

The primary limitation of this study is the cross-sectional design, which limits the ability to
make causal inferences about the findings. Although we restricted the analytic sample to adults with
household incomes ≤300% of the federal poverty level and further adjusted for household income
in statistical analyses, we cannot rule out the potential for residual confounding by income or other
proxies of socioeconomic status, which are known to have salient relationships with health behaviors,
physical health, and mental health [65]. Relatedly, we cannot exclude the potential for reverse causation,
where elevated biological risk might lead to increased health care costs, subsequently influencing
household food security. Another limitation is the assessment of household food security in NHANES,
which occurs over a 12-month period. By aggregating over the past year, our understanding is
limited as to whether experiences of food insecurity were episodic or chronic. Prior research suggests
food-insecure individuals may exhibit disordered eating behaviors corresponding to a monthly cycle of
when food is plentiful or scarce [61,66]. How food insecurity-induced disordered eating is associated
with cumulative biological risk is unknown given the long period over which food insecurity indicators
are measured. Further, no information is available on the history of food insecurity in the family,
as cumulative experiences of food insecurity experienced before the study window may have also
contributed to biological risk.

Another important limitation of the NHANES dataset is that it lacks neuroendocrine markers
to better measure allostatic load. Further research is needed to understand how food insecurity is
associated with neuroendocrine dysregulation and the primary system of allostatic load to better
understand its relationship with chronic stress.

5. Conclusions

Understanding the mechanisms underlying food insecurity and adverse health outcomes is critical
to designing effective interventions to reduce socioeconomic and health disparities. The findings
of the present study show higher cumulative biological risk scores among marginally food-secure
and food-insecure women, providing additional evidence to suggest even mild experiences of food
insecurity may affect physical and mental health outcomes through chronic stress. Further research is
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needed to understand why these associations were not observed in men and to better elucidate the role
of food insecurity in promoting chronic stress independent of other forms of socioeconomic adversity
in women.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/5/1517/s1,
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Abstract: The COVID-19 pandemic has dramatically increased food insecurity in the United States
(US). The objective of this study was to understand the early effects of the COVID-19 pandemic among
low-income adults in the US as social distancing measures began to be implemented. On 19–24 March
2020 we fielded a national, web-based survey (53% response rate) among adults with <250% of the
federal poverty line in the US (N = 1478). Measures included household food security status and
COVID-19-related basic needs challenges. Overall, 36% of low-income adults in the US were food
secure, 20% had marginal food security, and 44% were food insecure. Less than one in five (18.8%) of
adults with very low food security reported being able to comply with public health recommendations
to purchase two weeks of food at a time. For every basic needs challenge, food-insecure adults were
significantly more likely to report facing that challenge, with a clear gradient effect based on severity
of food security. The short-term effects of the COVID-19 pandemic are magnifying existing disparities
and disproportionately affecting low-income, food-insecure households that already struggle to meet
basic needs. A robust, comprehensive policy response is needed to mitigate food insecurity as the
pandemic progresses.

Keywords: covid-19; food insecurity; low-income adults; disparities; survey

1. Introduction

Food insecurity, a condition defined by limited or uncertain access to sufficient, nutritious food for
an active, healthy life, disproportionately affects low-income communities and communities of color [1].
Food is a core social determinant of health [2] and food insecurity is associated with numerous poor
health outcomes in both the short and long term [3–9]. The unprecedented COVID-19 pandemic, and
the associated social and economic response [10] (e.g., school closures, stay at home orders, business
closures, and job losses) have the potential to dramatically increase food insecurity and its related
health disparities among already at-risk populations. Early evidence suggests that food insecurity
is indeed rapidly rising above pre-epidemic levels [11–13]. Household food insecurity has risen
from 11% in 2018 to 38% in March 2020; in April 2020, 35% of households with a child aged 18 and
under were food insecure [12,13]. Households already struggling with food insecurity may find their
current situations exacerbated by COVID-19 with fewer resources to comply with social distancing
recommendations. Food insecure individuals also may have less flexibility in their jobs to allow them
to earn income while staying home, or may be at higher risk of losing their jobs completely, thereby
decreasing (or eliminating) their incomes. These factors may put food insecure households both at
higher risk of contracting COVID-19 and of greater food insecurity due to the economic effects of
COVID-19 mitigation efforts.
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In addition to the long-term health and economic effects of the COVID-19 pandemic, it is important
to understand the immediate impact of social distancing measures to fight COVID-19 on vulnerable
populations who already struggle to meet their basic needs. To do so, we fielded a national survey
of low-income adults in the US on 19–24 March 2020 to understand the immediate effects of how
COVID-19 was impacting low-income Americans and any disparities in its effects based on food
security status.

2. Materials and Methods

We designed a web-based (Qualtrics) survey to measure the initial effects of COVID-19 on
low-income adults in the United States (US) in mid-March 2020, just as some states were beginning to
implement school closures and “stay at home” orders. The web-based survey was formatted to be
accessible when access both via smart phones and on a personal computer or laptop. The survey was
fielded using TurkPrime, an online crowdsourcing platform that is designed to be used for academic
research [14]. TurkPrime allows researchers to use quotas to recruit a sample that matches their specific
needs and has been used in numerous academic studies from a variety of disciplines published in
the peer-reviewed literature [15–19]. In the present study, we used a census matched panel of US
adults (matched on age, gender, and race/ethnicity to the overall population) and limited the sample
to low-income adults with household incomes <250% of the federal poverty line (FPL). The FPL is
calculated based on both household size and annual household income. For example, 100% of the FPL
for a four-person household is $26,200, and 250% of the FPL for a four-person household is $655,000
per year. The annual income for a two-person household at 250% FPL is $43,100.

The survey was open to participants on 19–24 March 2020. We invited 2840 eligible panel members
to participate and 1497 participants completed the survey (53% completion rate). Additional exclusions
included participants who completed the survey in <4 min (n = 7), indicated they did not live in the
US (n = 3), and were missing food insecurity data (n = 9) resulting in a final analytic sample size of
1478. Forty-four percent of participants took the survey on a personal computer or laptop and 56%
took the survey on a smart phone or mobile device. This study was determined to be exempt by the
Institutional Review Board at the University of Michigan.

2.1. Measures

Food security: Food security status over the past 30 days was measured using the 18-item
US Household Food Security Module [20]. Questions are ordered by severity and include three
levels of screening for adults, and an additional level of questions only for households with children.
Affirmative responses to questions were summed to create a total food security score (out of 10 for
adults and out of 18 for households with children). Food security categories (high, marginal, low, very
low) were assigned according to US Department of Agriculture scoring guidelines [21]. The term food
insecurity refers to the combined categories of low and very low food security.

COVID-19-related basic needs challenges: We inquired about challenges related to meeting basic
needs people may have faced in the early weeks of the US COVID-19 epidemic and response. First,
we asked about participants’ ability to comply with recommendations to purchase two weeks of
food (which was recommended by public health efforts to limit grocery shopping trip and facilitate
social distancing). We also asked participants whether they had encountered any of the following
challenges due to the coronavirus: the ability to feed their family, availability of household items such
as toilet paper, access to healthcare, access to medications, the ability to pay bills, ability to rent or pay
mortgages, whether they had been unable to work due to lack of childcare, and whether they had been
unable to work due to illness.

COVID-19-related workplace reactions: At the time of data collection, some, but not all, states had
begun issuing stay at home orders and mandatory business closures. Even in states without stay at
home mandates, some businesses were making adjustments to operations due to COVID-19. We asked
working adults (i.e., those with full- or part-time work outside the home) what their employer was
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doing to adjust to the pandemic. Specifically, we asked “Workplaces in the US are adjusting to the
coronavirus situation in different ways. What is your workplace doing to adjust?” Participants were
given the following response options: nothing, my workplace is proceeding as normal; all employees
are encouraged to work at home; all employees must work at home; essential employees must come in
to work but others can work from home; hours are being reduced for hourly employees; my place of
employment has temporarily closed due to the coronavirus; my place of employment has closed and
I have been laid off; work is busier and employees need to work longer hours; other.

Expected impact of COVID-19 on employment and income: We asked working adults what they
expected would happen at their job if they or someone in their family became ill with COVID-19.
Response options focused on whether they would be able to stay home, whether they had vacation or
sick days they could use, and what they expected would happen if they missed work due to illness.

2.2. Analysis

All analyses were conducted in 2020 with Stata, Version 15 (StataCorp LP, College Station TX,
USA). First, we describe the socio-demographic characteristics of the study sample overall and by
food security status using cross tabulations and chi-squared tests of significant differences. Next, we
examine differences in COVID-19-related basic needs and workplace challenges (among participants
working full or part time), by food security status using cross tabulations. Missing data was treated
using listwise deletion. Significant differences by food security status were assessed using chi-squared
tests. All tests were two tailed and significance was considered at p < 0.05.

3. Results

The characteristics of the sample of low-income adults are presented in Table 1. Overall, 36% of
this sample was food secure, 20% had marginal food security, and 44% were food insecure (17% low
food security; 27% very low food security). Individuals with low or very low food security were more
likely to be non-Hispanic Black or Hispanic, to have children in the home, and have less than a college
education. Individuals with very low food insecurity were also more likely to rent their homes, not
have health insurance or have Medicaid, and were more likely to be receiving SNAP benefits. The
distribution of the sample by state of residence is shown in Appendix A.

Table 1. Demographic characteristics of the study sample overall and by food security status (n = 1478).

Overall
Food Security Status

p-Value
High Marginal Low Very Low

n (%) a n (%) b n (%) b n (%) b n (%) b

Total 1478 (100) 532 (36) 290 (20) 256 (17) 400 (27)
Age

18–39 635 (43) 168 (26) 116 (18) 140 (22) 211 (33) <0.001
40–59 429 (29) 152 (35) 88 (21) 62 (14) 127 (30)
≥60 414 (28) 212 (51) 86 (21) 54 (13) 62 (15)
Sex

Male 733 (50) 285 (39) 135 (18) 128 (17) 185 (25) 0.100
Female 745 (50) 247 (33) 155 (21) 128 (17) 215 (29)

Race/ethnicity
NH White 990 (67) 384 (39) 185 (19) 160 (16) 261 (26) 0.026
NH Black 161 (11) 47 (29) 36 (22) 36 (22) 42 (26)
Hispanic 186 (13) 55 (30) 35 (19) 39 (21) 57 (31)

Asian 73 (5) 24 (33) 23 (32) 11 (15) 15 (21)
Other 68 (5) 22 (32) 11 (16) 10 (15) 25 (37)

Household Size
1–3 people 1113 (75) 416 (37) 219 (20) 177 (16) 301 (27) 0.054
≥4 people 365 (25) 116 (32) 71 (19) 79 (22) 99 (27)
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Table 1. Cont.

Overall
Food Security Status

p-Value
High Marginal Low Very Low

n (%) a n (%) b n (%) b n (%) b n (%) b

Marital Status
Single, never married 564 (38) 199 (35) 108 (19) 118 (21) 139 (35) <0.001

Married 448 (30) 180 (40) 91 (20) 68 (15) 109 (24)
Separated, divorced,

widowed 311 (21) 124 (40) 58 (19) 43 (14) 86 (28)

Living with a partner 150 (10) 27 (18) 32 (21) 26 (17) 65 (43)
Children < 18 years

in home
Yes 445 (30) 120 (27) 85 (19) 92 (21) 148 (33) <0.001
No 1033 (70) 412 (40) 205 (20) 164 (16) 252 (24)

Income
<$35,000/year 894 (60) 297 (33) 175 (20) 165 (18) 257 (29) 0.015

$35,000 ≤ $59,000/year 418 (28) 162 (39) 75 (18) 69 (17) 112 (27)
≥$59,000/year 166 (11) 73 (44) 40 (24) 22 (13) 31 (19)

Education
High school/GED 439 (30) 122 (28) 83 (19) 91 (21) 143 (33) <0.001

Some college 524 (35) 197 (38) 104 (29) 75 (14) 148 (28)
College/grad degree 515 (35) 213 (41) 103 (20) 90 (17) 109 (21)
Employment status
Full time job (hourly

or salary) 408 (29) 139 (34) 68 (17) 81 (20) 120 (29) 0.002

Part time job (hourly
or salary) 239 (17) 83 (35) 51 (21) 41 (17) 64 (27)

Not working, looking
for work 197 (14) 58 (29) 38 (19) 38 (19) 63 (32)

Not working, not looking
for work 415 (30) 186 (45) 86 (21) 55 (13) 88 (21)

Home-maker 141 (10) 46 (33) 27 (19) 21 (15) 47 (33)
Student

Yes 95 (6) 29 (31) 26 (27) 20 (21) 20 (21) 0.106
No 1383 (94) 503 (36) 264 (19) 236 (17) 380 (27)

Home ownership
Rent 744 (50) 201 (27) 144 (19) 154 (21) 245 (33) <0.001
Own 538 (43) 287 (45) 128 (20) 89 (14) 134 (21)
Other 96 (7) 44 (46) 18 (19) 13 (14) 21 (22)

Health insurance
None 231 (16) 68 (29) 40 (17) 35 (15) 88 (38) <0.001

Yes, through work 260 (18) 97 (37) 45 (17) 57 (22) 61 (23)
Yes, Medicare 437 (30) 189 (43) 83 (19) 73 (17) 92 (21)
Yes, Medicaid 338 (23) 91 (27) 73 (22) 55 (16) 119 (35)

Yes, other 212 (14) 87 (41) 49 (23) 35 (17) 40 (19)
Political party affiliation

Republican 396 (27) 174 (44) 76 (19) 50 (13) 96 (24) 0.004
Democrat 594 (40) 190 (32) 124 (21) 115 (19) 165 (28)

Independent 488 (33) 168 (34) 90 (18) 91 (19) 139 (28)
SNAP benefits

No 1065 (72) 452 (42) 207 (19) 182 (17) 224 (21) <0.001
Yes 413 (28) 80 (19) 83 (20) 74 (18) 176 (43)

Region of residence
Northeast 273 (18) 90 (33) 57 (21) 59 (22) 67 (25) 0.406
Midwest 332 (22) 127 (38) 69 (21) 47 (14) 89 (27)

South 542 (37) 196 (36) 95 (18) 97 (18) 154 (28)
West 331 (22) 119 (36) 69 (21) 53 (16) 90 (27)

a Column percentage; b Row percentage.
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Figure 1 shows the ability of low-income US adults to comply with public health recommendations
to stock up on two weeks of food to avoid excess grocery store trips and facilitate social distancing.
Nearly 2/3 (60%) of food-secure, low-income adults reported being able to comply with that
recommendation, compared to less than one in five (18.8%) of low-income adults with very low
food security. Adults with very low food security were more likely to report their local stores were
sold out of products, and not being able to afford to purchase an extra two weeks of food at one time.

Figure 1. Ability to comply with recommendation to stock up on two weeks of food among low-income
US adults, by food security status (n = 1478). Question text: “Experts have recommended stocking up
on two weeks of food for your household to prepare for the coronavirus. Have you been able to do this?
[Please check all that apply. One respondent was missing data for this question and was excluded from
analysis. Differences within each response option by food security status are significant at p < 0.001
based on chi-squared tests.

Potential basic needs challenges related to COVID-19 are displayed in Figure 2. For every challenge
asked about, food-insecure adults were significantly more likely to report dealing with that challenge,
with a clear gradient effect based on severity of food security status. Strikingly, 41.3% of adults with
very low food security reported not having enough food to feed themselves or their family compared
to 10.7% of adults with low food security, 3.1% of adults with marginal food security and 1.6% of adults
with high food security. Half (49.9%) of adults with very low food security did not have enough money
to pay their bills compared to 36.9% of those with low food security, 23.1% of those with marginal food
security and 8.8% of food secure adults.
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Figure 2. Challenges encountered by low-income US adults as a result of COVID-19, as of 19–24 March,
by food security status (n= 1478). Question text: “Have you experienced any of the following challenges
due to the coronavirus (COVID-19) so far?” [Please check all that apply] Percentages reflect the percent
of respondents in each food security category that said they encountered that problem. Ten percent of
respondents (n = 161) did not indicate any of the response options were challenges for them and are
counted as ‘missing’.

Food-secure, low-income adults working full or part time (44.3% of the overall sample) were more
likely than their food-insecure counterparts to work in jobs that were either proceeding as normal,
were busier than usual, or had closed and laid off employees. In contrast, working adults with food
insecurity were more likely to have their hours reduced (Table 2). When asked what they thought
would happen if they or someone in their family got sick with COVID-19, working adults with very
low food security were less likely than their food-secure counterparts to have sick days or vacation
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days they could use, and were more likely to say they would lose their job if they missed too many
days of work (52% very low food security vs. 18% high food security, p < 0.001).

Table 2. COVID-19 effects on workplaces among low-income adults working full or part time in the US
overall and by food security status as of 19–24 March 2020 (n = 655).

Overall
(n = 655)

Food Security Status

p-Value
High

n = 225
(34%)

Marginal
n = 120
(18%)

Low
n = 124
(19%)

Very Low
n = 186
(28%)

n (%) a n (%) b n (%) b n (%) b n (%)b

What is your workplace
doing to adjust to

COVID-19? c

Nothing, proceeding
as normal 152 (23) 64 (42) 27 (18) 25 (16) 36 (24) 0.004

Employees encouraged to
work at home 69 (11) 15 (22) 17 (25) 17 (25) 20 (29)

Employees must work
at home 69 (11) 17 (25) 14 (20) 16 (23) 22 (32)

Essential employees must
come in, others work from

home
58 (9) 29 (50) 5 (9) 14 (24) 10 (32)

Hours are reduced 79 (12) 20 (25) 11 (14) 17 (22) 31 (39)

Temporarily closed 131 (20) 44 (34) 27 (21) 21 (16) 39 (30)

Closed and I have been
laid off 25 (4) 11 (44) 6 (24) 3 (12) 5 (20)

Busier, employees working
extra hours 47 (7) 21 (45) 9 (19) 8 (17) 9 (19)

If you or someone in your
family becomes ill with
COVID-19, what do you

expect will happen
regarding your job? c

(check all that apply)

I will be able to stay home
without using sick or

vacation days
162 (26) 71 (44) 31 (19) 31 (19) 29 (18) 0.003

I will be able to use sick
days to stay home without

losing income
123 (19) 55 (45) 22 (18) 23 (19) 23 (19) 0.022

I will be able to use
vacation days to stay home

without losing income
74 (12) 27 (36) 11 (15) 17 (23) 19 (26) 0.573

I do not have sick days so if
I am not able to work I will

lose income
260 (41) 72 (28) 49 (19) 45 (17) 94 (36) 0.002

I will have to go into work
even if I am sick 33 (5) 6 (18) 6 (18) 8 (24) 13 (39) 0.180

If I miss too many days of
work I could lose my job 61 (10) 11 (18) 9 (15) 9 (15) 32 (52) <0.001

a Column percentage; b Row percentage; c Asked among respondents who are working full or part time.
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4. Discussion

This study presents results from a national survey of low-income adults in the US in the days
immediately following the first major policy steps to enforce COVID-19-related social distancing
measures on a wide scale in the US. Though large-scale school and business closures were only beginning
to be implemented [22], we find that the effects of the COVID-19 pandemic were already impacting
low-income adults, with disproportionately negative effects for low-income adults experiencing food
insecurity. This initial evidence from a time period before even greater economic effects and job losses
took place demonstrate that the COVID-19 pandemic threatens to greatly exacerbate existing health
disparities related to food security status. Indeed, evidence from later surveys show that food insecurity
in the US has dramatically increased well beyond levels seen during the Great Recession [12,13].

Results from this study illuminate the extent to which, very early in the COVID-19 trajectory in the
US, individuals with food insecurity were disproportionately vulnerable to the severe economic and
health consequences of the crisis. Our findings show that as early as mid-March 2020, food-insecure
adults currently working outside the home were at greater risk of losing their income or their jobs
if they got sick from COVID-19. Regardless of whether they get sick or their employment status,
food-insecure individuals were also more likely to report expecting that they will lose income during
the pandemic. For already low-income households, loss of income puts them at high risk of severe
food insecurity and an inability to meet other basic needs, both of which can lead to future physical
and mental health problems [23–26]. Compared to low-income, food-secure adults, food-insecure
adults were more likely to report that they had already been laid off, and that their income would
go down substantially. Fifty-four percent of food secure adults reported they expected their income
would remain the same compared to 23% of adults with very low food security (results not shown,
but available upon request). Subsequent massive job losses [27] and more extensive social distancing
measures [10] after data collection ended have likely exacerbated the trends we document in our results.

Across the lifespan, food insecurity is associated with a range of negative health outcomes
over the short and long term, including poor mental health outcomes such as depression, stress,
and anxiety [4,9,28], poor diet quality [7,29], high rates of chronic diseases such as diabetes and
obesity [6,30,31], and lower overall health status [3,5,32]. Food insecurity is also associated with
higher healthcare expenditures, in part due to the higher burden of chronic health conditions among
food-insecure patients and the known tradeoffs between food and medicine [24,26]. As the COVID-19
pandemic and the associated economic fallout progress, it will be critical for policymakers, health
systems, and the public health community to proactively and comprehensively address access to food
and other basic needs, particularly for populations at risk of, and already experiencing, food insecurity.
Failure to do so will have long-term implications for population health, health disparities, and the
health care system as a whole.

Food-insecure adults are more likely to be people of color, with lower social standing, who
have less flexible and secure jobs, and are more vulnerable to chronic stress and other basic needs
insecurities [1]. In 2018, 11.1% of adults in the US were food insecure; among low-income adults
(<185% FPL), 29.1% were food insecure [1]. We find that, as of mid-March, 2020, 44% of adults with
an income <250% of the FPL were food insecure in the past 30 days, and these individuals were
more likely to be non-Hispanic Black or Hispanic. This disparity in food security status based on
race/ethnicity is an additional way in which COVID-19 is disproportionately impacting communities
of color in the US. Since mid-March, adult and child food insecurity rates in the US have dramatically
risen [12,13]. In our study, adults currently experiencing food insecurity were not able to buy food
in bulk quantities and therefore are at greater risk of exposure to the virus (due to the need for more
frequent food shopping trips) as well as being at greater risk of an acute hunger crisis (due to lack of
financial resources to purchase sufficient food). In addition, as individuals already at risk for food
insecurity are more vulnerable to losing their jobs, rates of food insecurity will climb higher as the
pandemic progresses.
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Direct income support, expanded unemployment benefits, and additional support for federal
food assistance programs included in the CARES act (passed on 27 March 2020) and the Families
First Coronavirus Response Act (passed on 18 March 2020) are important first steps to supporting
low-income families in the US [33,34]. However, longer-term support for individuals, as well as
institutions and organizations that provide food, is needed. Some communities are already experiencing
unprecedented demand in the emergency food system [35], and the federal government, states, and
cities are scrambling to ensure that families with children who depend on free or reduced price meals
at school do not go hungry [36]. Given the scale of the pandemic and the likely duration of social
distancing measures and the associated economic impacts, more support is urgently needed to mitigate
the toll of COVID-19 on the most vulnerable members of society. In particular, in addition to direct
economic support to individuals, financial support for the emergency food system, greater flexibility
for school systems to provide food to families, and long-term, expanded food assistance support via
the Supplemental Nutrition Assistance Program (SNAP) are all urgently needed. Expanded SNAP
benefits were critical for providing needed support for low-income families during the Great Recession,
and were effective at reducing food insecurity [37]. Congress and the Trump administration should
urgently increase SNAP benefits and expand eligibility for the program to help low-income families
afford food during this extraordinary time.

Limitations

Results from this study should be considered in light of some limitations. First, the web-based
survey panel does not use probability-based sampling and is not nationally representative. However,
the TurkPrime panel is national in scope, and uses census-matched quotas to achieve a sample that
closely aligns with the demographics of the population in the US which mitigates some of this concern.
However, because we limited our sample to households <250% of the FPL (based on income and
household size), and because the survey was only available in English, the demographics of our sample
may be more similar to the US population overall and undercount some key demographic groups,
particularly non-Hispanic Blacks and Hispanics, non-English speakers, and immigrants. Relatedly,
this data was collected via a web-based survey which by definition required participants to have
internet access via a computer or a smart phone. This method of data collection could also have
undercounted some groups (e.g., those with very low income, without high school degrees, and those
living in rural areas without broadband internet access) [38], likely those especially vulnerable to food
insecurity. It is important to note, however, that any bias introduced from these factors would have
biased results into the direction of undercounting, rather than overcounting, food insecurity and the
other outcomes we document here. Second, respondents could choose whether or not to participate in
the survey which may introduce some selection bias. Third, all measures in the study are self-reported
and may be subject to a social-desirability bias. However, the fact that the survey was fielded online
and was completely anonymous may mitigate this concern. Fourth, this survey is cross-sectional and
we cannot make any statements about causal relationship between the coronavirus and our measure of
food insecurity in the past 30 days. Finally, data were collected very quickly after social distancing
measures and business and school closures began to be implemented in some (but not all) states.
This is a strength as we were able to capture the immediate, real-time impacts on low-income adults.
However, some measures also focused on anticipated effects. It is possible that the respondents did
not accurately assess the likely effect of the coronavirus pandemic on their employment and income.
However, initial evidence in the weeks after our data were collected show clearly that unemployment
and rates of food insecurity have skyrocketed. The longer-term effects on low-income adults in the US,
and associated disparities based on food insecurity, may be better or worse than those expected by
participants in this survey. It will be imperative for future research to examine the long-term effects of
the coronavirus pandemic and associated social distancing measures on food insecurity and associated
health outcomes, particularly among vulnerable communities that were already struggling at the start
of the pandemic.
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The strengths of our study include the fact that we were able to collect these data so quickly after
a national emergency was declared and states began implementing policies to slow the spread of
COVID-19. Our large national sample of low-income adults is another key strength as is our use of the
gold standard 18-question USDA food security screener module.

5. Conclusions

The social and economic upheaval caused by the COVID-19 pandemic is magnifying existing
disparities and disproportionately affecting low-income, food-insecure households that already struggle
to meet basic needs. The early effects documented in the present study are likely to continue to worsen
as the pandemic continues unless extensive policy and economic supports are swiftly implemented.
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Appendix A

Table A1. Distribution of the Sample by State.

State N Percent

Alabama 22 1.49
Alaska 3 0.2

Arizona 35 2.37
Arkansas 16 1.08
California 150 10.15
Colorado 19 1.29

Connecticut 10 0.68
Delaware 7 0.47

District of Columbia 2 0.14
Florida 102 6.9
Georgia 50 3.38
Hawaii 7 0.47
Idaho 8 0.54
Illinois 62 4.19
Indiana 28 1.89

Iowa 11 0.74
Kansas 19 1.29

Kentucky 27 1.83
Louisiana 17 1.15

Maine 10 0.68
Maryland 20 1.35

Massachusetts 26 1.76
Michigan 58 3.92
Minnesota 21 1.42
Mississippi 14 0.95

Missouri 30 2.03
Montana 4 0.27
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Table A1. Cont.

State N Percent

Nebraska 5 0.34
Nevada 26 1.76

New Hampshire 6 0.41
New Jersey 37 2.5

New Mexico 13 0.88
New York 100 6.77

North Carolina 52 3.52
North Dakota 0 0

Ohio 68 4.6
Oklahoma 25 1.69

Oregon 17 1.15
Pennsylvania 72 4.87
Puerto Rico 0 0

Rhode Island 3 0.2
South Carolina 30 2.03
South Dakota 3 0.2

Tennessee 31 2.1
Texas 90 6.09
Utah 21 1.42

Vermont 3 0.2
Virginia 29 1.96

Washington 28 1.89
West Virginia 13 0.88

Wisconsin 28 1.89
Wyoming 0 0

Total 1478 100
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Abstract: Food resource management (FRM) behaviors are key components within nutrition education
programs designed to help food insecure households maximize their food dollars. However, little is
known about the association between FRM self-confidence and financial practices with household
food insecurity (HFI) among families with young children. Using a sample of SNAP-Ed-eligible
Head Start families, this study examined associations between FRM self-confidence, FRM behaviors
and financial practices by HFI. A needs assessment survey was conducted with caregivers of Head
Start children (n = 365). HFI was measured using the US Household Food Security Survey Module.
Chi-square and logistic regression analyses were conducted to examine if FRM self-confidence,
FRM behaviors, and financial practices differed by HFI. Participants with high FRM self-confidence
had lower odds of HFI (OR = 0.54, 95%CI: 0.33, 0.87), yet FRM behaviors, financial practices, and HFI
were not related after adjusting for covariates. All FRM self-confidence questions significantly differed
by HFI, whereas only one of six FRM behaviors and two of three financial practices differed by HFI
(all p-values < 0.05). Promoting caregivers’ self-confidence in FRM skills within nutrition education
programs may be explored as a potential strategy to assist low-income households to stretch their
food dollars in an attempt to address HFI.

Keywords: food resource management; food insecurity; self-confidence; nutrition education; financial
practices; SNAP-Ed; Head Start; young children

1. Introduction

Household food insecurity (HFI), defined as “the inability to provide enough food for a healthy
and active lifestyle for all household members [1]”, remains a serious social and public health problem
in the US [2]. Food insecurity is especially prevalent among low-income families with children. In 2018,
13.9% of American households with children were food insecure, and the prevalence of HFI reached
14.3% among households with children 6 years of age or younger [3]. Food insecurity is associated with
a range of negative health outcomes among infants and young children, including poor physical health,
increased risk of infections, micronutrient deficiencies [4,5], suboptimal sleep quality [6], adverse
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behavioral, mental, and academic behaviors [5,7,8], as well as obesity and other chronic conditions
during childhood and later in life [7,9].

Federal assistance programs that provide monetary benefits along with nutrition education to
low-income households have been shown to alleviate HFI [10]. These nutrition education programs,
such as the Supplemental Nutrition Assistance Program Education (SNAP-Ed) and the Expanded
Food and Nutrition Education Program (EFNEP), provide participants with trainings on how to
maximize the use of their food dollars while providing healthy foods to their families and children [11].
An integral component of these nutrition education programs is to teach individuals how to acquire
food resource management (FRM) skills and behaviors defined as “the handling of all foods and the
resources that may be used to acquire foods by an individual or family [12].” In addition, FRM trainings
cover topics such as meal planning, shopping strategies, food selection, budgeting, food preparation,
and cooking strategies to maximize nutrition under resource constraints [12]. Previous studies indicate
that integrating FRM within nutrition education (e.g., food preparation tips, healthful food selection,
and budgeting) improves the food security status of low-income households [10,13], including those
with children [14,15].

Although food assistance programs, such as SNAP and SNAP-Ed, focus on behavioral change in
FRM, less emphasis has been placed on assessing participants’ self-efficacy and confidence in their FRM
skills. Few studies, to date, have reported how nutrition education interventions targeting self-efficacy
and confidence in FRM can improve food security [15,16]. Perceived self-efficacy represents a key
construct in behavioral change theories, as it refers to an “individual’s confidence in their ability to plan
and follow through with a series of actions that will result in desired outcomes or achievements” [17].
Research studies examining the effect of self-efficacy on behavioral change related to nutrition, exercise,
and weight loss [18], as well as the prevention of chronic diseases [19], have demonstrated the pivotal
role that self-efficacy plays in improving health. Knowing that families experiencing food insecurity
may face various challenges affecting their confidence in managing their budgets to maintain food
sufficiency [20,21], it is integral to further examine the association between FRM self-confidence and
HFI [16].

Food insecurity is linked to income [1]; however, food insecurity is not the outcome of income
alone. Instead, it is influenced by a myriad of other demographic, environmental, and financial
factors [22,23]. To further examine the determinants of HFI, a growing body of literature has been
exploring the association between financial management skills and food insecurity [22,24]. It was
previously suggested that good financial management practices may safeguard certain households
from food insecurity, whereas those with less effective financial skills may be at increased risk of food
insecurity [22,25]. To our knowledge, the associations between FRM, financial practices, and HFI have
not been adequately explored in the literature, particularly among households with young children.
To address this research gap, the present study aimed to first examine the associations between FRM
self-confidence and FRM behaviors by HFI status using a sample of SNAP-Ed-eligible Head Start
families. A secondary objective of the study was to explore the association between financial practices
of caregivers and HFI status in the study sample. Head Start is a federally-funded program that
serves just over 900,000 low-income preschool children in the US to optimize their health and nutrition.
The Head Start program also provides balanced snacks and meals to children through the Child and
Adult Care Food Program [26]. Although previous studies have shown that Head Start programs
can help alleviate HFI and improve nutrition outcomes of children [27,28], none, to our knowledge,
have examined the potential associations between caregiver’s FRM self-confidence and behaviors by
HFI. We hypothesized that (1) caregivers with higher self-confidence and better FRM skills would have
lower risk of being food insecure; and (2) caregivers with good financial practices would report lower
levels of food insecurity.
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2. Materials and Methods

2.1. Sampling and Recruitment

Caregiver-child dyads in the present study were recruited from Head Start preschool classrooms
in four rural counties in central Pennsylvania. Data used in the present study were drawn from a needs
assessment survey that was designed to characterize the home environments of low-income families
with young children and to better inform future nutrition education programming for the Head Start
participants. The survey was distributed through classrooms to 1297 Head Start families. If parents
had more than one child enrolled in Head Start, they were instructed to complete the survey for their
oldest child enrolled in the program. Of the 1297 distributed surveys, 379 (30%) were returned in the
mail. Caregivers received a $25 gift card for their participation. Data collection spanned May 2017
to May 2018. Among nine families, a survey was completed for two children in the home, thus we
excluded the survey for the younger of the two children. Four children were excluded because they
were outside the age range of Head Start eligibility, resulting in a final study sample of 365. For the
purpose of the present study, a minimum sample size of 134 participants was required to test for the
associations between our main variables of interest (FRM behavior, FRM self-confidence, and HFI)
at 80% power and with 95% confidence interval. The sample size calculations were done using data
from previous studies that examined similar associations [10,16]. Informed consent was obtained
from subjects prior to their participation in the study. The study was conducted in accordance with
the Declaration of Helsinki, and the protocol was approved by the Institutional Review Board at the
Pennsylvania State University (00007467).

2.2. Caregiver and Household Characteristics

The survey included questions related to the caregiver characteristics, such as age and sex,
ethnicity, education, employment, and marital status. As for household characteristics, questions
included child’s age, number of children in the household, number of people supported by household
income, participation in assistance programs in the past 12 months (e.g., Special Supplemental Nutrition
Program for Women, Infants, and Children (WIC) and Supplemental Nutrition Assistance Program
(SNAP)), and household income. Household income was missing in seventy-four of 365 households
(20.2%). Missing income was imputed based on WIC and SNAP status, parent education, marital
status, and employment using PROC MI in SAS software (SAS Institute Inc., Cary, NC, USA).

2.3. Household Food Insecurity Status

Household food insecurity (HFI) experienced during the previous 12 months was measured using
the 18-item US Household Food Security Survey Module [1]. The food security status of households
was determined by the number of food-insecure conditions and behaviors the household reports.
Households were classified as ‘food secure’ if participants responded affirmatively to two or fewer
items on the 18-item scale and as ‘food insecure’ if the affirmative responses were on three or more
items, such as “cutting the size of meals or skipping meals because there wasn’t enough money for
food during the past 12 months” or “losing weight because there wasn’t enough money for food”.

2.4. Food Resource Management (FRM) Self-Confidence and Behaviors

FRM self-confidence and FRM behaviors of caregivers were assessed in the present study using
two sets of questions derived from the SNAP-Ed evaluation framework guide and toolkit [11].
These questions were previously used and validated in other studies assessing the impact of
nutrition education programs targeting low-income adults, including SNAP-Ed, Cooking Matters,
and Expanded Food and Nutrition Education Program (EFNEP), on participants’ FRM skills [10,14,29]
and confidence [16,29].

The caregivers’ self-confidence in FRM abilities (in the past 12 months) was assessed in the present
study using five questions. Three questions assessed caregiver confidence to “choose the best-priced
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form of fruits and vegetables”, “buy healthy foods on a budget”, and “cook healthy foods on a budget”;
and two questions were related to caregiver’s confidence in their ability to “make a shopping list
and stick to it” and “compare prices of similar foods to find the best value”. Responses for these
questions were measured using a 4-point Likert scale that ranged from 1 (not very confident) to 4 (very
confident). An average FRM self-confidence score was calculated for each participant based on their
responses to the five questions, and a binary score was later created for FRM self-confidence to classify
participants into two groups (low/high): participants with scores less than the median were categorized
as “low” FRM self-confidence, whereas participants with scores greater than or equal to the median
score were categorized as “high” FRM self-confidence. A high FRM self-confidence indicated a greater
self-confidence in shopping, preparing foods, and managing food resources on a budget.

The FRM behaviors of participants in the present study were assessed using six questions from
the SNAP-Ed evaluation framework and toolkit, asking how often do caregivers “plan meals before
shopping”, “prepare shopping list”, “compare prices before buying”, “use grocery store flyers”,
and “identify foods on sales or use coupons” [11]. A 5-point response scale (1 = never, 2 = rarely,
3 = sometimes, 4 = usually, 5 = always) was used for each of the FRM behavior items. An average FRM
behavior score was first calculated, then a binary score was created to classify participants into two
groups: participants with scores less than the median were categorized as “low” FRM behaviors,
whereas participants with scores greater than or equal to the median score were categorized as “high”
FRM behaviors. A high FRM behavior indicated better practices in meal planning, shopping with a
grocery list, and comparing prices.

2.5. Financial Situation, Financial Practices, and Difficulties

To assess the financial situation, respondents were asked to describe their own financial situation
with responses including: 1 = “Very comfortable and secure”, 2 = “Very comfortable and secure”,
3 = “Occasionally have some difficulty making ends meet”, 4 = “Tough to make ends meet but keeping
head above water”, and 5 = “In over your head”. As for financial difficulties, these were evaluated
based on 5 questions from the USDA national food study [30] to assess difficulties that individuals
had in meeting their essential household expenses, such as mortgage or rent payments, utility bills,
or important medical care during the past six months.

Financial practices of the caregivers were also assessed using 3 questions that were derived from
the USDA national food study [30]. Caregivers were asked to report how frequently they adopted
the following practices during the past 6 months: “review your bills for accuracy”, “pay your bills
on time”, and “pay more than the “minimum payment due” on your credit card bills”. Response
options ranged from 1 = never to 5 = always. An average financial practices score was calculated
for each participant based on their responses to the five questions, and a binary score was later
created (low/high): participants with scores less than the median were categorized as “low”, whereas
participants with scores greater than or equal to the median score were categorized as “high”, referring
to those with better financial practices.

2.6. Statistical Analyses

Descriptive statistics were reported in the present study as frequencies and proportions for
categorical variables and as medians and interquartile ranges (IQR) for non-normal continuous
variables. Chi-square tests and Mann-Whitney U tests were conducted to explore differences between
categorical variables and non-normal continuous variables by HFI status (food secure vs. food insecure
households), respectively. Simple and multiple logistic regression analyses were also conducted to
examine the association between FRM self-confidence, FRM behaviors, and financial practices by
HFI status. Variables included in the multiple logistic regression models were those found to have
a significant bivariate relationship with HFI and were statistically significant in the simple logistic
models (p < 0.05). Sensitivity analyses were also conducted to assess the validity of findings by:
(1) adjusting for significant and non-significant sociodemographic variables as potential confounders

114



Nutrients 2020, 12, 2304

in the logistic regression models, (2) running linear regression models with HFI and other variables
of interest (FRM behavior, FRM self-confidence and financial practices) as continuous variables, and
(3) running models using imputed and non-imputed income data. For the models with non-imputed
income, we excluded subjects with missing income in the sensitivity analysis. Results from the logistic
regression models were expressed as odds ratios with 95% confidence intervals. Statistical analyses
were conducted using Stata/MP version 15.1 (StataCorp. College Station, TX, USA). A p-value of 0.05
was used to detect significance in all analyses used in the present study.

3. Results

3.1. Descriptive Characteristics of the Study Sample

The majority of caregivers in our study sample were females (96%), White non-Hispanic (98%),
and completed high school education level or less (61%). The median age of caregivers was 30 (IQR = 9)
years old. More than half of study participants were married or partnered (57%) and unemployed
(54%). In addition, almost three quarters of participants were receiving SNAP benefits (75%) and WIC
(70%). The median number of children in the household was 2, and the prevalence of HFI was 37%
(see Table 1).

Caregiver and household characteristics of the study sample were also presented by HFI in Table 1.
Participation in the SNAP/Food Stamps program was significantly greater among food insecure
households compared to food secure ones (84% vs. 69%, p = 0.001), whereas participation in WIC
was less common among food insecure households (64% vs. 74%, respectively, p = 0.041). No other
significant associations were noted between HFI and demographic characteristics in the present study.

Table 1. Descriptive characteristics of a sample of low-income Head Start families with preschool- aged
children from four rural counties in central Pennsylvania, USA, by household food insecurity status,
(n = 365) 1,2,3.

Total Sample
(n = 365)

Food Secure
(n = 229)

Food Insecure 4

(n = 136)
p-Value

Caregiver characteristics

Parent’s age 30 [9] 30 [9] 30 [8] 0.915

Parent ethnicity
Hispanic 7 (2) 4 (2) 3 (2) 0.711

Non-Hispanic 330 (98) 209 (98) 121 (98)

Parent gender
Female 346 (96) 217 (96) 129 (96) 0.831
Male 15 (4) 9 (4) 6 (4)

Highest parent education completed
≤High school 212 (61) 134 (63) 78 (59) 0.461
>High school 135 (39) 80 (37) 55 (41)

Marital status
Not married 155 (43) 95 (42) 60 (44) 0.623

Married or partnered 210 (57) 134 (58) 76 (56)

Employment status
Unemployed 194 (54) 120 (53) 74 (55) 0.751

Employed 167 (46) 106 (47) 61 (45)

Household characteristics

Child’s age 4 [1] 4 [1] 5 [1] 0.383
Number of children 2 [1] 2 [1] 2 [1] 0.860
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Table 1. Cont.

Total Sample
(n = 365)

Food Secure
(n = 229)

Food Insecure 4

(n = 136)
p-Value

Number of people (supported by
income) 4 [2] 4 [2] 4 [2] 0.242

Yearly household income
<$20,000 176 (49) 108 (48) 68 (50) 0.635
≥$20,000 185 (51) 118 (52) 67 (50)

Participation in assistance program
(in the past 12 months) 5

SNAP/Food Stamps 270 (75) 156 (69) 114 (84) 0.001
WIC 253 (70) 167 (74) 86 (64) 0.041

1 Categorical variables were presented as n (%) and non-normal continuous variables were presented as medians
and interquartile ranges (IQR). IQR represents the difference between the upper and lower quartiles (Q3−Q1).
2 Chi-square tests were conducted to determine differences between categorical variables and binary food security
status. 3 Mann-Whitney U tests were used to determine differences between non-normal continuous variables and
binary food security status. 4 Households with low and very low food security status were categorized as food
insecure and those with marginal or high food security were classified as food secure [1]. 5 SNAP, Supplemental
Nutrition Assistance Program; TANF, Temporary Assistance for Needy Families; WIC, The Special Supplemental
Nutrition Program for Women, Infants, and Children.

3.2. Food Resource Management and Household Food Insecurity

Table 2 presents FRM self-confidence and FRM behaviors of caregivers in the study sample and
by HFI. Results showed that almost three-quarters of caregivers were moderately to very confident in
choosing best priced food items, comparing food prices for best values, and cooking healthy food
items on a budget. In addition, slightly greater than two-thirds of participants were moderately or
highly confident in “buying health foods for their families on a budget” and “making a shopping list
and sticking to it”. The proportion of participants reporting usually or always adopting FRM behaviors
ranged between 31% and 79%. The less adopted FRM behaviors included “using grocery store flyers
to plan meals” (31%), “planning of meals prior to grocery shopping” (57%), and “identifying foods on
sale or using coupons to save money” (57%).

Table 2. Food resource management (FRM) self-confidence and FRM behaviors of Head Start caregivers
in the study sample by household food insecurity, (n = 365) 1.

Responses
Total Sample

(n = 365)
Food Secure

(n = 229)
Food Insecure

(n = 136)
p-Value

FRM self-confidence n (%)

How confident are you that
you can choose the best-priced
form of fruits and vegetables
(fresh, frozen or canned)?

Not very confident 17 (5) 9 (4) 8 (6) 0.046
Somewhat confident 80 (22) 44 (19) 36 (27)
Moderately confident 135 (37) 80 (35) 55 (40)

Very confident 131 (36) 94 (42) 37 (27)

How confident are you that
you can buy healthy foods for
your family on a budget?

Not very confident 28 (8) 12 (5) 16 (12) <0.001
Somewhat confident 85 (23) 44 (20) 41 (30)
Moderately confident 127 (35) 78(34) 49(37)

Very confident 122 (34) 94 (41) 28 (21)

How confident are you that
you can cook healthy foods for
your family on a budget?

Not very confident 18 (5) 10 (4) 8 (6) <0.001
Somewhat confident 83 (23) 36 (16) 14 (34)
Moderately confident 126 (34) 79 (35) 47 (35)

Very confident 137 (38) 103 (45) 34 (25)

How confident are you that
you can make a shopping list
and stick to it?

Not very confident 31 (8) 16 (7) 15 (11) 0.008
Somewhat confident 86 (24) 50 (22) 36 (26)
Moderately confident 113 (31) 63 (28) 50 (37)

Very confident 134 (37) 99 (43) 35 (26)
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Table 2. Cont.

Responses
Total Sample

(n = 365)
Food Secure

(n = 229)
Food Insecure

(n = 136)
p-Value

How confident are you that
you can compare prices of
similar foods to find the best
value?

Not very confident 21 (6) 9 (4) 12 (9) 0.015

Somewhat confident 70 (19) 40 (18) 30 (22)
Moderately confident 122 (33) 71 (31) 51 (37)

Very confident 151 (42) 108 (47) 43 (32)

FRM behaviors n (%)

How often do you compare
prices before buying food?

Never 17 (5) 13 (6) 4 (3) 0.761
Rarely 21 (6) 13 (6) 8 (6)

Sometimes 77 (21) 49 (21) 28 (21)
Usually 122 (33) 77 (34) 45 (33)
Always 127 (35) 76 (33) 51 (37)

How often do you plan meals
before shopping for groceries?

Never 13 (4) 8 (4) 5 (4) 0.812
Rarely 30 (8) 18 (8) 12 (9)

Sometimes 112 (31) 71 (31) 41 (30)
Usually 131 (36) 78 (34) 53 (39)
Always 75 (21) 51 (23) 24 (18)

How often do you use a
shopping list when grocery
shopping?

Never 14 (4) 7 (3) 7 (5) 0.016

Rarely 25 (7) 15 (6) 10 (7)
Sometimes 70 (19) 45 (20) 25 (19)

Usually 99 (27) 50 (22) 49 (36)
Always 156 (43) 111 (49) 45 (33)

How often do you check food
on hand before making a
shopping list? *

Never 7 (2) 3 (1) 4 (3) 0.349
Rarely 15 (4) 12 (5) 3 (2)

Sometimes 55 (15) 33 (15) 22 (16)
Usually 117 (32) 69 (30) 48 (35)
Always 170 (47) 111 (49) 59 (44)

How often do you use grocery
store flyers to plan meals?

Never 67 (19) 42 (18) 25 (18) 0.922
Rarely 63 (17) 38 (17) 25 (18)

Sometimes 121 (33) 74 (32) 47 (35)
Usually 56 (15) 38 (17) 18 (13)
Always 57 (16) 36 (16) 21 (16)

How often do you identify
foods on sale or use coupons
to save money? *

Never 26 (7) 14 (6) 12 (9) 0.453
Rarely 21 (6) 16 (7) 5 (4)

Sometimes 108 (30) 64 (28) 44 (32)
Usually 105 (29) 65 (29) 40 (29)
Always 104 (28) 69 (30) 35 (26)

1 Chi-square test was conducted to determine differences between categorical variables and binary food security
status. * For expected cell counts less than 5, p-value from Fisher’s exact test was reported.

Significant differences were observed between food secure and food insecure households for all
FRM self-confidence items (p-value < 0.05). More specifically, caregivers in food secure households
were more likely to report being very confident in their abilities to “choose best priced fruits and
vegetables” (42% vs. 27%), “buy healthy foods for their families” (41% vs. 21%), “cook healthy foods
on a budget” (45% vs. 25%), “make a shopping list and stick to it” (43% vs. 26%), and “compare
prices of similar foods when shopping to get the best value” (47% vs. 32%) when compared to their
food insecure counterparts. On the other hand, only one item from the FRM behaviors was found
to be significantly different between food secure and food insecure households in our study sample.
A greater proportion of caregivers in food secure households reported that they always “use a shopping
list when grocery shopping” as compared to their food insecure counterparts (49% vs. 33%, Table 2).

3.3. Financial Situation, Practices, and Difficulties and Household Food Insecurity

When caregivers were asked to describe the household’s financial situation, 37% of the total
sample reported being “very comfortable and secure” or “able to make ends meet without much
difficulty”, 34% “occasionally have some difficulty making ends meet”, and the remaining 29% reported
it is “tough to make ends meet but keeping your head above water” or they are “in over their heads”.
In terms of financial practices, the majority of caregivers in the study sample responded they usually
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or always “review bills for accuracy” (75%) and “pay bills on time” (79%), yet less than one-third of
participants responded they “pay more than the “minimum payment due” on credit card bills” as
frequently. With respect to financial difficulties, 39% of caregivers in our study reported going through
a time “when they could not pay mortgage or rent, electricity or gas utilities, or important medical
expenses”, and 44% reported going through periods when they “could not pay the full amount of gas,
oil, or electricity bills” (Table 3).

Table 3. Financial situation, practices and difficulties of Head Start caregivers in the study sample and
by household food insecurity (n = 365) 1.

Responses
Total Sample

(n = 365)
Food Secure

(n = 229)
Food Insecure

(n = 136)
p-Value

Which of the following
best describes your
family’s financial
situation? * n (%)

Very comfortable & secure 31 (9) 27 (12) 4 (3) <0.001
Able to make ends meet
without much difficulty 98 (28) 88 (40) 10 (7)

Occasionally have some
difficulty making ends meet 121 (34) 69 (31) 52 (40)

Tough to make ends meet
but keeping head above

water
91 (26) 32 (14) 59 (45)

In over your head 13 (3) 7 (3) 6 (5)

Financial practices n (%)

How often do you
review your bills for
accuracy? *

Never 14 (4) 13 (6) 1 (1) 0.112
Rarely 31 (8) 16 (7) 15 (11)

Sometimes 47 (13) 29 (13) 18 (13)
Usually 132 (36) 85 (37) 47 (35)
Always 140 (39) 85 (37) 55 (40)

How often do you pay
your bills on time? *

Never 5 (1) 3 (1) 2 (1) <0.001
Rarely 13 (4) 4 (2) 9 (7)

Sometimes 59 (16) 30 (13) 29 (21)
Usually 140 (38) 78 (34) 62 (46)
Always 148 (41) 114 (50) 34 (25)

How often do you pay
more than the
“minimum payment due”
on your credit card bills?

Never 109 (33) 66 (32) 43 (37) 0.001
Rarely 46 (14) 19 (9) 27 (23)

Sometimes 70 (22) 47 (22) 23 (20)
Usually 46 (14) 35 (17) 11 (9)
Always 55 (17) 42 (20) 13 (11)

Financial difficulties n (%)

Has there been a time
when you could not pay
your mortgage or rent,
electricity or gas utilities,
or important medical
expenses?

Yes 141 (39) 55 (24) 86 (63) <0.001

Were you evicted from a
home or apartment for
not paying the rent or
mortgage? *

Yes 6 (2) 2 (1) 4 (3) 0.201

Has there been a time
when you could not pay
the full amount of gas,
oil, or electricity bills?

Yes 159 (44) 72 (32) 87 (64) <0.001

Have you used a cash
advance service on any
of your credit cards? *

Yes 15 (4) 5 (2) 40 (7) 0.013

Have you used a payday
loan or other high
interest loan?

Yes 11 (3) 4 (2) 7 (5) 0.107

* For cells with counts less than 5 in the chi-square analysis, p-value from Fisher’s exact test was reported.
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In addition, Table 3 presents the financial situation, difficulties, and financial practices of caregivers
in the study sample by HFI. Overall, food insecure households were more likely to report their financial
situation as “occasionally have some difficulty making ends meet” (40% vs. 31%) or “tough to make
ends meet but keeping head above water” compared to their food secure counterparts (45% vs. 14%).
In terms of financial practices, a higher proportion of caregivers in food secure households reported
they always “pay bills on time” (50% vs. 25%) and “pay more than the minimum payment due on
credit card bills” (20% vs. 11%) compared to their food insecure counterparts. On the other hand, food
insecure households were significantly more likely to report facing financial difficulties compared to
food secure ones: “has there been a time when you could not pay your mortgage or rent, electricity or
gas utilities, or important medical expenses?” (63% vs. 24%) and “has there been a time when you
could not pay the full amount of gas, oil, or electricity bills” (64% vs. 32%), p-value < 0.001.

3.4. Food Resource Management, Financial Practices, and Household Food Insecurity

The associations between FRM self-confidence, FRM behaviors, and financial practices with HFI
were also explored in the present study (Table 4). Results from the logistic regression analyses showed that
caregivers with high FRM self-confidence had lower odds of HFI (OR = 0.54, 95% CI: 0.33, 0.87, p = 0.012),
even after adjusting for financial practices and participation in food assistance programs (SNAP and WIC).
Although the association between financial practices and HFI was significant in the simple regression
analysis, this association lost its statistical significance in the adjusted model (OR = 0.77, 95%CI: 0.46, 1.3,
p = 0.338). Results from the models remained robust after conducting sensitivity analyses and adjusting
for significant and non-significant sociodemographic variables, including parent’s age, employment,
household income (imputed and not imputed values), and participation in food assistance programs in
the past 12 months (Supplemental tables—Tables S1 and S2).

Table 4. Simple and multiple logistic regression analyses of food resource management (FRM)
self-confidence, FRM behaviors, and financial practices of Head Start caregivers with household food
insecurity (n = 365).

Simple Logistic Regression Multiple Logistic Regression 1

FRM self-confidence
Low 1.0 1.0
High 0.50 (0.32, 0.77) 0.54 (0.33, 0.87)

p-value p = 0.002 p = 0.012

FRM behaviors
Low 1.0 -
High 0.98 (0.64, 1.5) -

p-value p = 0.913

Financial practices

Low 1.0 1.0
High 0.52 (0.32, 0.85) 0.77 (0.46, 1.3)

p-value p = 0.010 p = 0.338
1 The model was adjusted for socio-economic characteristics found to be significant correlates of household food
insecurity, namely participation in any assistance program (in the past 12 months) including SNAP/Food Stamps
or WIC.

4. Discussion

Food insecurity remains a social and public health problem for low-income families with young
children in the US that has serious consequences on children’s overall health and wellbeing. To our
knowledge, the present study is the first to examine the associations between FRM self-confidence,
FRM behaviors, and financial practices by HFI status in a sample of low-income households with
young children. Using a sample of SNAP-Ed-eligible Head Start families, our study findings showed
that caregiver’s self-confidence in their FRM was associated with lower odds of HFI. Nevertheless,
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the associations between the FRM behaviors and financial practices of Head Start caregivers by HFI
were not statistically significant in the adjusted models.

As hypothesized, caregivers with high FRM self-confidence had lower odds of HFI in the present
study, even after adjusting for other correlates including FRM behaviors, financial practices and
participation in other federal assistance programs. When individual FRM questions were explored,
all FRM self-confidence questions were also found to significantly differ by HFI status. More specifically,
caregivers in food secure households were more likely to report being “very confident” in their abilities
to choose the best priced fruits and vegetables, compare prices of similar foods when shopping to get
the best value, as well as buy and cook healthy foods for their families on a budget as compared to
their food insecure counterparts. These results were in concordance with those reported earlier by
Begley et al. (2019) showing that food secure participants, who were assessed at the enrollment stage of
an adult food literacy program in Australia, reported being “always confident” about managing money
for healthy food compared to food insecure participants (41.2% vs. 9%) and “always confident” in their
ability to cook a variety of healthy meals (21.9% vs. 15.4%) [31]. Our findings were also consistent with
a few studies conducted to date that highlight how greater self-efficacy in shopping and preparing
healthy food, based on nutrition education programs targeting low income adults, has been associated
with lower risk of food insecurity [16,29]. According to Martin et al. (2016), self-efficacy in managing
food resources was found to be associated with a decrease in very low food security levels among
food pantry clients participating in the Freshplace intervention. This was an 18-month innovative
food pantry intervention that combined several strategies to boost the confidence of participants,
such as motivational interviewing and serving food in client-choice format to increase their confidence
in planning meals ahead of time, making a shopping list before going to the store, and making
food money last all month [16]. Another study evaluating the impact of Cooking Matters for Adults
nutrition education program showed significant improvements in the FRM skills and self-confidence
in managing food resources of low-income households up to six months after the program completion.
In addition, participants in the Cooking Matters intervention were worried less that food would run
out before they could get money to buy more [29]. It is worth noting that these nutrition education
programs were focused primarily on improving the self-efficacy of low-income adults as integral
components for the uptake and maintenance of FRM skills to maximize the use of limited food dollars.

Although self-efficacy represents a key construct within theories of behavioral change and has
been shown to be effective in promoting healthy behaviors for weight loss, exercise, and chronic disease
management [32,33], only a few studies to date, as described earlier, have explored the association
between self-confidence in FRM with food insecurity among low-income households [16,29]. To our
knowledge, the present study is the first to examine these associations in low-income households,
focusing primarily on those with young children. Our study findings suggest that increased confidence
in resource management skills among caregivers may be associated with lower risk of HFI. These
results may be promising for families with young children, who may have increased concerns about
smart shopping, stretching their food dollars, as well as cooking tasty and low-cost food to feed their
children [20,34]. Food insecure individuals may be also influenced by financial, social, and personal
stressors that can further affect their confidence in their ability to shop, prepare, and plan a healthy
meal on a limited budget [35,36]. Thus, federal assistance and nutrition education programs targeting
families with young children, such as Head Start and SNAP-Ed, may need to give particular attention
to strategies that can help improve the self-confidence and efficacy of caregivers in their resource
management skills. These programs can also help participants in accessing community-level resources
and in overcoming common misconceptions and barriers to enrolling in other federal assistance
programs, including WIC [37].

Nevertheless, when exploring FRM behaviors, only one of the six behaviors of caregivers were
shown to differ significantly by HFI in the present study. In addition, the association between FRM
behaviors and HFI was not found to be statistically significant in the regression models. Contrary to
our study findings, food secure families were previously observed to have overall better FRM skills,
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such as shopping for sales, researching for best prices on particular products, traveling to multiple
stores, and planning meals around their limited budgets [35,38]. According to Begley et al. (2019),
individuals who reported at the onset of a food literacy program a low frequency of adopting certain
planning and food preparation behaviors, such as planning meals ahead of time and making a list
before they shop, were significantly more likely to be food insecure than those who reported adopting
more frequently these behaviors [31]. The limited differences in FRM behaviors by HFI, as observed in
the present study, can be attributed in part to the overall low proportion of caregivers who reported
planning their meals prior to grocery shopping, using grocery store flyers to plan their meals, or
identifying foods on sale and using coupons to save money. Another reason could be differences
in questions raised when assessing caregivers’ FRM confidence and behaviors in the present study.
For example, questions relevant to buying and cooking healthy foods were only present in the FRM
self-confidence questionnaire, whereas questions related to using shopping lists and planning meals
prior to shopping were common among both scales. Caregivers participating in the present study may
have also received family-centered services that cover topics related to child nutrition, growth, and
development as part of the Head Start programs [39–42], which could have influenced their perceived
confidence in providing healthy foods for their children. Nevertheless, confidence alone might be
insufficient to alleviate HFI, and households with higher confidence may not be able to adopt adequate
FRM behaviors when other environmental, financial, and personal barriers exist, such as limited
availability and/or access to food stores with healthy and nutritious food, lack of kitchen appliances, as
well as time and money constraints [31,38,43]. Poor physical and mental health can also affect the FRM
skills and capabilities of food insecure individuals [38,44] and are worth further exploration when
examining the association between resource management skills and HFI.

A growing body of evidence suggests that households facing economic hardships and with
limited knowledge of basic financial concepts (i.e., financial literacy) are also more likely to experience
food insecurity compared to those with higher financial management skills [22,25]. In line with
former research, results from the present study showed significant differences in the financial situation,
difficulties, and financial practices of caregivers by HFI status. Compared to caregivers from food
insecure households, those from food secure households were more likely to report better financial
situation and lower financial difficulties reflected through their ability to pay their mortgages or other
basic expenses (such as rent, electricity, gas, and medical expenses). In addition, caregivers from
food secure households were also more likely to report frequently adopting certain financial practices,
such as paying bills on time and paying more than the “minimum payment due” on credit card bills.
Nevertheless, the association between higher financial practices and HFI lost its statistical significance in
the adjusted models. These results may be explained by the lower income levels of households enrolled
in federal assistance programs, such as SNAP and WIC, who represent approximately three-quarters of
the study sample, and who may be facing heightened financial hardships that could have attenuated the
association between caregivers’ better financial management practices and their HFI status. Our study
findings highlight the need to further explore the association between financial literacy (knowledge
and capabilities) and HFI, particularly in low-income households with children. The latter group may
be at increased risk of facing economic hardships, and thus may adopt risky coping strategies that can
further increase their risk for HFI and its adverse health consequences [22,45].

Strengths and Limitations

To our knowledge, this study is the first to explore the associations between FRM self-confidence,
FRM behaviors and financial practices by HFI among a sample of low-income Head Start households
with young children. Nevertheless, the present study has a number of limitations worth considering.
First, the study is cross-sectional in nature, thus causality cannot be determined when exploring
the associations between FRM self-confidence, FRM behaviors, and financial practices by HFI.
The association between FRM self-confidence and food insecurity, as reported in the present study, may
have been bidirectional in nature. Caregivers in food insecure households may have poor conditions
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that affect their self-confidence in their resource management skills as compared to food secure
households; on the other hand, having higher self-confidence may also improve one’s capabilities
to access and utilize food, which can influence their food security and feeling of self-sufficiency [31].
Another limitation of the present study is that data were self-reported, thus we cannot rule out
response bias. Our study findings may also have limited representativeness with a moderate survey
response rate (30%) and the study population limited to only four rural areas in central Pennsylvania.
Thus, results cannot be generalizable and the external validity of our findings may be limited to
certain low-income families. Albeit modest, the response rate in the present study was still similar to
other surveys conducted with rural Head Start families in Colorado (28.5%) and Appalachian Ohio
(42%) [46,47]. Future research considering more diverse and larger samples of Head Start families are
still needed to further examine the associations explored in the present study.

5. Conclusions

Our study findings suggest that increased self-confidence in FRM among caregivers of young
children is associated with lower odds of HFI among low-income Head Start families. Nutrition
and health education programs, such as SNAP-Ed and WIC, that are designed to assist low-income
households in alleviating their HFI status may need to give more emphasis to the self-efficacy
and confidence of caregivers in stretching their food dollars and adopting adequate FRM skills.
The strategies may help caregivers in offering healthy food and improve the food choices offered to
their children. Caregivers can also play a pivotal role in structuring their children’s early experiences
with food through child feeding practices, social modeling of healthy eating behaviors, and regulating
the quality and quantity of food provided to the child [48–50]. Thus, future research should examine
the extent to which nutrition education programs that focus on improving FRM self-confidence and
behaviors can contribute (directly or indirectly) to the feeding practices of caregivers and, subsequently,
to the diet quality and nutrition outcomes of young children in low-income households. It is also
important to further investigate the role that financial literacy and practices of caregivers can play in
improving the food security of low-income households.
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Abstract: The purpose of this project was to determine whether consistent food assistance program
participation or changes in participation over time mediated or moderated the effect of federal
nutrition education through the Supplemental Nutrition Assistance Program-Education (SNAP-Ed)
on food security and determine the associations of SNAP-Ed program delivery characteristics with
change in food security. This secondary analysis used data from a randomized controlled trial
from September 2013 through April 2015. SNAP-Ed-eligible participants (n = 328; ≥18 years)
in households with children were recruited from 39 counties in Indiana, USA. The dependent
variable was one year change in household food security score measured using the United States
Household Food Security Survey Module. Assessment of mediation used Barron-Kenny analysis and
moderation used interactions of food assistance program use and changes over time with treatment
group in general linear regression modeling. Program delivery characteristics were investigated
using mixed linear regression modeling. Results showed that neither consistent participation nor
changes in food assistance program participation over time mediated nor moderated the effect of
SNAP-Ed on food security and neither were SNAP-Ed program delivery characteristics associated
with change in food security over the one year study period. SNAP-Ed directly improved food
security among SNAP-Ed-eligible Indiana households with children regardless of food assistance
program participation and changes over time or varying program delivery characteristics.

Keywords: supplemental nutrition assistance program-education; SNAP-Ed; nutrition education;
food assistance; SNAP; food stamps; WIC; food security; food pantry; emergency food programs

1. Introduction

Members of low-income households face a high burden of food insecurity, poor nutrition,
and undesirable health outcomes [1–5]. The Supplemental Nutrition Assistance Program-Education
(SNAP-Ed) is a program of the United States Department of Agriculture (USDA) Food and Nutrition
Service (FNS) that offers education on nutrition, budgeting, and resource management to low-income
households to improve dietary intake and food security [6,7]. SNAP-Ed has been shown to improve
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household and adult food security in previous longitudinal randomized controlled trials [8,9].
Approximately 73% of households interested in receiving SNAP-Ed also report participating in
at least one of three other food assistance programs [9] directed to alleviate food insecurity in qualifying
low-income households [10], including the Supplemental Nutrition Assistance Program (SNAP),
the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC), and The
Emergency Food Assistance Program (TEFAP). SNAP and WIC provide financial and food resources
to help individuals and families obtain foods to supplement their nutritional needs [11,12] while
TEFAP provides foods to state agencies who partner with private and local organizations to distribute
emergency foods to food banks and food pantries where individuals in need may access foods at no
cost [13]. Mutual participation in SNAP-Ed and SNAP is not required; some SNAP-Ed participants
may not qualify for SNAP benefits or choose not to participate in SNAP. Further, sometimes SNAP-Ed
lessons are used to fulfill WIC education requirements.

Previous evidence of improvement in food security because of SNAP [2], WIC [14], and associations
with emergency program use [15], taken with knowledge of the common practice of simultaneous
participation in food assistance programs and nutrition education programs, suggests that the changes
observed in food security previously attributed to nutrition education [9] may actually be accounted
for by participation or change in participation of food assistance (mediation). It may also be likely that
the effect of nutrition education on food security may be differential by food assistance participation
or changes in food assistance (moderation). SNAP-Ed educators commonly help participants with
eligibility and encourage their application for local, state, and federal food assistance as part of the
resource management education offered, making salient the reality that participation status in food
assistance programs may frequently change during nutrition education participation [16]. Previous
investigation of nutrition education program effectiveness on food insecurity has focused on singular
program use and has not considered mediation or moderation by food assistance participation or
changes in their use, specifically regarding the three most common food assistance programs, SNAP,
WIC, and TEFAP [17]. Only one previous non-experimental short-term study evaluated joint use of two
of these programs and showed that SNAP-Ed participants who were also receiving SNAP benefits and
made more improvement in resource management skills, reported the greatest decrease in running out
of food (measured by only one question) compared with participants who were not receiving SNAP
benefits and who had less improvement in resource management skills [18]. Additional factors of
relevance in SNAP-Ed effect on participant food security improvement are SNAP-Ed program delivery
characteristics, such as the number of lessons, group or individual lessons, or SNAP-Ed educator.
In Indiana, over sixty educators deliver up to ten SNAP-Ed lessons using group and individual lesson
delivery. Program variability presented by these characteristics are inherent to SNAP-Ed and may
potentially be associated with an effect on food security. For example, food security improvement may
be influenced by participants receiving 10 rather than 4 lessons, individualized compared with group
lessons, or by interaction with a particular SNAP-Ed educator.

Therefore, determining the potential mediating or moderating role of food assistance participation
and changes in participation over time on nutrition education program participation would clarify
knowledge of impacts to food security. Examination of the role of SNAP-Ed program characteristics
number of lessons, delivery format, and variability of educator to food security improvement would
inform program and policy of important programmatic aspects of success. The objectives of this paper
were investigated among adults ≥18 years from Indiana in a dataset where a decrease of 1.2 ± 0.4 (mean
± SE) units in household food security score over the one year study period, indicating a meaningful
longitudinal improvement in food security among the intervention compared to the control group,
was previously discovered [9], and included:

1. Determine whether participation and changes in participation status in food assistance programs
SNAP, WIC, and food pantries over one year mediated the effect of a SNAP-Ed intervention on
one year change in household food security.
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2. Determine whether participation and changes in participation status in food assistance programs
SNAP, WIC, and food pantries over one year moderated the effect of a SNAP-Ed intervention on
one year change in household food security.

3. Determine whether the number of SNAP-Ed lessons received as an intervention, SNAP-Ed lesson
delivery format, or variability of SNAP-Ed educator was associated with one year change in
household food security (independent of food assistance program participation).

2. Materials and Methods

2.1. Study Population

For this secondary data analysis, all data were obtained from The Indiana SNAP-Ed Long-term
Study, a longitudinal (one year) parallel-arm randomized controlled nutrition education intervention
trial conducted between August 2013 and April 2015 [9]. Thirty-five county-level Indiana SNAP-Ed
nutrition education paraprofessionals (SNAP-Ed educators) recruited adult participants (n = 575) aged
≥18 years from August 2013 to March 2014 and administered baseline assessments. Participants were
recruited from locations such as WIC clinics, food pantries, or Indiana Cooperative Extension county
offices. The one year follow-up assessments were completed from September 2014 through April 2015.
Data to address the hypotheses of this study are expected to maintain relevance to current program and
participants as food insecurity in Indiana from 2013–2015 was not statistically significantly different
from 2016–2018 estimates [5], and the data represent a unique opportunity to comprehensively address
hypotheses using a singular sample. Only participants who completed the study (i.e., baseline and
one year follow-up assessments) were included in the analysis presented here (total n = 328, control
n = 163, intervention n = 165). SNAP-Ed educators were trained to determine participant study
eligibility and randomly assigned participants to either the non-active control group or intervention
group using an allocation ratio of ~1:1. A random number allocated the first participant or group
recruited simultaneously (to prevent knowledge of different treatment) to the intervention or control
group and then an alternating assignment was followed. After treatment group assignment, SNAP-Ed
educators delivered lessons to the intervention group participants as per program protocol over the
following four to ten weeks, at approximately 1 lesson per week, and facilitated all survey assessments
to both treatment groups. Eligible study participants included Indiana adult residents who had one
or more children living in the household, had not received a SNAP-Ed lesson in the past one year,
were able to speak, read, and write in English, and were willing to wait one year to receive nutrition
education lessons.

2.2. Intervention

The intervention consisted of the first four (out of ten) lessons in the Indiana SNAP-Ed
curriculum [19] as these lessons comprise SNAP-Ed guidance and cover the USDA key behavioral
outcomes of maintaining caloric balance over time for a healthy weight and consumption of
nutrient-dense foods and beverages. Additionally, lessons included instruction on budgeting food
resources through the following lesson topics: applying USDA MyPlate to build healthy meals,
using food labels to make healthy choices, identifying the importance of whole grains, and adding
more fruits and vegetables to meals [19,20]. The Purdue Institutional Review Board approved the
trial protocol and all participants provided written informed consent. The trial was registered at
www.clinicaltrials.gov as NCT03436589.

2.3. Food Security Measures

Household food security score was measured using the 18-item USDA U.S. Household Food
Security Survey Module (US HFSSM) with scores ranging from 0 (food secure) to 18 (very low food
secure) and a 12-month reference period [21,22]. Categorical classification of food security at baseline
was also constructed as food secure, marginally food secure, and food insecure according to prior
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guidance [22]. Change in food security score was the response variable in this secondary data analysis
to determine a more specific change compared with using food security categories, and was quantified
by subtracting the baseline score from the one year follow-up score for each participant.

2.4. Food Assistance Program Measures Used in Objectives 1 and 2

Study participants self-reported participation status in SNAP, WIC, and food pantries over the
30 days prior to both baseline and one year follow-up assessments because the food assistance provided
through these programs are generally distributed on a monthly basis. One month or 30 days was
considered the minimal amount of time that these programs may exert influence on a participant
household and on SNAP-Ed effectiveness. Missing values were 8% (n = 27) at baseline and 15%
(n = 50) at follow-up. A sensitivity analysis was conducted where missing values were coded as
participation and compared to coding values as non-participation. The results did not change so coding
as non-participation was applied. Participation in local, state, or national food assistance programs
other than SNAP, WIC, or food pantries was not recorded.

Three individual four-level categorical variables referred to as “change in one year participation
status” were created for SNAP, WIC, and food pantries, respectively, to represent any changes or no
changes in food assistance participation status between the 30 days prior to baseline and the 30 days
prior to one year follow-up assessments. “Change in one year participation status” variables were
created by concatenating the baseline and one year follow-up binary variables to simultaneously
represent the participation status for each of the food assistance programs at baseline and at one
year follow-up in addition to change in participation status if it occurred (00 = no participation;
10 = participation at baseline only; 01 = participation at one year follow-up only; 11 = participation
at both baseline and one year follow-up). These variables were used as a categorical independent
variable to address the first and second research objectives, whether change in food assistance program
participation status or consistency mediated or moderated the impact of SNAP-Ed on one year change
in food security score.

2.5. SNAP-Ed Program Characteristics Measures Used in Objective 3

The number of SNAP-Ed lessons a participant received, the lesson delivery format, and which
SNAP-Ed educator delivered the lessons were investigated as the SNAP-Ed program characteristics
among intervention group participants who completed the required four lessons to address the third
research objective. Participants assigned to the intervention group that did not complete the four
required intervention lessons, lost contact with SNAP-Ed educators, or did not follow the study
protocol were considered withdrawn from the study (n = 87). The number of lessons (4–10 lessons) a
participant received was recorded by the SNAP-Ed educator at each lesson and summed at the one year
follow-up assessment. Lesson delivery format was a categorical variable with three levels representing
how the participant received lessons (one-to-one lessons, group lessons, combination of one-to-one and
group lessons) and was based on the preference of the participant to attend group lessons, educator
facilitation, and the schedule of group or individual lessons. Assignment of SNAP-Ed educator (n = 37)
was determined by the participant’s county of residence at recruitment.

2.6. Other Covariates

A binary variable for treatment group (control, intervention) was used to address the first and
second research objectives. Time was included as a binary variable in mixed regression modeling
(baseline, follow-up) to address the third research objective. Self-reported baseline participant
characteristics identified as potential confounders through Chi-square comparisons between the
intervention and control groups were investigated: sex (female, male); age in years (18–30, 31–50,
≥51); race/ethnicity (non-Hispanic white, other); highest level of education among the household
(no high school diploma, high school diploma, or General Educational Development certification
indicating high school level skills; some college/associate’s degree; ≥bachelor’s degree); marital status
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(living with partner/married, never married, divorced/separated/widowed); household employment
(household member employed, no household member employed); household poverty status (<federal
poverty guideline, ≥federal poverty guideline); household size (two, three, four, or ≥five household
members); SNAP, WIC, or food pantry participation status 30 days prior to baseline (not participating,
participating), and food security category at baseline (food secure, marginally food secure, food
insecure). Two categories for race/ethnicity were used in this study because reports other than
non-Hispanic white were very few: 3 participants reported American Indian, 1 reported Asian,
and 7 reported non-Hispanic black. Maintaining separate categories would threaten the robustness of
the analysis and model fit so categories were combined to a single category.

2.7. Statistical Methods

To address the first research objective, the Baron-Kenny causal mediation approach was used to
investigate whether the suspected mediator “change in one year participation status” in SNAP, WIC,
or food pantries mediated the effect of the exposure, SNAP-Ed intervention, on the outcome, change
in household food security score over the one year study period [23]. Additional covariates are not
included in the Baron-Kenny three variable system regression approach (Figure 1, below); investigation
of the role of other covariates are outside of the scope of the hypotheses of this paper.

Exposure=treatment group: 
SNAP-Ed or control

Outcome=change in food security score 
from baseline to 1-year follow-up

Suspected mediator="change in 1-year participation status” in SNAP, WIC, or food pantries: no participation, 
participation at baseline only, participation at 1-year follow-up only, participation at both baseline and 1-year 

follow-up
a b

c

Step 1. Determine c: Results described in text in Section 3.1, Step 1.
Step 2. Determine a: Results described in text in Section 3.1, Step 2 and in Tables 1 and 2.
Step 3. Determine b: Results described in text in Section 3.1, Step 3.
Step 4. Determine c and b if there are significant relationships from Steps 1-3: Mediation is 
supported when the effect of the suspected mediator is significant after controlling for the 
exposure. Results described in text in Section 3.1, Step 4.

Figure 1. Hypothesized Baron-Kenny causal mediation model of the Supplemental Nutrition Assistance
Program-Education (SNAP-Ed) intervention effect by the “change in one year participation status” in
Supplemental Nutrition Assistance Program (SNAP), Women, Infants, and Children (WIC), or food
pantries on the change in one year food security score among Indiana SNAP-Ed Study participants.
a = the relationship of the exposure on the suspected mediator using regression, b = the relationship of
the suspected mediator on the outcome using regression, c = the relationship of the exposure on the
outcome using regression.

To address the second research objective, interactions between “change in one year participation
status” (SNAP, WIC, and food pantries) and treatment group variables were used in general linear
regression modeling to determine whether the change in food assistance program participation,
consistent participation, or non-participation moderated the effect of SNAP-Ed on the change in food
security score over the one year study period. SNAP, WIC, and food pantry interactions with treatment
group were investigated in separate models; the reference group was consistent non-participation
during the 30 days prior to baseline and one year follow-up. Other participant characteristics (sex,
age, race/ethnicity, education, poverty status, employment status, marital status, household size) were
initially included in the models as potential confounders but removed because they were not influential
(p < 0.2). Statistical power to detect a difference at a significance level of α = 0.05 with power at 0.90,
for a one unit improvement in food security based on previous study data [9,18,24] was confirmed
using a power analysis procedure for general linear regression models. A treatment effect of one unit
on the food security scale was chosen for the power analysis because of the practical relevance and
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potential of a one unit decrease to transition a participant between two food security statuses and
the associated positive benefit. In addition, an approximate one unit change was discovered in the
study from which this data was derived and considered reasonable. Tukey adjustment for multiple
comparisons was applied.

To address the third research objective, a mixed linear regression model was used to determine
the association of the number of lessons, lesson delivery format, and variability between SNAP-Ed
educators with change in food security score over one year among the intervention group (n = 165).
Time, number of lessons, and lesson delivery format were included as fixed effects in the model.
Participants and SNAP-Ed educator were considered random effects. The covariance structure was
specified as compound symmetry after using the Sawa Bayesian information criterion (BIC) to compare
various covariance structures. None of the potential participant characteristic confounders were
found influential (p > 0.2), except for age (p = 0.02) which was included as a covariate in the model.
Statistical power to detect a difference at a significance level of α = 0.05 with power at 0.90 and one
unit improvement in food security was confirmed using a power analysis procedure for mixed linear
regression models.

Model assumptions were checked by plotting residuals against predicted means, Q-Q plots,
and histograms of residuals for general and mixed linear regression modeling and applied to each
study objective. All analyses were completed using SAS® software version 9.4 (SAS Institute Inc., Cary,
NC, USA).

3. Results

The characteristics and food security of participants in the intervention and control groups are
shown in Table 1.

Table 1. Comparison of baseline sociodemographic characteristics by treatment group of Indiana
SNAP-Ed participants among households with children using Chi-Square analysis.

Control Intervention χ2 p-Value

N % N %

Total 163 50 165 50

Sex 0.7

Female 148 93 148 92
Male 11 7 13 8

Age Group 0.3

18–30 Years 77 47 93 56
31–50 Years 73 45 60 36

51 Years or Older 13 8 12 7

Race/Ethnicity 0.7

Non-Hispanic White 145 96 149 97
Other 6 4 5 3

Household Education 0.1

No High School Diploma 7 4 13 8
High School Diploma 29 18 45 27
General Educational

Development 31 19 27 16

Some College 53 33 46 28
Associate’s Degree 23 14 25 15

Bachelor’s Degree or Higher 17 11 8 5

Marital Status 0.2
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Table 1. Cont.

Control Intervention χ2 p-Value

N % N %

Never Married 28 17 40 24
Married/with partner 94 58 94 57
Separated/Divorced 41 25 31 19

Household Employment 0.01 *

Not Employed 82 50 60 36
Employed 81 50 105 64

Household Poverty Status
(Income to Poverty Ratio) 0.3

≥Federal Guideline 44 27 37 22
<Federal Guideline 119 73 128 78

Household Size 0.5

2 12 7 6 4
3 38 23 38 23
4 42 26 47 28

5 or more 70 43 74 45

SNAP Participation
(past 30 days) 0.1

No 76 47 62 38
Yes 87 53 103 62

WIC Participation
(past 30 days) <0.01 *

No 81 50 58 35
Yes 82 50 107 65

Food Pantry Participation
(past 30 days) <0.01 *

No 138 85 156 95
Yes 25 15 9 5

Baseline Household
Food Security 0.9

Food Secure 44 27 41 25
Marginal 64 39 65 39

Food Insecure 55 34 59 36

Values are counts, percentages, and p-values from Chi-square comparisons of the distributions among
sociodemographic characteristics between control and intervention group participants. Total numbers do not always
add to sample size due to missing values and percentages do not always add to 100 due to rounding. * p ≤ 0.05.
Abbreviations: SNAP-Ed, Supplemental Nutrition Assistance Program-Education; SNAP, Supplemental Nutrition
Assistance Program; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.

Participation in WIC, food pantries, and employment were the only characteristics with
significantly different distributions among intervention and control groups at baseline.

3.1. Research Objective 1: Test for Food Assistance Program Mediation of SNAP-Ed Effect on Food Security

Step 1: Food security score did not differ between treatment groups at baseline using regression
(β = −0.4, SE = 0.3, p = 0.4). The SNAP-Ed treatment group exposure had a significantly improved
food security change from baseline to 12 months later (β = 1.2, SE = 0.4, p = 0.001).

Step 2: Participation status in WIC and food pantry use, but not for SNAP, 30 days prior to
baseline differed (p < 0.01) between the intervention and control groups in Chi-square analyses
(Table 1). Additionally, “change in one year participation status” (30 days prior to baseline and one
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year follow-up) in WIC and food pantry use differed (p = 0.03) between the intervention and control
groups using Chi-square analysis (Table 2), but again, not for SNAP (p = 0.3). Logistic regression
showed similar results of an association with treatment group and the potential for mediation for WIC
(p = 0.04) and food pantry use (p = 0.05) but not SNAP (p = 0.3) (Table 2).

Step 3: Using general linear regression modeling, “change in one year participation status” in
SNAP (p = 0.3), WIC (p = 0.4), or food pantry use (p = 0.5) were not associated with the long-term
change in food security score.

Step 4: Since significant relationships were present in steps 1 and 2, multiple linear regression
modeling of the relationship of treatment group and “change in one year participation status” in SNAP,
WIC, and food pantries on the outcome was completed. Results showed that neither SNAP (p = 0.2),
WIC (p = 0.2), nor food pantries (p = 0.3) were significant after treatment group was included in the
model, yet treatment group remained significant (p ≤ 0.001).

In conclusion of research objective 1, no mediation was found between the SNAP-Ed intervention
and “change in one year participation status” in SNAP, WIC, or food pantries on the change in food
security score over the one year study period in the intervention compared to the control group using
the Baron-Kenny causal mediation approach.

Table 2. Change in one year participation status comparison of SNAP, WIC, and food pantries by
treatment group among Indiana SNAP-Ed participants using Chi-Square and logistic regression.

Total Control Intervention
χ2

p-Value
Logistic Regression

p-Value

n % N % n %

Total 328 100 163 50 165 50

Change in One Year
Participation Status

SNAP 0.3 0.3

No Participation 105 32 58 36 47 28
Baseline Participation Only 39 12 21 13 18 11

Follow-up Participation Only 33 10 18 11 15 9
Baseline and Follow-up

Participation 151 46 66 40 85 52

WIC 0.03 * 0.04 *

No Participation 122 37 73 45 49 30
Baseline Participation Only 61 19 24 15 37 22

Follow-up Participation Only 17 5 8 5 9 6
Baseline and Follow-up

Participation 128 39 58 35 70 42

Food Pantry 0.03 * 0.05 *

No Participation 278 85 130 80 148 90
Baseline Participation Only 18 5 13 8 5 3

Follow-up Participation Only 16 5 8 5 8 5
Baseline and Follow-up

Participation 16 5 12 7 4 2

Values are counts, percentages, and p-values from Chi-square and logistic regression comparisons of the distributions
among “change in one year food assistance participation status” between control and intervention group participants.
Total numbers do not always add to sample size due to missing values and percentages do not always add to
100 due to rounding. Reference period for one year participation status covered the 30 days prior to baseline and
30 days prior to one year follow-up. * p ≤ 0.05. Abbreviations: SNAP-Ed, Supplemental Nutrition Assistance
Program-Education; SNAP, Supplemental Nutrition Assistance Program; WIC, Special Supplemental Nutrition
Program for Women, Infants, and Children.

3.2. Research Objective 2: Test for Food Assistance Program Moderation of SNAP-Ed Effect on Food Security

The interactions of “change in one year participation status” in SNAP, WIC, or food pantries with
the treatment group did not moderate the mean difference (mean ± SEM) in food security scores in the
intervention compared to the control over the one year study period using general linear regression
modeling (SNAP −0.8 ± 0.4, p = 0.2; WIC −1.1 ± 0.5, p = 0.1; food pantries −1.2 ± 0.8, p = 0.7) (Table 3).
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Table 3. Change in food security score over one year study period for the interaction of “change in one
year participation status” and treatment group among Indiana SNAP-Ed participants using general
linear regression modeling.

Mean Change in Household Food Security Score

Control n = 163
Intervention

n = 165
Intervention-Control

Mean SE Mean SE
Mean

Difference ‡ SE p-Value §

SNAP SNAP × Treatment Group −0.9 0.3 −1.7 0.3 −0.8 0.4 0.2
No Participation −0.8 0.4 −1.3 0.5 −0.5 0.6 1.0

Baseline Participation Only −2.1 0.7 −2.4 0.8 −0.3 1.0 1.0
Follow-up Participation Only −0.8 0.8 −1.3 0.8 −0.5 1.1 1.0

Baseline and Follow-up
Participation 0 0.4 −2.0 0.3 −2.0 0.5 <0.01

WIC WIC × Treatment Group −0.9 0.4 −1.9 0.3 −1.1 0.5 0.1
No Participation −0.6 0.4 −2.7 0.5 −2.1 0.6 <0.01

Baseline Participation Only −1.0 0.7 −0.8 0.5 0.2 0.8 1.0
Follow-up Participation Only −1.5 1.1 −2.7 1.1 −1.2 1.6 1.0

Baseline and Follow-up
Participation −0.4 0.4 −1.5 0.4 −1.1 0.6 0.5

Food Pantry Food Pantry × Treatment Group −0.9 0.4 −2.1 0.6 −1.2 0.8 0.7
No Participation −0.5 0.3 −1.8 0.3 −1.3 0.4 0.03

Baseline Participation Only −0.4 0.9 −3.2 1.5 −2.8 1.7 0.7
Follow-up Participation Only −0.6 1.1 −0.9 1.1 −0.3 1.6 1.0

Baseline and Follow-up
Participation −2.3 0.9 −2.8 1.6 −0.5 1.9 1.0

Least squares means were calculated using general linear regression models with change in food security as the
response variable. SNAP, WIC, and food pantries were investigated in separate models including interactions
with treatment group. ‡ A decrease in food security score from baseline to 1 year follow-up indicates improved
food security. § Tukey adjustment for multiple comparisons in stratified analyses in each model. Interactions of
each food assistance program with treatment were significant when interaction term p ≤ 0.05. Abbreviations: SE,
Standard Error of the Least Squares Mean; SNAP-Ed, Supplemental Nutrition Assistance Program-Education; SNAP,
Supplemental Nutrition Assistance Program; WIC Special Supplemental Nutrition Program for Women, Infants,
and Children.

3.3. Research Objective 3: Test for SNAP-Ed Program Characteristics Relationship with SNAP-Ed on
Food Security

The majority of intervention group participants (n = 165, 78%) received more than the minimum
of four lessons with a mean of 6.8 lessons (Table 4). Approximately half of participants (n = 85,
57%) received lessons in a one-to-one or individualized format, followed by group (n = 38, 26%),
and combination the two types (n = 25, 17%). There was no statistical evidence of an association
between lesson delivery format (p = 0.3), the number of lessons received (p = 0.6), or variation between
SNAP-Ed educators (p = 0.4) and the mean increase in food security score over time using a mixed
multiple linear regression model.
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Table 4. Evaluation of lesson delivery format, SNAP-Ed educator, and number of lessons received by
Indiana SNAP-Ed Study participants on change in food security score over one year study period using
mixed multiple linear regression modeling.

Control Group Intervention Group

Program Characteristic N % n % p-Value §

Total 163 50 165 50
Lesson Delivery Format 0.3
Individual - - 85 57
Group - - 38 26
Combination - - 25 17
Number of Lessons 0.6
0 163 100 - -
4 - - 37 22
5 - - 25 15
6 - - 25 15
7 - - 9 6
8 - - 12 7
9 - - 23 14
10 - - 34 21
SNAP-Ed Educator 0.4

Lesson delivery format was reported at baseline assessment. Number of lessons was reported at the one year
follow-up assessment. The control group did not receive lessons. A minimum of 4 lessons was required to have
completed the intervention. Only treatment group participants were included in the mixed multiple linear regression
modeling. Cells do not always add to total sample size due to missing data. § p-values reported for lesson delivery
format and number of lessons are from the type 3 test of fixed effects. The p-value reported for SNAP-Ed educator
is from the random effect covariance parameter estimate. Abbreviations: SNAP-Ed, Supplemental Nutrition
Assistance Program-Education.

4. Discussion

The major finding from this secondary data analysis indicated an improvement in household
food security among the SNAP-Ed intervention group compared to the control group regardless of
participation and changes in participation in food assistance programs SNAP, WIC, or food pantries
30 days prior to baseline and one year after the intervention. The mediation and moderation analyses
addressing research objectives one and two revealed that SNAP-Ed directly improved food security
rather than exerting or magnifying improvement through food assistance participation or changes in
participation over one year.

One previous study found greater improvements in food security among SNAP-Ed participants
who also received SNAP [18] indicating that for certain populations and shorter time periods, SNAP
may assist SNAP-Ed to further improve food security. However, the present results using experimental
data, determined no significant difference between the treatment groups for change in food security
across the four types of one year SNAP participation status. Together, previous and current study
results build evidence that SNAP-Ed is effective in directly improving food security over a one year
period [9].

In addition to improving food security, SNAP-Ed may have caused changes in participation
status in food assistance programs throughout the study period for the following reasons. As part of
the normal program delivery, SNAP-Ed educators may have encouraged and assisted intervention
group participants who were not receiving food assistance at baseline to apply for financial benefits
through SNAP or WIC or to maximize nutrition resources available through food pantries or other
resources. On the other hand, improvements in food security directly from SNAP-Ed may have
led intervention group participants who reported receiving food assistance at baseline to attain and
maintain sufficient nutrition resources and withdraw participation in SNAP, WIC, or use of food
pantries by the one year follow-up. Alternatively, participation in other local, state, or federal food
assistance programs or resources that were not recorded in this study may have impacted food security.
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For example, policy, systems, environment, and other nutrition and lifestyle related resources may
be influential in the success of SNAP-Ed and should continue to be investigated in the future [25].
Investigation to the reasons for changes in food assistance participation were outside of the scope
of this research but present an opportunity for the future. Due to the observational nature of food
assistance designation in this study, the results do not provide causal evidence of SNAP-Ed influence
on changes in food assistance participation status. This limitation provides an important research
opportunity, yet ethical constraints may hinder randomization of food assistance resources and require
pragmatic study designs in future research [18].

In addition to finding no mediation or moderation of changes or consistency in food assistance
program participation on SNAP-Ed effectiveness on food security, nutrition education program
characteristics such as the number of lessons, delivery format (group or individual lessons),
and SNAP-Ed educator were not associated with the magnitude of SNAP-Ed effectiveness on food
security. A study describing the effect of online compared to in-person SNAP-Ed lesson delivery [26],
on nutrition knowledge, intentions to change behavior, and self-efficacy, is the only previously
published SNAP-Ed study to evaluate similar SNAP-Ed program characteristics. No previously
published studies have addressed the question of a dose-response effect of the number of SNAP-Ed
lessons on food security. In the study described herein, more than four lessons did not result in
a significantly larger improvement in food security. The minimum lessons comprising SNAP-Ed
guidance, four in this case, were a sufficient intervention to improve food security, reinforcing the
notion that these limited lessons cover the most important behavioral recommendations for SNAP-Ed
set by the USDA FNS at least in regard to food security [21]. The results suggest that participation in
the minimally adherent intervention lessons is more critical to food security gains than the frequency
and amount of additional time spent in lessons. Other beneficial outcomes that were not quantified
here, such as sustainability of food security gains over a period longer than one year, increased
nutrition knowledge, or dietary changes, may potentially be influenced by additional lessons; however,
those outcomes have yet to be investigated.

The format of lesson delivery was also not significantly associated with change in food security
over the one year study period among the intervention group. A current Indiana SNAP-Ed priority set
forth by the USDA FNS encourages a transition to mostly group lesson delivery format rather than
one-to-one format. This policy decision is supported by these study results in regard to food security
improvements. Group lessons reach a greater number of participants at less cost and time, and, in this
study, were as effective as individual lessons. Yet, reach to participants with special needs was not
evaluated here and the provision of individual lessons may remain relevant for this group.

The third program characteristic assessed in this study, variability in one year food security
score due to different educators, was not statistically significant. Variable characteristics inherent to
the educator that may potentially influence outcomes include age, race, ethnicity, language, gender,
education level, years of experience, depth of nutrition education knowledge, personality, knowledge
and connection with community resources, among many others. These characteristics may affect the
delivery and acceptance of the program to participants by potentially influencing SNAP-Ed educators’
and participants’ abilities to connect and relate to each other. Investigating the educator as a random
effect in the model did not allow for comparisons specifically based on the educator characteristics
mentioned or between specific educators yet, did allow insight to educator significance with regard to
SNAP-Ed effectiveness. The study results suggest that the SNAP-Ed educators delivered a program
effective at improving participants’ household food security irrespective of educator.

A few studies have evaluated the impact of SNAP-Ed on food security; however, there is a paucity
of SNAP-Ed literature specifically evaluating the impact of program delivery characteristics on food
security outcomes [8,9,18]. A small body of literature has evaluated a second federally-supported
nutrition education program, the Expanded Food and Nutrition Education Program (EFNEP) [27–30].
Since the two programs are similar in terms of aligning program goals with the Dietary Guidelines for
Americans and target population, research results from EFNEP provide relevant background. Studies
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evaluating EFNEP reported an increase in food security using a variety of food security measures
including one survey question [27] and the 6-item [28] and 18-item [30] US HFSSM. The number of
lessons needed to increase food security greatly varied across the studies. In one study, program
completers (mean number of lessons 8.5 ± 0.02) compared to drop-outs (mean number of lessons
6.8 ± 0.11) showed a positive dose-response in food security with increasing number of lessons [27].
Additionally, food security was higher in participants who received lessons in a one-to-one format
compared to those who received lessons in a group format or a combination of group and individual
lessons [27]. In other studies, participants improved food security after receiving seven EFNEP
lessons [28] or with just two or more lessons compared to a comparison group receiving one or no
lessons [30]. Lesson delivery format was not always defined in these studies. The results of the present
study strengthen the evidence that effectiveness of nutrition education to improve food security does
not depend on the number of lessons exceeding the program completion criteria, nor format of lessons
(group or one-to-one), despite the mixed results from the small body of EFNEP and SNAP-Ed literature.

Results from the present study provide a foundation for further research that improves upon
some limitations, but others are presented. Treatment groups were not originally designed to test
participation in singular or concurrent food assistance programs or program characteristics as main
effects in the analysis. The implication of the simple randomization technique in conjunction with the
large number of potential confounding characteristics presents a possibility for uneven distribution of
characteristics across treatment groups, which could result in overestimation their effects. Although no
significant effect was detected in this study, designing future studies to further stratify the control and
intervention groups by food assistance participation status may enhance evaluation of simultaneous
food assistance program participation and changes in participation and nutrition education on target
outcomes. Potential for misclassification was present; however, non-response was low (baseline 8%
(n = 27), follow-up 15% (n = 50)) and did not influence the results based on the sensitivity analysis,
but the hesitation for some participants to answer these types of sensitive survey questions is important
to consider when calculating future study sample sizes and mitigation of bias. Specifically, responses
on the HFSSM were made for the entire household by one adult in the household (as per guidance [22])
and entail the reporting adult’s perceptions on the other household member’s food security. The 30-day
reference periods before baseline and one year follow-up may not have captured all changes in food
assistance. Collecting additional information on the consistency and timing of food assistance use in
future studies could elucidate the temporality of the relationship between food assistance program
participation, SNAP-Ed, and food security improvement. Interpretation of the results should be
carefully limited to the hypothesis focused on SNAP-Ed as the main independent variable and do not
inform the role of SNAP as the main independent variable on food security status.

A major strength of this study was the use of longitudinal data derived from a randomized
controlled impact evaluation showing an improvement in one year food security due to SNAP-Ed [9].
Participants included in these analyses represented the greater Indiana SNAP-Ed population except for
less racial diversity (89% of Indiana SNAP-Ed participants compared to 95% of study participants were
non-Hispanic White; Chi-square p < 0.01). This difference in racial diversity is likely due to not having
SNAP-Ed educators from more racially diverse geographic areas volunteer to assist with the study.
Participants who withdrew from the trial were less likely to be married or living with a partner, resided
in smaller households, and reported lower incomes compared to study completers [9]. The results
of this study may not be generalizable to SNAP-Ed participants who have similar characteristics as
the participants who withdrew from the trial and do not classify themselves as non-Hispanic white.
Quantification of the change in food security score using the US HFSSM contributed a second major
strength to the study. This tool is considered to be the gold standard that is used in national surveys
and other research studies, permitting comparisons of results across other populations and enhancing
external validity. Use of the score allows a more specific understanding of the change in food security
and relationships evaluated.
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5. Conclusions

This study highlights nutrition education as a critical, independent component to improving food
security in the US low-income population by showing SNAP-Ed directly and sustainably improves
food security with or without the presence of food assistance. Neither group, individual or mixed type
lessons nor SNAP-Ed educator were related to the effectiveness of SNAP-Ed on food security. Neither
were provision of lessons additional to those fulfilling SNAP-Ed guidance related to the magnitude of
SNAP-Ed effectiveness. The current study results, along with previous documentation of food assistance
effectiveness on food security, support a need for future investigation into the longitudinal effect of
participation in multiple food assistance programs, including SNAP-Ed, to maximize improvements in
food security and other USDA FNS targeted health outcomes.
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Abstract: The low intake of fruits/vegetables (FV) by Supplemental Nutrition Assistance Program
(SNAP) participants is a persistent public health challenge. Fruit and vegetable incentive programs use
inducements to encourage FV purchases. The purpose of this scoping review is to identify structural
factors in FV incentive programs that may impact program effectiveness, including (i.) differences in
recruitment/eligibility, (ii.) incentive delivery and timing, (iii.) incentive value, (iv.) eligible foods, and (v.)
retail venue. Additionally, the FV incentive program impact on FV purchase and/or consumption is
summarized. Using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines for scoping reviews, a search of four bibliographic databases resulted in the identification of
45 publications for consideration; 19 of which met the pre-determined inclusion criteria for full-length
publications employing a quasi-experimental design and focused on verified, current SNAP participants.
The data capturing study objective, study design, sample size, incentive program structure characteristics
(participant eligibility and recruitment, delivery and timing of incentive, foods eligible for incentive
redemption, type of retail venue), and study outcomes related to FV purchases/consumption were entered
in a standardized chart. Eleven of the 19 studies had enrollment processes to receive the incentive,
and most studies (17/19) provided the incentive in the form of a token, coupon, or voucher. The value of
the incentives varied, but was usually offered as a match. Incentives were typically redeemable only
for FV, although three studies required an FV purchase to trigger the delivery of an incentive for any
SNAP-eligible food. Finally, most studies (16/19) were conducted at farmers’ markets. Eighteen of
the 19 studies reported a positive impact on participant purchase and/or consumption of FV. Overall,
this scoping review provides insights intended to inform the design, implementation, and evaluation of
future FV incentive programs targeting SNAP participants; and demonstrates the potential effectiveness
of FV incentive programs for increasing FV purchase and consumption among vulnerable populations.

Keywords: incentive programs; Supplemental Nutrition Assistance Program (SNAP); fruits and vegetables;
low-income; farmers’ markets; dietary quality; produce intake; produce purchasing

1. Introduction

Eating sufficient amounts of fruits/vegetables (FV) is vital for a healthy dietary pattern associated with
a lower risk of cardiovascular disease and certain cancers [1]. However, Americans do not consume enough
FV; only 12.2% and 9.3% of US adults meet the 2015–2020 Dietary Guidelines for Americans’ recommendations
for daily fruit and vegetable consumption, respectively [2]. Among Americans, lower income groups
consume less FV than higher income groups, and this is a key socioeconomic disparity in overall dietary
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quality [2–4]. Thus, it is important that low-income participants in federal food assistance programs in the
United States, such as the Supplemental Nutrition Assistance Program (SNAP), have access to these foods.

SNAP is the largest federal food assistance program in the United States. It functions by providing
participants with food purchasing resources in the form of an electronic benefit transfer (EBT, an electronic
system that allows a recipient to authorize transfer of their government benefits from a federal account to a
retailer) on a monthly cycle. Although SNAP eligibility requirements vary from state to state, households
that are SNAP eligible have gross incomes of less than 130% of the federal poverty line [5]. Unlike other
U.S. food assistance programs, like the Supplemental Nutrition Assistance Program for Women, Infants,
and Children (WIC), SNAP benefits can be used for most food products with few exceptions (such as
hot foods and foods that are intended to be eaten in stores) [6,7]. In contrast to SNAP, WIC benefits
are limited to foods such as milk, cheese, yogurt, FV, canned fish, tofu, breakfast and infant cereal,
whole wheat breads and grains, eggs, peanut butter, infant formula, and jarred baby foods [8]. Thus,
although SNAP plays an integral role in ensuring that millions of people have the resources they need to
access sufficient amounts of food, it lacks specific restrictions that dictate the nutritional quality of foods
that participants can purchase. Importantly, it has been shown that individuals who receive SNAP benefits
have poor diets relative to the overall population and other income-eligible non-participants [3]. In some
cases, SNAP participation has been associated with negative health outcomes and inversely correlated
to self-assessed health status [9]. Given the evidence that WIC participation is associated with health
benefits [10], one proposed alteration to the SNAP program is creating restrictions around which foods
can be purchased with benefits. However, key constituencies, ranging from members of U.S. Congress to
hunger relief organizations, have rejected these proposals for reasons including concerns about limiting
participants’ ability to exercise autonomy in food choice and administrative burdens [11]. Moreover,
restrictions on the types of food eligible for SNAP could contribute to worsening food security in areas
where a variety of healthful foods is not sold by food retailers. Another alteration to the SNAP program
that has been suggested is FV incentives, which provide participants with considerable autonomy in
deciding what foods to purchase [12].

FV incentives include a variety of inducements to offer low-income participants funds to purchase
these foods. They are potentially appropriate for improving dietary quality, because they are a tool
for facilitating behavior change. The theory that incentives serve as a strategy for inducing changes
in behavior centers on the standard direct price effect [13]. The standard direct price effect makes the
incetivzed behavior more attractive by providing a financial reward. As a result, incentives have the
capacity to instill new, positive habits, as well as end pre-existing, negative habits. Thus, when applied
on a large enough scale, incentives may have the ability to shift cultural norms [13]. Incentives may be
particularly useful for promoting healthy behaviors, such as consuming more FV, because the benefits
of healthy behaviors are often uncertain and delayed, while the cost of these behaviors is immediate.
Consumers tend to value current costs and benefits more than future costs and benefits, which in turn
can lead to choosing not to engage in healthy behaviors, since the present value of these behaviors is
low. Incentives create an immediate benefit because they lower the cost of healthy foods for consumers.
By creating short-term rewards for healthy behaviors, incentives serve to make these behaviors more
appealing by increasing their present value [14]. In general, the cost of food plays a critical role in how
people make food choices [15,16]. Glanz and colleagues [17] found that behind taste, price is the second
most important influence on food choice. For SNAP participants specifically, it has been demonstrated that
the cost of healthy foods is a barrier for improving dietary quality [18,19]. Incentives expand the financial
resources participants have available to purchase healthy foods, and thus address the barrier that the cost
of these food poses to dietary quality [18–20].

FV incentive programs have been designed and implemented for a number of different populations,
including WIC and SNAP participants, and venues, such as farmers’ markets and grocery stores. In addition,
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the types and value of incentives that have been developed vary widely from point-of-sale (POS) discounts
to coupons, vouchers, and tokens. A preliminary search for existing scoping reviews on this topic was
conducted by searching the Cochrane Database of Systematic Reviews, Google Scholar, ProQuest, PubMed,
and Sage Journals Online. No scoping reviews on this topic were identified. Given the emerging evidence
related to FV incentive programs among SNAP participants and the diversity of structural factors within
these programs, a scoping review was selected as the appropriate method. The objective of this scoping
review is to characterize the factors in program structure which may impact the effectiveness of incentive
programs. The scoping review research question is, “What are the differences in structural factors, including
recruitment and eligibility criteria, delivery and timing of incentives, financial value of incentives, foods
eligible for incentive redemption, and type of retail venue reported among FV incentive programs?” Finally,
this review summarizes the outcomes of existing FV incentive programs with respect to the purchase and/or
consumption of FV among SNAP participants, with specific attention to the quality of the assessment
methods for FV purchase and/or consumption. This work provides insight intended to inform the design,
implementation, and evaluation of future FV incentive programs targeting SNAP participants.

2. Materials and Methods

A scoping review was undertaken to systematically synthesize factors in program structure which
may impact the effectiveness of FV incentive programs. This review was conducted as per the Arksey
and O’Malley framework for scoping reviews [21] and integrated with the guidance from the Joanna
Briggs Institute (JBI) [22] and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for scoping reviews [23]. A protocol document is publically available online at:
https://figshare.com/articles/Protocol_Document_pdf/12380669, and a completed PRISMA ScR checklist is
included as Supplementary Table S1.

2.1. Search Strategy

Focused searches were conducted by one author (K.E.) using Google Scholar, ProQuest, PubMed,
and Sage Journals Online. The search terms that were used include “SNAP incentives,” “WIC incentive,”
“food benefits incentive,” and “food assistance incentive.” Results were limited to English language
publications and indexed up to 7 November 2019. In addition to the use of these search terms, papers were
identified by examining the articles cited by the papers found in the preliminary search.

2.2. Study Selection

Full-text articles identified in the search were imported into Mendeley reference management software
and duplicates were manually removed. In total, 45 unique publications were identified and both
authors independently reviewed the full-text documents for pre-determined inclusion/exclusion criteria.
The inclusion criteria included: full-length publication in a peer-reviewed journal or government report,
quasi-experimental design, and targeted focus on verified, current SNAP participants studies that solely
examined the use of FV vouchers as part of the WIC foods package were excluded for the following reasons:
(1.) FV vouchers became a standard part of the WIC Food Package following a final rule published in
May 2014 [24] and (2.) WIC FV vouchers can only be used for FV and therefore are not used to incentivize
the purchase of FV over other foods within the WIC Food Package. The authors conferenced regularly to
ensure agreement and talked through any inconsistencies. Due to the relative lack of research on this topic,
papers were not excluded based on their publication date.
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2.3. Data Charting

Data were extracted from eligible papers into a standardized Google Doc chart developed by
both authors. The two authors independently charted the data, discussed the results and continuously
updated the data collection chart. The data ultimately collected included: study authors, year of
publication, study objective, population and sample size, methodology, incentive program structure
characteristics (participant eligibility and recruitment, delivery and timing of incentive, foods eligible
for incentive redemption, type of retail venue), and study outcomes related to FV purchases and FV
consumption. In addition, study methods for the assessment of FV purchase and/or consumption
were charted. The charted data were summarized as counts where applicable.

3. Results and Discussion

Of the 45 publications initially reviewed, n = 6 were excluded for not falling within the scope of
the review, n = 8 were excluded for not employing a quasi-experimental design, n = 6 were excluded
because participation was not focused on current, verified SNAP participants, and n = 2 were excluded
for being solely related to WIC FV vouchers prior to the implementation of the 2014 WIC Food Package.
In addition, two poster presentations were excluded and two publications were excluded because they
presented preliminary data that was included in a subsequent publication. In total, 19 publications were
included in the final review (Table 1).

3.1. Incentive Program Structure

A variety of types of incentive programs have explored approaches for increasing the purchase and
consumption of FV by SNAP participants. The following section details ways in which eligible individuals
become participants in incentive programs, the delivery and timing of incentives, and differences in the
financial value of incentives to participants.
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3.1.1. Recruitment and Eligibility of Incentive Program Participants

In the studies under review, individuals became incentive program participants in a multitude of ways.
Eleven programs had an enrollment process through which individuals had to complete some type of
informal or formal sign-up process for the program to receive the incentive [7,26–28,31–33,36,38,40,41],
while eight studies had no enrollment process and provided the incentive when participants visited and/or
made a purchase at a retailer and provided evidence of their SNAP participation [25,28,30,34,35,37,39,42].
Bowling et al. provided all SNAP participants shopping at participating markets with an incentive
and provided an additional incentive to a subset of this population that had specifically enrolled in the
program [27]. It is important to note that the inclusion of an enrollment process may create additional
administrative challenges, as well as barriers for participation. However, as enrollment processes
often included a pre-test survey and/or a method of tracking participants’ transactions throughout the
implementation period, these programs may provide opportunities for more rigorous evaluation and
therefore greater insight regarding the impact of incentive programs of FV purchases and consumption.
One study assessed programs in which participants were given the incentive after visiting a health clinic [33].
Similar to the challenges with enrollment processes, this requirement may create a participation barrier,
but may have a greater impact on dietary quality and health, as it is part of a broader focus on the health
status of federal food assistance program participants.

3.1.2. Delivery and Timing of Incentive Benefits

Table 1 summarizes the types of incentive benefits that have been granted to participants. Two programs
were structured such that the incentive was provided at the point-of-sale (POS) [7,31]. For the purposes of
this review, POS incentives are defined as those that immediately discount participants’ FV purchases
at checkout. In contrast to this model, 17 programs provided participants with coupons, vouchers,
or tokens [25–30,32–42]. The delivery of coupons, vouchers, or tokens (hereafter referred to as incentives)
varied by program. Some programs provided the incentives when the participant enrolled in the program
or following their enrollment, such as when they visited a farmers’ market [28,32,35,41]. Other programs
provided the incentives following or in conjunction with the purchase of FV [7,25,26,28,30,31,33,36–38,40].
Moreover, some programs required incentives to be redeemed immediately upon receipt [7,31], but
others allowed the incentive to be used for a future transaction. Importantly, allowing participants to
save the incentive and choose when they use it may be beneficial, due to the monthly “SNAP-cycle”
spending pattern, where the majority of recipients spend most of their monthly benefits within two weeks
after receiving them [43,44]. In all cases, the intent of these benefits is to induce participants to increase
their FV purchases by providing them with financial rewards for these purchases and/or resources that
enable them to purchase these foods at a lower price.

Most incentive programs included in this review required participants to make an FV purchase in
order to “trigger” the delivery of the incentive benefit [7,25,26,28,30,31,33,36–38,40]. However, the types of
FV that qualify as trigger foods differ. For example, the Healthy Incentives Pilot, a federally funded FV
incentive program administered in Hampden County, MA, distributed incentive benefits after participants
purchased targeted FV, which were defined as any fresh, canned, frozen, and dried fruit or vegetable FV
without any added sugars, fats, oils, or sodium. In addition, the pilot excluded fruit juice, mature legumes,
and white potatoes. These specifications were selected to mirror the restrictions of WIC-eligible produce
items [7]. In contrast, for programs held at farmers’ markets, participants often had to purchase fresh FV
in order to receive the incentive.

A few programs had multiple points and locations at which incentive benefits were distributed
to participants. In the program evaluated by Young et al. [42], a $2 bonus incentive coupon was provided for
every $5 in SNAP benefits used at a farmers’ market. Additionally, coupons were distributed at community
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organizations that serve SNAP-eligible populations, absent of any initial purchase by the participant.
The program examined by Olsho et al. [34], was structured similarly, in that some participants received
the incentive through a match after they made a purchase, while others received the incentive from
community-based organizations absent of any purchase, usually after they attended a nutrition workshop
or other health and fitness program. Similarly, two incentive distribution methods were employed in
the program examined by Savoie-Roskos et al. [39]; participants received either “regular incentives”,
which were distributed at regular intervals without any purchase requirement, or matched incentives.
Bowling et al. [27] employed both POS incentives and tokens; all SNAP recipients shopping at participating
markets received a matched incentive when they used their EBT card at these markets, which could not be
saved for future use, but at every third market, participants also received $20 in “Bonus Buck” tokens.

3.1.3. Financial Value of Incentive to Participants

The value of incentive benefits to participants differed widely. As stated previously, most programs
required a purchase to receive the incentive [7,25–27,30–32,34,36–38,40,42]. In these programs, the value
of the benefit was either pre-determined or determined by the value of the participants’ purchases.
For example, in the incentive program studied by Freedman et al. [31], participants received benefits
valued at $5 regardless of the cost of their initial purchases. However, many incentive programs
functioned such that the value of the benefit was determined by the magnitude of the participants’
spending [7,25–27,29,30,32,34,36–40,42]. In these cases, the value of the benefit was either equal to the
participants’ spending or a percentage of their spending. In many instances, 100% of the participants’
spending was matched, meaning that the value of the benefits was equal to the amount of money spent by
participants [25,26,30,32,36–40]. In some cases, the value of the benefit was adjusted based on the size of
participating families, as families with children were given additional value [38].

Among incentive programs that provided a match to participant spending, there was frequently
a ceiling on the value of the match. In all, 11 of the studies [7,25–28,30,32,36–38,41] reviewed had
some type of ceiling. For instance, in a Utah-based farmers’ market incentive program, participants
received $1 in incentives for every $1 they spent in SNAP benefits, with individuals and couples receiving
$10 worth of incentives each week and families receiving an additional $5 per child, up to $30 each
week [39]. Another type of ceiling was demonstrated, where participants could receive an extra $20 in
bonus tokens every third farmers’ market visit but were limited to receiving $120 of these bonus tokens
during the program’s implementation [27]. Other programs provided benefits that were valued as a
percentage of the participants’ spending. For instance, the Health Bucks and Philly Food Bucks programs
provided $2 vouchers for every $5 participants spent, and thus acted as a 40% match of the participants’
spending [32,42,45]. Notably, incentives that are granted in proportion to the participants’ spending are
designed to encourage participants to purchase more fruits and vegetables, because with these programs,
the more participants spend on these foods, the more they are rewarded.

Some programs implemented multiple forms of incentives. For example, Savoie-Roskos et al. [39]
provided one group of participants with incentive benefits that did not require them to make a purchase and
another group with benefits, in the form of spending matches, that augmented the incentive. A comparison
of the outcomes between the groups was not reported.

Overall, programs that match participants’ spending may provide incentive benefits that have greater
financial value than those that provide a benefit of a fixed value. In addition, programs with ceilings may
create less value for participants than those without ceilings. Thus, certain programs may be more effective
in inducing participants to purchase and consume more FV, because they expand participants’ purchasing
power to a greater degree. Differences in value may also be important, given that program retention is a
challenge across the literature, and programs that provide less value may be less effective in encouraging
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ongoing participation. Notably, Wetherill et al. [41] posited that low incentive redemption rates may be
tied to perceived differences in the value of different kinds of incentives, as incentives that function as
discounts and expand buying power may be less valuable to participants than incentives that provide
free products.

3.1.4. Eligible Foods

The foods that were eligible for purchase using incentive benefits also differed. While some of the
programs provided benefits that could be utilized to purchase only FV, others were triggered by an FV
purchase, but provided benefits redeemable for a diverse range of foods, such as any SNAP-eligible
food [7,36,39]. A drawback of awarding incentives that can be used for any SNAP-eligible food is the
possibility that incentive benefits are used to purchase foods with low nutrient density. For example, in
the Healthy Incentives Pilot, an additional $0.30 was added to participants’ EBT cards for every $1 of
SNAP benefits spent on FV. There are few limitations on the types of foods and beverages that can be
purchased with EBT, and some evidence suggests that reducing the price of healthful foods may result in
the increased purchase of energy, which could contribute to obesity [46].

In contrast, other FV incentive benefits could be used only to purchase locally grown FV [27,29,31,
32,34,37,40,47]. In some cases, the foods included in the incentive program varied based on participant
eligibility. For example, in the Fresh Funds program [36], participants could use the tokens they purchased
with their SNAP benefits, and the tokens that they received as a match, to purchase fresh produce or
packaged foods, such as jams/spreads, breads, eggs, pasta, cheese, and fish; however, the tokens they
purchased using WIC benefits could only be spent at vendors selling fresh produce.

The characteristics and needs of the recipients must be considered when designing incentive programs
and the types of FV eligible for incentive redemption. For example, FV may not be an appealing
incentive to people with limited facilities and equipment for food preparation. However, for participants
with access to food preparation facilities, frozen, canned, and dried FV have a longer shelf-life than
fresh FV and may be useful for prolonging food security throughout the month and between monthly
SNAP benefit distributions. Likewise, the capacity of the retail environment must also be considered.
SNAP vendor eligibility implemented in January 2018 requires vendors to stock FV, but does not require
those FV to be fresh if other perishable foods are stocked (i.e., meat or dairy), and only one type of perishable
food needs to be offered (i.e., selling just one type of fruit would fulfill the fresh FV requirement) [48].
Low income communities tend to have more convenience stores and small markets [49,50] where the
availability of FV tends to be lower [51–53]. Therefore, the retail capacity, including the availability of
freezers/refrigeration, must be considered when designing fresh FV incentive programs.

3.1.5. Retail Venue

Table 1 illustrates that the majority (16/19) of the reviewed studies were implemented in part or in
entirety at farmers’ markets. Farmers’ market incentive programs have the advantage of supporting
local farmers and food vendors. Additionally, the literature indicates that shopping at farmers’ markets
positively impacts FV purchases and that by drawing participants to shop at these venues, incentive
programs implemented at farmers’ markets may positively impact FV purchase and consumption behaviors
and attitudes beyond the time period in which the program is implemented [31,32,54].

Several studies indicate that farmers’ market incentive programs attract SNAP participants who
otherwise might not shop at these venues [30–32,35]. One incentive program study found that 57% of
participants in a farmers’ market incentive program had never been to a farmers’ market [31]. Similarly,
another study noted that SNAP participants’ awareness of farmers’ markets rose in relation to their exposure
to the Health Bucks incentive program [35]. In addition, these researchers found that 54% of Health
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Bucks participants who used their benefits at farmers’ markets strongly agreed that “I shop at farmers’
markets more often because of Health Bucks”, and a Utah-based incentive program reported that 98% of
baseline participants reported that the incentive made it more likely that they would shop at the farmers’
market [30]. In the Farmers’ Market Fresh Fund Incentive Program, 82% of participants had never attended
a farmer’s market prior to participating in the program, and 93% of participants reported that incentives
were “important” or “very important” in their decision to shop at farmers’ markets [32]. In addition to
drawing more SNAP participants to farmers’ markets, the Farmers’ Market Fresh Fund Incentive Program
demonstrated the potential to impact participants’ long-term shopping behavior. In particular, the majority
of participants reported that they would be “somewhat likely” or “completely likely” to shop at farmers’
markets even without the continuation of the incentive program [32]. Increased awareness that EBT
is accepted at many farmers’ markets has also been noted among incentive program participants [39].
Accordingly, there is evidence that farmers’ market incentive programs increase participants’ exposure to
markets as venues offering affordable, healthy food, and in turn have the potential to positively influence
their long-term food purchasing behavior.

Another potential benefit of implementing incentive programs at farmers’ markets is the potential for
the increased consumption of FV. Shopping at farmers’ markets is linked to increased FV consumption,
and thus offering incentives at farmers’ markets has the capacity to improve dietary quality beyond merely
increasing the financial resources participants have to purchase FV [55]. Specifically, Olsho et al. [34]
found that both incentive program participants and farmers’ market shoppers who were not enrolled
in the program reported higher FV consumption than other residents in their neighborhoods. However,
incentive program participation per se was not related to an increase in daily FV servings.

Despite the potential benefits of implementing incentive programs at farmers’ markets, it is important
to consider access issues in this context. Specifically, farmers’ markets are not as abundant as other types
of food retailers, such as grocery stores, and may not exist in certain communities. Driving distance
from residence to market has been inversely correlated with repeat use of farmer’s market incentives [56].
However, other research suggests that the distance from food retailers does not significantly affect the
extent to which incentives impact SNAP participants’ FV spending [7,32]. Moreover, many markets are
not open year-round and have limited hours of operation.

3.2. Outcome Assessment

All of the studies included in this review considered the impact of incentives on FV purchases
and/or consumption. Four of the studies reviewed focused exclusively on FV purchases [25,30,36,39,41],
five focused exclusively on FV consumption [28,29,34,37,40], and nine examined both FV purchase
and consumption [7,24,26,27,31–33,35,38]. As explored later in this section, only one of the reviewed
studies [41] did not report some positive impact on FV purchases and/or consumption in conjunction with
incentive programs.

Studies employed a variety of approaches for measuring these outcomes, as shown in Tables 2 and 3.
The majority of studies assessed FV purchase and/or consumption using a pre-/post-test design,
where participants’ FV purchase and consumption behaviors and attitudes were assessed prior to the
implementation of the incentive program and then again at the program’s conclusion [25–28,30–36,38,39,42].
In addition, the Healthy Incentives Program also assessed the program impact at various points throughout
the implementation phase [7]. A few studies also used control or quasi-control groups to assess program
impact [7,34,37,41,47]. The merits of quasi-control groups are somewhat limited if the comparison groups do
not share important characteristics with the incentive program participants. For example, Olsho et al. [34],
compared the FV purchase and consumption of incentive program participants with that of other
non-participant neighborhood residents, but these residents were not necessarily federal food assistance
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program participants. Although the groups may have shared relevant demographic characteristics,
the comparison is problematic because federal food assistance program participants have unique
circumstances that may make incentive programs particularly salient, such as the challenge of managing
food-purchasing resources in conjunction with the monthly SNAP distribution cycle. Another study
compared SNAP transaction data from participating grocery stores to that of nonparticipating stores
to determine whether the percentage of dollars spent on fresh produce in total SNAP transactions is
higher in stores that implement incentives than in stores that do not [37]. Control stores were selected
using a coarsened exact matching and linear probability match to match on store characteristics and
sociodemographics. While this approach is not as rigorous as randomizing stores to the incentive or
control condition, the use of matched controls is preferred to non-matched controls. Wetherill et al. [41]
employed a quasi-experimental design to compare two coupon interventions: basic information and plain
coupon distribution compared to tailored, targeted marketing coupon intervention. However, low coupon
redemption by either group made comparisons difficult.

Table 2. Assessment of fruit and vegetable purchases in nutrition incentive programs.

Author Assessment Method

Survey Assessment of FV Purchases

Alaofè et al. (2017) [25]

Frequency of farmer’s market shopping, purchasing amount, and types of purchases were
assessed by the questions: 1. “Because of Double-Up SNAP Pilot (DUSP) program rebates, is
your family buying a larger amount of . . . ?” 2. “Because of DUSP program rebates, is your
family eating a greater amount of . . . ?”, and 3. “Because of DUSP program rebates, have you

or your family tried any new or unfamiliar fruits or vegetables?”

Amaro and Roberts (2017) [26]

Open-ended survey responses demonstrated that participants purchased FV at the farmers’
market because the incentive program made it affordable for them to do so. Additionally,

they were asked to indicate the degree to which they agreed or disagreed with “I can afford
to buy fresh fruits and vegetables”.

Bartlett et al. (2014) [7] Specific survey items not provided but questions sought to discern general food shopping
patterns and food expenditures.

Bowling et al. (2016) [27] “How much of your family’s weekly WIC/SNAP budget is spent on FVs?”

Dimitri et al. (2013) [28]

Survey assessed questions covering five aspects: (1) frequency of shopping at farmers’
markets and the number of years receiving incentives, (2) perception of how much incentives

influenced the decision to shop at the farmers’ market, (3) perception of the impact that
shopping at the market with incentives had on fresh FV consumption, (4) importance of

farmers’ market characteristics on the decision to shop at that market, and (5) access to the
market and use of the market for fresh FV.

Lindsay et al. (2013) [32] “How much on average do you spend on fresh fruits and vegetables per week?”
Marcinkevage et al. (2019) [33] Perceptions of affordability, purchase of FV not previously tried.

Olsho et al. (2015) [34] Specific survey items not provided but questions sought to discern changes in farmers’
market spending, including whether FV were purchased each visit.

Ratigan et al. (2017) [36] Perceptions of food purchasing behavior and affordability of FV, weekly spending on FV
(<$10, $10–19, $20–29, $30–39, ≥$40.)

Interviews or Focus Groups to Assess FV purchases

Bartlett et al. (2014) [7] Experiences with the program, including financial impact on the household and changes in
willingness to purchase FV.

Savoie-Roskos et al. (2017) [39]
Cost and budgeting as barriers to FV purchases prior to the incentive program emerged as
themes and participants noted that the program helped them overcome these barriers, citing

greater spending flexibility and decreased anxiety over the cost of food.

Bartlett et al. (2014) [7]

EBT transaction data to determine Healthy Incentive Program (HIP) incentive earnings by
pilot participants, focusing on HIP-eligible purchases, the amount of incentives earned, and

the percent of SNAP benefits spent on HIP-eligible purchases. Analysis of spending in
different types of store, focusing on spending on targeted FV in supermarkets and

superstores.
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Table 2. Cont.

Author Assessment Method

Sales Tracking to Assess FV Purchases

Freedman et al. (2014) [31]

Sales tracking using unique identifier for each participant; transaction data, including date of
transaction, customer type (patient, staff, or community member), total cost, and payment

type; comparing venue revenue trends from the previous year with those during the
implementation period.

Lindsay et al. (2013) [32] Data were collected from vendors regarding total sales each day from incentive tokens as a
percentage of total sales.

Marcinkevage et al. (2019) [33] Quarterly and yearly redemption rates, dollar amount spent on FV per incentive redeemed.

Olsho et al. (2015) [34] Comparison of average daily SNAP sales from farmers’ markets accepting incentives with
those not accepting incentives.

Ratigan et al. (2017) [36] Records of market attendance and frequency of visits to booths where participants
received incentives.

Rummo et al. (2019) [37] FV spending as a percentage of total spending from individual transactions at grocery stores
that implemented programs and that did not implement programs.

Steele-Adjognon et al. (2017) [40]
Loyalty card scanner data was acquired to assess: “FV expenditure; fruit expenditure;

vegetable expenditure; FV expenditure share; FV variety; and FV purchase decision. FV
expenditure is the aggregate dollar amount spent during the month on all fresh FV.”

Wetherill et al. (2017) [41] Differences in baseline sociodemographic, predisposing, enabling, and reinforcing factors
related to FV attitudes and behaviors by incentive redemption.

Young et al. (2013) [42] Comparison of market SNAP sales from implementation period to those from previous years;
incentive redemption rates.

Table 3. Assessment of fruit and vegetable consumption in nutrition incentive programs.

Author Description of Assessment Method

Alaofè et al. (2017) [25] FV consumption frequency measured using Behavioral Risk Factor Surveillance System FV module.

Bartlett et al. (2014) [7]
24-h dietary recall interviews at multiple points in implementation period and followed up by focus

groups, which included discussion of impact on FV consumption. Surveys on FV consumption
(frequency and quantity) using Eating at America’s Table Study (EATS) Fruit and Vegetable Screener.

Bowling et al. (2016) [27] Survey questions including “On an average day, how many times do you have a vegetable to eat?”
and “On an average day, how many times do you have a fruit to eat?”

Dimitri et al. (2015) [29] National Health and Nutrition Examination Survey food frequencyquestionnaire: Number of times
vegetables were consumed in the last six months, daily and weekly serving of FV.

Dimitri et al. (2013) [28] Specific survey items not provided, but assessed participant perception that fresh FV consumption
increased or did not increase.

Durward et al. (2019) [30] FV consumption frequency measured using Behavioral Risk Factor Surveillance System FV module.

Lindsay et al. (2013) [32] “On average, how many servings of fruits and/or vegetables do you usually eat each day?” and “In
general, how healthy would you say your overall diet is?”

Marcinkevage et al. (2019) [33]
Survey included questions related to participant perceived improvement in the consumption of

healthy foods, including FV, and perceived health benefit prescriptions (trying new FV, eating more
FV, increases in FV consumption by family members.)

Olsho et al. (2015) [34]
New York City Community Health Survey: “total servings of fruits and vegetables eaten on the

previous day” and “consumption today vs. consumption one year ago”; interviews included
questions about the consumption of FV from farmers’ markets.

Pellegrino et al. (2018) [35] FV consumption frequency measured using Behavioral Risk Factor Surveillance System FV module.

Ratigan et al. (2017) [36] Survey regarding number of servings of FV consumed daily, rank overall dietary quality (very
healthy, healthy, average, unhealthy, very unhealthy.)

Savoie-Roskos et al. (2016) [38] FV consumption frequency measured using Behavioral Risk Factor Surveillance System FV module.
Savoie-Roskos et al. (2017) [39] Interview: “How does your diet now compare to your diet before the study?”

Young et al. (2013) [42] “Since becoming a customer at this market, do you eat more, less, or the same amount of fruits
and vegetables?”

Assessment of FV consumption varied in the quality of methods used for dietary assessment. Of the
15 studies which assessed the change in FV consumption (Table 3), five studies employed the validated
Behavioral Risk Factor Surveillance System FV module [57], and two other studies used other validated
assessment tools [7,29]. The validity of the dietary assessment methods for the remaining eight studies
was not clear.
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All studies under review noted some degree of positive impact, with the exception of Wetherill et al. [41].
In that study, participants were all recipients of Temporary Assistance for Needy Families (TANF),
a cash-assistance program in the United States for very low-income families with children. Generally,
TANF participation automatically qualifies a household for SNAP. Given the severe income restriction
of TANF households, these participants may not be representative of the general SNAP population.
Moreover, few participants in this study (n = 16, 6.3%) redeemed the incentive coupons; making outcome
assessment difficult, although the authors did note that that education surrounding food preparation
skills may be necessary, in conjunction with incentives to alter food purchasing behaviors at farmers’
markets. Among the remaining studies that reported some positive impact, limitations in the impact of the
incentive programs were identified. Conclusions from the Michigan farmers’ market-based Double Up
Food Bucks program included that the impact of incentive programs was unsustainable and minimal [40],
and a Washington, DC-based farmers’ market evaluation noted that although participants reported higher
FV consumption, their intake still fell below recommended levels [35]. Olsho et al. [34], reported an
increase in purchases but concluded that there was no observable difference in consumption between
incentive program participants and non-participants, and similarly, Bowling et al. [27] observed that while
participants reported increased fruit and vegetable consumption, they did not change the amount of their
WIC/SNAP budget spent on these foods.

Several demographic factors have been linked to incentive program retention and use frequency and
thus may be important when considering outcome assessment. Specifically, Dimitri et al. [29] noted that
participants who were more reliant on food banks, very income restrained, and lived in areas where access
to food was limited were more likely to drop out of the incentive program they studied [29]. These findings
suggest that the presence of these factors may impact the effectiveness of incentive programs, as participant
retention is essential for incentives to influence FV purchases and consumption. Ratigan et al. found that
participants who had unhealthier diets at the beginning of the program were more likely to use incentives
a greater number of times in the short term, but incentive use waned after six months [36]. In addition,
Ratigan et al. noted that elderly and disabled individuals were more likely to use incentive programs in
the long term than those who were younger and noted that ethnicity, type of government food assistance
program participation, income, season of incentive program enrollment, and baseline FV consumption
were related to the frequency of incentive utilization and total duration of their retention in the incentive
programs [36]. They also noted that ethnicity, type of government food assistance program participation,
income, season of incentive program enrollment, and baseline FV consumption correlate with both the
number of times participants utilize incentives in a given period of time, as well as the total duration of
their retention in incentive programs. Together, these results suggest that additional work is needed to
identify the characteristics of subgroups who are most responsive to incentive programs in order to target
incentive programs.

4. Conclusions and Recommendations

This scoping review highlights the wide range of FV incentive program structures and demonstrates that,
in general, these programs may be an effective approach for increasing FV purchase and consumption
by SNAP participants, while preserving autonomy in food choice. However, it is unclear whether the
potential positive effects of these programs are substantial and sustainable. Moreover, the assessment
methods employed to evaluate these programs have often relied on self-reports and lack sufficient rigor
to assess program impact. Specifically, dietary assessment, when performed, frequently failed to utilize
validated methods, such as the 24-h recall. Additionally, there are limitations to the scoping review
process itself. Namely, a professional librarian was not consulted to assist with developing the search
strategy and the protocol was not published early enough in the process to allow input from the greater
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scientific community. These factors, in conjunction with the significant variation in program structure,
makes it difficult to elucidate which programmatic elements may be most critical for designing and
implementing effective programs.

Although the literature indicates that incentive programs may positively impact FV purchases
and consumption by SNAP participants, several areas that require additional research in order to
understand how to create effective programs are revealed. For instance, other interventions, such
as nutrition education, cooking demonstrations, and food tastings, are often deployed in conjunction
with incentives. These interventions not only equip participants with the knowledge they need to make
healthy eating decisions and integrate healthy foods into their diets but may also contribute to participant
use and retention. Participant use of available incentives and retention is a key determinant of program
effectiveness, and additional research is needed to understand how to maximize participation and retention.
Additional work is needed to elucidate how participant characteristics, such as food security status and
demographics, may be associated with the use of incentives. Another area for future research is the impact
of incentive program participation on objective measures of health. The studies reviewed in this scoping
review demonstrated an improvement in program participants’ perceptions of their health [7,32,33,36]
and one study demonstrated an improvement in food security status [30], but none of the studies under
review measured BMI or other health measures. Consequently, the actual impact of incentives on health
remains unclear, and identifying the point at which incentives create a tangible difference in health outcomes
is key for creating programs that promote participants’ well-being. Lastly, more research is needed to
understand the long-term effects of incentives. Some evidence suggests that the increases in FV purchases
resulting from incentive program participation are not sustained following program termination [40].
Additionally, few studies have investigated the capacity of incentive programs to influence long-term
food consumption and purchasing behavior. Thus, the long-term efficacy of incentives is uncertain [38,58].
Moreover, the research that has considered the long-term impacts of incentive programs has relied on
self-reported predictions of future food purchasing behavior [32]. As no longitudinal studies of the impact
of incentive programs have been performed, additional research is required to determine the long-term
impact of these programs.

Overall, studies of FV incentive programs reveal a positive impact on both FV purchases and
consumption. This scoping review provides insights intended to inform the design, implementation,
and evaluation of future FV incentive programs targeting SNAP participants. Exploring these factors is
critical for understanding how to effectively design and implement effective, sustainable incentive programs.
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