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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.
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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 [1,2,3]. 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 [3,4,5,6]. 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 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 [13,14,15,16], 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 [16,17,18,19]. 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 [21,24,25,26,27,28]. 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 [21,26,27,28]). 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 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.




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 [36,39,40,41,42], 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 ½ 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., 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 [45,46,47].




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).



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.





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.



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 ½ 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 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 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.







Author Contributions


Conceptualization, L.M.B. and S.A.S.; methodology, L.M.B. and S.A.S.; formal analysis, L.M.B. and S.A.S.; investigation, S.A.S.; resources, S.A.S.; data curation, S.A.S. and I.K.; writing—original draft preparation, L.M.B. and S.A.S.; writing—review and editing, H.A.E.-M., I.K., and S.A.S.; supervision, S.A.S.; project administration, S.A.S.; funding acquisition, S.A.S. All authors have read and agreed to the published version of the manuscript.




Funding


The research reported in this publication was supported by research funding from the USDA National Institute of Food and Agriculture, Hatch Project (1003434).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Kawachi, I.; Berkman, L.F. Social ties and mental health. J. Urban. Health 2001, 78, 458–467. [Google Scholar] [CrossRef] [PubMed]

	



Morris, A.S.; Robinson, L.R.; Hays-Grudo, J.; Claussen, A.H.; Hartwig, S.A.; Treat, A.E. Targeting parenting in early childhood: A public health approach to improve outcomes for children living in poverty. Child Dev. Perspect. 2017, 88, 388–397. [Google Scholar] [CrossRef]

	



U.S. Department of Health and Human Services; U.S. Department of Agriculture. 2015–2020 Dietary Guidelines for Americans; U.S. Department of Health and Human Services; U.S. Department of Agriculture: Washington, DC, USA, 2015. Available online: http://health.gov/dietaryguidelines/2015/guidelines/ (accessed on 26 June 2019).

	



Kursmark, M.; Weitzman, M. Recent findings concerning childhood food insecurity. Curr. Opin. Clin. Nutr. Metab. Care 2009, 12, 310–316. [Google Scholar] [CrossRef] [PubMed]

	



Slack, K.S.; Yoo, J. Food hardship and child behavior problems among low-income children. Soc. Serv. Rev. 2005, 79, 511–536. [Google Scholar] [CrossRef]

	



Weinreb, L.; Wehler, C.; Perloff, J.; Scott, R.; Hosmer, D.; Sagor, L.; Gundersen, C. Hunger: Its impact on children’s health and mental health. Pediatrics 2002, 110, e41. [Google Scholar] [CrossRef] [PubMed]

	



Afshin, A.; Micah, R.; Khatibzadeh, S. Dietary policies to reduce noncommunicable diseases. In The Handbook of Global Health Policy; Brown, G.W., Yamey, G., Wamala, S., Eds.; John Wiley & Sons, Ltd.: West Sussex, UK, 2014; pp. 175–193. [Google Scholar]

	



Story, M.; Kaphingst, K.M.; Robinson-O’Brien, R.; Glanz, K. Creating healthy food and eating anvironments: Policy and environmental approaches. Annu. Rev. Public Health 2008, 29, 253–272. [Google Scholar] [CrossRef]

	



Fitzgibbon, M.L.; Stolley, M.R. Environmental changes: May be needed for prevention of overweight in minority children. Pediatr. Ann. 2004, 33, 45–49. [Google Scholar] [CrossRef]

	



Sooman, A.; Macintyre, S.; Anderson, A. Scotland’s health—A more difficult challenge for some? The price and availability of healthy foods in socially contrasting localities in the west of Scotland. Health Bull. 1993, 51, 276–284. [Google Scholar]

	



Morland, K.; Diez Roux, A.V.; Wing, S. Supermarkets, other food stores, and obesity: The atherosclerosis risk in communities study. Am. J. Prev. Med. 2006, 30, 333–339. [Google Scholar] [CrossRef]

	



Powell, L.M.; Slater, S.; Mirtcheva, D.; Bao, Y.; Chaloupka, F.J. Food Store Availability and Neighborhood Characteristics in the United States. Prev. Med. 2007, 44, 189–195. [Google Scholar] [CrossRef]

	



Moore, L.V.; Diez Roux, A.V.; Nettleton, J.A.; Jacobs, D.R. Associations of the local food environment with diet quality—A comparison of assessments based on surveys and geographic information systems. Am. J. Epidemiol. 2008, 167, 917–924. [Google Scholar] [CrossRef] [PubMed]

	



Nigg, C.R.; Ul Anwar, M.M.; Braun, K.; Mercado, J.; Kainoa Fialkowski, M.; Ropeti Areta, A.A.; Belyeu-Camacho, T.; Bersamin, A.; Guerrero, R.L.; Castro, R.; et al. A review of promising multicomponent environmental child obesity prevention Intervention strategies by the Children’s Healthy Living Program. J. Environ. Health 2016, 79, 18–26. [Google Scholar] [CrossRef] [PubMed]

	



Ritchie, L.D.; Woodward-Lopez, G.; Au, L.E.; Loria, C.M.; Collie-Akers, V.L.; Wilson, D.K.; Frongillo, E.A.; Strauss, W.J.; Landgraf, A.J.; Nagaraja, J.; et al. Associations of community programs and policies with children’s dietary intakes: The Healthy Communities Study. Pediatr. Obes. 2018. [Google Scholar] [CrossRef] [PubMed]

	



Woodward-Lopez, G.; Gosliner, W.; Au, L.E.; Kao, J.; Webb, K.L.; Sagatov, R.D.F.; Strauss, W.J.; Landgraf, A.J.; Nagaraja, J.; Wilson, D.K.; et al. Community characteristics modify the relationship between obesity prevention efforts and dietary intake in children: The Healthy Communities Study. Pediatr. Obes. 2018, 13, 46–55. [Google Scholar] [CrossRef]

	



Khan, N.A.; Raine, L.B.; Donovan, S.M.; Hillman, C.H. The cognitive implications of obesity and nutrition in childhood. Monogr. Soc. Res. Child Dev. 2014, 79, 51–71. [Google Scholar] [CrossRef]

	



Hildreth, K.L.; Van Pelt, R.E.; Schwartz, R.S. Obesity, insulin resistance, and Alzheimer’s disease. Obesity 2012, 20, 1549–1557. [Google Scholar] [CrossRef]

	



Tascilar, M.E.; Turkkahraman, D.; Oz, O.; Yucel, M.; Taskesen, M.; Eker, I.; Abaci, A.; Dundaroz, R.; Ulas, U.H. P300 auditory event-related potentials in children with obesity: Is childhood obesity related to impairment in cognitive functions? Pediatr. Diabetes 2011, 12, 589–595. [Google Scholar] [CrossRef]

	



Garon, N.; Bryson, S.E.; Smith, I.M. Executive function in preschoolers: A review using an integrative framework. Psychol. Bull. 2008, 134, 31–60. [Google Scholar] [CrossRef]

	



McClelland, M.M.; Cameron, C.E.; Connor, C.M.D.; Farris, C.L.; Jewkes, A.M.; Morrison, F.J. Links between behavioral regulation and preschoolers’ literacy, vocabulary, and math skills. Dev. Psychol. 2007, 43, 947–959. [Google Scholar] [CrossRef]

	



Bernier, A.; Beauchamp, M.H.; Carlson, S.M.; Lalonde, G. A secure base from which to regulate: Attachment security in toddlerhood as a predictor of executive functioning at school entry. Dev. Psychol. 2015, 51, 1177–1189. [Google Scholar] [CrossRef]

	



Willoughby, M.T.; Blair, C.; Wirth, R.J.; Greenberg, M.T. The measurement of executive function at age 5: Psychometric properties and relationship to academic achievement. Psychol. Assess. 2012, 24, 226–239. [Google Scholar] [CrossRef] [PubMed]

	



Hughes, C.H.; Ensor, R.A. How do families help or hinder the emergence of early executive function? New Dir. Child Adoles. 2009, 123, 35–50. [Google Scholar] [CrossRef] [PubMed]

	



Schmitt, S.A.; Korucu, I.; Jones, B.L.; Snyder, F.J.; Evich, C.D.; Purpura, D.J. Self-regulation as a correlate of weight status in preschool children. Early Child Dev. Care 2017, 189, 68–78. [Google Scholar] [CrossRef]

	



Blair, C.; Razza, R.P. Relating effortful control, executive function, and false belief understanding to emerging math and literacy ability in kindergarten. Child Dev. 2007, 78, 647–663. [Google Scholar] [CrossRef]

	



Duckworth, A.L.; Seligman, M.E.P. Self-discipline outdoes IQ in predicting academic performance of adolescents. Psychol. Sci. 2005, 16, 939–944. [Google Scholar] [CrossRef] [PubMed]

	



Morrison, F.J.; Ponitz, C.E.C.; McClelland, M.M. Self-regulation and academic achievement in the transition to school. In Human Brain Development. Child Development at the Intersection of Emotion and Cognition; Calkings, S.D., Bell, M.A., Eds.; American Psychological Association: Washington, DC, USA, 2010; pp. 203–224. [Google Scholar] [CrossRef]

	



Carlson, S.M.; Davis, A.C.; Leach, J.G. Less is more—Executive function and symbolic representation in preschool children. Psychol. Sci. 2005, 16, 609–616. [Google Scholar] [CrossRef] [PubMed]

	



Nyaradi, A.; Li, J.; Hickling, S.; Foster, J.; Oddy, W.H. The role of nutrition in children’s neurocognitive development, from pregnancy through childhood. Front. Hum. Neurosci. 2013, 7, 97. [Google Scholar] [CrossRef]

	



Wachs, T.D.; Georgieff, M.; Cusick, S.; Mcewen, B.S. Issues in the timing of integrated early interventions: Contributions from nutrition, neuroscience, and psychological research. In Prenatal and Childhood Nutrition: Evaluating the Neurocognitive Connections; Croft, C., Ed.; Apple Academic Press: Oakville, ON, Canada, 2015; pp. 363–397. [Google Scholar] [CrossRef]

	



Bronfenbrenner, U. Toward an experimental ecology of human development. Am. Psychol. 1977, 32, 513–531. [Google Scholar] [CrossRef]

	



Sallis, J.F.; Fisher, E.B.; Owen, N.; Fisher, E.B. Ecological models of health behavior. In Health Behavior and Health Education; Glanz, K., Rimer, B.K., Viswanath, K., Eds.; Jossey-Bass: San Francisco, CA, USA, 2015; pp. 465–482. [Google Scholar]

	



Cook, J.T.; Frank, D.A.; Levenson, S.M.; Neault, N.B.; Heeren, T.C.; Black, M.M.; Berkowitz, C.; Casey, P.H.; Meyers, A.F.; Cutts, D.B.; et al. Child food insecurity increases risks posed by household food insecurity to young children’s health. J. Nutr. 2006, 136, 1073–1076. [Google Scholar] [CrossRef]

	



Fisher, J.O.; Mitchell, D.C.; Smiciklas-Wright, H.; Birch, L.L. Parental influences on young girls’ fruit and vegetable, micronutrient, and fat intakes. J. Am. Diet. Assoc. 2002, 102, 58–64. [Google Scholar] [CrossRef]

	



Sohi, I.; Bell, B.A.; Liu, J.; Battersby, S.E.; Liese, A.D. Differences in food environment perceptions and spatial attributes of food shopping between residents of low and high food access areas. J. Nutr. Educ. Behav. 2014, 46, 241–249. [Google Scholar] [CrossRef]

	



Breyer, B.; Voss-Andreae, A. Food mirages: Geographic and economic barriers to healthful food access in Portland, Oregon. Heal. Place 2013, 24, 131–139. [Google Scholar] [CrossRef] [PubMed]

	



U.S. Department of Agriculture. Definitions: Food Access. 2005. Available online: https://www.ers.usda.gov/data-products/food-access-research-atlas/documentation/ (accessed on 26 June 2019).

	



Mujahid, M.S.; Diez Roux, A.V.; Morenoff, J.D.; Raghunathan, T. Assessing the measurement properties of neighborhood scales: From psychometrics to ecometrics. Am. J. Epidemiol. 2007, 165, 858–867. [Google Scholar] [CrossRef]

	



Ma, X.; Barnes, T.L.; Freedman, D.A.; Bell, B.A.; Colabianchi, N.; Liese, A.D. Test-retest reliability of a questionnaire measuring perceptions of neighborhood food environment. Health Place 2013, 21, 65–69. [Google Scholar] [CrossRef] [PubMed]

	



Co, M.C.; Bakken, S. Influence of the local food environment on Hispanics’ perceptions of healthy food access in New York City. Hisp. Heal. Care Int. 2018, 16, 76–84. [Google Scholar] [CrossRef] [PubMed]

	



Jayashankar, P.; Raju, S. The effect of social cohesion and social Networks on perceptions of food availability among low-income consumers. J. Bus. Res. 2020, 1, 316–323. [Google Scholar] [CrossRef]

	



U.S. Census Bureau. American Community Survey Data. 2005. Available online: https://geocoding.geo.census.gov/geocoder/geographies/addressbatch?form (accessed on 26 June 2019).

	



U.S. Department of Agriculture. Food Access Research Atlas—Download the Data. 2017. Available online: https://www.ers.usda.gov/data-products/food-access-research-atlas/download-the-data/ (accessed on 15 July 2019).

	



McClelland, M.M.; Cameron, C.E.; Duncan, R.J.; Bowles, R.P.; Acock, A.C.; Miao, A.J.; Pratt, M.E. Predictors of early growth in academic achievement: The head-toes-knees-shoulders task. Front. Psychol. 2014, 5, 599. [Google Scholar] [CrossRef] [PubMed]

	



Ponitz, C.E.C.; McClelland, M.M.; Jewkes, A.M.; Connor, C.M.D.; Farris, C.L.; Morrison, F.J. Touch your toes! Developing a direct measure of behavioral regulation in early childhood. Early Child Res. Quart. 2008, 23, 141–158. [Google Scholar] [CrossRef]

	



Wanless, S.B.; McClelland, M.M.; Acock, A.C.; Ponitz, C.E.C.; Son, S.H.; Lan, X.; Morrison, F.J.; Chen, J.L.; Chen, F.M.; Lee, K.; et al. Measuring behavioral regulation in four societies. Psychol. Assess. 2011, 23, 364–378. [Google Scholar] [CrossRef]

	



Blair, C.; Cybele Raver, C.; Berry, D.J. Family Life Project Investigators. Two approaches to estimating the effect of parenting on the development of executive function in early childhood. Dev. Psychol. 2014, 50, 554–565. [Google Scholar] [CrossRef]

	



StataCorp. Stata Statistical Software: Release 16; StataCorp LLC: College Station, TX, USA, 2019. [Google Scholar]

	



McClelland, M.M.; Acock, A.C.; Piccinin, A.; Rhea, S.A.; Stallings, M.C. Relations between preschool attention span-persistence and age 25 educational outcomes. Early Child Res. Quart. 2013, 28, 314–324. [Google Scholar] [CrossRef] [PubMed]

	



Denham, S.A. Social-emotional competence as support for school readiness: What is it and how do we assess it? Early Educ. Dev. 2006, 17, 57–89. [Google Scholar] [CrossRef]

	



Pauli-Pott, U.; Becker, K. Neuropsychological basic deficits in preschoolers at risk for ADHD: A meta-analysis. Clin. Psychol. Rev. 2011, 31, 626–637. [Google Scholar] [CrossRef]

	



Alaimo, K.; Olson, C.M.; Frongillo, E.A. Food insufficiency and American school-aged children’s cognitive, academic, and psychosocial development. Pediatrics 2001, 108, 44–53. [Google Scholar] [CrossRef]

	



Jyoti, D.F.; Frongillo, E.A.; Jones, S.J. Community and international nutrition food insecurity affects school children’s academic performance, weight gain, and social skills. J. Nutr. 2005, 135, 2831–2839. [Google Scholar] [CrossRef]

	



Korenman, S.; Miller, J.E.; Sjaastad, J.E. Long-term poverty and child development in the United States: Results from the NLSY. Child. Youth Serv. Rev. 1995, 17, 127–155. [Google Scholar] [CrossRef]

	



Florence, M.D.; Asbridge, M.; Veugelers, P.J. Diet quality and academic performance. J. Sch. Health 2008, 78, 209–215. [Google Scholar] [CrossRef]

	



Grineski, S.E.; Morales, D.X.; Collins, T.W.; Rubio, R. Transitional dynamics of household food insecurity impact children’s developmental outcomes. J. Dev. Behav. Pediatr. 2018, 39, 715–725. [Google Scholar] [CrossRef]

	



Shankar, P.; Chung, R.; Frank, D.A. Association of food insecurity with children’s behavioral, emotional, and academic outcomes: A systematic review. J. Dev. Behav. Pediatr. 2017, 38, 135–150. [Google Scholar] [CrossRef]

	



Bodor, J.N.; Rice, J.C.; Farley, T.A.; Swalm, C.M.; Rose, D. Disparities in food access: Does aggregate availability of key foods from other stores offset the relative lack of supermarkets in African-American neighborhoods? Prev. Med. 2010, 51, 63–67. [Google Scholar] [CrossRef]

	



Hillier, A.; Cannuscio, C.; Karpyn, A.; Mclaughlin, J.; Chilton, M.; Glanz, K. How far do low-income parents travel to shop for food? Empirical evidence from two urban neighborhoods. Urban Geogr. 2011, 32, 712–729. [Google Scholar] [CrossRef]

	



U.S. Department of Agriculture. Access to Affordable and Nutritious Food-Measuring and Understanding Food Deserts and Their Consequences: Report to Congress; U.S. Department of Agriculture: Washington, DC, USA, 2009. [CrossRef]

	



Lee, H.I.; Kim, Y.H.; Kesebir, P.; Han, D.E. Understanding when parental praise leads to optimal child outcomes: Role of perceived praise accuracy. Soc. Psychol. Personal. Sci. 2017, 8, 679–688. [Google Scholar] [CrossRef]

	



Robinson, E.; Sutin, A.R. Parents’ perceptions of their children as overweight and children’s weight concerns and weight gain. Psychol. Sci. 2017, 28, 320–329. [Google Scholar] [CrossRef] [PubMed]

	



Kawachi, I.; Berkman, L. Social cohesion, social capital, and health. In Social Epidemiology; Berkman, L.F., Kawachi, I., Eds.; Oxford University Press: New York, NY, USA, 2000; pp. 174–190. [Google Scholar]








[image: Table] 





Table 1. Descriptive means and standard deviations for full sample (N = 102).
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	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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Table 2. Correlation matrix for all study variables (N = 102).
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	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.
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Table 3. Regression estimates predicting executive functioning.






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.
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