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Abstract

:

While structural factors may drive health inequities, certain health-promoting attributes of one’s “place” known as salutogens may further moderate the cumulative impacts of exposures to socio-environmental stressors that behave as pathogens. Understanding the synergistic relationship between socio-environmental stressors and resilience factors is a critical component in reducing health inequities; however, the catalyst for this concept relies on community-engaged research approaches to ultimately strengthen resiliency and promote health. Furthermore, this concept has not been fully integrated into environmental justice and cumulative risk assessment screening tools designed to identify geospatial variability in environmental factors that may be associated with health inequities. As a result, we propose a hybrid resiliency-stressor conceptual framework to inform the development of environmental justice and cumulative risk assessment screening tools that can detect environmental inequities and opportunities for resilience in vulnerable populations. We explore the relationship between actual exposures to socio-environmental stressors, perceptions of stressors, and one’s physiological and psychological stress response to environmental stimuli, which collectively may perpetuate health inequities by increasing allostatic load and initiating disease onset. This comprehensive framework expands the scope of existing screening tools to inform action-based solutions that rely on community-engaged research efforts to increase resiliency and promote positive health outcomes.
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1. Introduction


The environment is a multifaceted system as it relates to health, encompassing not only physical, chemical, and biological factors that are external to a person, but social and cultural aspects as well [1]. Salutogenic and pathogenic factors representing “the creation or origins of health” and “creation or origins of disease” respectively may further characterize the environment [2,3]. Specifically, salutogens are defined as components of an individual’s social, economic, physical, and emotional environment that may foster health and wellbeing while pathogens are attributes of one’s environment that may undermine health [2,3]. The interaction of these factors in the environment has significant implications for environmental justice (EJ) and cumulative risk assessment (CRA) screening tools, since salutogens (i.e., access to healthcare, green space, healthy food outlets) may have the ability to buffer cumulative impacts of multiple environmental exposures [4] and modify an individual’s actual risk or vulnerability profile. To effectively reduce risk and become resilient, individuals must have access to available assets (i.e., salutogens) in their communities and an ability to utilize them to function during and/or after a disturbance [5].



Socio-environmental stressors do not work independently and are often additive and/or multiplicative in nature; thereby creating cumulative impacts that may lead to adverse health outcomes over the life course. Exposures to environmental stressors modify aspects of gene expression in the epigenome that may cause individuals to deviate from a life course trajectory of optimal health [6]. Differentially burdened populations of color and economically marginalized groups are particularly vulnerable to epigenetic modifications since they often experience the greatest exposure to environmental hazards in their neighborhoods [7,8,9,10,11] and may lack health-promoting infrastructure or resiliency buffers that are necessary to offset negative exposures. Without these safeguards in place, communities of color and low-income groups overburdened by EJ issues (i.e., heavily trafficked roadways, Toxic Release Inventory [TRI] facilities, crime) may be more likely to have higher mortality rates of stroke, hypertension, cancer, diabetes, and heart disease when compared to their White and more affluent counterparts [12,13].



While many screening tools have evolved to include environmental stressors, they have not traditionally accounted for resilience factors that may modify the impact of exposure to chemical and non-chemical stressors. As a result, these screening tools may inaccurately depict risk and a community’s ability to overcome adverse exposures. This work proposes a hybrid resiliency-stressor conceptual framework that may be used to inform the development of EJ and CRA screening tools that can be used to identify opportunities for resilience within vulnerable communities. We explore various aspects of CRA and resilience, their proclivity to be addressed in silos, and the limitations of neglecting their synergistic relationship when designing EJ and CRA screening tools. We also explain the conceptual framework and variables that represent each domain. By considering the unique combination of variables described in our hybrid resiliency-stressor conceptual framework, we aim to broaden the discussion on how to better address environmental health inequities and cultivate resilient communities. In addition, our framework demonstrates how community-engaged research approaches and exposures to salutogens are the impetus to promoting community resilience and health equity.



1.1. Cumulative Risk Assessment Background


Improving our understanding of ways to eliminate environmental injustice and reduce health inequities requires the deliberate consideration of combined risks of chemical and non-chemical stressors on various populations over time. Previously, a single-chemical risk assessment approach was used to identify threats to human health through hazard identification, dose-response-assessment, exposure assessment, and risk characterization [14]. When conducting a single-chemical risk assessment, a specific chemical was often examined to determine its unique exposure pathways, media, or endpoints. The main limitation of this assessment methodology was its inability to evaluate vulnerability and multidimensional problems inclusive of chemical, biological, physical, and social stressors that are often modified when operating collectively [15]. This is particularly concerning in communities impacted by EJ issues since they are more likely to experience excess exposures to multiple socio-environmental stressors. Conventional risk assessment approaches no longer had the capacity to address the challenges of a complex and changing environment.



The US Environmental Protection Agency (EPA) responded to the constraints of conventional risk assessment methods by developing a Framework for Cumulative Risk Assessment to guide the process of understanding combined risks to human health and the environment from multiple agents or stressors. The essential components of CRAs include: (1) an ability to account for multiple stressors, (2) consideration of interactions between various stressors, and (3) a focus on how a multitude of stressors may impact populations versus individuals [16,17]. Other factors that may be incorporated into CRAs are different environmental media, as well as durations, pathways, and/or routes of exposure that may have a bearing on risk. Multiple effects, risks quantified from multiple chemical and non-chemical stressors, and concepts of vulnerability may also be included in CRAs [18]. Another important characteristic of CRAs are their use of stakeholder involvement or community engagement during the planning, scoping, and problem formulation phases [19].




1.2. Challenges of Operating in Cumulative Risk Assessment Silos


Though CRA has evolved from conventional risk assessment methods, there are still several challenges inherent in current methods that demonstrate the need to approach CRAs and respective tools from a systems science lens instead of operating in silos. Some of the challenges of CRAs involve characterizing multiple stressors with varying toxicities and pathways that lack a common endpoint [20] and being able to incorporate non-occupational and occupational exposures due to the variability in workplace stressors, interaction mechanisms, and duration of potential exposures [21]. Other challenges may be more systematic, such as not having a standardized metrics in place to measure exposures to non-chemical stressors across populations or not having data with the same units and time [21]. In addition, there may be limitations in quantifying the interactions between chemical and non-chemical stressors and determining the dose-response relationship for disease outcomes [22]. CRAs also fail to incorporate the impact of salutogenic factors that may act on a system, genetic susceptibilities, and often the perceptions of environmental factors that may negatively or positively influence health.



Despite these limitations, there are certain “best practices” that support dismantling CRA silos by using a systems science approach. A systems science approach to CRA would involve examining the interaction of various environmental factors (i.e., salutogenic and pathogenic) at different levels (i.e., individual, family, and community) using expertise from a multidisciplinary, multi-racial/ethnic, and multi-level SES group of stakeholders. Stakeholder engagement is an essential component of any CRA since community members provide a level of local expertise that may not be found in the literature [23]. Several studies have demonstrated how community-engaged research (i.e., community-based participatory research [CBPR], citizen science, community-owned and managed research [COMR]) can be used as a mechanism to address environmental injustice and health inequities in vulnerable populations [24,25,26,27,28,29,30,31].



Another study suggests developing a conceptual model during the problem formulation phase of a CRA to identify relationships between various stressors and assets that may impact risk [23]. While developing a conceptual model is not necessary for problem formulation, it can serve as a blueprint to inform various aspects of CRAs pertaining to the stakeholders and indicators that should be used when developing EJ screening tools to address health inequities. Current frameworks have tried to address many of the deficient characteristics of CRAs by considering the joint contribution of socio-environmental factors that may affect health and wellbeing throughout the trajectory of the life course [32]. Nevertheless, we continue to build upon these conceptual frameworks to improve the screening tools that are used to identify inequities, plan public health interventions, and change policies.



The challenges of operating in CRA silos has been the catalyst to unveiling opportunities to improve CRA and EJ screening tools that represent a more complete system of individual, family, and community exposures. These opportunities are endless as we continue to develop new methodologies, gain a better understanding of gene-environment interactions, and recognize the importance of including a diverse group of stakeholders to inform the tools. Most screening tools have the ability to quantify the negative impacts of environmental stressors on vulnerable communities using indices, community assessment maps, or a combination of the two metrics [33,34,35]. However, these tools often fail to consider measures of resilience that may have the ability to counteract the cumulative impacts of multiple environmental stressors [4]. By excluding resiliency buffers or salutogens from CRA and EJ screening tools, a community’s true risk profile cannot be fully illustrated.




1.3. Resilience in the Context of Environmental Justice


Resilience is defined as the “the ability of a community to use its assets to strengthen public health and healthcare systems and to improve the community’s physical, behavioral, and social health to withstand, adapt to, and recover from adversity” [36]. While there are many definitions of resilience, some of the most noteworthy definitions contain five quintessential concepts that may influence a community’s ability to recover from a disaster: (1) attribute, (2) continuing, (3) adaptation, (4) trajectory, and (5) comparability [37]. Based on these concepts, resilience is an intrinsic attribute within a community that continues throughout the life of the community [37]. In communities that experience more chronic threats to resilience, these changes may be detected on a gradual scale compared to a more absolute change in resilience from a single disaster. Communities should also be able to adapt to adverse situations and have a positive trajectory, regardless of whether the adaptation occurs in response to or in anticipation of a prospective stressor. An acute shock may require more structural changes to adapt to a stressor while the cumulative impacts of a chronic stressor may further demand systemic changes to improve community resilience. Moreover, resilience should be defined in a way that allows communities to predict or compare their ability to positively adapt to a stressor [37].



Since communities are unique entities with varying needs, it is important to use an approach that addresses community resilience from a local perspective that may indirectly affect change on a higher level. Studies have shown that prioritizing and meeting the needs of a community’s most vulnerable populations may foster macro-level improvements in overall resilience [38,39]. This ideology is particularly important in communities impacted by EJ issues or injustices, since EJ occurs when “people can realize their highest potential without experiencing the “isms”. EJ is supported by decent paying and safe jobs, quality schools and recreation, decent housing and adequate health care, democratic decision-making and personal empowerment; and communities free of violence, drugs and poverty. These are communities where both cultural and biological diversity are respected and highly revered and where distributed justice prevails” [40]. The communities who often experience environmental injustice are comprised of predominately persons of color and economically disadvantaged residents who often bear the brunt of cumulative exposures to chemical (i.e., heavily trafficked roadways, Superfund sites, and brownfields) and non-chemical stressors (i.e., crime, poverty, and segregation). When vulnerable communities lack resiliency, they may be more likely to have higher mortality rates for stroke, hypertension, cancer, diabetes, and heart disease when compared to their White and more affluent counterparts [12,13].



Consequently, a dose-response relationship may exist between exposure to stressors and allostatic load that can promote a heightened level of vulnerability [41]. Allostatic load may be defined as the cumulative biological tax on the body resulting from physiological responses to daily stressors [42]. Vulnerability is a function of exposure to risk and resilience as demonstrated by the following equation,


Vi=f(exposurerisk, Ri)



(1)




where Vi is vulnerability, f represents function, exposurerisk is indicative of one’s risk of exposure, and Ri is resilience. As a result, any changes in resilience or one’s risk of exposure may directly influence vulnerability [43]. While vulnerability and resilience are different yet complimentary in nature, research suggests both concepts should be integrated into one assessment tool [44]. A recent study affirmed the relationship between resilience and vulnerability, and further demonstrated the significance of including both concepts in a framework that can be used when performing community assessments to obtain a more complete profile of human health risk [45].




1.4. Resiliency-Stressor Conceptual Framework Overview


The resiliency-stressor conceptual framework was developed by performing a comprehensive literature review of factors that may influence resilience, promote stress, and perpetuate health disparities. The nomenclature of the conceptual framework is based on the synergistic relationship that exists between resilience buffers and stressors; therefore, both types of variables are represented to better understand human health risks. While this conceptual framework presents a more American health perspective of resilience and stressors, the same concepts may be applied to other parts of the world by altering some of the variables to reflect salutogens and pathogens in other countries.



In our conceptual framework (Figure 1), we explore the relationship between actual exposures to socio-environmental stressors, perceptions of stressors, and one’s physiological and psychological stress response to environmental stimuli. These factors work collectively as a “three-legged stool” to perpetuate health inequities by increasing allostatic load and initiating disease onset [46]. We present several physical and social stressors as part of the socio-environmental stressors domain that may be pathogenic, as well as salutogens within the resiliency buffers domain that have the ability to counteract the negative impacts of the socio-environmental stressors and promote positive health outcomes [4]. Race/ethnicity is depicted as the culprit in driving or exacerbating the negative effects of socio-environmental stressors since studies have demonstrated how inequities in proximity to environmental hazards by race/ethnicity persist after controlling for other sociodemographic characteristics (i.e., income, education) [47]. We also provide evidence of how exposures to socio-environmental stressors may alter one’s epigenetic signature; hence, making them more susceptible to adverse health outcomes [48]. We further explain the components of the conceptual framework in subsequent sections.





2. Resiliency-Stressor Conceptual Framework Components


2.1. Exposome


An exposome layer encapsulates our resiliency-stressor conceptual framework (Figure 1), which is a concept first defined in 2005 as the totality of life-course environmental exposures from conception onwards [49]. The exposome concept considers the complexity of multiple environmental exposures and responses to chemical stressors, non-chemical stressors, microbiome metabolites, and infectious agents at varying levels and scales that may pose threats to human health [50,51]. Specifically, the exposome represents the cumulative environmental exposures (i.e., stress, diet, and air pollution) of an individual over their life-course that may have an impact on health. Since the exposome encapsulates gene-environment interactions over time, it has been documented as a major component in advancing CRAs [52]. In our conceptual framework, we include different variables that represent each of the three domains of non-genetic exposure characteristic of an exposome: (1) internal (i.e., stress), (2) specific external (i.e., chemical agents and environmental pollutants), and (3) general external (i.e., poverty, education) [53]. There are several approaches that can be used to measure aspects of the exposome like biomarkers, sensor technologies, or imaging, but for the purposes of our conceptual framework, we are using the term in a theoretical context to demonstrate the scale of exposures over the life-course. Within the exposome, we also demonstrate how exposures to environmental stressors, perceptions of environmental stressors, and resilience factors may work collectively to impact allostatic load (i.e., stress) at varying levels (i.e., individual, family, and community).




2.2. Stress and Allostatic Load


Allostatic load refers to the cumulative biological tax on the human body that may result from chronic exposures to daily stressors [42]. Consequently, a dose-response relationship may exist between exposures to environmental stressors and allostatic load that can promote vulnerability or risk [41]. This conceptual framework considers the relationship between cumulative environmental exposures, allostatic load, and disease onset, which may be influenced by an individual’s valuation of exposure and their accompanying physiological and psychological response to a stressor [46]. Allostatic load has been associated with damaging health behaviors (i.e., alcohol and tobacco abuse), cardiovascular disease, and mortality, which may further proliferate health inequities among vulnerable populations [54].



Social and environmental stressors play a critical role in perpetuating health inequities [13,55,56] due to their contribution to chronic individual stress and allostatic load [42,57,58]. In our conceptual framework, a stressor is considered as any perceived or actual threat to an individual that has the capacity to disrupt homeostasis and cause stress [59]. Most people experience acute stress in response to a stressful event over the life course; however, chronic stress may be more problematic since it can increase one’s risk for several health problems like heart disease [60], neurologic and psychiatric diseases [61], Parkinson’s disease [62], Alzheimer’s disease [63], multiple sclerosis [64], eating disorders [65], addictions [66], post-traumatic stress disorder (PTSD) [67], and sleeping complications [68].




2.3. Actual Socio-Environmental Stressors


Chronic exposures to socio-environmental stressors that are social and physical in nature may contribute to increases in allostatic load and promote inequities in health. For example, populations with less educational attainment may have a higher morbidity or mortality rate for stroke, high cholesterol, ulcers, asthma, hypertension, diabetes, and high cholesterol [69]. They may also be more likely to participate in risky behaviors (i.e., smoking, drinking) [70] and avoid healthy behaviors related to diet and exercise [71]. Similarly, linguistic isolation may be classified as a social stressor since populations speaking limited English may lack information on symptoms or services available for disease prevention or maintenance and consequently delay medical care [72]. Linguistically isolated populations may also be exposed to racial discrimination due to language barriers, which is a phenomenon that has been associated with low socioeconomic (SES), poor quality of life, and stress [73].



Regarding unemployment status, a few studies have shown unemployed individuals have worse psychological and physical health than those who are currently employed [74,75]. Moreover, unemployed individuals are more likely to delay health care services due to the financial burden and less likely to have access to health care that may be required to maintain wellbeing [75]. Unemployment is also associated with an increased risk of poverty [76], and economically disadvantaged populations often have higher mortality rates for almost all major causes of death (e.g., infectious, nutritional, cardiovascular, metabolic diseases, cancers, and injuries) [77,78]. In addition, they may have increased susceptibility to disease due to the adverse effects of chronic stress on the body’s immune system [79].



Income inequality models elucidate the chronic stress response of poverty in the body and have been associated with low levels of trust and social cohesion [80]. Income inequality has a positive relationship with violent crime [81], and violent crime is further associated with psychological distress. Violent crime promotes psychological distress through indirect pathways involving the community’s perceptions of neighborhood disorder and actual violence experienced in the neighborhood [82]. This social stressor not only impacts mental health, but exposure to violent crime may also be associated with certain birth outcomes such as small for gestational age [83], low birth weight (LBW) [84], and preterm birth [85].



In addition, several studies have noted the relationship between environmental health inequities and residential segregation that may perpetuate health inequalities among populations of color [8,86,87,88,89,90]. Segregation has been associated with an increased risk of negative health outcomes, such as mortality [91], preterm birth [92], LBW [93], asthma [94], cardiovascular disease [95], cancer [86], and sexually transmitted infections [88]. This increased risk for adverse health conditions is likely attributable to the disproportionate distribution of environmental hazards in communities of color and low-income communities [9,12,13,56].



Like the aforementioned social stressors, physical environment stressors have the same capacity to increase one’s susceptibility to adverse health conditions. For example, exposures to toxicants from environmental hazards like brownfields have been strongly associated with ‘not good health’, limiting long-term illness, and premature all-cause mortality [96]. Leaking underground storage tanks (LUSTs) may release non-carcinogenic contaminants (i.e., toluene, ethylbenzene, xylene, petroleum) that increase an individual’s risk of developing kidney or liver damage, lung dysfunction, hearing loss, eye irritation, memory loss, difficulty breathing, and fatigue [97]. LUSTs may also release carcinogenic compounds (i.e., benzene) that lead to increased bleeding and decreased immune function [98]. Superfund sites contain an array of chemical contaminants that may lead to decreased immune function, impaired hearing, and increased risk for cardiometabolic conditions, birth defects, anemia, and urinary tract disorders [7,99,100,101,102]. TRI facilities and toxic releases have been linked with a higher risk of infant mortality [103], respiratory (i.e., asthma) and neurological diseases [104], and cancer [105].



Physical stressors, such as exposures to particulate matter ≤2.5 microns (PM2.5), have been associated with a higher risk of respiratory (i.e., asthma) [106] and cardiovascular conditions [107], LBW [108], pre-mature mortality [109], and hospital and emergency department visits related to cardiometabolic conditions [110]. Diesel PM may cause airway irritation [111], inflammation [112], and exacerbate asthma [113] like the other air toxics, but may also increase one’s risk for lung cancer [114] and neurological effects [115]. High traffic density, while not a specific air toxic, may increase an individual’s exposure to carbon monoxide (CO), carbon dioxide (CO2), volatile organic compounds (VOCs), nitrogen oxides (NOx), as well as PM emissions. Heavily trafficked roadway emissions have been linked to several adverse health outcomes, including increased risk of asthma exacerbation [116], cardiac and pulmonary mortality [117], additional hospital admissions, and other respiratory symptoms [118].



Poor housing quality is another physical stressor that is extremely important for health and wellbeing due to its ability to contribute to various adverse health conditions. Not only are physical conditions (i.e., ventilation, heat, cold, lighting) important, there are also chemical, biological, and social conditions to consider as factors that may impact health [87]. Specifically, substandard housing conditions have been associated with asthma, respiratory problems, injuries, mental health issues, and lead-poisoning [119]. Lead-poisoning may occur from exposures to lead-contaminated dust and lead paint found in older homes (i.e., pre-1960s), which are the primary source of lead exposure among children in the US [120]. Exposure to lead has also been associated with developmental neurotoxicity in children, reproductive dysfunction in adults, as well as toxicity to the kidneys, blood, and endocrine systems in both children and adults [121].



Land use planning and zoning practices have also played a role in escalating exposures to neighborhood stressors and minimizing the presence of health-promoting infrastructure in communities with EJ issues [122,123,124]. These aspects of the social environment or neighborhood contextual factors (i.e., crime, social cohesion, and collective efficacy) have been linked with hypertension [125], obesity [126], and risky health behaviors (i.e., smoking) [127]. Density of alcohol outlets is one neighborhood contextual factor that negatively impacts health, where persons with greater access to alcohol outlets were more likely to consume unhealthy quantities of alcohol and have a hospital visit related to anxiety, stress, or depression [128]. Another study indicated alcohol-related hospitalizations and mortality were significantly higher in communities with a higher density of alcohol outlets [129]. Other studies have shown a positive association between a higher density of alcohol outlets and higher rates of violence, crime, drunk driving accidents, and pedestrian injuries [130].




2.4. Perceptions of Stressors and Stress Response


Perceptions of exposures to environmental stressors are a salient aspect of our framework due to its relationship with the body’s physiological and psychological stress response. While some environmental exposures directly affect the stress response (i.e., exposure to air toxics) [131], other environmental stressors may induce a physiological stress response from the way they are perceived and processed [68]. For example, one study demonstrated how community perceptions of health risks related to environmental exposures to a petrochemical complex in Texas City, Texas (TX) were associated with interleukin-6 and viral reactivation biological markers of stress [132]. Other physiological responses significantly associated with perceived stress have included increases in cortisol, triglycerides, dehydroepiandrosterone sulphate (DHEAS), and fasting glucose [133].



The brain’s perception of an environmental stimulus as a stressor may be moderated by one’s memory or previous experiences, current physiological state, traits, and genotype [68]. Furthermore, perceptions of environmental stressors may differ by race/ethnicity and lead to a heightened stress response in populations of color. Specifically, differentially burdened populations of color may exhibit greater levels of environmental concern or higher perceptions of environmental risks than their White counterparts [134]. While this disparity is likely due to the fact that African-Americans are often disproportionately exposed to negative environmental stimuli, they may also experience an additional layer of stress related to historical and/or current exposures to racism and discrimination [135,136]. Greater perceptions of socio-environmental risk coupled with disproportionate exposures to environmental hazards make populations of color especially vulnerable to stress and adverse health outcomes.




2.5. Resilience Buffers


Our conceptual framework is further comprised of resilience buffers that may counteract physiological and psychological responses to the cumulative impacts of environmental stressors at various levels (i.e., individual, family, community). Resiliency generally refers to one’s ability to withstand, adapt to, or recover from adversity, which can occur at both an individual and/or community level. To effectively respond to stressors and become resilient, communities must have available assets that are accessible so they can function during and/or after a disturbance [5]. These assets may consist of health-promoting infrastructure (i.e., healthy food outlets, green space, health care facilities) that is necessary to counteract the cumulative impacts of multiple environmental stressors [3,13,42,137]. When vulnerable communities lack resiliency, they may be more likely to have higher mortality rates for stroke, hypertension, cancer, diabetes, and heart disease when compared to their White and more affluent counterparts [12,13].



Green space is one example of a resilience buffer since access to this ecosystem service has been associated with a reduced risk of cardiovascular disease [138,139,140], mental health outcomes [140], and type 2 diabetes mellitus [141], as well as increases in resiliency and wellbeing from social interactions [140]. Similar to green space, grocery stores may provide communities with access to healthy foods necessary to lower disease risk for cardiovascular disease [142], cancer [143], and hypertension [144]. Other resiliency buffers like homeownership may lead to a creation of wealth, which may promote higher rates of civic engagement and improvements in health due to one’s ability to afford quality healthcare [145]. Homeownership also fosters residential stability, which indirectly leads to increased academic performance among children and social capital in adults [134]. Moreover, homeownership may allow individuals to reside in communities with better schools, social conditions, and physical environments with less crime [146].



Studies have further demonstrated an association between increased primary care availability and better health outcomes [11,147], as well as the necessity of these services in counteracting the negative impacts that lower socioeconomic conditions may have on health [148]. Since mental health is so intricately linked with physical health, access to these services may have important implications in improving physical health and wellbeing [149]. Insurance status may also have a significant bearing on health and wellbeing, since insured populations often receive more preventive and screening services leading to improvements in health [150] and reduced mortality [151]. This may be particularly important for diseases like cancer (i.e., breast, prostate, or colorectal cancer), where uninsured patients are more likely to die prematurely than patients with insurance due to the delay in diagnosis [152].



Aside from equity access to health-promoting resources, there are still infrastructure considerations that may impact community resiliency. For example, access to transportation where individuals live and work may influence active commuting behaviors such as walking, cycling, or using public transit in combination with walking or cycling [153,154]. Increased access to these dynamic transportation networks has been associated with direct and indirect health benefits like reductions in traffic emissions, increases in physical and mental health, and improved access to health care services and healthy food [154,155]. Policies enforced at the local, state, or national government level are also a critical component of resilience when they reinforce appropriate practices such as zoning that reduces residential exposures to environmental hazards [156].





3. Challenges of Integrating Resilience into Cumulative Risk Assessment Screening


There are a few challenges that may arise when integrating resilience factors into CRA and EJ screening tools; however, we have been able to overcome many of those obstacles through the development and implementation of a Cumulative Stressors and Resiliency Index (CSRI). The details of this screening tool have been published in a previous study, but the CSRI is a community-informed index tool that uses various socio-environmental stressors and resilience buffers to rank human and environmental for South Carolina (SC) census tracts [157]. This CRA tool can account for resilience factors that may counteract the negative impacts of exposures to socio-environmental stressors. One issue to consider when designing this type of index is which variables should be classified as salutogens versus pathogens. Once this designation has been established for all variables, the directionality of the variable should be incorporated into the model to determine whether high or low values are indicative of more resilient communities. For example, salutogenic variables in the index are health-promoting factors like access to primary healthcare or access to grocery stores. Alternatively, these same factors can also be categorized as pathogens if there is low or no access.



The same challenges characteristic of CRAs are inherent in modified CRAs that may contain resilience factors; however, the complexity of interaction mechanisms between stressors and chemicals now include the relationship between salutogens and pathogens at multiple levels. The synergistic or other possible effects (i.e., moderating, mediating) are still not completely understood, nor are the precise exposure doses to resilience buffers that are necessary to counteract the negative impacts of environmental exposures. Nevertheless, several studies have shown how a community’s assets (i.e., healthy food outlets, green space, health care facilities) may offset many of these impacts [3,13,42,137] and provides support for including resilience factors in CRA screening tools. As more evidenced-based information becomes available to better quantify these relationships, we will continue to push the science forward to address the lingering gaps in integrating resilience factors into CRA screening tools.




4. Public Health Implications


This conceptual framework has major public health implications since it involves strengthening CRA screening tools so they incorporate socio-environmental stressors and resilience factors from our proposed framework to more accurately examine risk and address health inequities. Improving the variable inputs for CRA and EJ screening tools as well as community-engaged research efforts that inform those inputs will produce more meaningful outputs. Specifically, these changes will allow us to: (1) better identify opportunities for improving resilience (high environmental stress/low resiliency), (2) develop a blueprint of communities that are thriving to serve as a model to advance less resilient communities, (3) improve equity by linking low-resourced communities with neighboring assets, and (4) promote community resilience and sustainability. By using our framework to expand the scope of CRA and EJ screening tools, we will now be equipped to develop action-based solutions that are individualized to meet the unique needs of any community. Nevertheless, action-based solutions for reducing risk should focus more on improving community resilience through asset building since communities impacted by EJ issues are not always able to evade environmental stressors.



Formulating action-based solutions to truly improve community resilience requires a concerted effort from various stakeholders; therefore, operating in silos to address issues of resilience has become an obsolete practice. As previously mentioned, community-engaged research is the cornerstone of any resiliency work that is further enhanced by collaborations with multi-level stakeholders that span many disciplines (i.e., government, public health, health care, environmental health). This concept of using a multidisciplinary team has been effectively applied to both acute stressors like natural disasters (i.e., floods, hurricanes, earthquakes) and chronic stressors (i.e., disenfranchised and marginalized neighborhood environments) that may challenge community resilience. For example, the Los Angeles County Community Disaster Resilience (LACCDR) project uses a collaborative partnership between the Los Angeles County Department of Public Health, local community members, academics, and business stakeholders to address issues of community resilience related to disaster preparedness [158]. Other communities have prioritized community-engaged research in their implementation strategies for improving community resilience to different environmental stressors like Baton Rouge, Louisiana [159], southeast Texas [160], and Charleston, SC [157].



Addressing resiliency in high-risk areas is known to foster macro-level improvements in overall community resilience [35], which emphasizes the importance of having screening tools with resiliency factors that can identify areas of high-risk. Some communities have already actively begun to strengthen resilience in their most vulnerable neighborhoods using CRA tools to help inform the process. For example, the California Environmental Justice Alliance has started a Green Zone Initiative in California to transform communities differentially burdened by environmental justice issues into thriving human ecosystems. Their model involves three main components: (1) identify differentially burdened communities using cumulative risk assessment tools (i.e., CalEnviroScreen), (2) advance visionary Green Zone policy, and (3) demonstrate the model on-the-ground with seven differentially burdened communities that serve as anchor campaigns to support the Initiative. While the Green Zones Initiative identifies toxic hotspots (component 1) and prioritizes these areas for resources, green development, and regulatory attention (component 2) [161], having resilience buffers pre-populated in the CRA screening tool could have truncated the process and increased efficiency in the way vulnerable communities were prioritized.



As developing Green Zones becomes the standard for achieving community resilience through action-based solutions, it is important that screening tools continue to evolve at the pace of stakeholders’ needs. The framework we introduced exemplifies a comprehensive CRA model, that when applied through a community-engaged research lens, could change the way we identify and prioritize high-risk communities. Future research should focus on updating CRA and EJ screening tools and methodologies based the concepts presented in our framework to incorporate both socio-environmental stressors and resiliency buffers. Though we were able to develop the CSRI in a previous study using this framework, our index was a pilot version that merely demonstrated how principles from our framework could be used to address gaps in current screening tools.



We are in the process of developing other versions of the CSRI that will incorporate greater stakeholder input through community-engaged research practices. The new versions of the CSRI will not only allow community stakeholders to participate in the variable selection process, they will also have an opportunity to prioritize the indicators in a way that contributes to one layer of the weighting feature. The second layer of weighting will be based on the correlation between socio-environmental stressors and resilience factors. Lastly, we plan to explore the possibility of including an additional layer that captures physiological/psychological stress responses. These modifications will allow CRAs to operate in more of a precision public health capacity, and may ultimately improve the efficiency of projects like the Green Zone Initiative and other action-based solutions that can increase community resilience and reduce health inequities.




5. Conclusions


This work introduced a hybrid resiliency-stressor conceptual framework that may be used to modify existing EJ and CRA screening tools or inform the development of new tools to identify resilience opportunities within vulnerable communities. While the indicators within this framework are adjustable, including both cumulative pathogens and salutogens within the same model are critical to understanding a community’s true health and environmental risk. When these factors are considered collectively with perceptions of socio-environmental stressors and physiological and psychological stress responses, we gain a better understanding of how differences in allostatic load may contribute to health inequities over the life course. The information presented in this framework will ultimately allow us to design better EJ and CRA screening tools that strengthen our capacity to address health inequities and improve community resilience.
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Figure 1. Resiliency-Stressor Conceptual Framework. 
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