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Abstract
Background
Emerging evidence about the effects of endocrine disruptors on asthma symptoms suggests new opportunities to reduce asthma by changing personal environments. Right-to-know ethics supports returning personal results for these chemicals to participants, so they can make decisions to reduce exposures. Yet researchers and institutional review boards have been reluctant to approve results reports in low-income communities, which are disproportionately affected by asthma. Concerns include limited literacy, lack of resources to reduce exposures, co-occurring stressors, and lack of models for effective reporting. To better understand the ethical and public health implications of returning personal results in low-income communities, we investigated parents’ experiences of learning their children’s environmental chemical and biomonitoring results in the Green Housing Study of asthma.

Methods
The Green Housing Study measured indoor chemical exposures, allergens, and children’s asthma symptoms in “green”-renovated public housing and control sites in metro-Boston and Cincinnati in 2011–2013. We developed reports for parents of children in the study, including results for their child and community. We observed community meetings where results were reported, and metro-Boston residents participated in semi-structured interviews in 2015 about their report-back experience. Interviews were systematically coded and analyzed.

Results
Report-back was positively received, contributed to greater understanding, built trust between researchers and participants, and facilitated action to improve health. Sampling visits and community meetings also contributed to creating a positive study experience for participants. Participants were able to make changes in their homes, such as altering product use and habits that may reduce asthma symptoms, though some faced roadblocks from family members. Participants also gained access to medical resources, though some felt that clinicians were not responsive. Participants wanted larger scale change from government or industry and wanted researchers to leverage study results to achieve change.

Conclusions
Report-back on environmental chemical exposures in low-income communities can enhance research benefits by engaging residents with personally relevant information that informs and motivates actions to reduce exposure to asthma triggers. Ethical practices in research should support deliberative report-back in vulnerable communities.
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Background
Personalized information about chemical exposures may be an effective way to motivate and inform parents, so they can reduce asthma triggers in their homes. Asthma affects 6.2 million children in the US [1], and asthma rates for non-Hispanic black children and Puerto Rican children are almost twice as high as rates for non-Hispanic white children [2]. More than 1 in 10 children below the federal poverty level has asthma [2]. Effects include decreased educational success, decreased overall health, and increased emergency room visits, which reduce family income when parents or guardians miss work and limit time to care for other family members [3–6]. Asthma can be triggered by environmental agents including air pollutants and allergens in the home that may be reduced by the choices of building materials, ventilation, and housing management practices in green buildings [7, 8]. A study in Boston public housing found that children in green renovated units had fewer asthma symptoms, asthma attacks, hospital visits, and missed school days than in traditional unrenovated homes [8, 9]. Increasing evidence indicates that endocrine disrupting compounds, such as phthalates (e.g., DEHP, benzylbutylphthalate) and phenolic compounds (e.g., triclosan, bisphenol A, and parabens), can exacerbate asthma symptoms [10–17]. Reporting to parents in studies of these chemical exposures may enable them to make personal changes and advocate for institutional change to reduce asthma triggers.
In the past, reporting personal chemical-exposure results to study participants was mostly limited to compounds with established clinical guidelines, like lead, but as newer practices, based on right-to-know ethics, are becoming more common, report-back extends to endocrine disrupting chemicals with less established health effects [18–27]. When reports include contextual information about health, uncertainties, and opportunities for exposure reduction, studies find that report-back leads to greater understanding, motivates action, and does not cause excessive worry [18, 24, 28, 29]. Still, researchers and IRBs often remain hesitant to report results in low-income communities, citing limited literacy, language barriers, lack of resources to reduce exposures, adding worries and “action items” to an already-stressed group, and limited prior models for reporting back [25]. Yet low-income communities may particularly benefit, because report-back contributes to environmental health literacy, discovery of local exposure sources, and a respectful, transparent research context [24, 26, 29, 30]. The Green Housing Study (GHS) illustrates these issues. GHS is funded by the U.S. Centers for Disease Control and Prevention (US CDC), Department of Housing and Urban Development, and National Center for Healthy Housing to evaluate effects of home environments on children with asthma living in public housing. Participating families have limited formal education, are stressed by a child with asthma, and have constrained capacity to influence the conditions of public housing or low-cost rental housing. At the same time, this setting creates opportunities to build capacity among residents, improve their health, engage housing decision-makers, and address environmental health with local clinicians. To inform best practices for results communication in low-income communities, we conducted a case study of the experiences of low-income housing residents who were part of the GHS.

Methods
The Green Housing Study is investigating how “green” renovation in low-income housing affects indoor air quality and asthma morbidity in children. From 2011 to 2013, researchers from Harvard School of Public Health, University of Cincinnati, and Silent Spring Institute collected data on indoor environmental chemicals, allergens, and children’s asthma [31]. The study was conducted in renovated and control low-income and public housing in metro-Boston (Lowell, Lawrence, Old Colony, Castle Square) and Cincinnati. Renovations focused on energy efficiency, with some Boston sites also adopting integrated pest management and removing vinyl flooring. The primary aim was to investigate effects of energy-saving buildings, which modify ventilation, on air quality and health.
The GHS recruited children aged 7 to 12 with doctor-diagnosed asthma who lived in public housing developments and other nearby low-income units [31]. The study team recruited participants who lived in renovated public housing through community meetings led by GHS staff, distributing fliers, and door-to-door visits [31]. Interested participants could get more information and join the study during community meetings or by contacting study staff by telephone. Recruitment of control homes at comparable sites in the broader Boston community occurred through fliers at health centers, hospitals, community-based organizations, community programs, and after-school programs, and recruitment letters sent by the Boston Housing Authority to select individuals living in Boston public housing. Recruitment letters were sent in three languages and instructed interested individuals to contact the Green Housing Study team by telephone for additional information.
Researchers conducted three or four home visits over one year, collecting household dust, indoor and outdoor air, children’s urine and blood, and assessments of airway inflammation and lung function [31–35]. Parents responded to questionnaires about demographics, home characteristics, and the children’s health. Over one hundred environmental chemicals were analyzed, including pesticides, flame retardants, fragrances, polycyclic aromatic hydrocarbons (PAHS, products of combustion), polychlorinated biphenyls (PCBs), chemical sunscreen (benzophenone-3), parabens, phthalates, and triclosan. Many of these measurements are novel and household exposure to a few of these chemicals has not been previously reported. Spot and morning void urine samples were taken at the home visit, frozen on site, collected when the sampling equipment was retrieved from the home (up to 5 days), and stored at -20 °C until shipment to the lab for analysis. SVOC indoor air samples were collected from the main living area using URG personal pesticide sampling cartridges (University Research Glassware; Chapel Hill, NC) [33, 34] and surface wipe samples were collected from the kitchen floor using the protocols from the American Healthy Homes Survey [32]. Indoor air and surface wipe samples were analyzed via GC/MS at Southwest Research Institute and first void morning urine samples were analyzed via high performance liquid chromatography tandem mass spectrometry (HPLC-MS/MS) at the CDC Environmental Health Laboratory [36, 37]. When first morning void samples were not available (n = 13), spot urine samples were analyzed.
Select participants were recruited for semi-structured interviews about their experience after receiving their study results. Participants from Old Colony (n = 24 eligible participants) were informed about report-back interviews during community meetings and participants from Old Colony and Lowell/Lawrence (n = 6 eligible participants) were recruited for these interviews by phone call in the year following the community meetings. Interviews were conducted in the order that participants were reached by phone.
Report-back methods
Parents of the children in the study received two report-back packets, one during a home sampling visit and one by mail or at a community meeting. Reports integrated input by GHS and the Personal Report-back Ethics (PERE) Study teams, based on best practices in health communication, testing of prototypes with residents of the Boston study neighborhood, and previous research on report-back [18, 22]. Reports included personalized results graphs, text summaries, and information about exposure reduction, chemical sources, and health. The second report, which included results for environmental chemicals, was personalized using DERBI, the Digital Exposure Report-back Interface [22]. An example results graph from the second report is shown in Fig. 1 and a full report is shown in Additional file 1. Boston participants also received personalized data shirts with a visual representation of selected chemical results [38]. Health-related information in the reports focused on asthma and included brief information about other health impacts. For example, the overall study results section of the report says:We found fragrance chemicals – which are avoidable asthma triggers – in every home. Most of the homes also had antibacterial chemicals, another avoidable asthma trigger. These chemicals have been linked to worsening asthma symptoms.

[image: A12940_2018_395_Fig1_HTML.gif]
Fig. 1An example graph from the second personalized report-back packet received by study participants




Open community meetings for participants and the public were held in Cincinnati and Boston. Meetings and written reports were translated based on languages spoken in the community (Cantonese, Mandarin, or Spanish). Among 44 Massachusetts participants who completed the study, 23 participants who attended a community meeting received their second result packet at that meeting and 21 participants who did not attend a community meeting received their second results packet by mail (see Table 1). The Cincinnati meeting was well-attended by the public, though no study participants attended. Researchers attended all community meetings and made notes of their observations.Table 1Study participation and eligibility for meetings and interviews. Three out of four sites had community meetings, and participants from two sites were recruited for report-back interviews


	 	Participants Engaged in Study Activities (N)

	Site
	Completed GHS sampling
	Attended community meeting
	Recruited for interview
	Completed interview

	Cincinnati
	30
	0
	0
	N/A

	Lawrence/Lowell
	6
	N/A
	6
	3

	Castle Square
	14
	14
	0
	N/A

	Old Colony/other Boston
	24
	9
	24
	7




The Cincinnati community meeting also provided an opportunity for the study team to demonstrate two prototype data physicalizations [39, 40]: BigBarChart and Dressed in Data [41]. Data physicalization is an emerging field that expands on data visualization research to create physical objects that display data in the real world, instead of on paper or a screen. BigBarChart (Fig. 2) is a human-sized, three-dimensional bar chart that participants can interact with using tangible interfaces to explore the community’s chemical exposure data. Each bar is made from a modified laundry hamper and can change its height and color to represent different quantitative (e.g. chemical amount) and qualitative (e.g. city) variables as the participants explore the dataset. Dressed in Data (Fig. 3) is a set of shirts that show individual participants’ exposure data for one class of compounds (phthalates). The shirt has three parts: a simplified line plot on the front of the shirt shows the relative amount of each phthalate found in the participant’s dust compared to other people in the study, a tag inside the shirt gives additional information about the sources and health risks, and a duck-shaped QR code on the sleeve links to more detailed information.[image: A12940_2018_395_Fig2_HTML.gif]
Fig. 2A concept sketch of BigBarChart, a data physicalization that was demonstrated at the Cincinnati community meeting



[image: A12940_2018_395_Fig3_HTML.gif]
Fig. 3Personalized data shirts were given to participants in the Boston Green Housing Study sites as part of their report-back packet. A shirt shows the relative amount of phthalates found in house dust for each individual compared to other participants in the study





Report-back interviews and analysis
After parents received their reports, the Boston GHS collaborators recruited 10 Old Colony and Lowell participants for semi-structured interviews based on the methods of previous studies [21, 30]. Interviews lasted about one hour and were conducted in person by trained staff and recorded with permission.
The semi-structured interview protocol had a sequence of questions and probes that systematically covered the study themes while allowing the participant to freely add information. Interviews began by asking participants about their overall experience in the study and during sample collection. Questions asked about participants’ thoughts or feelings when reading their study reports, the usefulness of elements in the report, understandings about the results, whether they found the report-back information surprising, and individual or collective actions taken or planned to reduce exposures. Questions asked whether participants had spoken to others about their reports and about those conversations. Interviews also invited participants to give advice to researchers (see Additional file 1 for interview guide).
Transcripts were analyzed and discussed by three members of the research team to develop codes based on interview questions, as well as broader conceptual themes reflected in the protocol. Important passages were identified from the interview transcripts based on these codes and summarized in order to draw out overarching patterns within and across the themes and participants. Four interview transcripts were analyzed by two researchers to compare code application and ensure inter-coder reliability, and one team member analyzed the remaining interviews after the coding scheme was well-developed. Roughly 15 revised themes were identified by researchers in response to patterns in interviews and on the ground knowledge of the study and were culled and finalized collaboratively based on strength of evidence and significance to report-back researchers. Interviews were reassessed by 1–2 researchers, based on the new themes, to determine frequency, and select relevant quotes.


Results
Ten Boston-area mothers completed interviews, 7 in English, 2 in Spanish, and 1 in Mandarin. The interviews consistently revealed that these mothers living in low-income housing and parenting a child with asthma appreciated receiving their study results and used the information. They made efforts to reduce their child’s asthma symptoms by altering product use and habits. Sampling visits, report-back, and community meetings all contributed to greater understanding and also built trust between researchers and participants, which improved the study experience. Some participants leveraged the study to advocate for better medical care, yet some felt that clinicians were not responsive. Some participants also faced roadblocks from family members who did not want to adopt healthy changes, and some wanted assistance from researchers to facilitate institutional change. We discuss six main themes that emerged from the interview analysis and summarize the key supporting points in Table 2.Table 2Frequency of key participant experiences by theme


	Theme
	Coded Attribute
	Percent of Participants (N = 10)

	Theme 1
	Joined study to access information or test otherwise unavailable
	100%

	Theme 2
	Cited specific individual changes planned or made in response to the study
	80%

	Theme 3
	Used study results to access additional medical or government resources
	40%

	Theme 4
	Shared or expressed intent to share study information with family or local community
	90%

	Theme 5
	Cited positive personal attributes of the study staff
	80%

	Theme 6
	Cited desire for community-level change from the government or industry
	100%

	Theme 6
	Cited specific action planned or made to prompt community-level change
	0%

	Overall
	Expressed regret about receiving study results
	0%

	Overall
	Cited benefits of report-back
	100%




Theme 1: Participants were motivated to learn about home exposures and their families’ health
All participants said they were motivated to join the study to access information or medical tests that were otherwise unavailable to them. Specifically, they wanted to learn more about their child’s asthma—the investigation’s central theme—as well as skin conditions, allergies, and general health. Many hoped to use this information to improve their child’s health:I was not clear why [my child] was getting sick all the time. So I want to go deeper to find out what he was allergic to... I went to a place to have an allergy test and they just start giving him medications... I want to know more why you’re giving all these meds. (P02).



Theme 2: Participants used the results to make positive changes
All participants cited benefits of their reports, and almost all cited specific changes they made or intended to make in response to the study, mainly by using alternative products, minimizing certain products, and changing household habits:For example I thought that using spray chemicals to kill cockroaches was the most effective way to kill them, but now I have replaced it with cockroach sticky traps, decreasing the use of the spray chemicals. And moreover, after I learned from this research that products with fragrances can increase the chemical concentration in the house, I have decreased the use of products with fragrances. Take shower gel as an example, I now understand that those without fragrances would be better. (P05).


Many participants cited fragrance as a particular target for change, which is significant, because avoiding fragrance was a main message in the reports (see Fig. 4). Participants also described eliminating nearby smoking, cleaning when children are out of the home, or covering pillows. The ability of participants to articulate specific actions to reduce exposures to hormone disruptors (see Fig. 5) and understand the relevance to their child’s asthma shows how report-back can enhance environmental health literacy [29, 42].[image: A12940_2018_395_Fig4_HTML.gif]
Fig. 4This pictograph of study-wide results shows that fragrance use was ubiquitous in homes. The text links the results to actions that can reduce asthma symptoms for children in the study



[image: A12940_2018_395_Fig5_HTML.gif]
Fig. 5The report included tips for reducing chemical exposures related to asthma. Almost all participants made changes inside their home to reduce exposures; researchers could do more to support participants seeking community action





Theme 3: Participants leveraged study results to access medical or government resources but with mixed success
Results reports provided leverage for participants in low-income housing to access medical resources and government programs. Two participants brought the report to their children’s doctors to get bed coverings:We talk [with her doctor] about the covering of her beds and her pillows. And matter of fact, they were able to give me a prescription and MassHealth [Medicaid] paid for all the covering of her bed. (P06).


Participants also used the study to access specialists and get inhalers or other medical treatment (P06, P03, P02).
However, other participants who were eager to talk to their healthcare providers about their child’s results remarked that their physicians seemed uninterested or unversed in environmental health. For example, one said her doctor focused on prescribing asthma medication and allergy shots rather than discussing strategies to improve her family’s indoor environment.

Theme 4: Participants faced successes and challenges in creating change in families and communities
Similarly, some participants worked to motivate their families and communities to make changes based on study results. They shared information with family and social circles, often with preference to individuals affected by asthma. They used research results to start conversations about healthier habits. However, promoting changes could be challenging:From the report I learned that a lot of chemicals can be harmful to your health, a lot of things that I need to improve on. But my father and son do not seem to take this issue seriously, and I feel like I can’t make a major change. But for the future, I think the report can help them understand the factors that lead to their asthma. (P05).


Moreover, participants noted language and cultural barriers to sharing information with neighbors in communities of mixed Hispanic and Chinese families (P05).

Theme 5: Participants gained understanding and built trust with researchers throughout the study process
Interviews revealed that environmental health literacy was developed through both the report-back and other aspects of the study process, including at-home sampling visits, questionnaires, and community meetings. Participants recognized that the sampling and surveys were “all a learning process” (P03). Completing questionnaires raised the idea that topics in the questions might be associated with health risks. One participant said she was “surprised to find out about some questions that I wasn’t expecting to be asked” (P07), such as about using an exhaust fan while cooking. Participants informally collaborated with researchers during sampling visits to consider steps to improve health—for example, one invested in an air conditioner after discussing with a researcher the frequency with which individuals smoked outside her window (P03).
Community meetings provided another opportunity to discuss results and led to additional insights. For example, two participants with high PAHs in indoor air found each other during the informal conversation time and together approached a researcher. Conversation revealed that one family was frequently burning incense, while the other had a broken kitchen fan and frequent high-temperature wok cooking contributed to high levels of smoke.
Some participants emphasized that the study would have felt intrusive without the report-back process. As one stated:In the beginning I didn’t like it… You get that feeling like when somebody’s intruding….But then, after seeing the result [at the mid-study visit]... I felt more comfortable because this was for the benefit of my daughter and her asthma. (P06).


Several participants alluded to how report-back added reciprocity between researcher and participant: “[I give] information to you guys who are doing the study and then get some information back for my own interest” (P09).
Most participants cited personal attributes of the researchers as facilitating their participation in a study that could otherwise be uncomfortable. They appreciated that researchers were “friendly” (P02), “professional” (P04), “patient” (P07), “flexible” (P10), and “trusted” (P02). Researcher attributes helped to manage cultural barriers:you guys make me feel comfortable and, and it’s hard for you to open the door to strangers...Well, I’m Spanish, you know. I don’t want people to come to my house and check to see I have dust in my house, if my house is dirty… (P02).



Theme 6: Participants want community-level change
While many participants cite individual actions to reduce asthma triggers, few cite concrete possibilities for collective action and none reported taking such action. Participants believe that companies and the government are unlikely to institute changes. In response to a question about company practices, one participant stated:oh boy. I don’t know what to say about that because if they know it’s bad for the environment, they know it’s bad for people that use them, but it’s about money, they’re not gonna do any change. (P07).


Despite their pessimism, participants still hope for change. As one indicated:[The government] needs to change those rules because it’s not only my child, you can see a lot of children with asthma, a lot. (P01).


Participants were interested in knowing what researchers would do with the data and some said they wanted the researchers to shape institutional changes. They asked whether data would be shared with hospitals, doctors, or others with decision-making power.

Results do not cause excessive worry to participants
In addition to observing participant responses, we also note what they did not say. During interviews, participants were asked about their thoughts and feelings upon receiving their study results, whether they were surprised by anything in their results, and whether they were glad to learn their personal results. Consistent with findings in other report-back studies, no participants reported excess worry, anxiety, or distress at receiving their results. Some participants reported that they expected their exposures to be high which made their results less surprising:I predict that the chemical concentration level would be pretty high in my home, so I wasn’t too surprised. But I was still surprised that the levels were pretty high. (P05).


Most participants were glad to receive their results, sometimes because the results provided important feedback that participants could act on:Yes. Now I know everything, ... what I was doing wrong or what I should do, be doing better, I’m glad to find out with that. We have some, not issues, we have things we can work out with them make a little better. (P07).


Interactions with participants during home visits, interviews, and community meetings also showed that participants asked questions and were engaged and curious and not overly burdened by the study results.


Discussion
This case study shows that reporting personal results for chemical exposures can be a positive component of ethical research practice for residents of low-income and public housing, because it provides useable information to address health disparities. Residents learned about actions to reduce their child’s asthma symptoms, increased their broader understanding of environmental health, and leveraged their results to access medical care. Based on this case study, researchers and IRBs can feel more confident that report-back practices can be adopted effectively among public and low-income housing residents.
Communication between participants and researchers throughout the study also increased trust, an important outcome, because it helps to remedy the history of distrust resulting from past research abuses in communities of color and indigenous communities. For example, in a study of lead paint remediation in low-income housing, researchers failed to inform study participants that their children’s blood lead levels were rising in one arm of the study and did not promptly end that intervention [43, 44]. This ethical failure and others have understandably made communities of color reluctant to participate in research, which, in turn, limits the generation of knowledge that could benefit them. In this context, report-back of personal exposures to environmental chemicals is particularly valuable. Further, receiving information on how to reduce these exposures can transform the researcher-participant dynamic to a more reciprocal relationship, in which participants feel they are benefitting from the data that they are providing to investigators.
Earlier studies of report-back in environmental health research have similarly observed positive experiences and contributions to personal and social change [18, 20, 23, 25, 45, 46]. However, IRBs and researchers have been concerned that in communities with multiple social and economic stressors and restricted options, report-back might add emotional burden without increasing health efficacy. Our study is small, which limits generalizability; however, our interviews showed that report-back can motivate participant engagement with personally relevant health issues, even in communities where time and resources are scarce. Similar to prior studies [18–21, 23, 45], report-back in the GHS was a desired component of the research, and we did not observe undue worry or feelings of unwanted burden among study participants in response to their child’s results and health messages.
We expect that the success of report-back in this study is partly due to tailoring information to the community context. Since many GHS participants were motivated to join the study because of their child’s asthma, the report-back was designed to include accessible ways to improve asthma symptoms, such as reducing fragrance use. Input from community leaders and usability testing of prototypes helped to shape the format and content to local needs and cultural contexts.
Our study also revealed ideas for improvement. For example, some GHS participants leveraged results to access medical resources. In the future, results reports could include a short briefing written for physicians, which participants could bring to their doctors. Similarly, participants faced barriers from family and others unwilling to change habits (e.g. smoking inside) and from practices by building management (e.g. pesticide spraying). The study could enhance participants’ efficacy by addressing these barriers. For example, researchers could educate family members and other residents, and participate in meetings with the housing management company.
Many GHS participants wanted changes by industry or government, but did not find ways to act on these issues. Researchers could help participants develop advocacy roles or connect with organizations that are already working to improve chemical regulation or housing conditions, such as the Green Building Council. A recent review of environmental health literacy studies suggests that increasing community engagement throughout the course of a study and putting additional resources towards increasing self-efficacy can help study participants expand from individual change to community-level change [29]. Because individuals who receive personal reports become more informed and motivated, they are poised to become change agents [30]. Researchers can increase the public health impact of their findings by facilitating those efforts, although we acknowledge that these activities take time and require additional skills. Developing ethical and effective methods for researchers to support participants’ desires for collective action remains an area for further exploration for report-back and environmental health literacy studies [29].
Future studies can build on this GHS case study by conducting data reporting in low-income and other vulnerable communities, and by adapting our report-back model in the particular context of their study participants. As researchers expand the practice of reporting-back in many different communities with diverse populations, new research about report-back in multiple settings can expand our knowledge about people’s experience receiving their data and provide a range of report-back models for researchers. Beta testing, field testing, and language testing of report-back materials in communities prior to reporting is an important step in effective report-back.
Researchers can also work to increase the opportunity for participants to take action on their results by expanding engagement with the participant’s immediate circles (e.g. family, neighbors, doctors and nurses) and local or national advocacy groups. Researchers could empower participants to connect with local or national groups working on related issues by including literature tables at community meetings or inviting advocates to attend meetings. They could also develop new kinds of reports for different audiences, such as doctors, public housing managers, or family members of the participant. The gender dynamics of report-back may be a particularly relevant area for study, as we found that women were the primary report-back recipients and one reported that male family members resisted changes in the home made in response to the results. In addition, some authors note that when exposure reduction requires informed consumer choice, the burden of implementation falls on women, because they are the primary shoppers and family caregivers [47]. Further research could explore the nature of the gender dynamic in report-back, particularly around home-based exposures, and design approaches that increase family engagement.
Finally, future work can explore alternative tools and platforms for reporting data and explore whether report-back leads to behavior change that impacts health. Digital interfaces for report-back may be less resource-intensive for researchers to deploy and may make it easier for participants to navigate through large amounts of data. New methods of data display, such as the data physicalizations Dressed in Data and BigBarChart prototyped in this study, may create novel or memorable experiences for participants interacting with their data. Cohort studies or other longer-term studies could take a deeper look at the behavior changes participants have described to us and provide more information about the influence of report-back on behavioral changes and their impact on health.
Limitations
The small number of one-on-one interviews in this case study were limited to metro-Boston and are not representative of all low-income housing communities. Because of the long report-back timeline, we were unable to reach some eligible Boston-area participants to recruit them for interviews, because they apparently relocated. Communications from GHS led Castle Square families to think their participation in the study was concluded when they received reports, so we were not able to recruit them for interviews. In Cincinnati, we attended the community meeting but did not interview individuals due to travel constraints. However, this case study offers unique perspective on the report-back experience in low-income housing and sets the stage for further study of report-back in vulnerable populations.


Conclusions
This study demonstrates that reporting back individual results for chemical exposures in public housing and other low-income housing can build environmental health literacy, stimulate behavior change, and encourage engagement and trust in research. Returning individual results has become an accepted ethical practice in most research settings [48], and concerns that report-back in low-income communities would be unwelcome and burdensome were not supported. Report-back is an important ethical practice, as it enables participants to benefit directly by receiving actionable health information in return for the data they provide. This case study shows that report-back can enhance the public health benefits for participants living in low-income housing and that IRB policies should encourage carefully designed and deliberative report-back protocols in vulnerable communities.

Acknowledgements
Ginger Chew at CDC is the overall principal investigator for GHS. We thank her for supporting information-rich report-back in this study. Tiina Reponen, Douglas Brugge and David Turcotte advised GHS on the results reports. Dr. Reponen was the lead investigator in Cincinnati. Marty Alvarez-Reeves is the project manager for the Boston sites and conducted many of the interviews, along with Oscar Zarate and Tina Wang. Meryl Colton led many of the home visits at the Boston sites. Herbert Sussman, Krzysztof Z. Gajos, and Kenneth C. Arnold contributed to the design of results reports. Robin Dodson and Ruthann Rudel advised on the interpretation of chemical exposures. V. Michael Bove advised on the data physicalization work. Phoebe Cai and Amber Guo contributed to the fabrication and design of the Dressed in Data shirts.
Funding
This work was supported by CDC grants CDC 5U01EH000990 (Cincinnati; PI Tiina Reponen) and CDC 5U01EH000991 (Boston; PI Gary Adamkiewicz), National Institutes of Health grant R01ES017514-S1 (PI Julia Brody), and the John S. And James L. Knight Foundation prototype fund (PI Julia Brody/Laura Perovich). Researchers at the CDC led the design of the Green Housing Study and supported the inclusion of data reporting and additional indoor chemical monitoring in the study.

Availability of data and materials
An example GHS personal report is available in the supplemental information, or at https://​silentspring.​org/​sites/​default/​files/​greenhousingstud​y-reportback.​pdf.
Codebooks for transcript analysis are available from the authors on request. The interview datasets are not publicly available due to concerns that they could lead to participant re-identification. Interview transcripts may be shared for specified research purposes by agreement with the investigators and with oversight by an appropriate institutional review board.


Authors’ contributions
LJP, JLO, EMC, PB, and JGB analyzed interviews. LJP led drafting of the article with JO, EMC, and JGB. JGB, RMF, and PB co-led the report-back study and JGB attended the community meetings. GA oversaw the Boston GHS. All authors contributed to writing and editing, and read and approved the final manuscript.

Ethics approval and consent to participate
Informed consent was obtained from all participants in the study and study protocols were approved by the Harvard University (#20393), CDC (#5587), Northeastern University (12–08-03), and University of Cincinnati (#11–02–03-02) IRBs.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


[image: Creative Commons]Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Centers for Disease Control and Prevention. CDC FastStats: Asthma. 2017. https://​www.​cdc.​gov/​nchs/​fastats/​asthma.​htm. Accessed 1 Nov 2017.

2.
Centers for Disease Control and Prevention. Most Recent Asthma Data. 2017. https://​www.​cdc.​gov/​asthma/​most_​recent_​data.​htm. Accessed 2 Nov 2017.

3.
Sullivan PW, Smith KL, Ghushchyan VH, Globe DR, Lin S-L, Globe G. Asthma in USA: its impact on health-related quality of life. J Asthma. 2013;50:891–9.Crossref

4.
American Lung Association, Epidemiology and Statistics Unit, Research and Health Education Division. Trends in Asthma Morbidity and Mortality. 2012. http://​www.​lung.​org/​assets/​documents/​research/​asthma-trend-report.​pdf. Accessed 2 Nov 2017.

5.
Akinbami L. The state of childhood asthma, United States, 1980–2005. Advanced Data from Vital and Health Statistics. Centers for Disease Control and Prevention; 2006. https://​www.​cdc.​gov/​nchs/​data/​ad/​ad381.​pdf. Accessed 2 Nov 2017.

6.
Koinis Mitchell D, Kopel SJ, McQuaid EL, Boergers J, Esteban C, Seifer R, et al. Asthma-Related Co-Morbidities In Urban Children With Persistent Asthma: Contributors To Disparities In Asthma, Sleep And Academic Outcomes. In: D14. IMPROVING CARE AND REDUCING DISPARITIES IN ASTHMA AND SLEEP. Am Thoracic Soc; 2016. p. A6430–A6430.

7.
Parker EA, Israel BA, Robins TG, Mentz G, Xihong L, Brakefield-Caldwell W, et al. Evaluation of community action against asthma: a community health worker intervention to improve children’s asthma-related health by reducing household environmental triggers for asthma. Health Educ Behav Off Publ Soc Public Health Educ. 2008;35:376–95.Crossref

8.
Colton MD, MacNaughton P, Vallarino J, Kane J, Bennett-Fripp M, Spengler JD, et al. Indoor air quality in green vs conventional multifamily low-income housing. Environ Sci Technol. 2014;48:7833–41.Crossref

9.
Colton MD, Laurent JGC, MacNaughton P, Kane J, Bennett-Fripp M, Spengler J, et al. Health benefits of green public housing: associations with asthma morbidity and building-related symptoms. Am J Public Health. 2015;105:2482–9.Crossref

10.
Bornehag C-G, Sundell J, Weschler CJ, Sigsgaard T, Lundgren B, Hasselgren M, et al. The association between asthma and allergic symptoms in children and phthalates in house dust: a nested case–control study. Environ Health Perspect. 2004;112:1393–7.Crossref

11.
Kolarik B, Naydenov K, Larsson M, Bornehag C-G, Sundell J. The association between phthalates in dust and allergic diseases among Bulgarian children. Environ Health Perspect. 2008;116:98–103.Crossref

12.
Just AC, Whyatt RM, Miller RL, Rundle AG, Chen Q, Calafat AM, et al. Children’s urinary phthalate metabolites and fractional exhaled nitric oxide in an urban cohort. Am J Respir Crit Care Med. 2012;186:830–7.Crossref

13.
Savage JH, Johns CB, Hauser R, Litonjua AA. Urinary triclosan levels and recent asthma exacerbations. Ann Allergy Asthma Immunol Off Publ Am Coll Allergy Asthma Immunol. 2014;112:179–181.e2.Crossref

14.
Spanier AJ, Fausnight T, Camacho TF, Braun JM. The associations of triclosan and paraben exposure with allergen sensitization and wheeze in children. Allergy Asthma Proc. 2014;35:475–81.Crossref

15.
Wang I-J, Chen C-Y, Bornehag C-G. Bisphenol a exposure may increase the risk of development of atopic disorders in children. Int J Hyg Environ Health. 2016;219:311–6.Crossref

16.
Donohue KM, Miller RL, Perzanowski MS, Just AC, Hoepner LA, Arunajadai S, et al. Prenatal and postnatal bisphenol a exposure and asthma development among inner-city children. J Allergy Clin Immunol. 2013;131:736–42.Crossref

17.
Robinson L, Miller R. The impact of bisphenol a and phthalates on allergy, asthma, and immune function: a review of latest findings. Curr Environ Health Rep. 2015;2:379–87.Crossref

18.
Brody JG, Dunagan SC, Morello-Frosch R, Brown P, Patton S, Rudel RA. Reporting individual results for biomonitoring and environmental exposures: lessons learned from environmental communication case studies. Environ Health Glob Access Sci Source. 2014;13:40.

19.
Brody JG, Morello-Frosch R, Brown P, Rudel RA. Reporting individual results for environmental chemicals in breastmilk in a context that supports breastfeeding. Breastfeed Med Off J Acad Breastfeed Med. 2009;4:121. author reply 123Crossref

20.
Brody JG, Morello-Frosch R, Brown P, Rudel RA, Altman RG, Frye M, et al. Improving disclosure and consent: “is it safe?”: new ethics for reporting personal exposures to environmental chemicals. Am J Public Health. 2007;97:1547–54.Crossref

21.
Altman RG, Morello-Frosch R, Brody JG, Rudel R, Brown P, Averick M. Pollution comes home and gets personal: women’s experience of household chemical exposure. J Health Soc Behav. 2008;49:417–35.Crossref

22.
Boronow KE, Susmann HP, Gajos KZ, Rudel RA, Arnold KC, Brown P, et al. DERBI: a digital method to help researchers offer “right-to-know” personal exposure results. Environ Health Perspect. 2017;125:A27–33.Crossref

23.
Morello-Frosch R, Varshavsky J, Liboiron M, Brown P, Brody JG. Communicating results in post-Belmont era biomonitoring studies: lessons from genetics and neuroimaging research. Environ Res. 2015;136:363–72.Crossref

24.
Morello-Frosch R, Brody JG, Brown P, Altman RG, Rudel RA, Pérez C. Toxic ignorance and right-to-know in biomonitoring results communication: a survey of scientists and study participants. Environ Health Glob Access Sci Source. 2009;8:6.

25.
Ohayon JL, Cousins E, Brown P, Morello-Frosch R, Brody JG. Researcher and institutional review board perspectives on the benefits and challenges of reporting back biomonitoring and environmental exposure results. Environ Res. 2017;153:140–9.Crossref

26.
Ramirez-Andreotta MD, Brody JG, Lothrop N, Loh M, Beamer PI, Brown P. Improving environmental health literacy and justice through environmental exposure results communication. Int J Environ Res Public Health. 2016;13

27.
Ramirez-Andreotta MD, Brody JG, Lothrop N, Loh M, Beamer PI, Brown P. Reporting back environmental exposure data and free choice learning. Environ Health Glob Access Sci Source. 2016;15:2.

28.
Rudel RA, Seryak LM, Brody JG. PCB-containing wood floor finish is a likely source of elevated PCBs in residents’ blood, household air and dust: a case study of exposure. Environ Health Glob Access Sci Source. 2008;7:2.

29.
Gray KM. From content knowledge to community change: a review of representations of environmental health literacy. Int J Environ Res Public Health. 2018;15:466.Crossref

30.
Adams C, Brown P, Morello-Frosch R, Brody JG, Rudel R, Zota A, et al. Disentangling the exposure experience: the roles of community context and report-back of environmental exposure data. J Health Soc Behav. 2011;52:180–96.Crossref

31.
Coombs KC, Chew GL, Schaffer C, Ryan PH, Brokamp C, Grinshpun SA, et al. Indoor air quality in green-renovated vs. non-green low-income homes of children living in a temperate region of US (Ohio). Sci Total Environ. 2016;554–555:178–85.Crossref

32.
Stout DM, Bradham KD, Egeghy PP, Jones PA, Croghan CW, Ashley PA, et al. American healthy homes survey: a national study of residential pesticides measured from floor wipes. Environ Sci Technol. 2009;43:4294–300.Crossref

33.
Rudel RA, Camann DE, Spengler JD, Korn LR, Brody JG. Phthalates, alkylphenols, pesticides, polybrominated diphenyl ethers, and other endocrine-disrupting compounds in indoor air and dust. Environ Sci Technol. 2003;37:4543–53.Crossref

34.
Rudel RA, Dodson RE, Perovich LJ, Morello-Frosch R, Camann DE, Zuniga MM, et al. Semivolatile endocrine-disrupting compounds in paired indoor and outdoor air in two northern California communities. Environ Sci Technol. 2010;44:6583–90.Crossref

35.
Ponder-Brookins P, Witt J, Steward J, Greenwell D, Chew GL, Samuel Y, et al. Incorporating community-based participatory research principles into environmental health research: challenges and lessons learned from a housing pilot study. J Environ Health. 2014;76:8–17.

36.
Silva MJ, Samandar E, Preau JL, Reidy JA, Needham LL, Calafat AM. Quantification of 22 phthalate metabolites in human urine. J Chromatogr B. 2007;860:106–12.Crossref

37.
Zhou X, Kramer JP, Calafat AM, Ye X. Automated on-line column-switching high performance liquid chromatography isotope dilution tandem mass spectrometry method for the quantification of bisphenol a, bisphenol F, bisphenol S, and 11 other phenols in urine. J Chromatogr B. 2014;944:152–6.Crossref

38.
Perovich LJ. GHS Data Shirts. Portfolio: Laura Perovich http://​www.​lauraperovich.​com/​projects/​dressedindataGHS​.​html. Accessed 1 Nov 2017.

39.
Swaminathan S, Shi C, Jansen Y, Dragicevic P, Oehlberg LA, Fekete J-D. Supporting the design and fabrication of physical visualizations. ACM Press. 2014:3845–54. https://​doi.​org/​10.​1145/​2556288.​2557310.

40.
Jansen Y, Dragicevic P, Fekete J-D. Evaluating the efficiency of physical visualizations. ACM Press. 2013:2593. https://​doi.​org/​10.​1145/​2470654.​2481359.

41.
Perovich LJ (Laura J. Data Experiences : novel interfaces for data engagement using environmental health data. Thesis. Massachusetts Institute of Technology; 2014. http://​dspace.​mit.​edu/​handle/​1721.​1/​95612. Accessed 26 Mar 2018.

42.
Finn S, O’Fallon L. The emergence of environmental health literacy-from its roots to its future potential. Environ Health Perspect. 2017;125:495–501.Crossref

43.
Maryland Court of Appeals. Grimes v. Kennedy Krieger Institute, Inc. Wests Atl Report. 2001;782:807–62.

44.
Spriggs M. Canaries in the mines: children, risk, non-therapeutic research, and justice. J Med Ethics. 2004;30:176–81.

45.
Brown P, Brody JG, Morello-Frosch R, Tovar J, Zota AR, Rudel RA. Measuring the success of community science: the northern California household exposure study. Environ Health Perspect. 2012;120:326–31.Crossref

46.
Brown P, Morello-Frosch R, Brody JG, Altman RG, Rudel RA, Senier L, et al. Institutional review board challenges related to community-based participatory research on human exposure to environmental toxins: a case study. Environ Health Glob Access Sci Source. 2010;9:39.

47.
Mackendrick N. More work for mother: chemical body burdens as a maternal responsibility. Gend Soc. 2014;28:705–28.Crossref

48.
Secretary’s Advisory Committee on Human Research Protections. Attachment B: Return of Individual Research Results. U.S. Department of Health and Human Services. 2016. https://​www.​hhs.​gov/​ohrp/​sachrp-committee/​recommendations/​attachment-b-return-individual-research-results/​index.​html. Accessed 1 Nov 2017.




OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/A12940_2018_395_Fig4_HTML.gif
We found fragrance chemicals - which are avoidable asthma
triggers - in every home.

shames
Most ofthe homes als had ancbaceil 200
e I see
o 200 066
Tips for a healthy home Qe e
o o gt g
svoidanbactral producs. 006 606

o 3585 snd e oo et Tonomes 400 666
jrassilooir Y 000 006

200 000 086

rome 000 000 066

rotomes © oo OO 000 006

Oagrance chemcats 1 agrance chemical 2 ragrance chamscals 3iegrancechemicats 4 agrance hemicls S agrane chemcss
Number of fragrance chemicals in air





OEBPS/A12940_2018_395_Fig2_HTML.gif





OEBPS/contact.gif





OEBPS/A12940_2018_395_Fig1_HTML.gif
Your Results:

Combustion Byproducts - PAHs.

Combastion byprodscts thatcabe found n gasoline,shice exbaus, tobacc smoke,woo fres,cooking fumes, and grilled

food

=i o e
| |
. [}

® o o mxouEmma: o

_i;;m e o

© ather peopl’s chemical @ houscholds where the

® your chemicallevel
o levels chemical was not decected





OEBPS/A12940_2018_395_Fig3_HTML.gif





OEBPS/A12940_2018_395_Fig5_HTML.gif
General

s for a healthy home

In your home

* Burning anything in your house, whether smoking or cooking, can release chemicals
hatcan eigger asthma symptoms. Don't allow anyone t0 smoke i your homme. Open
the window or e an exhaust fan when cooking.

« Fragrances can irritate lungs. Many products contain fragrances, including air
fresheners, laundey detergents, diapers, and soaps. You can buy products that are
fragrance free.

* Try t0 reduce the use of chemical cleaners and pesticides in your home. Some houschold
cleaners can rritate eyes or lungs.

+ Wiping with a damp cloth or mop captures dust and prevents chemicals and allergens in
the dust from getting into the air. So mop rather than sweep, wet-wipe surfaces to
remove dust, or use a vacuum with a HEPA (high-efficiency particulate absorption)
filer if you an.

Community Actions.

« Idling cars can put particulate matter in your air. Anti-dling ordinances have improved
air qualit in some communitie. Try to avoid idling your car and encourage your
neighbors to do the same.

« Talk o your building manager about using integrated pest management (IPM) to
decrease the use of pesticidesin your building. You can help by eliminating open food
sources, including food for pets. Also, check for and repair drips or leaks, and reduce
clutter in your home. Share the information you've learned with your neighbors.





