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The EFSA Scientific Committee has updated its 2010 Guidance on risk-benefit as-
sessment (RBA) of foods. The update addresses methodological developments
and regulatory needs. While it retains the stepwise RBA approach, it provides ad-
ditional methods for complex assessments, such as multiple chemical hazards and
all relevant health effects impacting different population subgroups. The updated
guidance includes approaches for systematic identification, prioritisation and se-
lection of hazardous and beneficial food components. It also offers updates rel-
evant to characterising adverse and beneficial effects, such as measures of effect
size and dose-response modelling. The guidance expands options for characteris-
ing risks and benefits, incorporating variability, uncertainty, severity categorisa-
tion and ranking of different (beneficial or adverse) effects. The impact of different
types of health effects is assessed qualitatively or quantitatively, depending on
the problem formulation, scope of the RBA question and data availability. The in-
tegration of risks and benefits often involves value-based judgements and should
ideally be performed with the risk-benefit manager. Metrics such as Disability-
Adjusted Life Years (DALYs) and Quality-Adjusted Life Years (QALYs) can be used.
Additional approaches are presented, such as probability of all relevant effects
and/or effects of given severities and their integration using severity weight func-
tions. The update includes practical guidance on reporting results, interpreting
outcomes and communicating the outcome of an RBA, considering consumer per-
spectives and responses to advice.
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SUMMARY

The EFSA Scientific Committee (SC) has updated its Guidance on risk-benefit assessment (RBA) of Foods, first published in
2010, to incorporate methodological developments since then and to meet the regulatory and risk management needs of
the European Commission and Member States (MS). The EFSA 2010 SC RBA Guidance introduced a stepwise RBA approach
that included the integration of risks and benefits using composite metrics, such as disability-adjusted life years (DALYs)
and quality-adjusted life years (QALYs). The update was guided by input from MS that these composite metrics cannot
always or easily be interpreted in terms that could support MS in defining dietary advice. An EFSA Scientific Colloquium
(26th) was held in February 2022 to collect wider input from stakeholders involved in RBA methodologies, data generation
and risk-benefit management. The scope of the updated Guidance includes relevant approaches for the characterisation
and integration of risks and benefits focusing on chemical hazards and nutrients but does not replace procedures required
by European legislation for regulated products. The methodologies presented may to some extent be applicable to bio-
logical hazards; environmental aspects of RBA would require additional considerations that remain out of the scope of this
Guidance.

The updated guidance aims to provide a framework of principles that is applicable to a wide range of RBA scenarios
to help harmonise the RBA process and meet the needs of regulators and policy makers. While the tiered approach and
key aspects of the 2010 Guidance have been retained, the updated Guidance provides additional methodological options
to address assessments of greater complexity, such as in the context of multiple chemical hazards, nutrients and health
effects that may impact population subgroups differently. The Guidance aims to remain flexible and provides approaches
for systematic and transparent identification, prioritisation and selection of hazardous and beneficial food components
and relevant health effects to be included in the RBA and for systematically organising the available evidence. These are
part of an iterative process and have an impact on the outcome of the assessment, its interpretation and implementation.

RBAs will differ depending on the level of complexity of the RBA question and the data and resources available.
Therefore, the intention of the guidance is to provide several approaches that can serve as a basis for supporting a diverse
set of continuously evolving RBAs.

The Guidance includes updates relevant to the characterisation of adverse and beneficial effects, mainly for more re-
fined assessments, such as measures of effect size, or probability of gradual or binary effects and (benchmark) dose mod-
elling of all relevant effects, which then feed into risk and benefit characterisation models. As levels of food intake change,
the health effects (positive or negative) that may be observed may be not only quantitatively but also different in nature.
Therefore, all identified health effects associated with diet, food or food components included in the RBA can be system-
atically mapped along the range of low-to-high food intakes and characterised for their relationship to dose. The options
for characterisation of risks and benefits have been expanded with additional qualitative and quantitative approaches that
incorporate variability, uncertainty, severity categorisation of effects within the continuum of biological progression over
a relevant range of intakes, and ranking of different effects with a severity weight function.

The combined impact of different types of health effects on the health of the population overall is assessed either
qualitatively or quantitatively depending on the problem formulation and the scope of the RBA question, but also on data
availability. Comparative health impact assessment of risks and benefits often involves value-based judgements related to
the severity and prioritisation of health effects. Value-based aspects should be performed in collaboration with the risk-
benefit manager. When integration of risks and benefits adopts the commonly used composite metrics DALYs and QALYs,
these should be reported together with other metrics such as number of cases, mortality, severity of effects and other
relevant dimensions. Additional qualitative and quantitative methodologies for the integration of risks and benefits are
provided. These build on the additional methods introduced for characterisation of risks and benefits and are based on the
probabilities of all relevant effects and/or effects of given severities and their integration using severity weight functions.

The update also includes practical guidance on reporting the results of the assessment and on interpretation of the
outcome. Lastly, guidance related to communication of the outcome of an RBA has been added, based on consumer per-
spectives, behaviour and response to advice.
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1 | INTRODUCTION

Risk-benefit assessment (RBA) is a methodological framework, that forms an integral part of a broader risk-benefit analysis
framework that consists essentially of three processes: risk-benefit assessment, risk-benefit management and risk-benefit
communication. RBA is applicable across a variety of fields, of which human health is but one.! RBA of foods in relation to
human health considers risks? from the presence of hazards in foods weighed against benefits® from the diet, food and/or
food components. RBA is inherently multidisciplinary, requiring a broad range of skills and collaboration across scientific
disciplines, such as chemistry, nutrition, toxicology, microbiology, epidemiology and exposure science. Other kinds of ex-
pertise required include statistical modelling, data analysis and uncertainty analysis.

In 2010, the EFSA Scientific Committee (SC) (EFSA Scientific Committee, 2010) published a guidance document outlining
the principles for conducting RBA of foods. The SC introduced a stepwise approach for the combined assessment of risks
and benefits, mirroring the well-established risk assessment framework. Moreover, this approach included the integration
of risks and benefits using composite metrics,”* thus providing a structured and systematic methodology for evaluating the
overall impact of foods on human health.

At its 106th plenary meeting in November 2021, the SC discussed the need for an update to the Guidance. The need for
the update was identified in anticipation of a draft request from the European Commission for an RBA related to fish con-
sumption. This was based on a request from Member States (MS) for further guidance that would lead to RBA outcomes
that would better serve their needs when developing food-based dietary guidelines (FBDG)’ at a national level. This is
particularly the case when multiple food components® (e.g. contaminants, nutrients) in a given food pose both risks and
benefits. The SC agreed that an update of the 2010 Guidance was needed to incorporate methodological developments
and improvements so that new RBAs could meet the regulatory and risk management needs of the European Commission
and MS.

The SC therefore requested a mandate to update its 2010 Guidance for the RBA of Foods published in 2010. The updated
Guidance supersedes the 2010 Guidance.

1.1 | Background and terms of reference of the self-task mandate, as provided by EFSA

In the 2018 EFSA Scientific Opinion, the Panel on Contaminants in the food chain (CONTAM Panel) performed a risk assess-
ment related to the presence of polychlorinated dibenzo-p-dioxins and furans (PCDD/Fs) and dioxin-like polychlorinated
biphenyls (DL-PCBs) in feed and food, and established a Tolerable Weekly Intake (TWI) of 2 pg WHOZOOS-TEQ/kg bw per
week. The estimated human dietary exposure to PCDD/Fs and DL-PCBs was found to exceed the TWI for all age groups. The
benefits of fish consumption were not assessed in this Opinion.

Previously, a 2005 EFSA Scientific Opinion on the human health risk assessment related to exposure to contaminants
from consumption of wild and farmed fish relative to the benefits of fish consumption, was produced by the CONTAM
Panel, with contributions from the Panel on Dietetic Products, Nutrition and Allergies (NDA Panel), the Panel on Additives
and Products or Substances used in Animal Feed (FEEDAP Panel) and the Panel on Animal Health and Welfare (AHAW
Panel). This Scientific Opinion concluded that exposure to contaminants in fish, including PCDD/Fs and DL-PCBs, may coun-
teract the benefits of fish consumption which were represented [mainly] by the content of long chain n-3 polyunsaturated
fatty acids (LC n-3 PUFAs).

The EFSA Scientific Committee (SC) assessed the benefits of fish consumption in relation to risks specifically from meth-
ylmercury in a 2015 EFSA Statement, following the EFSA 2010 Guidance on human health Risk-Benefit Assessment (RBA)
of foods. The 2005 EFSA assessment predates the 2010 EFSA RBA Guidance, while the 2015 SC Statement could not make
general recommendations about fish consumption but recommended that each MS assess the risks and benefits relevant
to fish species consumed in their respective countries.

Taking into account these previous risk/risk-benefit assessments and particularly the outcome of the 2018 CONTAM
Panel Opinion on PCDD/Fs and DL-PCBs in food, the European Commission (EC) drafted a request for EFSA to prepare an
updated RBA of fish consumption in relation to the presence of PCDD/Fs and DL-PCBs, and considering how the presence
of other contaminants in fish, such as methylmercury, brominated flame retardants (BFRs) and perfluoroalkyl substances

'RBA is applicable to other fields such as economy, politics, environmental assessments, and more.

%Risk is defined as ‘the probability of an adverse effect in an organism, system or (sub)-population caused under specified circumstances by exposure to an agent.’ (see
EFSA glossary).

3Benefit is defined as ‘the probability of a positive effect and/or the reduction of the probability of an adverse effect on (1) normal biochemical and physiological
functions of a tissue (e.g. muscular or nervous tissue), organ (e.g. heart, lung, kidney, liver), or system (e.g. immune system); or (2) the health of (sub) population.’
“*https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2010.1673.

SEFSA's definition of FBDG is: ‘Science-based recommendations for healthy eating which translate numerical nutrition targets into lay advice on what foods to eat.’ (see
EFSA glossary).

The term ‘food component’ is used throughout the document to refer to nutrients, compounds of toxicological concern, other undesirable substances (EC definition), and
other food constituents (e.g. non-nutrients) that are considered in an RBA. The term ‘chemical hazard' refers to compounds of toxicological concern covering
contaminants, residues, or any chemical that is present in food and presents toxicological concern. Nutrients characterised by an upper tolerable intake level may have
both positive and negative health effects depending on intake.


https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2018.5333
https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2005.236
https://www.efsa.europa.eu/it/efsajournal/pub/3982
https://www.efsa.europa.eu/en/efsajournal/pub/1673
https://www.efsa.europa.eu/en/glossary-taxonomy-terms/a
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2010.1673
https://www.efsa.europa.eu/en/glossary-taxonomy-terms/a
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(PFASs), influence the outcome of the RBA. An inter-Panel EFSA taskforce’ was convened to define the scope of the draft EC
mandate. The proposal for an updated RBA was further discussed with Member States (MS), who are planning to issue
recommendations for fish consumption at national level. In these discussions, MS expressed the need for an updated RBA
that does not simply report the relative contribution of consumption of fish to the overall exposure to these chemical haz-
ards, but that supports [them] to define fish consumption advice at national level and inform risk management decisions.

Based on the input from the EC and MS, the EFSA inter-Panel taskforce concluded that a substantive and fit-for-purpose
update of the RBA for fish consumption that would serve the needs of MS is conditional upon additional updates that need
to precede it, specifically: updated WHO, . Toxic Equivalency Factors (TEFs), updated dietary exposure assessment, and
updated EFSA RBA Guidance. The update of the RBA has been negotiated and agreed to be undertaken after the update of
the WHO,,,s-TEFs for PCDD/Fs and DL-PCBs, as recommended in the 2018 CONTAM Panel Opinion. This work is outsourced
and is currently underway, with EFSA assisting the World Health Organisation (WHO) in updating the toxicity database used
to evaluate and revise the WHO,, \.-TEFs in a timely manner to facilitate their incorporation in the RBA within the timeframe
of the EC mandate with anticipated deadline in 2025.2 As TEFs are significant inputs in the exposure assessment of PCDD/
Fs and DL-PCBs, an updated dietary exposure assessment is planned, pending the completion of the TEF update and this
activity is included in the Terms of Reference of the EC mandate.

The EFSA 2010 SC RBA Guidance aimed to produce commonly used composite metrics, such as disability-adjusted life
years (DALYs) and quality-adjusted life years (QALYs), which are useful comparative measures of risk-benefit among various
exposures. These are used in overall monitoring of population health status, but these parameters cannot be [easily] inter-
preted in terms that could support MS in defining fish consumption advice.

Terms of Reference of the Scientific Committee self-task mandate:
The Scientific Committee is asked:

« To update the 2010 EFSA Scientific Committee Guidance on the human health risk-benefit assessment of Foods (EFSA,
Scientific Committee, 2010).

1.2 | Interpretation of the Terms of Reference

The update of the 2010 SC RBA Guidance aims to produce outputs that can better serve the needs of risk-benefit manag-
ers in issuing FBDG. Therefore, the update is primarily aimed at providing guidance on how to conduct a joint assessment
of the risks and benefits that would better inform the risk-benefit managers when making decisions in cases of multiple
risks and benefits. While aspects of the 2010 Guidance are likely applicable to less complex RBA situations, the updated
Guidance integrates additional methodological aspects to address greater complexity, including the selection of appropri-
ate metrics.

The 2010 RBA Guidance considered aspects related to the use of composite metrics and advised in their interpretation
and embedded assumptions (see Appendix B.1). These aspects, alongside the associated recommendations, are utilised
to guide the current update. Additionally, the update takes into account the accumulated experience in conducting RBAs
of foods and the evolving methodologies and data types available for conducting RBA assessments. This ensures that the
updated Guidance is relevant to, and aligned with, the advancements and experience gained since the publication of the
2010 Guidance.

The updated Guidance maintains the focus on the assessment of risks and benefits of food consumption to human
health related to chemical hazards and nutrients. This Guidance does not address in detail the risks associated with bio-
logical hazards; however, the methodology may be applicable to such hazards. Incorporating environmental aspects in an
RBA, while within the remit of scientific assessment, requires additional considerations which go beyond the scope of this
Guidance.

It is to be noted that RBA fulfils a specific function and does not replace procedures required by existing European leg-
islation applicable to regulated products, e.g. safety or risk assessment and authorisation of food additives, food supple-
ments, novel foods, health claims, or any cases where safety and/or efficacy must be demonstrated. Therefore, the chemical
hazards that fall within the scope of an RBA comprise mainly contaminants in the foods under assessment. However, it is
possible that in addition to contaminants, other chemicals may become subject to RBA, such as compounds or processes
intended to protect or enhance the safety of the food. The general term ‘chemical hazard’ is used to capture all relevant
food components that may be subject to RBA.

Itis acknowledged that effectors, such as socio-economic or cultural factors, are taken into account in risk-benefit man-
agement decisions. However, consideration of these effectors is outside the remit of EFSA. Notwithstanding, there is

"The taskforce consisted of EFSA staff providing scientific support to the Panel on Contaminants in the Food Chain (CONTAM), the Panel on Nutrition, Novel Foods and
Food Allergens (NDA) and the Scientific Committee (SC).

®The work undertaken to assist the World Health Organization with the update of the WHO,,,,s-TEFs for PCDD/Fs and DL-PCBs was completed in 2022. It was used at an
expert meeting of the World Health Organization for the reevaluation of human and mammalian Toxic Equivalency Factors for Polychlorinated Dioxins, Dibenzofurans
and Biphenyls, which was held from 17 to 21 October 2022 in Lisbon (DeVito et al., 2024). The completion of the EC mandate for the RBA of fish, with a tentative deadline
at the end of 2025, is subject to both the updated WHO-TEFs for PCDD/Fs and DL-PCBs and the finalisation of the present Guidance update.
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evidence from social research indicating that individuals and societal groups often conflate these other effectors with
human health risks and benefits. Therefore, the updated Guidance includes advice on how social science can inform com-
munication of human health RBA. Such consideration supports assessors and managers in fulfilling the Objectives and
General Principles of risk communication in the ‘Transparency Regulation’?

Due to the multidisciplinary nature of the team engaged in RBA, interdisciplinary engagement is essential and must be
supported by a common language and clear understanding of concepts and terminology. In the area of risk assessment,
EFSA adopts definitions established by the International Program on Chemical Safety (IPCS) of the WHO and published in
the Environmental Health Criteria (EHC) 240 (FAO/WHO, 2009). In the area of benefit assessment, EFSA adopts definitions
established in existing guidance documents, EFSA glossary or WHO. A list of definitions pertinent to RBA in relation to
human health is provided in Appendix A.

RBAs will differ depending on the level of complexity of the RBA question and the data and resources available.
Therefore, the intention of the guidance is to provide several approaches that can serve as a basis for supporting a diverse
set of continuously evolving RBAs.

1.3 | Consultations

In line with its policy on openness and transparency, EFSA consulted EU Member States and interested parties through an
online public consultation held between 19 February 2024 and 2 April 2024. The comments received were considered by
the working group and incorporated into the current guidance, where appropriate, before adoption of the opinion by the
EFSA Scientific Committee. The outcome of the public consultation (EFSA-Q-2022-00211) is published as a technical report
in Annex A.

2 | RISK-BENEFIT ASSESSMENT APPROACHES

The 2010 SC Guidance was the only such document at the time, published by a regulatory authority in the context of food
risks and benefits. A similar framework was then published in 2012 and developed as an European Commission-funded
project to compare benefits and risks (BRAFO“’) (Hoekstra et al., 2012). Other activities, such as the Beneris," Qalibra,12 and
Bepraribean' projects were ongoing in parallel. In the last 10years, some of RBAs have been conducted using a variety of
approaches. An overview of currently available approaches and of activities that have taken place since the publication of
the 2010 SC Guidance is provided in Appendix B. The SC reviewed these approaches and activities for their potential to
improve the scientific process in conducting an RBA, especially for complex situations. The approaches and activities con-
sidered to advance the RBA methodology have been used here to update the 2010 SC Guidance.

RBA may be conducted at different levels of complexity, e.g. for specific foods (e.g. fish, eggs, apples, milk, etc.) or whole
diets (e.g. vegan diet), few or multiple food components (e.g. nutrients, contaminants), single or multiple health effects in
one or more population groups, and different pieces of evidence obtained from animal and/or human studies. Different
methods may be appropriate or compatible depending on the data available. Associated metrics relate to disease proba-
bility and are applicable across areas. Collectively they can support different tasks, from prioritisation within the risk and
benefit domains to the estimation of the overall quantitative trade-off using qualitative, semi-quantitative or quantitative
approaches. Different methods that can support the RBA process are discussed in Sections 4 and 5. Increased awareness
of the use of RBA in solving complex research questions has led to the development and integration of new approaches
and methods, research collaborations across Europe and the engagement of international agencies such as WHO, FAO and
EFSA (Alvito et al., 2019; Assuncao et al., 2019).

Multiple national and international projects have considered the complexities of integrating the benefits and risks to
human health linked to the consumption of foods or food components in order to understand the health impact of com-
bined exposures to chemical hazards and nutrients.

°Regulation (EU) 2019/1381 of the European Parliament and of the Council of 20 June 2019 on the transparency and sustainability of the EU risk assessment in the food
chain, revised Article 8a ‘Objectives of risk communication’ - ‘Taking into account the respective roles of risk assessors and risk managers, risk communication shall pursue
the following objectives: [...] (c) provide a sound basis, including, where appropriate, a scientific basis, for understanding risk management decisions’. Also, Article 8b
‘General principles of risk communication’ ‘Taking into account the respective roles of risk assessors and risk managers, risk communication shall: [...] (b) provide
transparent information at each stage of the risk analysis process from the framing of requests for scientific advice to the provision of risk assessment and the adoption of
risk management decisions, including information on how risk management decisions were reached and which factors were considered.’

19BRAFO: Benefit-Risk Analysis of Foods; an EU supported program describing a tiered framework for risk and benefit assessment, similar to the step-wise approach of the
EFSA 2010 Guidance.

"'Beneris: Benefit-Risk Assessment for Food: an Iterative Value-of-Information Approach; an EU-funded research project and co-funded by the Sixth Framework
Programme of Research of the European Union, Food Quality and Safety Thematic Priority. https://cordis.europa.eu/article/id/89760-better-assessment-of-food-safety-
risks.

2Qalibra: Quality of Life - Integrated Benefit and Risk Analysis Web-based Tool for Assessing Food Safety and Health Benefits; a research project supported by the
European Commission's 6th Framework Programme on Food Quality and Safety. https://cordis.europa.eu/project/id/22957/reporting.

3Bepraribean: Best Practices for Risk-Benefit Analysis of Foods; a research project about benefit-risk assessment (BRA) of food and nutrition. It is based on lessons from
other fields (food microbiology, economics and marketing-finance, environmental health, medicine and consumer perception). http://en.opasnet.org/w/Bepraribean.


https://cordis.europa.eu/article/id/89760-better-assessment-of-food-safety-risks
https://cordis.europa.eu/article/id/89760-better-assessment-of-food-safety-risks
https://cordis.europa.eu/project/id/22957/reporting
http://en.opasnet.org/w/Bepraribean
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2.1 | Inputfor the update of the risk-benefit assessment Guidance

The update of the 2010 SC Guidance is based on six lines of input:

(a) feedback from Member States (Section 1.1), (b) the aspects identified in the 2010 SC Guidance that call for caution
in interpretation (Appendix B.1), (c) aspects of the Hoekstra et al. (2012) approach (Appendix B.2), (d) developments in the
field since then (Appendix B.3), (e) the output of the 26th EFSA Scientific Colloquium (Appendix B.4) and (f) two systematic
reviews on risk-benefit communication (Appendix G).

a. MS requested that outputs of RBA be more helpful to risk-benefit managers when issuing FBDG in the context of
multiple chemical hazards, nutrients and health effects, that may impact population subgroups differently. Specifically,
MS feedback indicated that a comparison of exposure to health-based guidance values (HBGVs)'* or dietary reference
values (DRVs)” is not sufficient, and reporting a single composite metric, such as the DALY, to capture the risks and
benefits to the population would not help them to understand the overall health impacts and translate the risk—
benefit output into FBDG.

b. Based on the aspects identified in the 2010 SC Guidance that need caution in interpretation, reporting the single com-

posite metric together with other outcome parameters is recommended (Section 6), to not lose sight of the complexity
embedded into a single value.
As noted in the 2010 SC Guidance, ‘it is important that the risk-benefit manager is aware of the limitations of the different
metrics used for measuring risks and benefits. Going beyond the 2010 SC Guidance, it is important that the uncertainties
and assumptions are transparently documented and communicated to inform the risk-benefit manager in decision
making.

c. The Hoekstra et al. (2012) approach offers helpful examples for output presentation, identification of RBA specific uncer-
tainties and other aspects that are incorporated in this updated guidance.

d. Building on lessons learned from developments in the field of RBA, the updated Guidance takes into consideration
experience reported in the literature. In the Thomsen et al. (2021) review, it was concluded among others, that there is
heterogeneity in methods applied in the RBAs reviewed and there is a need for evidence-based, up-to-date and har-
monised approaches. These authors also concluded that lack of harmonisation is still considered one of the main chal-
lenges for RBA.

A comprehensive analysis of the challenges in performing RBA along with proposals to meet them has been published
by Nauta et al. (2018). The proposed approaches to meet the challenges are considered in the updated Guidance.

In these activities, different approaches are followed depending on the question and the purpose of the assessment.
Importantly, lessons learned from implementing existing RBA approaches have led to improved procedures that are
presented in the updated Guidance.

e. The outcome of the 26th EFSA Scientific Colloquium held in February 2022 re-emphasised the importance of clear
problem formulation and highlighted that going beyond the 2010 SC Guidance can be achieved by exploring new ap-
proaches and possible refinements of existing methods. It was recommended that the updated Guidance remains flex-
ible to capitalise on future developments in both methods and data.

f. Two outsourced systematic reviews of the social science literature were conducted to inform the risk-benefit communi-
cation considerations. The review by Jaskiewicz et al. (2023) covered relevant papers on food-related health risks and ben-
efits from 2018 to 2022, while the report by Rodes-Sanchez et al. (2024) completed data gaps with a focus on consumer
trade-offs related to risks and benefits.

3 | AIM OF THE GUIDANCE AND THE UPDATE

This Guidance document aims to provide guidance to scientists conducting RBA on how to address higher levels of com-
plexity and improve consistency and harmonisation among independent assessments.

Guidance is provided for different RBA needs ranging from simple to more extensive assessments. Specifically, the up-
dated Guidance aims to:

» Present the currently available methodological options relevant to comparisons of risks and benefits.

» Outline strategies for assessing multiple risks, e.g. from multiple chemical hazards, and/or multiple benefits that may be
impacting different subgroups of the population.

« Allow flexibility for RBA application to different contexts (e.g. foods, novel foods, food replacement, interventions).

» Propose reporting templates to provide detailed information on health effects that assist the risk—-benefit manager with
prioritising public health needs.

« Include consideration of strength and weight of evidence.

HBGV refers to reference values such as the tolerable daily/weekly intake (TDI or TWI) or acceptable daily intake (ADI), for chemical hazards, or the tolerable upper intake
level (UL) for nutrients.

SDRV refers to reference values such as the average requirement (AR) population reference intake (PRI) or adequate intake (Al) for nutrients. UL is included in the
definition of both DRVs and HBGVs.
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« Include quality and reliability of evidence.
« With respect to risk benefit communication, to provide social science advice and tools to support assessors and manag-
ers to contextualise and plan communication of their respective assessment and management outcomes.

Considering the challenges identified and the heterogeneity of the RBA approaches adopted by the scientific commu-
nity and reported in the literature, the updated Guidance aims to provide a framework of principles that is applicable to
a wide range of needs. The specific context of the RBA question can be different, or the priorities may vary substantially
among geographic areas. A systematic and transparent approach with adequate documentation and justification of the
selections made can help harmonise the RBA process such that the outcomes are evidence-based, well documented and
reproducible.

To achieve comparable and consistent RBA results across different contexts and priorities, international harmonisation
of the principles for a systematic and transparent approach is needed. Although there are collaborative efforts within the
EU, greater harmonisation and scientific cooperation are needed at an international level. At the time of the update of the
EFSA Guidance, a parallel effort with similar goals is ongoing by the WHO. Despite different remit and needs, the two au-
thorities aim for an alignment of RBA approaches in the respective Guidance on the basis of principles and methodological
transparency.

3.1 | Situations where risk-benefit assessment is relevant

RBA is relevant when both risks and benefits are clearly associated with the consumption of foods. A few examples where
an RBA may be applied are presented below. A distinction should be made between RBA and other situations assessing
risk-trade-offs, or risk-risk assessments, even though the same methodology can be applied.

Some examples of where both risks and benefits are present are given below:

» Food: A specific food may itself be associated with both health risks and benefits (e.g. meat, brown rice).

o Component: A single component of the food (e.g. vitamin D, folic acid) has both positive and negative health effects.

« Component and food: Risks from the presence of specific contaminant(s) in a food weighed against the benefits of the
food (or one or more of its components).

Diet: A change of dietary patterns (e.g. increase in plant-based foods) or introduction of new foods (e.g. novel foods).

It should be noted that the assessment of nutrients, such as vitamins or minerals,'® is guided by principles of ‘Acceptable
Range of Oral Intake’ (AROI) as described in a 2002 report of the IPCS/WHO (IPCS, 2002). The AROI concept also formed the
basis for the development of the guidance for the derivation of HBGVs for regulated products that are also nutrients (EFSA
Scientific Committee, 2021a). That guidance takes the range of beneficial effects into account but does not include an as-
sessment of benefits.

In the assessment of foods and diets, it is relevant to include substitution. The changed intake of a food or diet as spec-
ified in the intake scenarios, will probably lead to a changed intake of other foods, which will indirectly affect the overall
health impact of the food under study. It is, therefore, relevant to include the risks and benefits associated with the change
in intake of these other foods in an RBA.

Additional situations where an RBA might be indicated could be:

« Before the start of an intervention, such as folic acid fortification, or fluoridation of drinking water.

» Before introducing a change in food processing procedures, e.g. to reduce microbial contamination, the risk and benefit
of the applied heat treatment/UV-irradiation versus chemical treatment are compared.

« Where new knowledge emerges with major implications for either the risk(s) or the benefit(s) in a previous risk assess-
ment, benefit assessment or RBA (e.g. presence of perfluorinated compounds in marine products).

3.2 | Retained and updated aspects of the Guidance

The updated Guidance maintains the overall framework for RBA as presented in Appendix B.1. It also maintains the step-
wise approach developed in 2010 and provides additional information on available methodological options and tools for
conducting RBAs for different needs. It provides approaches for increased transparency in the selections of hazards and
beneficial components of the food to be included in the RBA and for systematically organising the available evidence. The
Guidance aims to remain flexible and to guide assessors through different scenarios that may be encountered in the con-
text of regulatory and non-regulatory assessments. The comparative nature of RBAs will require that the impact of differ-
ent types of health effects is assessed in relation to each other, qualitatively or quantitatively. Since this part of the process
involves value-based judgement, it should ideally be performed in collaboration with the risk-benefit manager (Box 1).

'®The term ‘essential trace elements’ is sometimes used synonymously.
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BOX1 Elements of the RBA guidance that have been retained, revised or added compared with the 2010
SC Guidance

Retained: Added:
« Overall RBA framework (Appendix B.1; Section 4.4—-4.7)  Approaches for selection and prioritisation of
- Tiered approach ("Step” > "Tier") (§ 4.2) components and health effects (Section 4.3; Appendix C)

« Approaches for assessing multiple health effects
(Section 4.6; Appendix D and E)

Revised: « Proposals for integrating risks and benefits while
« Problem formulation considerations (Section 4.1; Figure 1) reflecting complexity (Section 4.7)
« Account for severity with clarification on the role » Mapping stages of the RBA process with
of weights in RBA (Section 4.7.3) respective appropriate methods (Section 5)
« Emphasis on transparency (throughout) - Templates for reporting results (Section 6; Appendix F)
- Distinction of variability and uncertainty (Section 4.8) - Communication recommendations (Section 7; Appendix G)

The term ‘Step’ used in the previous 2010 SC Guidance has been changed in this update to ‘Tier’ to harmonise the
terminology with broadly recognised terms. This is consistent with the use of this term in other contexts where it implies
increasing refinement, such as in exposure assessment (where Tier 1 is a simple assessment, often a worst-case scenario
based on maximum limits, and higher tiers involve more refined data and analyses).

Section 4 of this updated Guidance is the main section providing guidance on conducting RBA and is structured in five
distinct subsections discussing: (a) problem formulation, including all preparatory steps that refine the problem formula-
tion; (b) description of the Tiered approach; (c) aspects of the RBA, including identification of positive and negative health
effects, characterisation of adverse and beneficial effects, exposure assessment and characterisation of risks and benéefits;
(d) methodologies relevant to the integration of risks and benefits; and (e) variability and uncertainty assessment.

The updated Guidance puts emphasis on the adoption of additional approaches that have been developed since
the 2010 SC Guidance and provides an overview of the methods applicable in each of the assessment areas (Section 5). The
update also includes more practical guidance on reporting the results of the assessment and on the interpretation of the
outcome (Section 6).

Guidance dedicated specifically to communication of the outcome of an RBA has been added (Section 7), based on
recent social science projects evaluating consumer perspectives, behaviour and response to advice.

Application of other EFSA Guidance is advised as relevant to the context of the assessment, such as protocol develop-
ment, combined exposure to multiple chemicals (Mixtures), Read-across, Benchmark Dose modelling, Uncertainty assess-
ment, etc. (EFSA Scientific Committee, 2018, 2021b, 2022, 2023).

4 | CONDUCTING THE RISK-BENEFIT ASSESSMENT

There are several approaches to conducting an RBA. These depend on the context and scope and can range from qualita-
tive to quantitative comparisons of risks and benefits. Before embarking on the assessment of risks and benefits, the
assessor(s) is advised to clarify and define the scope of the assessment in the process of problem formulation. If RBA is
performed in a regulatory context,'” the assessor should consult the risk-benefit manager in an iterative manner during
this preparatory phase (EFSA Scientific Committee, 2023). In such a case, a tiered approach offers a versatile strategy to
proceed through an RBA according to needs and data availability.

The time and resources available to carry out the assessment can impact its feasibility and need to be considered during
problem formulation. Data needs and data availability for different aspects of the RBA question may be subjected to a
preliminary assessment to help inform the problem formulation or be part of the assessment phase. This can be done with
scoping reviews. Since different types of data and levels of refinement are needed in the different RBA tiers, data availabil-
ity is likely to drive an iterative, problem re-formulation at several stages of the assessment.

Once the problem formulation is completed, the assessor may proceed with the assessment following a tiered approach.
This iterative process of the preparatory phase and the progression to the tiered assessment are illustrated in Figure 1.

7Regulatory context, as used here, includes also policy development.
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FIGURE 1 Iterative process of problem formulation in consultation with the risk-benefit manager in preparation for conducting an RBA.

4.1 | Problem formulation

The role of the problem formulation is to define the RBA question and the approach to be followed. Typically, when RBA is
used within a regulatory framework, the RBA question is developed in a dialogue between the risk-benefit manager and
risk-benefit assessor. In cases of RBA not performed in a regulatory framework (e.g. academic or other scientific purpose),
the question is defined by the assessor.

The purpose of the RBA describes the overall objective. The scope of the RBA defines the target population (general or
population subgroups), the level of aggregation at which it is performed (scale of diet, food(s), specific food components),
the level of complexity, e.g. number of food components (e.g. contaminants, nutrients), foods to be assessed, as well as the
intake scenarios, in line with EFSA Guidance on protocol development (EFSA Scientific Committee, 2023).

In a regulatory context, the compounds, foods or even the health effects of interest are defined by the requestor, e.g.
the risk-benefit manager. In most cases, whether regulatory or not, the health effects relevant to the RBA are identified and
characterised during the RBA process (see below).

The overall context and the scope as defined above, determine the methodological approaches that can be applied.
The reasoning and considerations involved in the problem formulation, the selections of what is included in the assess-
ment and assumptions made during the problem formulation should be transparently documented and justified as these
aspects have an impact on the outcome of the assessment, its interpretation and implementation (Boué et al., 2022; Nauta
et al., 2018; Ververis et al., 2024).

When embarking on an RBA, a number of questions should be addressed to frame a concise problem formulation.
Table 1 provides some examples.

TABLE 1 Questions framing the problem formulation.

Questions that frame the problem
formulation Examples

What is the purpose of the assessment? - FBDG, dietary interventions, assessment of foods as part of a healthy diet, scoping before
introducing a new food, change of food processing, assessment of whole diets, food
replacement: substitution of one food with another, or one food component with another.

What is the scope of RBA? - Characterisation and specification of food components, foods or diets to be assessed.
Definition of the target population (general population, or (sub)populations like elderly,
women in the childbearing age, children, etc.).

Definition of reference and alternative intake scenarios to be investigated and compared,
where the reference scenario may be the current intake or a zero-intake level.

Decision on whether to use individual data of dietary exposure or summary estimates.
Decision on whether food substitution should be considered.

What are the boundaries and limitations of - Inclusion or exclusion of specific population groups.
the RBA? - Inclusion or exclusion of specific food components.
« Clear specification of assumptions made.
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It is essential to identify, based on the needs of the risk-benefit manager, the type of RBA needed in terms of the level
of refinement. If the risk-benefit manager wants to know if the risk-benefit balance as such is changed in response to one
scenario or another, a qualitative outcome may be sufficient. Conversely, if the context is complex and quantitative infor-
mation is needed, the RBA should identify not only if the risks outweigh the benefits or vice versa but also by how much
the risks outweigh the benefits or vice versa.

In conclusion, a clear understanding of the overall purpose and scope of the RBA is needed and to list all the assump-
tions made. The problem formulation is an iterative process, and it is recommended to revisit it once a preliminary assess-
ment has been conducted to refine the questions further, if necessary.

4.2 | Tiered approach to risk-benefit assessment

As in its previous Guidance on RBA in 2010, the SC recommends applying a tiered approach to the RBA to avoid complex
assessments if not needed. More specifically, the different tiers relate to the level of detail needed to resolve a particular
question, which may become more (or less) complex depending on the number of risks and benefits involved. For exam-
ple, is a screening-level approach (Tier 1) enough? Are refinements using indirect (non-effect size based) measures of risks
and benefits (Tier 2) adequate, or is an assessment of actual effect levels (Tier 3) at relevant exposures needed to conclude
on the assessment question? Data requirements increase from low to high tiers. The use of internationally established
methods and guidance applied within traditional chemical risk and nutrient assessments may not cover all aspects needed
to perform an RBA. For example, approaches for comparing different types of health effects can be needed to balance the
considered risks and benefits (Sections 4.6 and 4.7). Risks and benefits can be qualitatively or, ideally, integrated quantita-
tively (e.g. using a composite metric) at both Tiers 2 and 3. Below, a short description of the different tiers is given.

Tier 1 represents an initial RBA intending to see whether it is possible to conclude if the risks clearly outweigh the ben-
efits (risks >> benefits), i.e. when risks appear at low exposures (e.g. P5) while benefits are seen at high exposures (e.g. P95),
or the benefits clearly outweigh the risks (risks << benefits), i.e. when benefits are seen at low exposures while risks are seen
at high exposures (Figure 2). This is usually done using existing individual assessments for risks and benefits for relevant
food components at upper and lower bounds of exposure. To make such a comparison, all relevant factors related either
to a potential health risk or to a potential health benefit need to be considered (e.g. is it an apical effect or a biomarker of
effect,'® what is the nature and severity of the effect, who is the affected (sub)population, etc.). If more than one risk and
one benefit are to be assessed, risk ranking, and benefit ranking may help to conclude on the outcome. More details on
ranking approaches and the typical approach to a Tier 1 assessment are given in Sections 4.3 and 4.6, respectively. If this
initial assessment leads to a clear conclusion, then no further action is needed. However, if it is inconclusive, a refinement
is needed and the assessment proceeds to Tier 2 (Figure 3).

Tier1
Benefits at high exposure Initial Assessment S Risks at high exposure vs
vs risks at low exposure benefits at low exposure
Risks >> Benefits Risks and Benefits do not clearly outweigh each other Risks << Benefits
| | |
Report back to RBM and Report back to RBM with proposal for Report back to RBM and
proposal to conclude refinement of the assessment proposal to conclude
Identification of data needs

l

Tier 2
Refined Assessment

 — Involvement of the Risk Benefit Assessor and the Risk Benefit Manager (RBM)

Task of the Risk Benefit Assessor

FIGURE 2 Tier 1 process of risk-benefit assessment.

®According to the definition by the WHO, a biomarker of effect refers to a measurable biochemical, physiological, behavioural or other alteration within an organism
that, depending upon the magnitude, can be recognised as associated with an established or possible health impairment or disease (EFSA Scientific Committee, 2017a;
WHOY/IPCS, 1993). A biomarker may be associated with a risk or a benefit. It is the direction of the association that determines whether the relationship reflects an adverse
or beneficial outcome. See EFSA's ongoing work on developing a guidance for the use of biomarkers of effect: https://open.efsa.europa.eu/study-inventory/EFSA-Q-2023-
00583.


https://open.efsa.europa.eu/study-inventory/EFSA-Q-2023-00583
https://open.efsa.europa.eu/study-inventory/EFSA-Q-2023-00583
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Tier 2 aims to refine the assessment using indirect (non-effect size-based) measures of risks and benefits. For example,
the number of individuals with exposure to food components above or below HBGVs and DRVs can be characterised, ac-
counting for population variability and/or uncertainty (see Section 4.6.1). Tier 2 can also be used to derive semi-quantitative
or quantitative estimates of risks and benefits at relevant exposures. This would need the use of a common or a composite
metric. In Tier 2 the latter could, for example, be a comparative margin of exposure (see Section 4.6.1), or in case of multiple
effects, severity-standardised approaches for a combination of data can be consulted (see Section 4.6.2). Alternatively, if
risks and benefits are in different non-comparable quantitative units, a qualitative approach for their integration is needed
(see Section 4.7.1). This includes the case of risks and benefits at different tiers, e.g. a margin of exposure describing indirect
risk (Tier 2) compared with reduced disease incidence or mortality describing benefit (Tier 3). If a conclusion on the prob-
lem formulation cannot be reached on the basis of this refined assessment, e.g. the outcome of this refined assessment
does not clearly indicate that the risks outweigh the benefits (risks >> benefits) or vice versa (risks << benefits), the assess-
ment proceeds to Tier 3 (Figure 3).

Tier 2
Refined Assessment

Refinement of the Assessment

eRefinement of the exposure (e.g. comparison of different scenarios)
eRefinement of the hazard/positive health effect (e.g. dose response modelling)
eNumber of individuals above or below HBGVs and DRVs

eAccount for population variability and/or uncertainty

Risks and Benefits do not clearly
outweigh each other

l l l

Risks >> Benefits Risks << Benefits

Report back to RBM Report back to RBM Report back to RBM
proposal to conclude Proposal for further refinement proposal to conclude
and integration

Tier 3
Integrating Risks and Benefits

Task of the Risk Benefit Assessor

[:] Consultation of the Risk Benefit Assessor with the Risk Benefit Manager (RBM)

FIGURE 3 Tier 2 process of risk-benefit assessment.

Tier 3 aims to refine the assessment further using direct (effect size-based) measures of risks and benefits, i.e. the prob-
ability of a health effect/disease or the mean response for a continuous health effect. This generally requires more detailed
data than at Tier 2, but similar to Tier 2, population variability and/or uncertainty may be accounted for, and a common
or composite metric is applied. Typical Tier 3 composite metrics account for several dimensions of a health effect, e.g.
incidence, severity, duration and mortality (Hoekstra et al., 2012) as described by the DALY. Composite metrics like the
DALY might be applied in the case of single or multiple risks and benefits (Section 4.7.2). For assessments involving mul-
tiple effects, severity standardised approaches for a combination of data, covering disease endpoints, as well as related
risk factors can be considered (Sections 4.6.2 and 4.7.2). As an alternative to using common or composite metrics, a more
straightforward approach would be to list the evidence on the risks and the benefits in a qualitative integration approach.
It should be noted that quantitative Tier 3 approaches require detailed data describing disease and/or other risk factors
that might not be readily available, and new data may need to be generated. Sections 4.6 and 4.7 on characterisation and
integration of risks and benefits provide more information on methods and approaches related to Tiers 1-3. It should be
noted that while Tiers 2 and 3 describe different levels of detail in the data/metrics used, the resources needed to conduct
an assessment are also likely to be determined by the level of complexity, e.g. in terms of how many risks and benefits
need to be considered as part of the assessment. In all cases, the strength of the evidence together with the uncertainties
in the estimations should be described and quantified to the greatest extent possible (see Section 4.8). This is particularly
relevant when the quality of the data differs between hazards and benefits.

The SC emphasises that for regulatory assessments, after the completion of each tier by the risk-benefit assessor, a
discussion should take place with the risk-benefit manager on whether sufficient information and detail supporting the
outcome has been provided and whether the assessment can stop. If this is not the case, new terms of reference need to
be agreed upon in order to proceed with the next tier.

While the risk-benefit assessor is responsible for evaluating the evidence available for both risks and benéefits, the risk-
benefit manager concludes whether the outcome is adequate to make decisions.
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For all the tiers in the RBA, the rationale for following a certain approach and for selecting specific parameters should
be clearly described. The RBA should include a description of the assumptions and uncertainties and explain the outcome.
This will help the risk-benefit manager to understand its relevance in relation to the management decisions made.

4.3 | Selection of components and health effects relevant to the risk-benefit assessment

When conducting an RBA, the identification and selection of diet, and/or food, and/or food components with their associ-
ated possible health effects (see Appendix A — Glossary) are the key first steps. The RBA question and terms of reference will
shape the scope of the assessment. This includes the selection of foods, components and health effects, the relationship
of which is shown in Figure 4.

In certain situations, the RBA question and the terms of reference will directly include the foods and/or components to
be considered. If this is not the case, it will first be necessary to clarify the level at which the RBA is carried out, i.e. whether it
considers a diet, foods and/or components (Figure 4). At the diet level, foods that make up the diet will have to be defined,
and then the components of each food. For specific foods, the identification of food components, nutrients and potential
hazards is also needed. The health effects associated with either the diet or foods or components selected have to be
defined.

When conducting RBA of specific foods or diets, it may be relevant to establish a reference food comparator or define
a reference diet, considering that changes in the consumption of specific foods rarely occur without modifications to the
rest of the diet. Understanding the resulting changes in dietary consumption patterns helps establish a comparative basis
for evaluating the associated risks and benefits (Ibsen et al., 2021).

Foods (and diets) can be linked with health effects, if dose-responses are available

1
Health effect 1

Health effect 2

Gormpanent.1 Health effect 3

Component 2
Food 1
Component 3
Food 2
Diet 1
Food 3
To be defined Diet 2
and selected
Different levels of RBA
& S . Diet - Health Effects
< > e Food - Health Effects
¢ > e  Component - Health Effects

FIGURE 4 Representation of the different levels of RBA and links between ‘diet — food — components - Health effects’ to be defined and
selected.

43.1 | Identification of foods, components and health effects

The stage of identification of food components may apply differently to benefits and risks. In the context of nutrition, the
nutrients in various foods may be well defined, but in the context of toxicology, it is important to specify which chemical
hazards are identified as relevant to the RBA.

When identifying health effects for an RBA, the first step should be to consult existing assessments of diet, foods or
food components. These assessments are typically carried out by entities such as EFSA, national authorities, WHO or other
recognised national and international agencies and health authorities. Assessments done by such authorities can typically
lead to establishing DRVs for nutrients and HBGVs for chemical hazards and they generally provide robust assessments for
health benefits and risks, respectively.

43.2 | Datasources

The identification of food components and health effects depends on data availability and requires expert judgement and
decisions. It is stressed to report clearly and transparently any choice. Different sources may include:
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- Existing assessments from national and international authorities;

- Systematic literature reviews from individual research groups and institutions;

- Original research articles (literature search and appraisal, synthesis of evidence...);
- Data repositories (individual data, synthesis of evidence...).

Focused systematic literature reviews carried out by individual research groups or institutions (e.g. IARC, NASEM) ad-
dressing either risks or benefits can be used as initial screening tools for identifying possible risks and benefits. When
relying on existing systematic reviews, it is important to thoroughly evaluate both the original research question and
the resulting inclusion/exclusion criteria. Furthermore, the methodological quality of the systematic review needs to be
checked carefully, ideally through the use of critical appraisal tools (e.g. AMSTAR 2, ROBIS, ROB-ME). If well conducted, sys-
tematic reviews may be particularly helpful for identifying the health effects related to food intake. This approach is often
necessary when established health effects cannot be directly attributed to one or several specific nutrients. For instance,
assessing the potential benefits of consuming legumes in terms of reduced cardiovascular disease risk (Mendes et al., 2023)
may require considering the holistic impact of the entire food rather than isolated individual nutrients.

If it is judged that existing opinions and assessments from public health authorities or available systematic reviews do
not provide sufficient information on possible risks and benefits, it may become necessary to conduct independent assess-
ments, e.g. when existing assessments or opinions from public health authorities require updating. It is acknowledged that
such new literature searches and evidence syntheses are both time-consuming and resource-intensive.

In summary, the use of existing assessments from public health authorities is encouraged. Existing systematic reviews
can also be a valuable source of information. Before use, systematic reviews need to be appraised for methodological qual-
ity. New literature review and evidence synthesis may be needed in cases when it is known that substantial new literature
is available that has not been considered in previous assessments.

Unlike the process of establishing HBGVs based on the most sensitive endpoint in the most sensitive population group,
all potential effects that may occur within a relevant range of exposure(s) are relevant for RBA. To address potential risks that
may occur in a wider segment of the population, other adverse effects at higher doses could serve as candidate endpoints
in the RBA. For example, in the case of PCDD/Fs and DL-PCBs (EFSA CONTAM Panel, 2018), the HBGV is based on the effects
of decreased sperm concentration in males, taking exposure through breastfeeding into consideration. At higher doses,
other effects such as changes in sex ratio and developmental enamel defects in teeth may occur as well. These effects may
be also considered in the RBA. Similarly, DRVs usually provide robust assessments of well-established nutrient benefits for
a specific health outcome. When expressed in terms of average-nutrient requirements (AR), such values allow for a direct
quantitative assessment for risk of deficiency if exposure assessment is available, thereby providing a direct measure of risk
at specific intake. For other DRVs such as adequate intake (Al), the applicability of such values for quantitative assessment is
less clear. Similar to the example on PCDD/Fs and DL-PCBs, assessments on DRVs usually include a thorough assessment of
several health endpoints that can also be used for RBA assessment. For example, for vitamin D, the upper intake level (UL) is
based on all population groups above the age of 1 year on persistent hypercalciuria (EFSA NDA Panel, 2023) while different
considerations were made for infants < 1 year (EFSA NDA Panel, 2018).

4.3.3 | Ranking and selection of foods, components and health effects

For transparency, the assessor is advised to document clearly and justify how the selection of food, food components and
associated health effects is made. The documentation should include details of the specific criteria and rationale upon
which these ranking and selections are made. One example of such prioritisation is the ‘Risk Thermometer’ developed by
the Swedish Food Agency (SFA, 2015). This approach is based on a severity-adjusted margin of exposure approach, for pri-
oritising chemical hazards (see Appendix D). In the context of RBA, a systematic stepwise approach was developed by Boué
et al. (2022), starting with a compilation of a ‘long list’ of food components identified through systematic literature search of
nutrients, chemical and biological hazards. Then, the ranking and selection of relevant components are applied in a struc-
tured way based on predefined criteria. Through iterative revisions, a ‘final list’ of food components is selected considering,
for instance, strength of evidence, dose-response and levels of intake (Boué et al., 2022; Ververis et al., 2024) (see Appendix C).
A similar prioritisation methodology is published by the national food safety authority in France (ANSES, 2020).

4.4 | Characterisation of adverse and beneficial health effects

Characterisation of adverse and beneficial effects refers to the evaluation of their dose-response relationship. For binary
(yes/no) health outcomes, this relates to their probability of occurrence across the range of measured (observational) or
assigned (experimental) exposures. For continuous health effects (e.g. blood pressure or blood lipid levels), the dose-re-
sponse reflects the magnitude of change associated with higher or lower exposure. When characterising risks and benefits,
relevant guidance documents should be consulted. These may include guidance on benchmark dose modelling, biologi-
cal relevance, the weight of evidence (WoE) and assessment of combined exposure to multiple chemicals (EFSA Scientific
Committee, 2017a, 2017b, 2021b, 2022). From the side of nutrition, comprehensive guidance also exists on approaches for
establishing DRVs including ULs (EFSA NDA Panel, 2010, 2022).
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Deviating from such guidance needs to be justified (see Section 4.4.1). Furthermore, dose—response relationships may,
by convention, be performed differently for risks and benefits. This is due to the different sources and nature of the evi-
dence being used (e.g. human versus animal studies) and the size of the evidence base.

Similar to the risk assessment process, characterising beneficial effects in RBA results in recommended minimum or
maximum thresholds that protect from deficiency or toxicity, respectively. However, it is recognised that as exposure levels
change, the health effects (positive or negative) that may be observed at high exposure levels may be not only quantita-
tively (higher frequency or severity of the same effect) but also qualitatively different from those observed at low levels.
Each of these effects can have a dose-response relationship with a food component or a food. Therefore, the nature of all
potential effects along the range of relevant doses or exposures may also be characterised. Whether positive or negative,
these health effects associated with food components or foods included in the RBA can be systematically mapped along
the range of low- to high dose levels (or exposures) and characterised for their relationship to dose, e.g. by categorical re-
gression or methods in Sand et al. (2018) and Sand (2022) (see Figure 5; Appendix D).

44.1 | Characterisation of adverse health effects

For chemical hazards, hazard characterisation is usually based on a few key studies judged sufficiently robust to assess
dose-response relationships. The source data can generally be from either human or animal studies. Human observational
studies usually cover a continuum of exposure levels, but the observed dose-response relationship may be, to varying
degrees, affected by biases that can occur in an observational setting.

When performing a quantitative RBA at Tier 3 to estimate the size of the health impact following a change in food con-
sumption, the aim is to compare the observed adverse and beneficial health effects. Under such an approach the HBGV is
not used directly but the data underlying its establishment are considered. The HBGV can be helpful in a qualitative/quan-
titative RBA at Tier 1 and 2 where the aim is to assess the number of individuals above the HBGV, or similar.

The EFSA Guidance on benchmark dose modelling (EFSA Scientific Committee, 2022) describes dose-response model-
ling approaches for identifying the reference point (RP), for establishing HBGVs. In the case of RBA, some deviation of the
use of that guidance may be needed compared with its intended application for identifying an RP for establishing a HBGV.
When the aim is to compare benchmark doses across risks and/or benefits, the central estimate (i.e. the benchmark dose,
BMD) is a more appropriate measure than the lower bound of the BMD. The upper and lower confidence intervals (e.g.
BMDL-BMDVU) then provide a direct measure of uncertainty around the BMD.

Another important aspect that may require deviation from procedures used for establishing HBGV is the use of default
uncertainty factors when, e.g. adverse effects are characterised using animal studies. Default uncertainty factors are used
to minimise risk taking into consideration the uncertainty of the animal to human extrapolation and interindividual vari-
ability. The objective of the RBA is to accurately quantify and compare risks and benefits. When relying on animal data,
more accurate animal-to-human extrapolation (than the default uncertainty factor, UF, of 100) may be achieved through
the use of toxicokinetic data and/or physiologically based pharmacokinetic (PBPK) modelling.

In the absence of reliable dose-response data or when extrapolating dose-response data from animal studies to cor-
responding adverse effects in humans is uncertain, existing HBGV may be used as an indirect or qualitative measure of
adverse effects.

44.2 | Characterisation of beneficial health effects

The characterisation of beneficial health effects may refer to individual nutrients, other food components or the whole
food. For nutrients, the beneficial health effects are usually characterised by assessing the dose-response relationship of
effects resulting from nutrient deficiency (see Appendix A for the definition of benefit). By convention, data obtained from
experimental and observational studies in humans are most often used for the benefit characterisation of either food com-
ponents or whole foods. Several approaches for assessing evidence of beneficial effects, tailored to different purposes,
have been developed (Aggett et al., 2005; WCRF/AICR, 2007; WHO/FAQ, 2003).

In contrast with chemical hazards, dose-response assessment for nutritional benefits often relies more on dose-re-
sponse meta-analysis or merging of several data sets. Modelling individual studies can also be applied. Due to the U-shaped
dual risk relationships of most nutrients, the use of the BMD approach is not directly applicable (EFSA NDA Panel, 2022;
EFSA Scientific Committee, 2022).

As mentioned before for DRV, the AR (i.e. the level of a nutrient in the diet that meets the daily needs of half the people
in a typical healthy population) and the corresponding population reference intake (PRI, i.e. the level of nutrient intake
that is enough for virtually all healthy individuals in a group) provide quantifiable measure in terms of risk of deficiency.
However, if the underlying data are not robust enough to establish an AR, the resulting DRV can be set on the basis of risk
reduction. This includes the Al (i.e. average nutrient level consumed daily by a typical healthy population that is assumed
to be adequate for the population's needs). The Al is set to ensure sufficient intake, but it does not usually provide a quan-
tifiable measure in terms of risk of deficiency or other health effects. The tolerable upper intake level (UL) is the maximum
level of total chronic daily nutrient intake from all sources which is judged unlikely to pose a risk of adverse health effects
to humans. For nutrients for which there are no, or insufficient, data on which to base an UL, a safe level of intake can give
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an indication of the highest level of intake where there is reasonable confidence in data on the absence of adverse effects
(EFSA NDA Panel, 2022). However, the application of safe levels of intake for risk assessment and risk management is more
limited than an UL because the proportion of people at risk of adverse effects in a population cannot be estimated, as
the intake level at which the risk of adverse effects starts to increase is not defined. At intakes between the PRI and the
UL, the risks of inadequacy and of excess are both considered to be close to zero. As with HBGV for chemical hazards, the
underlying health endpoints used to establish DRVs often provide a logical first step in prioritising relevant health effects
for nutrient benefits.

44.3 | New approach methodologies for identification and characterisation of health effects

New approach methodologies (NAMs) have the potential to add value in both hazard identification and hazard charac-
terisation. They provide more specific or detailed biological information than traditional animal models. They can provide
relevant information to substantiate the biological relevance of exposure-effect associations. Therefore, they can also be
adapted to the identification and the characterisation of adverse and beneficial effects within RBA. With respect to the
identification of effects, NAMs have the potential to predict the effects of chemical substances in the organism based on
their activity, employing in chemico, in silico or in vitro methods (Cattaneo et al., 2023). An important advantage of NAMs
is their capacity to provide a mechanistic understanding of the chemical-biological interactions across various levels of
biological organisation (Blaauboer et al., 2016; Karmaus et al., 2020).

Although substantial efforts have been made to incorporate data from NAMs into chemical risk assessments, their ap-
plication in the context of RBA, especially for the purpose of identifying and characterising benefits, still requires further
demonstration and validation.

4.5 | Exposure assessment

Exposure assessment is a key component of any RBA. Usually, the term exposure assessment is used in relation to chemical
hazards and most often the interest is in consumers with high exposures. The term intake assessment is usually used in
relation to nutrients, where the interest is in consumers with both high and low intakes. In this guidance, the term exposure
assessment relates to both chemical hazards and nutrients. As for all exposure assessments, data on food consumption and
food component concentrations are minimum requirements. Food consumption data are usually obtained from national
dietary surveys. The EFSA Comprehensive European Food Consumption Database (EFSA Comprehensive Database) pro-
vides a compilation of existing national information on food consumption at the individual level and was first built in 2010
(EFSA, 2011b; Huybrechts et al., 2011; Merten et al., 2011). Details on how the Comprehensive Database is used are published
in the Guidance of EFSA (EFSA, 2011b). These individual consumption data allow modelling distributions for consumption
and the associated uncertainties, but the access to those data is restricted. EFSA therefore developed a set of dietary expo-
sure tools (e.g. DietEx, FAIM), which are based on the data from the EFSA Comprehensive Database. Nutrient and chemical
concentration data are typically obtained from national or regional monitoring, which are collected and compiled into
EFSA databases. When specific data are not available to EFSA, targeted data requests may be needed. Concentration data
may also be found in the peer-reviewed literature, but care must be taken to assess their representativeness and their reli-
ability. In all cases, validated data and details of the analytical methodologies used are needed.

In low tier exposure assessment, using conservative screening methods, food consumption is evaluated using aggregate
data at the population group level in combination with point estimates of the occurrence of hazardous or beneficial food
components of interest (e.g. chemical hazards, nutrients, etc.) (EFSA, 2011a). If available, biomonitoring data at population
group level can also be used to strengthen the understanding of the relationship between external and internal doses. In a
refined exposure assessment, however, detailed, individual-level data are needed for consumption and/or biomonitoring
data. In addition, more detailed occurrence data of the components of interest are needed, including, e.g. their variability
in foods of different origin, production methods, processing, etc. (e.g. occurrence of chemical hazards and nutrients in dif-
ferent types of fish, in farmed or wild-caught, location of catch, origin of fish, seasonal variability, etc.). Several uncertainties
and sources of variability may be quantified in probabilistic models of exposure due to multiple hazards in multiple foods,
accounting for correlations in the multivariate distributions (Ranta et al., 2021). For Tier 2 or 3 assessments, more detailed
data and refined exposure assessment should be prioritised.

The assessor can consult guidance documents and tools to conduct an exposure assessment. Exposure assessment
guidance has been published by IPCS (FAO/WHO, 2009), while EFSA makes publicly available exposure tools that are up-
dated over time."® Depending on the scope of the RBA, exposure assessment may be conducted for the reference scenario
and alternative exposure scenarios, provided that concentration or food consumption data are available for both scenarios,
selected by the risk-benefit assessor and risk-benefit manager.

PEFSA's Assessment Tools and Resources available at https://www.efsa.europa.eu/en/science/tools-and-resources.
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The risk-benefit assessor should consider all relevant food components for varying amounts of a given food consumed
and prioritise each compound in a stepwise manner. EFSA's guidance on chemical mixtures may be a useful reference in
some cases (EFSA Scientific Committee, 2021b).

4.6 | Characterisation of risks and benefits

An overview of the methods and approaches discussed in this section is provided in Tables 2 and 3 (Section 5).

As a starting point, within the Tier 1 assessment, the characterisation of risks and benefits can be performed on the basis
of existing HBGVs and DRVs, i.e. an approach similar to that taken in traditional risk assessment. The HBGVs are typically
established using a conservative approach, i.e. overestimating risks to ensure the protection of the population. The con-
servative nature of the HBGV arises, e.g. from the application of uncertainty, adjustment or extrapolation factors. Under a
Tier 1 assessment, generally, conservative estimates of the human dietary exposure are then compared with the HBGV. An
apparent advantage is the possibility to rely on already established HBGVs. Besides supporting a Tier 1 assessment, this
standard approach can also assist in the identification of the most important, or practically relevant, risks and benefits,
along with methods discussed in Section 4.1 (Boué et al., 2022; SFA, 2015).

For chemical risks, in cases where an HBGV cannot be established (e.g. due to lack of appropriate data) or is not appro-
priate (as for genotoxic carcinogens),?® the principles of the margin of exposure (MOE) approach may be applied. MOE is
the ratio of an RP to the population exposure, and the higher it is, the lower the risk concern.

On the other hand, a Tier 3 assessment involves the direct characterisation of risks and benefits independently based
on specific morbidity or mortality rates (reflecting the number of cases or deaths), probability of effect or effect levels at
relevant exposures in a population or subpopulation. In cases where the risk-benefit question requests a quantitative esti-
mate of the magnitude of the health impact of a change in food consumption, using either a common or composite metric
is needed. A common metric describes a specific single health effect that may improve or worsen as a result of exposure,
while a composite metric has a multidimensional basis, e.g. accounting for the fact that risks and benefits may represent
different health effects. Depending on the considered health effects, these approaches also enable the estimation of the
burden of disease. Composite metrics related to such analysis are further discussed in Section 4.7 on the integration of risks
and benefits.

In order to broaden the options for risk and benefit characterisation, the methods discussed in the subsections below
may be considered. These approaches can also provide a type of composite metric, since they account for the nature/se-
verity of the health effects considered, supporting Tiers 2 and 3.

4.6.1 | Methods that address variability and uncertainty

A refinement to Tier 1 assessment is to take into account population variability and/or uncertainty in the HBGV and/or the
exposure. This refinement can be introduced at Tier 2 and helps to clarify if there is a relevant exceedance of the HBGV.
For example, the WHO/IPCS (2014) recommends a ‘probabilistic HBGV’ and proposes a ‘target human dose’, HD,V,’, defined
as the dose at which a fraction / of the population experiences an effect of magnitude/severity M, or greater, for the criti-
cal effect. The uncertainty in the RP and the adjustment factors are quantified and combined, resulting in an uncertainty
distribution for the HDM'. The WHO/IPCS (2014) presents three different approaches; i.e. a non-probabilistic approach, an
approximate probabilistic approach (implemented in a spreadsheet tool, "APROBA’) or a fully probabilistic approach to de-
rive HDM’. The fraction | in the HDM’ refers to the population variability in the HBGV, and M describes the response (i.e. the
benchmark response, BMR) associated with the RP when it is estimated using the BMD method.

The WHO/IPCS approach, focusing on uncertainty is based on work by van der Voet and Slob (2007), for example. They
have described how both variability and uncertainty may be accounted for in both the HBGV and the exposure. These
principles for addressing variability and/or uncertainty may also be used more broadly to refine other methods related to
both Tier 2 and 3 discussed in this guidance (Appendix D gives one example of this).

There are differences in how variability and uncertainty are quantified (EFSA Scientific Committee, 2018). Quantification
may be assumption-based (e.g. distributions anchored to common default uncertainty factors based on expert choice) or
data-based (e.g. frequentist confidence distributions or Bayesian uncertainty distributions derived explicitly from data).
Also, variability can have several nested levels, some of which could be quantified with empirical data or assumptions.

The WHO/IPCS (2014) attempts to make the choice of the BMR associated with the HBGV more explicit and transparent.
Similarly, EFSA Scientific Committee (2022) and WHO (2020) argue that the value of the BMR should be endpoint-specific.
Using BMRs that account for the nature of the underlying health effect, in order for associated HBGVs and DRVs to repre-
sent similar (absolute) severity levels, would further refine this type of Tier 2 assessment. This allows a form of composite
MOE metric to be derived as the health effects involved would be considered. For example, it has been argued that the
type of development proposed by the WHO can support risk-risk and cost-benefit analysis (Chiu et al., 2018).

20https://www.efsa.europa.eu/en/topics/topic/margin—exposure.
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4.6.2 | Methods for addressing multiple effects

While an RBA may be based on one risk and one benéefit, there will be cases when it is necessary to cover several effects
that may also refer to different food components. This can be done by considering each effect separately using any of
the approaches discussed earlier in this section. In addition, there are methods that allow for the combination of data for
different effects across the dose continuum. Such methods can help to assess various outcomes in a systematic manner,
such as allowing for estimating the probability related to several types of health effects for a given exposure and the conse-
quence of a gradual increase in exposure can be broadly characterised. Figure 5 shows an example of modelling the range
of benchmark doses for interrelated effects associated with a mixture of food components. Standardised scoring systems
(Figure 5, y-axis) by which data are combined enable comparison of results (probabilities) between chemical hazards, and
can support comparison to separately derived results for other food components (see Section 4.7.2 on integration). These
approaches also facilitate the combination of data from multiple studies in a single analysis (meta-analysis). This can, for
example, be useful when an individual study provides limited dose-response information.

Categorical regression has been used to combine data, from both toxicological and epidemiological studies, describing
different health effects by developing a severity scoring system (Section 4.7.3 for weighting of effects) to place the various
outcomes on a common scale. While its application in RBA has been limited so far, this method can estimate the likelihood
of different categories of severity for given exposure conditions. The severity categorisation of the effect data that popu-
lates this model is generally a function of both the nature of the health effect as well as the level of response observed (e.g.
a certain per cent increase in the incidence of some lesion). Categorical regression is regarded to apply to Tier 3 since effect
levels are typically considered to be part of this method (see Section 4.7). The US-EPA has developed a software package
called CatReg (US EPA, 2017) and categorical regression has, for example, been applied to estimate the dose-response for
manganese (Milton et al., 2017).

Sand et al. (2018) describe another approach for a combination of data for which the nature of the health effect and
the level of response are treated as two distinct variables (Figure 5). In this case, severity is a relative term that refers to the
nature of the health effect only, and the model may be evaluated at a particular response level (Tier 2), i.e. at the same BMR,
or across the whole response domain (Tier 3). In the former case, the method is a form of generalisation of a traditional
approach that considers RPs for multiple effects in a joint fashion. It can be part of an extended Tier 2 assessment that
evaluates the probability of exceeding these RPs at given exposures. As part of the method, the RPs which are associated
with lower to higher order effects, are organised according to a categorical (relative) severity scale (Figure 5, severity cat-
egories C1-C9). A summary response can also be estimated by integrating contributions across effects. As described in
Sand et al. (2018), by adding a model for the dose-response curve, a generalisation is obtained so that the response metric
describes the probability of effect/s rather than the probability of exceeding associated RPs. This extension of the model
applies to Tier 3 (see Section 4.7). The method was first illustrated for traditional animal data and later adapted to allow
the combination of BMDs from short-term toxicogenomic studies in rodents (Sand, 2022). See Figure 5 and Appendix D for
more information, including a case study for application within RBA that uses human (epidemiological) data.

While the methods discussed have been proposed for assessing chemical risks, the model outputs may, due to their
standardised nature, also help to quantify and characterise benefits. This is further discussed in the section below on in-
tegration of risk and benefits. Also, work more broadly in the area of risk ranking (Chen et al., 2013; Lindqvist et al., 2020;
Van der Fels-Klerx et al., 2018) can be consulted in the process of characterising multiple risks and benefits. In this context,
the conclusion from an international workshop noted, e.g. that both probability and severity are important aspects to be
included in a risk comparative framework (Sand, 2022).
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Combination of BMDs for several long- and short-term effects of pentabromodiphenyl ether mixture (DE-71) in rats.
Large orange circles are BMDs based on long-term data from the NTP (National Toxicology Program) (2016) — light circles
are BMDs for liver lesions, and dark circles are BMDs for effects in other organs. Small black circles are gene-level BMDs from
liver transcriptomic data in the same rat strain (Dunnick et al., 2018). BMDs correspond to a 10% excess probability of re-
sponse (BMR=0.1 0).21 In this example, data are described by a common model - the solid curve with associated blue/grey
distribution. For the long-term data, it characterises the relation between BMD and relative severity (category C1-C9,
mapped to S). For the short-term data, it portrays BMD variability within (solid curve) and between (blue/grey distribution)
gene sets. The probability of exceeding the BMD (blue areas) can be evaluated at a given exposure/s (vertical line).
Probabilities across S (y-axis) may also be integrated/summarised by utilising the attached weight function, w(S). This func-
tion can be used to modify relations between the severity categories (long-term data) or genes/gene sets (short-term
data), e.g. to support sensitivity analysis of the integrated probability. See Appendix D for the generalised model. Details
can be found in Sand (2022) [Note: compared with (Sand, 2022), the (blue/grey) distribution is generalised logistic rather than
normal, and the model is fitted with the maximum likelihood rather than the least squares method].

4.7 | Integration of risks and benefits
471 | AQualitative methods

The methods discussed for the characterisation of risks and benefits (Section 4.6) can potentially be applied across both
risk and benefit domains. However, depending on the selected metric the integration of risks and benefits may need to
be qualitative in nature. In this context, the term qualitative implies that the integration of risks and benefits relies on
value-based judgement without using any weights or similar. Combining risk and benefits qualitatively does not place
any constraint on the metric used within each domain. For example, in a qualitative integration, it may be assessed that
the number of reduced disease cases (benefit, Tier 3 metric) under a certain exposure scenario outweighs the number
of individuals above an HBGV (risk, Tier 2 metric) at the same exposure level. A qualitative assessment may also involve
risks and benefits expressed in terms of the same type of metric (at the same tier) but related to different health effects.
Assessment of the gradual change in risk/benefit depending on exposure, e.g. by providing detailed information on how
the response or incidence for given effects change, or how multiple effects appear as the dose increases could enrich the
basis for qualitative integration.

Qualitative integration is valuable not only when different metrics are present but also when data are limited or uncer-
tain, making it a useful approach for assessing scenarios in risk-benefit analysis where quantitative integration may not be
feasible.

472 | Quantitative methods

As discussed in Section 4.1, risks and benefits are ideally integrated quantitatively. A qualitative RBA can more clearly pro-
vide an overall answer to the risk-benefit question on whether the risks or benefits dominate. Quantitative integration is
applicable in the case of both indirect (non-effect size-based) Tier 2, and direct (effect size based) Tier 3 measures of risks
and benefits. When performed at Tier 3, a further advantage is that it can predict the magnitude of the human health
risks and benefits, providing a better interpretation, and can then be more easily used when the human health impact is
weighted against costs and sustainability indicators in a holistic assessment. It can provide the basis for generating FBDG
including the identification of optimum dietary solutions.

4721 | Quantitative health impact metrics

If the risk—benefit question requests an estimate of the size of the health impact, a risk-benefit comparison based on
threshold values such as a reference dose, MOE or UL are not sufficient to quantify the health impact. In this case, risks and
benefits should be expressed in terms of either a common or composite metric (Thomsen et al., 2018).

Common metrics are single outcome measures used to consider both positive and negative health effects. They express
only a single dimension such as disease incidence, prevalence or mortality, or a specific endpoint e.g. cholesterolaemia,
or cognitive performance (Boué et al., 2015; Fransen et al., 2010; Tijhuis et al., 2012). If the number of new cases or the inci-
dence of disease X is much lower than the number of prevented cases or incidence of disease Y, then the outcome of the
assessment could be straightforward. Conversely, if disease X and Y differ in terms of health impacts, then other dimen-
sions of the diseases, including their severity and duration, as well as subpopulations at risk, should be considered and this
can be handled with use of composite metrics (Hoekstra, Hart, et al., 2013).

Composite metrics are integrated measures and combine information about disease into one measure, and in contrast
with common metrics reflect several dimensions of health. Due to the higher complexity of composite metrics, they require

2A BMR of 10% is applied to all endpoints.
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more data input than common metrics (Boué et al., 2015; Fransen et al., 2010; Tijhuis et al., 2012), which in some cases can be
a challenge. Examples of composite metrics are the Willingness to Pay, Cost of lliness, DALY and QALY (Havelaar et al., 2015;
Jakobsen et al., 2016; Oberoi et al., 2014).

DALYs and QALYs combine aspects that characterise the magnitude of the health impact: number of people affected,
severity, duration and mortality. The most used composite metric in quantitative RBA is the DALY (Berjia et al., 2012; FAO/
WHO, 2011; Hoekstra et al., 2008; Hoekstra, Hart, et al., 2013; Van Kreijl et al., 2006), which is also the preferred metric in the
GBD study (GBD 2016 DALYs and HALE Collaborators, 2017) and the WHO estimates of the global burden of food-borne
diseases (Devleesschauwer et al., 2015).

DALY is a measure of healthy life lost, whereas QALY is a measure of healthy life gained (Gold et al., 2002). DALY measure
health loss compared with an ideal life, and express years lost caused by premature death and health loss due to disease.
The use of DALY allows for a comparison across diseases, and the difference in the sum of DALYs between a given reference
scenario and one or more alternative scenarios thereby providing information on an overall health gain or loss by a theo-
retical intervention in a population.

When reporting DALY estimates, a detailed description of the interpretation should follow along with other measures,
such as comparison of chemical and nutrient exposures with HBGVs and DRVs, respectively, number of cases of disease and
characterisation of unquantified uncertainties. More details are provided in Appendix E.

4.72.2 | Other quantitative metrics

Similar to health impact metrics described above, the nature of the effect can also be taken into account using the addi-
tional methods discussed in Subsections 4.6.1 and 4.6.2. These methods, in conjunction with metrics like DALY, can assist
in enabling a semiquantitative or quantitative integration of risks and benefits at Tier 2 or 3. For example, at Tier 2, HBGVs
and DRVs may be better mapped (or compared) by calibrating the associated benchmark responses to represent similar
levels of severity (i.e. severity in terms of the combination of the nature of the effect behind the HBGV/DRV and the selected
BMR). The approaches discussed for the combined assessment of multiple effects in Section 4.6.2 may also be applicable
for benefits expressed as risk reductions, provided that there is a relationship between dose and severity (categorical re-
gression) or dose and relative severity (Sand, 2022; Sand et al., 2018) for such effects. This requires further consideration and
development since the methods so far have primarily focused on chemical risks.

However, in specific exposure scenarios, the observed levels of risk reductions can be compared separately with the
likelihood of various severity categories resulting from a categorical regression approach employed to assess the risks. The
integration may be semiquantitative or quantitative at Tier 3 depending on how well observed levels of risk reductions are
mapped to the severity levels in the categorical regression approach.

Similarly, for given exposures, the generalised version of Sand et al. (2018) provides the probability of effect/severe
effect, which can be semiquantitatively or quantitatively integrated with the associated probability of effect/disease re-
ductions that may be derived separately at Tier 3. As illustrated in Appendix D, results from this method can be derived at
specific severity levels between 0 and 1 (i.e. relative severity, relating to the nature of effect) or in terms of an integrated/
summary response accounting for the whole severity (effect) domain. Consideration of where the separately derived
benefit-related effects or diseases (risk reductions) are classified on the same severity scale between 0 and 1 can help in
the process of integrating the risks and benefits more quantitatively (see Appendix D, Section D.1.3).

As an extended Tier 2 approach, the simpler version of Sand et al. (2018) that evaluates the probability of exceeding RPs/
adjusted RPs (applying to a particular BMR) may be compared with (separately) derived probabilities of exceeding DRVs
(preferably using the same BMR). Similar to the discussion above, consideration of effects behind the DRVs in relation to
the severity scale attached to the risk model could aid in the comparison of the risk and benefit related results for given
exposure scenarios.

There may be situations when it is difficult to categorise effects by severity and/or develop a composite metric within a
risk/benefit assessment framework. Estimates of the magnitude or probability of effect for considered risks and benefits at
relevant exposures may then serve as input for decision analysis (Smith, 2010). Developments related to the latter issue would
more exclusively focus on risk management, requiring either explicit ranking or weighted preferences of multiple effects as
part of a formal decision analysis, or application of multicriteria decision analysis to arrive at an optimised overall conclusion.
Approaches for the estimation of probabilities of the various effects to be used as input may utilise methods discussed or
exploit modern Bayesian multilevel modelling for evidence synthesis with multiple uncertainties simultaneously.

Future efforts in the area could envision more precise and context specific dose-response models for risk and benefit
estimation that may support RBA broadly. Such approaches would involve probabilistic integration of dose-response func-
tions over exposure distributions for directly addressing the probable magnitude of (positive or negative) effects or cases
in a population over specified times. A focus on data needs would be an important element as part of such developments.

473 | Weighting of health effects

A fundamental challenge in RBA is the need to balance various types of health effects since it will generally not be possible
to describe relevant risks and benefits by the same endpoint/s only. The disability weights developed by the WHO are the
most established factors that address this issue, and they exist for a number of health effects that generally relate to different



22 of 59 | RISK-BENEFIT ASSESSMENT OF FOODS

diseases, including subgroups (WHO, 2020). These disability weights were developed for assessing the impact of different
diseases in a population, within a burden-of-disease context and account for both disability and premature death. The WHO
weights are part of the estimation of DALYs but could potentially also support other approaches with weightings. As the dis-
ability weights are disease-specific, they do not cover the entire spectrum of effects that may be relevant for RBA. As the global
burden of disease may not always be applicable to the specific national or regional context under consideration, disability
weights have also been developed for regions, including the European region and individual countries (GBD 2019 Diseases
and Injuries Collaborators, 2020; Global Burden of Disease Collaborative Network, 2022; Schwarzinger et al., 2003).

As part of other approaches presented in this Guidance, new weighting schemes are also presented. For example, in
Boué et al. (2022), a severity weight is assigned in the identification of food components and health effects based on a
3-graded scale, as detailed in Appendix C. Also, as part of the Risk Thermometer (SFA, 2015), a 5-graded severity scale is
used, which is attached to a hierarchical health effect classification scheme covering effects ranging from lower order, such
as biochemical markers, to higher order endpoints, such as diseases. This scheme has been further refined and extended
by Sand et al. (2018) (see Appendix D). Similarly, in the context of categorical regression, more specific weighting schemes
for given chemicals have been developed (e.g. Milton et al., 2017). Besides their application within associated methods,
such schemes might, together with other considerations, also more broadly support the comparison of multiple (positive
and negative) effects in a risk-benefit context.

It should be noted that ranking and weighting effects include both scientific and value-based aspects. For example,
effects associated with an organ-specific adverse outcome or disease might be hierarchically organised based on scientific
considerations of severity, e.g. changes of biochemical markers, organ weight, histopathological presentation, functional
impairment, malignancy, that may be linked in a continuum of increased toxicological consequences and may be ranked
for increasing severity based on scientific criteria.

Assigning weights, quantitatively, to effects within and across different adverse outcomes not only entails scientific
considerations but also involves societal considerations on which effect is expected to have a larger impact on the pop-
ulation. Therefore, the selection of weights should be performed in consultation with risk management authorities. The
initial severity-based ranking of effects would constrain the subsequent selection of weights such that the weight for a
high-severity category would need to be larger than that for a low-severity category. In this process, sensitivity analyses
may also be considered, investigating how a result may change depending on the weights selected.

4.8 | Consideration of variability and uncertainty

Variability and uncertainty are distinct and important to consider within all assessments. In relation to the Guidance for
RBA, consideration of variability and uncertainty is an important component of Tiers 2 and 3 assessments. However, as-
sessment of variability and uncertainty would generally not be a major focus at Tier 1T where point estimates, worst-case
scenarios or similar, are considered. Characterisation of the uncertainty and variability is part of the RBA assessment while
the impact these may have on decisions is part the RBA management.

4.8.1 | Sources and characterisation of variability

Variability is inherent in biological systems and can be estimated to various degrees of accuracy depending on the data
and methods used. Various modelling approaches can be used to estimate inter- and intraindividual variability, both in the
context of exposure and in the biological response to nutrients or chemical hazards. Variability cannot be reduced but bet-
ter characterised with additional data.

In exposure assessment, more information on the between-person variability can be obtained by assessing the distri-
bution of exposures in a population. Depending on the characteristics of data collection and the availability of raw data,
various approaches exist to model the variability of individual servings or variability of long-term average (usual) intakes
between individuals. Analysis of variability in consumption patterns e.g. within Member States may be performed using
summary data, such as from the EFSA Comprehensive Food Consumption Database. However, modelling among individu-
als or correlations between food types is not possible when only summary data are available. Furthermore, data are usually
not available to assess within person patterns of exposure considering that people do not eat the same food every day. The
intermittent exposure patterns are not easily represented in estimates of usual intake. Also, an additional complexity is that
nutritional composition of food and hazard contamination may potentially vary according to time and cooking practices.

In biological terms, variability impacts the kinetics of a given substance, i.e. how a substance is handled in the organ-
ism, and its dynamics, i.e. the response of the biological system to the substance in question. This translates to variability
of dose-response relationships associated with considered risks and benefits. Interspecies or intraspecies variability (i.e.
inter-individual) can be accounted for either with specific data, if available, or by the use of default factors (EFSA Scientific
Committee, 2012) or default probability distributions. Interspecies variability is typically addressed using default factors
only, when extrapolating evidence from animal studies to humans, although more information is becoming available
thanks to targeted studies or high throughput studies using cells, tissues or macromolecules (e.g. receptors, enzymes)
from different species in direct comparisons. In general, intraindividual variability is more difficult to assess and to account
for, typically due to lack of relevant data, unless a study is designed to collect such data (e.g. multiple time points, different
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conditions, etc.). In epidemiological studies, interindividual and intraindividual variability in kinetics and dynamics are the
main sources of variability and can be estimated and accounted for various degrees depending on study design and data
collected (EFSA Scientific Committee, 2024).

4.8.2 | Sources and characterisation of uncertainty

Uncertainties are generated mostly from lack of knowledge or data either in the exposure assessment or in the evidence
of health effects for the assessment of risks and benefits. The EFSA Guidance on Uncertainty Analysis (EFSA Scientific
Committee et al., 2018) describes a broad range of principles and methods for uncertainty analysis in risk assessment,
which are also applicable to RBA. According to the EFSA guidance, the sources of uncertainty should be identified, and
their overall impact on the assessment conclusions should be characterised. For RBA, the latter would concern conclusions
regarding the overall trade-off between considered risks and benefits. In the case of a quantitative health impact assess-
ment, this may be captured by a single metric like DALY.

The consideration of individual uncertainties, and their overall impact may be performed qualitatively or quantitatively.
Ideally, conclusions on overall uncertainty in Tier 2 or 3 assessment are expressed quantitatively in terms of probability,
e.g. the likelihood that an assessed exposure scenario/s is associated with a net-benefit or a net-risk. However, as a start-
ing point, sources of uncertainty may, for example, be communicated through a table listing each uncertainty, noting its
potential magnitude and direction of influence (e.g. see Hoekstra, Fransen, et al., 2013). Uncertainties that are typical for
individual risk and benefit assessments will also be important in RBA. In addition, there are uncertainties that are unique
for RBA, e.g. characterisation of disease severity.

In a quantitative analysis, the sources of uncertainty may be described by probability distributions. A quantitative ap-
proach can, however, never be fully exhaustive. Uncertainty analysis for RBA is more complex than for an individual risk
assessment, e.g. due to potential identification of several relevant chemical hazards and nutrients. Therefore, a quanti-
tative analysis may be performed, e.g. considering the most important uncertainties, besides a qualitative one that pro-
vides complementary and comprehensive information (Hoekstra et al., 2012; Naska et al., 2022). As noted in EFSA (2018),
a quantitative characterisation is conditional on assumptions made for the uncertainties that could not be quantified.
Uncertainty in the overall assessment must be communicated clearly to the risk-benefit manager, including the conditions
under which the results apply.

4.8.3 | Probabilistic approaches and sensitivity analysis

In risk assessment as well as in RBA both variability and uncertainty can be considered using probabilistic approaches.
This allows inputs related to exposure and dose-response to be described by a range of values that can be defined by
probability distributions. Besides methods referenced in Section 4.6.1, several approaches to probabilistic assessment that
are relevant for RBA have been presented and discussed (FDA US, 2009; Gao et al., 2015; Groth, 2017; Hoekstra, Fransen,
et al., 2013; Hoekstra, Hart, et al., 2013; Naska et al., 2022; Schiitte et al., 2012; Seal et al., 2008; Ververis et al., 2024; Zeilmaker
et al., 2013). Under a fully quantitative RBA approach, variability and uncertainty can be separated using second-order
Monte Carlo simulations (e.g. Boué et al., 2017). An example of a probabilistic approach is illustrated as part of the case
study in Appendix D (Section D.1).

Sensitivity analysis can be used to investigate how different inputs influence the RBA result/s. Different methods are
available in the literature (Frey et al., 2004; Frey & Patil, 2002), including the case of second order assessments (Busschaert
et al., 2011; Mokhtari & Frey, 2005; Roelofs & Kennedy, 2011). These studies relate to risk assessment but there are also ex-
amples specific for RBA (e.g. Berjia et al., 2012; Leino et al., 2013). Also, the Food and Drug Administration (FDA US, 2009)
analysed the effect of different levels of methylmercury exposure in fish, as was also done by Ponce et al. (2000). It is nec-
essary to define at what level the sensitivity analysis should be conducted. For example, it can be done for the output from
each individual risk or benefit assessment model, or with respect to the overall results of the RBA. The choice depends on
the purpose of the analysis, e.g. if it is to support model understanding and validity, or find optimums for management.
Performing a sensitivity analyses specific for each risk and benefit assessed can be a first stage for understanding the
model and guiding interpretation. In this context, Appendix D exemplifies how the risk is influenced by severity consid-
erations, and whether or not correlation in BMD uncertainty is accounted for (Section D.1.3; Table D.1). More extended
analyses may also be conducted that focuses on the aggregated result describing the overall trade-off between risks and
benefits (e.g. in terms of DALY).

5 | OVERVIEW OF RISK-BENEFIT ASSESSMENT APPROACHES

Table 2 provides an overview of the minimum characteristics, data sources, methods and other aspects of the RBA pro-
cess that are necessary for application of each tier of assessment. In Table 3, the methods and approaches discussed in
Sections 4.3-4.8 are summarised to provide an overview of their uses within RBA including the required input parameters
and associated metrics.
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TABLE 2

Detail level

Number of components in
the assessment

Reference scenario
Data for positive and
negative health effects

Exposure assessment

Health effects

Data type

Data sources

Characterisation of positive
and negative health
effects

Integration methods

Overview of aspects of the RBA process at each tier.

Tier1

Screening

One or multiple prioritisation

Yes/no
HBGV/DRV

Conservative screening methods
(summary data: median, 95%)

Most sensitive adverse endpoint
(for each hazard component)

Endpoint defining benefit (for
each beneficial component)

Summary data
Indirect

Existing assessments

Systematic literature reviews

Existing HBGV/DRV

Qualitative based on value
judgement

Tier 2

Indirect measures

One or multiple
prioritisation

Yes/no

HBGV/DRV
Dose-response modelling
Variability and/or uncertainty

Refined preferred (probability;
variability; uncertainty;
subgroups; geographic areas)

Most sensitive adverse endpoint (for
each hazard component) with
refinements

Endpoint defining benefit (for each
beneficial component) with
refinements

Summary data
Indirect

Variability
Uncertainty

Existing assessments

Systematic literature reviews
Original research articles

HBGV/DRV

No/Lowest-observed-adverse-effect
level (NOAEL, LOAEL)

Benchmark dose (BMD)

Qualitative or quantitative

Tier3

Direct effects comparison

One or multiple prioritisation

Yes/no

Effect size
Dose-response modelling
Variability and/or uncertainty

Refined (probability; variability;
uncertainty; subgroups;
geographic areas)

All adverse effects along relevant
exposure range

All positive effects along relevant
exposure range

Individual data
Direct (effect size)
Variability
Uncertainty

Existing assessments
Systematic literature reviews
Original research articles
Data repositories

Original data

Effect size, or probability of gradual
or binary effect

Qualitative or quantitative
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TABLE 3

Application withinRBA  Method/approach

Identification, selection
and prioritisation of
food components

Score-based ranking

Margin of exposure-based
ranking

Exposure assessment Conservative screening

methods

Refined assessment

Characterisation
of adverse and
beneficial effects

Dose-response models

Traditional chemical risk
assessment or nutrient
assessment

Characterisation of risks
and benefits

Refined chemical risk
assessment or nutrient
assessment

Categorical regression

Input parameters/data

Scores for occurrence
Scores for severity of health
effect

Exposure estimate or
scenario

HBGV or RP

Severity weight (1-100)

Summary consumption
data at group level in
combination with point
estimate of occurrence
Biomonitoring summary
data at group level

Consumption data

at individual level in
combination with
occurrence data,
Biomonitoring data at
individual level

Animal or human data
NAMs data

Exposure estimates or
scenario
RP/HBGV or DRV/UL

Exposure estimates

RP/HBGV or DRV

Account for variability and/or
uncertainty

May be advanced by
biologically-based BMRs

Exposure estimates or
scenarios
Dose-response data
Severity categorisation

Summary of methods that can be considered in the process of risk-benefit assessment.

Output/metric

— Overall score based on scores for
occurrence and health effect

- Severity-adjusted margin of
exposure for ranking of chemical
hazards

- Summary estimates of exposure,
conservative scenario or similar

- Full distributions of exposure
estimates, including variability and/
or uncertainty

- No observed adverse effect level or
similar (NOAEL, LOAEL)

- Benchmark dose (BMD)

- Effect size, or probability of gradual
or binary effect

- Margin of exposure, per cent of
HBGV or DRV, or similar- Qualitative
integration across risk and benefit
domains

- Number of individuals above/below
RP/HBGV or DRV/UL

- Qualitative or quantitative
integration across risk and benefit
domains

- Probability of different severity
categories

- Qualitative or quantitative
integration across risk and benefit
domains

Purpose

To provide a rough prioritisation of
components to be considered in
the RBA using data requirement
that are the same/similar to that
for traditional risk or benefit
assessment.

To provide exposure information
relevant for Tier 1, and which may
also be used for initial prioritisation
of risks and benefits.

To provide exposure assessments
relevant for Tier 2 and 3.

To support Tiers 1 and 2 (NOAEL,
LOAEL, BMD) or Tier 3 (effect sizes
or probabilities) assessments.

Risk and benefit characterisation at
Tier 1.

Risk and benefit characterisation at
Tier 2.

Risk (and benefit) characterisation at
Tier 3. This approach facilitates
combination of data from multiple
studies in a single analysis
(meta-analysis). This can be
useful when an individual study
provides limited dose-response
information.

Example

Boué et al. (2022)

Risk Thermometer (SFA, 2015)

EFSA (2011a)

EFSA (2011a)

Thomsen et al. (2021)
EFSA Scientific Committee (2022)

FAO/WHO (2009)
EFSA NDA Panel (2010, 2022)

WHO/IPCS (2014)

US EPA (2017)
Milton et al. (2017)
Hertzberg and Dourson (1993)

(Continues)
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TABLE 3 (Continued)

Application withinRBA  Method/approach

Combination of dose—
response information
across health effects?

Methods for estimation of
disease burden

Probabilistic decision
analysis of both risks and
benefits,b multicriteria
methods.

Input parameters/data

- Exposure estimates or
scenarios
RPs or adjusted RPs
Severity categorisation, and
severity weight function
- Model for dose-response
curve may be added

- Estimates of no. of cases or
adverse effects at exposure/s
of interest

- Disease duration and
disability

- Dose-response and
exposure data for each
effect.

Output/metric

(A) Probability of exceeding RPs/
adjusted RPs at given (relative)
severity, or integrated probability
using severity weight function

(B) Probability of effect at given
(relative) severity, or integrated
probability using severity weight
function

- Quantification of variability and/or
uncertainty

- Qualitative or quantitative
integration across risk and benefit
domains

- Disease probability/mortality

- Burden of disease

- Disability adjusted life years (DALY)
- Quantitative integration

- Across risk and benefit domains

- Probability of incidence for each
effect

- Quantification of variability and
uncertainty

- Qualitative or quantitative
integration across risk and benefit
domains e.g. using multicriteria
decision analysis

Purpose

Risk (and benefit) characterisation

at Tier 2 (A) and 3 (B). Purpose

is similar to that for categorical
regression. These methods also
enable that the various effects
caused by a food component can
be jointly assessed in a systematic
manner. Standardised effect
scoring systems enable comparison
of outputs between chemical
hazards, and support comparisons
to other food components.

Risk and benefit characterisation at

Tier 3. The use of a composite
metric like the DALY facilitates
quantitative integration of

considered risks and benéefits.

Risk and benefit characterisation at

Tier 3. For example, this approach
may provide an alternative when
derivation of composite metrics
and/or combined analysis of data/
effects is not straight-forward.

Example

Sand et al. (2018); Sand (2022)

QOutzen et al. (2024)

Ruzante et al. (2017); Li et al. (2018);
Ali et al. (2022)

%In categorical regression, observed effect levels, e.g. associated with different exposures, are categorised by severity. This categorisation considers the nature of the health effect as well as the level of response in the effect. In Sand et al. (2018), the
nature of effect and the level of response are treated as two distinct variables. In this case, severity is a relative term that refers to the nature of the health effect, and the model may be evaluated at a particular response or across the whole response
domain. The possibility to quantitatively integrate outputs form these two approaches with benefits considers the case when benefits are described as risk reductions, evaluated under the same model/s (if possible) or otherwise expressed in similar

metrics.

bConsidering benefits that may not only be expressed as risk reductions but genuine health improvements too, and when no common metrics readily exist.
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6 | REPORTING AND INTERPRETING RESULTS OF RISK-BENEFIT ASSESSMENT

When reporting on the outcome of an RBA assessment, it is important to list all the relevant points starting from the
question(s) at hand. First, the outcome of the problem formulation should be outlined in a short form: ‘What did the RBA
consider?’ Second, there should be a clear explanation of the ‘scenario(s)’ assessed. Does the RBA provide information on a
current situation, such as the risks and benefits of consuming red meat? Or does it compare a current dietary pattern (refer-
ence scenario) with another one (alternative scenario) that describes a different pattern? Third, the available data used in
the RBA should be described in terms of the type of data, their adequacy and their quality. Fourth, a description of the tier
in which the assessment was possible and/or was selected for the specific assessment. Fifth, the methodological approach
that was used should be outlined. Finally, the outcome of the RBA should be provided, accompanied by a description of
the uncertainties (Table 4).

TABLE 4 Reporting template for the RBA approach.

The RBA question State the question received from the risk-benefit manager (and possible adjustments after consultation) including the
time and resources allocated.

Problem formulation Describe the outcome of the problem formulation, including any restriction to certain geographical areas, age groups,
specific population groups, determination of chemical hazards and nutrients included in the assessment, etc.

Data Describe the available data compared with the data needed in terms of amount, availability, adequacy and quality. Also
indicate the cut-off date, if any, for the literature search.

Approach Describe the tier under which the assessment falls, and the qualitative or quantitative approach applied to arrive at an
RBA outcome

Method Describe the methodology applied (see Section 4.7 and Appendices D and E)

Outcome Report the outcome of the RBA assessment including qualitative and/or quantitative format (see examples in
Appendices D-F)

Uncertainty analysis Describe any uncertainties of the RBA assessment and the impact on the outcome in accordance to the respective EFSA
Guidance.-

Comments List any data or methodological needs that would add value to the RBA assessment (feasible vs comprehensive
assessment)

The output (type of results) of the RBA depends on the methodology applied and may be expressed in composite met-
rics such as DALY or other metrics, such as probability of effect, as presented in Section 4.7.

To capture the whole dimension of the RBA and report the outcome in a practical and comprehensive way, it is advised
(in Tier 3) to address and report the following in tabular format: intake scenarios (alternative vs. reference), health effect,
level of evidence (e.g. probable, convincing), population affected, a brief description of the outcome metric [e.g. change
in incidence (No. of individuals), effect severity (w=0-1), years lived with disease (YLD) per affected person, change in
mortality, years of life lost (YLL), change in DALYs] (Hoekstra et al., 2012). For further details related to the application and
interpretation of these composite metrics, see Appendix E.

When other methods are adopted in Tier 3 (see Sections 4.7 and 5), it is advised to report appropriately relevant met-
rics and data for a comprehensive presentation of the results of the assessment, such as the probability of effect for each
endpoint (adverse effect or beneficial effect) and for each subpopulation. An example of a Tier 3 assessment and further
details with interpretation of these metrics are also provided in Appendix D and reported data are presented in Table D.1.
Examples of possible reporting tables are provided in Appendix F.

7 | RISK-BENEFIT COMMUNICATION

The SC recognises that communication of RBA outcomes plays an important role in the dialogue between assessors and
managers, their interaction with civil society stakeholders, and in providing dietary advice to the public. The challenges
faced by national public health authorities in formulating and delivering FBDGs to the public are recognised in the terms
of reference above as a prime motive for the update of this Guidance document. Moreover, the dual nature of RBA (si-
multaneous assessment of both risk and benefits) represents an additional challenge in communicating the RBA results
(Boehm et al., 2021). Social science evidence and expertise can help identify and characterise key factors that may lie be-
hind these challenges and develop communication strategies to overcome them. They range from cognitive factors (i.e.
knowledge, awareness, perceptions), to information-seeking and processing behaviours, as well as to individual, socioeco-
nomic and environmental characteristics. The literature provides insights and approaches that, building on the experience
of EFSA, the European Commission and national partners, communicators can employ to develop strategies for structured,
evidence-based risk-benefit communication.

Appendix G of this Guidance document summarises these key factors and provides strategic advice for communica-
tors. The Guidance document focuses on RBA; therefore, the main target of this communication advice is communicators
at risk assessment and other scientific advisory bodies who are required to communicate science-based RBA outcomes.
Nevertheless, the Scientific Committee notes that the advice and tools for risk-benefit communication described here can
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also be of use in planning and carrying out communication of management decisions and actions, which follows RBA. EFSA
has recent experience in providing technical assistance in the field of risk communication to the European Commission
(EFSA, 2021) and to national competent authorities in EU Member States (e.g. EFSA, 2022a). This contribution and future use
in EU risk-benefit communication can be seen as a continuation of this type of support and cooperation.

Appendix G includes some recommendations for future research and collaboration that could further support and im-
prove risk benefit communication in the food safety area.

8 | FOOD-RELATED RISKS AND BENEFITS BEYOND HUMAN HEALTH RISK-
BENEFIT ASSESSMENT

This guidance deals exclusively with the health risks and benefits of food. There are other factors that may be considered in
the wider evaluation of the RBA for decision-making, FBDG and risk-benefit communication. These factors include societal
and economic issues (such as the cost of food and the cost of healthcare), the environmental impact of agriculture, the
long-term sustainability of the food production chain, animal welfare related to the production of food and legal aspects.
These considerations are increasingly important to both consumers and decision makers but in order to take these into ac-
countin an RBA, subjective aspects and value judgements such as acceptability and desirability criteria would be required.
Multicriteria decision support (MCDS) approaches have been proposed for these more holistic RBAs (Pitter et al., 2015;
Ruzante et al., 2017; van der Voet & Slob, 2007). However, these issues are beyond the scope of this guidance.

ABBREVIATIONS

Al adequate intake

AR average-nutrient requirements

AROI Acceptable Range of Oral Intake

BFRs brominated flame retardants

BMD benchmark dose

BMDL benchmark dose lower

BMDU benchmark dose upper

BMR benchmark response

BRAFO Benefit-Risk Analysis of Foods

DALYs disability-adjusted life years

DRV dietary reference values

EHC Environmental Health Criteria

FAO Food and Agriculture Organisation of the United Nations
FBDG food-based dietary guidelines

FDA Food and Drug Administration

HBGVs health-based guidance values

IARC International Agency for Research on Cancer
IPCS International Program on Chemical Safety
MCDS multicriteria decision support

MOE margin of exposure

MS Member States

NAMs new approach methodologies

PBPK physiologically-based pharmacokinetic
PFASs perfluoroalkyl substances

PRI population reference intake

QALYs quality-adjusted life years

RBA risk-benefit assessment

RP reference point

SC Scientific Committee

SEYLL standard expected years of life lost
TEFs Toxic Equivalency Factors

TWI Tolerable Weekly Intake

UF uncertainty factor

UL upper intake level

WHO World Health Organisation

WoE weight of evidence

YLD years lived with disease

YLL years of life lost
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APPENDIX A
Glossary
A1 | RISK

The 2010 SC RBA Guidance included the following terms under risk: risk assessment, risk, hazard, adverse (health) effect
and used IPCS (2004)22 and FAO/WHO (2006)23 as references. These terms were essentially the same as in a 42-page glos-
sary in Annex 1 of EHC 240 (FAO/WHO 2009).24

Adverse effect is a ‘change in the morphology, physiology, growth, development, reproduction or lifespan of an or-
ganism, system or (sub)population that results in an impairment of functional capacity, an impairment of the capacity to
compensate for additional stress or an increase in susceptibility to other influences.’

Benchmark dose (BMD): A dose of a substance associated with a specified low incidence of risk, generally in the range
of 1%-10%, of a health effect; the dose associated with a specified measure or change of a biological effect.

Biomarker is a measurable biochemical, physiological, behavioural or other alteration within an organism that, depend-
ing upon the magnitude, can be recognised as associated with an established or possible health impairment or disease
(EFSA Scientific Committee, 2017a; WHO/IPCS, 1993). A biomarker may be associated with a risk or a benefit. It is the direc-
tion of the association that determines whether the relationship reflects an adverse or beneficial outcome. See EFSA's
ongoing work on developing a guidance for the use of biomarkers of effect: https://open.efsa.europa.eu/study-inventory/
EFSA-Q-2023-00583.

Exposure is defined as the ‘concentration or amount of a particular agent that reaches a target organism, system or (sub)
population in a specific frequency for a defined duration.’

Exposure assessment is the ‘evaluation of the exposure of an organism, system or (sub)population to an agent (and its
derivatives). Exposure assessment is one of the steps in the process of risk assessment.’

Exposure, Aggregated: ‘The combined exposures to a single chemical across multiple routes (oral, dermal, inhalation)
and across multiple pathways (food, drinking water, residential).’

Exposure scenario is defined as ‘a set of conditions or assumptions about sources, exposure pathways, amounts or con-
centrations of agents involved and exposed organisms, systems or (sub)populations (i.e. numbers, characteristics, habits)
used to aid in the evaluation and quantification of exposures in a given situation.’

Hazard is an ‘inherent property of an agent or situation having the potential to cause adverse effects when an organism,
system or (sub)population is exposed to that agent.’

Hazard assessment is ‘a process designed to determine the possible adverse effects of an agent or situation to which
an organism, system or (sub)population could be exposed. The process includes hazard identification and hazard charac-
terisation. The process focuses on the hazard, in contrast with a risk assessment, where exposure assessment is a distinct
additional step.’

Hazard characterisation is ‘the qualitative and, wherever possible, quantitative description of the inherent properties
of an agent or situation having the potential to cause adverse effects. This should, where possible, include a dose-response
assessment and its attendant uncertainties. Hazard characterisation is the second stage in the process of hazard assess-
ment and the second step in risk assessment.’

Hazard identification is ‘the identification of the type and nature of adverse effects that an agent has an inherent ca-
pacity to cause in an organism, system or (sub)population. Hazard identification is the first stage in hazard assessment and
the first step in the process of risk assessment.’

Health-Based Guidance Value (HBGV) is ‘a numerical value derived by dividing a point of departure (a no-observed-
adverse-effect level, benchmark dose or benchmark dose lower confidence limit) by a composite uncertainty factor to
determine a level that can be ingested over a defined time period (e.g. lifetime or 24 h) without appreciable health risk.” UL
for nutrients are included in the definition of both DRVs and HBGVs.

Lowest-observed-adverse-effect level (LOAEL): Lowest concentration or amount of a substance, found by experi-
ment or observation, that causes an adverse alteration of morphology, functional capacity, growth, development or lifes-
pan of the target organism distinguishable from those observed in normal (control) organisms of the same species and
strain under the same defined conditions of exposure.

No-observed-adverse-effect level (NOAEL): Greatest concentration or amount of a substance, found by experiment
or observation, that causes no adverse alteration of morphology, functional capacity, growth, development or lifespan
of the target organism distinguishable from those observed in normal (control) organisms of the same species and strain
under the same defined conditions of exposure.

2|PCS (International Programme on Chemical Safety), 2004. Harmonisation Project Document No. 1 - IPCS risk assessment terminology. WHO, Geneva. https://www.who.
int/publications/i/item/9241562676.

2FAQ/WHO (Food and Agriculture Organization of the United Nations/World Health Organization), 2006. A Model for Establishing Upper Levels of Intake for Nutrients
and Related Substances: Report of a Joint FAO/WHO Technical Workshop on Nutrient Risk Assessment. WHO, Geneva, Switzerland. http://www.who.int/ipcs/methods/en.
Annex 1 Glossary of Terms of FAO/WHO (2009). Principles and methods for the risk assessment of chemicals in food. Environmental health criteria 240 (updated in 2020).
See link. A comprehensive 42-page document.
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Reference point (or point of departure): The point on a dose-response curve identified from experimental data used
to derive a safe level.

Risk is defined as ‘the probability of an adverse effect in an organism, system or (sub)-population caused under specified
circumstances by exposure to an agent.

Risk assessment is defined as ‘a process intended to calculate or estimate the risk to a given target organism, system
or (sub)population, including the identification of attendant uncertainties, following exposure to a particular agent, tak-
ing into account the inherent characteristics of the agent of concern as well as the characteristics of the specific target
system. The risk assessment process includes four steps: hazard identification, hazard characterisation (related term: dose-
response assessment), exposure assessment and risk characterisation. It is the first component in a risk analysis process.’

Risk characterisation is defined as ‘the qualitative and, wherever possible, quantitative determination, including at-
tendant uncertainties, of the probability of occurrence of known and potential adverse effects of an agent in a given or-
ganism, system or (sub)population, under defined exposure conditions. Risk characterisation is the fourth step in the risk
assessment process.’

Risk communication is the ‘interactive exchange of information and opinions about hazards (health or environmental)
and risks among risk assessors, risk managers, consumers, feed and food businesses, the academic community and other
interested parties, including the explanation of risk assessment findings and the basis of risk management decisions.’

Risk estimation is the ‘quantification of the probability, including attendant uncertainties, that specific adverse effects
will occur in an organism, system or (sub)population due to actual or predicted exposure.’

Risk management is the ‘decision-making process involving considerations of political, social, economic and techni-
cal factors with relevant risk assessment information on a hazard to develop, analyse and compare regulatory and non-
regulatory options and to select and implement appropriate regulatory response to that hazard.

A.2 | BENEFIT

Adequate Intake (Al) is ‘the value estimated when a Population Reference Intake (PRI) cannot be established because an
average requirement (AR) cannot be determined. An Al is the average observed daily level of intake by a population group
(or groups) of apparently healthy people that is assumed to be adequate.’

Average Requirement (AR) is the level of nutrient intake that is adequate for half of the people in a population group,
given a normal distribution of requirements.

Benefit is defined as ‘the probability of a positive effect and/or the reduction of the probability of an adverse effect
on (1) normal biochemical and physiological functions of a tissue (e.g. muscular or nervous tissue), organ (e.g. heart, lung,
kidney, liver), or system (e.g. immune system); or (2) the health of (sub) population.’

Deficiency is defined as ‘the lack of a necessary factor in, for example, the diet or the environment which results in harm
to the growth of an organism.’

Dietary reference values (DRV) are ‘the complete set of nutrient reference values. DRV comprise PRI, AR, Al, Rl, and UL.
UL is included in the definition of both DRVs and HBGVs

Disease is ‘a pathological process, acute or chronic, inherited or acquired, of known or unknown origin, having a char-
acteristic set of signs and symptoms, which are used for its diagnosis.' The diagnosis of a disease relies on widely accepted,
well-defined criteria (i.e. the criteria used for diagnosis are widely accepted by the medical community and can be verified
by a physician)

Endpoint is ‘the qualitative or quantitative expression of a specific factor with which a risk may be associated as deter-
mined through an appropriate risk assessment.’

The endpoints related to the consumption of nutrients, other food components, foods, or a diet can be ranked as follows
(from the most to the less robust):

— Diseases (e.g. hypertension, stroke, renal insufficiency, Alzheimer's disease).

- Surrogate markers/proxies of disease (e.g. blood pressure or LDL-cholesterol and cardiovascular disease).
- Biomarkers of effect (e.g. urinary beta-2 microglobulin and tubular function).

- Fulfilment of DRV for nutrients, e.g. an intake above the AR or Al and below the UL.

Food-based dietary guidelines (FBDG) are defined as ‘science-based recommendations for healthy eating which
translate numerical nutrition targets into lay advice on what foods to eat.’

Health is defined by the WHO as ‘a state of physical, mental and social well-being and not merely the absence of dis-
eases or infirmity.’

Health effect is ‘a change in the morphology, or physiology, growth, development, reproduction or life span in humans
that results in a change in human health.’

Novel food is ‘a foodstuff or food ingredient that was not used for human consumption to a significant degree within
the European Union before 15 May 1997.

Nutrient is ‘an element or compound needed for normal growth, development, and health maintenance. Essential nu-
trients cannot be made by the body and must, therefore, be consumed from food.’

Population Reference Intake (PRI) is ‘the level of nutrient intake that is adequate for virtually all people in a population

group.’
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Reference intake range (RI) is ‘the value set for energy-yielding macronutrients. It is expressed as the proportion (%)
of energy derived from that macronutrient. Rls represent ranges of intakes that are adequate for maintaining health. A
calorie-containing component of food (e.g. fat, protein, carbohydrate) which is needed in significant quantities for normal
growth, development and maintenance of health.

Safety is ‘the practical certainty that adverse effects will not result from exposure to an agent under defined circum-
stances. It is the reciprocal of risk.’

Safe level of intake for nutrients is defined as ‘the highest level of intake where there is reasonable confidence in data
on the absence of adverse effects’ when no or insufficient data are available on which to base an UL!

(Sub)population is ‘an identifiable subdivision of a population; for example, infants.’

Tolerable Upper Intake Level (UL) is ‘the maximum level of total chronic daily intake of a nutrient (from all sources)
which is not expected to pose a risk of adverse health effects to humans.’

A.3 | RISK-BENEFIT COMMUNICATION

Risk-benefit communication is the ‘interactive exchange of information and opinions about hazards (including human
or animal health/welfare, socioeconomic, environmental), risks and benefits among assessors, managers, consumers, feed
and food businesses, the academic community and other interested parties, including the explanation of risk benefit as-
sessment findings and the basis of risk benefit management decisions.’

A.4 | RISK-BENEFIT INTEGRATION

Common metric refers to measurements expressed in the same unit, for example, incidence of disease, morbidity or
mortality.

Composite metrics integrate multiple components or dimensions into a single numerical value and are commonly
used for disease burden. The most commonly used composite metrics are disability-adjusted life years (DALYs) and quality-
adjusted life years (QALYs).

DALY stands for ‘disability-adjusted life years’ and was developed by the WHO as part of the effort to estimate global dis-
ease burden. DALYs for a disease or injury cause are calculated as the sum of the years of life lost due to premature mortality
(YLL) in the population and the years lost due to disability (YLD) for incident cases of the disease or injury.

Disability weights represent an assigned magnitude of health loss associated with specific health outcomes and are
commonly used to calculate years lived with disability (YLD) for these outcomes in a given population. The weights are
measured on a scale from 0 to 1, where 0 equals a state of full health and 1 equals death.”

Disease burden is the impact of a health problem on a given population and can be measured using a variety of indica-
tors such as mortality, morbidity or financial costs.

Health impact, as used in this guidance, refers to the overall consequences on health as a result of combined or inte-
grated positive and negative health effects.

Non-composite metrics are single-dimensional and are used to assess a specific parameter.

QALY stands for ‘quality-adjusted life years’ and provides a composite metric for disease burden adjusted for the quality
of life. Hence the metric is a complement to the DALY concept. It takes into account both the quantity and the quality of life
generated by a given intervention, which may have a positive or negative effect on health. A QALY is the arithmetic product
of life expectancy and the QALY valuation of the health state for the remaining life years.

Quality of life is defined as an individual's perception of their position in life in the context of the culture and value
systems in which they live and in relation to their goals, expectations, standards and concerns. 8 It refers to consequences
of morbidity and health impact not captured by disease, e.g. physical and mental health.

»See https://ghdx.healthdata.org/record/ihme-data/gbd-2019-disability-weights and https://www.who.int/data/gho/indicator-metadata-registry.
WHO Quality of Life: https://www.who.int/tools/whogol.
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APPENDIX B
The risk-benefit assessment approaches
B.1 | 2010 EFSA SCIENTIFIC COMMITTEE GUIDANCE

The focus of the EFSA Guidance on RBA of foods published in 2010% was on the risks and benefits to human health and
excluded other aspects such as social, cultural, economic and environmental considerations. The 2010 SC Guidance pro-
posed the development of a benefit assessment to parallel that of risk assessment namely identifying the positive health
effect, characterisation of the positive effect (dose response assessment), exposure assessment and finally characterisation
of the benefit (Figure B.1). The EFSA 6th Scientific Colloquium was organised in 200728 to collect input from experts on RBA
methods and approaches to be considered in the development of the Guidance.

H d Positive Health /
a_?ar . Reduced Adverse Health
Identification Effect Identification
| v
Hazard Exposure Positive Health /
Characterisation Assessment Reduced Adverse Health
\ / \ Effect Characterisation
Risk Benefit
Characterisation Characterisation
Risk Benefit
Comparison

FIGURE B.1 TheRBA paradigm, as recommended by the EFSA Scientific Committee (2010) and based on the discussions of the 6th EFSA
scientific colloquium on risk-benefit analysis of foods (2007).

To address the assessment part, a stepwise approach was formulated and a narrative describing each step was recom-
mended to indicate the strengths and weaknesses of the evidence.

1. In Step 1, an initial assessment to determine whether the benefit significantly outweighs the risk or vice versa.

2. In Step 2, a refined assessment aiming to provide semi-quantitative or quantitative estimates of risks and benefits using
common metrics.?’

3. In Step 3, a comparison of the risks and benefits using composite metrics®° (e.g. DALYs or QALYs) to provide a single net
health impact value.

RBA is usually performed at the population level, but where pertinent sensitivities are apparent it may be necessary to
consider (sub)populations such as the elderly or infants.

The 2010 SC Guidance recommended a close collaboration between the risk-benefit assessor and the risk-benefit man-
ager in order to meet the risk-benefit goals efficiently. Despite this interaction, the overall uncertainty associated with the
RBA may be large. Evaluation of the uncertainties helps to identify data gaps while still providing relevant information for
decision making.

The 2010 SC Guidance described a number of metrics that can be used for RBA and emphasised the need for a clear
definition and international agreement on these and on any other factors used in the assessment. The need for the devel-
opment of relevant biomarkers of effect for both risk and benefit was stressed.

The EFSA 2010 SC Guidance concluded with the identification of a few cautionary aspects in the proposed approach of
using composite metrics such as DALYs or QALYs for direct comparison of effects. It was noted, e.g. that not all relevant di-
mensions are captured, such as whether the effect is in children or adults (estimate of ‘years saved' or ‘years lost’); compar-
ing the incidence of a minor ailment with that of a major disability is not helpful; or that comparing the incidence of the
same outcome may not include differences in severity or age group affected. It was also noted that mortality metrics are

ZRisk is defined as ‘the probability of an adverse effect in an organism, system or (sub)-population caused under specified circumstances by exposure to an agent.’ (see
EFSA glossary).

ZEuropean Food Safety Authority (EFSA), 2007. The EFSA's 6th Scientific Colloquium Report — Risk-benefit analysis of foods: methods and approaches. EFSA Supporting
Publication 2007; 4(3):EN-116, 157 pp. 10.2903/sp.efsa.2007.EN-116.

2Common metrics refer to a measurement expressed in the same unit, for example, incidence or mortality.

3Composite metrics combine two or more of the following elements: increases or decreases in morbidity, mortality, disease burden and quality of life (see Appendix of
EFSA 2010 Guidance).


https://www.efsa.europa.eu/en/glossary-taxonomy-terms/a
https://doi.org/10.2903/sp.efsa.2007.EN-116
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more directly comparable, but do not capture the total number of people affected (e.g. when risks and benefits occur in
different subpopulations of different sizes). In addition, the mortality rate does not take into account the severity of the
cases, e.g. death may occur suddenly or only after a prolonged period of ill health, and that mortality rate standardised for
population size does not indicate age groups.>'

B.2 | OTHERRISK-BENEFIT ASSESSMENT FRAMEWORK

Another framework, similar to that of EFSA 2010, was published in 2012 (Hoekstra et al., 2012) and proposed a tiered ap-
proach for the comparison of the benefits and risks of foods. In this approach, also known as BRAFO, Tiers 1, 2 and 3 mirror
Steps 1, 2 and 3 of the EFSA 2010 process, whereas an additional Tier 4 is included that refers exclusively to probabilistic
analysis (which is part of Step 3 in the 2010 EFSA guidance). As described in this update (Section 4.1), deterministic or proba-
bilistic assessments may be performed within both Tier 2 and Tier 3. As before, the EFSA approach does not structure this
in terms of additional tiers or sub-tiers within Tier 2 and Tier 3. Unlike the EFSA framework that leaves open the assessment
of a specific scenario or comparison of different scenarios, the BRAFO approach is structured to compare relative effects
between a reference scenario and alternative scenarios. Of note, exposure is estimated from all sources in this framework.

In Tier 1, risks and benefits are assessed separately but only changes between reference and alternative scenarios are
assessed. Any changes (positive or negative) that are minimal or negligible do not move to the next tier.

In Tier 2, assessment of risks and benefits can be quantitative or even probabilistic but the integration remains qualita-
tive without a common metric and justification of the assessment is important (not self-evident).

As in the EFSA 2010 guidance, if positive or negative health effects neither ‘dominate’ nor ‘clearly outweigh’ each other,
refinements are made at a higher tier assessment. It is acknowledged that comparing effects involves expert judgement
(which one is ‘more important’, ‘more severe’, etc.) and must be done with caution.

When there are both positive and negative health effects and neither is dominant, they are combined in a composite
metric in Tier 3, using a deterministic analysis (fixed estimates of each parameter) or Tier 4 with probabilistic analysis, which
has been the focus of other EU projects (see www.galibra.eu and www.beneris.eu). Probabilistic analysis at Tier 4 also helps
resolve some of the uncertainties.

The assessment of each health effect accounts for incidence, severity, duration, mortality (a product of incidence x se-
verity) and lost years by population subgroup. The outputs of the assessments at each tier present the relevant health
effects together with these pertinent characteristics that are helpful to the interpretation of the results of the assessment.
The severity of health effects in Tier 2 assessments is described using DALY metrics. At higher tiers, the DALY is used as a
composite metric for comparing the impact of each health effect on each population subgroup and the overall impact on
the population.

A detailed guide to the assessment of uncertainties associated with different input sources of the RBA has also been
provided.

B.3 | DEVELOPMENTS IN THE FIELD OF RISK-BENEFIT ASSESSMENT

Many papers have been published since the 2010 SC Guidance that use variations of the RBA methodology. The Horizon
2020 programme>? funded several projects related to the RBA of foods. In addition, a Risk-Benefit Assessment International
Network has been developed to provide a platform for knowledge exchange and collaboration (Pires et al., 2019).

In a review of the literature between 1999 and 2014, Boué et al. (2015) found that 70% of the 70 publications retrieved
were RBAs of fish and commented on the different approaches used. Of those, 62% applied a threshold approach (compar-
ing exposure to reference values), 20% applied a composite metric (DALY or QALY) and 21% compared risks and benefits
by endpoint. An updated review of the literature, by Huang et al. (2022) reported that among 50 RBA publications between
2014 and 2022, 60% assessed fish or seafood (n=17 and 13, respectively) and the scope remained limited to specific chemi-
cal hazards and nutrients. Of these, 70% applied a threshold approach (of which 24% applied a risk-benefit quotient’, RBQ,
and the rest simply compared exposure to an HBGV or a DRV), 22% applied integration into a common metric (DALY) and
8% compared risks and benefits on a common health effect.

A scoping review of the literature focusing only on the RBA of fish and seafood assessed the approaches used in 106
publications between 2000 and 2019 (Thomsen et al., 2021). Authors found that 25 of these studies quantified the health
impact by integrating risks and benefits into a composite health metric; 63 studies applied a threshold approach, charac-
terising risks and benefits by comparing nutrient and contaminant exposures with DRVs and HBGVs, respectively (includ-
ing six studies that characterised risks and benefits using threshold-approach with other scales); 14 studies used mixed
methods, comparing risks and benefits on different measurement scales; and four studies that mathematically optimised
fish consumption to such that meets both nutritional and toxicological recommendations of reaching and not exceeding
DRVs and HBGVs, respectively. Some studies presented several separate RBAs each using different measures. About half of
the studies addressed specifically the (sub)population of women of child-bearing age.

¥standardised mortality is used either due to lack of age-specific data or when age-specific mortality is not of interest.
*Horizon 2020 was the EU's research and innovation funding programme from 2014 to 2020 with a budget of nearly €80 billion; https:/research-and-innovation.ec.
europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-2020_en.


http://www.qalibra.eu
http://www.beneris.eu
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-2020_en
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-2020_en
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EFSA-supported activities through partnering grants (within the EU) resulted in a workshop in Copenhagen in 2017, an
EFSA summer school in 2019, the ‘Risk Ranking of Chemical and Microbiological Hazards in Foods - Research project and
international workshop’ (Sand et al., 2023), the project ‘RiskBenefit4EU: Partnering to strengthen the Risk-Benefit Assessment
within the EU using a holistic approach’ (Alvito et al., 2019), the ‘Novel foods as red meat replacers - an insight using Risk-Benefit
Assessment methods (NovRBA)' project (Naska et al., 2022) and the ‘Alternative protein sources in the European diets — integrat-
ing health risk-benefit and sustainability’ (Alternativa) project. Novel foods (NF) is a new area where RBA has been applied
(Naska et al., 2022; Vellinga et al., 2021; Ververis et al., 2024) where the benefits of the NF are taken into consideration when
assessing risks and are compared with the benefits and the risks of the food replaced for a more comprehensive assess-
ment of both nutritional value and risk to the consumer from the presence of specific hazards.

One of the projects funded by Horizon 2020 resulted in the development of a digital communication tool*® that allows
the calculation of intake of nutrients and chemical hazards to assist in dietary choices specifically for seafood consumption
based on scientific information on a list of nutrients according to the latest EFSA recommendations and data on risks from
pollutants from the literature. The tool includes consideration of the sustainability of seafood consumption.

Lastly, several RBAs have been published by national authorities (ANSES, 2010, 2014, 2015, 2019; Outzen et al., 2024;
VKM, 2022) while, presently, an RBA of fish consumption is being performed by the WHO (FAO/WHO, 2023) as well as an
RBA on seafood in association with child development by the National Academies of Science, Engineering and Medicine
(NASEM, 2023).

B.4 | 26THEFSA SCIENTIFIC COLLOQUIUM

EFSA organised the 26th Scientific Colloquium** in February 2022 to obtain input from experts on existing and potential
new approaches to conducting RBA of foods. The colloquium included an opening plenary session with presentations on
the current state of RBA and future RBA needs followed by break-out sessions, each aimed at exploring one of the following
areas: (@) understanding the needs of the risk-benefit managers for current and future RBA of foods in European countries,
(b) assessing the strengths and weaknesses of existing and possible new approaches to RBA and (c) assessing the data
available and new data needed to enable RBA approaches that can meet risk-benefit manager needs.

The conclusions of the scientific colloquium can be summarised as follows:

o Clear problem formulation and iterative refinements involving risk assessors and risk managers are key.

« Current methodologies are useful but should be improved.

» More work is needed to identify fit-for-purpose common metrics.

o Mechanistic information (NAMs and other) can improve RBA.

« More (and targeted) population-based and harmonised data are required.

« Collaboration on data generation, exchange and use is needed.

 Application of outcome pathwalys for toxicity as well as for benefits would facilitate the use of data at various levels.
 Overall, methodologies should remain flexible.

Bwww.fishchoice.eu.
3426th EFSA Scientific Colloquium: https://www.efsa.europa.eu/en/events/efsa-scientific-colloquium-26-risk-benefit-assessment-combined-exposure-nutrients-and.


https://efsa815.sharepoint.com/:b:/r/sites/RBADioxinsinfish-WP3Guidanceupdate/Shared Documents/WG Meetings/9th Meeting_7-8Mar2023/EFSA Supporting Publications - 2023 - Sand - Risk Ranking of Chemical and Microbiological Hazards in Foods %E2%80%90 Research.pdf?csf=1&web=1&e=6b7BCx
https://efsa815.sharepoint.com/:b:/r/sites/RBADioxinsinfish-WP3Guidanceupdate/Shared Documents/WG Meetings/9th Meeting_7-8Mar2023/EFSA Supporting Publications - 2019 - Alvito - RiskBenefit4EU   Partnering to strengthen Risk%E2%80%90Benefit Assessment within the (1).pdf?csf=1&web=1&e=ewxmY8
https://efsa815.sharepoint.com/:b:/r/sites/RBADioxinsinfish-WP3Guidanceupdate/Shared Documents/WG Meetings/9th Meeting_7-8Mar2023/EFSA-2022-Naska-NovRBA_Novel-food-red-meat-replacers.pdf?csf=1&web=1&e=WoYn6N
http://www.fishchoice.eu
https://www.efsa.europa.eu/en/events/efsa-scientific-colloquium-26-risk-benefit-assessment-combined-exposure-nutrients-and
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APPENDIX C
Identification and prioritisation of relevant food components and relevant hazards and benefits

A three-step tiered approach to standardise the prioritisation of food components (nutrients, microbiological hazards and
chemical hazards) under assessment has been developed (Boué et al., 2022) in the context of an EFSA-supported project
(Naska et al., 2022; Ververis et al., 2024). It applies a similar framework in the three domains (nutrition, microbiology and tox-
icology) following the same steps, with adaptation of criteria definitions to serve principles of these different domains. In
practice, it includes the establishment of three lists of food components: the ‘long’, the ‘short’ and the ‘final’ list (Figure C.1).

The ‘long list’ of all components in the food is assembled based on an exhaustive literature search, data available from
national food composition databases, and from national food safety authorities. A set of criteria addressing the occurrence
of food components and the severity of established associated health effects, specific to nutrition, microbiology and toxi-
cology are subsequently considered and prioritised according to their relevance for the assessment in order to compile the
ranking and selection of components included in the RBA as the ‘short list’ (Section C.1). Food components prioritised in
the short list are further reviewed for inclusion in the ‘final list’ of components to be considered for the RBA model based
on data availability for a feasible RBA. It is, however, important to note that the final list, which is usually the one communi-
cated in RBA studies, is the list of food components and health effects that can be included in the model, whereas the short
listis the one including all the food component-health effect pairs which have been identified as relevant and important to
be evaluated with respect to the level of evidence. The aspects missing from the final list are therefore essential and should
also be communicated with the results obtained. A detailed description of the criteria used to select food components
related to chemical, microbiological hazards and nutrients to be considered in the RBA is provided below. Given the focus
of the guidance document on nutrients and chemical hazards, the criteria proposed to select microbiological agents are
not presented.

(i) Long list (ii) Short list (iii) Final list
IDENTIFICATION RANKING SELECTION

Concentration and
prevalence of

components in

selected foods
Ocurrence
&
Exhaustive search X Dose response
of components > models
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I
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to answer the RBA to be included in
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FIGURE C.1 Selection and prioritisation of food components and associated effects, in the context of a case study of a substitution scenario
(Boué et al., 2022).

C.1 | DEFINITION OF SUBCRITERIA OF OCCURRENCE AND SEVERITY IN NUTRITION AND TOXICOLOGY TO
DEVELOP THE ‘SHORT LIST’

C.1.1 | General ranking calculation (common in the fields of nutrition and toxicology)

For the identification of food components to be included in the short list, items in the long list are ranked on the basis of
a set of standardised criteria taking into account data on the occurrence (criterion 1) and the severity of the associated
health effect(s) (criterion 2) with specific definitions applied in nutrition and toxicology. Each nutrient and chemical hazard
receives a grade estimated by the product of the score achieved in each criterion.

C.1.2 | Definition of criteria in nutrition

Occurrence (criterion 1) is defined taking into consideration the concentration of each nutrient in the raw material together
with the effect of processing on concentration levels.
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The public health nutrition considerations (criterion 2) include: (a) whether the components of interest are included in
current food policy measures; (b) the contribution of the food under consideration to the intake of the component of inter-
est from the diet; and (c) how the food matrix could impact the bioavailability of the nutrient.

C.1.3 | Definition of criteria in toxicology

For the selection of chemical hazards, criterion 1 includes two subcriteria: ‘the presence relative to reference doses’ and ‘the
contribution to total exposure’ (occurrence), while criterion 2 considers the ‘impact of associated health effects’ (severity).

With respect to criterion 1 on ‘occurrence’, the sub-criterion ‘presence relative to reference doses’ is defined considering
the concentration of the hazard in the food, whether it is above the limit of detection/limit of quantitation (LOD or LOQ)
and whether the total exposure to the hazard exceeds the HBGV (for non-genotoxic carcinogens) or the MOE is below
10,000 (for genotoxic carcinogens). The second subcriterion on ‘contribution to total exposure’ relies on whether the food
is a major (>50%), a significant (10%-50%) or a minor source of exposure to the hazard, including the possibility of not
being a source (< 10%).

Criterion 2 considers the severity of the health effects associated with exposure to the chemical hazard. The severity is
evaluated qualitatively and considers the following input parameters.

(a) Is the incidence of the associated disease/condition high in the population under study?
(b) Is the disease fatal?
() Is the disease associated with lifelong disability?
(d) Is the disease associated with high disability (rounded disability weight (DW) >0.4)?
For each component, criteria 1 and 2 are multiplied and the obtained rankings in each field (nutrition and toxicology) are
analysed to set a limit of inclusion in the short list.

C.2 | FINALLIST
The final selection of food components primarily relies on data availability on dose-response associations at a range of

intakes of interest. If a component cannot be further considered in the quantitative estimate (RBA modelling) due to lack of
data, this should be clearly denoted as a source of uncertainty and as a priority for future model improvement.



44 of 59 | RISK-BENEFIT ASSESSMENT OF FOODS

APPENDIX D
Multiple effects assessment

For chemical hazards, a set of approaches that differ in complexity has been developed to support risk characterisation and
prioritisations using the traditional framework as a starting point (Sand, 2022). They address that chemical exposures may
be associated with different types of health effects. More specifically, the methods are based on the ideas that the amount
of effects (e.g. occurring in a target organ) for a given exposure increases with dose and that the severity of these events,
or that the severity overall, gradually increases across the dose continuum. Some background and additional information
about these approaches are given below. Next, a case study (Section D.1) is provided as one example of how they may sup-
port risk-benefit assessments.

SFA (2015) proposed that a severity-adjusted margin of exposure approach could improve the comparison of chemical
exposures; i.e. the Risk Thermometer. Compared with Boué et al. (2022) the relation between the exposure and HBGV is
assessed quantitatively, and in similarity to Boué et al. (2022), this output is weighted by severity. The overall risk metric,
the severity-adjusted MOE (SAMOE), is derived for specified exposure scenarios, e.g. the mean/median or a percentile of
exposure to a chemical from foods or food groups in a given population.

SFA (2015) uses a 5-graded severity scale and the selection of weights, i.e. a severity factor of 1, 3.2, 10, 32 or 100, is guided
by a health effect classification scheme. This scheme was refined and harmonised across toxicities in Sand et al. (2018).
Under the new scheme the 5-graded scale, describing broad effect groups, still applies to the Risk Thermometer, while
a connected and overlapping 9-graded refined scale relates to further developments of the model in Sand et al. (2018)
described below. The classification scheme/s with associated factors/weights was initially developed as a practical alter-
native to refining the HBGV using endpoint-specific BMR values, e.g. discussed in WHO/IPCS (2014) and EFSA Scientific
Committee (2022). While the scheme is based on toxicological considerations, representing a broader take on the ‘dose
makes the poison’, the quantitative values of associated severity factors for the risk thermometer are value based and were
selected in consultation with the SFA risk management. The new scheme can be regarded as a tool that may help guide
and harmonise the severity classification of specific effects according to a 5- or 9-graded scale.

A risk classification system is attached to the Risk Thermometer method, which has also been consulted with risk man-
agement, where the SAMOE value is classified in one of five ‘Risk Classes’. SFA (2015) also describes a quantitative approach
for the assessment of uncertainty in the SAMOE, which is partly data-driven (for the RP and the exposure), and partly
based on expert assessment (for adjustment factors, including the severity factor). The Risk Thermometer has been used
for ranking chemicals (e.g. Langerholc et al., 2018; SFA, 2017) and as part of risk prioritisation in the initial stage of an RBA
(SFA, 2022). Also, Ji et al. (2024) implements the SAMOE metric in the Risk Thermometer under the use of a probabilistic
HBGV (discussed in Section 4.6.1). As a case example, the resulting MOE-based metric was used for ranking mycotoxins.

Sand et al. (2018) advance the idea behind the Risk Thermometer by the combination and integration of toxicity data
to cover a/the domain of effects (i.e. effects across the classification scheme discussed earlier) caused by a compound. A
reference point profile (RPP) is defined as the relation between BMDs for considered effects, and either a severity score (for
traditional effects) or a rank score (for bioactivity measures) determined for these effects. Similar to traditional risk assess-
ment, adjustment/uncertainty factors can be applied to the RPP, which results in an adjusted RPP (a form of HBGV equiva-
lent based on several effects). In a given analysis, the BMDs and consequently the RPP applies to a standardised benchmark
response (BMR) between 0 and 1. Therefore, the RPP represents a cross section of a dose-severity/rank-response volume.
The latter may be characterised by adding a model for the shape of the underlying dose-response curve/s. The relation
between the RPP and dose-severity/rank-response volume is illustrated and discussed in Figure D.1.

Under the Tier 2 version of the model that applies to a given BMR, the probability of exceeding all BMDs (i.e. the whole
RPP) can be assessed for given exposure scenarios (Figure D.1). An overall toxicological response can also be estimated by
integrating contributions across effects, i.e. summarising probabilities of exceeding the BMD to a single value by utilising
the attached weight function. Under the generalised (Tier 3) model that accounts for the whole BMR domain this response
metric describes the probability of effect/s rather than the probability of exceeding associated BMDs. See Figure D.1 for
more details.

The uncertainty in the BMD across the different effects may be more or less correlated. To address this issue, the itera-
tive approach for estimating the RPP described in detail in Sand et al. (2018) and Sand (2022) has been further developed.
Besides simulating BMDs from estimated uncertainty distributions independently across effects, all individual distributions
can also be combined to define a multivariate BMD uncertainty distribution. BMD values may then be simulated from this
multivariate uncertainty distribution after specifying a correlation between 0 and 1.
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FIGURE D.1 |lllustration of the reference point profile (RPP) and the dose-severity/rank-response volume.

For a given chemical hazard or mixture, the RPP describes the relation between BMDs for considered health effects and a relative severity score

(S) determined for these effects. The RPP is associated with a normalised benchmark response (BMR). Generalisation across BMRs gives the dose-
severity/rank-response volume. RPPs at BMRs of 21%, 50% and 79% are highlighted. The RPP associated with a BMR=0.21 is taken from Sand

et al. (2018) describing the BMD profile for liver effects (classified in severity categories C2 to C8 mapped to S) in rodents caused by dioxin-like
chemicals. Sand et al. (2018) present an approximate approach for derivation of RPPs across the BMR domain by using a given RPP as a starting point
and adding a dose-response model. In this example, a Hill dose-response model with a common shape (Hill coefficient=1.66) across effects was
used. This is an average representation of the dose-response shapes obtained in the analysis of the individual liver effects (see Sand et al. (2018) for
details). When evaluating the model as illustrated by the vertical (red) plane at log dose =1, probability profiles (red areas) associated with BMRs of

0 through 1 are obtained. For example, at a given relative severity, S, the probability of exceeding the BMD can be derived for each BMR. Integration
of these probabilities provides a result equal to the average probability on the BMR interval (0 through 1) at S. This corresponds to the probability

of effect at S for the given exposure (e.g. log dose=1). If the RPP variability (red/grey distribution/s) is zero, this integration across BMRs becomes
equivalent to directly evaluating the response from the Hill dose-response curve at S. Besides evaluating the model at a given S-value, an integrated
response can be derived that summarises the probability profiles (at the different BMRs) to single values (see Sand, 2022; equation 3 in Sand

et al., 2018). This collapses the S-axis, resulting in a weighted average of the probability of exceeding the BMD at each BMR. Then, a second integration
over BMR will provide a result equal to the average probability on the BMR interval, which corresponds to the probability of (weighted) effect at the
given exposure (see Sand, 2022; equation 4 in Sand et al., 2018).

D.1 | CASESTUDY

The risks and benefits associated with the consumption of whole grain are used as one example of how the Sand et al. (2018)
method may be used as part of a Tier 2 or Tier 3 assessment. This exercise is limited to consideration of one prioritised risk
component (cadmium) and one prioritised benefit (i.e. reduced risk of myocardial infarction, Ml) in the assessment by the
Swedish Food Agency (SFA, 2022).

D.1.1 | Reference Point Profile (RPP) characterisation

Several effects of cadmium exposure have been identified in epidemiological studies. The TWI established by EFSA (2009)
is based on a kidney marker ($-2-microglobulin). Besides effects related to kidney function, bone and cardiovascular ef-
fects have also been observed. The multiple effects approach by Sand et al. (2018) is illustrated here using results from
benchmark dose analysis of a set of renal and bone effects presented by Suwazono et al. (2006) and Suwazono et al. (2010),
respectively. These effects have been assessed in the same group of middle-aged Swedish women part of the Women's
Health in the Lund Area (WHILA) study. The data are used for illustrative purposes without consideration of how relevant
they would be for an actual RBA. The performed severity classification of effects would also need to be re-visited for an
actual assessment.

In the two studies, BMDs corresponding to benchmark responses (extra risks) of 5% and 10% were derived for nine end-
points. These BMDs correspond to an increased probability of 5% or 10% (extra risk) that levels in the respective endpoint
are above/below defined cut-off values describing some degree of abnormal change. In this regard, the three bone effects
(classified at C5-C7 in Figure D.2) describe three different cut-off values for low bone mineral density. One of these cut-off
values corresponds to the definition of osteoporosis, and the other two describe less and more serious reductions in bone
mineral density, respectively. A reference point profile based on BMDs associated with a BMR=0.05 was estimated, which
after the application of an adjustment factor and population variability resulted in the adjusted RPP shown in Figure D.2.
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FIGURE D.2 Adjusted reference point profile (RPP) for cadmium renal and bone toxicity.

Circles are BMDs associated with a BMR=0.05 for nine health effects classified at C2 to C7. NAG and protein HC are assigned to either C1 or C2, rather
than just a single category. Before fitting the RPP model, as described by Sand et al. (2018), BMDs (in pg/g creatinine) were converted to dietary intake
(in pg/kg bw per day) by the multiplication of a factor 0.7906. Amzal et al. (2009) provide information on population variability in the dietary exposure
associated with urinary cadmium concentrations of 0.5, 1 and 2 pg/g creatinine. In SFA (2022) normal distributions with mean, y=1og (0.7906 x urinary
concentration) and a common standard deviation, 6=0.483 (logarithmic scale), were used to approximate the modelled intakes in Amzal et al. (2009).
The standard deviation of 0.483 (log scale) describes population variability, which in combination with the dose adjustment (the factor of 0.7906)

is used to define the adjusted RPP. The vertical line corresponds to the upper 95th percentile of the cadmium exposure (0.35 pg/kg/day; SFA, 2022),
which approximates to the EFSA cadmium TWI. The adjusted RPP in the figure represents the lower 5th percentile of the variability distribution. This
illustration describes one example of a model evaluation. For the assessed exposure of 0.35 pg/kg bw per day, the integrated probability of exceeding
the adjusted RPP (Tier 2 metric) is 0.09 (0.05-0.16). Assuming an underlying Hill dose-response curve with Hill coefficients in the range of 1.4-2.1, the
integrated probability of effect (Tier 3 metric) is 0.02 (0.01-0.03). Details related to the derivation of these metrics can be found in Sand et al. (2018)
and Sand (2022). By repeating calculations across the whole range of possible exposures and adjusted RPPs an overall population average may be
estimated. Table D.1 presents such results based on Monte Carlo simulations accounting for population variability (inner loop) and BMD uncertainty
(outer loop).

D.1.2 | Tier2assessment

In SFA (2022), the number of reduced cases of Ml between the present situation and a scenario where 100% of cereals are
consumed as whole grain was about 7000 per year (uncertainty: 4000-11,000). This result was compared qualitatively to
the change in the number of individuals exceeding their ‘critical cadmium exposure’, accounting for both population vari-
ability in the exposure and in the EFSA TWI, which was 3000 per year (uncertainty: 0 to 18,000). See SFA (2022) for details.
Application of the Tier 2 version of the Sand et al. (2018) method enables the type of risk metric used in SFA (2022) to be
generalised across several health effects.

In Table D.1, the probability of exceeding the adjusted RPP is given (columns 3-5). Besides the derivation of an integrated
probability metric (probabilities integrated across the severity domain, S), the model may be evaluated at any relative
severity, S, between 0 and 1. Across the two scenarios (present situation vs. 100% cereals consumed as whole grain), the
increase in the number of individuals above the critical cadmium exposure decreases from about 10,000 (severity category
2-3) to below 100 (severity category 7) per year. For the integrated metric, the change is between 600 and 3000 individu-
als, accounting for the uncertainty and sensitivity analysis performed (Table D.1). Results at the higher severity categories,
including the integrated metric, may in this example provide better points of comparisons to the change in Ml cases as this
is a disease (Ml may classify in the range of C7-C8) compared with results at C2-C4.

Considering the population size of 10,230,000 in SFA (2022) used for assessing cadmium risk, a case probability of 0.034
is required to match the 7000 benefit cases (point estimate) per year (assuming 50years). The adjusted RPP corresponds
to a BMR of 0.05, which is not so different from the required case probability of 0.034. Therefore, in order to match the
change in benefit cases (describing disease), the integrated probability of exceeding the adjusted RPP or the probability
of exceeding the adjusted RPP at a high severity category would need to significantly increase versus the present situa-
tion. For example, if the integrated metric in the whole grain scenario were 0.5 (i.e. 50% of the population exceeding), the
average disease probability would be equal to or larger than the BMR of 0.05 (assuming sigmoidal dose-response on a log
scale). The change in disease cases per year would then be in the range of 10,000 or more, which would then exceed the
7000 benefit cases. As is shown in Table D.1, the integrated probability of exceeding the adjusted RPP in the whole grain
scenario is far from 50%, i.e. only about 1%-2% (point estimate).

D.1.3 | Tier3 assessment

The result from the Tier 3 version Sand et al. (2018) is also given in Table D.1 (columns 6-8). This describes the probability
of effect/s rather than the probability of exceeding the adjusted RPP. The results related to different severity categories,
and the integrated metric, are more or less quantitatively comparable to the number of reduced Ml cases. The latter (4000-
11,000 per year) can be contrasted to an increase in the number of risk cases per year that range between about 100 (C7)
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and 2000 (C2-C3) depending on the health effect and severity category. Considering the integrated metric the increase is
about 200-600 cases, accounting for the uncertainty and sensitivity analysis performed (Table D.1). This would be quanti-
tatively comparative to the number of Ml cases after the application of a weight to the latter using the same severity scale
(Ml may classify in the range of C7-C8). These types of results may further clarify the trade-off between the considered
benefit and risks.

As can be seen from the results in Table D.1 for the integrated metric, the selection of weights may not necessarily have
a large impact if the RBA focuses on differences between scenarios rather than absolute risks and benefits. Also, in this ex-
ample, the consideration of correlated BMD uncertainty does only slightly increase the uncertainty in the integrated metric
(Table D.1). More generally, the Tier 3 metric may be more stable and less uncertain than the Tier 2 metric, e.g. when evalu-
ated at high relative severities (S). If the benefit side does not represent a Tier 2 metric, the Tier 3 version may be considered
directly by assuming a dose-response model.

As part of the analysis the Tier 3 results were contrasted to a more conventional approach of estimating the probability
of response for each health effect separately (Table D.1 columns 9 and 10). A Hill model was used to describe all underly-
ing dose-response relationships. The parameter values of this model (i.e. the ED50 and the Hill coefficient) were derived
for each health effect by superimposing the curve to both of the reported BMDs (corresponding to BMRs of 5 and 10%,
respectively) for each health effect. The slope (Hill coefficient) ranged between 1.4 and 2.1 across the nine health effects.
The effect-specific slope values were used in the conventional analysis and under the Sand et al. (2018) method results
were derived by using a slope value in the observed range (1.4-2.1) that was randomly sampled (assuming a uniform dis-
tribution) as part of each uncertainty iteration (i.e. as part of the outer loop in the Monte Carlo simulation). Comparison of
results for the different severity categories indicates consistency between approaches (Table D.1). For example, the Sand
et al. (2018) model estimate at category C6 is 0.002 (present situation), which lies between the estimates of 0.001 and 0.003
from the conventional analyses (Table D.1). This is in line with Figure D.2 showing that the BMDs at C6 are on either side of
the central estimate of the adjusted RPP. Also, in this example, a simple weighted average of results from the conventional
analyses became very similar to the integrated metric. More generally, however, this may depend on the RPP variance, how
the data cover the severity domain and are situated relative to the model, as well as the setting of the weight function. In
this standardised comparison, for most effects/categories, the uncertainty in estimated probabilities from the combined
model is lower than the uncertainty in corresponding results from the conventional analysis (according to the confidence
intervals in Table D.1). The generalisability and significance of this, however, requires further analysis.
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TABLE D.1 Risks associated with cadmium exposure under present exposure (present) and increased consumption of whole grain (scenario).
Probability of exceeding adjusted RPP* based on RPP fora  Probability of effect® based on combining RPPs Probability of effect® based on individual
BMR=0.05 (BMRs=0-1) dose-response curves
Relative
severity, S Difference
Health effect (category) Present Scenario Difference (cases) Present Scenario (cases) Present Scenario
N-acetyl-f-b- 0.12 (C2-C3) 0.073 (0.03-0.14) 0.13 (0.06-0.23) 11,000 (700-19,000) 0.017 (0.01-0.03) 0.026 (0.02-0.04) 1800 0.018 (0.01-0.02) 0.025 (0.02-0.03)
glucosaminidase (1100-3000)
NAG >3.6 U/g
creatinine
Human complex 0.018 (0.01-0.03) 0.026 (0.02-0.04)
forming protein
Protein HC >6.8 mg/g
creatinine
Glomerular filtration 0.29 (C4) 0.017 (0.005-0.03)  0.035 (0.01-0.06) 3800 (1700-6100) 0.008 (0.005-0.01) 0.011 (0.007-0.02) 700 (500-1000) 0.009 (0.004-0.02) 0.013 (0.006-0.02)
rate
GFR <78.5 mL/min
Bone mineral density  0.50 (C5) 0.004 (0.001-0.01)  0.01 (0.003-0.02) 1200 (400-2300) 0.004 (0.002-0.006) 0.006 (0.003-0.009) 400 (200-500)  0.004 (0.001-0.008) 0.006 (0.002-0.01)
T-score <2.09
Bone mineral density 0.004 (0.001-0.009) 0.006 (0.002-0.01)
Z-score <—0.68
Osteoporosis 0.71 (C6) 0.001 (0-0.003) 0.003 (0.0002-0.007) 330 (40-800) 0.002 (0.001-0.004) 0.003 (0.002-0.005) 200 (100-400) 0.001 (0.0003-0.003) 0.002 (0.0004-0.004)
T-score <2.50
Osteoporosis 0.003 (0.0008-0.007) 0.004 (0.001-0.01)
Z-score <—-1.0
Bone mineral density  0.85 (C7) 0.0002 (0-0.0009)  0.0005 (0-0.002) 60 (0-200) 0.001 (0.0004-0.002)  0.002 (0.0007-0.003) 100 (50-200) 0.0005 (0.0001-0.001)  0.0008 (0.0002-0.002)

T-score <2.75

Bone mineral density

Z-score <—1.53

Integrated/weighted
metric

Linear weight,
a=b=1

Integrated/weighted
metric

Weight,a=0.75,b=1

Integrated/weighted
metric

Linear weight,
correlation=0.5

0.006 (0.002-0.01)

0.013 (0.006-0.02)

0.006 (0.002-0.01)

0.013 (0.006-0.02)

0.024 (0.01-0.04)

0.012 (0.005-0.02)

1200 (700-1900)

2100 (1300-3100)

1200 (600-2100)

0.003 (0.002-0.005)

0.005 (0.003 0.007)

0.003 (0.002-0.005)

0.005 (0.003-0.007)

0.007 (0.005-0.01)

0.005 (0.003-0.008)

400 (200-500)

500 (300-600)

400 (200-500)

0.0005 (0.0001-0.001)

0.003

0.0009 (0.0002-0.002)

0.005

Note: For ‘present’ and ‘scenario’ the mean cadmium exposure is 0.18 and 0.23 pg/kg/day, respectively. The population variability in the exposure and RPP was assumed to be normal on the log scale (standard deviations of 0.39 and 0.48, respectively),
as well as the uncertainty in reported BMDs (BMR=0.05). Probabilities in the table have been calculated using Monte Carlo simulations accounting for population variability (inner loop) and BMD uncertainty (outer loop). Results are presented in terms
of the population average with a 90% confidence interval. The differences in the no. of cases across scenarios are based on a population size of 10,230,000, and is presented on a per year basis (divided by 50) in line with SFA (2022).

a'L"“Probability of exceeding the adjusted RPP (column 3-5), probability of effect according to generalised response metric in Sand et al. (2018) (columns 6-8), and probability of effect based on separate analysis of the health effects (columns 9 and 10).
The integrated response metric is presented for a linear and a non-linear severity weight, and for a scenario where the BMD uncertainty is correlated. For the separate analysis of health effects, the integrated metric is a simple weighted average using
S-values in column 2 as weights.
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APPENDIX E
Application and interpretation of the Disability Adjusted Life Years (DALYs)

In a quantitative risk-benefit assessment, the health impact of going from the reference scenario to the alternative sce-
narios is quantified on a common scale of measurement for each individual health effect.

Such a scale can be disease incidence or mortality. However, the most commonly used health metric in RBA is the dis-
ability adjusted life years (DALY), which is an integrated composite health metric, as it allows inclusion of incidence and
duration of disease, severity of disease and mortality, for all health endpoints considered.

The DALY is a measure, which compares a given health state with an ideal state of health and well-being. The DALY measures
health loss due to morbidity and mortality as a result of a health outcome, where one DALY is equal to one healthy life-year lost.

In addition, it allows for a comparison across diseases and disabilities and combines information on incidence, severity
and duration of a health outcome (Years Lived with Disability, YLD) with the Years of Life Lost (YLL) due to premature death
(Devleesschauwer et al., 2014a, 2014b; WHO (World Health Organization), 2017). A basic approach of calculating DALY is
presented below.

DALY =YLD+YLL
where:
YLD=ACxDxDW
YLL=AD X SEYLL,

where AC is the annual number of incident cases of a given health outcome in a population; D is the duration of the health out-
come in years from onset until remission or death; DW is the disability weight for the health outcome. The DWs can be found
in the scientific literature, WHO or the Institute for Health Metrics and Evaluation (see Section 4.7.3); AD is the annual number of
deaths due to the health outcome; and SEYLL is the Standard Expected Years of Life Lost.

The DALY incorporates severity of disease or disability by use of the DWs, which reflect the relative reduction in health
on a scale from zero to one, where zero implies perfect health and one is equivalent to death. The DWs are socially derived
values based on how the majority of people perceive living with a disease or condition and thus also reflect the relative
severity of diseases and disease stages.

DWs have been developed for a limited range of diseases. Thus, to calculate DALYs for conditions or health effects where
no DW exist, these health effects should be identified and characterised during the previous steps of the RBA. The purpose
is then to translate the health effect into a defined disease or disability for which a DW exists. An example is the case where
a decrease in sperm concentration due to a given chemical exposure could be translated into a risk of infertility at popula-
tion level.

Duration of disease or disability is also required to calculate YLD, and can be estimated based on data from the literature,
hospital registries or expert elicitations. For diseases and disabilities that persist until death, the duration is calculated as
the difference between the age of onset of the disease and the life expectancy for the given age and sex as obtained by
national population registries.

Residual life expectancy is required for calculating YLL. According to the WHO methods for global burden of disease
estimates 2000-2015 (WHO, 2017), SEYLL should be based on the frontier national life expectancy projected for the year
2050 for Japanese women, should be applied as the residual life expectancy for calculating YLL, rather than national life
expectancies.

The last step of the risk-benefit assessment process is the integration of risks and benefits and the comparison of sce-
narios. If the outcome of the RBA is expressed in terms of DALYs, a difference in DALYs between an alternative scenario and
a reference scenario should be reported. The DALY difference, ADALY , for health outcome d is calculated as follows:

ADALY 4 = DALY, 5; — DALY, (e,

where DALY, . and DALY, are the estimated disease burden in the alternative scenario and the reference scenario, respec-
tively, for health outcome d. Estimation of the overall health impact, the DALY difference over all diseases and health outcomes
is calculated as:

ADALY =% (ADALY,).

A positive DALY difference implies a health loss, whereas a negative DALY difference implies a health gain. The total DALY
difference can be expressed for the total population but for comparison DALYs are often expressed per 100,000 individuals.

The DALY approach can be implemented in different ways, depending on data availability and the assessment objec-
tive, see for example (Hoekstra et al., 2008; Hoekstra, Hart, et al., 2013; Naska et al., 2022; Thomsen et al., 2018; Ververis
et al., 2024).

An example of how the DALYs are interpreted are presented in Thomsen (2018). In this study, the health impact of sub-
stituting red and processed meat with fish in the diet of the adult Danish population was quantified using DALYs as health
metric. The following scenarios were compared to the current Danish consumption of fish (reference scenario):
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- Alternative scenario 1: consumption of 350 g of a mix of lean and fatty fish per week.
- Alternative scenario 2: consumption of 350 g of fatty fish per week.

- Alternative scenario 3: consumption of 350 g of lean fish per week.

- Alternative scenario 4: consumption of 350 g of tuna per week.

To quantify the health effect of each health outcome in terms of DALYs for these scenarios, YLD for health outcome d,
sex s and age a was defined as:

YLDd,S,G = ACd,S,a . Dd . DWd,

where AC, _is the annual number of cases with health outcome d for sex s and age g, D, is the duration of health outcome d
until rem|55|on or death and DW,, is the disability weight for health outcome d.
YLL for health outcome d, sex s and age a was defined as:

YLLgsq =ADg;q - SEYLL 4,

where AD,, . is the annual number of deaths due to health outcome dfor sex s and age aand SEYLL_  is the standard expected
years of Ilfe Iost for sex s and age a (WHO (World Health Organization), 2017). Finally, the disease burden for health outcome d
was summed over sex and age:

DALY, = %5, (YLDg 4 + Yllgs)-

The outcome of the calculations, expressed in DALY for the Danish population > 15 years (4.7 million individuals), can be
seen in Figure E.1, and shows the health impact of the substitution in terms of the total DALY difference for each alternative
scenario compared to the reference scenario. An overall health gain was observed in the alternative scenarios 1, 2 and 3
(note the negative numbers), whereas a health loss (positive number) was observed for the alternative scenario 4.

The DALY difference estimates were significantly different from zero in all alternative scenarios (p <0.001).

The outcome shows that approximately 7000 healthy life years could be gained each year in Denmark if the adult popu-
lation substituted some of the red and processed meat in the diet with fish to reach the recommended intake of 350 g of
fish per week (a mix of fatty and lean, or only fatty fish). In contrast, a smaller health gain was estimated when consuming
only lean fish in the recommended amounts and an overall health loss was estimated when consuming only tuna.

To assess the significance and magnitude of the observed DALY differences, they can be compared with the outcome of
other RBAs, risk ranking and burden of disease estimates where the output is also quantified in DALY.

Alternative scenario 4 -—-{

Alternative scenario 3
Alternative scenario 2

Alternative scenario 1

-10,000 —5000 0 5000 10,000 15,000
DALY difference

FIGURE E.1 Difference in Disability-Adjusted Life Years (DALYs) by scenario. DALY difference between the current consumption (reference
scenario) and the four alternative scenarios for the total Danish adult population (= 15 years; 4.7 million individuals). The bars represent the DALY
differences between each of the four alternative scenarios and the current consumption as a measure of the health impact of the substitution. Error
bars indicate 95% uncertainty intervals.
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APPENDIX F
Templates for risk-benefit assessment data and outputs of risks and benefits

The complexity of risk-benefit assessments, when involving multiple hazards and nutrients, different food scenarios, pop-
ulations and other dimensions, calls for clear, comprehensive and transparent presentation of data and results in summary
tables (Tables F.1-F.6). These may present the elements included in the assessment (e.g. Table F.1), or the output(s) of the
assessment in different formats depending on the approach followed and the tier of the assessment. A few examples of
templates are provided in the appendix, including in format of a heat map (e.g. Table F.3) that may be useful to convey the
overall picture of complex outputs.

Additionally, the reader is referred to tables 3 and 4 in Hoekstra et al. (2012) as examples of outputs from Tier 2 and Tier 3
assessments, respectively. In this publication, Table 3 summarises dimensions of two different health effects, a beneficial
and an adverse, the corresponding common metrics in terms of life years lost per mortality and the net health impact in
qualitative terms. Table 4 presents a quantitative integration of different health effects resulting from an example of food
fortification, the corresponding DALY for each health effect and the net health impact as a sum of DALYs.

TABLE F.1 Characterisation of the exposure to hazardous and
beneficial food components by level of consumption (e.g. mean+SD,

orrange).
Intake of food
Food component 10g 1009 2009
Hazardous
A ... Hg/g
B ...ng/g
C
D No data No data No data
Beneficial
... mg/g
B
C
D

TABLE F.2 Template for reporting composite metrics for different effects impacting different

populations.
Risk (Q)DALYs
Critical effects (risk
Intake ranking) Population 1 Population2  Population 3
1 Obesity
2 High blood pressure
3 Colorectal cancer
Benefit (Q)DALYs
Intake Critical effects Population 1 Population2  Population 3
1 Iron deficiency anaemia
2 Cardiovascular disease

3
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TABLE F.3 Template for reporting different effects impacting different populations by means of different metrics, such as per cent population
above or below a BMD or other threshold; as probability of an effect occurring at various intake scenarios in a given population; heat map.

Risk >/< BMR P(effect) P(severe effect)
Critical effects (apply
Intake risk ranking) Population 1 Population 2 Population 3
1 A
2 B (+Q)
Benefit >/< DRV P(deficiency) P(risk not averted)
Intake Critical effects Population 1 Population 2 Population 3
1 A
2 B
3 C

Note: A heat map can be constructed to present results for several endpoints by populations, using separate colour for risks and benefits (here orange and green,
respectively). The heatmap may include measures of incidence, severity, duration, mortality and other assessed features. Such aspects are combined in calculations of
composite metrics. However, each of the aspects (incidence, severity, duration, mortality) may have a different scale (and different distribution) that may be represented
with a simple scoring scheme without agglomerating into a single metric, e.g.: severity: 5-point scale (Sand); duration: 3-point scale (short, intermediate, long); incidence:
10-point scale (1-10); contribution to mortality. The intensity of the respective colour indicates a scale of risks and benefits from low (lighter shade) to high (darker shade).
No shade may be used if data are not available, or health effect is not applicable.



RISK-BENEFIT ASSESSMENT OF FOODS 53 of 59

TABLE F.4 Template for reporting risks by means of probability of each effect and their possible cumulative occurrence at increasing intakes, together with associated uncertainties.

Compound Age/pop. group Effect Intake 1 (dose) Intake 2 (dose) Intake 3 (dose) Uncertainty
A Children Neurobehaviour P(S7) P(S1)+P(52) P(51)+P(S2)+P(S3)
Thyroid P(S1) P(S1)+P(S2)
Delayed puberty
Adult Liver P(S1) P(S1)+P(S2)
Thyroid P(ST)
Cardiovascular
Women reproductive age Infertility
B
C
D

Note: P(S): probability (P) of each effect over a range of severity levels (S) for effects 1, 2, 3, etc. (51, S2, S3, etc.) (or probability > BMDx). Another metric that may be used is integrated response (RTR) across effects x severity, at each level of intake, in each
subpopulation.

TABLE F.5 Template for reporting benefits by means of probability of each effect and their possible cumulative occurrence at increasing intakes, together with associated uncertainties.

Compound Age/population group Positive effect Intake (dose) median Intake (dose) 95% Intake (dose) 200 g Uncertainty
A Children A
B
C
Women reproductive age
Adults
B
D

TABLE F.6 Template for reporting outcomes as probabilities of effects.

Probability of exceeding adjusted RPP? based on Probability of effect® based on combining RPPs Probability of effect® based on
RPP for a selected BMR (BMRs=0-1) individual dose-response curves
Relative severity, S
Health effect (category) Present Scenario Difference Present Scenario Difference Present Scenario
A
B
C
D

Integrated/weighted metric
Linear weight (a, b values)
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APPENDIX G
Risk-benefit communication guidance

This section describes the basis for EFSA's definition of risk-benefit communication and summarises social science literature
relevant to food-related risk-benefit communication that was reviewed for this Guidance document. These are structured
in three sections: (1) consumer perceptions of food-related risks and benefits, (2) characteristics of risk-benefit trade-offs,
and (3) information seeking and processing. Based on these findings, it provides advice for contextualising risk-benefit
analysis both when framing requests for risk benefit assessments, and for communicating assessment and management
outcomes to the public. It concludes with recommendations for testing the proposed advice and for further research to fill
gaps in the literature.

The SC considers (see Appendix A.2) that, ‘In RBA, a benefit can be defined as the probability of a positive effect and/or
the reduction of an adverse effect[...]. The WHO defines health as a state of physical, mental, and social well-being and not
merely the absence of diseases or infirmity (WHO, 1946). The EU Food Law Regulation (178/2002) focuses primarily on the
protection of human life and health, as well as the rights of consumers. However, Article 22 states that EFSA shall provide
‘scientific advice and scientific and technical support on human nutrition” and Article 14 stipulates that when ‘determining
whether any food is unsafe, regard shall be had: [...] (b) to the information provided to the consumer, including informa-
tion on the label, or other information generally available to the consumer concerning the avoidance of specific adverse health
effects from a particular food or category of foods.’

Risk benefit communication is not explicitly defined in Regulation 178/2002, but it can be inferred from the definition
of ‘risk communication’ (see Appendix A.1) which states that this involves the ‘interactive exchange of information and
opinions about hazards and risks among risk assessors, risk managers, consumers, feed and food businesses, the academic
community and other interested parties, including the explanation of risk assessment findings and the basis of risk manage-
ment decisions’. Taken together with the above-mentioned articles, as both nutrition (although not advice to consumers,
which is a national competence) and risk reduction information is within EFSA's remit, their communication can be consid-
ered objectives of EFSA's risk benefit communication. Lastly, many studies indicate that people confound health risks and
benefits with non-health related risks and benefits, e.g. environmental impact, animal welfare, and socioeconomic (see e.g.
Lusk & Briggeman, 2009). Social psychological theoretical models (e.g. the Health Belief Model) have been developed on
the premise that people often undertake health-related behaviours for seemingly non-health reasons (Jones et al., 2015).
Effective communication planning, therefore, requires the identification of these non-health related risks and benefits so
that they can be taken into account, as far as possible, in developing communication strategies and messaging.

In summary, the SC considers for this Guidance document, that ‘risk benefit communication” involves the ‘interactive
exchange of information and opinions about hazards (including human or animal health/welfare, socioeconomic, environ-
mental), risks and benefits among assessors, managers, consumers, feed and food businesses, the academic community
and other interested parties, including the explanation of risk benefit assessment findings and the basis of risk benefit
management decisions.’

G.1 | CONSUMERPERCEPTIONS OF FOOD-RELATED RISKS AND BENEFITS

In the 2022 Eurobarometer on food safety in the EU (NB significant differences exist across countries and should always
be considered in developing tailored communication) over 2 in 5 respondents (46% and 41%) declare themselves to be
almost equally concerned about a healthy diet and food risks, a third (31%) are more concerned about a healthy diet than
about food risks, leaving 1 in 5 reporting that food safety concerns them more than a healthy diet (EFSA, 2022b). In a sys-
tematic review carried out for EFSA by Jaskiewicz et al. (2023), studies showed that consumer perceptions of food safety
and health benefits vary widely and are shaped by several internal and external factors. For example, the perception of
highly beneficial foods was found to rely more on individual personal beliefs and cultural background (e.g. nationality,
religion) than consumer awareness of specific health issues (Adamczyk & Maison, 2021; Jahn et al., 2019; Kuttschreuter &
Hilverda, 2019; Zorell, 2022). Also, consumer perceptions of risks and benefits to health often do not necessarily motivate
them to purchase or consume differently. Other factors play an important role; for example, in the above-mentioned 2022
Eurobarometer more respondents indicated cost (54%) and taste (51%) above safety (46%) or nutrient content (41%), as
factors influencing their food purchases (EFSA, 2022b).

Factors influencing risk (and to a lesser extent benefit) perceptions are well documented in the literature on the psycho-
metric approach of Slovic and others, and in subsequent research (for a comprehensive review see EFSA, 2021): individuals
combine their knowledge or perceptions of ‘naturalness’, ‘convenience’, ‘tradition’, ‘origin’, ‘fairness’, ‘appearance’ with other
criteria such as ‘taste’, ‘cost’, ‘nutrition’ and their ‘values’. These combinations can be made based on different dimensions
that may be weighed against each other, e.g. increased tastefulness may require food additives, or increased fairness may
imply increased costs. Depending on what people value more, a different evaluation of risk versus benefit will emerge (Lusk
& Briggeman, 2009). In response to a request from the European Commission for technical assistance in the field of risk
communication EFSA developed a ‘concern assessment’ framework (referred to in the report as 'risk profiling’) that clusters
the various factors in four groups by characteristics of the hazard, the individual, socio-cultural, and source of information
(EFSA, 2021). The concern assessment framework and a pre-assessment tool consisting of a checklist are used in EFSA's risk
communication planning to define audiences, objectives and strategies (Vrbos et al., 2023) (see Section G.5.2 below).
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In addition, the review conducted for EFSA by Rodes-Sanchez et al. (2024) analysed papers and grouped the key factors
that increase or decrease risk perceptions and benefit perceptions. These are summarised in Figure G.1 below, augmented
with papers from Jaskiewicz et al. (2023) or identified as relevant by EFSA's social science experts. Trust in science can both
decrease risk perception and increase benefit perception (Boehm et al., 2021; Viscecchia et al., 2018), while a lack of trust in
industry as a source of information would have the opposite effect (Boehm et al., 2021; van Dijk et al., 2011). Lack of knowl-
edge, and confusing or conflicting information were all associated with increased risk perception (Nagler, 2014; van Dijk
etal., 2011), but some studies showed it had no effect on behaviour (Rodriguez-Entrena et al., 2016).

Factors that can increase risk perceptions

Pregnancy/proximity to pregnant women (Jacobs
etal., 2015)

Women (Farhat et al., 2015, Jacobs et al., 2015)
Food-related hazards (vs others)

Lack of knowledge (Song etal., 2020)

Naturalness (Bearth et al., 2014, Labrecque and
Charlebois 2011, Song et al., 2020)

Stigma (Koch etal., 2017)

Mistrust of industry (Hu etal., 2020)
Confusion/conflicting information (Nagler etal.,
2014, van Dijk et al., 2012)

Psychological science (Steenis etal., 2016)

Order - informing about risk before benefits (Knuth
etal., 2003)

Factors that can reduce risk perceptions

Trustin science (Hakim etal., 2020)

Trust in food safety institutions (Hu etal., 2020,
Hakim et al., 2020, Viscecchia et al., 2018)

Social trust (Hakim et al., 2020)

Men (Jacobs etal.,2015)

More information reduces anxiety (Ogoshietal.,

Factors that can increase benefit
perceptions

Exposure or familiarity to exposure (Kikulwe etal.,
2011, Farhatetal., 2015, Simoglou et al., 2022)
Trustin science (Hakim etal., 2020)

Brand awareness (Wang, 2015)

Relevant information (Batrinou etal., 2005)

Order - informing about benefits before risks
(Knuth et al., 2003, Verbeke etal., 2008)

Factors that can reduce benefit perceptions

Mistrust of industry (Hu etal., 2020)
Conflicting risk/benefit information
(Blanchemanche et al., 2010)

Order - informing about risks before benefits
(Knuth et al., 2003, Verbekeetal., 2008)
Word selection (Verbeke etal., 2008)

2003)

FIGURE G.1 Schematic of influences on risk and benefit perception. Source: Adapted from Rodes-Sanchez et al. (2024).

Some of the papers reviewed by Rodes-Sanchez et al. discuss whether risks and benefits are perceived or assessed inde-
pendently or dependently of each other. Four papers (Bearth et al., 2014; Hakim et al., 2020; Labrecque & Charlebois, 2011;
Song et al.,, 2020) argue for dependency between the two processes due to the impact of one or more other factors such as
dread (e.g. Song et al., 2020), or trust. Alternatively, five papers (Amin et al., 2014; Hu et al., 2020; Jacobs et al., 2015; Steenis &
Fischer, 2016; Wang, 2015) suggest that risk-benefit perceptions are independent. This may be because a third factor affects
individual risks and benefits differently, or because high risk perception and high benefit perception can be experienced
simultaneously.

G.2 | CHARACTERISTICS OF RISK-BENEFIT TRADE-OFFS

Consumers face a variety of potential trade-offs that have consequences for communication. Additional information may
not necessarily help individuals’ decision-making as comparing or trying to quantify different benefits and costs can be
challenging. Risk benefit communication strategies need to consider these potential trade-offs and how they impact infor-
mation processing and consumer behaviour.

Individuals consider, both consciously and intuitively, a range of factors when facing risk-benefit trade-offs about food
and these tend to vary greatly depending on the characteristics of individuals and on cultural context. In Jaskiewicz
et al. (2023), predominantly using studies in European countries, findings show that consumers are more likely to accept
new food technologies if they are informed about their potential benefits alongside addressing perceived risks (Bearth
et al., 2022; Busch et al., 2020; Hartmann et al., 2018). Some evidence indicates that information on the origin and trace-
ability of food products can increase consumer perceptions both of a product's safety and its healthiness. For example,
consumers want information about the origin of dairy, poultry, red meat, fruit and vegetables to understand their safety
(Flzesi et al., 2018). According to some studies, organic foods are associated with safety and health, more than being good
for the environment (Lamonaca et al., 2022; Mondelaers et al., 2009).

However, the literature disagrees about the relative weight of risks and benefits on individual decision making. In the
review by Rodes-Sanchez et al. drawing mainly on studies in non-European countries, several papers suggest risks gen-
erally outweigh benefits or that the absence of risk can be a pre-requisite to any consideration of benefits. Examples
of the reasons given for this varied, including negativity bias, i.e. negative information (about perceived risks), increased
risk perceptions more than positive information (about real benefits), increased benefit perceptions in studies on will-
ingness to purchase (Rodriguez-Entrena et al., 2016), willingness to pay (Valente & Chaves, 2018) and willingness to eat
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(de Oliveira et al., 2021; Verbeke & Liu, 2014). In one study the health benefits of functional foods were seen to be irrelevant
if the risks (nutritional, process-related or high-cost production) were perceived to be high (Labrecque & Charlebois, 2011).
Importantly, in all such studies methodological aspects, specifically the measurement instruments used could explain
the mixed results and other variables such as age, gender, education level, and geographical location, can have a telling
influence.

In other studies, benefits outweighed risks and were often linked to the use of new technologies including human-
derived fertiliser (Segre Cohen et al., 2020), food truck repurchasing (Loh & Hassan, 2021) and consumption of insects
(Orkusz et al., 2020). In these studies, the benefits were largely related to price, hedonistic value, quality and taste rather
than health. Kim (2012) found that the perceived benefits of GMOs had a 35% greater impact on concern than risks.
However, another study indicated benefits outweighed risks for GM crops, but the opposite was true for GM salmon (Amin
et al,, 2014), suggesting food type may also influence trade-offs.

G.3 | INFORMATION SEEKING AND PROCESSING

Most EU citizens indicate an interest in food safety (EFSA, 2022b), but do not necessarily actively seek information on a topic
if it is negative (Ito et al., 1998) or does not conform to their prior beliefs (Poortinga & Pidgeon, 2004). Assimilation of food
safety knowledge tends to be passive unless circumstances are exceptional such as during a food safety incident, but pro-
viding more information on the severity of a hazard may provoke greater information seeking and willingness to change
behaviour (Neuwirth et al., 2000). In the review carried out by Jaskiewicz et al. (2023) some studies indicated that some
consumers actively seek food safety information, want to be informed and value food safety and food traceability (Kili¢
et al., 2020; Tessitore et al., 2020; Tiozzo et al., 2019). The studies also indicated that consumer knowledge of food safety
can be improved. The reasons for this may differ. In the above-mentioned 2022 Eurobarometer several reasons are given
by respondents why they may not pay attention to food safety information. While a majority explain that they ‘take food
safety in the EU for granted’ (41%) or 'know enough to avoid or mitigate food risks' (30%), for over 1 in 4 (27%) complexity
and the technical nature of food safety information is a barrier, or simply a lack of time (15%) (EFSA, 2022b).

Again, the 2022 Eurobarometer provides extensive information about EU consumers’ most frequently used and trusted
sources of food safety information, across all EU countries. At the EU level approximately 3 in 5 (61%) indicate television
(TV set or online) first followed by family members, friends, neighbours or colleagues (44%). While television is the most
selected source both within the oldest age group (72%) and the youngest age group (43%), there is greater uptake of social
media and blogs within the youngest age group (43%) than within the eldest (10%) (EFSA, 2022b). However, there are major
differences between countries in consumers’ preferences for seeking food safety information (Bolek, 2020; DunnGalvin
etal.,, 2019; Kilic et al., 2020; Tiozzo et al., 2019; Zorell, 2022). The 2022 Eurobarometer provides several examples: use of tele-
vision ranges from 82% in Portugal to 49% in Finland and Latvia, and 44% in Malta; in Greece (66%) and Bulgaria (62%) fam-
ily, friends, neighbours or colleagues are an important source, but only 30% in Malta, 32% in Finland and 34% in Lithuania.

Consumers tend to prioritise risks over benefits in their trade-offs when their knowledge is incomplete/lacking (Galati
et al,, 2019), or information is conflicting (Fontalba-Navas et al., 2020). In addition to knowledge, consumers require infor-
mation that aligns with their values and attitudes in order to shape their opinions about food-related risks and benefits
(e.g. Hansen et al., 2003; Ho et al., 2019; Morgan et al., 2002). One example concerns the benefits of fruit and vegetable
consumption alongside the risk of exposure to pesticide residues, where although scientific assessments tell us that the
benefits outweigh the risks, consumers may perceive the opposite to be true, resulting in reduced fruit and vegetable
consumption (Hartmann et al., 2018). A study by Minnens et al. (2020) evaluated consumer acceptance in five European
countries (Belgium, Norway, Spain, Portugal and Ireland) of an online tool called FishChoice to access information about
the health benefits of fish/seafood consumption and the potential risks from environmental contaminants of these foods.
Some two-thirds of respondents, especially high consumers of seafood, declared they would use the tool to find out about
the seafood species, portion size or frequency of consumption. As such, consumers may weigh benefits and risks differ-
ently if they have more detailed and accurate information. However, even when they have information, they consider use-
ful, such as traceability information on their food, this does not necessarily affect their food purchasing and consumption
behaviour (Kumpulainen et al., 2018).

G.4 | CONCLUSIONS

The following advice on risk-benefit communication is based on the main findings from the literature explored above. It
mainly intended to support communication of risk-benefit assessment outcomes. The primary communication objectives
of assessors and managers differ in important ways: in line with the definition provided above, assessors must 'explain
risk-benefit assessment findings' and managers ‘the basis of risk-benefit management decisions’. However, both assessors
and managers must enable the exchange of information and opinions about hazards, risks and benefits in an interactive
way among all interested parties in EU food safety. Critically, many studies indicate that risk communication and, to some
extent, benefit communication are more effective when assessment outcomes and management measures form part of a
single, coherent narrative. Therefore, although assessors' and managers' competences vary, they share many communica-
tion objectives and should adopt coherent strategies to address them.
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G.4.1 | Factorsinfluencing risk and benefit perceptions

» Perceptions of risks and benefits can be both dependent and independent of one another, whether health and/or non-
health related, and they can be experienced separately or simultaneously. Both internal and external factors can influ-
ence these perceptions.

» Mapping these factors (see G.1 Characteristics of target audiences, above) for each risk-benefit analysis problem is es-
sential for developing effective risk-benefit communication strategies to support the evaluation of consumer risk-ben-
efit trade-offs (see G.4.3 Information and behaviour).

« Communication should seek to address a limited number of these factors at a time to be effective.

« Since trust in science can both decrease risk perception and increase benefit perception, risk-benefit communication
should underline the role of science and its commitment to public health goals both in assessments and as a basis for
management decisions. However, to be effective this must be done in accessible and non-technical language.

G.4.2 | Information needs

» While some consumers want to be informed about food safety and food traceability, others, for example who do not
want to receive information they do not believe, require specially targeted strategies, particularly if they are among vul-
nerable populations.

« Information about benefits and risks needs to be clear, concise and consistent. This can help individuals align their per-
ceptions with available knowledge about human health-related and other risks and benefits.

« Not all information needs concern knowledge, values and attitudes also shape how people form opinions on specific
issues. For example, messaging that recognises personal beliefs and culture alongside factual information may be more
effective in supporting knowledge uptake, changing perceptions and driving potential behaviour change (if considered
needed by managers).

« Conflicting information should be avoided or where necessary explained within a given context. For example, differing
scientific views about the evolving nature of science and/or the roles of the sources of those views can be carefully
explained.

G.4.3 | Information and behaviour

« Consumers make trade-offs around health, environmental, economic and social factors based on food information even
when the perceived risks, the probability of negative consequences and the values placed upon them, are low. Increased
knowledge of risks and benefits related to health does not necessarily motivate individuals to purchase or consume
differently.

» To address these challenges, communication planning needs to characterise the trade-offs that consumers will face.
For instance, it could be a trade-off between personal health and hedonism (e.g. health vs. taste), or between personal
economic interest and food characteristics (e.g. price vs. quality/ease of preparation/availability), or between personal
preference and societal considerations (e.g. hedonic value vs. animal welfare, ethics, environment).

» The decisions made often consider many factors at once, rather than being a simple balance between two consequences
(e.g. health versus cost). Trade-offs may result in decisions that negatively impact consumer health and can be based on
minimal information. Therefore, it could be argued that ensuring the public has access to full, accurate and understand-
able information can help consumers to make healthier decisions about consumption.

G.5 | TOOLS TO SUPPORT RISK-BENEFIT COMMUNICATION

EFSA's approach to risk communication planning and strategy development (Vrbos et al., 2023), follow the structure
of the International Risk Governance Center (IRGC) conceptual framework for understanding risk governance (Florin &
Burkler, 2017; Florin & Parker, 2020). The IRGC framework covers the entire risk analysis process and includes various steps
and cross-sectional aspects:

1. Pre-assessment covers the identification and framing of the problem.
2. Appraisal concerns the assessment of the technical and perceived causes and consequences of the risk-benefit.
3. Characterisation and evaluation refer to making a judgement about the risk-benefit and the need to manage it.
4. Management indicates the process of deciding on and implementing risk management options.

Given EFSA's remit as food safety risk assessor, the available tools cover the first two steps only.

G.5.1 | Pre-assessment

This first phase aims at identifying the diverse views and interest in relation to a risk-benefit question and the issues that
need to be covered. It serves as a frame for how to assess, manage and communicate.
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Within this crucial step of problem framing, three areas should be taken into account for communication planning: (i) the
nature of the topic; (i) knowledge and perceptions; and (iii) institutional and stakeholder interest. EFSA developed a check-
list of yes/no questions linked to a decision tree for the evaluation of risk assessment questions (Vrbos et al., 2023). This has
been adapted for risk-benefit analysis, in particular, to understand if the risks and benefits are related to similar/unrelated
health effects, who is affected and what is known about the perceptions of the potential risks and benefits.

The revised checklist tool is available publicly35 for testing in preparation for future requests for risk-benefit assessments
that EFSA may receive.

G.5.2 | Appraisal - concern assessment

According to the IRGC framework, the concern assessment should examine (i) stakeholders' opinions, values and concerns
about the risk; (i) cognitive heuristics and biases that play a role; (iii) potential constraints; (iv) social reaction to the risk; (v)
role of institutions and media in tackling public concern; (vi) possible controversies and conflicts (Florin & Biirkler, 2017).

Using social research data, complemented by media and social media listening, allows one to map the volume and
sentiment of public discourse on a topic (Vrbos et al., 2023). These methods support the identification of the perceived
characteristics of the information source, as they provide data on, e.g. What are the most used and most trusted informa-
tion sources about the topic? Once all these data are gathered, a value of concern is calculated based on the public's knowl-
edge and perception of the topic. While the original model explained in Vrbos et al. (2023) considers only risk perception,
a modified version of the concern assessment that considers benefit perception is proposed. This includes the factors that
can influence risk and benefit perceptions, indicated above, and the characterisation of the trade-offs faced by consumers.

The revised concern assessment framework is available publicly®® for testing in preparation for future requests for risk-
benefit assessments that EFSA may receive.

G.6 | RECOMMENDATIONS
Several research gaps have been identified in the preparation of this Section:

« Studies involving European populations that support the characterisation of individual and cultural factors influencing
food-related risk-benefit perceptions.

« Studies that explore and map the variety of underlying (personal, social, environmental, situational and product-related)
factors of consumer decision-making in European populations, the most common combinations of these factors in shap-
ing consumers' risk-benefit perceptions and food-related risk-benefit trade-offs, disentangle perceptions (e.g. personal
vs. societal) and decision-making variables (e.g. active/passive acceptance), and the associated information needs and
practices.

« Studies on the inter-relationships between perceptions and/or knowledge of human health risks and benefits vis-a-vis
non-human health-related effectors of food purchasing and consumption decision-making in European populations.

« Since much of the literature in this area focuses on food-related technologies and innovations, studies should seek to
broaden the range of food types covered so that risk-benefit trade-offs involving everyday food categories and types
can be better understood.

The Scientific Committee notes that EFSA identified some of these research gaps in 2021 (EFSA, 2021) and set social re-
search objectives on consumer risk-benefit trade-offs integrating them into a research programme on ‘Evidence-based risk
communication in the EU Food Safety System' (EFSA, 2022a). Therefore, under this programme EFSA is expected to initiate
research projects to fill some of these research gaps from 2024 onwards.

*Available on the EFSA Knowledge Junction - https://zenodo.org/records/10517998.
*www.fishchoice.eu.
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ANNEX A
Public consultation on the draft guidance on risk-benefit assessment of foods

The outcome of the public consultation which was open from 19 February 2024 until 2 April 2024 is presented in Annex A.
Annex A is available under the Supporting Information section on the online version of the scientific output.

wefsq [ The EFSA Journal is a publication of the European Food Safety <
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