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ELSEVIER

Risk-benefit analysis in food safety and nutrition
Jeanne Marie Membre®, So a Santillana Farakos” and

Maarten Nauta®

Risk-bene t analysis of foods including a formal public health
assessment followed by management and communication has
been establishing itself as a scienti c discipline during the past
15 years. Risk-Bene t Assessments (RBAs), integrating
nutrition, toxicology and microbiology, have been increasingly
conducted for a variety of foods and food components.
Quantitative models in these assessments often use the
Disability Adjusted Life Year (DALY) as a common health
metric, as it allows for comparison of diverse health effects.
Results are typically reported by population group to capture
differences in health outcomes and target communication.
Strengthening the links between a formal RBA, risk-bene t
management decisions and dietary recommendations
communicated to the public will improve transparency and
potentially public health outcomes. In the coming years,
sustainable food production and other factors in addition to
public health might result in risk-bene t analysis becoming part
of the broader food system analysis.
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Introduction

The analysis of risks and benefits in food including a
formal quantitative or semiquantitative public health
assessment followed by decision making and communi-
cation, although initiated 15 years ago, still needs to gain
in visibility. It goes beyond food safety risk analysis, as it
includes an analysis of the nutritional risks and benefits of

% This article is part of Food Safety special issue published in the
journal Current Opinion in Food Science, Volume 36, 2020.
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food consumption. Its general framework, based on the
three key elements assessment, management and com-
munication, comes from risk analysis [5].

In risk-benefit assessment (RBA) of foods, the risks and
benefits associated with a food component, a food prod-
uct, and a diet are (quantitatively) compared from a public
health perspective [7]. Chemical and microbiological
hazards are identified, and the resulting health effects
characterized together with an assessment of the nutri-
tional health effects. While chemical and microbiological
hazards can contribute to food safety risks, nutritional
effects of food on human health can contribute to health
benefits (e.g. unsaturated fatty acids have been shown to
potentially reduce cardiovascular disease risk [8 ]) and
also health risks (e.g. heme-iron in red meat has been
shown to increase the risk of colorectal cancer [9]).

The need for RBA of foods has come forward after separate
studies on nutritional health impact and food safety risk
assessment for the same food or food component resulted
in possible conflicting messages. For example, the con-
sumption of fatty fish might be recommended for pregnant
women on the basis of the potential positive effect of
fish consumption on the neurological development of a
newborn, but discouraged on the basis of negative health
effects on the newborn from methylmercury and dioxins
[10]. Focusing solely on benefits or risks associated with
foods without consideration of other factors in a holistic
approach can be confusing when formulating and following
dietary recommendations.

In Europe, RBA was formally discussed at an EFSA
colloquium in 2006 [11] and taken up by several
European Union (EU) projects, such as BRAFO [12].
The RBA methodology was based on the food safety risk
assessment approach (including hazard identification,
hazard characterization, exposure assessment and risk
characterization) [13]. In the BRAFO project, the
‘tiered’ approach was developed [14] and applied in
several case studies[15-17]. More recently, RBA has
been taken up by several research groups. Boué et al.
[18] published a review summarizing the available lit-
erature which indicated fish is the most widely studied
food in RBA. Nauta et al. [19] presented a review of the
challenges related to further development of RBA and
show these are related to interdisciplinarity, methods,
data, health metrics and applications. A workshop held in
Denmark 2017 gathered a large international group of
experts on RBA, and its conclusions are summarized by
Pires et al. [20]. Participants of the workshop concluded
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that while challenges remain in the assessment of risk,
communication of uncertainty, and integration of diverse
data sources, among others, RBA can extensively support
risk-management on decisions with regards to food
safety, nutrition and public health. In Nauta et al. [7],
the available methods for RBA are presented and their
dependency with the specific risk-benefit question
posed is shown.

RBA can support science-based decision making when
establishing dietary guidelines and recommending foods
to a population or a population group. This latter con-
sideration is of crucial importance as research indicates
tailoring materials to specific population groups might
more effectively promote healthier behaviours that would
be missed with messages targeting the general population
[21]. Nevertheless, decision making is complicated since
different outcomes in different magnitude and timescales
are involved, leading to difficult weighting between out-
comes. Moreover, there may be uncertainty associated
with the results of the assessment. For example, when
ranking the health impacts of two different food intake
scenarios based on a limited amount of data or knowledge,
the risk-benefit balance may not lean clearly in favour of
one of the two scenarios. Additionally, RBAs require a
large collection of data and expertise as they could cover
chemical, microbiological and nutritional aspects of a
food. The time required to perform a comprehensive
guantitative or semiquantitative RBA is not always com-
patible with the decision agenda.

Consumers, at least unconsciously, make risk-benefit
decisions when purchasing food products and preparing
meals. As such, consumers frequently need to make
trade-offs between the known risks and benefits associ-
ated with consumption of food products. Additionally,
issues such as availability, costs, personal preferences,
food quality, sustainability, and so on, can play a role. A
survey in several EU countries in 2019 showed that
food safety is as important as other factors such as food
origin, cost and taste in consumer purchasing decision-
making [22].

Communication about food safety risks and benefits is
important to allow consumers making a balanced, objec-
tive food choice. However, communicating risk and
benefit information about foods is challenging. The pre-
sentation order of benefits and risks in the message can
affect both behavioural intention and consumer percep-
tion, with the first message component being generally
the most influential [3]. Even more challenging is when
the wording of a benefit can bring negative associations.
For example, consumers might perceive ‘fatty’, in
general, as negative and then associate ‘fatty fish’ with
being unhealthy, which may be the opposite of the
intended message [23]. To involve the public in
the decision making process of developing appropriate

communication strategies, citizen science approaches
such as the use of consumer focus groups can be useful
[24]. The development of the internet and emergence of
social media provide additional opportunities to involve
and empower consumers in food risk and benefit
communication processes [23,25].

In this review, the three interconnected elements of risk-
benefit analysis (assessment, management and commu-
nication), as illustrated in Figure 1, are covered. The first
step in risk-benefit analysis is agreeing on the question.
Next, a RBA includes health effect identification (adverse
and beneficial), exposure assessment, dose-response rela-
tionship and risk-benefit characterisation. The results of
the RBA can then be used in risk-benefit management to
inform food safety, dietary recommendations and setting
of legal standards. Finally, the communication of risks
and benefits can aid in understanding of the RBA and
dietary recommendations made (Figure 1). This general
approach linking assessment, management and commu-
nication, advocated by EFSA [11], has been illustrated
here with fish. We anticipate that other applications will
emerge, which illustrate how RBA can be used to make
informed decisions, followed by dietary recommenda-
tions communicated to the public.

Risk-benefit assessments focusing on human
health

Weighing risks and benefits related to the various health
effects requires a comparison of estimated incidences of
diseases/health effects with different severity and dura-
tion, as well as mortality. A common health metric is
required. The health metric that is used most often in
RBAs is the Disability Adjusted Life Year (DALY). The
DALY is also applied as the metric to quantify the burden
of disease/health effects. One DALY can be thought of as
one year of healthy life lost [27]. A recent example of
weighing risks and estimating the impact of a food sub-
stitution using DALYs as the common health metric
includes a case study which explored exposure to inor-
ganic arsenic (iAs) and aflatoxins through consumption of
infant cereals in the U.S. and the risk of developing lung,
bladder and liver cancer over a lifetime [28 ]. Estimated
additional DALYs in the U.S. population from exposure
to iAs and aflatoxin during the first year of age based on
contamination and consumption patterns of infant rice
and oat cereal in the study (the baseline) was 4900 DALYs
(C1 90% 400; 8800) or 1.5 DALYs per 100 000 people per
year. If all consumers shifted (maintaining equivalent
serving size and frequency) to only infant rice or only
infant oat cereal, the model predicted DALYs would
increase 1.4 times or decreased 0.4 times relative to the
baseline, respectively.

An example of estimating risks as well as quantifying the
benefits assuming a diet shift using the DALY metric
includes a recent study by De Oliveira Mota et al.
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