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ABSTRACT 

Background: Environmental and occupational health (EOH) assessments increasingly utilize 

systematic review methods and structured frameworks for evaluating evidence about the human 

health effects of exposures. However, there is no prevailing approach for how to integrate this 

evidence into decisions or recommendations. Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) evidence-to-decision (EtD) frameworks provide a 

structure to support standardized and transparent consideration of relevant criteria to inform 

health decisions. This study identifies and synthesizes available EOH decision frameworks, and 

evaluates the applicability and usability of an existing GRADE EtD perspective to advance the 

development of a tailored EOH EtD framework. 

Methods: We performed a systematic review of MEDLINE, EMBASE, and Cochrane Library, 

and a manual search of gray literature to identify frameworks that inform decision-making about 

EOH exposures from the years 2011 to 2021. We abstracted and analyzed decision 

considerations from each framework through narrative synthesis. Next, we conducted a two-

round Delphi process, engaging stakeholders from the following perspectives within 

environmental and occupational health: risk assessment and management, nutrition and food 

safety, cancer, and socio-economic analysis. Panelists rated the relevance and wording of each 

consideration on a 7-point Likert scale, and provided free-text comments during both phases. 

Considerations that did not meet predetermined thresholds were excluded. 

Results: Out of 5,196 unique references, we identified 22 published reports of EOH decision 

frameworks. We identified another 16 frameworks in a search of gray literature, totaling 38 

source frameworks. We abstracted 560 individual decision considerations from these 

frameworks, 104 of which may contribute additional information to the guidance, scope, context, 

or assessment criteria of the GRADE EtD framework. In round 1 of the Delphi study, 50 decision 

considerations were aggregated or removed, and 9 were aggregated or removed after round 2, 

for a final total of 47. No new decision considerations were added in either round. We identified 

several differences between decision criteria that are applied in EOH and the GRADE EtD 

framework, including vocabulary that is specific to EOH (e.g., toxicity, the precautionary 

principle), and granularity of the EOH decision considerations (e.g., detailed signaling questions 

to assess feasibility and resources required). However, this study did not identify any EOH 

decision criteria that are completely distinct from the GRADE EtD framework.  

Conclusions: Findings of this mixed-methods study comprise a foundation for a GRADE EtD 

that is applicable for use in EOH decision-making, with implications for approaches to regulation 

of environmental and occupational exposures and the formulation of recommendations for 

interventions to prevent or mitigate undesirable health and other consequences. 

Keywords: systematic review, Delphi, GRADE, decision-making, environmental health, 

occupational health, decision framework 
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HIGHLIGHTS 

● The GRADE evidence-to-decision (EtD) framework may facilitate systematic and 

transparent decision-making in environmental and occupational health (EOH), with 

beneficial implications for the implementation of recommendations and regulations. 

● We performed a systematic review of EOH decision frameworks and Delphi study with 

content experts; we did not identify any decision criteria that are completely distinct from 

those described in the GRADE EtD for health system and public health decisions. 

● Although the main criteria for assessing different options are similar between different 

contexts, the nomenclature used to describe and apply criteria may represent an 

important barrier to decision framework generalizability. 

● Tailoring of the GRADE EtD framework has the potential to improve its applicability to 

EOH contexts, including development of guidance for GRADE EtD framework 

operationalization that is specific to EOH. 

INTRODUCTION 

According to a 2016 report from the World Health Organization (WHO), 24% of global deaths 

are attributable to modifiable environmental risks. Healthier environments, including healthier 

workplace conditions, could prevent almost one quarter of the global burden of disease, or 13.7 

million deaths per year.1 Environmental health risks are assessed through a stepwise process 

involving hazard identification, dose-response assessment, exposure assessment, and risk 

characterization.2 This process yields evidence that may be used to inform regulation of 

exposures that are linked to undesirable health outcomes, or recommendations for interventions 

to prevent or mitigate risk.3  

The Grading of Recommendations Assessment, Development and Evaluation (GRADE) 

Working Group was established in 2000 as an international collaboration of methodologists, 

guideline developers, biostatisticians, clinicians, and public health experts.4 The Working Group 

has developed and continually improved an approach to assessing certainty in the evidence to 

answer questions about the effect of an intervention or exposure on human health outcomes.5–7 

The GRADE approach to evidence appraisal has been adapted by the National Toxicology 

Program's (NTP) Office of Health Assessment and Translation (OHAT), the Navigation Guide, 

and WHO, among other stakeholders, to support efforts to answer questions about the effects of 

environmental or occupational exposures.7–10  
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Certainty in the estimates of effects of exposures is one important consideration among several 

that should inform policymaking, regulation, priority-setting, or selection of one intervention over 

an alternative. Prior studies have applied the GRADE approach for assessment of certainty of 

evidence in EOH, described a framework for developing informative EOH research questions 

and facilitating interpretation of the directness of findings, and formulated an instrument for risk 

of bias assessment for non-randomized studies of exposures.3,7,11 Beyond its approach for 

assessing the certainty in the estimates, the GRADE Evidence-to-Decision (EtD) frameworks 

are intended to support groups in making informed judgments about the pros and cons of 

different options, and to provide a structure for recording and reporting these judgements, 

including reasons for disagreement.12 The main decision criteria comprising the GRADE EtD 

framework may be informed by prompting questions (“detailed judgements”) that facilitate 

discussion and clarify the information used to inform the main criteria judgments. The GRADE 

EtD framework also includes scope and context criteria that are intended to help groups pre-

specify the perspective, setting, and stakeholders that establish the conditions under which the 

decision will be made. The intended result is an evidence-informed recommendation or decision 

that is transparent and can be fully explained to stakeholders.13–17 

GRADE EtD frameworks have been tested and applied to five perspectives: individual clinical 

decisions, population-level clinical decisions, health system and public health decisions, 

coverage decisions, and tests.18–27 However, the GRADE EtD framework is rarely used in the 

context of environmental and occupational health (EOH).7 As EOH decision-makers often rely 

on low certainty evidence to inform decisions that will impact broad stakeholder populations, we 

hypothesized that the GRADE EtD may facilitate systematic and transparent consideration of 

additional criteria with beneficial implications for the development and implementation of EOH 

recommendations and regulations. 

This project aims to further explore EOH decision-making by comparing existing EOH decision 

frameworks and the GRADE EtD to identify any gaps in content, structure, or terminology that 

may present opportunities to improve the suitability of the GRADE EtD for use in EOH. We also 

aimed to elicit feedback from subject matter experts to evaluate the relevance of decision 

considerations that we identified through a systematic review, and to identify any considerations 

that were not evident in the literature. A subsequent manuscript will present the final EtD 

framework and provide guidance on its use. 
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METHODS 

Systematic review 

Protocol and search strategy 

We conducted a systematic review of decision-making frameworks used in environmental and 

occupational health that updates and extends a prior review by Norris, et.al. on the of the same 

subject, followed by a narrative synthesis of the criteria and detailed judgments described in the 

included frameworks.19,27 Throughout, we adopted an inductive approach to identify 

considerations that are used to inform EOH decision-making, building on the deductive 

approach used to develop our foundational decision framework, the GRADE EtD for health 

system and public health decisions.  

The systematic review protocol was registered on PROSPERO (CRD42022316686) and results 

are reported in the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 

(PRISMA) format.28–30 (Figure 1) The search strategy was developed in consultation with an 

experienced health sciences librarian using a combination of free (keywords) and controlled 

(MeSH) vocabularies and translated into the following databases: MEDLINE via PubMed, 

EMBASE, and Cochrane Library. (Supplement A) The search was restricted to materials 

published in English within 10 years prior to the starting date of the review (September 26, 

2021) to capture frameworks published both before and after publication of the GRADE EtD that 

are plausibly still in use. Additionally, we conducted a manual search of gray literature, including 

websites of government, professional, and public health organizations that produce health 

guidelines and the federal register. We used the Himmelfarb Health Sciences Library 

Environmental and Occupational Health Research Guide and the “Grey Matters” tool to identify 

a comprehensive list of sources for this search.31,32 Additionally, the search strategy used, 

number of results returned for screening, and number of documents included for each source 

was documented.33 (Supplement B) Wherever possible and applicable, the grey literature 

search strategy was consistent across sources.  

Study selection 

We included primary reports or systematic reviews of frameworks, tools, or templates for 

making decisions or formulating recommendations, or for priority-setting of interventions or 

exposures in public health. By employing an inclusive search strategy, we aimed to identify a 
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comprehensive set of frameworks within the subset of environmental and occupational health. 

We excluded sources that did not have relevance to EOH decision-making, evaluated the 

effectiveness of specific EOH interventions, or described a framework that is focused 

exclusively on economic analyses, evidence appraisal, risk assessment, or hazard identification. 

If multiple documents reported on the same framework, exact duplicates were excluded and 

duplicated reports of the same framework were only included once, unless they reported on 

unique criteria or detailed judgements not found in other publications or sources. Two reviewers 

(EJ, JK, NP, ES) independently screened each title, abstract, and full text in duplicate. At all 

stages of the review, disagreements were resolved through discussion or by consulting a third 

reviewer.  

Data management and abstraction 

Search results were exported to Covidence (Covidence systematic review software, Veritas 

Health Innovation, Melbourne, Australia. Available at www.covidence.org) to remove duplicates, 

screen sources, and document reasons for exclusion at the full-text stage (Figure 1). We used 

Google Forms to develop and pilot a standardized abstraction tool (Supplement C). If any data 

items were missing from or ambiguous in the published (or public) framework, we abstracted 

and analyzed the available information at face value, making as few assumptions as possible 

about the intent of the framework developer. 

Using the piloted tool, we abstracted data from the included sources such as the publication 

year and venue, study design, geographical location, topic(s), characteristics of the 

developer(s), intended user(s) and audience, funding sources, development methodology, 

limitations, decision criteria and signaling questions, use and risk of bias assessment of 

supporting evidence, and intended application of the recommendations (Supplement C). 

Abstraction was performed by one researcher and reviewed by a second (EJ, JK, NP, ES). We 

did not perform a quality appraisal of the frameworks, as this review is concerned with 

identifying all relevant criteria for EOH decision-making irrespective of the quality of the studies 

in which they are reported. 

Data coding & analysis 

We conducted a narrative analysis using textual descriptions and tabulation to systematically 

describe the characteristics of the included frameworks. For the individual decision 

considerations abstracted from the included frameworks, we designed a coding strategy to map 

http://www.covidence.org/
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abstracted considerations onto the decision criteria presented in the GRADE EtD for health 

system and public health decisions. With this approach, we aimed to identify (a) the potential 

existence of an EOH decision framework that would make tailoring of the GRADE EtD 

framework redundant, (b) whether any EOH frameworks introduce a theme that is not part of the 

GRADE EtD, thereby necessitating its extension, and/or (c) whether components within the 

EOH frameworks could inform tailoring of the GRADE EtD to the specifics of EOH decision-

making contexts (Figure 2).  

Each of the GRADE EtD framework assessment criteria (Problem, Desirable effects, 

Undesirable effects, Certainty of evidence, Values, Balance of effects, Resources required, Cost 

effectiveness, Equity, Acceptability, Feasibility) served as a code that could be applied to the 

abstracted decision considerations12 (Supplement E). Examples of this process are presented 

in Table 1. 

During the initial phase of coding, two members of the research team (PW, ES) independently 

applied codes to a pilot set of 100 abstracted decision considerations. Any discrepancy in 

application of the codes was counted as a disagreement and discussed to facilitate increased 

consistency in coding decisions between the researchers. After the initial calibration exercise, 

remaining considerations were coded by one researcher and reviewed by a second (PW, ES). 

In cases of disagreement, the reviewing researcher could apply additional codes to a 

consideration, but existing codes were not removed. We selected this inclusive approach to 

coding to account for multiple plausible interpretations of the same information.    

We applied as many of the codes as could reasonably be related to each decision 

consideration, hereafter referred to as “items.” We prospectively defined an “item” as the 

smallest unit of each framework, meaning the most detailed or granular description of a decision 

criterion (Table 2). Some items encompassed multiple EtD criteria and vice versa; rather than 

selecting a single, best fitting code for each item, we assigned as many codes as needed. Items 

were also labeled as “guidance” if they were normative statements or statements about the 

process for making decisions (e.g., “minimize harm to the general population,” “protect human 

rights and individual autonomy”); items were coded as “no code” if they had no plausible 

correlate within the assessment criteria or detailed judgements of the GRADE EtD framework. 

During the second phase of the coding process, three members of the research team (PW, RM, 

ES) reviewed and discussed all items that were coded to each of the GRADE EtD assessment 

criteria, including  items for which a code was not identified. Additional codes were applied to 
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items that may inform guidance about implementing or operationalizing the GRADE EtD in EOH 

contexts, inform tailoring of the GRADE EtD scope and context criteria, or comprise new 

judgements for a GRADE EtD assessment criteria to which they were coded in the first round. 

These items, collectively coded as “unique,” were de-duplicated and organized into a 

consolidated set of items for further refinement through a Delphi process.  

We summarized the coding applied to the identified detailed judgments with descriptive 

statistics (e.g., frequencies, percentages) using R Statistical Software (v4.1.2; R Core Team 

2021).34–36 The data set and code we used for this analysis are available at: 

https://github.com/esenerth/GRADE-EOH-EtD.  

Delphi study 

During the second phase of the project, we selected an electronic Delphi process to elicit 

additional information from subject matter experts because it prevented more outspoken or 

apparently senior participants from dominating a group discussion and therefore influencing 

others, permitted broader geographic representation than an in-person format, accommodated 

inclusion of diverse stakeholder perspectives, and provided an established method for reaching 

consensus. 

Study design  

Results of the systematic review and narrative synthesis underwent further analysis through 

structured stakeholder input to identify any EOH decision considerations that are not evident in 

the published or gray literature. Additionally, panelists were instructed to recommend 

reorganization, consolidation, and/or rewording of the decision criteria and detailed judgments 

as the basis for development of an integrated decision framework that will be applicable to EOH. 

This prospective Delphi study has been conducted and reported according to published 

guidance.37–40 

Stakeholder panel 

Stakeholders were recruited by the research team based on a matrix describing characteristics 

of anticipated users of an EOH decision framework and/or consumers of EOH 

recommendations.37 Prospective panelists received an invitation via email detailing the 

objectives, anticipated process, and timeline of the study. The panel was appointed after 

https://github.com/esenerth/GRADE-EOH-EtD
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ensuring consent to participate and balanced representation across gender, geographical 

settings, institutional contexts, and topical expertise. Prior to convening the panel, we collected 

information on intellectual and financial relationships from participants and did not identify any 

conflicts that would necessitate recusal for any portions of the process. 

Study procedures 

Panelists received instructions and survey materials via email; the survey was developed and 

fielded in Excel (Version 16.67; Microsoft, 2022). (Supplement TK) Panelists rated criteria and 

detailed judgements abstracted and consolidated from the systematic review and narrative 

synthesis, along with criteria and detailed judgements from the GRADE EtD framework as 

presented in GRADEPro (gdt.gradepro.org), on a 7-point Likert scale in the following domains: 

agreement with inclusion of the consideration (1 = strong disagreement; 7 = strong agreement), 

agreement with the wording of the consideration (1 = strong disagreement; 7 = strong 

agreement). The questionnaire also included multiple opportunities for free text comments: 

suggestions for revision of the wording, suggestions for additional guidance, other comments on 

the criteria or detailed judgements, and addition of any new criteria or detailed judgements. 

Questionnaires were completed independently, and panelists were not provided with any 

information about how others had voted in the prior round. (Supplement TK) 

 

Panelists were recruited based on a purposive sample developed by the research team and 

through “snowball sampling” of invitees. We aimed to recruit between 15 and 25 total panelists 

comprising target users of the GRADE EtD for EOH, participants with expertise in GRADE 

methods, and participants with expertise in several subspecialties of environmental and 

occupational health. Delphi literature recommends engaging between 10 and 18 participants per 

panel for optimal group dynamics and achieving consensus within a feasible number of 

rounds.41 The first round of the Delphi exercise began in March 2022 and lasted 14 days. 

Participants were sent up to three reminders to complete the questionnaire. The second round 

began in June 2022 and used a modified questionnaire based on iterative feedback and 

consensus during Round 1. This round also lasted 14 days, with up to three reminders.  

Analysis plan 

Survey responses were anonymized by one member of the research team (ES) and processed 

by three members of the research team (ES, PW, RLM) during a series of virtual meetings. The 
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primary outcome was attainment of consensus on the inclusion and wording of each criterion 

and detailed judgment. Responses, including panel demographic characteristics, were analyzed 

using descriptive statistics: counts and percentages, mean (standard deviation), median 

(interquartile range) and range.42 Items that received a median rating of >6.9 automatically 

advanced to the next round; items that received a median rating of <4.9 were removed. Items 

with median scores in between these values and/or items demonstrating large variability in 

rating (i.e., IQR >2) were discussed during the consensus meetings, including qualitative 

analysis of free text comments. These were coded into four categories: “scope (item should be 

more specific to environmental health, or subtypes of interventions or other policies), 

redundancy (addressed within or duplicated by another criterion or item), new (new decision 

consideration proposed by the respondent), and clarity (the content of the item is unclear to the 

respondent).  

 

Ethics 

This project did not involve any data collection from human subjects or biological specimens. 

We collected and analyzed existing data from published or public sources. According to the 

Hamilton Integrated Research Ethics Board (HiREB), this project does not require ethics review 

and is granted a waiver from the TCPS2 (2018) Article 2.5 as of January 24, 2022. Findings 

may be published and/or presented as quality improvement information. 

RESULTS 

Systematic review 

Search results 

The search of published literature yielded 5,420 records for consideration. After removing 

duplicates (n=224), we reviewed the titles and abstracts of 5,196 records and excluded 4,918 

that did not meet the criteria for inclusion. We reviewed the remaining 278 full texts and 

excluded another 255. The most common reason for exclusion was that the study did not 

present a decision-making framework (n=217); other excluded records presented hazard 

identification frameworks (n=29) or evidence appraisal frameworks (n=6). (Supplement D)  The 

search of gray literature yielded 835 documents from 31 different organizations. After 
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assessment against the inclusion criteria, 22 published reports of frameworks and 16 

frameworks from the gray literature were advanced to data abstraction (Figure 1). 

Framework characteristics 

Of the 38 included frameworks, 18 (47.4%) were developed by or for government agencies, 14 

(36.8%) were developed in academic settings, 5 (13.2%) were developed by non-governmental 

organizations (NGOs), and 1 (3%) was developed by industry. The most common topic 

addressed by the frameworks was public health (n=11).25,43–52 Other topics included water 

management (n=7),53–59 chemical alternatives assessment (n=5),60–64 waste management or 

sanitation (n=4),54,56,65,66 workplace exposures (n=4),67–70 site remediation (n=2),71,72 disaster or 

emergency management (n=2),73,74 and emissions (n=1).75 Four reports of frameworks did not 

specify a topic76–79 and two addressed both water management and sanitation (Table 3).54,56 

The frameworks that contributed the largest number of items to this analysis originated from 

government (n=275) and academic (n=241) settings, and addressed water management 

(n=133) and chemical alternatives assessment (n=113) (Table 4). Although public health was 

the most common framework topic, addressed by 29% of frameworks, public health frameworks 

contributed a minority of items to the analysis. 

Coding results 

Researchers applied identical codes to 90 percent of the items during piloting. Subsequently, 

89.3 percent of the items were coded identically. In the first round of coding, out of the 560       

identified items abstracted from the included frameworks, 206 (36.8%) were coded to 

“Undesirable effects”, 174 (31.1%) were coded to “Feasibility”, 156 (27.9%) were coded to 

“Problem”, 104 (18.6%) were coded to “Desirable effects”, 102 (18.2%) were coded to 

“Acceptability”, 84 (15.0%) were coded to “Resources required”, 54 (9.6%) were coded to 

“Values”, 44 (7.9%) were coded to “Certainty of evidence”, 41 (7.3%) were coded to “Balance of 

effects”, 32 (5.7%) were coded to “Equity”, and 32 (5.7%) were coded to “Cost effectiveness” 

(Figure 3, Table 4). Most of the items had two or more codes applied. (Figure 4) 

Twenty-three identified items were designated as “no code,” meaning they had no plausible 

correlation with any of the criteria nor of the detailed judgments of the GRADE EtD framework 

for health system and public health decisions (Figure 3). One framework was excluded from 

further analysis because it provided criteria for assessing access to health services rather than 

criteria for health decision-making; this framework contributed 19 items to the “no code” 
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category.64 This framework could also reasonably have been excluded during the screening 

phase. The other 4 items coded as “no code” were identified in two frameworks and were 

excluded from further analysis because they described criteria for assessing the decision-

making process rather than criteria for assessing alternatives.66,72 Ultimately all the “no code” 

items were excluded from further analysis for the reasons described above. Our sample did not 

include any items that were completely distinct from the GRADE EtD framework criteria for 

health system and public health decisions. 

During the second phase of coding, we applied additional codes to denote items that are 

aligned with one or more of the GRADE EtD criteria, but also contribute additional breadth or 

detail to the guidance (n=2), scope and context (n=40), or detailed judgements (n=62) of the 

GRADE EtD criteria to which they were coded in the first round (Table 5). In aggregate, these 

items are coded as “Unique” (Figure 2). We observed the greatest number of unique items 

coded to “Problem” (n=31) and “Resources required” (n=25) (Table 5). Of 38 included      

frameworks, 28 of these contributed items that were subsequently coded as unique (Figure 5). 

We observed variability in the total number of items abstracted from each of the frameworks 

(Figure 5). The frameworks with the greatest contribution of items were developed to address 

water management, chemical alternatives assessment, sanitation, and site 

remediation.54,56,59,61,64,71 These frameworks described decision considerations that are aligned 

with several of the GRADE EtD criteria (feasibility, desirable and undesirable effects, priority of 

the problem) but expressed them in a more granular form (e.g., carcinogenicity, genotoxicity, 

developmental toxicity, reproductive toxicity, and endocrine disruption disaggregated into 

separate considerations rather than a single judgment about “toxicity”).  

Analysis of the distribution of items stratified by framework characteristics shows that the 

proportion of identified framework items coded to each GRADE EtD criterion varies by both the 

development organization and topic of the framework (Table 3). The framework developed by 

industry was the most polarized, with all items concentrated in the “Problem” and “Undesirable 

effects” criteria. Frameworks developed by or for government agencies had the greatest density 

of items coded to “Feasibility.” Finally, frameworks developed in academic and government 

settings collectively contributed most of the unique items (Figure 6). Chemical alternatives 

assessment frameworks were the most polarized of the included topics, with the greatest 

density of items coded as “Problem” and “Undesirable effects” (Figure 7). The polarization of 

both industry and chemical alternative frameworks is likely driven by Perez 2017, which 
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contributed items to both categories, and Malloy 2013, which addressed chemical alternatives 

assessment from an academic perspective.61,64 Public health frameworks had the most uniform 

distribution of items across the EtD criteria.  

Based on the criteria that comprise the GRADE EtD, the frameworks identified by our review 

focused on assessing the undesirable effects of exposures, feasibility of alternatives, and 

magnitude or priority of the problem under consideration. The frameworks gave comparatively 

less attention to assessing the impact on equity and cost effectiveness of alternatives. We 

observed variability in the distribution of items related to each EtD criterion both in aggregate 

and when we stratified the data based on framework characteristics. 

Delphi study 

Out of a total of 42 invitations, 21 participants (50%) accepted the invitation and provided 

consent. One participant withdrew before completing the first round of rating. We received 20 

complete responses to the round one survey and 20 complete responses in round 2. However, 

one round 2 response was received after feedback was compiled and processed, so was not 

analyzed (Figure 8). Demographic characteristics of the panel surveyed in each round are 

presented in Table 6. The demographic composition was similar in rounds one and two, with 

roughly equal distribution of male and female participants and roughly equal representation of 

academic or research and government or regulatory settings. Most participants in both rounds 

are from North America (mean 46%); Europe, Asia, Australia, Africa, and South America were 

also represented on the panel.  

We presented a total of 106 items for rating in round one: 10 scoping criteria, 12 assessment 

criteria and 84 detailed judgments that may inform decisions about the main criteria. Based on 

panel free-text feedback and pre-specified consensus thresholds, 27 items were advanced from 

round one without any edits, including all the assessment criteria, and 27 items were dropped 

from the set. Other items were aggregated together (n = 30), rephrased (n = 11), or 

disaggregated into multiple items (n = 2) for re-rating in round two. Finally, we noted nine items 

that require further elaboration in the guidance for implementation of the EOH GRADE 

Evidence-to-Decision framework. Respondents did not propose any new decision 

considerations in round one. (Table 7, Figure 9) 

In round two, we again presented 10 scoping criteria and 12 assessment criteria for re-rating by 

the panel. The detailed judgments disaggregated from the assessment criteria were revised, 
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reduced, and consolidated into 34 items for re-rating. The round two questionnaire contained 56 

total items for re-rating. Based on panel free-text feedback and pre-specified consensus 

thresholds, 14 items were advanced from round two without any edits, and 5 items were 

dropped from the set. Other items were aggregated together (n = 4), rephrased (n = 9), or 

reorganized into a different grouping of decision considerations (n = 1). Finally, we noted two 

additional items that require further elaboration. Respondents did not propose any new decision 

considerations in round two. (Table 7, Figure 9) 

Themes 

Through this iterative process of collecting, de-duplicating, reorganizing, clarifying, and 

consolidating EOH decision considerations for further integration into a tailored EtD framework 

for EOH decision-making, we observed several themes as follows: 

Accounting for broad, undefined constituencies in decision-making 

Several frameworks in our sample explicitly referenced consideration of local community views 

and norms, interaction with various levels of government, broadly shared values in society, and 

values that tend to be minimized through methods used in traditionally hierarchical decision-

making processes.25,45,51,54,56,59,69,72–77 EOH decisions frequently affect large populations and 

diverse stakeholders, which requires decision-makers to define the constituency for a 

recommendation and make determinations about which stakeholder values are considered and 

weighted. For example, prioritizing one problem over another may involve an implicit judgment 

about the values of the population.  

Delphi panelists emphasized the importance of specifying the stakeholders who are the subject 

of consideration (e.g., when making a judgment about whether an intervention is acceptable to 

key stakeholders, “stakeholders at different levels may have various concerns on the 

intervention impacts, options, consequences, etc., try to specify the support from stakeholders 

with more details such as types.”). They also questioned whether the values, engagement, or 

awareness of a population should factor into decision-making about exposures or interventions 

to mitigate exposures with established harmful effects (e.g., “Thinking about hazardous 

exposures, I'm not sure this should be factored in.”) 

Consent 
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In scenarios where broad awareness of an EOH problem and decision alternatives cannot be 

assumed, consent may be a relevant consideration across several criteria. For example, when 

assessing whether a problem is a priority, frameworks in our sample described community 

involvement and advocacy as an indicator of urgency that could inform prioritization of certain 

questions or problems over others. When assessing acceptability, the frameworks described 

compulsion, coercion, and individual autonomy as considerations. When assessing feasibility, 

frameworks were concerned with whether or not the legal and regulatory context could provide 

an enforcement mechanism for a recommendation or threshold. 

Timing 

Timing is considered when assessing priority of the problem (e.g., bioaccumulation potential or 

persistence in the environment of an exposure), the resources required (e.g., age of equipment, 

institutional knowledge of workers), and the desirable and undesirable effects of different 

options (e.g., time for a potentially beneficial intervention to reach full effectiveness compared to 

an alternative). Specifically, EOH decision-makers often balance short-term undesirable effects 

(e.g., increased stress) and long-term desirable effects (e.g., reduction in community incidence 

of emphysema). Conclusions may differ depending on which time point is considered the most 

important. 

The precautionary principle 

Several frameworks in our sample were concerned with operationalizing the precautionary 

principle in EOH decision-making. For example, the likelihood of false negatives versus false 

positives as a consideration as part of the desirable and undesirable effects of alternatives (e.g., 

“it is more important to avoid false negatives than false positives,” “timing is at least as important 

as being right”). The precautionary principle is also present in detailed judgments about values, 

which assess the risk tolerance of various stakeholder groups (e.g., “risk acceptance"), and 

acceptability. 

Social and environmental justice 

Delphi panelists suggested broadening the equity criterion to include consideration of the 

geographical dimensions of an intervention or exposure and issues of social justice/injustice 

(e.g., “There are environmental exposures that impact communities where the community has 

no say, e.g. wind turbine facilities. This can be viewed as social injustice. Furthermore, in this 

scenario, a landowner may directly benefit because the turbine is on their property, a neighbor 
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who lives closer to the turbine may get nothing.”) Social and environmental justice 

considerations were also apparent in our sample of EOH decision frameworks (e.g., “Social 

justice and equality: How is social justice and/or equality addressed? What is the duration of 

remedial works and are there issues of intergenerational equity? Are the impacts/benefits of 

works unreasonably disproportionate to particular groups?”) 

Barriers to operationalizing the framework 

The EOH decision frameworks in our sample tended to forefront granular and context-specific 

decision considerations, often in the form of highly specific lists. For example, several 

frameworks provided what they appear to consider to be a comprehensive list of stakeholder 

perspectives to consider as part of the acceptability criterion, resources to consider when 

assessing the required resources, and toxicities to consider when assessing the undesirable 

effects of an exposure and priority of the problem. This specificity may be intended to minimize 

variation in operationalization of the frameworks or provide sufficient guidance to support 

implementation in a particular decision context, but also may limit their generalizability. The 

result is a patchwork of EOH decision frameworks that are each applicable to specific contexts, 

topics, or scenarios, but no prevailing framework of broad utility. (Table 3) 

Feedback from Delphi panelists was also focused on barriers to consistent operationalization of 

the framework. For example, panelists requested static definitions or quantitative thresholds for 

terms such as “extraordinary” and “important” when these were used to qualify decision 

considerations (e.g., “Does the problem constitute an extraordinary event?”). These instances 

were noted for future development of guidance. Panelists also suggested re-wording or 

reorganization to improve generalizability of considerations that had been abstracted from 

frameworks developed with a specific context in mind (e.g., “Extent to which funding for 

intervention is a city or county priority compared with other rivaling priorities” should be revised 

to remove terms with limited applicability such as “county” and replaced with general terms such 

as “local.”) Finally, panelists highlighted scenarios where specific detailed judgments would not 

apply and noted that they were uncertain about how to respond if a judgment was not relevant 

or applicable to a given scenario. 

DISCUSSION 

Statement of the principal findings 
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These results suggest that the GRADE EtD framework is applicable for use in EOH decision-

making (e.g., determination of an allowable level or threshold of an exposure, alternatives 

assessment, or recommendation of an intervention to prevent or mitigate an exposure). 

However, as mentioned in the development of the original GRADE EtD frameworks, some 

criteria may be more or less relevant depending on the specific decision context.  

One key modification in our proposed framework is broadening the scope of the GRADE EtD 

health equity criterion to include considerations beyond health equity. Unequal distribution of 

environmental burdens and benefits is a feature of social, political, and economic systems. The 

natural and built environment, including workplaces, are key sites whereby “resources like 

knowledge, money, power, prestige, and social connections are transformed into the health-

related resources that generate patterns of morbidity and mortality.”80 EOH decision-makers 

often must account for both immediate (proximal) and indirect (distal) factors associated with 

health outcomes. Deliberate consideration of the socio-political and economic context is 

important to recognize when an intervention or option may perpetuate or increase inequity, as 

these conditions are instrumental in shaping patterns of exposure. Failure to consider context 

may result in “interventions [with targets] that are resistant to change for unrecognized 

reasons.”80 Social context is partially accommodated in other EtD criteria, such as values, 

acceptability, feasibility, but also should be accommodated in equity to account for disparities 

that are immediately connected to health outcomes, as well as further upstream from these 

outcomes. 

Other assessment criteria underwent minor modification through changes to their composite 

detailed judgments. These changes incorporate concepts that were surfaced from the EOH 

literature and confirmed by the Delphi process. Examples are consideration of irreversibility 

when judging the priority of a problem and consideration of time span for sustainability when 

assessing feasibility. Finally, detailed judgments informing the “Resources” and “Cost-

Effectiveness” criteria were simplified and consolidated based on feedback from the panel that 

more granular or specific prompts were difficult to interpret and had limited applicability. The 

GRADE EtD framework for EOH and accompanying guidance are presented in the companion 

to this manuscript (CROSS REF - TK). 

Strengths and weaknesses of the study 

This work is intended to support an exhaustive and transparent process for development of an 

EtD framework that is suitable for EOH decision-making. We used a rigorous methodology to 
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systematically identify and screen decision-making frameworks, adopting an inclusive approach 

to capture all decision factors that could be relevant to EOH. Our analysis is grounded in an 

established framework, the GRADE EtD for health system and public health decisions. Through 

narrative synthesis, we were able to summarize and analyze factors and criteria that are not 

readily explored using other techniques. For example, we used thematic analysis to identify 

relationships between the sampled frameworks and the GRADE EtD for health system and 

public health decisions.   

This systematic review was limited to frameworks that exist in the published or public domain 

and does not include proprietary, confidential, or undocumented frameworks that may be used 

for EOH decision-making. This potentially reduced the size of our sample and the perspectives 

represented therein. Judgments about inclusion or modification of EOH decision criteria made 

by this research team are inherently subjective and may not be replicable. Further, our 

interpretations of ambiguous EOH decision criteria are informed by associated written material 

made available by framework developers, but also involve subjective judgment. Statistical 

analysis of the association between framework characteristics and decision considerations is 

also limited by our sample size. These results are intended to be hypothesis-generating rather 

than conclusive. Further development and validation of a proposed EtD framework for EOH is 

outside the scope of this study. 

Further, we have minimal certainty in the reliability of the Delphi study results, meaning that 

another panel may receive the same questionnaires and provide different responses. 

Additionally, our panel is not completely representative of intended users; some geographical 

regions, agencies, and perspectives are not represented because of logistical constraints. 

Although an important feature of the Delphi process, attainment of consensus does not 

necessarily mean that a single correct opinion or judgment has been discovered. Instead we 

have identified concepts that one group considers to be important for EOH decision-making. 

Finally, decisions made by the research team about how to implement vague or contradictory 

feedback from the panel are inherently subjective. 

Relation to other studies 

This work extends ongoing efforts to develop a systematic approach to collect, synthesize, and 

evaluate scientific evidence linking environmental exposures to health outcomes.3,7,8,11,27 We 

have aimed to address the juncture where scientific evidence is used to inform policy, 

regulation, and other, similar decisions in EOH. 



19 of 95 

Additionally, our findings contribute to a growing body of literature on usage of the GRADE EtD 

frameworks.27,81–88 We found that most of the EOH decision considerations in our sample were 

related to more than one of the GRADE EtD criteria. This finding reflects three forms of 

ambiguity: multiple plausible interpretations of the EOH framework terminology, lumping of 

multiple concepts within one EOH decision consideration, and the inter-relatedness of the 

GRADE EtD criteria themselves. Context-specific tailoring of the GRADE EtD detailed 

judgements and guidance has the potential to provide additional clarity and structure to support 

operationalization of the framework. 

Meaning of the study: possible explanations and implications for stakeholders 

Abstracted contextual information may explain some of the observed similarities and differences 

between EOH decision frameworks and the GRADE EtD. Many frameworks in our sample were 

developed to address specific topics and decision types (e.g., platform decommissioning), and 

are thus inherently specific to the perspective taken by their developers. Examining the 

distribution of detailed judgements across types of developers and topics provides insight into 

which criteria are most frequently considered or consistently deemed relevant by EOH 

stakeholders from a variety of perspectives. Differences we observed in the detailed judgments 

across perspectives could also be explained by varying degrees of familiarity with the GRADE 

EtD framework among EOH framework developers. When stratified by framework 

characteristics, our data describe trends in alignment with the GRADE EtD and in turn, identify 

which types of decision-makers may be more or less amenable to adopting an EOH EtD 

framework. 

During both phases of the project, we also aimed to detect considerations that may be specific 

to EOH decisions and are not necessarily encompassed within existing GRADE EtD framework 

perspectives. Although we identified information to augment the GRADE EtD framework and 

guidance, our results do not support the addition of any new decision criteria to the GRADE EtD 

for health system and public health decisions to improve its suitability for EOH decision 

scenarios. 

The GRADE EtD framework provides latitude for decision-makers to determine the level of 

detail of the considerations that they deem relevant to each of the assessment criteria, provided 

that the process is transparently reported. For example, it may be helpful for an EOH EtD to 

emphasize certainty of values and certainty of acceptability as considerations where values and 

acceptability are expected to be key drivers of a recommendation. Disaggregating these 
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considerations could be useful to describe uncertainty about or variability in stakeholder 

preferences when making a decision that will affect a broad or undefined population. Finally, the 

cross-cutting themes – time, consent, and the precautionary principle – may inform tailoring of 

the wording of guidance for assessment criteria and implementation considerations to make the 

GRADE EtD more applicable in EOH settings. In particular, decision-makers may find it useful 

to incorporate the precautionary principle as an explicit consideration when assessing the 

desirable effects, undesirable effects, and balance of effects of the options under consideration. 

Unanswered questions and future directions 

Feedback from the Delphi panel indicated the need for additional guidance for GRADE EtD 

implementation to facilitate uptake among EOH decision-makers, especially those who are less 

familiar with the GRADE approach. This could include principles for ethical or equitable 

decision-making, definitions of terminology used within the GRADE EtD framework, and 

additional options for signaling questions that are relevant to specific contexts informed by 

considerations identified by this study. Subsequent research can include the development and 

pilot testing of implementation guidance with relevant stakeholders.  

CONCLUSIONS 

The proposed GRADE EtD for EOH resulting from this study is similar to its foundational 

framework, the GRADE EtD for health system and public health decisions. Our work thus far 

has served to validate and extend the constructs of the GRADE EtD to a new perspective. 

Findings of the Delphi process also indicate that the literature is reasonably comprehensive of 

EOH decision considerations. This work represents another step towards development of an 

EtD to advance decision-making in EOH. Future work will pilot test the proposed framework, 

present a final version, and provide guidance for its application. 

 

 

 

 

 

 

 

 

 

 



21 of 95 

CRediT authorship contribution statement: Emily Senerth: Methodology, Formal analysis, 

Investigation, Software, Data Curation, Writing - Original Draft, Visualization, Project administration; Paul 

Whaley: Conceptualization, Methodology, Formal analysis, Supervision, Writing - Review & Editing;  Elie 

Akl: Methodology, Writing - Review & Editing; Brandy Beverly: Methodology, Writing - Review & Editing; 

Pablo Alonso Coello: Methodology, Writing - Review & Editing; Ezza Jalil: Investigation; Jayati Khattar: 

Investigation; Nicole Renee Palmer: Investigation; Andrew Rooney: Methodology, Writing - Review & 

Editing; Holger Schünemann: Methodology, Writing - Review & Editing; Kris Thayer: Methodology, Writing 

- Review & Editing; Katya Tsaioun: Methodology, Writing - Review & Editing; Rebecca Morgan: 

Conceptualization, Methodology, Formal analysis, Supervision, Writing - Review & Editing 

 

Acknowledgement: We thank the following members of the Delphi panel for their contributions to this 

project: Franco Scinicarello, Abee Boyles, Chizuru Nishida, Rima Habib, Mohammed Ansari, Kavita 

Singh, Robert Russell, Jian Li, Wei Huang, Jessica Myers, Kofi A. Amegah, David Michaud, Rachel D. 

Rogers, Liliane Teixeira, Francesco Forastiere, Matthew Page, and Tari Turner. 

References 

1.  Prüss-Üstün A, Wolf J, Corvalán C, Bos R, Neira M. Preventing disease through healthy environments: 
a global assessment of the burden of disease from environmental risks [Internet]. Geneva, 
Switzerland: World Health Organization; 2016 [cited 2021 Dec 31]. Available from: 
https://www.who.int/publications-detail-redirect/9789241565196 

2.  Council NR, Studies D on E and L, Toxicology B on ES and, EPA C on IRAAU by the US. Science and 
Decisions: Advancing Risk Assessment. National Academies Press; 2009.  

3.  Morgan RL, Whaley P, Thayer KA, Schünemann HJ. Identifying the PECO: A framework for 
formulating good questions to explore the association of environmental and other exposures with 
health outcomes. Environ Int 2018;121(Pt 1):1027–31.  

4.  Welcome to the GRADE working group: From evidence to recommendations – transparent and 
sensible [Internet]. [cited 2022 Oct 20];Available from: https://www.gradeworkinggroup.org 

5.  Grading quality of evidence and strength of recommendations. BMJ 2004;328(7454):1490.  

6.  Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of evidence 
and strength of recommendations. BMJ 2008;336(7650):924–6.  

7.  Morgan RL, Thayer KA, Bero L, et al. GRADE: Assessing the quality of evidence in environmental and 
occupational health. Environ Int 2016;92–93:611–6.  

8.  Woodruff TJ, Sutton P. The Navigation Guide systematic review methodology: a rigorous and 
transparent method for translating environmental health science into better health outcomes. Environ 
Health Perspect 2014;122(10):1007–14.  

9.  National Toxicology Program. Handbook for Conducting a Literature-Based Health Assessment Using 
Office of Health Assessment and Translation (OHAT) Approach for Systematic Review and Evidence 
Integration [Internet]. Department of Health and Human Services; 2019 [cited 2021 Dec 31]. Available 



22 of 95 

from: 
https://ntp.niehs.nih.gov/whatwestudy/assessments/noncancer/handbook/index.html?utm_source=dir
ect&utm_medium=prod&utm_campaign=ntpgolinks&utm_term=38673 

10.  World Health Organization. WHO handbook for guideline development [Internet]. 2nd ed. Geneva: 
World Health Organization; 2014. Available from: https://apps.who.int/iris/handle/10665/145714 

11.  Morgan RL, Thayer KA, Santesso N, et al. A risk of bias instrument for non-randomized studies of 
exposures: A users’ guide to its application in the context of GRADE. Environ Int 2019;122:168–84.  

12.  Alonso-Coello P, Oxman AD, Moberg J, et al. GRADE Evidence to Decision (EtD) frameworks: a 
systematic and transparent approach to making well informed healthcare choices. 2: Clinical practice 
guidelines. BMJ 2016;353:i2089.  

13.  Gray GM, Cohen JT. Rethink chemical risk assessments. Nature 2012;489(7414):27–8.  

14.  Bero LA, Barton HA, Chiu WA, et al. A Review of U.S. EPA’s ORD Staff Handbook for Developing 
IRIS Assessments: 2020 Version [Internet]. Washington (DC): The National Academies Press; 2022 
[cited 2022 Oct 5]. Available from: https://www.nap.edu/read/26289/chapter/1 

15.  Elliott KC, Resnik DB. Making Open Science Work for Science and Society. Environmental Health 
Perspectives 127(7):075002.  

16.  Hart N. Strengthening Transparency and Accountability at EPA [Internet]. Bipartisan Policy Center; 
2020 [cited 2022 Oct 5]. Available from: https://bipartisanpolicy.org/report/strengthening-
transparency-and-accountability-at-epa/ 

17.  Grandjean P, Ozonoff D. Transparency and translation of science in a modern world. Environmental 
Health 2013;12(1):70.  

18.  Moberg J, Oxman AD, Rosenbaum S, et al. The GRADE Evidence to Decision (EtD) framework for 
health system and public health decisions. Health Research Policy and Systems 2018;16(1):45.  

19.  Morgan RL, Kelley L, Guyatt GH, Johnson A, Lavis JN. Decision-making frameworks and 
considerations for informing coverage decisions for healthcare interventions: a critical interpretive 
synthesis. J Clin Epidemiol 2018;94:143–50.  

20.  Schünemann HJ, Mustafa RA. Decision making about healthcare-related tests and diagnostic test 
strategies. Paper 1: a new series on testing to improve people’s health. J Clin Epidemiol 2017;92:16–
7.  

21.  Mustafa RA, Wiercioch W, Cheung A, et al. Decision making about healthcare-related tests and 
diagnostic test strategies. Paper 2: a review of methodological and practical challenges. J Clin 
Epidemiol 2017;92:18–28.  

22.  Mustafa RA, Wiercioch W, Falavigna M, et al. Decision making about healthcare-related tests and 
diagnostic test strategies. Paper 3: a systematic review shows limitations in most tools designed to 
assess quality and develop recommendations. J Clin Epidemiol 2017;92:29–37.  

23.  Mustafa RA, Wiercioch W, Arevalo-Rodriguez I, et al. Decision making about healthcare-related tests 
and diagnostic test strategies. Paper 4: International guidelines show variability in their approaches. J 
Clin Epidemiol 2017;92:38–46.  

24.  Mustafa RA, Wiercioch W, Ventresca M, Brozek J, Schünemann HJ, DU-Diagnosis expert group. 
Decision making about healthcare-related tests and diagnostic test strategies. Paper 5: a qualitative 



23 of 95 

study with experts suggests that test accuracy data alone is rarely sufficient for decision making. J 
Clin Epidemiol 2017;92:47–57.  

25.  Rehfuess EA, Stratil JM, Scheel IB, Portela A, Norris SL, Baltussen R. The WHO-INTEGRATE 
evidence to decision framework version 1.0: integrating WHO norms and values and a complexity 
perspective. BMJ Glob Health 2019;4(Suppl 1):e000844.  

26.  Neumann I, Brignardello-Petersen R, Wiercioch W, et al. The GRADE evidence-to-decision 
framework: a report of its testing and application in 15 international guideline panels. Implement Sci 
2016;11:93.  

27.  Norris SL, Aung MT, Chartres N, Woodruff TJ. Evidence-to-decision frameworks: a review and 
analysis to inform decision-making for environmental health interventions. 
2021;2021.05.04.21256541.  

28.  Aromataris E, Munn Z, editors. JBI Manual for Evidence Synthesis [Internet]. JBI; 2020 [cited 2021 
Dec 5]. Available from: https://wiki.jbi.global/display/MANUAL 

29.  Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. BMJ 2021;372:n71.  

30.  Senerth E, Whaley P, Morgan R. Developing a framework to guide decision-making in environmental 
and occupational health: a systematic review and narrative synthesis. PROSPERO 2022 
CRD42022316686 [Internet]. [cited 2022 Apr 21];Available from: 
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=316686 

31.  Levett P. Research Guides: Environmental and Occupational Health: Home [Internet]. [cited 2022 
Feb 6];Available from: https://guides.himmelfarb.gwu.edu/eoh/home 

32.  Grey Matters: a practical tool for searching health-related grey literature | CADTH [Internet]. 2018 
[cited 2021 Dec 23];Available from: https://cadth.ca/grey-matters-practical-tool-searching-health-
related-grey-literature-0 

33.  Paez A. Gray literature: An important resource in systematic reviews. J Evid Based Med 
2017;10(3):233–40.  

34.  Popay J, Roberts H, Sowden A, et al. Guidance on the conduct of narrative synthesis in systematic 
reviews: A product from the ESRC Methods Programme. 2006.  

35.  Campbell M, McKenzie JE, Sowden A, et al. Synthesis without meta-analysis (SWiM) in systematic 
reviews: reporting guideline. BMJ 2020;l6890.  

36.  McHugh ML. The chi-square test of independence. Biochem Med (Zagreb) 2013;23(2):143–9.  

37.  Hasson F, Keeney S, McKenna H. Research guidelines for the Delphi survey technique. J Adv Nurs 
2000;32(4):1008–15.  

38.  Grime MM, Wright G. Delphi Method [Internet]. In: Wiley StatsRef: Statistics Reference Online. John 
Wiley & Sons, Ltd; 2016 [cited 2023 Jan 9]. p. 1–6.Available from: 
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118445112.stat07879 

39.  Jünger S, Payne SA, Brine J, Radbruch L, Brearley SG. Guidance on Conducting and REporting 
DElphi Studies (CREDES) in palliative care: Recommendations based on a methodological 
systematic review. Palliat Med 2017;31(8):684–706.  



24 of 95 

40.  Linstone HA, Turoff M. The Delphi method: techniques and applications [Internet]. Reading, Mass.: 
Addison-Wesley Pub. Co., Advanced Book Program; 1975 [cited 2023 Jan 9]. Available from: 
http://is.njit.edu/pubs/delphibook/ 

41.  Veugelers R, Gaakeer MI, Patka P, Huijsman R. Improving design choices in Delphi studies in 
medicine: the case of an exemplary physician multi-round panel study with 100% response. BMC 
Medical Research Methodology 2020;20(1):156.  

42.  Holey EA, Feeley JL, Dixon J, Whittaker VJ. An exploration of the use of simple statistics to measure 
consensus and stability in Delphi studies. BMC Med Res Methodol 2007;7:52.  

43.  Health Quality Ontario. Health Technology Assessment (HTA) Methods and Process Guide, v2.0 
[Internet]. 2018;Available from: https://www.hqontario.ca/Portals/0/documents/evidence/reports/hta-
methods-and-process-guide-en.pdf 

44.  SIGN Executive. SIGN 50: a guideline developer’s handbook [Internet]. SIGN. 2019 [cited 2021 Aug 
18];Available from: https://testing36.scot.nhs.uk 

45.  CADTH. Procedures for the CADTH pan-Canadian Oncology Drug Review [Internet]. 2020;Available 
from: 
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjYupeV7sn6Ah
WdMVkFHSpZB1IQFnoECBIQAQ&url=https%3A%2F%2Fwww.cadth.ca%2Fsites%2Fdefault%2Ffile
s%2Fpcodr%2FpCODR%2527s%2520Drug%2520Review%2520Process%2Fpcodr-
procedures.pdf&usg=AOvVaw2iEeXem2TmEDxPIBlFDesM 

46.  WHO. Evidence-to-Decision tables [Internet]. 2020 [cited 2022 Oct 5]. Available from: 
https://www.who.int/publications-detail-redirect/9789240011908 

47.  CDC. Evidence to Recommendations Framework [Internet]. 2022 [cited 2022 Oct 5];Available from: 
https://www.cdc.gov/vaccines/acip/recs/grade/etr.html 

48.  Carande-Kulis V, Centers for Disease Control and Prevention (U.S.). Office of the Associate Director 
for Science. Guidelines and Recommendations: A CDC Primer [Internet]. 2012 [cited 2022 Oct 
5];Available from: https://stacks.cdc.gov/view/cdc/81408 

49.  González-Lorenzo M, Piatti A, Coppola L, et al. Conceptual frameworks and key dimensions to 
support coverage decisions for vaccines. Vaccine 2015;33(9):1206–17.  

50.  Krahn M, Miller F, Bayoumi A, et al. DEVELOPMENT OF THE ONTARIO DECISION FRAMEWORK: 
A VALUES BASED FRAMEWORK FOR HEALTH TECHNOLOGY ASSESSMENT. Int J Technol 
Assess Health Care 2018;34(3):290–9.  

51.  Sampietro‑Colom L. The AdHopHTA Handbook [Internet]. 2015 [cited 2022 Oct 5];Available from: 

https://www.adhophta.eu/handbook 

52.  Siu AL. United States Preventive Services Taskforce Procedure Manual [Internet]. 2021 [cited 2021 
Aug 18];Available from: https://uspreventiveservicestaskforce.org/uspstf/about-uspstf/methods-and-
processes/procedure-manual 

53.  Bernstein BB. Decision framework for platform decommissioning in California. Integr Environ assess 
manage 2015;11(4):542–53.  

54.  Garfi M, Ferrer-Marti L. Decision-making criteria and indicators for water and sanitation projects in 
developing countries. Water science and technology : a journal of the International Association on 
Water Pollution Research 2011;64(1):83–101.  



25 of 95 

55.  Marazzi L, Loiselle S, Anderson LG, Rocliffe S, Winton DJ. Consumer-based actions to reduce 
plastic pollution in rivers: A multi-criteria decision analysis approach. PloS one 2020;15(8):e0236410.  

56.  Naman JM, Gibson JM. Disparities in Water and Sewer Services in North Carolina: An Analysis of 
the Decision-Making Process. American journal of public health 2015;105(10):e20-6.  

57.  Pang C, Radomyski A, Subramanian V, Nadimi-Goki M, Marcomini A, Linkov I. Multi-criteria decision 
analysis applied to harmful algal bloom management: A case study. Integrated environmental 
assessment and management 2017;13(4):631–9.  

58.  Song Y, Kim J. Community water fluoridation: Caveats to implement justice in public oral health. Int J 
Environ Res Public Health 2021;18(5):1–10.  

59.  Williams K, US EPA. Dredged Material Decision Tool (DMDT) [Internet]. 2021 [cited 2022 Oct 
5];Available from: https://www.epa.gov/research/dredged-material-decision-tool-dmdt 

60.  Dorman D, Beckman E, Beak P, et al. A Framework to Guide Selection of Chemical Alternatives 
[Internet]. The National Academies Press; [cited 2022 Oct 5]. Available from: 
https://www.nap.edu/read/18872/chapter/1 

61.  Malloy TF, Sinsheimer PJ, Blake A, Linkov I. Use of multi-criteria decision analysis in regulatory 
alternatives analysis: a case study of lead free solder. Integrated environmental assessment and 
management 2013;9(4):652–64.  

62.  Mitchell J, Pabon N, Collier ZA, et al. A decision analytic approach to exposure-based chemical 
prioritization. PloS one 2013;8(8):e70911.  

63.  Moermond CTA, Janssen MPM, de Knecht JA, et al. PBT assessment using the revised annex XIII of 
REACH: a comparison with other regulatory frameworks. Integrated environmental assessment and 
management 2012;8(2):359–71.  

64.  Perez AL, Gauthier AM, Ferracini T, Cowan DM, Kingsbury T, Panko J. The challenge of predicting 
problematic chemicals using a decision analysis tool: Triclosan as a case study. Integrated 
environmental assessment and management 2017;13(1):198–207.  

65.  Adar E, Karatop B, Bilgili MS, Ince M. Prioritization of the treatment and disposal methods of wastes 
containing polychlorinated biphenyl by fuzzy multi-criteria decision-making and risk assessment. 
Environmental monitoring and assessment 2020;192(7):423.  

66.  Malekpour S, Langeveld J, Letema S, Clemens F, van Lier JB. Judgment under uncertainty; a 
probabilistic evaluation framework for decision-making about sanitation systems in low-income 
countries. Journal of environmental management 2013;118(0401664, du5):106–14.  

67.  Deveau M, Maier A, Krewski D. Application of a framework for the selection of an appropriate 
occupational exposure limit for manganese. Neurotoxicology 2017;58(oap, 7905589):249–56.  

68.  Felknor S, Schulte P, Schnorr T, Pana-Cryan R, Howard J. Burden, Need and Impact: An Evidence-
Based Method to Identify Worker Safety and Health Research Priorities [Internet]. NIOSH Science 
Blog. 2019 [cited 2022 Oct 5];Available from: https://blogs.cdc.gov/niosh-science-
blog/2019/05/07/bni/ 

69.  Morley A, DeBord G, Hoover MD. Wearable Sensors: An Ethical Framework for Decision-Making 
[Internet]. NIOSH Science Blog. 2017 [cited 2022 Oct 5];Available from: https://blogs.cdc.gov/niosh-
science-blog/2017/01/20/wearable-sensors-ethics/ 



26 of 95 

70.  Ramos AK. A Human Rights-Based Approach to Farmworker Health: An Overarching Framework to 
Address the Social Determinants of Health. Journal of agromedicine 2018;23(1):25–31.  

71.  Burger J, Gochfeld M. A template of information needs for decision-making about delaying 
remediation on contaminated lands to protect human health. Journal of toxicology and environmental 
health Part A 2020;83(10):379–94.  

72.  Cappuyns V. Inclusion of social indicators in decision support tools for the selection of sustainable 
site remediation options. J Environ Manage 2016;184:45–56.  

73.  Kayman H, Logar T. A Framework for Training Public Health Practitioners in Crisis Decision-Making. 
Disaster medicine and public health preparedness 2016;10(1):165–73.  

74.  Mullen L, Potter C, Gostin LO, Cicero A, Nuzzo JB. An analysis of International Health Regulations 
Emergency Committees and Public Health Emergency of International Concern Designations. BMJ 
global health 2020;5(6).  

75.  He J, Hung W-T. Perception of policy-makers on policy-making criteria: the case of vehicle emissions 
control. The Science of the total environment 2012;417–418(uj0, 0330500):21–31.  

76.  US EPA. Framework for Human Health Risk Assessment to Inform Decision Making [Internet]. 2013 
[cited 2022 Oct 5];Available from: https://www.epa.gov/risk/framework-human-health-risk-
assessment-inform-decision-making 

77.  Persson E. What are the core ideas behind the Precautionary Principle? Sci Total Environ 2016;557–
558:134–41.  

78.  Resnik DB, MacDougall DR, Smith EM. Ethical Dilemmas in Protecting Susceptible Subpopulations 
From Environmental Health Risks: Liberty, Utility, Fairness, and Accountability for Reasonableness. 
The American journal of bioethics : AJOB 2018;18(3):29–41.  

79.  Woods M, Crabbe H, Close R, et al. Decision support for risk prioritisation of environmental health 
hazards in a UK city. Environmental health : a global access science source 2016;15 Suppl 
1(101147645):29.  

80.  Link BG, Phelan J. Social conditions as fundamental causes of disease. J Health Soc Behav 
1995;Spec No:80–94.  

81.  Dewidar O, Bondok M, Abdelrazeq L, et al. Equity issues rarely addressed in the development of 
COVID-19 formal recommendations and good practice statements: a cross-sectional study. J Clin 
Epidemiol 2023;161:116–26.  

82.  Meneses-Echavez JF, Bidonde J, Montesinos-Guevara C, et al. Using evidence to decision 
frameworks led to guidelines of better quality and more credible and transparent recommendations. J 
Clin Epidemiol 2023;162:38–46.  

83.  Stadelmaier J, Rehfuess EA, Forberger S, et al. Using GRADE Evidence to Decision frameworks to 
support the process of health policy-making: an example application regarding taxation of sugar-
sweetened beverages. Eur J Public Health 2022;32(Suppl 4):iv92–100.  

84.  Morgano GP, Mbuagbaw L, Santesso N, et al. Defining decision thresholds for judgments on health 
benefits and harms using the Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) Evidence to Decision (EtD) frameworks: a protocol for a randomised 
methodological study (GRADE-THRESHOLD). BMJ Open 2022;12(3):e053246.  



27 of 95 

85.  Friesen VM, Mbuya MNN, Wieringa FT, Nelson CN, Ojo M, Neufeld LM. Decisions to Start, 
Strengthen, and Sustain Food Fortification Programs: An Application of the Grading of 
Recommendations Assessment, Development, and Evaluation (GRADE) Evidence to Decision (EtD) 
Framework in Nigeria. Curr Dev Nutr 2022;6(3):nzac010.  

86.  Piggott T, Baldeh T, Dietl B, et al. Standardized wording to improve efficiency and clarity of GRADE 
EtD frameworks in health guidelines. J Clin Epidemiol 2022;146:106–22.  

87.  Barnabe C, Pianarosa E, Hazlewood G. Informing the GRADE evidence to decision process with 
health equity considerations: demonstration from the Canadian rheumatoid arthritis care context. J 
Clin Epidemiol 2021;138:147–55.  

88.  Piggott T, Brozek J, Nowak A, et al. Using GRADE evidence to decision frameworks to choose from 
multiple interventions. J Clin Epidemiol 2021;130:117–24.  



 28 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 flow diagram 
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Table 1. Example round 1 coding decisions 

Identified Decision Consideration Code(s) Applied Rationale 

Do any of the proposed interventions 
feature courses of action that may be 
against the law? 

Feasibility 
Maps to detailed judgement, “Are there important legal or bureaucratic or 
ethical constraints that make it difficult or impossible to cover the 
intervention?” 

People's reaction: Is there public 
reaction due to risk, odor, noise, etc.? 

Acceptability 

Maps to detailed judgments, “Are there key stakeholders that would not 
accept the distribution of the benefits, harms and costs?” and, “Are there 
key stakeholders that would not accept the costs or undesirable effects in 
the short term for desirable effects (benefits) in the future?” 

Contaminant source: Hazard 
inventory and information on severity 
of hazards 

Problem 
Undesirable Effects 

Maps to detailed judgments, “Are the consequences of the problem 
serious?” (Problem) and main criteria judgment, “How substantial are the 
undesirable anticipated effects?” (Undesirable Effects) 

 

Table 2. Glossary of terms 

Term Definition 

Assessment criteria/on* 
Decision factors that are intended to facilitate comparison of alternatives (Problem, Desirable effects, 
Undesirable effects, Certainty of evidence, Values, Balance of effects, Resources required, Cost effectiveness, 
Equity, Acceptability, Feasibility) 

Decision criteria/on Factors that should be considered when making a decision or a recommendation 

Decision framework A structured presentation of factors and information to consider when making a decision or a recommendation 

Detailed judgement* 
An optional prompt intended to facilitate discussion and clarify the information used to inform the assessment 
criteria judgments 

Item 
A prompt or signaling question within an EOH decision framework; corresponds to the GRADE EtD framework 
detailed judgment in level of granularity 

Scope and context 
criteria/on* 

Background information, such as the setting and stakeholders, that describes the circumstances under which a 
decision will be made. 

* Language specific to the GRADE EtD framework 
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Table 3. Characteristics of included EOH decision-making frameworks 

# Author, Year Framework Title 
Development 
Organization 

Topic Reported Decision Criteria 

1 
Adar, et al., 
2020 

Multi-criteria decision-making (MCDM) 
prioritization of the treatment and 
disposal methods of wastes 

Academic Sanitation 

 Technology 

 Cost 

 Environmental 

 Social/ergonomics 

2 
Anonymous, 
2014 

EPA Framework for Human Health Risk 
Assessment to Inform Decision Making 

Government Unspecified 

 Laws and regulatory requirements 

 Economic analyses 

 Sustainability 

 Technological considerations 

 Political considerations 

 Public and social considerations 

3 
Anonymous, 
2018 

Health Quality Ontario Health 
Technology Assessment (HTA) Decision 
Determinants Framework 

Government Public health 

 Overall clinical benefit 

 Consistency with expected societal and ethical 

values 

 Value for money 

 Feasibility of adoption into the health system 

4 
Anonymous, 
2019 

Scottish Intercollegiate Guidelines 
Network (SIGN) guideline methodology 

Government Public health 

 Is this question a priority? 

 How sure are we that any given option will work? 

 Balancing benefits and harms 

 How do patients value the different outcomes? 

 Equity 

 Costs and benefits 

5 
Anonymous1, 
2020 

Procedures for the CADTH pan-
Canadian Oncology Drug Review 

Government Public health 

 Overall clinical benefit 

 Alignment with patient values 

 Cost effectiveness 

 Feasibility of adoption into health systems 
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# Author, Year Framework Title 
Development 
Organization 

Topic Reported Decision Criteria 

6 
Anonymous2, 
2020 

WHO Evidence to Decision (EtD) table Government Public health 

 Policy importance 

 Desirable effects 

 Undesirable effects 

 Evidence certainty 

 Balance of effects 

 Generalizability 

 Equity 

 Acceptability 

 Resources required 

 Feasibility 

 Sustainability 

7 
Anonymous, 
unknown year 

CDC ACIP Evidence to 
Recommendations Framework 

Government Public health 

 Problem 

 Benefits & harms 

 Values 

 Acceptability 

 Resource use 

 Equity 

 Feasibility of adoption into health systems 

8 
Bernstein, 
2015 

California Natural Resources Agency 
Decision Framework for Platform 
Decommissioning in California 

Government 
Water 
management 

 Legal/regulatory 

 Environmental/ecological 

 Feasibility/cost 

 Liability 

 Cost 

9 
Burger and 
Gochfeld, 
2020 

Department of Energy Consortium for 
Risk Evaluation with Stakeholder 
Participation (CRESP) template of 
information needs for decision-making 
about delaying remediation on 
contaminated lands to protect human 
health 

Government Site remediation 

 Management, planning, and implementation 

 Source term, pathways, and methods of exposure 

 Risks and receptors 

 External drivers 
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# Author, Year Framework Title 
Development 
Organization 

Topic Reported Decision Criteria 

10 
Cappuyns, 
2016 

Sustainable Remediation Forum - United 
Kingdom (SuRF-UK) 

NGO Site remediation 

 Human health and safety 

 Neighbourhood and locality 

 Communities & community involvement 

 Uncertainty & evidence 

11 
Carande-
Kulis, 2012 

CDC Guidelines and Recommendations 
Primer 

Government Public health 

 Quality of the evidence 

 Benefits vs. harms 

 Values and preferences of the target audience 

 Resources 

12 
Deveau, et al., 
2015 

Potential sources of variability in science 
and policy decisions taken during the 
establishment of occupational exposure 
limits (OELs) 

Academic Workplace 
 Risk science decisions 

 Risk policy decisions 

13 
Dorman, et al., 
2014 

National Academies Framework to Guide 
Selection of Chemical Alternatives 

NGO 
Chemical 
alternatives 
assessment 

 Physiochemical properties 

 Life cycle thinking 

14 
Felknor, et al., 
2019 

NIOSH BNI method Government Workplace 

 Burden 

 Need 

 Impact 

15 
Garfi and 
Ferrer-Marti, 
2011 

General criteria for water and basic 
sanitation projects 

Academic 
Water 
management / 
Sanitation 

 Technical 

 Social 

 Economic 

 Environmental 

16 
González-
Lorenzo, et 
al., 2015 

Proposed conceptual framework to 
support vaccine adoption and coverage 
decisions in a health system 

Academic Public health 

 Vaccine characteristics 

 Impact of immunization program 

 Values and preferences 

 Resource use 

 Equity 

 Feasibility 
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# Author, Year Framework Title 
Development 
Organization 

Topic Reported Decision Criteria 

17 
He and Hung, 
2012 

Groupe de Recherche en Économie et 
Développement International (GREDI) 
Vehicle Emissions Policymaking Criteria 

Academic Emissions 

 Cost of implementation 

 Effectiveness 

 Effect time 

 Political or public acceptability 

 Administer-ability 

 Degree of deviations from the existing system 

18 
Kayman and 
Logar, 2016 

Framework for Training Public Health 
Practitioners in Crisis Decision-Making 

Academic 
Disaster/ 
emergency 

 Ethical considerations 

 Political considerations 

 Logistical considerations 

19 
Krahn, et al., 
2018 

Ontario Decision Framework Government Public health 

 Contextual factors 

 Health system feasibility 

 Benefits and harms 

 Economics 

 Patient-centered care 

20 
Malekpour, et 
al., 2013 

Sanitation options evaluation criteria and 
their indicators 

Academic Sanitation 

 Exposure to health hazards 

 Accessibility 

 Reliability 

21 
Malloy, et al., 
2013 

Alternatives analysis methodology Academic 
Chemical 
alternatives 
assessment 

 Physical chemical hazards 

 Human health impact 

 Ecological impacts 

 Environmental impacts 

 Technical feasibility 

 Economic feasibility 

22 
Marazzi, et al., 
2020 

Earthwatch Institute (Europe) MCDA 
approach to consumer-based actions to 
reduce plastic pollution in rivers 

NGO 
Water 
management 

 Feasibility 

 Economic impacts 

 Environmental impact 

 Other environmental unintended consequences 

 Potential scale of change 
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# Author, Year Framework Title 
Development 
Organization 

Topic Reported Decision Criteria 

 Evidence of impact 

23 
Mitchell, et al., 
2013 

United States Army Corps of Engineers 
Framework for Exposure-Based 
Chemical Prioritization 

Government 
Chemical 
alternatives 
assessment 

 Chemical properties 

 Life cycle properties 

24 
Moermond, et 
al., 2012 

RIVM Revised Annex XIII of REACH NGO 
Chemical 
alternatives 
assessment 

 Persistence 

 Bioaccumulation 

 Toxicity 

25 
Morley, et al., 
2017 

NIOSH Proposed Ethical Framework for 
Decision-making about Employee 
Monitoring 

Government Workplace 

 Justification 

 Optimization 

 Minimization of harm 

 Ethical values 

26 
Mullen, et al., 
2020 

Decision criteria used in PHEIC 
determinations 

Academic 
Disaster/ 
emergency 

 Constitutes an extraordinary event 

 Public health risk to other states via international 

spread 

 Requires a coordinated international response 

 Sustained community transmission 

 Gaps in knowledge due to novel agent or limited 

response experience 

 Impending mass gathering 

 Threat to eradication 

 Complex response settings 

27 
Naman and 
Gibson, 2015 

Analysis of the Decision-Making Process 
for Water and Sewer Services in North 
Carolina 

Academic 
Water 
management / 
sanitation 

 Financing 

 Government support 

 Existing infrastructure 

 Community engagement 

 Public health 

28 
Pang, et al., 
2017 

Harmful algal bloom management 
framework 

Academic 
Water 
management 

 Human health 
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# Author, Year Framework Title 
Development 
Organization 

Topic Reported Decision Criteria 

 Environmental impact 

 Social impact 

 Technical feasibility 

29 
Perez, et al., 
2017 

REACH-modified GreenSuite  Industry 
Chemical 
alternatives 
assessment 

 Ecological 

 Health 

 Safety 

30 Persson, 2016 
Core ideas behind the precautionary 
principle 

Academic Unspecified 

 Value of human health and the environment 

 Irreversibility 

 False positives versus false negatives 

31 Ramos, 2018 
Human Rights-Based Approach to 
Farmworker Health 

Academic Workplace 

 Availability 

 Accessibility 

 Acceptability 

 Quality 

32 
Rehfuess, et 
al., 2019 

WHO-INTEGRATE evidence to 
decision framework 

Government Public health 

 Balance of health benefits and harms 

 Human rights and sociocultural acceptability 

 Health equity, equality, and non-discrimination 

 Societal implications 

 Financial and economic considerations 

 Feasibility and health system considerations 

 Quality of evidence 

33 
Resnik, et al., 
2018 

National Institute of Environmental 
Health Sciences (NIEHS) Accountability 
for reasonableness 

Government Unspecified 

 Publicity 

 Relevancy 

 Revisability 

 Enforceability 

34 

Sampietro‑
Colom, et al., 
2015 

AdHopHTA NGO Public health 

 Health technology and technical characteristics 

 Health problem and current use of the technology 

 Clinical effectiveness 

 Safety aspects 
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# Author, Year Framework Title 
Development 
Organization 

Topic Reported Decision Criteria 

 Ethical, organizational, social, and legal aspects 

 Cost and economic evaluation 

35 
Siu, et al., 
2021 

US Preventive Services Task Force 
(USPSTF) Procedure Manual 

Government Public health 

 Detection 

 Benefits – evidence 

 Benefits – linkage coherence 

 Benefits – magnitude 

 Harms – evidence 

 Harms – linkage coherence 

 Harms – magnitude 

 Overall certainty 

 Magnitude of net benefit 

36 
Song and Kim, 
2021 

Ethical evaluation of community water 
fluoridation 

Academic 
Water 
management 

 Effectiveness 

 Proportionality 

 Necessity/least infringement 

 Public justification 

37 
Williams, et 
al., 2020 

EPA Regional Environmental Science 
and Sustainability Research Program 
(RESES) Dredged Material Decision 
Tool 

Government 
Water 
management 

 Biophysical environment 

 Economy 

 Social 

 Governance 

 Built environment 

38 
Woods, et al., 
2016 

Decision support for risk prioritisation of 
environmental health hazards in a UK 
city (funded by Public Health England) 

Government Unspecified 

 Mortality 

 Morbidity 

 Robust evidence 

 Wellbeing 

 Sustainability of intervention 

 Level of regulation 
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Figure 2. Illustration of deductive coding process for all discovered EOH decision factors 

   

 

 

Output

Coding: 

round 2

Coding: 

round 1

Theoretical 
Foundation

GRADE EtD for 
health system & 

public health 
decisions

Any overlap 
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EOH 
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Complete 
overlap

Overlap + new 
information

No overlap with 
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frameworks

Ineligible

Comprehensive set of decision 

considerations 
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Table 4. Contingency table of discovered EOH decision factors coded to each GRADE EtD criterion by framework 

characteristics 
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Figure 3. Summary of coding decisions for all discovered EOH decision factors 
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Table 5. Summary of GRADE EtD criterion codes and unique codes applied to discovered EOH decision factors 
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Figure 4. Count of codes applied to each discovered EOH decision factor  
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Figure 5. Count and proportion of codes applied to discovered EOH decision factors per framework  
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Figure 6. Count and proportion of codes applied to discovered EOH decision factors by 

type of organization that developed the framework 
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Figure 7. Count and proportion of codes applied to discovered EOH decision factors by 

framework topic 
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Figure 8. Participation in the Delphi process 
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Figure 9. Disposition of items presented for rating 
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Table 6. Delphi panel demographic characteristics 

 

Demographic Category 
Round 1 (n = 20) 
n (%) 

Round 2 (n = 19) 
n (%) 

Gender 
Female 
Male 

 
10 (50) 
10 (50) 

 
9 (47) 
10 (53) 

Geographical region 
Africa 
Asia 
Australia 
Europe 
North America 
South America 

 
1 (5%) 
3 (15%) 
2 (10%) 
4 (20%) 
9 (45%) 
1 (5%) 

 
1 (5%) 
2 (11%) 
2 (11%) 
4 (21%) 
9 (47%) 
1 (5%) 

Setting 
Government or regulatory agency 
Academia or research 

 
10 (50%) 
10 (50%) 

 
10 (53) 
9 (47) 

Area of expertise* 
Cancer 
Environmental health 
Food safety or nutrition 
Occupational health 
Risk assessment or management 
Other 

 
1 
10 
1 
5 
1 
4 

 
1 
10 
1 
4 
1 
4 

*Multiple areas of expertise may be attributed to a single participant 
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Table 7. Summary of results 

 

ROUND 1 ROUND 2 

Content Removed 
(n = 27) 

Content for Re-Rating 
(n = 56) 

Content Removed 
(n = 5) 

Proposed 
Framework 
(n = 47) 

Background 
questions or 
judgments (e.g., 
availability of data, 
mandate of the 
decision-maker) 

 

Redundant 
considerations (e.g., 
multiple criteria for 
judging the toxicity 
of an exposure) 

 

Implementation 
considerations (e.g., 
quality of 
communication 
plan) 

 

Material that was 
rated as unhelpful 
for decision-making 
because the 
phrasing was 
uninterpretable 

Re-worded criteria and 
detailed judgments 
from the GRADE EtD 
for health system and 
public health decisions 

 

Certainty of cost-
effectiveness 

 

Social justice 
considerations (e.g., 
issues of 
intergenerational 
equity) 

 

Acceptability and 
feasibility 
considerations related 
to laws and regulations 
(e.g., current laws and 
regulations applying to 
worker safety)  

Community 
engagement in 
advocacy or 
organizing as an 
indicator of priority, 
as this factor may or 
may not be present 
regardless of priority 

 

Risk tolerance as a 
separate 
consideration from 
other values 

 

Laws and 
regulations as a 
consideration to 
inform judgments 
about the 
acceptability of an 
intervention 

 

Perception of 
feasibility as a 
consideration to 
inform judgments 
about feasibility 

Problem: addition of 
irreversibility and 
precedent as 
considerations 

 

Desirable / 
Undesirable Effects: 
addition of time span 
to full effectiveness 

 

Resources Required / 
Certainty of 
Resources: simplified 
detailed judgments 

 

Cost Effectiveness: 
consolidated detailed 
judgments to certainty 
in analyses 

 

Equity: broadening 
considerations to 
include social and 
environmental justice 
in addition to health 
equity 

 

Acceptability: addition 
of certainty in 
estimates of 
acceptability 

 

Feasibility: addition of 
time span for 
sustainability and 
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tailoring of types of 
barriers/enablers to 
implementation 
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Supplement A. Database search strategy 

Search date: September 26, 2021 

Literature search performed by: Emily Senerth 

Search Strategy: 

-------------------------------------------------------------------------------- 

Database: Ovid MEDLINE(R) ALL / PubMed(R) <1946 to Present> 

 

1 exp *Occupational Health/ 25331 

2 exp *Occupational Exposure/ 43236 

3 exp *Occupational Diseases/ 114368 

4 exp *Occupational Medicine/ 17832 

5 exp *Environment/ and Public Health/ 4901 

6 exp *Environment, Controlled/ 79973 

7 exp *Environmental Exposure/ 187600 

8 exp *Environmental Health/ 17029 

9 exp *Environmental Pollutants/ 261689 

10 exp *Environmental Monitoring/ 75753 

11 1-10 627972 

12 exp *Social Control, Formal/ 427891 

13 exp *Decision Making/ 100339 

14 exp *Decision Support Techniques/ 27699 

15 exp *evidence based medicine/ 26741 

16 (evidence-based adj2 (analys* or assess*)).ti,ab. 2097 
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17 (decision* adj2 (determinant* or model* or analysis* or technique* or framework* or tool* or 

template*)).ti. 5573 

18 (decisionmaking or decision-making).ti. 29672 

19 (evidence-to-decision or evidence to decision).ti,ab. 2490 

20 ((grade or grading) adj2 (evidence or recommendation*)).ti,ab. 8646 

21 (strength of evidence or quality of evidence or strength of recommendation*).ti,ab. 22475 

22 exp Review Literature as Topic/ 17771 

23 exp *Policy Making/ 9685 

24 12-23 628168 

25 11 and 24 10304 

26 limit 25 to english language 8805 

27 limit 26 to yr="2011 - 2021" 3674 

 

Database: SCOPUS Embase <1996 to Present> 

( INDEXTERMS ( "Occupational Health" )  OR  INDEXTERMS ( "Occupational Exposure" 

)  OR  INDEXTERMS ( "Occupational Diseases" )  OR  INDEXTERMS ( "Occupational Medicine" 

)  OR  INDEXTERMS ( environment )  AND  INDEXTERMS ( "Public Health" )  OR  INDEXTERMS ( 

"Environment, Controlled" )  OR  INDEXTERMS ( "Environmental Exposure" )  OR  INDEXTERMS ( 

"Environmental Health" )  OR  INDEXTERMS ( "Environmental Pollutants" )  OR  INDEXTERMS ( 

"Environmental Monitoring" ) )  AND  ( INDEXTERMS ( "Social Control, Formal" )  OR  INDEXTERMS ( 

"Decision Making" )  OR  INDEXTERMS ( "Decision Support Techniques" )  OR  INDEXTERMS ( 

"evidence based medicine" )  OR  TITLE-ABS ( evidence-based  W/2  ( analys*  OR  assess* ) 

)  OR  TITLE ( decision*  W/2  ( 

determinant*  OR  model*  OR  analysis*  OR  technique*  OR  framework*  OR  tool*  OR  template* ) 

)  OR  TITLE ( decisionmaking  OR  decision-making )  OR  TITLE-ABS ( evidence-to-

decision  OR  "evidence to decision" )  OR  TITLE-ABS ( ( grade  OR  grading )  W/2  ( 

evidence  OR  recommendation* ) )  OR  TITLE-ABS ( "strength of evidence"  OR  "quality of 

evidence"  OR  "strength of recommendation*" )  OR  INDEXTERMS ( "Review Literature as Topic" 

)  OR  INDEXTERMS ( "Policy Making" ) )  AND  ( LIMIT-TO ( PUBYEAR ,  2021 )  OR  LIMIT-TO ( 

PUBYEAR ,  2020 )  OR  LIMIT-TO ( PUBYEAR ,  2019 )  OR  LIMIT-TO ( PUBYEAR ,  2018 
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)  OR  LIMIT-TO ( PUBYEAR ,  2017 )  OR  LIMIT-TO ( PUBYEAR ,  2016 )  OR  LIMIT-TO ( PUBYEAR 

,  2015 )  OR  LIMIT-TO ( PUBYEAR ,  2014 )  OR  LIMIT-TO ( PUBYEAR ,  2013 )  OR  LIMIT-TO ( 

PUBYEAR ,  2012 )  OR  LIMIT-TO ( PUBYEAR ,  2011 ) )  AND  ( LIMIT-TO ( LANGUAGE ,  "English" ) 

)  

 

Database: Cochrane Library 

 

[mh "Occupational Health"] 

[mh "Occupational Exposure"] 

[mh "Occupational Diseases"] 

[mh "Occupational Medicine"] 

[mh “Environment and Public Health"] 

[mh "Environment, Controlled"] 

[mh "Environmental Exposure"] 

[mh "Environmental Health"] 

[mh "Environmental Pollutants"] 

[mh "Environmental Monitoring"] 

[mh "Social Control, Formal"] 

[mh "Decision Making"] 

[mh "Decision Support Techniques"] 

[mh "evidence based medicine"] 

(evidence-based:ti,ab NEAR/2 (analys*:ti,ab OR assess*:ti,ab)) 

(decision*:ti NEAR/2 (determinant*:ti OR model*:ti OR analysis*:ti OR technique*:ti OR framework*:ti 

OR tool*:ti OR template*:ti)) 

(decisionmaking:ti OR decision-making:ti) 
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(evidence-to-decision:ti,ab OR "evidence to decision":ti,ab) 

((grade:ti,ab OR grading:ti,ab) NEAR/2 (evidence:ti,ab OR recommendation*:ti,ab)) 

("strength of evidence":ti,ab OR "quality of evidence":ti,ab OR ("strength of recommendation”*):ti,ab) 

[mh "Review Literature as Topic"] 

[mh "Policy Making"] 
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Supplement B. Grey literature search strategy 

Date Organization name & URL 
 

Search strategy(s) / words searched # of documents 
retrieved 

All results retrieved in 
the search were reviewed 
for relevance by 1 reviewer 

# of 
documents 
included for 
extraction 

1/3/22 Canadian Standards Association 
(CSA) 

https://www.csagroup.org/about-
csa-group/ 

Searched decision [and] 
framework/model/tool/analysis, decision-
making, recommendation(s), guideline(s), 
methodology 

0 items screened 0 

1/3/22 Chartered Institute of 
Environmental Health (CIEH) 

https://www.cieh.org 

Searched decision [and] 
framework/model/tool/analysis, decision-
making, recommendation(s), guideline(s), 
methodology 

1 item screened 0 

1/3/22 International Network of Agencies 
for Health Technology Assessment 
(INAHTA) 

https://www.inahta.org 

Searched decision [and] 
framework/model/tool/analysis, decision-
making, recommendation(s), guideline(s), 
methodology 

3 items screened 1 

1/3/22 Guidelines International Network 
https://g-i-n.net 

Reviewed “resources” tab 0 items screened 0 

1/3/22 International Federation of 
Environmental Health (IFEH) 

https://www.ifeh.org/index.html 

Searched decision [and] 
framework/model/tool/analysis, decision-
making, recommendation(s), guideline(s), 
methodology 

5 items screened 0 

1/3/22 Air & Waste Management 
Association (AWMA) 

https://www.awma.org 

Searched decision [and] 
framework/model/tool/analysis, decision-
making, recommendation(s), guideline(s), 
methodology 

0 items screened 0 

1/3/22 American Water Works 
Association 

https://www.awwa.org 

Reviewed “publications” tab 0 items screened 0 

1/3/22 Children’s Environmental Health 
Network (CEHN) 

https://cehn.org 

Searched decision framework, 
guidelines 

0 items screened 0 

1/3/22 Environmental and Occupational 
Health Sciences Institute (EOHSI) 

https://eohsi.rutgers.edu 

Searched decision [and] 
framework/model/tool/analysis, decision-

1 item screened 0 
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making, recommendation(s), guideline(s), 
methodology 

1/3/22 Health Effects Institute (HEI) 
https://www.healtheffects.org 

Searched decision [and] 
framework/tool, decision-making, 
guideline(s), methodology 

1 item screened 0 

1/3/22 US Climate and Health Alliance 
https://usclimateandhealthalliance

.org 

Searched decision [and] 
framework/tool, decision-making, 
guideline(s), methodology 

2 items screened 0 

1/3/22 Public Health Agency of Canada 
https://www.canada.ca/en/public-

health.html 

Reviewed mandate – unable to restrict 
search to public health agency website 

0 items screened 0 

1/3/22 Health Canada 
https://www.canada.ca/en/health-

canada.html 

Reviewed publications - guidelines 3 items screened 0 

1/3/22 Environment Canada 
https://www.canada.ca/en/environ

ment-climate-change.html 

Reviewed publications 1 item screened 0 

1/3/22 World Health Organization 
(WHO) 

https://www.who.int/publications/
who-guidelines 

Reviewed guidelines page; searched 
for guideline [and] methods/methodology 

9 items screened 2 

1/3/22 Canadian Agency for Drugs and 
Technologies in Health (CADTH) 

https://www.cadth.ca/about-cadth 

Searched decision [and] 
framework/tool/criteria, decision-making, 
manual, methodology 

59 items screened 1 

1/3/22 Health Quality Ontario 
https://www.hqontario.ca 

Reviewed “evidence to improve care” 
page 

5 items screened 1 

1/3/22 National Institute for Health and 
Care Excellence (NICE) 

https://www.nice.org.uk/about 

Reviewed guidance – guidelines – 
guideline development process 

1 item screened 0 

1/3/22 British Columbia Ministry of 
Health 

https://www2.gov.bc.ca/gov/conte
nt/home 

Reviewed guidelines – GPAC 
handbook 

1 item screened 0 

1/3/22 Scottish Intercollegiate 
Guidelines Network (SIGN) 

https://www.sign.ac.uk 

Reviewed “what we do” - methodology 3 items screened 1 

1/3/22 European Food Safety Authority 
(EFSA) 

https://www.efsa.europa.eu/en 

Reviewed about – “how we work” and 
resources - methodology 

7 items screened 0 



 58 

1/4/22 ECRI 
https://www.ecri.org 

Searched library for decision [and] 
framework/tool, decision-making, 
methodology 

25 items screened 0 

1/4/22 Centers for Disease Control and 
Prevention (CDC) 

https://www.cdc.gov/about/ 

Searched decision [and] 
framework/tool, decision-making, 
methodology 

120 items screened 2 

1/4/22 National Institute for Occupational 
Safety and Health (NIOSH) 

https://www.cdc.gov/NIOSH/ 

Searched decision [and] 
framework/tool, decision-making, 
methodology 

40 items screened 2 

1/4/22 Occupational Safety and Health 
Administration (OSHA) 

https://www.osha.gov 

Searched decision [and] 
framework/tool, methodology 

19 items screened 0 

1/4/22 Environmental Protection Agency 
(EPA) 

https://www.epa.gov 

Searched decision [and] 
framework/tool, decision-making [and] 
methodology 

90 items screened 2 

1/5/22 Science.gov 
https://www.science.gov 

Searched decision framework and 
restricted results to topics “EPA” [or] 
“decision-making” from 2011 to 2022 

134 items screened 1 

1/5/22 Agency for Healthcare Research 
and Quality 

https://www.ahrq.gov 

Searched decision [and] framework 24 items screened 1 

1/6/22 NIH National Institute of 
Environmental Health Sciences 

https://www.niehs.nih.gov 

Searched decision [and] 
framework/tool, decision-making 

41 items screened 1 

1/6/22 National Academies of Sciences, 
Engineering, Medicine 

https://www.nationalacademies.or
g 

Searched decision [and] framework/tool 105 items screened 1 

1/6/22 US Preventive Services 
Taskforce 

https://www.uspreventiveservices
taskforce.org/uspstf/ 

Searched decision [and] framework 27 items screened 0 

1/6/22 Federal Register 
https://www.federalregister.gov 

Searched decision [and] framework, 
and restricted results to topics 
“environment” [or] “health & public welfare” 

108 items screened 0 

TOTAL   835 items screened 16 items 
moved to 
extraction 

https://www.ecri.org/
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Supplement C. Abstraction instrument 

1. Reviewer's initials * 

2. Last name of primary author * 

3. Publication year * 

4. Journal title * 

5. Document is in English * 

Mark only one oval. 

Yes No 

Study characteristics 

6. Study presents a decision-making framework * 

Mark only one oval. 

Yes No 

7. Framework is used to formulate environmental or occupational health (EOH) threshold or acceptable exposure level * 

Mark only one oval. 

Yes No 

8. Framework is used to come to an agreement on whether or not to recommend a public health/EOH intervention  * 

Mark only one oval. 

Yes No 
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9. Framework is used for prioritization of public health/EOH interventions or hazards * 

Mark only one oval. 

Yes No 

10. Framework is used to inform public health/EOH policy * 

Mark only one oval. 

Yes No 

Study design 

11. Study design * 

Mark only one oval. 

Case study 

Systematic review of decision-making frameworks 

Editorial/Commentary 

Other: 

The Framework (General Overview) 

12. Title of the framework * (Or "no title") 

13. Primary developer of the framework * 

14. Primary user of the framework * 

15. Please list all topics (e.g., air quality, noise, etc.) that the framework is being applied to * 

16. Country in which the framework is being applied (List all). * 
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17. Country in which framework was developed (List all) * 

18. Audience that the framework is intending to inform * 

Check all that apply. 

Policymakers 

Stakeholders 

Researchers 

General population 

Other: 

The Framework (Specific Components) 

19. How many domains does the framework have? 

20. What is the name of the first domain 

21. List all questions within the first domain 

22. Framework has an additional domain 

Mark only one oval. 

Yes No  

Second Domain 

23. What is the name of the next domain 

24. List all questions within the second domain 

25. Framework has an additional domain 
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Mark only one oval. 

Yes No 

Third Domain 

26. What is the name of the next domain 

27. List all questions within the third domain 

28. Framework has an additional domain 

Mark only one oval. 

Yes No 

Fourth Domain 

29. What is the name of the next domain 

30. List all questions within the fourth domain 

31. Framework has an additional domain 

Mark only one oval. 

Yes No 

Fifth Domain 

32. What is the name of the next domain 

33. List all questions within the fifth domain 

34. Framework has an additional domain 

Mark only one oval. 
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Yes No 

Sixth Domain 

35. What is the name of the next domain 

36. List all questions within the sixth domain 

37. Framework has an additional domain 

Mark only one oval. 

Yes No 

Seventh Domain 

38. What is the name of the next domain 

39. List all questions within the seventh domain 

40. Framework has an additional domain 

Mark only one oval. 

Yes No 

Remaining Domains 

41. List all remaining domains and questions 

Decision Criteria 

42. Were criteria used to determine the overall decision about a recommendation, threshold, or policy?  

Mark only one oval. 

Yes No 
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43. Describe the criteria used to determine the overall decision.  

Copy and paste from text 

44. How were the criteria used to inform the overall decision? 

Mark only one oval. 

Weights 

Judgment 

Other: 

Quality of the Framework 

45. Does the framework advance research on the topic? 

If yes, copy and paste from text. If not, answer "No" or "Not discussed" 

46. Does the framework advance research on decision-making frameworks? 

If yes, copy and paste from text. If not, answer "No" or "Not discussed" 

47. Is there research supporting the overall decision of the framework? 

If yes, copy and paste from text. If not, answer "No" or "Not discussed" 

48. How will the overall decision be considered at the policy level? 

If yes, copy and paste from text. If not, answer "No" or "Not discussed" 

49. What is the weight that this decision/the research evidence carry at the national level? 

If yes, copy and paste from text. If not, answer "No" or "Not discussed" 

Context of the Framework 
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50. Does the framework take into consideration whether or not the issue is polarizing? 

If yes, copy and paste from text. If not, answer "No" or "Not discussed" 

51. Does the framework account for the fact that care options may vary in their salience to the patients and the public?  

If yes, copy and paste from text. If not, answer "No" or "Not discussed" 

52. Does the framework speak to whether the political systems are more or less amenable to the issue? 

If yes, copy and paste from text. If not, answer "No" or "Not discussed" 

Other Considerations 

53. Funding sources disclosed in the study 

54. Study limitations 

55. Review references from the study. Are any relevant to this study and should be pulled for further review
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Supplement D. Studies excluded at full text 

Study Title Exclusion Reason 

Anonymous 2021 
Clinical Guidance to Optimize Work Participation After Injury or Illness: 

Using the Evidence to Guide Physical Therapist Practice. 
No public health/EOH decision-

framework  

Tamers 2020 
Envisioning the future of work to safeguard the safety, health, and well-

being of the workforce: A perspective from the CDC's National Institute for 
Occupational Safety and Health. 

No public health/EOH decision-
framework  

He 2021 
A Risk and Decision Analysis Framework to Evaluate Future PM2.5 

Risk: A Case Study in Los Angeles-Long Beach Metro Area. 
No public health/EOH decision-

framework  

Tam 2020 
Preparing for uncertainty during public health emergencies: What 

Canadian health leaders can do now to optimize future emergency 
response. 

No public health/EOH decision-
framework  

Wolffe 2020 
A Survey of Systematic Evidence Mapping Practice and the Case for 

Knowledge Graphs in Environmental Health and Toxicology. 
No public health/EOH decision-

framework  

Declet-Barreto 2020 
Hazardous air pollutant emissions implications under 2018 guidance on 

U.S. Clean Air Act requirements for major sources. 
No public health/EOH decision-

framework  

Kassotis 2020 
Endocrine-disrupting chemicals: economic, regulatory, and policy 

implications. 
No public health/EOH decision-

framework  

Chughtai 2020 
Policies on the use of respiratory protection for hospital health workers 

to protect from coronavirus disease (COVID-19). 
No public health/EOH decision-

framework  

Thomas 2020 Ethical Pandemic Control Through the Public Health Code of Ethics. 
No public health/EOH decision-
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framework  

Watterson 2020 
Lagging and Flagging: Air Pollution, Shale Gas Exploration and the 

Interaction of Policy, Science, Ethics and Environmental Justice in England. 
No public health/EOH decision-

framework  

Makov 2020 
Inconsistent allocations of harms versus benefits may exacerbate 

environmental inequality. 
No public health/EOH decision-

framework  

Ozdemir 2020 
Decision-making for the selection of different leachate 

treatment/management methods: the ANP and PROMETHEE approaches. 
No public health/EOH decision-

framework  

Stokstad 2020 EPA expands controversial 'transparency' plan. Full text unavailable 

Rahimdel 2020 
Prioritization of practical solutions for the vibrational health risk reduction 

of mining trucks using fuzzy decision making. 
No public health/EOH decision-

framework  

Morgan 2019 
A risk of bias instrument for non-randomized studies of exposures: A 

users' guide to its application in the context of GRADE. 
Evidence appraisal framework 

Gomez 2019 
Literature Review of Policy Implications From Findings of the Center for 

Work, Health, and Well-being. 
No public health/EOH decision-

framework  

Chang 2019 
Policy changes for preventing and recognizing overwork-related 

cardiovascular diseases in Taiwan: An overview. 
No public health/EOH decision-

framework  

Pieper 2019 
Understanding lead in water and avoidance strategies: a United States 

perspective for informed decision-making. 
No public health/EOH decision-

framework  

Ginsberg 2019 
New Toxicology Tools and the Emerging Paradigm Shift in 

Environmental Health Decision-Making. 
No public health/EOH decision-

framework  

Fojcikova 2019 
ESTE-DECISION SUPPORT SYSTEM FOR NUCLEAR AND No public health/EOH decision-
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RADIOLOGICAL ACCIDENTS. framework  

Caquilpan 2019 
Advantages and challenges of the implementation of a low-cost 

particulate matter monitoring system as a decision-making tool. 
No public health/EOH decision-

framework  

Nelms 2019 
Evaluating potential refinements to existing Threshold of Toxicological 

Concern (TTC) values for environmentally-relevant compounds. 
No public health/EOH decision-

framework  

Mederake 2019 
Shaping EU Plastic Policies: The Role of Public Health vs. 

Environmental Arguments. 
No public health/EOH decision-

framework  

Reis 2019 
Decision-making under uncertainty in environmental health policy: new 

approaches. 
No public health/EOH decision-

framework  

Allen 2019 
Collaborative Workshops for Community Meaning-Making and Data 

Analyses: How Focus Groups Strengthen Data by Enhancing 
Understanding and Promoting Use. 

No public health/EOH decision-
framework  

Schenk 2019 
Industry Derived Occupational Exposure Limits: A Survey of 

Professionals on the Dutch System of Exposure Guidelines. 
Hazard/risk identification framework 

J 2019 
A nuanced approach to the Environmental Noise Guidelines for the 

European Region related to traffic noise. 
No public health/EOH decision-

framework  

Kiran 2019 
The development of a globally acceptable national model for 

occupational hygiene in Turkey: a modified Delphi study. 
No public health/EOH decision-

framework  

Iavicoli 2019 
New avenues for prevention of occupational cancer: a global policy 

perspective. 
No public health/EOH decision-

framework  

Pruvot 2019 
Toward a quantification of risks at the nexus of conservation and health: 

The case of bushmeat markets in Lao PDR. 
Hazard/risk identification framework 
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Genereux 2019 
From Science to Policy and Practice: A Critical Assessment of 

Knowledge Management before, during, and after Environmental Public 
Health Disasters. 

No public health/EOH decision-
framework  

Teysseire 2019 
Identification and Prioritization of Environmental Reproductive Hazards: 

A First Step in Establishing Environmental Perinatal Care. 
No public health/EOH decision-

framework  

Driver 2019 
Utilization of the Maryland Environmental Justice Screening Tool: A 

Bladensburg, Maryland Case Study. 
No public health/EOH decision-

framework  

Andersen 2019 
Systematic literature review on the effects of occupational safety and 

health (OSH) interventions at the workplace. 
Evidence appraisal framework 

Mac 2019 
Examining Agricultural Workplace Micro and Macroclimate Data Using 

Decision Tree Analysis to Determine Heat Illness Risk. 
Hazard/risk identification framework 

Ahlers 2019 
Environmental hazard and risk assessment of thiochemicals. Application 

of integrated testing and intelligent assessment strategies (ITS) to fulfil the 
REACH requirements for aquatic toxicity. 

Hazard/risk identification framework 

Mohring 2019 Quantity based indicators fail to identify extreme pesticide risks. Hazard/risk identification framework 

Brown 2018 
Evolution of the United States Energy System and Related Emissions 

under Varying Social and Technological Development Paradigms: Plausible 
Scenarios for Use in Robust Decision Making. 

Hazard/risk identification framework 

Greer 2018 
Labour politics as public health: how the politics of industrial relations 

and workplace regulation affect health. 
No public health/EOH decision-

framework  

Clark 2018 
WHO Environmental Noise Guidelines for the European Region: A 

Systematic Review on Environmental Noise and Quality of Life, Wellbeing 
and Mental Health. 

No public health/EOH decision-
framework  
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Msibi 2018 
Using e-Delphi to formulate and appraise the guidelines for women's 

health concerns at a coal mine: A case study. 
No public health/EOH decision-

framework  

McCarty 2018 
The regulatory challenge of chemicals in the environment: Toxicity 

testing, risk assessment, and decision-making models. 
No public health/EOH decision-

framework  

Colombo 2018 
Decision-making in humanitarian crises: politics, and not only evidence, 

is the problem. 
No public health/EOH decision-

framework  

Zhao 2018 
A Novel Environmental Justice Indicator for Managing Local Air 

Pollution. 
No public health/EOH decision-

framework  

Acir 2018 
Endocrine-disrupting metabolites of alkylphenol ethoxylates - A critical 

review of analytical methods, environmental occurrences, toxicity, and 
regulation. 

No public health/EOH decision-
framework  

Jiang 2018 
Formal and informal environmental sensing data and integration 

potential: Perceptions of citizens and experts. 
No public health/EOH decision-

framework  

Culin 2018 
Brominated flame retardants: Recommendation for different listing under 

the Hong Kong Convention. 
No public health/EOH decision-

framework  

Chen 2018 
Decision-Making and Environmental Implications under Cap-and-Trade 

and Take-Back Regulations. 
No public health/EOH decision-

framework  

Chari 2018 
Expanding the Paradigm of Occupational Safety and Health: A New 

Framework for Worker Well-Being. 
No public health/EOH decision-

framework  

Currie 2018 
The application of system dynamics modelling to environmental health 

decision-making and policy - a scoping review. 
No public health/EOH decision-

framework  

Wang 2018 
What are the new challenges, goals, and tasks of occupational health in 

China's Thirteenth Five-Year Plan (13th FYP) period?. 
No public health/EOH decision-

framework  
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Chen 2018 
Processing Technology Selection for Municipal Sewage Treatment 

Based on a Multi-Objective Decision Model under Uncertainty. 
No public health/EOH decision-

framework  

Yu 2018 
Investigation of a Brownfield Conflict Considering the Strength of 

Preferences. 
No public health/EOH decision-

framework  

Kurth 2018 Decision making for independent municipal action. 
No public health/EOH decision-

framework  

Morodi 2018 
Environmental Decision Making on Acid Mine Drainage Issues in South 

Africa: An Argument for the Precautionary Principle. 
No public health/EOH decision-

framework  

Horne 2018 
Informing Environmental Water Management Decisions: Using 

Conditional Probability Networks to Address the Information Needs of 
Planning and Implementation Cycles. 

No public health/EOH decision-
framework  

Stahl 2018 
Applying theories to better understand socio-political challenges in 

implementing evidence-based work disability prevention strategies. 
No public health/EOH decision-

framework  

Guski 2017 
WHO Environmental Noise Guidelines for the European Region: A 

Systematic Review on Environmental Noise and Annoyance. 
No public health/EOH decision-

framework  

Post 2017 
Key scientific issues in developing drinking water guidelines for 

perfluoroalkyl acids: Contaminants of emerging concern. 
No public health/EOH decision-

framework  

Krimsky 2017 
The unsteady state and inertia of chemical regulation under the US 

Toxic Substances Control Act. 
No public health/EOH decision-

framework  

Gross 2017 Regulating toxic chemicals for public and environmental health. 
No public health/EOH decision-

framework  

Koh 2017 
Combining Lead Exposure Measurements and Experts' Judgment 

Through a Bayesian Framework. 
No public health/EOH decision-

framework  
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Howard 2017 Using systematic review in occupational safety and health. Evidence appraisal framework 

Zartarian 2017 
Children's Lead Exposure: A Multimedia Modeling Analysis to Guide 

Public Health Decision-Making. 
Hazard/risk identification framework 

Samuels 2017 
Pathways to Housing Policy: Translating Research to Policy to Achieve 

Impact on Well Being. 
No public health/EOH decision-

framework  

Nielsen 2017 
Evaluation of airborne sensory irritants for setting exposure limits or 

guidelines: A systematic approach. 
Hazard/risk identification framework 

Neira 2017 
Environmental health policies for women's, children's and adolescents' 

health. 
No public health/EOH decision-

framework  

Shaffer 2017 
Developing the Regulatory Utility of the Exposome: Mapping Exposures 

for Risk Assessment through Lifestage Exposome Snapshots (LEnS). 
No public health/EOH decision-

framework  

Gasperini 2017 
Public Policy and the Next Generation of Farmers, Ranchers, 

Producers, and Agribusiness Leaders. 
No public health/EOH decision-

framework  

Zolfagharipoor 2017 
Effluent trading in river systems through stochastic decision-making 

process: a case study. 
No public health/EOH decision-

framework  

Moretti 2017 
Environmental, Human Health and Socio-Economic Effects of Cement 

Powders: The Multicriteria Analysis as Decisional Methodology. 
No public health/EOH decision-

framework  

Malachowski 2017 
The Sociopolitical Context of Canada's National Standard for 

Psychological Health and Safety in the Workplace: Navigating Policy 
Implementation. 

No public health/EOH decision-
framework  

Gwinn 2017 Chemical Risk Assessment: Traditional vs Public Health Perspectives. Hazard/risk identification framework 
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Agerstrand 2017 
An academic researcher's guide to increased impact on regulatory 

assessment of chemicals. 
No public health/EOH decision-

framework  

Booth 2017 
Modeling aesthetics to support an ecosystem services approach for 

natural resource management decision making. 
No public health/EOH decision-

framework  

Moridi 2017 
Selection of optimized air pollutant filtration technologies for 

petrochemical industries through multiple-attribute decision-making. 
No public health/EOH decision-

framework  

Ford 2017 
A Critique of Risk Disclosure as the Solution for Minimizing Toxic 

Exposures in Pregnancy. 
No public health/EOH decision-

framework  

Hall 2017 
New approach to weight-of-evidence assessment of ecotoxicological 

effects in regulatory decision-making. 
Hazard/risk identification framework 

Gao 2017 
Indicators' role: How do they influence Strategic Environmental 

Assessment and Sustainable Planning - The Chinese experience. 
No public health/EOH decision-

framework  

Dellarco 2017 
Using exposure bands for rapid decision making in the RISK21 tiered 

exposure assessment. 
Hazard/risk identification framework 

Tan 2017 
Selecting Cooking Methods to Decrease Persistent Organic Pollutant 

Concentrations in Food of Animal Origin Using a Consensus Decision-
Making Model. 

No public health/EOH decision-
framework  

Yamauchi 2017 
Overwork-related disorders in Japan: recent trends and development of 

a national policy to promote preventive measures. 
No public health/EOH decision-

framework  

Lis 2017 
How to Choose? Using the Delphi Method to Develop Consensus 

Triggers and Indicators for Disaster Response. 
No public health/EOH decision-

framework  

Sweeney 2017 
The Role of Healthcare Professionals in Environmental Health and 

Fertility Decision-Making. 
No public health/EOH decision-

framework  
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Holman 2017 
Part I--Comparing Noncancer Chronic Human Health Reference Values: 

An Analysis of Science Policy Choices. 
Hazard/risk identification framework 

Holman 2017 
Part II: Quantitative Evaluation of Choices Used in Setting Noncancer 

Chronic Human Health Reference Values Across Organizations. 
No public health/EOH decision-

framework  

Bevan 2017 Setting evidence-based occupational exposure limits for manganese. Hazard/risk identification framework 

Xie 2017 
Evaluating the Impact of the U.S. National Toxicology Program: A Case 

Study on Hexavalent Chromium. 
No public health/EOH decision-

framework  

Moore 2017 
Application of ecosystem services in natural resource management 

decision making. 
No public health/EOH decision-

framework  

Samantra 2017 
A risk-based decision support framework for selection of appropriate 

safety measure system for underground coal mines. 
No public health/EOH decision-

framework  

Zolfagharipoor 2016 
A decision-making framework for river water quality management under 

uncertainty: Application of social choice rules. 
No public health/EOH decision-

framework  

Soderberg 2016 
Complex governance structures and incoherent policies: Implementing 

the EU water framework directive in Sweden. 
No public health/EOH decision-

framework  

Pirkle 2016 Managing mercury exposure in northern Canadian communities. 
No public health/EOH decision-

framework  

Vandenberg 2016 
A proposed framework for the systematic review and integrated 

assessment (SYRINA) of endocrine disrupting chemicals. 
No public health/EOH decision-

framework  

Leech 2016 
Inequitable Chronic Lead Exposure: A Dual Legacy of Social and 

Environmental Injustice. 
No public health/EOH decision-

framework  
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Kienzler 2016 
Regulatory assessment of chemical mixtures: Requirements, current 

approaches and future perspectives. 
No public health/EOH decision-

framework  

Trasande 2016 
Burden of disease and costs of exposure to endocrine disrupting 

chemicals in the European Union: an updated analysis. 
No public health/EOH decision-

framework  

Hristozov 2016 
Demonstration of a modelling-based multi-criteria decision analysis 

procedure for prioritisation of occupational risks from manufactured 
nanomaterials. 

No public health/EOH decision-
framework  

Reinikainen 2016 
Promoting justified risk-based decisions in contaminated land 

management. 
No public health/EOH decision-

framework  

Money 2016 Wishful Thinking? Inside the Black Box of Exposure Assessment. 
No public health/EOH decision-

framework  

Teeguarden 2016 
Completing the Link between Exposure Science and Toxicology for 

Improved Environmental Health Decision Making: The Aggregate Exposure 
Pathway Framework. 

Hazard/risk identification framework 

MacEachen 2016 
Systematic review of qualitative literature on occupational health and 

safety legislation and regulatory enforcement planning and implementation. 
No public health/EOH decision-

framework  

Syberg 2016 
Environmental risk assessment of chemicals and nanomaterials--The 

best foundation for regulatory decision-making?. 
Hazard/risk identification framework 

Litow 2015 Occupational Interstitial Lung Diseases. 
No public health/EOH decision-

framework  

Jolly 2015 Work-Related Asthma. 
No public health/EOH decision-

framework  

Kelsall 2015 Don't ask, don't tell: Canadian policies on radon. 
No public health/EOH decision-
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framework  

Kaminsky 2015 
Cultured construction: global evidence of the impact of national values 

on sanitation infrastructure choice. 
No public health/EOH decision-

framework  

Garriga 2015 
Improved monitoring framework for local planning in the water, 

sanitation and hygiene sector: From data to decision-making. 
No public health/EOH decision-

framework  

Trasande 2015 
Estimating burden and disease costs of exposure to endocrine-

disrupting chemicals in the European union. 
Economic/cost-benefit framework 

Lu 2015 
Optimization-based multicriteria decision analysis for identification of 

desired petroleum-contaminated groundwater remediation strategies. 
No public health/EOH decision-

framework  

Linkov 2015 
From "weight of evidence" to quantitative data integration using 

multicriteria decision analysis and Bayesian methods. 
No public health/EOH decision-

framework  

Yasui 2015 
250 mSv: temporary increase in the emergency exposure dose limit in 

response to the TEPCO Fukushima Daiichi NPP accident and its decision 
making process. 

No public health/EOH decision-
framework  

Mahapatra 2014 The need for evidence-based public health response in disasters. 
No public health/EOH decision-
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Supplement E. GRADE Evidence to Decision (EtD) framework for health system and public health 
decisions 

 

Criteria Main questions Detailed judgements 

Problem Is the problem a priority? 

• Are the consequences of the problem serious (i.e. severe or important in 

terms of the potential benefits or savings)? 

• Is the problem urgent? [not relevant for coverage decisions] 

• Is it a recognized priority (e.g. based on a political or policy decision)? [Not 

relevant when an individual patient perspective is taken] 

Desirable 

effects 

How substantial are the 

desirable anticipated effects? 
Judgments for each outcome for which there is a desirable effect 

Undesirable 

effects 

How substantial are the 

undesirable anticipated effects? 
Judgments for each outcome for which there is an undesirable effect 

Certainty of 

evidence 

What is the overall certainty of 

the evidence of effects? 

See GRADE guidance regarding detailed judgments about the quality of 

evidence or certainty in estimates of effects 

Values 

Is there important uncertainty 

about or variability in how much 

people value the main outcomes? 

• Is there important uncertainty about how much people value each of the 

main outcomes? 

• Is there important variability in how much people value each of the main 

outcomes? [not relevant for coverage decisions] 
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Criteria Main questions Detailed judgements 

Balance of 

effects 

Does the balance between 

desirable and undesirable effects 

favor the intervention or the 

comparison? 

• Judgments regarding each of the four preceding criteria 

• To what extent do the following considerations influence the balance 

between the desirable and undesirable effects: 

 - How much less people value outcomes that are in the future compared to 

outcomes that occur now (their discount rates) 

 - People’s attitudes towards undesirable effects (how risk averse they are) 

 - People’s attitudes towards desirable effects (how risk seeking they are) 

Resources 

required 

How large are the resource 

requirements (costs)? 

• How large is the difference in each item of resource use for which fewer 

resources are required? 

• How large is the difference in each item of resource use for which more 

resources are required? 

Certainty of 

evidence of 

required 

resources 

What is the certainty of the 

evidence of resource 

requirements? 

• Have all-important items of resource use that may differ between the 

options being considered been identified? 

• How certain is the evidence of differences in resource use between the 

options being considered? (see GRADE guidance regarding detailed 

judgments about the quality of evidence or certainty in estimates) 

• How certain is the cost of the items of resource use that differ between the 

options being considered? 

• Is there important variability in the cost of the items of resource use that 

differ between the options being considered? 
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Criteria Main questions Detailed judgements 

Cost 

effectiveness 

Does the cost effectiveness of 

the intervention favor the 

intervention or the comparison? 

• Judgments regarding each of the six preceding criteria 

• Is the cost-effectiveness ratio sensitive to one-way sensitivity analyses? 

• Is the cost-effectiveness ratio sensitive to multi-variable sensitivity analyses? 

• Is the economic evaluation on which the cost-effectiveness estimate is based 

reliable? 

• Is the economic evaluation on which the cost-effectiveness estimate is based 

applicable to the setting(s) of interest? 

Equity 
What would be the impact on 

health equity? 

• Are there groups or settings that might be disadvantaged in relation to the 

problem or options that are considered? 

• Are there plausible reasons for anticipating differences in the relative 

effectiveness of the option for disadvantaged groups or settings? 

• Are there different baseline conditions across groups or settings that affect 

the absolute effectiveness of the intervention or the importance of the problem 

for disadvantaged groups or settings? 

• Are there important considerations that should be made when implementing 

the intervention in order to ensure that inequities are reduced, if possible, and 

that they are not increased? 

Acceptability 
Is the intervention acceptable to 

key stakeholders? 

• Are there key stakeholders that would not accept the distribution of the 

benefits, harms and costs? 

• Are there key stakeholders that would not accept the costs or undesirable 

effects in the short term for desirable effects (benefits) in the future? 

• Are there key stakeholders that would not agree with the values attached to 
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Criteria Main questions Detailed judgements 

the desirable or undesirable effects (because of how they might be affected 

personally or because of their perceptions of the relative importance of the 

effects for others)? 

• Would the intervention adversely affect people’s autonomy? 

• Are there key stakeholders that would disapprove of the intervention morally, 

for reasons other than its effects on people’s autonomy (e.g. in relation to 

ethical principles such as no maleficence, beneficence or justice)? 

Feasibility 
Is the intervention feasible to 

implement? 

For decisions other than coverage decisions:  

• Is the intervention or option sustainable? 

• Are there important barriers that are likely to limit the feasibility of 

implementing the intervention (option) or require consideration when 

implementing it? 

For coverage decisions:  

• Is coverage of the intervention sustainable? 

• Is it feasible to ensure appropriate use for approved indications? 

• Is inappropriate use (indications that are not approved) an important 

concern? 

• Is there capacity to meet increased demand if covered? 

• Are there important legal or bureaucratic or ethical constraints that make it 

difficult or impossible to cover the intervention? 
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Supplement E. Unique EOH decision factors organized by related GRADE EtD assessment criteria 

GRADE EtD Criteria Discovered EOH Decision Considerations 

Problem 

 The decision might lead to irreversible and severe consequences and the values at stake are also 

irreplaceable 

 Is the problem urgent? 

 Does the problem constitute an extraordinary event? 

 Is it a recognized priority (e.g., based on a political or policy decision)? 

 Local priorities: extent to which funding for intervention is a city or county priority compared with 

other rivaling priorities 

 Decisions by other jurisdictions: what have other jurisdictions (provinces, countries) done with 

respect to the technology, device, or intervention being considered? 

 Requires a coordinated international response 

 Magnitude of need (availability of an effective, comparable alternative) 

 Origin of/reason for request: Who requested the review? What was their rationale? What is their 

responsibility/mandate? 

 Availability of data: extent to which potential health risk factors are monitored 

 Availability of data: hazard inventory and information on severity of hazards 

 Availability of data: whether contamination of water and soil is known to be present in the community 

 Community involvement: extent to which the unserved community has organized and advocated for 

an intervention 

 Decisions can be enforced by means of laws or regulations 

 How regulated is the intervention: are there penalties for failure? 

 Unique toxicological considerations (i.e., developmental, epigenetic) 

 Unique exposure considerations (i.e., persistence, bioaccumulation) 

 Chemical properties: ADME (Absorption, Distribution, Metabolism, and Elimination) 

Desirable effects 
 Time span for the alternative policies and measures to reach their full effectiveness 

 It is more important to avoid false negatives than false positives 

 Does early intervention of this exposure improve outcomes compared to later intervention? 
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GRADE EtD Criteria Discovered EOH Decision Considerations 

 Timing is at least as important as being right 

 Most proportional response, if compulsion or coercion is needed 

Undesirable effects  It is more important to avoid false negatives than false positives 

 Timing is at least as important as being right 

Certainty of evidence None 

Values 

 Stakeholders: types and distribution of types, identification of new groups of stakeholders 

 Values that tend to be systematically downplayed by traditional decision methods 

 Social justice and equality: How is social justice and/or equality addressed? What is the duration of 

the intervention and are there issues of intergenerational equity? Are the impacts/benefits 

unreasonably disproportionate to particular groups? Is spirit of ‘polluter pays principle’ upheld with 

regard to distribution of impacts/benefits? 

 Expected societal values: broadly shared values in society that bear on the appropriate use of the 

intervention 

 Interactions with different branches and levels of government, as well as the citizens that they 

represent 

 Community engagement 

Balance of effects  People’s attitudes towards desirable effects (how risk seeking they are). 

 People’s attitudes towards undesirable effects (how risk averse they are). 

Resources required None 

Certainty of evidence of 

required resources 
None 

Cost effectiveness 
 Cost-effectiveness with a societal perspective and using average costs 

 Differential cost analysis process, budget impact analysis, cost-effectiveness using hospital 

perspective (i.e. actual costs for hospital) 
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GRADE EtD Criteria Discovered EOH Decision Considerations 

 Economic evaluation: a measure of the net cost or efficiency of the intervention compared to other 

alternatives; the uncertainty of results should be considered 

 Costs, benefits and impacts of potential actions 

 Adequacy: appropriateness of cost and outcome measures, comprehensiveness of cost and 

outcome valuation/aggregation 

Equity 

 The minimal infringement of moral considerations should have priority among other effective policies. 

 Expected ethical values: the potential ethical issues inherent in using or not using the technology; 

relevant ethical issues should be listed 

 Accordance with universal human rights standards. 

 The probable public health benefits should outweigh the infringed moral considerations. 

 Examining the health outcomes and legal and ethical considerations 

Acceptability 

 Would the intervention (option) adversely affect people’s autonomy? 

 Are there key stakeholders that would disapprove of the intervention (option) morally, for reasons 

other than its effects on people’s autonomy (i.e., in relationship to ethical principles such as non-

maleficence, beneficence or justice)? 

 Most proportional response, if compulsion or coercion is needed 

 Accordance with universal human rights standards. 

 Protect human rights and individual autonomy 

 Congressional mandate: are congressional views or mandates going to change? 

 Awareness of health risks: extent to which decision-makers are aware of health risks associated with 

the exposure 

 Communication: quality of communication plan 

 Decisions can be enforced by means of laws or regulations 

 Examining the health outcomes and legal and ethical considerations 

Feasibility 
 Federal laws and regulations now enable alternative uses for the exposure or intervention 

 Regulatory framework: Current laws and regulations applying to worker and public health and safety 

 Congressional mandate: are congressional views or mandates going to change?  
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