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Introduction: The exposome concept provides a framework to better incorporate the environment into the study of health and disease and has been defined by academics to encompass all lifetime exposures including toxicants, diet, and lifestyle choices. However, initial applications of the exposome concept have been less apt at measuring social determinants of health, focusing primarily on conventional environmental exposures and lifestyle choices that do not reflect the complex lived experience of many communities. To bring community voice into the exposome concept, the HERCULES Exposome Research Center and its Stakeholder Advisory Board co-developed the Exposome Roadshow. We present and discuss the resulting community-exposome definition to inform and improve exposome research.

Materials and Methods: Four communities from distinct areas across metro-Atlanta participated in separate 2-day Exposome Roadshow workshops with concept mapping. Aligned with a popular education approach in which community knowledge is used to work collectively for change, concept mapping provided a systematic method to collect and visualize community members' knowledge and create a shared understanding to take action. Community members brainstormed, sorted, and rated their responses to the prompt: “What in your environment is affecting your and your community's health?” Responses were analyzed and visually depicted by concept maps consisting of separate but interrelated clusters of ideas. Community members discussed and validated the maps, selecting a final map illustrating their community's exposome.

Results: A total of 118 community members completed concept mapping. On average communities identified 7 clusters to define their exposome. The resulting concept maps offer a community definition of the exposome. Five major themes arose across all four communities: conventional environmental concerns, built environment, social relationships, crime and safety, and individual health and behaviors.

Discussion: The resulting community-exposome definition demonstrates the importance of expanding the scope of exposures beyond traditional environmental influences to include the lived experience of individuals and communities. While newer exposome definitions align more closely with this community definition, traditional exposome methods do not routinely include these factors. To truly capture the totality of lifetime exposures and improve human health, researchers should incorporate community perspectives into exposome research.
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INTRODUCTION

The definition of the exposome has been modified, expanded, enhanced, and criticized by academic scholars since 2005, when Wild (1) first introduced the concept. While each evolution of the definition provides additional guidance to scientists studying the link between the environment and disease, the perspective of communities facing environmental challenges has yet to be integrated into the exposome definition. To address this critical omission and improve the validity of the exposome concept, the Emory University HERCULES Exposome Research Center, funded by the National Institutes of Environmental Health Sciences (NIEHS), partnered with Atlanta-based communities to document their exposome-relevant perspectives and lived experiences.

Wild [(1) p. 1848] originally conceptualized the exposome as encompassing all “life-course environmental exposures (including lifestyle factors), from the prenatal period onwards.” Commendably, this first conceptualization included a broad definition of the environment, beyond traditional toxicants with the inclusion of “lifestyle factors.” Yet, Wild's call for methodologic developments in exposure assessment and refined questionnaire-based approaches limited lifestyle factors to the individual without consideration of the social determinants of health. In 2010, Rappaport and Smith (2) enhanced the exposome definition by emphasizing the internal chemical environment relative to external toxicants. Importantly, these scholars depicted the external environment to include psychosocial factors, a necessary first step in broadening the exposome beyond the individual. Soon after, Wild expanded his definition of the external environment to include the specific external and general external environments. This expansion encompassed both the traditional environmental risk factors and the more generalized environmental factors inclusive of social determinants of health. Importantly, Wild (3) called for interdisciplinary teams, including social scientists, to measure the exposome, while Miller and Jones (4) refined the definition to be quantifiable.

Despite the recognized need for social scientists' involvement in the exposome, many of the methodologies proposed and applied to exposome science continue to be limited to the fields of toxicology, epidemiology, laboratory science, and data science (5). To address these limitations, Juarez and colleagues (6) proposed the public health exposome to capture the complexity of the relationships between the environment and health disparities at a population level. The public health exposome places the exposome paradigm within a social-ecological framework, from which Juarez and colleagues (6) created a data repository and bioinformatics infrastructure that integrates GIS for visualization and analytics. Similarly, the socio-exposome framework describes three levels from which to analyze environmental exposure data: individual, local, and global (7). Notably, both the public health exposome and socio-exposome frameworks emphasize the need for community engagement in exposome science (6, 7). Robinson et al. (8) operationalize aspects of both the public health exposome and the socio-exposome in their approach to the urban exposome, which focuses on exposures specific to the urban environment.

This brief summary and timeline of the exposome definition reflects the evolution from recognizing that “every individual has a personal exposome” to understanding that “many parts of the exposome, including exposure levels and correlations, are shared between groups due to shared determinants.” [(8) p. 077005-2]. Yet, many applications of the exposome continue to emphasize molecular level differences and the identification of exposures, ignoring the social context that contributes to the exposures (7). The community voice, which could help to contextualize these exposures, continues to be non-existent in the definitions and applications of the exposome, even among scholars who emphasize community engagement in exposome science (6, 7). This gap was identified by the HERCULES Stakeholder Advisory Board (SAB), which is made up of representatives from local communities and non-profits, government agencies, and academic institutions. To address this gap, the SAB proposed the Exposome Roadshow (the Roadshow), a community-engaged approach to bring community voice to the exposome concept while supporting communities to utilize the exposome concept in their efforts to address local concerns. The Roadshow, the first phase in a larger community grant program, sought to provide education to communities about the exposome, learn from communities about their exposome-related knowledge and concerns (i.e., how they define their exposome), and work together to address those concerns. Importantly, while the Roadshow informed exposome science, it also purposely benefited the community by providing them a systematic approach to conceptualize their issues and a pathway to address these issues. As recommended by the HERCULES SAB, the Roadshow follows a popular education approach, “a philosophy and methodology that seeks to bring about more just and equitable social, political, and economic relations by creating settings in which people who have historically lacked power can discover and expand their knowledge and use it to eliminate societal inequities” [(9) p. 38]. Popular education draws on personal and collective knowledge and experience as the foundation for shared learning, understanding, and action (10) and, as such, we sought to learn the community's exposome definition before sharing our own. To do this, we used concept mapping, a methodology aligned with popular education philosophy. We then compare the academic definitions of the exposome to the community definition, assess whether or not exposome science is being implemented to capture the community definition, and suggest approaches for incorporating community perspectives into exposome science.



MATERIALS AND METHODS

The Roadshow is part of the Clarence “Shaheed” DuBois Exposome Roadshow and Community Grant Program, a four-phase program consisting of the Roadshow, a Planning Grant, Action Grant, and Sustainability Grant. The program details were developed by a workgroup consisting of HERCULES SAB members and staff (the co-authors). The full program [described elsewhere (11)] is aligned with popular education philosophy, drawing on community knowledge and experience to work collectively for change (10). Starting with the Roadshow, concept mapping creates a shared understanding of the community members' collective exposome, which they transform into collective action via the grant program. Community members participated in concept mapping during two Roadshow sessions. The concept mapping steps, as defined by Trochim (12), are outlined in Table 1.


Table 1. Concept mapping steps [adapted from Trochim (12)].
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While the concept mapping software that we used, Concept System® Global MAXTM (Concept Systems, Inc., Ithaca, USA, Copyright 2004–2020; all rights reserved), provides an online platform, we conducted the concept mapping process in person over the two workshop sessions so as not to limit participation based on technology literacy or access. The steps conducted in each session, as well as before and in between, are presented in Table 1. The Emory Institutional Review Board (IRB) reviewed the Roadshow protocol and determined that it did not meet the definition of research with human subjects.

Four Atlanta-area communities participated in concept mapping as part of the Roadshow between September 2017 and November 2019. The first community to participate volunteered to pilot test the Roadshow. The other three participating communities applied through a formal application process for the larger grant program, which prioritizes environmental justice communities in the 10-county metro Atlanta area (13) that face longstanding disinvestment and multiple compounding issues. As part of the application process communities identified liaisons committed to leading the effort. Participating communities were selected by a review committee composed of SAB members (Step 1: Participant Selection).

Preparation for the Roadshow also included the development of an exposome analogy to provide community members with background on the exposome concept, a Brainstorming prompt/focus to learn the community's definition of the exposome, and a Rating prompt/focus to learn which health influences community members prioritized. Both prompts changed slightly over time (Table 2). Community liaisons helped finalize the prompts and attempted to recruit 25–35 people representative of the larger community to attend the workshops. Participants were given a $25 gift card for each session they attended.


Table 2. Brainstorming and rating details for each community.
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During the first workshop session, participants individually brainstormed responses to the prompt (Step 2, see prompt in Table 2). These statements were then uploaded into the Concept System® Global MAX™ software (Concept Systems, Inc., Ithaca, USA, Copyright 2004–2020; all rights reserved), which creates sorting cards and rating worksheets for each participant. Participants were asked to sort these into groups of cards that seemed related to each other (Step 3), and to record a name for each grouping (or pile). Once done sorting, participants completed the rating worksheet, where they rated the importance of each statement to their health (Step 3, see prompt and scale in Table 2), and also completed a background and feedback form.

Between sessions, Emory staff entered participant sorting and rating data into the Concept Systems software, which created visual representations of the ideas generated by participants by placing each statement as a point on a two-dimensional map using non-metric multidimensional scaling (Step 4). Statements that were frequently sorted together were placed closer together on the point map, and the software grouped them into clusters using hierarchical cluster analysis, with each cluster representing a discrete theme that emerged from how participants sorted the brainstormed statements. The clusters that are closer to each other are more closely related conceptually, and vice versa (see Figure 1). The software also provided rating and bridging data for each statement and cluster (see Supplementary File A). Rating values illustrate the perceived importance of each issue or theme to the community's health and are represented visually by the cluster rating map (see Figure 2). Bridging values, which range from 0 to 1, represent the cohesiveness of the clusters and can be found in Supplementary File A. A cluster with a higher average bridging indicates that its statements “bridged” to other areas of the map and is therefore interrelated with other clusters.


[image: Figure 1]
FIGURE 1. Point Map and Cluster Maps. The Point Map (A) represents each statement generated by participants, with statements that were frequently sorted together placed closer together on the map. Using hierarchical cluster analysis, the points are grouped into different arrangements of clusters and possible cluster labels. Two cluster arrangements are depicted here (B,C), with different labels representing pile names provided by participants during the sorting phase. See Figure 2D for the cluster rating map, which depicts the average rating for each cluster in the final concept map chosen by Community D.
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FIGURE 2. Final Concept Maps by Community. The cluster rating maps depict the final concept map chosen by each community (A: Community A; B: Community B; C: Community C; and D: Community D). Clusters in close proximity are more closely related than distant clusters. In (C), the Aesthetic cluster represents a single statement that the community did not perceive as belonging with any of the other clusters and so chose to leave separate.


The software produced multiple maps with different cluster arrangements and possible cluster labels using the pile names provided by participants during the sorting phase (Figure 1), and calculates a stress value for each map (Table 4). Stress values are a goodness of fit indicator that can be used to assess how well the map aligns with the participants' data, with lower values indicating better fit with the raw data. The average stress value for concept mapping projects is 0.28 (range 0.17–0.34, 95% CI [0.27, 0.29]) (14). Before the second session, staff met with the community liaison(s) and presented maps with different cluster arrangements to determine which map best represented the community's knowledge and experience, including the preferred labels for each cluster using the names provided by the participants. At the second workshop the community collectively chose the most appropriate label for each cluster and agreed on a final concept map to represent their community (Step 5). In session feedback, over 75% of participants felt that their final map accurately depicted their community's concerns very well and that the concept maps were very easy to understand. The final map was utilized (Step 6) to guide the community through the remaining components of the full program, which are described elsewhere (11). The results and discussion of this paper present further interpretation and utilization (Steps 5 and 6) of these Atlanta communities' concept maps, with the goal of exploring and understanding how communities perceive their exposome and using that definition to inform exposome science.



RESULTS

We completed concept mapping with a total of 118 community members in four communities. The participating community members were from four self-identified geographic communities located in distinct areas of metro-Atlanta and will be referred to as Community A, B, C, and D as specific neighborhoods have been redacted to protect confidentiality. Demographic information was collected from participants who completed concept mapping steps two and three at the first session (Table 3). We encouraged the same participants to attend both sessions, but as Table 3 demonstrates, this was not always possible.


Table 3. Demographics of roadshow workshop participants by community.
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Participants in the four communities differed on various characteristics, but the majority were African American women over the age of 50. Attendees were mostly representative of their relevant census tracts, though more older and female residents participated as compared to their relative census tracts, and in all but one community household income was higher than the tract's median (15). This remains true when comparing to the larger Atlanta-metro area, in which the proportion of older females that participated in the Workshops was greater than that in the Atlanta region (15). Notably, while largely reflective of their respective communities, many more of our participants were Black than in the greater Atlanta-metro area (82 and 39%, respectively), and also more highly educated (15). Roadshow participants had both higher and lower household incomes, with more participants reporting incomes below $10,000 (Communities A and C) and above $75,000 (Community D) than the region as a whole (15).


The Concept Maps

The final concept maps, or “cluster rating maps” selected by each of the four communities are shown in Figure 2, with the number of statements and clusters that comprise each map detailed in Table 4. Clusters are comprised of statements that were frequently sorted together, with cluster labels chosen by the community. Clusters that are closer to each other are more closely related, conceptually, and vice versa. There is more space between the clusters in Community D's map than the other communities, which could be due to the small number of participants and statements generated by this community during Session One. On each map, the number of layers of a cluster indicate the average cluster rating, with more layers indicating a higher rating (Figure 2). Higher rated clusters contain statements perceived as most important to the community's health, with the highest rated cluster of each community identified in Table 4. Average cluster bridging values for all communities ranged from 0.10 to 0.98, indicating that some clusters were highly cohesive, while others were highly interrelated with the other clusters (Table 4). The final stress value of the maps ranged from 0.1552 to 0.3420, with an average of 0.2494 (Table 4), which falls within the average range for concept mapping projects (mean 0.28, range 0.17–0.34, 95% CI [0.27, 0.29]) and indicates goodness of fit (14). Community D's final map had the lowest stress values, indicating a good fit while Community A's was higher than average indicating lower goodness of fit.


Table 4. Final concept map descriptors.
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Identifying the Community Definition of the Exposome: Interpretation and Utilization

While each of the four communities differed in the number of clusters identified, ranging from four to 10 clusters, across all the communities we were able to identify five major themes: conventional environmental issues, the built environment, social relationships, crime and safety, and individual health and health behaviors. Table 5 presents each major theme and the individual community clusters of which it is comprised. Out of the 27 clusters identified across all four communities, 24 fit into one of the five major themes. The remaining three clusters reflected ideas that did not fit into one of the five major themes, yet the nature of the concept mapping approach indicates that when ideas form a distinct cluster, they are important by their very nature, and so they are included as an “Other General External” theme. Examples of the statements that comprise each theme can be found in Table 5. The full list of statements that form each cluster are available in Supplementary File A. In the Discussion, we further interpret and explore these themes within the context of existing exposome and public health research and discuss their implications for exposome research.


Table 5. Concept mapping clusters by community and theme.
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DISCUSSION

We used concept mapping during the Exposome Roadshow to understand how communities define their exposome and to support communities in addressing their environmental health concerns. We explored the community-identified issues to learn how their perspective and lived experience can inform exposome science. We identified five major themes across the four communities (Table 5), and what follows is our exploration of each theme within the context of current public health and exposome science literature. We conclude with recommendations to enhance exposome science by including the community perspective, which we believe will lead to greater public health impact.


Conventional Environmental Concerns

All four communities identified at least one cluster that was related to conventional environmental concerns (see Table 5). These environmental concerns were rated as extremely important by all four communities, as reflected by either the highest or second highest rating in each community (Table 4 and Figure 2A “Pollution,” B “Environmental,” C “Effect on Environment/Result of Pollution,” and D “Environmental Issues”). This community-identified theme is well-represented in the academic definition of the exposome as conventional environmental concerns form the basis for exposome definitions and exposome research. For example, exposome definitions refer to “toxicants in the general environment” (1), “exposures from the environment” (4), and “chemical pollutants” (16). Furthermore, exposome tools and methodologies are typically based on traditional exposure science (1, 4). Newer approaches to exposome science such as the public health exposome (6), the socio-exposome (7), and the urban exposome (8) also build upon the foundation of traditional exogenous environmental exposures and exposure science, while adding new layers and methods from the social sciences.



Built Environment

All four communities identified at least one cluster related to the built environment (see Table 5), with one community rating it as the second most important to their health (see Figure 2B “Having access to things that improve our health”). These clusters included a wide range of statements (Table 5), which reflect a variety of built environment factors that are also supported by the literature (17–24). Given the built environment's impact on health, supported by both the community's lived experience and the scientific literature, exposome science needs to incorporate the built environment in order to accurately characterize the exposome. Traditionally, few exposome researchers have specifically included the built environment in their definitions of the external exposome, although components of the built environment have been referenced: the urban-rural environment (3), population density and sanitation (25), and location and green space (26). More recent frameworks such as the socio-exposome and the urban exposome (7, 8) explicitly reference the built environment.

When operationalizing the exposome concept, built environment factors are sometimes measured, often forming the source of conventional environmental exposures, such as roads and zoning that lead to traffic, industrial, or solid waste pollution (27), and urban settings or older homes that contain heavy metals (28). Data science tools used in exposome science include geographic information systems (GIS) that can be used to map various features of the built environment, such as location (city center, suburban, industrial, and rural) (29), access to affordable food (30), building density, public transportation, and greenspace (8). These features can then be combined with traditional exposure measurements to characterize the exposome.



Social Relationships

Three of the four communities identified a cluster that was related to social relationships (see Table 5). Community-generated statements in these clusters focus on both community connectedness as well as interpersonal relationships while also considering some of the responsibilities or impacts of these relationships (Table 5). In Community A, community connectedness was the second most important issue affecting their health (see Figure 2A “Neighborhood Connections”). Aligned with this community definition of the exposome, there is ample evidence that interpersonal relationships have a cumulative impact on health across the lifetime (31). In fact, social support, social networks, and social capital have long been factors considered in the fields of social psychology and public health (32–34).

Some exposome researchers have included aspects of this community-identified theme in their definition and operationalization of the exposome. Wild (3) includes social influences and social capital as further external exposures in his revised definition of the exposome, while Rappaport (35) included psychosocial stress. Miller and Jones (4) also specifically reference how interactions with family, community, and society affect one's behavior in their definition of the exposome, and the public health exposome considers social support as a protective factor (6). In the HELIX study, these factors were operationalized by measuring social capital of the family and stress of the mother (36).



Crime and Safety

All four communities had a cluster related to crime and safety (Table 5). In two communities (A and B), the crime cluster is located in the middle of the concept map (Figures 2A,B), and in communities B, C, and D it had a relatively high bridging score, demonstrating the interconnectedness of how crime and safety are perceived alongside other community exposures (Supplementary File A). “Public Safety” was rated as the most important issue affecting the health of Community D (Table 4). Furthermore, being identified by community members as its own separate category indicates its perceived importance as an environmental factor among residents of these metro-Atlanta communities.

Other community-engaged projects seeking to identify residents' environmental health concerns have similarly found that community members see crime and safety as one of the biggest environmental risks in their communities (37, 38). Crime is often considered in research around the impact of the built environment and structural and social determinants on health (39–42). A systematic review and a national survey both found associations between community violence and a variety of physical and mental health outcomes among children and youth (43, 44), including one study that found that air pollution predicted an asthma diagnosis only in children exposed to community violence (45).

However, crime is rarely, if ever, specifically named in the field of exposome science and research. While it fits within the broad exposure concepts that are sometimes posited and assessed in exposome research, such as the urban-rural environment (3) or psychosocial stressors (35), these concepts are not operationalized to include crime or safety. Crime is identified in the public health exposome as an exposure within the “social environment” (6) and within the socio-exposome's community level (7). Yet, neither framework's emphasis is as strong as the importance identified by these communities.



Individual Health and Behaviors

Three of the four communities included clusters that related to individual health and behaviors (see Table 5). Community-generated statements in these clusters included factors related to individual health, nutrition, and health behaviors (Table 5). “Health/Nutrition” was rated as the most important to Community C's health (Table 4), but these issues were prioritized less in Community A and B (Figure 2A “Healthy Eating,” “Leisure and Physical Activity” and B “Choices we make”). These personal health factors are more typical in definitions and operationalizations of the exposome concept, including Wild's original definition (1) which specifically names lifestyle factors as an environmental exposure. Much like this community-identified theme, diet is also specifically included in exposome definitions (2–4) and studies (29, 36).



Other General External Exposures

Three of the participating communities each identified an additional cluster that represented other external factors that affect their health: “Family, Friends, and Life Opportunities,” “Social Justice/Ethics,” and “Government Issues” (see Table 5). While these clusters didn't appear in multiple communities to create an overarching theme, their identification as distinct clusters reflect their importance to the specific community. These factors provide examples of the complex and interconnected systems that make up the general external exposome (46) and the socio-political conditions found in the socio-exposome framework (7). Often referred to broadly as social factors or stressors, these conditions have been widely linked to health outcomes (47, 48). And, importantly, racism has been declared a public health crisis (49). However, these factors have only been included in some definitions and studies of the exposome. For example, the public health exposome (6) defines the social environment to include descriptors of social/economic conditions such as poverty, crime, racial segregation, and unemployment and the urban exposome (8) considers factors such as ethnicity, social class, and family income.

Huang et al. (50) reviewed the methods of 31 studies on the cumulative effects of social stressors and environmental chemicals and found that studies operationalized social stressors by measuring factors such as socioeconomic status (SES), race, and education, as well as some of the community-identified themes described here, including crime and neighborhood features. Senier et al. (7) propose levels of measurement and data sources to operationalize the socio-exposome beyond these social environment factors, adding the political environment (e.g., civic participation) and government policies (e.g., history of discrimination and segregation). Furthermore, Zota and VanNoy (51) explicitly call upon environmental health scientists to consider the intersection of racism with other systems of oppression (e.g., sexism) and offer data analytic strategies for advancing intersectionality in exposome research. Outside of exposome science, social epidemiologists and economists offer methods to measure social inequities on multiple levels, including, for example, discrimination (52), racial/ethnic segregation and racialized economic segregation (53), and SES (54–56).



How Roadshow Communities' Exposome Definition Informs Exposome Science and Action

The Roadshow communities identified a range of determinants of health that are broadly supported by the literature, some of which are captured by traditional definitions of the exposome. The Roadshow created an opportunity to further extend the definition to include the built environment, social relationships, and particularly crime and safety that are less often included or measured in traditional exposome science. This emphasis may reflect the fact that the Roadshow participants were predominantly older Black/African-American women and two of the communities had disproportionately low incomes (Table 3). Given that the Black population continues to experience striking health disparities that are unexplained by socioeconomic position (57, 58), the factors identified in their exposomes and the priority given to these factors likely reflect the shared determinants of health experienced by communities that face systemic injustices. For example, they prioritized environmental exposures and pollutants, reflecting the environmental injustices experienced by the participating communities. They also identified the importance of social capital and community support structures, which play an important role in African-American and low-income communities, particularly among women (59) and older adults (60), providing some protection from crime and other social stressors such as racism (61, 62). The emphasis on crime across communities may also reflect the urban location of the Roadshow communities. The intersection of race, gender, income, and place experienced by these communities underscores the importance of incorporating their perspectives into exposome science.

While some commentaries and discussions about the exposome have grown to acknowledge many of the factors that the Roadshow communities experience, the methods used to measure these factors rarely capture the specific exposures detailed in the communities' concept maps. Although biomarkers of stress and discrimination, including epigenetic changes, have been documented and are available for incorporation into exposome science (63–65), the operationalization of these factors and the methods to study their cumulative impact have not been routinely incorporated into exposome science. Relevant to Rappaport's (2) critique of traditional environmental and epidemiological methods that fragment environmental risks, these communities experience multiple types of environmental exposures collectively, and we need to study them as such. Specifically, factors related to the built environment, social relationships, crime and safety, and social factors such as poverty, racism, and political structures need to be included in studies of the exposome to adequately capture the cumulative environmental risks individuals and communities experience and prioritize. This inclusion is necessary if exposome science is to be translated into actions that reduce environmental injustices (7). This community definition helps illuminate the “unknown” risk factors that contribute to health outcomes (66) by highlighting the factors that interact with traditional environmental exposures to impact health. In other words, returning to Wild's expanded definition of the exposome (2), the community has identified factors in both the specific and general external environments, highlighting that characterizations of the exposome and the associated causal pathways need to expand beyond the endogenous metabolome. Therefore, we recommend the incorporation of this community definition into exposome science, while also emphasizing that communities may experience aspects of the exposome differently. For example, in another community, the built environment may have a positive impact on the community's exposome while crime may have a low impact. By incorporating these community-identified themes, the exposome definition works across communities with the flexibility to increase the benefits of exposome science in specific communities. Ultimately, to truly capture this wide variety of exposures, transdisciplinary research will be required (27).

One such discipline is community-engaged research. As recommended by others (6, 7), community-engaged research approaches can improve exposome science and increase its benefits. Working together to learn a community's lived experience is essential to accurately capture and measure their exposome, document inequities, and identify how to translate the findings into action (7). In the current approach, concept mapping provided one possible avenue to capture the specific factors experienced by these communities and their perceived importance, while their placement on the maps elucidates the interconnectedness of factors. The priorities that a specific community places on the components of the exposome can identify the scientific questions and methodology. As similarly noted by Zota and VanNoy (51), these lived experiences and their intersections are not captured by the majority of current approaches to exposome science, which do not capture concepts related to disproportionate exposures traditionally experienced by communities at the margin (specifically Black, Indigenous, and people of color and lower income). This limitation continues to perpetuate a science that lacks inclusivity and is void of true lived experiences. In practice, community-engaged research fundamentally embraces diversity of thought, creates opportunity for shared leadership and uplifts community understanding and expertise (67, 68). Using this perspective decentralizes science construction from traditional colonial perspectives to one that includes the knowledge of communities exposed to the multiplicities of environmental harms (69, 70). The community definition of the exposome that emerged from these four Atlanta-based communities reflects the need for the approach recommended as part of the socio-exposome framework, specifically the need to include and measure place-specific exposures, especially when hazards are concentrated in particular communities, and to partner with affected communities throughout the research process and its translation into action and policy (7). This type of paradigm shift allows for the creation of a more inclusive, comprehensive, and practical understanding of the exposome and its translation to tangible real-world benefits.



Limitations

The Exposome Roadshow and concept mapping allowed us to successfully define four distinct community exposomes and identify major cross-cutting themes. However, this process is not without its limitations. The Roadshow approach itself presented biases that may have influenced results. First, the exposome concept originated in the environmental health sciences, and HERCULES is funded as an NIEHS environmental health core research center. Communities are made aware of the environmental health background of the Center when applying to participate in the Roadshow, which could explain why each community included clusters that were related to conventional environmental concerns and why these clusters were, on average, rated as extremely important by community members. We tried to address this bias in the exposome analogy presentation in Session One, which encouraged participants to take a holistic approach to the exposome and resulted in the inclusion of many factors beyond conventional environmental concerns. Notably, the staff conducting the Roadshow were White, and Emory is a predominantly White institution, contrasting with the predominantly Black participants and communities. This racial difference may have suppressed some issues, including racism and social justice. We foresaw this potential bias and so asked all participants to brainstorm, sort, and rate individually and anonymously. Our non-white SAB members also foresaw this issue, and several helped facilitate the Roadshow sessions. Yet, issues of race and social justice only emerged as a distinct cluster in one community. However, aligned with the qualitative tenets of concept mapping, its singular emergence is still worth noting and has been included in our community definition of the exposome. Lastly, the Roadshow participants generally represented their census tracts and communities, but the demographics skewed slightly toward older female participants who may have different perspectives than both younger residents and male residents. The liaisons also attempted to recruit other community stakeholders, such as business and non-profit leaders who would have valuable knowledge to contribute but were largely unsuccessful. In future workshops, we will expand our efforts to include more representative stakeholders. This community definition of the exposome represents the experience of four distinct community groups in one Southeast US city, and may not be generalizable to other communities. However, the insights gained through the Roadshow can provide academic scientists with a breadth of factors that should be considered when conducting exposome science. Further this approach is shared as one community-engagement model/method that can be useful for obtaining a more comprehensive understanding of a community-specific exposome.

The concept mapping approach also had its limitations, especially given the iterative nature of our process. For example, after conducting the workshops with Communities A and B we changed the brainstorming question in order to focus the statements more on the communities' health and set the community up to take action on their concerns (Table 2). Additionally, after receiving almost 150 statements from 35 people during Community A's workshop (of which they chose to include 96 in their final map) we limited the number of statements per participant to five instead of seven and the number of participants from 35 to 25. This high number of statements and participants is above average for concept mapping projects (14) and could explain the high stress level of Community A's concept map. Yet, the average stress level of the four concept maps is similar to other studies (14). Furthermore, we did not use the stress value to select the final maps. Instead, the community liaisons chose the cluster arrangements and then the community agreed as to which map best represented them and reflected their exposome. Lastly, our concept mapping approach asked participants to disentangle and sort factors that are inherently interrelated, such as social factors, crime, and the built environment. However, we do not lose these nuances as the maps still depict the relationships and interconnectedness between clusters and statements in the positioning of clusters on the maps and through the bridging scores. In all, concept mapping stays true to the complexities of the lived experience and the exposome while also disentangling some of those complexities to facilitate focused action and bring distinct scientific disciplines together.




CONCLUSIONS

The exposome is a complex concept that many scholars have worked for years to elucidate. As such, its definition and operationalization continue to evolve. We sought to contribute to that evolution, filling an important gap in existing exposome approaches that lack a community perspective. Since the inception of the HERCULES Exposome Research Center, our SAB and community partners have told us that the concept behind exposome science reflects their lived experience, which is a complex interplay of multiple exposures across the lifetime. When asked about the exposome concept in the Roadshow evaluation, one participant stated, “it is spot on.” Yet, exposome science has yet to truly capture this complexity.

Our approach highlights the value of the lived experience and, importantly, provides a pathway for community knowledge into exposome science, which has largely excluded these perspectives. The community's exposome presented here provides a framework that academic scientists can use to incorporate different scientific disciplines and approaches into their study of the exposome. Incorporating the community's definition (including its priorities) into exposome science is essential to reach the full potential of the exposome concept. Partnering with social scientists and environmental justice communities in exposome science will increase the likelihood that the disproportionate exposures experienced by these communities will be measured, leading to improved scientific outcomes and tangible public health impact.
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Total unique participants® 0 23 25 30 118
Attended Session 1 (Steps 35 21 16 7 79
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Participated in Step 8> 28 21 16 29 9
Attended Session 2 (Steps 31 22 19 27 %
586)
Demographics n=28(%) n=21(%) n=16(%) n=29(%) 94 (%)
Sex
Female 20(71.4) 14(66.7) 7358 19(65.5) 60 (63.8)
Male 8(28.6) 7(333) 9(56.3) 10(34.5) 34(36.2)
Age n=7 n=72°
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35-49 2(7.1) 4(19.0 163) 0(0) 707
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Unknown 0 2(95) 0(0) 220 2@.1)
Race n=7 n=72"
Black 25(89.3) 14(66.7) 13(813) 7(100) 59(81.9)
White 13.6) 6(28.6) 2(12.5) 0(0) 9(12.5)
Other 207 148 00 00 3(42)
Unknown 0 00 163) 22° 1(1.4)
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High school graciuate or 1035.7) 2(95) 163) 0(0) 13(13.8)
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school/associates degree
College graduate 7(25.0) 5(238) 5(31.8) 8(27.6) 25 (26.6)
Post-graduate degree 13.6) 783.9) 4(25.0) 11(87.9) 23 (24.5)
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$25-50,000 5(17.9) 148 169 13.4) 885)
$50-75,000 0() 7(33.9) 6(375) 5(17.2) 18(19.2)
$75,000 or more 13.6) 7(83.9) 4(25.0) 19(65.5) 31(33.0)
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“We limited the number of attendees after encountering challenges conducting concept mapping with too many people in Community A
5Due to low turmout at Session 1, Community D invited aditional residents to participate in Sorting and Reting online before Session 2. Software limitations prevented us from collecting
all demographic data from online participants, represented as “unknown.” These responses are not included in the percent totals.
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IABLE 2 | Brainstorming and rating details for each community.

Brainstorming Prompt*

Additional
brainstorming
guidance®

Rating prompt®

Rating scale®

Community A and Community B

“What influences and has influenced your
health?”

Consider what has influenced your health
across your lfespan in all areas in which
You spend time

“On a scale of 1-5, how important is each
item to your health?"

1-6

Community C and Community D

“What in your environment is affecting your
and your community’s health?”
When you think about your environment,
please consider the surroundings or
conditions in which you fve, you are not
limited to the natural/geographical
environment.

“On a scale of 1-10, how important is
each item to your health, your family’s
health, or your community’s health?”
1-10

“After reflecting on the outcomes from the two initial communities and on the second purpose of the Roadshow, which is to prepare the community to take action on a community
priority, we chose to revise the prompt and guidance to help focus on their current community.
bBased on our experience with the first two communities, we revised the rating question to provide clarity and to encourage a broader range of ratings.
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exposures

4Clusters that contain statements spanning more than one topic are repeated.

. Family, Friends, and
Life Opportunities
Example statements:
“Education,”
“Income”

« Social Justice/Ethics
Example
statements:

“Flaws,
practices of a
racist society,”
“Poverty”

. Government lssues
Example statements:
“Lack of
responsiveness from
local government,”
“Lack of
transparency”

bRepresents two clusters: “Issues: Community Resources/Quality of Neighborhood Life” and “Aspirations: Community Resources/Quality of Neighborhood Life".
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