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Abstract

:

Food insecurity (FI) is defined as “the limited or uncertain access to adequate food.” One root cause of FI is living in a food desert. FI rates among people with cystic fibrosis (CF) are higher than the general United States (US) population. There is limited data on the association between food deserts and CF health outcomes. We conducted a retrospective review of people with CF under 18 years of age at a single pediatric CF center from January to December 2019 using demographic information and CF health parameters. Using a Geographic Information System, we conducted a spatial overlay analysis at the census tract level using the 2015 Food Access Research Atlas to assess the association between food deserts and CF health outcomes. We used multivariate logistic regression analysis and adjusted for clinical covariates and demographic covariates, using the Child Opportunity Index (COI) to calculate odds ratios (OR) with confidence intervals (CI) for each health outcome. People with CF living in food deserts and the surrounding regions had lower body mass index/weight-for-length (OR 3.18, 95% CI: 1.01, 9.40, p ≤ 0.05 (food desert); OR 4.41, 95% CI: 1.60, 12.14, p ≤ 0.05 (600 ft buffer zone); OR 2.83, 95% CI: 1.18, 6.76, p ≤ 0.05 (1200 ft buffer zone)). Food deserts and their surrounding regions impact pediatric CF outcomes independent of COI. Providers should routinely screen for FI and proximity to food deserts. Interventions are essential to increase access to healthy and affordable food.
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1. Introduction


Food insecurity (FI) is an important barrier that has the potential to significantly impact the health and well-being of children and families. The US Department of Agriculture (USDA) defines FI as a household in which there is “limited or uncertain access to adequate food” [1,2]. Some root causes of FI include poverty and food deserts, or low-income census tracts with a substantial number of residents with poor access to retail outlets selling healthy and affordable foods [3]. The USDA further defines low income and low access within a census tract as “a poverty rate of 20 percent or greater, or a median family income at or below 80 percent of the statewide or metropolitan area median family income,” and “at least 500 persons and/or at least 33 percent of the population lives more than 1 mile from a supermarket or large grocery store (10 miles, in the case of rural census tracts),” respectively [4].



Evidence suggests that FI rates among people with cystic fibrosis (CF) may be higher than the general United States (US) population [5]. In CF, optimal growth and nutrition, identified as body mass index (BMI) > 50%, are correlated with better lung function and overall health; therefore, adequate caloric intake is a mainstay of CF care [5,6,7,8]. As people with CF have increased caloric demands (1.5 to 2 times the energy needs of the general population), FI and/or poor access to healthy food options may contribute to inability to achieve and maintain appropriate weight gain and lead to malnutrition in CF [9]. Addressing FI is key because it can independently have detrimental effects on child health, including more frequent hospitalizations, developmental problems, nutritional deficiencies, chronic stress leading to depression/anxiety/toxic stress, and increased long-term mortality resulting from metabolic syndrome, particularly cardiovascular disease [2,10,11].



Although FI screening has increased across many CF centers, there remains limited data on the association between FI, particularly as it relates to food deserts, and CF health outcomes [12]. This study investigated the effects of food deserts and their surrounding regions on health outcomes, including BMI/weight-for-length, percent predicted forced expiratory volume in 1 s (ppFEV1) and hospitalizations secondary to pulmonary exacerbations, in children and adolescents with CF. Additionally, we examined the impact of other neighborhood features that might affect child health by utilizing the Child Opportunity Index (COI).




2. Materials and Methods


2.1. Setting and Study Design


We conducted a retrospective review of people with CF under 18 years of age at a tertiary level Children’s Hospital center from January 2019 to December 2019. We collected patient demographic information, including age, sex, race/ethnicity, and home address, along with CF health parameters, including year-best BMI percentile or weight-for-length percentile, year-best ppFEV1 for children 6 years and older, CF modulator use, and number of hospitalizations due to pulmonary exacerbation from the US Cystic Fibrosis Foundation Patient Registry (CFFPR).



We geocoded the most recent participant home addresses using a Geographic Information System (GIS), a computerized system that can capture, store, analyze, manage, and present data that are linked to a location. GIS differs from other information systems to address location questions, as it uses multiple layers of geospatial data and advanced spatial statistics, networking, and analysis tools [3].



The Institutional Review Board (IRB) of the University of Pittsburgh approved this study with a waiver of informed consent (protocol number: 20050263).




2.2. Area Resources


We used the 2015 Food Access Research Atlas, a USDA database that provides food access data for populations within census tracts and identifies which census tracts are low income and low access, also known as food deserts [13]. It maps food access indicators, such as accessibility to healthy food sources measured by distance or availability of a vehicle, for each individual census tract “using ½-mile and 1-mile demarcations to the nearest supermarket for urban areas, 10-mile and 20-mile demarcations to the nearest supermarket for rural areas” [13]. For the purposes of this study, we used the 1- and 10-mile demarcation for urban and rural areas, which align with the USDA food desert definition. Data from the 2015 Atlas came from the 2010 Decennial Census and the 2014–2018 American Community Survey (ACS).



We used the Child Opportunity Index (COI) 2.0 to examine the impact of neighborhood factors on CF health and to adjust for any confounders in our analysis related to food deserts. COI 2.0 measures neighborhood resources and conditions that play a role in child development and is specific to children. It includes 29 indicators that are sorted into three domains: (a) education; (b) health and environment; and (c) social and economic. Examples of the indicators include, but are not limited to, early childhood education, green space, social and economic resources, employment rate, poverty rate, median household income, and public assistance rate. The COI 2.0 provides an overall opportunity score for each census tract using 2015 US Census Bureau and the American Community Survey data with the lower scores being suggestive of less opportunity. Each domain is also assigned an opportunity score for each census tract. The census tracts are then grouped into high, very high, moderate, low, very low opportunity scores for each domain and overall category. For the purposes of this study, we grouped the COI scores into high/very high versus moderate/low/very low [14].



Using GIS software (ArcGIS Pro, Esri, Inc., Redlands, CA, USA), we conducted a spatial overlay analysis using the 2015 Food Access Research Atlas (Figure 1a). We also included buffer zones with a 600-foot (600 ft) and 1200-foot (1200 ft) walkability distance from food deserts to assess if living near a food desert (in addition to living within a food desert) contributed to poor health outcomes (Figure 1b,c). By using a reverse spatial join in ArcGIS Pro, we applied the food desert layer and COI score layer onto the geocoded patient addresses and their health parameters.




2.3. Outcome Variables


Our primary health outcome was year-best BMI percentile (for patients above 2 years of age) or weight-for-length percentile (for patients under 2 years of age). Secondary outcomes were lung function (as measured by year-best ppFEV1 for patients that were 6 years and older, and who could adequately and reproducibly participate in the testing) and number of hospitalizations secondary to pulmonary exacerbations. We defined ideal BMI as >50th percentile, ideal ppFEV1 as >90th percentile and significant pulmonary exacerbations if requiring 2 or more hospitalizations in one year. The Cystic Fibrosis Foundation recommends that children and adolescents maintain a BMI or weight for length at or above the 50th percentile, as weight above this threshold has been associated with better ppFEV1 [15]. The CF pulmonary guidelines categorize severity of lung disease with normal FEV1 being greater than 90% predicted [16].




2.4. Statistical Analysis


We used GIS software (ArcGIS Pro, Esri, Inc., Redlands, CA, USA) for the geographic data analysis and IBM SPSS Statistics software (Version 28.0, Armonk, NY, USA) for the statistical analysis. We estimated odds ratios and 95% confidence intervals (CI) for associations between food deserts, buffer zones, COI scores, and the three health outcomes (BMI/weight-for-length, ppFEV1, and pulmonary exacerbations requiring hospitalization) using logistic regression.



We created multivariate logistic regression models for each health outcome to assess the individual effects of food deserts (and their buffer zones) and COI scores and both combined. BMI/weight-for-length, ppFEV1, and hospitalizations secondary to pulmonary exacerbations were dependent variables, and food deserts and COI scores were independent variables in the models. Model 1 examined food deserts individually. Model 2 examined COI scores individually and their potential effects on health outcomes. Model 3 examined food deserts adjusting for COI scores. We adjusted each model for covariates, including age, sex (female/male), race/ethnicity (non-Hispanic White/other), and modulator use (yes/no). We repeated this methodology for food deserts plus 600 ft and 1200 ft buffers. We used cross tabulation to observe differences between the several variables that were applied. We defined statistical significance as p ≤ 0.05.





3. Results


The study included 206 children and adolescents with CF residing in Pennsylvania, West Virginia, and Ohio. Table 1 presents the demographic and clinical characteristics of the patient sample. The average age of the patient sample was 9.5 +/- 5.6 years. About half of the patient population was female (47%). Most of the participants in the sample were White (92.7%), which is consistent with the national US CF population [17].



3.1. Model 1: The Individual Impact of Food Deserts and Surrounding Regions on CF Health Outcomes


When accounting for food deserts alone, children and adolescents with CF living in a food desert had 2.9 times the odds (95% CI: 1.1, 8.21, p ≤ 0.05) of having a non-ideal BMI as those not living in a food desert. There were no significant increased odds of a non-ideal ppFEV1 or increased hospitalizations from pulmonary exacerbations in food deserts (Table 2).



Children and adolescents with CF living in a food desert or within a 600 ft walkability distance from a food desert had four times the odds (95% CI: 1.54, 10.69, p ≤ 0.05) of having a non-ideal BMI as those not living in or 600 ft from a food desert. Additionally, those living in a food desert or within a 600 ft walkability distance from a food desert had three times the odds (95% CI: 0.99, 9.66, p ≤ 0.05) to have a non-ideal FEV1 as those not living in or 600 ft from a food desert. There were no significant increased odds of increased hospitalizations from pulmonary exacerbations in food deserts or within a 600 ft walkability distance (Table 2).



Children and adolescents with CF living in a food desert or within a 1200 ft walkability distance from a food desert had 2.7 times the odds (95% CI: 1.16, 6.07, p ≤ 0.05) of having a non-ideal BMI as those not living in or 1200 ft from a food desert. There were no significant increased odds of a non-ideal FEV1 or increased hospitalizations from pulmonary exacerbations in food deserts or within a 1200 ft walkability distance (Table 2).




3.2. Model 2: The Individual Impact of Childhood Opportunity (COI Scores) on CF Health Outcomes


When accounting for COI scores individually, there were no significant increased odds of a non-ideal BMI, non-ideal FEV1, or increased hospitalization from pulmonary exacerbations in children and adolescents with CF that lived in census tracts that had a moderate/low/very low opportunity score versus a high/very high opportunity score (Table 2).




3.3. Model 3: The Impact of Food Deserts and Surrounding Regions on CF Health Outcomes, Adjusting for COI Scores


Children and adolescents with CF living in a food desert had 3.18 times the odds (95% CI: 1.01, 9.4, p ≤ 0.05) of having a non-ideal BMI as those not living in a food desert when adjusting for the overall COI score. When adjusting for each individual COI domain, children and adolescents with CF living in a food desert continued to have increased odds of having a non-ideal BMI as those not living in a food desert. There were no significant increased odds of a non-ideal FEV1 or increased hospitalization from pulmonary exacerbations in food deserts when accounting for the overall COI score or any of the three domains (Table 2).



Children and adolescents with CF living in a food desert or within a 600 ft walkability distance from a food desert had 4.4 times the odds (95% CI: 1.6, 12.14, p ≤ 0.05) of having a non-ideal BMI and 3.3 times the odds (95% CI: 1.03, 10.84, p ≤ 0.05) of having a non-ideal FEV1 as those not living in or 600 ft from a food desert when adjusting for overall COI scores. When adjusting for each individual domain, children and adolescents with CF living in a food desert or within a 600 ft walkability distance continued to have increased odds of having a non-ideal BMI and a non-ideal FEV1 as those not living in or 600 ft from a food desert. There were no significant increased odds of increased hospitalizations from pulmonary exacerbations in food deserts or within a 600 ft walkability distance when accounting for the overall COI score or any of the three domains (Table 2).



Children and adolescents with CF living in a food desert or within a 1200 ft walkability distance from a food desert had 2.8 times the odds (95% Cl: 1.18, 6.76, p ≤ 0.05) of having a non-ideal BMI as those not living in or 1200 ft from a food desert when adjusting for overall COI scores. When adjusting for each individual domain, children and adolescents with CF living in a food desert or within a 1200 ft walkability distance continued to have increased odds of having a non-ideal BMI as those not living in or 1200 ft from a food desert. There were no significant increased odds of a non-ideal FEV1 or increased hospitalization from pulmonary exacerbations in food deserts or within a 1200 ft walkability distance when accounting for the overall COI score or any of the three domains (Table 2).





4. Discussion


Children and adolescents with CF living in a food desert or within a 600 ft or 1200 ft walkability distance from a food desert have increased likelihood of having a non-ideal BMI/weight-for-length. Patients living within a 600 ft walkability distance from a food desert also had increased odds of having suboptimal lung function. These findings are independent of other childhood opportunity factor or social determinants of health, including healthcare access, education quality, employment, poverty rate, and neighborhood environment, suggesting that the unfavorable health outcomes are driven by food access rather than by alternate social, environmental or health indicators.



Prior studies have demonstrated that the social, economic, and neighborhood environment play a role in the health [18]. Structural factors play a significant role in health inequities and furthermore suggest that “environment restricts freedom of choice, or that behavior is chosen to compensate for unfavorable circumstances” [19]. Poverty is a barrier to healthy foods, a safe environment, and better employment, all of which are predictors of better health [20,21]. Children are not immune from these effects. Children with limited access to healthy foods develop poorer eating habits, placing them at increased risk for developing chronic disease, such as mental health ailments, asthma, and diabetes. Additionally, children, who live in a food insecure household, have increased odds of having fair/poor health reported and of being hospitalized since birth [22].



Our findings are consistent with current literature suggesting that living in a food desert has a negative impact on health [23,24]. It has also been noted that FI contributes to greater healthcare costs, particularly when looking at patients with chronic disease [25]. A systematic review of food deserts found that in addition to limited access to supermarkets, small independent stores and convenience stores charge higher prices for food, compounding the effects of food deserts. Individuals, including children, living in food deserts are at increased risk of developing obesity, in part due to lower fruit and vegetable access [18,21,26,27,28,29]. Some characteristics of neighborhoods that are affected by poor access to grocery stores and healthy foods include lower-income and minority neighborhoods [28]. A cross-sectional study comparing lower income versus higher income neighborhoods found that certain neighborhood characteristics may predispose children to obesity regardless of other demographic or socioeconomic factors [30].



There have been a few studies examining the impact of social determinants of health on health outcomes in people with CF; however, no prior study has looked at the impact of food deserts and their surrounding regions on CF health outcomes. A recent study by Oates and colleagues linked respiratory health in people with CF to state- and area-level characteristics, particularly an association with area resource deprivation and overall state child health [31]. Another study looking at the associations of socioeconomic status with CF health outcomes found that medically indigent individuals with CF suffer more adverse outcomes than the general CF population, including higher mortality and worse pulmonary function and growth [32].



While similar GIS techniques have been used in other chronic disease population studies, this study is one of the first to apply GIS methodology in CF [21,31,33,34]. Importantly, a strength of this study was our use of full home addresses, leading to more precise estimates of geographic linkages to health outcomes. Most studies, including the ones referenced above, use participants’ postal ZIP codes as opposed to full addresses. ZIP codes are helpful in assessing food desert status or level of geography for indices; however, they can span across multiple census tracts consisting of potentially demographically diverse areas and may be less precise due to misclassification of socioeconomic status [35].



Given these findings, it is important to address how we can increase food access for people with CF living in or near food deserts, in addition to identifying individuals at risk. Screening for FI is one potential option; however, some people with CF and families might not answer truthfully due to the stigma associated with FI. Another option is to geographically assess proximity to food deserts as a marker for food resources that might be needed. Expanding the availability of nutritious and affordable food is also key, as limited access to affordable food choices can lead to increased FI. Food deserts need assistance in creating tax incentives, developing and equipping grocery stores, small retailers, corner markets, and farmer’s markets, along with partnering with community allies that can enhance the ability to connect families to resources [36]. Driving economic growth in food deserts could lead to indirect health benefits. One example of a proposed intervention is the Healthy Food Financing Initiative implemented by the US government, which utilizes funding by the federal government to bring stores and food retailers to underserved communities [37]. Additionally, similar to farmer’s markets, mobile food markets expand access to larger areas, but can cover more area in a shorter amount of time [37,38,39]. The Green Grocer mobile farmer’s market, piloted by the Greater Pittsburgh Community Food Bank, is an example of a program that has the potential to reduce geographically based disparities in food deserts. It is owned and operated by a food bank and designed to be affordable and accept multiple forms of payment, including Electronic Benefits Transfer cards that have Supplemental Nutrition Assistance Program (SNAP) benefits [38,39]. Another successful program is the Just Harvest organizations, which targets FI at the individual, community, and national level by partnering with community organizations to develop grocery stores in food deserts. Additionally, schools and child nutrition programs are profoundly important in providing food access to children. Some of these programs include the School Breakfast Program, National School Lunch Program, and Afterschool Nutrition Program, all of which have been shown to have a positive effect on the health of food insecure children [40]. Social workers play an invaluable role in connecting patients and their families to local and federal food programs, such as the ones mentioned above. This is especially true for patients with chronic diseases, such as CF, because they are seeing the specialist on a more frequent basis, creating more opportunities for FI screening, resource distribution, and follow up. It is also important to acknowledge that technology can play a vital role in decreasing barriers to food access, as online grocery sales have become increasingly more widely available. Delivery services can be of great benefit for patients and families, who do not have a vehicle and are reliant on public transportation or ride sharing. However, this technology can be hindered by delivery and service fees, making this service inaccessible to an individual already facing food insecurity [41]. The Baltimore Ride Share Project is a program that was piloted in Baltimore in 2019, which provides transportation services to and from supermarkets at a discounted rate via a ride share service for residents living in food deserts. This is a program that can be replicated in other cities and decrease barriers to food access for individuals living in food deserts [42]. The CF community and advocacy organizations should consider partnering with similar organizations that are near CF care centers where a high proportion of their patients are either food insecure and/or live in or near a food desert. Additionally, government agencies can adopt the Healthy Food Priority Area (HFPA) designation, an initiative developed by Baltimore in 2018 that prioritizes certain areas for action against food insecurity. Each census tract is assigned a score for food availability, food access, and food utilization, and those with higher scores are designated HFPAs. This initiative helps identify high-risk communities and prioritize a city’s action against food insecurity [41].



This study has several limitations. First, it examines a small sample from a single center in the Mid-Atlantic/Northeast US and, thus, may not be generalizable to other regions. Additionally, it does not capture everyone who experiences FI, as there are people with CF who live outside of food deserts who are food insecure. Future work may consider utilizing similar methods to analyze the health impacts of food deserts on people with CF nationally. Moreover, exploring the perspectives of people with CF and their families who experience FI and/or reside in food deserts may help target future interventions to increase access to healthy and affordable food.




5. Conclusions


Food deserts and their surrounding regions impact pediatric CF outcomes, particularly BMI. CF teams should routinely screen for FI and proximity to food deserts, and development of novel interventions are essential to increase access to healthy and affordable food. The methods used in this study can serve as a model to assess the association between food deserts and health outcomes more broadly in CF and in other chronic gastrointestinal diseases. Furthermore, as prior research has shown that FI may be strongly predictive of chronic illnesses, these results may have widespread applicability, as nutrition is one of the mainstays of therapy for many chronic diseases [43].







Author Contributions


Conceptualization, M.A.C.-H., K.S.K., D.J.W., S.C.K., T.M.K.; methodology, M.A.C.-H., K.S.K., A.F., T.M.K.; validation, M.A.C.-H., K.S.K., A.F., T.M.K.; formal analysis, M.A.C.-H., K.S.K., A.F., M.R.H., T.M.K.; investigation, M.A.C.-H., K.S.K., A.F., M.R.H., T.M.K.; resources, M.A.C.-H., K.S.K., A.F., M.R.H., T.M.K.; data curation, M.A.C.-H., T.M.K.; software, M.A.C.-H., A.F.; writing—original draft preparation, M.A.C.-H., T.M.K.; writing—review and editing, M.A.C.-H., K.S.K., M.R.H., A.F., D.J.W., S.C.K., T.M.K.; visualization, M.A.C.-H., K.S.K., T.M.K.; supervision, T.M.K.; project administration, M.A.C.-H.; funding acquisition, M.A.C.-H., K.S.K., D.J.W., S.C.K., T.M.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Cystic Fibrosis Foundation (grant ID: CORBER20B0 and CORBER21D0).




Institutional Review Board Statement


This study was approved by the Institutional Review Board (IRB) of the University of Pittsburgh (protocol number: 20050263).




Informed Consent Statement


Patient consent was waived due to secondary research on data or specimens.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


We would like to thank the patients and families who consented to participate in our center’s CF registry.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



USDA Economic Research Service Definitions of Food Insecurity. Available online: https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/definitions-of-food-security.aspx (accessed on 1 April 2021).

	



Guide to Measuring Household Food Security, Revised 2000. Available online: https://naldc.nal.usda.gov/download/38369/PDF (accessed on 1 April 2021).

	



Centers for Disease Control and Prevention Geographic Information Systems. Available online: www.cdc.gov/gis/index.html (accessed on 1 April 2021).

	



USDA Economic Research Service Mapping Food Deserts in the United States. Available online: https://www.ers.usda.gov/amber-waves/2011/december/data-feature-mapping-food-deserts-in-the-us/ (accessed on 1 April 2021).

	



Addressing Food Insecurity in CF Care. Available online: https://www.cff.org/Care/Clinician-Resources/Network-News/January-2019/Addressing-Food-Insecurity-in-CF-Care/ (accessed on 1 May 2021).

	



Yen, E.; Quniton, B.; Borowitz, D. Better Nutritional Status in Early Childhood is Associated with Improved Clinical Outcomes and Survival in Patients with Cystic Fibrosis. J. Pediatrics 2013, 162, 530–535. [Google Scholar] [CrossRef]

	



Konstan, M.W.; Butler, S.M.; Wohl, M.E.; Stoddard, M.; Matousek, R.; Wagener, J.S.; Johnson, C.A.; Morgan, W.J. Growth and nutritional indexes in early life predict pulmonary function in cystic fibrosis. J. Pediatrics 2003, 142, 624–630. [Google Scholar] [CrossRef] [PubMed]

	



Brown, P.S.; Durham, D.; Tivis, R.D.; Stamper, S.; Waldren, C.; Toevs, S.E.; Gordon, B.; Robb, T.A. Evaluation of Food Insecurity in Adults and Children with Cystic Fibrosis: Community Case Study. Front. Public Health 2018, 6, 1–8. [Google Scholar] [CrossRef] [PubMed]

	



Borowitz, D.; Baker, R.D.; Stallings, V. Consensus Report on Nutrition for Pediatric Patients with Cystic Fibrosis. J. Ped Gastroenterol. Nutr. 2002, 35, 246–259. [Google Scholar] [CrossRef] [PubMed]

	



American Academy of Pediatrics and the Food Research & Action Center Screen and Intervenie: A Toolkit for Pediatricians to Address Food Insecurity. Available online: https://frac.org/wp-content/uploads/FRAC_AAP_Toolkit_2021.pdf (accessed on 1 May 2021).

	



Banerjee, S.; Radak, T.; Khubchandani, J.; Dunn, P. Food Insecurity and Mortality in American Adults: Results From the NHANES-Linked Mortality Study. Health Promot. Pract. 2021, 22, 204–214. [Google Scholar] [CrossRef] [PubMed]

	



Clemm, C. Force Field Analysis of Food Insecurity Screening and Treatment in 15 CF Care Centers. In Proceedings of the 33rd Annual North American Cystic Fibrosis Conference, Nashville, TN, USA, 31 October–2 November 2019. Abstract Number 836. [Google Scholar]

	



USDA Economic Research Service Food Access Research Atlas. Available online: https://www.ers.usda.gov/data-products/food-access-research-atlas/ (accessed on 1 March 2021).

	



Noelke, C.; McArdle, N.; Baek, M.; Huntington, N.; Huber, R.; Hardy, E.; Acevedo-Garcia, D. Child Opportunity Index 2.0 Technical Documentation. Available online: http://new.diversitydatakids.org/sites/default/files/2020-01/ddk_coi2.0_technical_documentation_20200115_1.pdf (accessed on 1 April 2021).

	



Stallings, V.A.; Stark, L.J.; Robinson, K.; Feranchak, A.; Quinton, H. Evidence based practive recommendations for nutrition-related management of children and adults with cystic fibrosis and pancreatic insufficiency: Results of a systematic review. J. Am. Diet. Assoc. 2008, 108, 832–839. [Google Scholar] [CrossRef]

	



Flume, P.A.; O’Sullivan, B.P.; Robinson, K.A.; Goss, C.H.; Mogayzel, P.J.; Willey-Courand, D.B.; Bujan, J.; Finder, J.; Lester, M.; Quittell, L.; et al. Cystic Fibrosis Pulmonary Guidelines: Chronic Medications for Maintenance of Lung Health. Am. J. Respir. Crit. Care Med. 2007, 176, 957–969. [Google Scholar] [CrossRef]

	



Cystic Fibrosis Foundation Patient Registry 2019 Annual Data Report. Available online: https://www.cff.org/Research/Researcher-Resources/Patient-Registry/2019-Patient-Registry-Annual-Data-Report.pdf (accessed on 1 August 2021).

	



Beaulac, J.; Kristjansson, E.; Cummins, S. A Systematic Review of Food Deserts, 1966–2007. Prev. Chronic Dis. 2009, 6, 1–10. [Google Scholar]

	



Stronks, K.; Van De Mheen, D.; Looman, C.W.N.; Mackenbach, J. Behavioural and structural factors in the explanation of socio-economic inequalities in health: An empirical analysis. Sociol. Health Illn. 1996, 18, 653–674. [Google Scholar] [CrossRef]

	



Centers for Disease Control and Prevention Social Determinants of Health: Know What Affects Health. Available online: https://www.cdc.gov/socialdeterminants/index.htm (accessed on 1 July 2021).

	



Berkowitz, S.A.; Basu, S.; Venkataramani, A.; Reznor, G.; Fleegler, E.W.; Atlas, S.J. Association between access to social service resources and cardiometabolic risk factors: A machine learning and multilevel modeling analysis. BMJ 2019, 9, 1–8. [Google Scholar] [CrossRef]

	



Cook, J.T.; Frank, D.A.; Berkowitz, C.; Black, M.M.; Casey, P.H.; Cutts, D.B.; Meyers, A.F.; Zaldivar, N.; Skalicky, A.; Levenson, S.; et al. Food Insecurity Is Associated with Adverse Health Outcomes among Human Infants and Toddlers. J. Nutr. 2004, 134, 1432–1438. [Google Scholar] [CrossRef]

	



Diez Roux, A.V. Investigating Neighborhood and Area Effects on Health. Am. J. Public Health 2001, 91, 1783–1789. [Google Scholar] [CrossRef] [PubMed]

	



Walker, R.E.; Keane, C.R.; Burke, J.G. Disparities and access to healthy food in the United States: A review of food deserts literature. Health Place 2010, 16, 876–884. [Google Scholar] [CrossRef] [PubMed]

	



Food Insecurity and Chronic Disease. Available online: https://www.ifm.org/news-insights/food-insecurity-chronic-disease/ (accessed on 1 August 2021).

	



Kelli, H.M.; Hammadah, M.; Ahmed, H.; Ko, Y.A.; Topel, M.; Samman-Tahhan, A.; Awad, M.; Patel, K.; Mohammed, K.; Sperling, L.S.; et al. Association Between Living in Food Deserts and Cardiovascular Risk. Circ. Cardiovas. Qual. Outcomes 2017, 10, 1–22. [Google Scholar] [CrossRef] [PubMed]

	



Sturm, R.; Datar, A. Body mass index in elementary school children, metropolitan area food prices and food outlet density. Public Health 2005, 119, 1059–1068. [Google Scholar] [CrossRef]

	



Larson, N.I.; Story, M.T.; Nelson, M.C. Neighborhood environments: Disparities in access to healthy foods in the U.S. Am. J. Prev. Med. 2009, 36, 74–81. [Google Scholar] [CrossRef]

	



Leung, C.W.; Laraia, B.A.; Kelly, M.; Nickleach, D.; Adler, N.E.; Kushi, L.H.; Yen, I.H. The influence of neighborhood food stores on change in young girls’ body mass index. Am. J. Prev. Med. 2011, 41, 43–51. [Google Scholar] [CrossRef] [PubMed]

	



Merchant, A.T.; Dehghan, M.; Behnke-Cook, D.; Anand, S.S. Diet, physical activity, and adiposity in children in poor and rich neighbourhoods: A cross-sectional comparison. Nutr. J. 2007, 6, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Oates, G.; Rutland, S.; Juarez, L.; Friedman, A.; Schechter, M.S. The association of area deprivation and state child health with respiratory outcomes of pediatric patients with cystic fibrosis in the United States. Pediatric Pulmonol. 2021, 56, 883–890. [Google Scholar] [CrossRef]

	



Schechter, M.S.; Shelton, B.J.; Margolis, P.A.; Fitzsimmons, S.C. The association of socioeconomic status with outcomes in cystic fibrosis patients in the United States. Am. J. Respir. Crit. Care Med. 2001, 163, 1331–1337. [Google Scholar] [CrossRef]

	



Bauer, S.R.; Monuteaux, M.C.; Fleegler, E.W. Geographic Disparities in Access to Agencies Providing Income-Related Social Services. J. Urban Health 2015, 92, 853–863. [Google Scholar] [CrossRef] [PubMed]

	



Berkowitz, S.A.; Karter, A.J.; Corbie-Smith, G.; Seligman, H.K.; Ackroyd, S.A.; Barnard, L.S.; Atlas, S.J.; Wexler, D.J. Food Insecurity, Food "Deserts," and Glycemic Control in Patients with Diabetes: A Longitudinal Analysis. Diabetes Care 2018, 41, 1188–1195. [Google Scholar] [CrossRef] [PubMed]

	



Durfey, S.; Kind, A.; Gutman, R.; Monteiro, K.; Buckingham, W.R.; DuGoff, E.H.; Trivedi, A.N. Impact of Risk Adjustment For Socioeconomic Status On Medicare Advantage Plan Quality Rankings. Health Aff. 2018, 37, 1065–1072. [Google Scholar] [CrossRef] [PubMed]

	



Incentivizing the Sale of Healthy and Local Food. Available online: http://growingfoodconnections.org/wp-content/uploads/sites/3/2015/11/GFCHealthyFoodIncentivesPlanningPolicyBrief_2016Feb-1.pdf (accessed on 15 September 2021).

	



CED Healthy Food Financing Initiative FY 2016. Available online: https://www.acf.hhs.gov/archive/ocs/programs/community-economic-development/healthy-food-financing (accessed on 23 September 2021).

	



Gary-Webb, T.L.; Bear, T.M.; Mendez, D.D.; Schiff, M.D.; Keenan, E.; Fabio, A. Evaluation of a Mobile Farmer’s Market Aimed at Increasing Fruit and Vegetable Consumption in Food Deserts: A Pilot Study to Determine Evaluation Feasibility. Health Equity 2018, 2, 375–383. [Google Scholar] [CrossRef]

	



Mendez, D.D.; Fabio, A.; Robinson, T.; Bear, T.; Keenan, E.; Schiff, M.D.; Gary-Webb, T. Green Grocer: Using Spatial Analysis to Identify Locations for a Mobile Food Market. Prog. Community Health Partnersh. 2020, 14, 109–115. [Google Scholar] [CrossRef]

	



The Role of the Federal Child Nutrition Programs in Improving Health and Well-Being. Available online: https://frac.org/wp-content/uploads/hunger-health-role-federal-child-nutrition-programs-improving-health-well-being.pdf (accessed on 2 November 2021).

	



Understanding Food Insecurity in the City of Pittsburgh. Available online: https://apps.pittsburghpa.gov/redtail/images/11738_FeedPGH_2020.10.16.pdf (accessed on 2 November 2021).

	



Baltimore Ride Share Project to Support Health Food Priority Areas. Available online: https://phnci.org/uploads/resource-files/PHNCI-Case-Study-Baltimore.pdf (accessed on 3 November 2021).

	



USDA Economic Research Service Food Insecurity, Chronic Disease, and Health among Working-Age Adults. Available online: https://www.ers.usda.gov/webdocs/publications/84467/err-235.pdf?v=7518.3 (accessed on 15 June 2021).








[image: Nutrients 13 03996 g001a 550][image: Nutrients 13 03996 g001b 550] 





Figure 1. (a) Zoomed in spatial overlay of food deserts (Allegheny County, PA, USA) and patient sample. (b) Zoomed in spatial overlay of food deserts (Allegheny County, PA, USA) plus a 600 ft buffer and patient sample. (c) Zoomed in spatial overlay of food deserts (Allegheny County, PA, USA) plus a 1200 ft buffer and patient sample. 
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Table 1. Characteristics of the CF patient sample.






Table 1. Characteristics of the CF patient sample.












	Characteristics
	Overall
	Food Desert
	Food Desert +

600 ft Buffer
	Food Desert +

1200 ft Buffer





	Total
	206
	17
	20
	29



	Demographics
	
	
	
	



	Age (range 0–18 years)
	9.5 * (5.6)
	8.7 * (5.5)
	9.5 * (5.5)
	9.8 * (4.9)



	Female, %
	47%
	47%
	45%
	52%



	White, %
	92.7%
	94%
	95%
	93%



	Modulator Use, %
	11.6%
	18%
	20%
	14%



	Clinical Outcomes
	
	
	
	



	BMI/weight-for-length, percentile
	63 * (24.4)
	56.6 * (29.7)
	53.5 * (28.5)
	56.8 * (28.0)



	ppFEV1 (>6 years old)
	95.9 * (17.1)

n = 141
	92.5 * (17.2)

n = 11
	87.2 * (18.8)

n = 14
	90 * (16.9)

n = 22



	Pulmonary Exacerbations
	0.5 * (1.2)

Range: 0–8
	0.7 * (2.2)

Range: 0–6
	0.8 * (1.4)

Range: 0–6
	0.6 * (1.2)

Range: 0–6







* Mean (standard deviation).
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Table 2. Multiple Regression Models of CF Outcomes: Food Deserts, Surrounding Regions, and COI.
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Health Outcome

	
COI

	
Food Desert

	
Food Desert +

	
Food Desert +




	
600 ft Buffer

	
1200 ft Buffer






	
BMI

	

	

	

	




	
Model 1 a

	
1.07 (0.59, 1.94)

p-value 0.832

	
2.9 (1.1, 8.21) *

	
4.06 (1.54, 10.69) *

	
2.65 (1.16, 6.07) *




	
OR (95% CI)

	
p-value 0.039

	
p-value 0.005

	
p-value 0.021




	
Model 2 b

	

	

	




	
OR (95% CI)

	

	

	




	
Model 3 c

	
3.18 (1.01, 9.40) *

	
4.41 (1.60, 12.14) *

	
2.83 (1.18, 6.76) *




	
OR (95% CI)

	
p-value 0.036

	
p-value 0.004

	
p-value 0.020




	
ppFEV1 (6 years and older)

	

	

	

	




	
Model 1 a

	
0.99 (0.49, 2.02)

p-value 0.984

	
1.79 (0.51, 6.32)

	
3.09 (0.99, 9.66) *

	
1.90 (0.74, 4.92)




	
OR (95% CI)

	
p-value 0.363

	
p-value 0.050

	
p-value 0.184




	
Model 2 b

	

	

	




	
OR (95% CI)

	

	

	




	
Model 3 c

	
1.90 (0.51, 7.14)

	
3.33 (1.03, 10.84) *

	
2.02 (0.75, 5.46)




	
OR (95% CI)

	
p-value 0.340

	
p-value 0.045

	
p-value 0.166




	
Hospitalizations for

Pulmonary Exacerbations

	

	

	

	




	
Model 1 a

	
1.01 (0.41, 2.53)

p-value 0.976

	
2.22 (0.53, 9.25)

	
2.49 (0.69, 8.95)

	
1.19 (0.35, 4.05)




	
OR (95% CI)

	
p-value 0.273

	
p-value 0.163

	
p-value 0.778




	
Model 2 b

	

	

	




	
OR (95% CI)

	

	

	




	
Model 3 c

	
2.42 (0.52, 11.15)

	
2.63 (0.69, 10.01)

	
1.20 (0.34, 4.31)




	
OR (95% CI)

	
p-value 0.258

	
p-value 0.156

	
p-value 0.777








a Model 1: Food Desert +/- Buffer Zone Alone; b Model 2: COI Alone; c Model 3: Food Desert +/- Buffer Zone adjusted for COI Overall Score; OR: odds ratio; CI: confidence interval; * Significant estimate at p ≤ 0.05.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  nutrients-13-03996


  
    		
      nutrients-13-03996
    


  




  





media/file3.png
. : S
: Q

\5410. ¢
f Q;ﬁh S :

) : ‘:"‘ ‘_'.ﬁ." >

L]
[ ]
County ﬁﬁ heny, West Virginia GIS, Esri; HERE, Garmin,JUSGS, EPA, NPS

L Patients

P Food Deserts
=1 Food Deserts + 600ft Buffer

Census Tract

(b)

]
e °
[ ]
[
o .
[ ]
()
]
Q .
o7 o S
CJ w [ ]
[ ] ° () . ® o
[ ] [ [ ]
O ° ° ®
[ ]
[ ]
()
° o °
.. () e
[ J
[ ]
[ ]
L]
[ ]
A Cmmt\;mwpst Virginia GIS, Esriy HERE, Garmin, JUSGS, EPA, NPS

L Patients

I Food Deserts
=1 Food Deserts + 600ft Buffer
=] Food Desert + 1200ft Buffer

Census Tract

(c)





media/file2.png
(a)





media/file0.jpg
i
]
-1

(@)





media/file1.jpg





