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Abstract
Health claims on food and drink products are evidence-based statements about these products'
potential contribution to maintaining health. For a health claim to be authorised by the European
Commission, the specific relationship between the food/food constituent and the claimed effect has
to be established, based on all robust and scientifically valid data existing. If no or insufficient data
are available, it is essential to run well-designed, high-quality human dietary interventions that can
contribute to the evidence base. Even if data are available, it is important to be able to judge their
validity, e.g. do they come from well-designed randomised controlled trials, and can they thus be
used to substantiate a health claim dossier? The Panel on Dietetic Products, Nutrition and
Allergies of the European Food Safety Authority has published a number of documents in relation
to health claims, including a scientific and technical guidance for the preparation and presentation
of an application for authorisation of a health claim. However, low success rates of health claim
applications indicate the need for further guidance on the process of scientific substantiation – a
need also expressed by industry stakeholders.
This guidance document was developed within the framework of the EU-funded project
PATHWAY-27 and is addressed to scientists from both academia and the food industry. The
guidance helps to understand and apply the relevant steps of the health claim substantiation
process. These steps include: 1) thoroughly reviewing the published evidence concerning any
putative beneficial physiological effect(s) of the food or food constituent of interest (e.g. a bioactive
compound); and 2) correctly designing, conducting, interpreting, and reporting any necessary
human dietary interventions. The guidance focuses on randomised controlled trials as they are the
most rigorous type of interventions to investigate the claimed health effect of a specific food. In this
regard, the critical aspects of randomisation, blinding and control are discussed, with hands-on
examples from the PATHWAY-27 project of issues that can be encountered when dealing with
bioactive compounds and how to solve them. Furthermore, it addresses sample size and data
analysis, emphasising the need to involve an experienced (bio)statistician from the outset. Study
duration and (non-)compliance are also discussed. As recruitment of study participants can often
be a major bottleneck, various recruitment strategies are described. This guidance document also
refers to successfully submitted dossiers as well as failed applications and other publically
available relevant resources which will help with the appropriate scientific substantiation of health
claims. Any applicant of a health claim dossier should bear in mind that each claim is unique and
that the scientific evidence required for the substantiation of a health claim will be considered in the
context of that specific claim (i.e. the food, the target population, the proposed conditions of use).
This scientific guidance complements separately published guidance for industry with an emphasis
on product development.
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1. Introduction
In response to an increasing number of foods on the European Union (EU) market bearing nutrition
and health claims, a regulation (EC No 1924/2006) targeting such claims was adopted in
December 2006 (European Commission 2007). The main goals of this regulation are to protect the
consumer, improve the free movement of goods within the internal market of the EU, increase legal
security for economic operators, and ensure fair competition in the area of foods.
In the EU, ‘“claim” means any message or representation, which is not mandatory under
Community or national legislation, including pictorial, graphic or symbolic representation, in any
form, which states, suggests or implies that a food has particular characteristics’ (European
Commission 2007).

1.1. Nutrition claims
A ‘“nutrition claim” is defined as any claim which states, suggests or implies that a food has
particular beneficial nutritional properties’ due to the energy and/or the nutrients or other
substances it contains or does not contain (e.g. ‘low energy’, ‘fat-free’). Nutrition claims are only
permitted if they are listed in the Annex of Regulation (EC) No 1924/2006, last amended by
Regulation (EU) No 1047/2012 (European Commission 2015). The focus of the present guidance
document is however not on nutrition claims but on health claims.

1.2. Health claims
‘Health claims’ are defined as any claims ‘that state, suggest or imply that a relationship exists
between a food category, a food or one of its constituents and health’ (European Commission
2007). The European Commission (EC) authorises three different types of health claims:
1. ‘General function’ health claims (or Article 13(1) claims) refer to the role of a nutrient or
substance in growth, development and body functions; psychological and behavioural
functions; slimming and weight control, satiety or reduction of available energy from the diet
(e.g. ‘beta-glucans contribute to the maintenance of normal blood cholesterol levels’ or
‘docosahexaenoic acid (DHA) contributes to the maintenance of normal brain function’)
(EFSA 2016b; European Commission 2007);
2. ‘New function’ health claims (or Article 13(5) claims) are claims based on newly developed
scientific evidence and/or for which protection of proprietary data is requested
(authorisation required on a case-by-case basis). Restricted use, if granted, expires after
five years. At the time of writing, only 6 claims have been authorised for which protection of
proprietary data has been granted (e.g. ‘Cocoa flavanols help maintain the elasticity of
blood vessels, which contributes to normal blood flow.’) (EFSA 2016c; European
Commission 2007);
3. Claims on ‘disease risk reduction and child development or health’. Disease risk reduction
claims (or Article 14(1)(a) claims) refer to risk factors in the development of a disease (e.g.
‘barley beta-glucans have been shown to lower/reduce blood cholesterol. High cholesterol
is a risk factor in the development of coronary heart disease’. An example of a claim on
child development or health (Article 14(1)(b) claims) is: ‘DHA intake contributes to the
normal visual development of infants up to 12 months of age’ (EFSA 2016a; European
Commission 2007)
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1.3. EU Register of nutrition and health claims made on foods
The EU Register of nutrition and health claims (European Commission 2017) offers information on
1) permitted nutrition claims and their conditions of use; 2) authorised health claims, their
conditions of use and applicable restrictions of use, if any; 3) non-authorised health claims and the
reasons for their non-authorisation; 4) EU legal acts for the specific health claims; and 5) national
measures mentioned in Article 23(3) of Regulation (EC) No 1924/2006).

1.4. Article 13(5) and Article 14(1) health claim application and authorization
Health claims can only be authorised for use in the EU after a scientific assessment has been
carried out by the European Food Safety Authority (EFSA) (European Commission 2007).
Submitting a health claim dossier is not necessary for already authorised health claims, i.e. a food
company is allowed to use any of the authorised health claims for their food product as long as this
food product meets all the conditions of use for that particular claim. Dossiers relating to Article
13(1) health claims can no longer be submitted either. Food businesses can however still submit
Article 13(5) or Article 14(1) health claim applications.
It should be very clear to the potential applicants that building a health claim dossier is a difficult
and lengthy process, which might not prove successful. Furthermore, a positive EFSA opinion
does not guarantee authorisation of the claim by the EC. Time should be spent on (re-)reading the
available EFSA guidance documents (see below and section 5.1) and consulting the
aforementioned EU register to learn both from previous successful and failed applications (see
also section 4) as well as to check whether an already existing claim might be used.
Health claim applicants face legal, scientific, administrative and financial bottlenecks in an already
uncertain business environment. Owing to the complexity of health claims, the EFSA Panel on
Dietetic Products, Nutrition and Allergies (NDA Panel) has made considerable efforts to develop
scientific criteria for substantiation of health claims and has published guidance documents on the
scientific substantiation of health claims since 2007 (EFSA NDA Panel 2011b, 2011a; EFSA 2012;
EFSA NDA Panel 2012a, 2012b, 2012c, 2016a, 2016b, 2017b) (see also section 5.1). However,
guidance for stakeholders more specifically interested in health claims relating to bioactive
compounds and bioactive-enriched foods (BEF) (Hegyi et al. 2015).

1.5. Aims of PATHWAY-27 Scientific Guidelines
PATHWAY-27, an EU-funded project (grant agreement number 311876), set out to study if and
how certain newly developed BEFs can benefit human health. As part of its work programme, the
PATHWAY-27 consortium has developed two sets of guidance documents that are meant to be
used in an integrated manner. They use bioactive compounds as examples but are generally
applicable:
1. The present document, Guidelines for the European scientific community (henceforth
Scientific Guidelines), helps to understand and apply the relevant steps of the health claim
substantiation process and is addressed to scientists from both academia and food
industry;
2. Guidelines for the food industry, including small and medium enterprises (SMEs)
(henceforth Industry Guidelines), which are intended as a practical guide from product
development to the submission of a health claim dossier.
The development of the present Scientific Guidelines is timely. Out of 206 EC decisions on Article
13(5) or Article 14(1) health claim dossiers published at the time of writing, only 35 (17%) have led
to authorised health claims. The most common reason given by the EC for rejecting a submitted
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health claim has been ‘non-compliance with the Regulation because on the basis of the scientific
evidence assessed, the evidence provided is insufficient to substantiate this claimed effect for this
food’ (see EU Register of nutrition and health claims, column ‘Conditions of use of the
claim/Restrictions of use/Reasons for non-authorisation’). In other words, the cause and effect
relationship was not or insufficiently established, often because the design of studies included in
the dossier was of insufficient quality. This also means that much money is wasted doing studies
which cannot be used for the intended purpose.
Therefore, the PATHWAY-27 Scientific Guidelines aim to support scientists with key
considerations on how to:
a. Identify, review and assess the quality of the evidence available for the
substantiation of a health claim; and
b. Design robust human dietary randomised controlled trials (RCTs), in case the
available studies are insufficient for substantiating a health claim.
This document includes extensive input from PATHWAY-27 project partners, their networks and
the project Scientific Advisory Board (SAB), drawing on experience with current issues in the field
of health claim substantiation. The PATHWAY-27 Scientific Guidelines do not replace but
complement EFSA guidance documents.

2. Scientific substantiation of a health claim: reviewing the evidence and defining
the conditions of use
A health claim dossier should include a comprehensive review of human dietary intervention
studies demonstrating the existence of a clear cause-and-effect relationship between the food (e.g.
BEF) and the physiological benefit claimed. The quality of the human dietary interventions included
should be assessed and the rationale on the biological plausibility established. This will allow
scientific judgment of the evidence and whether additional human dietary interventions are
required (i.e. knowledge gap identification).

2.1. Systematic review
The review of human dietary interventions should be comprehensive; it should include all relevant
studies published on the topic showing a beneficial, a detrimental or no effect (if applicable).
Unpublished studies should also be part of the review if they can be retrieved. Systematic reviews
(SRs) of the literature are the gold standard for synthesising the existing evidence because of their
methodological rigor (Moher et al. 2015). They attempt to collate all empirical evidence that fits prespecified eligibility criteria to answer a specific research question, while using explicit, systematic
methods to minimise bias in the identification, selection, synthesis, and summary of studies.
If done well and based on sufficient quality evidence, SRs provide reliable findings from which
conclusions can be drawn (Liberati et al. 2009), e.g. whether a bioactive compound is effective at
reducing a specific disease risk. Decisions can then be made as to whether certain foods should
be enriched with the bioactive compound found to be effective, whether a health claim dossier
could be submitted, which new study to carry out, etc. The key characteristics of an SR are: 1) a
clearly stated set of objectives with an explicit, reproducible methodology; 2) a systematic search,
by two independent researchers, that attempts to identify all studies that would meet the eligibility
criteria; 3) an assessment of the validity of the findings of the included studies (e.g., assessment of
risk of bias and confidence in cumulative estimates); and 4) systematic presentation, and
synthesis, of the characteristics and findings of the included studies (Moher et al. 2015).
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When writing the protocol for a systematic review, it is recommended to use checklists such as
PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) (Moher
et al. 2015). Using such a checklist would improve the reporting quality of the SR and provides
substantial transparency in the selection process. The key steps of an SR are summarised in
Figure 1.

Figure 1 PRISMA flow diagram (from Moher et al. 2009)

In order to reduce the unplanned duplication of SRs, the International Prospective Register of
Ongoing Systematic Reviews (PROSPERO, http://www.crd.york.ac.uk/prospero) was established
in 2011 (Booth et al. 2011). PROSPERO is an online portal for registering the intention to conduct
an SR reporting health-related outcomes before it is initiated. It is also recommended to consult the
Cochrane database of SRs (http://www.cochranelibrary.com/cochrane-database-of-systematicreviews/). Cochrane Reviews are SRs of primary research in human health care and health policy, and
are internationally recognised as the highest standard in evidence-based health care resources. These
reviews always describe in detail how the search was carried out (including the specific search strings)
and thus can be used as a template to develop a new, robust search string.
Once the protocol is established and the SR registered, the next step is a thorough search of
dedicated literature databases for relevant papers. Selection of records for the inclusion in the SR
follows and must be based on predetermined criteria of inclusion/exclusion. Once selection has
been performed, a systematic analysis of the included studies is needed (Figure 1). Where
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possible a meta-analysis should be part of the SR. Meta-analysis is the use of statistical
techniques to integrate and summarise the results of multiple comparable studies (Liberati et al.
2009).
It should be noted that SRs and meta-analyses are time-consuming and SMEs may not be able to
carry out such a review on their own. An alternative would be to outsource the work to an
independent institution with the relevant expertise, such as a university, although this will still be
costly. Therefore, after checking PROSPERO to make sure a similar SR is not already on-going, it
may be sensible to first do a quick, exploratory review before deciding whether an SR is worth the
effort/expense. For example, it would not be worth carrying out an SR if the exploratory review
reveals that there are only studies with a different food/food constituent than the one of interest or
only in unsuitable study groups. In such cases, the applicant will have to conduct additional highquality human studies, or change the target population or the food/food constituent so it fits the
existing evidence.

2.2. Evaluation of the quality of human dietary interventions
The design and overall quality of reviewed studies should be assessed with respect to the risk of
bias. This is often mandatory for SRs but should be part of any review. RCTs are at the top of the
hierarchy of evidence, which is why they will be the focus of section 3. Different tools are available
to assess risk of bias, such as the Cochrane Risk of Bias Tool (The Cochrane Collaboration 2011),
which can be adapted depending on the research field, or the Jadad scale (Jadad et al. 1996). If a
study is at high risk of bias, no conclusions can be drawn from it. Examples of high risk of bias
have been given by EFSA (EFSA NDA Panel 2016c) and include self-reported outcome but
participants not blinded to the intervention, loss of randomisation, high drop-out rate in one or more
of the study groups.

2.3. Rationale on biological plausibility
The biological plausibility of the effect should be considered (EFSA NDA Panel 2016a). The
scientific substantiation of a health claim would be helped by knowledge of enzymes or other
biological compounds regulating the claimed effect, and/or knowledge of mechanisms of action for
compounds with similar structure. In vitro data may give insight into how the BEF may exert its
effect and mechanistic studies in humans can also be of relevance.

2.4. Number and type of studies needed for scientific substantiation of a health claim and
scientific judgment: weight of evidence
It should be made very clear that there is no pre-established rule as to how many or which types of
studies are needed for the scientific substantiation of health claims. Although one large, welldesigned, high-quality human RCT could in principle be sufficient, this is not likely. As mentioned
above, there should be a comprehensive review of the evidence. The efficacy of the BEF should
be demonstrated with human dietary, ideally dose-response, intervention studies in suitable
groups, although prospective human observational studies could constitute the main evidence.
SRs of RCTs with homogeneity are at the top of hierarchy of evidence (Oxford Centre for
Evidence-based Medicine 2009). Human dietary intervention studies in other study groups and
animal efficacy studies can be included as supportive (not main) evidence, if available. The
reproducibility of the effect of the food/food constituent, as indicated by the consistency of the
findings (within and across studies), and the biological plausibility of the effect should be
considered (EFSA NDA Panel 2016a). If there is evidence of an inconsistent effect across the
human dietary intervention studies reviewed but this inconsistency can be explained (for example
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by the heterogeneity of the studies) and there is a biologically plausible mechanism, this would be
sufficient for the scientific substantiation of the claimed effect. After reviewing and weighing the
evidence, it may be that the current data available are insufficient to establish the efficacy of a BEF
and that additional high-quality human studies are required (section 3).

2.5. Conditions of use
Based on the evidence reviewed, clear conditions of use should be defined/proposed. They should
reflect the conditions of use (e.g. dose, food matrix) and population studied in the human dietary
interventions which served to demonstrate the claimed effect of the bioactive compound/BEF.

3. Scientific substantiation of a health claim: designing, conducting, and reporting
human dietary interventions (focus on RCTs)
This section provides key considerations when designing, conducting, and reporting a human
dietary intervention intended to support a health claim application. These considerations also aim
to help the reader identify well-designed, high-quality studies as this is important for the review
(and weighing) of the evidence (section 2).

3.1. Research question and study hypothesis
Systematically reviewing and summarising what is already known (section 2) is essential to derive
a relevant research question which furthers the understanding of the topic of interest. It is also very
useful for developing the related study hypothesis (Example Box 1). Involving an experienced
(bio)statistician from the outset is important to ensure proper design of the research question and
hypothesis as well as the appropriate study design(s) to test these.
A ‘well-built’ research question should include four parts, referred to as PICO, that identify the
target population (P), the intervention (I), the comparison (C) and the primary outcome(s) (O)
(Sackett et al. 1997). The study hypothesis to be tested should be clearly stated as it will directly
influence all other aspects of the study, such as the study design (Welch et al. 2011).
Example Box 1 Research question and study hypothesis – PATHWAY-27

PATHWAY-27 PICO research question: In men and women aged 18 to 80 years at risk of metabolic
syndrome (P), studied in a 12-week multi-centre, randomised, double-blind, placebo-controlled, parallelarm dietary intervention (I), what would be the effects of bioactive enrichment of food and the food matrix
used (DHA+beta-glucans or DHA+anthocyanins vs. placebo, in dairy, egg and bakery foods (C)) on
markers of the metabolic syndrome, primarily fasting blood triglycerides (O)?
Hypothesis: It was hypothesised that markers of metabolic syndrome would be improved (i.e. lower
fasting blood triglycerides) in subjects consuming a BEF compared with placebo and that the food matrix
would impact the changes in these markers.

3.2. Study design
3.2.1. Study type
Any working hypothesis should be rigorously tested in a well-designed study. We focus the
Scientific Guidelines on RCTs because they are the most rigorous type of interventions to a)
determine whether a cause-effect relation exists between a food/food constituent and a certain
health outcome, and b) to assess the cost-effectiveness of this intervention (Sibbald and Roland
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1998). RCTs have several important features, which will be discussed further below: 1)
randomisation; 2) blinding; 3) same procedures in all groups except for the test or control product;
4) intention-to-treat analysis (ITT); 5) analysis focused on estimating the size of the difference in
predefined outcomes between intervention groups (i.e. effect size) (Sibbald and Roland 1998).
Double-blind, placebo-controlled RCTs are considered the gold standard.
3.2.1.1. Parallel versus crossover RCTs
RCTs mostly follow a parallel or crossover design. The simplest RCTs have only two conditions:
the treatment and the control (e.g. placebo); however, there are often more (Example Box 2).
Example Box 2 Study type – PATHWAY-27

In PATHWAY-27, a multi-centre, double-blind, placebo-controlled, parallel RCT with 4 arms was
conducted:
1.
2.
3.
4.

Dairy BEF + egg placebo + bakery placebo;
Egg BEF + dairy placebo + bakery placebo;
Bakery BEF + dairy placebo + bakery placebo;
Dairy, egg and bakery placebo (control arm).

Note: the dairy BEF
DHA+anthocyanins.

contained DHA+beta-glucans. The egg and bakery BEFs

contained

In parallel RCTs, participants randomly receive only one treatment, e.g. in a two-arm study: a
DHA-enriched meal (test product) or the same meal without DHA (placebo/control product). In
crossover trials each participant receives all treatments in randomised order. Thus, it is critical to
include a long enough wash-out period between treatments to avoid carry-over effects (Duolao
Wang, Lorch, and Bakhai 2006). The essential feature distinguishing a crossover trial from a
parallel-group trial is that participants serve as their own control. The crossover design thus avoids
problems of comparability between treatment and control groups with regard to confounding
variables (e.g. age and gender) (Wellek and Blettner 2012). However, a crossover study takes
longer. The main advantages and disadvantages associated with each design are summarised in
Table 1.
Table 1 Main advantages (A) and disadvantages (D) of crossover and parallel-arm intervention study designs
(modified from Derr, 1999)

Study Feature
Sample size
Duration of study
Use of facilities and
resources
Expectations of
participants
Design considerations

Crossover Design
A Smaller
D Longer
A More evenly distributed across time
D

Requires greater commitment

A
D

Balanced randomisation
Not suitable when carryover effects
are expected
Low % dropouts required
Susceptible to confounding from
‘period’ x ‘test diet’ interactions
More complex

D
D
Data analysis
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Parallel-arm Design
D Larger
A
Shorter
D Effect concentrated in a shorter
period
A
Requires less commitment
A
A
A
A
A

Balanced randomisation
No adverse consequences of
carryover
Moderate % dropouts Acceptable
Free of confounding from ‘period’ x
‘test diet’ interactions
Less complex
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Other study designs include the factorial design (in which participants are allocated to all possible
combinations of two or more interventions and where intervention interactions can be assessed),
and cluster randomised design (in which clusters, i.e. groups of individuals, are formed based on
certain characteristics such as country and phenotype). Further guidance on these designs is
available in statistical texts on intervention studies (see also section 3.9). It is crucial to involve an
experienced (bio)statistician to ensure an appropriate study design will be used to test the research
hypothesis.
3.2.1.2. Feasibility studies (pilot studies) in preparation for a future definitive RCT
RCTs are costly and time-consuming. Therefore, running a feasibility study beforehand should be
encouraged when there is uncertainty about the feasibility of a future RCT.
There has been a lack of agreement in the research community about the use of the terms ‘pilot’
and ‘feasibility’ in relation to studies conducted in preparation for a future definitive RCT. Here we
use the definitions proposed by Eldridge et al. (2016) in an effort to resolve this issue (Figure 2).

Figure 2 Defining feasibility and pilot studies in preparation for randomised controlled trials: conceptual
framework (from Eldridge et al. 2016)

A feasibility study assesses if something can be done, should be done, and if so, how. A pilot
study essentially does the same but with the particular feature that it is a future study, or part of a
future study, conducted on a smaller scale. In this framework, pilot studies are thus a subset of
feasibility studies. Feasibility studies that are not pilot studies are rare; they attempt to answer a
question about whether some element of the future trial can be done but do not implement the
intervention to be evaluated or other processes to be undertaken in a future trial, e.g. interviews to
ascertain the acceptability of an intervention (Eldridge et al. 2016).
Pilot studies are very common and can be randomised or not. They should include a control, at the
minimum a ‘no intervention’ control group if other options (e.g. placebo) are too costly. Although
such small studies have an increased risk of false-negative findings (see section 3.2.2), they can
be a cost-effective fact-finding way to determine for example which food matrices should be tested,
which dose of the bioactive compound should be consumed and how many participants should be
recruited in the subsequent RCT (Example Box 3). Issues such as those relating to blinding,
recruitment, or compliance (see sections 3.2.5, 3.7 and 3.8) can also be identified at this stage and
avoided in the larger intervention.
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Example Box 3 Pilot study – PATHWAY-27

In PATHWAY-27, 3 study centres tested 5 combinations of DHA, beta-glucans and anthocyanins, in a
small-size, double-blind pilot randomised trial. The combinations tested were the same in each centre but
the food matrix was different: 1 centre used dairy, 1 centre used egg, and 1 centre bakery BEFs. For
each BEF matrix, this gave an indication about which combination of bioactive compounds might be more
efficacious and could be tested in the following larger RCT, with the caveat that no control was used in
this pilot study.

For more detailed information and guidance on pilot studies, please refer to our Practical guide for
researchers on pilot intervention studies using bioactive-enriched foods, which was developed
within the frame of the PATHWAY-27 project.

3.2.2. Sample size calculation
In order to detect a biologically meaningful effect that is unlikely to be due to chance, the human
dietary RCT should be adequately powered. The statistical power indicates the probability of
correctly rejecting a false null hypothesis. It is crucial to estimate the minimum sample size (i.e.
number of participants) required to achieve an adequate power, conventionally 0.8, to be able to
detect a significant effect. This is done based on, beside the statistical power, the effect size (i.e.
the expected between-group difference in the primary outcome and its variability), estimates of
standard deviation, on the level of statistical significance (alpha) (Zhong 2009). The significance
level alpha is the probability of rejecting the null hypothesis when it is true (= type I error) and is
usually set at 0.05. Thus, what is really needed for sample size calculation are estimates of the
standard deviation and of the size of the effect one expects to achieve with the RCT. This
information can be retrieved from existing studies (e.g. published literature) or pilot studies.
What a biologically (or clinically) meaningful change in the primary outcome of interest is should be
carefully considered (section 3.4.3). For example, if the primary outcome of an RCT in healthy
volunteers is blood cholesterol, EFSA considers that a reduction of >7% in blood cholesterol is a
biologically (or clinically) meaningful effect (EFSA NDA Panel 2009). The estimate of effect size
should then correspond to this clinically meaningful effect (Example Box 4). Power/sample size
calculations will greatly depend on the primary outcome (see section 3.4.1). When determining the
sample size, in addition to the primary outcome, one might want to consider whether there is
sufficient power to examine the impact of the intervention on relevant secondary outcomes.
Publicly available sample size/power calculator tools can be found in section 5.4, although it is
strongly advised to involve a (bio)statistician from the very beginning due to the critical nature of
the sample size calculation.
Not all participants will complete the trial and the issue of dropout is a known and important one in
human dietary interventions. Typically 10-20% participants can be expected to drop out (Roumen
et al. 2011) and thus, 10-20% extra volunteers should be recruited beyond what the sample size
calculations suggested. Several factors impact the dropout rate, some of which are not related to
the study (sickness, relocating, family problems). However, some factors are related to the study
and usually first lead to non-compliance before the individual finally drops out (e.g. difficulty eating
the test product, burden associated with the measurements; see also section 3.8). Dropouts can
imbalance the study groups and affect randomisation, leading to higher risk of bias and thus lower
study quality.
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Example Box 4 Sample size calculation – PATHWAY-27

In a reference article (Grimsgaard et al. 1997) the standard deviation of the decrease in triglycerides
concentration was 0.34 mmol/L in the placebo group and 0.31 mmol/L in the DHA-supplemented group
(difference in triglycerides concentration between groups: 0.11 mmol/L). To obtain a conservative
estimation for the power, in PATHWAY-27 the common standard deviation was assumed to be 0.35
mmol/L. To detect a difference in the decrease of triglycerides concentration not smaller than 0.12
mmol/L, a sample size of 200 participants per group (dairy BEF, egg BEF, bakery BEF, placebo) would
be required for the power of the statistical test to exceed 80%, i.e. sample size of 800 subjects.

3.2.3. Study duration
3.2.3.1. Duration of the dietary intervention
Short pilot studies on potentially beneficial bioactive compounds can be helpful as a first step to
assess whether it is worth pursuing a certain bioactive compound. If robust, clinically meaningful,
effects are observed short-term, the bioactive compound might be a good candidate to investigate
further, whereas if not, researchers might wish to reconsider investing resources in a more
extensive trial. Ultimately, long-term RCTs which provide a measure of sustained/repeated
exposure are needed. These should still include a measure of acute exposure for
comparison/interpretation purposes (i.e. to judge if an adaptation might have occurred). For
instance, the absence of a sustained effect might not be surprising in the absence of an acute
effect. The minimum intervention duration required should be used, for ethical as well as budget
reasons, and to minimise non-compliance and/or dropout. This minimum duration is not easy to
define; studies should last long enough not only to allow changes in the primary outcome but also
to reflect long-term effects and investigate whether changes observed are sustained or disappear,
i.e. whether there is adaptation as the consumption of the test product continues, as well as to
exclude chance findings (e.g. for fluctuating outcome measures) (EFSA NDA Panel 2016a). An
appropriate follow-up period should be considered (e.g. months or years) to see if any effects
persist post-intervention.
The duration of the intervention will vary widely depending on the outcome targeted by the health
claim. Examples of adequate periods of time over which one should provide evidence for a
sustained effect with continuous consumption of the food/food constituent can be found in EFSA’s
scientific guidance documents and are summarised in Figure 3 (see also Example Box 5). This
information is essential for the description of the conditions of use of a health claim, which should
include both the frequency and duration of BEF consumption needed to observe beneficial effects.
The impact of long-term treatment on volunteer (non-)compliance is usually high, with many
participants unable to stick to the test diet for so long; hence measures must be in place to
maximise compliance (see section 3.8.5). The design affects the duration of the study, e.g.
crossover RCTs take longer.
Example Box 5 Intervention duration – PATHWAY-27

In PATHWAY-27, the duration of the RCT was 12 weeks, which is more than the minimum of 8 weeks
recommended when investigating changes in the concentration of blood triglycerides (EFSA NDA Panel
2011a).
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Figure 3 Examples of adequate intervention durations for various health outcomes as suggested by EFSA
(information taken from EFSA NDA Panel 2011a; EFSA 2012; EFSA NDA Panel 2012b, 2016b)

3.2.3.2. Run-in and washout periods
The whole duration of the study can be longer than the ‘intervention’. Possible run-in and washout
periods should be taken into account.
Run-in period
A run-in period is a time after enrolment but before randomisation, e.g. 24h up to several weeks.
Including a run-in period can improve participant compliance and thus minimise bias (see section
3.8), as it enables the individual to think further about what their participation will require (Affuso et
al. 2014). Although run-in periods might lead to the selection of a particular subset of participants
and, therefore, reduce generalisability of the trial results (Pablos-Méndez, Barr, and Shea 1998;
Berger, Rezvani, and Makarewicz 2003), substantial lack of compliance can invalidate a study
entirely.
A run-in period would allow documenting participant background diet/lifestyle and/or adjusting for
prior dietary/lifestyle habits. Furthermore, subsequent physical adaptations to changes in diet might
be more noticeable (Yao, Gibson, and Shepherd 2013). It might be desirable to standardise the
intervention to ensure that participants start from a comparable baseline. This could be providing
beforehand (instructions for) a specific dietary regimen so that individuals are in energy balance or
so that they get to a predefined intake level for a specific food constituent (e.g. nutrient). Effects of
certain bioactive compounds can be observed at amounts readily obtained in the diet, so a specific
effect of a bioactive compound might be lost if the background intake is not considered. For other
bioactive compounds, such as probiotics, it is important that participants do not consume
antibiotics at the same time as the probiotic.
Washout period
In crossover RCTs, a washout period is often included (typically 1-2 weeks although months in
some cases e.g. for interventions on the gut microbiota): it is a period of time between two
arms/conditions of a study, during which there is no intervention in order to eliminate the effects of
the first condition, i.e. prevent any carryover effects.
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3.2.4. Randomisation
Randomisation determines each participant’s study group independently with equal chance of
allocation to any of the groups. In its simplest form this is equivalent to tossing a coin although in
practice computer programmes are used for randomisation, for example to generate random
numbers. To keep the number of participants in each study group close at all times, block
randomisation is used. It considers participants in ‘blocks’ of a certain size. For example, if
participants can either be in group A or B and are considered in blocks of four, there are only six
blocks where two participants are in A and two are in B (i.e. the number of participants in each
study group is the same): AABB, BBAA, ABAB, BABA, ABBA, BAAB (Altman and Bland 1999).
Blocks can then be chosen at random to create the allocation sequence. Simple randomisation
does not always guarantee that groups are similar for certain important characteristics such as the
age distribution, especially in small interventions. Stratified randomisation can be used to achieve
approximate balance of such characteristics without sacrificing the advantages of randomisation.
The method is to produce a separate block randomisation list for each subgroup (stratum) (Altman
and Bland 1999) (Example Box 6). Stratified randomisation is reasonable for: 1) small trials where
the outcome of interest may be affected by known factors other than the treatment given (e.g. age,
gender) and which may differ between study groups by chance; 2) large trials where interim
analyses are planned with small numbers of participants; and 3) trials designed to show the
equivalence of two treatments (Kernan et al. 1999) (see section 5.4 for publically available
randomisation tools). Again, it is advised to involve a (bio)statistician in the process of selecting the
randomisation scheme.
Example Box 6 Randomisation – PATHWAY-27

The allocation of participants to the 4 different treatment groups in PATHWAY-27 was carried out based
on predefined randomisation lists created with a block size of 4 and with an allocation ratio of 1:1:1:1.
Gender was considered as a stratum with a ratio near to 1:1.

3.2.5. Blinding
Human behaviour is influenced by knowledge and beliefs. ‘Blinding’ refers to keeping either study
participants or the research team involved in the study (i.e. interaction with participants, data
collection, data analysis, etc.) (‘single blinding’), or both participants and the research team
(‘double blinding’), unaware of the assigned treatment, so that they are not influenced by that
knowledge. This should not be confused with allocation concealment, which is the process used to
ensure that the person deciding to enter a participant into a RCT does not know the study group
into which that individual will be allocated and is aimed at preventing selection bias. Both the
method of allocation concealment and whether a study was appropriately blinded can be used in
the assessment of the quality of a trial (The Cochrane Collaboration 2011).
Investigators should clearly report if and to what extent the trial was blinded (Schulz, Altman, and
Moher 2010). Placebo pills, placebo food, or placebo diet are commonly used in dietary studies.
While double-blinding with placebo pills is rather straight-forward, double-blinding with food
products is more difficult and often not fully feasible (Example Box 7). Both test and placebo foods
should ideally be manufactured to be identical in taste, texture, and appearance, differing only in
the target component (Yao, Gibson, and Shepherd 2013), which can be very challenging when
dealing with bioactive ingredients such as colourful polyphenols or taste-intense DHA (see section
3.3 and Industry Guidelines). If an appropriate placebo cannot be made/used and blinding cannot
be achieved, a ‘no-intervention’ control group could be considered instead.
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Example Box 7 Blinding – PATHWAY-27

In the double-blind RCT, matching test and control products was difficult; enrichment with DHA gave the
test food a recognisable fishy taste, and anthocyanins gave a purple colour. Formulation and
technological processing of the enriched test food were modified in order to minimise these issues (see
also section 3.3).
NOTE: If one uses colouring agents to match the control to the test product, care should be taken in their
use so as not to inadvertently introduce a highly bioactive compound into the control product, given that
many colorants are rich in plant bioactive compounds such as flavonoids.

To assess the success of blinding, participants can be asked which treatment they think they are
getting. A high number of ‘do not know’ answers, or correct and incorrect estimations being
balanced would be considered as successful blinding (Kolahi, Bang, and Park 2009). The chisquare test (see section 3.9) may be used to compare the proportions of correct and incorrect
guesses. A (bio)statistician will know best how to make the assessment.

3.3. Test and control products
Detailed information on the development of products for health claim application is provided in the
complementary Industry Guidelines.

3.3.1. Definitions
A ‘test product’ contains the food/food constituent (e.g. a bioactive compound) under investigation,
thought to cause a beneficial physiological effect. A ‘control product’ is a product that does not
provide (or provides in much lower amount or in a less bioavailable form) the food/food constituent
(e.g. bioactive compound) being tested, but otherwise matches the test product as much as
possible regarding nutrient and energy content, sensory attributes (appearance, taste, mouthfeel
and breakdown characteristics in the mouth) and physical properties (gross morphology, volume
and texture) (Welch et al. 2011; Yao, Gibson, and Shepherd 2013) (Example Box 8). This is
necessary to eliminate the influence of factors other than the food/food constituent tested.
Documented sensory evaluation and laboratory testing should be carried out to ensure appropriate
matching. In some cases, test and control products could be the same food but processed in
different ways. As previously mentioned, matching test and control products can be very difficult.
Efforts needed to ensure appropriate blinding of the different conditions should be considered and
not underestimated (see also section 3.2.5 and Example Box 7).
Example Box 8 Test and control products – PATHWAY-27

Test products: Dairy, bakery, and egg foods enriched in DHA and beta-glucans or anthocyanins.
Control products: the same dairy, bakery, and egg foods without any additions of bioactive compounds.

3.3.2. Requirements for the test and control products
Requirements related to test and control products destined for human intervention studies should
be defined systematically. This is done at the very beginning of the product development process,
in a product development brief prepared by the product development team together with the staff of
the research centres carrying out the intervention. These requirements are described in greater
detail in the Industry Guidelines.
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3.3.2.1. Characterisation of the food/food constituent
The information required with respect to characterisation of the food/food constituent subject of the
health claim has been described by EFSA (EFSA NDA Panel 2017b). It includes the source, the
composition, the physico-chemical properties, and the variability of the constituents within and
between batches, in addition to the food safety limits and the applied analytical methods used
during characterisation. Where applicable, a brief overview of the production technology should be
provided, and if a food safety and quality management system is followed in the production
process, this particular system should be indicated (see Industry Guidelines, see also EFSA Panel
on Dietetic Products Nutrition and Allergies, 2017). The concentration of the food/food constituent
tested (e.g. the bioactive compound) should be kept as uniform as possible within and between
batches during the whole shelf-life of the product at the defined storage, handling conditions and
preparation for consumption, and the stability of the bioactive compound in the corresponding food
matrix should be established. In addition, nutrient and energy content, sensory attributes, and
physical properties of the whole food product should be defined and vary only within the limits of
the defined product specifications. The storage conditions, the estimated shelf-life, and validated
food preparation instructions should be included in the specification appearing on the packaging of
the foods (see Industry Guidelines).
Research centres should provide the following information to the product development team as it
will influence the amount (and thus the size of the batches) as well as the required stability of the
test and control foods produced for the human intervention:









The overall length of the intervention study;
The length of the intervention study per volunteer;
The total number of volunteers involved in the trial;
The recruitment capacity of the research centres;
The required portions of test and control products per volunteer. In case of the test product,
the concentration of the bioactive constituent should also be addressed;
The food storage capacity in each research centre e.g. capacity of freezers/refrigerators;
The food preparation facilities (equipment, capacity) at the research centres and realistically
available to the study participants;
The estimated amount of test and control products in total for each research centre (including
some surplus as may be needed for new recruits, inadvertent damage during shipping, etc.).

Furthermore, when designing/planning the dietary intervention, dietary patterns of the study
population and specific dietary requirements of certain participants (allergies, vegetarianism,
religious reasons, etc.) ought to be taken into account. For example, a BEF should fit the normal
eating habits of the population for which it is intended without additional burden.
3.3.2.2. Safety of the (novel) food/food constituent
As with any food product to be put on the market, the newly developed food/BEF should be safe
for human consumption during its whole shelf-life. However, EFSA does not assess the safety of
the food/food constituent subject of the health claim as part of the health claim dossier evaluation.
This is of particular importance for novel/non-approved foods. Food manufacturers working with
such foods should submit them for novel food approval in parallel with the health claim dossier to
avoid that a health claim be authorised for a food product which cannot be put on the market
because its safety was not approved.
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3.3.4. Justification of dose versus habitual intake
‘Habitual intake’ of a food or nutrient is the long-term average daily intake of that food or nutrient.
The habitual intake is relevant for maintenance of energy balance and nutrient status, as well as
for the assessment of relationships between nutrient intake and health in the long term (World
Health Organization 2006).
The dose of food/food constituent of interest required to observe a beneficial health effect is a
critical element. The following should be considered for the dietary intervention:






Participants should easily be able to include the food/food constituent in their usual diet. The
total amount (in terms of volume and energy) of food to be eaten at the frequency asked (e.g.
every day) should be acceptable to the participants. This level of consumption should not
exceed relevant upper levels of intake for the food constituent, if these have been set, in order
not to expose participants to any health risks;
The food should ideally contain the minimum clinically effective concentration of the
constituent and by the frequency of consumption ensure the necessary exposure to achieve
the beneficial health effect. If the effective concentration is not known, several concentrations
will have to be tested. A BEF could contain a lower amount of the bioactive compound than
the effective dose reported in the literature, but still be effective if the bioactive compound is
more bioavailable (e.g. due to the food matrix), or due to the synergism of different bioactive
compounds. In any case, this should be demonstrated;
The known interactions among constituents should be considered.

For research on bioactive compounds, it may be possible to determine the lowest effective dose
as well as the highest safe dose by performing a nutrient-related risk assessment, which can
inform the most suitable level of bioactive compound enrichment for a given food (Taylor and
Yetley 2008; IADSA 2014).

3.4. Outcome measures
3.4.1. Selection of appropriate primary and secondary outcomes and assessment methods
Dietary interventions compare outcome measures between a ‘treatment’ (test product) and a
control group. Although most studies assess a range of outcomes (Example Box 9), the
identification of one primary outcome is crucial as basis for power/sample size calculations and
study design (Welch et al., 2011; see also section 3.2). The chosen primary outcome must reflect
the study objective clearly in order to establish a cause-effect relationship. If one is interested in
improving a specific health parameter which is measurable (e.g. blood pressure), then the
selection of the primary outcome is straightforward (e.g. systolic and diastolic blood pressure,
measured using accepted protocols), although, preferably, the primary outcome should not have a
large variability.
When studying complex endpoints (i.e. clinical outcomes) such as nutritional status, health status
or disease risk, or complex behaviours such as food or nutrient intake, it is often not possible to
measure directly the outcome of interest. The conduct of high quality nutrition research therefore
requires the selection of appropriate markers as outcome indicators for clinically meaningful
endpoints (Calder et al. 2017). Such selection is difficult and requires a deep understanding of the
markers and what influences their measurement. So far, there exists no complete overview of
markers suitable for nutrition research and accepted for the scientific substantiation of health
claims. Nevertheless, EFSA mentions several examples of adequate or inadequate outcomes in its
specific scientific guidance documents. For example, glycated haemoglobin (HbA1c) is a suitable
indicator for blood glucose control for the substantiation of health claims on the long-term
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maintenance of normal blood glucose concentrations (EFSA 2012). The extent to which a marker
correlates with the specific outcome (criterion validity) is usually indicated by sensitivity, specificity,
and predictive power (de Vries et al. 2013).
The Regulation states that function claims cannot refer to a disease and that disease risk reduction
claims cannot refer to the reduction of the risk of a disease, but should refer to the reduction of a
risk factor for that disease. Nonetheless, it was recognized that in some cases, the relationship
between a food/food constituent and a function can be best measured by using disease outcomes
(EFSA NDA Panel 2016a). Furthermore, with respect to the likelihood that the consumption of a
food/food constituent would effectively modify the risk of the disease, disease outcomes provide
stronger evidence than risk factors for disease. In some cases it may also be easier to measure
disease outcomes than risk factors for disease (EFSA NDA Panel 2016a). Thus, studies on the
relationship between a food or food constituent and the incidence of disease in participants free of
disease at recruitment may be used to substantiate claims on a function which affects the
development of the disease and disease risk reduction claims (EFSA NDA Panel 2016a).
The chosen outcomes need to be validated according to recognised methods (Calder et al. 2017).
Although some outcomes feature gold standard measurements, such techniques sometimes
comprise limitations related to compliance, feasibility, and costs (e.g. doubly labelled water
technique to assess energy expenditure in free living participants). Other outcomes lack gold
standard measurements. For example, nutritional status is often assessed by dietary self-reports
(e.g. 24-hour recalls, food diaries, or food frequency questionnaires (FFQs), see section 3.7.10),
which are highly biased (Dhurandhar et al. 2015; Archer, Pavela, and Lavie 2015). Levels of dietderived compounds in plasma or urine are attractive alternative markers (Dragsted 2017).
Furthermore, EFSA stresses the fact that ‘outcome variable(s) which can be measured in vivo in
humans by generally accepted methods but do not refer to a benefit on specific functions of the
body cannot constitute the only basis for the scientific substantiation of health claims. […] Changes
in such outcome variable(s) should be accompanied by evidence of a beneficial physiological
effect or clinical outcome in the application. Alternatively, changes in some of these outcome
variables could be proposed as part of the mechanism(s) by which a food may exert the claimed
effect, i.e. induce a beneficial change on a specific function of the body’ (EFSA NDA Panel 2016b).
Where possible, objective outcome measures (as opposed to subjective), such as measured body
weight, body composition, muscle strength, concentration of metabolites, etc. should be used.
Many outcomes, however, cannot be measured directly and are therefore assessed as subjective
measures such as feelings of appetite, mood or fatigue. Where available, standardised instruments
should be used (see section 3.7.10 for more details).
Nutrition research often involves a broad range of exposures (Calder et al. 2017). Next to the
primary outcome, researchers may be interested in other, secondary outcomes. Factors that may
influence (the measurement of) the primary outcome and confound the observed relationship
should be considered and assessed if possible (e.g. level of physical activity, use of supplements,
smoking). Depending on the study design (see section 3.2), measures are taken at a single or at
multiple time points (e.g. repeated measures, allowing time x condition analyses and to assess if
adaptation occurs).
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Example Box 9 Primary and Secondary outcomes and assessment methods – PATHWAY-27

Endpoint: Metabolic Syndrome, which is defined when at least 3 of the following criteria are met:
Elevated waist circumference (men ≥102 cm; women ≥88 cm)
Elevated fasting triglycerides (≥150 mg/dL and <400 mg/dL)
Reduced fasting HDL-cholesterol (men ≤40 mg/dL; women ≤50 mg/dL)
Elevated blood pressure (systolic ≥130 mmHg and/or diastolic ≥85 mmHg) or hypotensive
treatment
5. Elevated fasting glucose (≥110 mg/dL)
1.
2.
3.
4.

Primary outcome: Fasting blood triglycerides.
Secondary outcomes:












Physical examination
- Blood pressure
- Body weight (and height, BMI)
- Waist circumference
Blood tests on fasted samples
- Total, HDL- and LDL-cholesterol
- Glucose
- Glycated haemoglobin
- Alanine amino-transferase
- Aspartate amino-transferase
- Creatinine
- High sensitivity C-reactive protein
- Insulin
- Thyroid stimulating hormone
- Total bilirubin
- Full blood count
- Insulin sensitivity by calculation from glucose and insulin results (HOMA)
Dietary evaluation
- Food frequency questionnaire
- 24-hour recall
Metabolome assessed in serum and urine
Abdominal symptoms
Body fat composition (by Dual-Energy X-ray Absorptiometry)
Physical activity (by International Physical Activity Questionnaire)
Microflora and associated metabolic products in stool samples
DNA methylation and gene expression in adipose tissue and lymphocytes

3.4.2. Analytical and biological variability
To minimise variability in sample collection, standard operating procedures (SOPs) should be
developed and followed strictly (Example Box 10). Laboratory performance characteristics
(precision, accuracy, sensitivity, and specificity) should be optimised and recorded in protocols. If
multiple laboratories are used to prepare products or analyse samples, it is very important to take
into account inter-laboratory variability. Biological variability has a number of underlying factors
such as stability of the sample (sample quality, see Industry Guidelines), biological rhythms, and
circadian and seasonal variations. It is important to understand factors underlying analytical and
biological variability and if necessary to adapt the study design accordingly (Welch et al. 2011). For
example, it is often required to take blood samples or biopsies after an overnight fast (>8 hours)
and to take multiple measurements for variable outcomes (e.g. blood pressure) or due to the
technique used (e.g. fat mass measured by skin fold thickness). Furthermore, it is often
recommended to standardise participants’ lifestyle 24-72 hours prior to clinical assessment (e.g.
providing standardised meals with a known nutrient composition, see also section 3.2.3.2) and to
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instruct participants to maintain their usual routine throughout the intervention (e.g. physical
activity).
Example Box 10 Standard Operating Procedures – PATHWAY-27

SOPs should be written for all study procedures and this is even more important for multi-centre trials. A
total of 22 SOPs were harmonised for the PATHWAY-27 RCT:











SOP Recruitment of participants for clinical trials;
SOP Physical examination;
SOP Collection of blood by venepuncture from fasted subjects;
SOP Dual Energy X-ray Absorptiometry;
SOP Adipose tissue collection;
SOP Stool sample collection;
SOP Urine sample collection;
SOP Extraction and preparation of biological samples;
SOP Lymphocyte isolation;
13 SOPs for blood tests (Alanine aminotransferase, Alkaline phosphatase, Aspartate
aminotransferase, C-reactive protein, Creatinine, Full blood count, Glucose, Glycated
haemoglobin, HDL-cholesterol, Insulin, Total bilirubin, Thyroid stimulating hormone,
Triglycerides).

3.4.3. Clinically meaningful changes
Even if a marker is associated with a specific endpoint, a statistically significant change in the
marker may not be of clinical relevance (EFSA Scientific Committee 2011; EFSA NDA Panel
2017a; Calder et al. 2017). Thus, when designing the study, it is important to consider a clinically
relevant effect size in the power/sample size calculation (see section 3.2.2). When interpreting the
results, it is again crucial to reflect on the meaningfulness of the observed changes, even if the
difference was statistically significant.

3.5. Selection of participants: study population and eligibility criteria
Eligibility (inclusion/exclusion) criteria are physiological or clinical characteristics, or demographic
variables used to define the study population (Welch et al. 2011). They are guided by the research
question and objectives (Kris-Etherton, Mustad, and Lichtenstein 1999) and help to control for
factors that may confound the interpretation of the results, e.g. lifestyle factors, such as smoking
habit or level of physical activity, physiological factors such as food allergies or intolerances, or
being on a weight loss or therapeutic diet. They also guarantee the safety of the participants. For
example, pregnant women may need to be excluded from certain interventions (Meunier et al.
2010).
If the RCT is to be used for the substantiation of a health claim, the study population should match
the target population for the health claim. According to the EU legislation (e.g. Article 7(3) of
Regulation (EU) No 1169/2011 and Article 2(6) of Regulation (EC) No 1924/2006), subjects with a
disease cannot be the target population for health claims made on food. Thus, in principle, the
target population for health claims made on food should be the general (healthy) population or
specific subgroups thereof, such as elderly people, physically active subjects, or pregnant women
(EFSA NDA Panel 2016a). However, several studies investigating whether and how a food/food
constituent exerts a beneficial physiological effect have been conducted in participants meeting the
diagnostic criteria for a disease which negatively affects the function of interest. In addition, the
first-line therapy for patients with diet-related chronic diseases (e.g. obesity, type 2 diabetes,
hypertension) is often dietary advice, and thus they could benefit the most from health claims made
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on foods (EFSA NDA Panel 2016a). Therefore, studies conducted in participants with a disease
may be used to substantiate function claims for the general population or subgroups thereof
(without the disease) as long as the effect of the food/food constituent on the body function named
in the claim is expected to occur in subjects without the disease and a rationale is given for such
expectations. For example, studies in obese participants could be used to substantiate a claim on
the reduction of body weight addressed to overweight adults, whereas studies on participants with
arthritis of various origins (rheumatoid arthritis, psoriatic arthritis, arthritis of infectious origin) and
which relate to the treatment of symptoms of the disease cannot be considered for the scientific
substantiation of health claims on joint function for the general population (EFSA NDA Panel
2016a).
When establishing eligibility criteria, a balance has to be found between too many criteria, which
reduce the generalisability of the results, and too few criteria, which decrease the homogeneity of
the study group and can make comparisons between individuals more difficult. Moreover, the more
eligibility criteria, the more resources required to screen participants and the harder it will be to find
participants meeting all criteria (thus more participants will need to be screened to achieve the
necessary sample size). It may be useful to screen potential participants in several steps, to save
time and costs. Easily ascertained information can be obtained first, such as age or history of
disease, to exclude quickly individuals who are obviously ineligible. This can be done by phone,
email or online form, which saves a visit to the research centre. This phase should be considered
carefully and if any such information is to be collected before obtaining participants’ informed
consent, this should be approved by the ethics committee (see section 3.6).
Although not desirable, eligibility criteria may sometimes need to be relaxed during the study if the
recruitment is unexpectedly difficult and slow. Delaying the start of the study to dedicate more time
and resources to recruiting the required number of participants is not always an option. It may lead
to fewer funds and less time available for the implementation of the study, loss of interest from
participants recruited early on, loss of staff morale, etc. It should be noted, however, that if some of
the exclusion criteria are to be relaxed, a protocol amendment should be submitted for approval by
the local ethics committee. Furthermore, certain exclusion criteria cannot be changed because of
the research question and primary outcome (e.g. elevated fasting blood triglycerides for the
PATHWAY-27 RCT) or because of possible effect interaction, which might confound the analysis
and interpretation of the data (e.g. high level of physical activity).
Common eligibility criteria for well-controlled nutrition studies are described below (Kris-Etherton,
Mustad, and Lichtenstein 1999). There should be a clear rationale for the criteria selected, such as
evidence suggesting an impact on the primary outcomes (see also Example Box 11).

3.5.1. Demographic criteria






Gender. Studying the effect of a food compound in men only or in women only, or including
both sexes to enable comparisons between men and women (provided the study is
adequately powered to do so) and/or verify the effectiveness regardless of gender.
Age. Narrow age criteria reduce variability but also increase recruitment efforts and reduce
generalisability. Including different age groups permits determination of age-specific effects.
However, chronological age may differ from biological age (e.g. some women are
postmenopausal at 45 years; others at 55 years).
Ethnicity. An intervention may have different effects in different ethnic groups (e.g. because
of their genetic background). However, ethnic groups are often heterogeneous and difficult
to define.
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3.5.3. Health status and medication use






Diseases and conditions that could adversely affect the outcome variables or adherence to
the study protocol should be identified (e.g. cancer, diabetes, hypertension, renal disease,
major gastrointestinal diseases, and mental diseases). Although this information can be
obtained in a questionnaire, there are various biochemical indexes of health status (e.g.
plasma lipid concentrations, liver enzymes, thyroid-stimulating hormone) that can help to
identify individuals with coexisting diseases who should not participate. Blood pressure can
also be measured easily. Weight status (e.g. obesity) often needs to be considered as well.
Potential participants who take medications or substances that will affect the outcome
variables of the study may have to be excluded (e.g. antihypertensive and lipid-lowering
drugs, oral hypoglycaemic agents, antidepressants, hormone replacement drugs, steroids,
antibiotics, and allergy medications). Potential interactions between prescribed medication
and the food/food constituent tested should be considered, as should medications that can
be obtained without prescription, such as laxatives, or antihistamines.
Potential participants allergic to any ingredients in the test and/or control product must be
excluded.

3.5.4. Lifestyle and dietary factors






Physical activity. Considerations include type, intensity, frequency, and duration of the
physical activity. Conditions that may preclude certain activities (e.g. invalidity) should be
taken into account too.
Tobacco or drug use. Smokers may be included or excluded based on the frequency and if
smoking can affect the outcomes. Use of soft (e.g. cannabis) or hard (e.g. cocaine) drugs is
often an exclusion criterion in dietary interventions.
Diet. Investigators should assess whether prospective participants will adhere to the
experimental diet. Food allergies and food avoidances including vegetarianism not
compatible with the experimental diet are a basis for exclusion, as are other atypical eating
practices (e.g. participants on a prescribed therapeutic diet). Dietary and herbal
supplements should be considered as well in order to avoid too high doses or potential
interactions between compounds. Amount and frequency of alcohol and caffeine
consumption should be known. Moderate consumption is often permitted, to avoid changing
current dietary patterns that may be difficult to sustain in long-term nutrition studies and to
facilitate recruitment. In nutritional trials investigating the effectiveness of a specific
nutrient/bioactive compound, foods naturally containing that nutrient/bioactive compound
may be restricted as they would influence the dose received. For example, in PATHWAY27, participants were asked not to consume certain foods (e.g. apple, avocado, peach, or
oat cakes) or drinks (e.g. blackcurrant juice) more often than once a day because of their
content in the bioactive compounds of interest (anthocyanins, beta-glucan, or DHA).

For studies in healthy volunteers, inclusion of participants with a baseline dietary status
representative of the general population is important. Frequently, individuals who volunteer for
nutrition trials are from the healthiest quintile of the population and therefore less representative
(Rothman, Greenland, and Lash 2008). Individuals who regularly consume the type of product to
be tested might be less responsive to further intervention (Yao, Gibson, and Shepherd 2013).

3.5.5. Other considerations


Holiday/travel. Investigators should determine whether potential participants have plans to
relocate or be away for extensive periods of time (e.g. holiday, business trip).
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Proximity to recruitment centre. Investigators should assess the likelihood that access to
the centre and the frequency of the visits hamper adherence and compliance.
Participation in other research trials.

Example Box 11 Study population and inclusion/exclusion criteria – PATHWAY-27

Study population: Men and women aged 18 to 80 years, at risk for Metabolic Syndrome.
This study could be used for the substantiation of disease risk reduction claims targeted at people with a
risk factor for the Metabolic Syndrome but otherwise healthy (subgroup of the general population).
Inclusion criteria: Men and women aged 18 to 80 years with 2 to 4 of the Metabolic Syndrome criteria
(see Example Box 9), at least one of them being fasting triglycerides ≥150 mg/dL but ≤400 mg/dL.
Exclusion criteria:
 Having all 5 criteria for Metabolic Syndrome;
 Regular drug therapy with impact on serum lipids (e.g. statins, fibrates);
 Diabetes (fasting glucose >126 mg/dL, or anti-diabetic treatment);
 Hypothyroidism or thyroxine treatment
 Familial dyslipidaemia;
 Recent history of cancer or cancer treatment (less than 2 years);
 Active or recently diagnosed intestinal malabsorption or disorders associated with malabsorption:
Crohn’s disease, short bowel syndrome, Pancreatic insufficiency, cystic fibrosis, Tropical Sprue,
Whipple’s disease, chronic pancreatitis, gastrojejunostomy, surgical treatments for obesity,
cholestasis, biliary atresia, parasite infections, HIV/AIDS
 Use of medication known to cause malabsorption: tetracycline, cholestyramine, thiazide diuretics,
aluminium/magnesium hydroxide, colchicine, neomycin, methotrexate, methyldopa, allopurinol,
and laxatives
 Antibiotic treatment within the last 3 months;
 Illegal drug use, chronic alcoholism or active smoking**;
 Intensive physical exercise (≥5 hours per week)
 History of allergy or intolerance to any components used in BEF, coeliac disease, lactose
intolerance, allergy to milk or egg proteins;
 Consumption of nutritional supplements containing DHA, beta-glucan or anthocyanins;
 Women who are pregnant, lactating, or actively trying to conceive;
 Institutionalised patients, those who lack autonomy to consent or are unable to meet all
examinations;
 Participation in other clinical trials that may impact on outcome;
 Subjects deprived of their liberty by judicial or administrative decision.
**NOTE: These inclusion/exclusion criteria were very strict, making the recruitment to the PATHWAY-27
RCT very difficult. Certain criteria had to be relaxed to facilitate recruitment (e.g. smokers (>5
cigarettes/day) could be included provided that their smoking habits did not change during the study).

3.6. Ethical approval and study registration
International principles for the ethical conduct of human studies are set out in the Helsinki
Declaration (Helsinki Declaration 2013). This declaration emphasises that, to be ethically
acceptable, studies must not only be scientifically valid but also the benefits must clearly outweigh
any burden or risk for the participants associated with the study. Where the risk for the individual is
low, as is the case in many nutrition studies, this poses little problem; often it is a matter of the
extent to which an individual should be inconvenienced in the name of scientific progress. If the
burden or discomfort for volunteers is high, e.g. repeatedly filling out detailed food diaries, having
biopsies taken, the value of the science compared to the level of discomfort will have to be judged
carefully. This is why institutional review boards (IRB) or research ethics committees are in place
and requested to judge and approve such study protocols. For research with children, risks vs.
benefits are even more closely looked at. A test or measurement will only be allowed if it has a
clear benefit, which is why blood tests are usually not allowed in healthy children.
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All centres running human dietary interventions in Europe are expected to follow Good Clinical
Practice (GCP) Guidelines (Schmitt et al. 2012; European Parliament and Council 2001). Human
research may only be conducted with ethical approval and thus, all study protocols involving
humans must be reviewed by an independent ethical review committee. This committee consists of
members with a wide range of expertise, including ethical, legal, medical, psychological, and
relevant scientific knowledge, as well as people who can represent the population targeted for such
studies. Researchers should follow the research governance procedures required for their study
and obtain the necessary approvals from their local ethics committee before the study commences.
For the evaluation by the ethical committee a report must be prepared with relevant information
about the study and the safety of the participants (Lund 2003), including:















Thorough review of previous literature;
Production of a detailed protocol which considers: importance of the research; study
design; inclusion and exclusion criteria; validity of questionnaires; scientific validity of
(bio)markers; technical resources; statistical power; analytical approaches;
Review of skills and training of staff undertaking the intervention;
Compilation of information about the product;
Risks to individuals and time commitment involved;
Appropriate medical cover in case of emergency;
Appropriate method of recruitment;
Necessity to use results as planned;
Proper labelling, storage & disposal of samples;
Data management;
Information sheet;
Consent form;
Participant insurance.

Most research ethics committees provide readily downloadable templates describing all the
information required for the review.
An important aspect to consider in the ethical approval process is the time required not only to
prepare the documentation but also to receive an answer from the ethical committee. This point is
very sensitive, particularly in trials which involve different centres and/or countries and where
multiple approvals are needed. Starting at the same time may be crucial as increased variability
between centres may occur if test/control products are not produced at the same time (season
effects, etc.). Obtaining ethical approval can take weeks to months. The ethical review committee
needs to approve all recruitment materials and consent forms. For multi-centre trials, all materials
must be identical. If the study takes place in several countries with different languages, the text
should be translated from and back-translated into the initial language of protocol development
(often English) to ensure consistency. This should be taken into account in the timeline of the
study, because any unexpected comments or additional information required could affect the
starting date of the study. For example, for PATHWAY-27, three stages of review were required for
the UK centre (including by the National Health Service) and the review was extremely strict for the
French centre, delaying the start of the intervention for all four study centres.
In the end, only the participants themselves can assess whether they are prepared to undergo an
intervention, which is why it is compulsory to fully inform potential recruits in advance about all
aspects of the study in a manner they can understand. Written informed consent must be obtained
from volunteers before they are allowed to take part (Lund 2003). If participants are well aware of
the burden caused by all study procedures, it may also help avoid dropout. For research with
children, their parents or legal guardian must sign the consent form on their behalf. While children
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may be legally incapable of giving informed consent, they nevertheless may possess the ability to
assent to or dissent from participation and should thus be asked whether or not they wish to
participate in the research (Waligora, Dranseika, and Piasecki 2014).
The Helsinki Declaration (Helsinki Declaration 2013) stipulates that every clinical trial (including
human dietary intervention studies) must be registered in a publicly accessible database before
recruitment of the first participant. For example, PATHWAY-27 was registered at
https://clinicaltrials.gov/, but there are several national registries which are equally suitable and
linked to the World Health Organization (WHO) registry platform (http://apps.who.int/trialsearch/).
Such registration, which includes all protocol details, is intended to reduce the consequences of
non-publication of studies (e.g. repetition of negative studies), selective reporting of outcomes, and
of per-protocol rather than intention-to-treat analyses. The WHO has stated that ‘the registration of
all interventional trials is a scientific, ethical and moral responsibility’, and the International
Committee of Medical Journal Editors, since September 2004, has considered for publication only
trials which were registered before enrolment of the first participant (World Health Organization
2010). This also applies to industry-funded nutrition studies, where the main challenge is to find the
right trade-off between sufficiently detailed outcome reporting on the one hand and the protection
of commercially sensitive data and intellectual property on the other.
Another important aspect is that of personal data protection. This has become an even more
important issue as studies can now make use of the Internet to collect data (e.g. online
questionnaires). The International Ethical Guidelines for Biomedical Research Involving Human
Subjects stipulate that the ‘investigator must establish secure safeguards of the confidentiality of
subjects’ research data’ (Council for International Organizations of Medical Sciences (CIOMS) and
World Health Organizations (WHO) 2002).

3.7. Recruitment and participant flow
Recruiting the necessary volunteers, within the time and resources allocated, is usually a challenge
(see also section 3.5). Sensible study design, careful planning, well-trained staff, good
communication among staff as well as with potential study participants, flexibility, and contingency
plans are critically important.
A good recruitment plan includes realistic short- and long-term goals, carefully defined recruitment
strategies with consideration of the effort required for the number of participants needed for the
study, and adequate resources including staff, space, and time. Key aspects for successful
recruitment and subsequent participant flow are described below (Kris-Etherton, Mustad, and
Lichtenstein 1999).

3.7.1. Time needed for recruitment
The total time needed for recruiting the required number of participants must be clearly defined.
Recruitment must be initiated far enough in advance of the study start date to elicit a response to
advertising and to complete the screening activities. Screening procedures must be in place before
recruitment begins.
The time needed for recruitment will depend on many factors, including number of participants
needed, inclusion and exclusion criteria (see section 3.5), and density of and interest from the
targeted study population in the community. Whether people will be interested in the study will in
turn depend on the complexity of the study and the burden caused (study requirements, time
commitment, compensation, etc.). Research teams often tend to be optimistic and underestimate
the difficulty of finding volunteers. A prudent philosophy is to overestimate the time needed for
recruitment and to have a variety of strategies in place to ensure that recruitment goals are met
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(see section 3.7.3). An overly long recruitment effort can not only increase the cost of the study but
may also cause individuals recruited early on to lose interest before the study even begins
(although this is less true for studies where staggering is possible, i.e. not all participants start the
intervention at the same time but every so many weeks). Close contact between researchers and
potential participants is essential.

3.7.2. Staff needed
Recruitment can require a large and specialised staff. The staff must be well trained and able to
maintain a professional, friendly, and composed attitude when they interact with the potential
participants. For larger studies, a recruitment coordinator is needed to organise recruitment
strategies and manage staff and paperwork. A coordinator is especially essential in case of multicentre studies to ensure consistency across centres and avoid that one centre lags behind (risking
delaying the project later on). Support staff may be full-time staff members of the research team
whose duties are shifted during the different phases of the study. Likewise, newly hired staff can
assume other responsibilities during the study after recruitment is over. Temporary personnel can
be hired for the busiest recruitment period (e.g. to answer telephone calls). Further information on
the roles and responsibilities of the research team is given in section 3.12.

3.7.3. Recruitment strategies
Using different channels to advertise the study will facilitate recruitment (Example Box 12).
Common recruitment advertising strategies include word of mouth, flyers and posters, newspaper,
television and radio ads, social media (e.g. Twitter, Facebook), mass mailings, community
screenings, telephone solicitation, and medical referrals.
The choice of recruitment methods varies according to the number of participants needed, budget
considerations, and the targeted study population (e.g. more appropriate to use social media when
targeting young adults than when trying to recruit elderly people). If possible, multiple channels
should be used to advertise the study, not only to be able to recruit enough participants but also to
minimise the selection bias (e.g. using only social media would attract mainly young individuals).
Example Box 12 Recruitment strategies – PATHWAY-27

Multiple strategies were combined in PATHWAY-27:
 Cooperation with clinics dedicated to treating Metabolic Syndrome;
 Contact with general practitioners;
 Screening of blood donor lists;
 Web announcements on the university and hospital websites;
 Distribution of flyers;
 Radio advert;
 Social media posts (e.g. Facebook).

3.7.4. Incentives
Although incentives can be useful to encourage individuals to participate in recruitment and
screening activities during the initial phases of the study, as well as in the study itself, they should
not be so high as to give the impression of coercion (Grant and Sugarman 2004). Volunteers
should primarily take part because of their interest in the research topic. They will always be
entitled to receiving all results relevant to them. However, although countries may differ on this
matter, it is usually considered unethical not to compensate participants for their commitment to the
study and thus, incentives should be provided (e.g. reimbursing travel expenses, providing
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vouchers or small monetary compensations for the time invested or the invasive tests performed).
The ethical review committee assesses the appropriateness of incentives during the review of
research protocols.

3.7.5. Recruitment monitoring
Keeping track of recruitment progress, as well as documenting eligibility for the study, is an
important task. It can become overwhelming when investigators are recruiting for a large study or
when several categories of participants must be managed through a series of screening visits. A
computerised system can help monitor the recruitment progress to identify when an intervention
arm is filled (and thus recruitment for that group could end) or if a given intervention arm needs
more intensive recruitment.

3.7.6. Participant flow
The typical flow of participants through a parallel randomised trial of two groups, an often
encountered, robust study design (see section 3.2), is described in Figure 4.

Figure 4 CONSORT 2010 flow diagram: flow of study procedures for a parallel randomised trial of two groups
(from Schulz, Altman, and Moher 2010)
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3.7.8. Food product providers
A smooth coordination with the provider of the test product(s) is essential for running the study.
The centre should give clear and specific indications of the total amount of food needed for the trial
(and the dose of bioactive compound if applicable). Supplies should be renewed in a consistent
and timely manner, and there should be a pre-defined plan for doing so, accounting for the
characteristics of the test product, in particular shelf-life and storage conditions (see section 3.3
and Industry Guidelines). It is useful to manage the production plan in parallel with the recruitment
plan. For example, in PATHWAY-27, due to the limited shelf-life of BEF, the supply was done in
multiple stages. A production and delivery plan was defined in accordance with the recruitment
plan.

3.7.9. Budget considerations
The costs of recruitment can be large, depending on the number of people to be screened, the
advertising methods used, and the amount of staff needed to carry out the recruitment. Other
factors that contribute to the costs of recruitment include extra telephone lines for telephone
interviews, printing costs for screening questionnaires, and laboratory analyses for biomedical
screening tests (these latter costs can be substantial, depending on the complexity of the
screening criteria). For small studies, simple placement of flyers in mailboxes or small ads in the
local or campus newspaper may be sufficient. More costly recruitment activities such as regional or
national media campaigns may be required for larger studies, for studies requiring a good
representation of the general population (e.g. participants with different characteristics) or on the
contrary participants with very specific characteristics who may be difficult to find.

3.7.10. Data collection
Structured data collection is crucial for optimal data quality in intervention studies and thus a data
management plan should be established before data collection. Efficient data management
supports subsequent data handling and analysis (Figure 5, see also section 3.12.5).

Figure 5 Schematic flowchart of data management and statistical analysis procedures employed in the
PATHWAY-27 project. ATC, Anatomical Therapeutic Chemical classification; CRF, Case Report Form; DCP, Data
Collection Plan; DMP, Data Management Plan; MedDRA, Medical Dictionary for Regulatory Activities; SAP, Statistical
Analysis Plan; WHO, World Health Organisation.
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3.7.11. Background diet and change in diet during intervention
3.7.11.1. Methodologies for dietary assessments
Different methods for gathering relevant information about people's acute or habitual dietary
intakes for research purposes have been developed and should be applied as appropriate, bearing
in mind their respective advantages and restrictions (Krishnankutty et al. 2012). The three most
commonly used methods to assess dietary intake are weighed food records, 24-hour recalls, and
FFQs, and they are described in more detail below.
Weighed food records (food diaries)
Study participants have to record all meals and beverages consumed on a number of days (usually
3 consecutive days, preferably including one weekend day, or 7 consecutive days). The amount of
food/drink consumed should be weighed, measured with cups or spoons, or estimated according to
predefined portion sizes. Ideally, product brands and mode of food preparation (cooking,
seasoning, etc.) should be recorded as well. The effort required for this kind of food data collection
is high. Trained staff is needed to advise study participants and to process the data as well as
improve the literacy of respondents, who have to follow detailed instructions. Due to the burden
associated with recording every single food consumed, the respondents may alter (i.e. simplify)
their dietary pattern (Thompson and Byers 1994).
24-hour recalls
A 24-hour recall is usually conducted as an interview, asking study participants about all foods and
beverages consumed during the past 24 hours. It can be done face-to-face or from remote.
Interviewers must be trained for collecting details like portion sizes and methods of preparation and
cooking. This retrospective method does not imply the danger of altering eating habits and is all in
all less laborious than food diaries. On the other hand it is highly dependent upon the memory of
the interviewee (Thompson and Subar 2001). 24-hour recalls can also be done online by a
volunteer on his/her own. Although this saves resources, it is likely more prone to under-reporting
(conscious or subconscious). Data collected can be processed using data analysis software, which
can calculate daily nutrient intakes if linked to standard food composition databases.
Food Frequency Questionnaires (FFQs)
FFQs consist of a limited list of foods and beverages, which may be tailored to the focus of the
dietary intervention. For each item, the participant reports the amount usually consumed (portion
size) and the frequency of consumption (e.g. daily, three times per week, once per month) during a
specified time interval, usually the last month. Portion size information may be collected in semiquantitative FFQs, by offering a choice of amounts or units (cups, glasses) to be selected. Average
portion sizes can be assigned to each food or food group for facilitating the completion of the form.
Pictures of the different portion sizes should be provided as well. Some FFQs also allow the
respondent to select a type of food for a particular food item (e.g. choose between three types of
milk, wholemeal bread, etc.). The FFQ can also include questions about food preparation and
cooking habits (e.g. frying with oil). Here too, information collected in FFQs is usually processed
using data analysis software, which can calculate daily nutrient intakes if linked to standard food
composition databases. Thus, FFQs are a useful tool for evaluating habitual intake and overall
nutritional status. FFQs no longer need to be filled out on paper but can be completed online and
intakes can be computed in real time (Forster et al. 2014). As such, it facilitates handling both for
researchers (easy to process data, also useful for large studies) and for study participants
(possible to fill out on their own, possibly from home). However, it is difficult to remember exactly
which foods (and how much) have been eaten in the past month, especially for study participants
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with weak memory. Furthermore, it can be time-consuming to fill out the questionnaire since it
typically contains 150-200 food/drink items. Low literacy is also a problem with this method. Finally,
the food list needs to be set up with great care to avoid excluding any food typically consumed
(Thompson and Byers 1994). FFQs can also be filled during an interview with the help of research
staff. FFQs have been used in multi-country trials, e.g. for the European Prospective Investigation
into Cancer (EPIC) (Riboli et al. 2002) (Example Box 13) and the Food4Me study (Forster et al.
2014). One of the difficulties with multi-country studies is that the balance has to be found between
consistency between countries (i.e. homogeneous FFQ) and taking into account inter-country
differences, so that the FFQ reflects the dietary patterns of the different countries (i.e. adapt the
FFQ with country-specific frequently consumed foods).
Example Box 13 Assessment of food intake – PATHWAY-27

In PATHWAY-27, a validated FFQ (latest version of the EPIC FFQ containing additional typically
consumed and local foods different for each country) was used combined with one 24-hour recall at each
time point.

3.7.11.2. Misreporting in dietary assessment
Currently, there is no gold standard for collecting dietary data but a combination of FFQ and
repeated 24-hour recalls is usually considered the best method. Under- as well as over-reporting in
dietary assessments with self-report methodology is a known problem (Dhurandhar et al. 2015;
Archer, Pavela, and Lavie 2015). Not only can a participant’s memory be at fault, but many other
factors seem to play a role in food intake misreporting, such as weight status, cognitive,
psychological and socioeconomic factors (e.g. education, employment grade, social status, body
awareness) ( Thompson and Subar 2001). Methods for the identification of misreporting and
handling of the collected data have been developed based on the assessment of energy
expenditure. The problem is approached by the measurement of doubly labelled water or urinary
nitrogen, by calculation of the Goldberg cut-off (Black 2000; Goldberg et al. 1991; Poslusna et al.
2009) or statistical parameters and modelling (Murakami and Livingstone 2015). Respondents
above or below defined cut-off points are identified as under- or over-reporters. However, the
exclusion of data should be done with caution so as not to introduce systematic bias into the study
analysis. Continued efforts are needed to improve data collection methods and identify implausible
data through appropriate analysis in order to reduce misreporting (Maurer et al. 2006).

3.7.12. Background health status and lifestyle, and changes thereof during intervention
In nutritional interventions it is important to collect data on the health status and lifestyle of
participants enrolled, not only to assess eligibility but because these can be primary endpoints (e.g.
markers of Metabolic Syndrome in the PATHWAY-27 RCT, in particular fasting blood triglycerides,
see sections 3.4 and 3.5). Other health- or lifestyle-related parameters can be collected as
secondary outcomes or added as potential confounding factors in statistical models during analysis
(e.g. level of physical activity, sedentary behaviours, and smoking habits). Data collection should
be done preferably at multiple time points, e.g. baseline (prior to intervention) and after acute and
sustained/repeated exposure.

3.8. Compliance
3.8.1. Importance of compliance
For health claims, human intervention studies are needed to establish the dose and pattern of
consumption required to achieve the claimed effect. It is very important to report accurately the
dose of the test foods/food components used as well as participants’ pattern of consumption to
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demonstrate that the dose administered is associated with the measured outcome. In general
terms, ‘compliance’ refers to the degree with which a volunteer adheres to the experimental
protocol (e.g. consuming the diet as prescribed, filling out questionnaires or food records). Regular
measurement of compliance is necessary to identify poor compliers and counsel them to increase
compliance. Poor compliance in terms of following the prescribed diet can affect trial results
substantially by masking effects or skewing observed effects. For example, non-compliers in the
treatment group might consume less than the intended dose of the bioactive compound, leading to
no beneficial physiological effect for that no-complying subgroup and thus potentially masking an
effect for the whole treatment group. Alternatively, participants in the treatment group might take
more of the bioactive compound than prescribed, potentially leading to overly positive results. Poor
compliance can also lead to missing data. For these reasons, researchers need to decide before
starting data collection how to deal with missing data and what type of analysis to run (see section
3.9).

3.8.2. Factors affecting compliance
There are many reasons for lack of compliance by study participants, as described in Table 2 (Jin
et al. 2008; Matsui 2009), and they should be taken into account when designing the trial (Example
Box 14).
Table 2 Reasons for lack of compliance

Participant-related

Protocol-related

Misunderstanding instructions
Social stigma (associated with disease or
status)
Practical difficulties (affecting work, family life)
Forgetfulness
Boredom, apathy, frustration (e.g. long trials,
no obvious benefit)
Adverse effects
Restrictive conditions

Over-complicated regimen
Inconvenient regimen (e.g. many restrictions,
many tests)
Size of dose
Frequency of dose
Ease of storage/preparation/consumption
Product acceptability
Product shelf-life

Example Box 14 Reasons for non-compliance – PATHWAY-27

In the PATHWAY-27 project, the main compliance issues were related to the consumption of the BEFs
because of:




Feeling of boredom associated with having to eat the same foods every day for 12 weeks;
Forgetfulness;
Trips (difficult to bring the frozen test/control foods).

3.8.3. Methods for measuring compliance
In human dietary interventions, compliance can mainly be measured using consumption
records/diaries, video logs, and/or by asking participants to return packaging/containers or unused
products.
Analysis of markers, e.g. blood or urine metabolites of bioactive ingredients may be used to
indicate the level of compliance, although this is not possible for all foods or their metabolites. If the
volunteer consumes the required dose, it can sometimes be estimated how much of a certain byproduct should be detectable. An example would be blood concentrations of alpha-linolenic acid as
a measure of walnuts intake. However, the test product would need to be the only/main source of
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this by-product to reflect compliance. In addition, it should be noted that for many dietary
constituents, this will be semi-quantitative at best given the large impact of inter-individual
variability in metabolism on dose-marker relationships. Nevertheless, new markers of intake are
identified regularly, e.g. using metabolomics (Cheung et al. 2017). A combination of the above may
be required as no single method of assessing compliance is completely infallible or sufficient.

3.8.4. Acceptable levels of compliance
Acceptable levels of compliance for dietary interventions have rarely been stated and are difficult to
comment on definitively (Lovegrove et al. 2015). They will initially be determined by the type of
statistical analysis selected, ‘intention to treat’ or ‘per protocol’, although ideally, both analyses
should be carried out and reported.
Using the full dataset for ‘intention-to-treat analysis’ means that all randomised participants will be
included in the data analysis regardless of adherence to the study protocol. ‘Per protocol analysis’
only includes data collected from participants who comply with the study protocol. It is necessary to
select the minimum level of compliance that is acceptable in order to determine which participants
will be included in data analysis.
The minimum level of acceptable compliance will take into consideration the trial duration,
treatment type and participant effort. Long-term studies, unpleasant study foods, or high levels of
participant effort will diminish compliance. Results from previous studies, e.g. a pilot study, can be
used to estimate the expected level of compliance with the study protocol and also to indicate the
duration of treatment required to observe a significant change in the primary outcome. It can be
useful to set acceptable levels of compliance both in terms of total number of study days missed
and number of consecutive study days missed, i.e. non-compliance could be defined either as >X
days missed in total or as >Y consecutive days missed.

3.8.5. Maximising compliance
A number of strategies can be used to maximise compliance.
3.8.5.1. Test food



Make palatable food products;
When dealing with BEF, it is important that the test product fits the usual dietary pattern and
that the behavioural change is as minimal as possible. This is also done in order not to
affect the outcome.

3.8.5.2. Study design and protocol







Include a run-in period (see section 3.2.3.2);
Minimise the burden associated with participation in the study as much as possible;
Uncomplicated study treatment regimen, e.g. use of easy-to-prepare, easy-to-store food,
and any dietary change should fit easily in the usual diet. This may not be an issue if the
food is just an enriched version of a food already frequently consumed (e.g. DHA-enriched
milk for someone usually drinking milk). In multi-country trials, it is important to keep in mind
that eating habits commonly differ between countries. For example, in Hungary, pancakes
are considered desserts, whereas in the UK they can also easily be eaten at breakfast;
Appropriate incentive, as long as it is ethical (see also section 3.7.4), such as a free health
check, dietary assessment and advice, financial reimbursement;
Make use of ICT tools including smart phone applications and attractive and interactive
platforms (website, chat rooms for the research team and the participants to discuss issues,
provide tips, etc.).
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3.8.5.3. Before a participant starts




Ensure that volunteers fully appreciate at recruitment what the study requires from them;
Clear explanation of the importance/benefit of the trial;
Respect of participants’ personal choices (e.g. vegetarianism/veganism, religious/cultural
diet constraints, food preferences) if the study allows (i.e. can be an exclusion criterion, see
section 3.5.3).

3.8.5.4. During the intervention





Complete intervention under supervision; suitable for acute effects (e.g. postprandial
response, appetite measures), but not for chronic health effects;
Friendly and understanding staff who develop a professional relationship with participants
to motivate them
Good communication with participants (e.g. positive feedback, frequent reminders);
Try to empower the participant in the behavioural change.

3.9. Statistical analysis
Statistical methods can produce reliable results only for data from well-designed and -executed
studies, with clearly defined objectives and outcome measures. Sample size calculation is also
among the key features, to ensure sufficient statistical power to detect true differences (see also
section 3.2.2). Furthermore, beyond the selection of an appropriate statistical method and the
proper conduct of analyses, it is crucial to ensure transparent and detailed statistical reporting to
facilitate reproducibility of the analysis, interpretation, and use of the statistical results, as well as
independent peer review (EFSA 2014).

3.9.1. Rationale for choice of statistical method
There are many textbooks to guide researchers on which statistical methods are appropriate
depending on study design and the research question to answer (Field 2013; Motulsky 2013). A
(bio)statistician should be involved from the very beginning to advise on appropriate study design
(see section 3.2.2) and statistical methods for answering the research question. A statistical plan
describing the statistical methods that will be used should be detailed in the research protocol
(Example Box 15).
Example Box 15 Statistical analysis – PATHWAY-27

In the PATHWAY-27 project, mean change in blood triglycerides (primary outcome) was analysed with a
mixed linear model including food matrix and type of enrichment as fixed effects. If the model indicated
significant differences among groups, post hoc tests were applied for pair-wise comparisons. Secondary
outcome variables were analysed similarly. Descriptive statistics for both primary and secondary
parameters were provided including the mean, median, minimum, maximum, standard deviation,
standard error of the mean, and number of cases. Mean changes (and their 95% CI) from baseline to
end-of-study visit were presented.

3.9.2. Exploring and summarising the data
3.9.2.1. Data exploration
Before running any statistical tests, it is important to visualise the data collected. Plotting variables
(i.e. making graphs) is a simple yet crucial first step to understanding the data. It allows to spot
potential problems in the data, such as outliers, and to identify the data distribution or potential
differences between groups, trends, etc. (Field 2013). The graphical tools most commonly used
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are the bar chart, histogram, box-and-whisker plot, and scatter plot (Cook, Sheikh, and Netuveli
2004; Hoaglin 2003; Brase and Pellillo 2010; Field 2013).
3.9.2.2. Summarising the data
Summarising the data with adequate descriptive statistics is also important before running
statistical tests. It should allow for the meaningful description of the collected data. While the mean
and its standard deviation or confidence interval (e.g. 95% CI) are appropriate for normally
distributed observations, they fail to have informative value for non-normally distributed data, for
which the median (and e.g. interquartile range) may be more appropriate (Cook, Sheikh, and
Netuveli 2004). In addition to descriptive statistics such as the mean or median (and their
respective measures of statistical variability/dispersion), it is often good practice to provide a plot
with all individual points so that the reader can better appreciate the variability in the sample (see
also section 3.10).

3.9.3. Checking assumptions
Before running the statistical test(s) according to the original statistical plan, it is important to check
that all the necessary assumptions are met. Depending on the test (see sections below), these can
include: normality of the data distribution or of the residuals, homogeneity of the variance, and noncollinearity. It may be necessary to transform the data (e.g. log transformation, square root
transformation), although nowadays, more and more robust methods exist that take into account
the violation of a specific assumption. Continuing with a test when assumptions are clearly violated
and failing to use appropriate alternatives will lead to wrong interpretations and conclusions.

3.9.4. Parametric and non-parametric statistical tests
Parametric statistical procedures assume that sample data come from a population that follows a
probability distribution (e.g. normal distribution) based on a fixed set of parameters (e.g. means
and standard deviation). Non-parametric methods are more widely applicable, because they make
fewer assumptions and are thus a more robust tool for statistical analysis. However, parametric
tests may be simpler to use and are more powerful than non-parametric tests when underlying
assumptions are true (Leonhart 2013). Common parametric tests and their non-parametric
“equivalents” are shown in Table 3.
Table 3 Parametric tests and their non-parametric equivalents (Swinscow and Campbell 2001)

Parametric test

Non-parametric equivalent

Paired t test

Wilcoxon rank sum test

Unpaired t test

Mann-Whitney U test

Pearson correlation

Spearman correlation

One way Analysis of Variance (ANOVA)

Kruskal-Wallis test

The most commonly used parametric statistical methods for RCTs testing the effectiveness of a
particular food product are the analysis of variance (ANOVA) or linear regression models. If the
design is more complex (e.g. confounding factors to be taken into account, several measurement
points), techniques such as multiple linear regression, repeated measures ANOVA, or mixed
models will be required. Again, it is crucial to determine beforehand which statistical method(s) will
be used, and this task should be left to or supervised by a (bio)statistician.
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3.9.6. Management of missing data
In order to interpret results accurately, it is important to know the amount and pattern of missing
data as well as the strategies that were used to handle those data. There are several techniques to
deal with missing data (e.g. multiple imputation, full information maximum likelihood) (Schlomer,
Bauman, and Card 2010). It is strongly recommended to consult a (bio)statistician.

3.10. Reporting of randomised controlled trials
‘Reporting research is as important a part of a study as its design and analysis’ (Jordan and Lewis
2009). It should be done honestly and transparently, and research reports should be useful to
readers, i.e. they should include all the information about methods and results that is essential to
judge the validity and relevance of a study and, if desired, use its findings (Simera and Altman
2009).
Reports that fail to provide a clear account of methods are not fit for their intended purpose
(Simera and Altman 2009). Unfortunately, failings of the health research literature to adhere to the
principles outlined above have been documented repeatedly over several decades. For example,
in dietary fibre research, the specific source and nature of the dietary fibre used in nutritional
studies are often inadequately described, and their physical and chemical properties are very
rarely reported (even if they have been tested). In a recent systematic review of the characteristics
of dietary fibres relevant to appetite and energy intake outcomes in human intervention trials, 55%
(149/273) of full text articles examined were excluded because of insufficient fibre characterisation
(Poutanen et al. 2017). This is not limited to dietary fibre but extends to many other foods/food
components. Inadequate reporting hinders attempts to explain variation in results in different
experimental settings and to reproduce (poorly reported) published results, and it fails to advance
the development of predictive structure-function relations for that food/food component and healthrelated outcomes (Poutanen et al. 2017). This is of particular relevance when attempting to
substantiate a health claim; it can be very difficult to interpret and verify the reliability of a poorly
reported RCT, and consequences could be grave if a health claim was made based on false
evidence from such trials. Therefore, health claim dossiers where the food/food component named
in the claim is insufficiently characterised will be rejected.
Recognising this issue, a number of suggested guidelines have emerged aiming to improve
reporting of nutrition research (Balentine et al. 2015; Swanson 2002). Probably the most wellknown and most widely accepted initiative in the scientific community comes from the CONSORT
(Consolidated Standards of Reporting Trials) Group, who developed and published an evidencebased, minimum set of recommendations for reporting RCTs (Schulz, Altman, and Moher 2010).
These recommendations cover the reporting of all the relevant aspects related to the conduct of an
RCT, which have been discussed in the present PATHWAY-27 Scientific Guidelines, including how
the trial was designed, analysed, and interpreted.
Inadequate reporting is indeed not limited to the methods used. How missing data were handled,
whether an intention-to-treat analysis was used, whether outliers were identified (and if yes, how,
and what was done), are all valuable pieces of information, which are necessary to be able to
interpret the results (see also section 3.11).
Results are often only given as mean and standard deviation (effect size and confidence interval at
best), and this may not be sufficient, particularly when investigating inter-individual variability in
response to a given dietary or other lifestyle intervention. The need for reporting individual data
and providing full datasets is recognised by a growing community of scientists, as such interindividual variability is increasingly demonstrated (Finlayson et al. 2011; Kirwan et al. 2016). Such
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reporting practice can only be encouraged (provided appropriate consent has been given by study
participants). This will also facilitate reproduction of results, systematic review, and meta-analysis.

3.11. Discussion and interpretation
When reporting study results, any potential study limitation and source of potential bias should be
considered in the discussion section. Bias can occur at any stage of research, including study
design and data collection, as well as in the process of data analysis and publication (Pannucci
and Wilkins 2010). The Cochrane Handbook for Systematic Reviews of Interventions describes
selection bias, performance bias, detection bias, attrition bias, reporting bias, and other biases as
sources of bias in intervention studies (The Cochrane Collaboration 2011). Internal validity refers to
the extent to which the design and conduct of a study are likely to have prevented bias. External
validity (or generalisability) of study findings should also be considered and discussed (Welch et al.
2011). A study is externally valid when causal relationships can be generalised to different
measures, persons, settings, and times. The consequence of a historically grown emphasis on
internal validity (rather than external validity) has contributed to some extent to failure in translating
research into public health practice (Steckler and McLeroy 2008).
Next to limitations, an adequate study discussion includes implications of the findings (i.e. public
health relevance) and their relation to observations in other relevant studies. Unqualified
statements and conclusions that are not completely supported by the data are to be avoided
(AJCN 2017).

3.12. Roles and responsibilities of the research team
3.12.1. Team roles
The Research Team may be defined as a ‘group of people working together in a systematic and
scientific manner to gather data’ (GRU IRB Office Audits 2014). When conducting human
intervention studies, the team has to apply and follow the appropriate regulations, policies, and
ethical principles. Typical roles and responsibilities of such a research team are given in Table 4. In
addition, a (bio)statistician should be part of the team and involved in the design of the study and
the development of the plan for statistical analysis. There may be other support staff, including
administrative personnel, depending on the research project in question.
For the individual scientist, many resources exist for guidance on responsible and ethical research
conduct (see section 5 for examples). The European Code of Conduct for Research Integrity is a
point of reference for European researchers regarding ‘proper conduct and principled practice of
systematic research in the medical, natural and social sciences and the humanities’ (European
Science Foundation and All European Academies 2011). It is meant as a Europe-wide agreement
but does not replace existing national or academic guidelines. For a one-page overview of
common aspects to consider, the reader is referred to the Singapore Statement on Research
Integrity (2010).
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Table 4 Roles and responsibilities of the research team (modified from Yale University, 2009)

Role

Responsibility

Principal
Investigator
(PI)

 Oversees all aspects of an intervention study from protocol design, recruitment, data
collection, analysis and interpretation of results, but some tasks can be delegated to
other research team members (and interaction with (bio)statistician);
 Retains the ultimate responsibility for the ethical conduct of the research as well as
for those acting on her/his behalf, even if any of the PI’s responsibilities are delegated
to members of the research team;
 Ensures requisite training, education, skills and experience of all team staff to conduct
human research;
 Ensures that there are adequate resources to carry out the research safely;
 Compliance with research protocols, and all applicable laws and regulations;
 Safety and welfare of research participants;
 Informed consent appropriately obtained from all participants;
 Adequacy of all submissions to Institutional/Ethics Review Board;
 Timely continuing review of protocols and the submission of all re-approval
applications;
 Submits proposed changes to the research in the form of protocol amendments to the
appropriate Ethics Review Board;
 Protection of participants' privacy and confidentiality according to applicable policies;
 Maintaining all study-related documentation in accordance with policies and
regulations;
 Compliance throughout the research project with policy on Disclosure and
Management of Personal Interests;
 Compliance with financial and administrative policies and regulations associated with
the award, overall fiscal management of the project, and conflict of interest disclosure;
 Interaction with potential study Monitors, who oversee the progress of an intervention
study, and ensure that it is conducted, recorded, and reported in accordance with the
protocol, SOPs, GCP approach and applicable regulatory requirement(s);
 Interaction with the Sponsor, who takes responsibility for and initiates a study (only
applicable if the PI is not the Sponsor).

Study
Coordinator
/

 Perform all research-related interventions in accordance with Ethics Review Boardapproved study protocol;
 Obtain, when delegated, appropriate informed consent and/or ensure continued
informed consent from all participants, and treat participants with respect and dignity;
 Complete all required human research training;
 Comply with the Ethics Review Board-approved research protocols, applicable laws
and regulations, policies and procedures;
 Comply with the protocol’s data and safety monitoring plan and report adverse events
to the PI and, as appropriate, to the Ethics Review Board, study sponsor, and
appropriate national/federal agencies;
 Protect participants’ privacy and confidentiality according to applicable policies and
procedures;
 Maintain all study-related documentation in accordance with policies regulations;
 Data analysis (with support from (bio)statistician), interpretation and reporting of
results, when delegated;
 May act as an intermediary between the PI and the Ethics Review Board, grant and
contract administration, and study sponsor.

Research
Staff
/
Study
Nurse
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3.12.2. Research protocol
When carrying out human dietary interventions, it is highly advisable to follow existing guidance on
SOPs. The International Conference on Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH) offers such a ‘Guideline for Good Clinical Practice’
(European Medicines Agency 2002). Whilst intended for pharmaceutical trials, the ICH GCP
guidance can and should also be applied to human nutrition trials aimed at ‘gaining medical,
physiological or biological knowledge’ (Schmitt et al. 2012). Adaptations to the nutrition context
have been proposed (Schmitt et al. 2012). These largely relate to a reduced administrative burden,
proportionate with the commonly lower risk of dietary intervention trials compared to
pharmaceutical trials. In order to facilitate the implementation of the ICH GCP guidelines, the WHO
has published a complementary handbook (World Health Organization 2005) that lists 14 guiding
principles and explains key technical terms beyond the glossary of the ICH guidelines. Local ethics
review boards also often provide templates for research protocols, listing all the information that is
required (see section 5.4).

3.12.3. Adverse events
Adverse events are undesired, harmful effects that can occur as unfavourable and unintended
signs (e.g. laboratory finding), symptoms, or disease temporally associated with the use of an
ingested product (medicine, food), whether or not related to the product (ICH-Guideline
International Conference on Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use 1994). Investigators conducting a medical or nutritional
intervention study are responsible for the safety of the participants and for the recording of adverse
events. A procedure must be in place to manage any adverse events that may occur during the
study.
There are different grades of adverse events, from mild to moderate to severe, describing the
intensity of the symptom (e.g. severe headache). Severity has to be assessed in addition to
seriousness of the effect. Seriousness refers to the outcome of or action to an adverse effect and
describes the grade to which functions (or even life) are threatened (ICH-Guideline International
Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for
Human Use 1994). Adverse events during human dietary interventions have to be indicated to the
study sponsor and/or ethics committee and fellow investigators have to be notified. Serious
adverse events have to be reported to legal authorities and can lead to study termination. Adverse
events can be identified as deviations from the baseline health status but do not necessarily have
to do with the studied constituent. The starting point for recording baseline can be at registration of
the participant, at randomisation, or before the first intervention (International Centers for Tropical
Disease Research 2003). SOPs should be implemented to administer the intervention correctly
and timely. With regard to the development of the product, the safety profile of the food constituent
has to be assessed before it is used in the study.

3.12.4. Insurance of study participants
Participants should be insured during their participation in a human intervention trial as well as for
a certain number of years after completion of the trial (e.g. 4 years). The insurance policy should
describe what is, what is not, and how much (per participant and per trial) is covered by the
insurance and should be provided to the study participants at recruitment together with the study
information and the informed consent form.
The insurance would usually not cover all damage. For example, the following may not be covered
by the insurance policy:
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Prejudice/damage related to a risk about which the participants were informed (i.e. written
in the study information). This does not apply if the risk is greater than foreseen or if the
risk was very unlikely;
Prejudice/damage to the health of the participants that could have occurred if participants
had not taken part in the study;
Prejudice/damage due to (complete) disregard of instructions;
Prejudice/damage to the offspring of the participants, as a result of the negative effect of
the study on participants or their offspring;
Prejudice/damage as a result of a treatment that already exists at the time of the study.

3.12.5. Documentation and storage of primary and secondary outcome measures and
background data (including quality control methods)
The quality of the data generated during intervention studies is crucial for the reliability, accuracy,
and consistency of conclusions drawn. Quality management measures are needed and Good Data
Management Practices (World Health Organization 2015) have to be in place to ensure
standardised high quality outcomes. The data management process (Figure 5) regards every step
of the conduct of a study from trial protocol to drafting of data collection sheets, from database
design to input procedures and subsequent evaluation steps (Krishnankutty et al. 2012).
Electronic data collection supports high data quality and facilitates the check for discrepancies
(Gupta and Nayak 2014). Data must be kept accurately and suitable for statistical analysis.
Software applications are available for the purpose of human dietary interventions and support the
recording of valid, error-free and statistically sound data (Krishnankutty et al. 2012). The data
management is challenged by increasing data material from the development of more and more
sophisticated methods of analysis. The need for cost reduction and restricted time for development
also exert an influence on data quality and its management. Appropriate measures for quality
control to support the management system must be implemented. Engaging highly skilled staff who
takes the responsibility for the measurement, improvement, and maintenance of quality, is of utter
importance (Fiola 2013).
Data management should address the steps of data collection and keep a focus on the eventual
use of the collected data and generated information (Buncher and Tsay 1994). This includes the
potential merging with data from other studies. Standards for data recording would significantly
facilitate the interconnection of data from different sources (Gupta and Nayak 2014).
Team meetings and regular internal reports on quality achievement support the quality
improvement process and are appropriate tools to reach the high-quality aim. A system of
continuous feedback and subsequent measures for quality improvement and maintenance is the
key to constant quality upgrade (Fiola 2013). Planning and implementing data management
structures is increasingly challenging. The changing requirements from study design and data use
have to be considered, while the accelerated technological development of data processing leads
to continuously outdated tools (Krishnankutty et al. 2012).

3.12.6. Public Private Partnerships (PPP) & Potential Conflict of Interest
Public-private partnerships (PPP) in research have been defined as ‘[a]ny formal relationship or
arrangement over a fixed-term/indefinite period of time, between public and private actors, where
both sides interact in the decision-making process, and co-invest scarce resources such as money,
personnel, facilities, and information in order to achieve specific objectives in the area of science,
technology, and innovation’ (JTI Sherpas’ Group 2010). Where successful, PPP lead to public
benefit by combining the expertise and resources needed for excellent research with profitable
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outcomes. Strong leadership from government should facilitate PPP, and the European
Commission has established ‘Guidelines for successful Public-Private Partnerships’ (European
Commission and DG Regional Policy 2003). Of note, these ‘[g]uidelines do not aim to provide a
detailed guide to project design, appraisal and implementation but rather to focus on a number of
critical issues influencing the successful integration of public grants, private funds’ (European
Commission and DG Regional Policy 2003), and other forms of financing.
Managing potential conflicts of interest associated with PPP is important for achieving
transparency, trust, credibility and confidence regarding the collaboration and its outcomes
(Mozaffarian 2017). Discussions between industry, academia, government, and non-governmental
organisations have resulted in the formulation of consensus principles as a framework for creating
and operating PPP for food and nutrition research (Rowe et al. 2009, 2013; Alexander et al. 2015).
However, other guiding principles have been proposed for PPP with goals related to food and
health (Kraak and Story 2015), and currently there is no universally adopted framework.

4. Examples of successful and unsuccessful health claim dossiers on bioactive
compounds
As previously mentioned, a lot can be learnt from past health claim applications, both successful
and unsuccessful, especially from reading the associated EFSA opinions. All this information is
freely available and can be found in the EU Register of nutrition and health claims at:
http://ec.europa.eu/food/safety/labelling_nutrition/claims/register/public/. All EFSA opinions are
referenced in the column ‘EFSA opinion reference’ of the register. Some selected examples are
described in Table 5 and Table 6 below.
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 Deemed pertinent = Meta-analysis of 11 RCTs and 1 additional RCT
which investigated the effects of barley beta-glucans at doses of at
least 3 g/day showed a decrease in total and LDL-cholesterol
concentrations in both normo- and hypercholesterolaemic subjects;
 There is evidence supporting the biological plausibility of the
mechanism of the effect.
 Cause and effect relationship established between the
consumption of barley beta-glucans and the lowering of blood
LDL-cholesterol concentrations.

 Deemed pertinent = Meta-analysis of 11 RCTs and 1 additional RCT
which investigated the effects of barley beta-glucans at doses of at
least 3 g/day showed a decrease in total and LDL-cholesterol
concentrations in both normo- and hypercholesterolaemic subjects;
 The mechanism by which barley beta-glucans could exert the
claimed effect is biologically plausible and supported by the animal
studies provided.
 Cause and effect relationship established between the
consumption of barley beta-glucans and the lowering of blood
LDL-cholesterol concentrations.

Why successful?

YES
 Deemed pertinent = 12 publications which report original data from
RCTs on the effects of DHA supplementation on visual development
The Panel considers
in physiological conditions and in infants born at term and 1 pooled
that the food
analysis including 4 of the RCTs indicated above were considered as
constituents DHA
pertinent to substantiate the claimed effect. An additional RCT not
and ARA are
included in the application also met these requirements.
sufficiently
 Cause and effect relationship has been established between
characterised.
the intake of infant and follow-on formula supplemented with
DHA at levels around 0.3% of total fatty acids and visual
function at 12 months in formula-fed infants born at term from
birth up to 12 months and in breastfed infants after weaning up
to 12 months. The Panel could have not reached this
conclusion without considering the studies claimed by the
applicant as proprietary.

Same as above

YES
The food constituent
that is the subject of
the health claim,
barley beta-glucans,
is sufficiently
characterised

Sufficient
Characterisation?

Although these two submitted dossiers were different (16 vs. 8 references), they both resulted in a positive EFSA opinion. EFSA bases its assessment on pertinent data only (in this case
two references mainly: a meta-analysis and an additional RCT).

1

http://onlinelibrar
43 references:

y.wiley.com/doi/1 18 RCTS;
0.2903/j.efsa.200  1 observational study;
 1 pooled analysis of RCT;
9.941/epdf
 3 meta-analyses of RCTs;
 1 systematic review;
 9 review publications;
 6 guidelines/consensus
opinions;
 1 other publication;
 1 unpublished human study;
 1 animal study.

Docosahexaenoic acid
(DHA) intake
contributes to the
normal visual
development of infants
up to 12 months of
age. (Art. 14(1)(b))

1

http://onlinelibrar
8 references :

y.wiley.com/doi/1 2 meta-analyses;
0.2903/j.efsa.201  6 human intervention
studies.
1.2471/epdf

Same as above

1

http://onlinelibrar
16 references :
y.wiley.com/doi/1  3 meta-analyses;
0.2903/j.efsa.201  10 human intervention
studies;
1.2470/epdf
 2 animal studies;
 1 mechanistic study.

Barley beta-glucans
has been shown to
lower/reduce blood
cholesterol. High
cholesterol is a risk
factor in the
development of
coronary heart
disease (Art. 14(1)(a))

Evidence provided

EFSA opinion
reference

Claim authorised by
EC

Table 5 Examples of successful health claim dossiers on bioactive compounds
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L-tug lycopene has
been shown to
lower/reduce blood
cholesterol. High
cholesterol is a risk
factor in the
development of
coronary heart
disease (Art. 14(1)(a))

intestine (Art. 14(1)(b))

http://onlinelibrar
8 references:
y.wiley.com/doi/1  8 unpublished human
0.2903/j.efsa.201 intervention studies.
5.4025/epdf

http://onlinelibrar
34 references:
y.wiley.com/doi/1  13 RCTs;
0.2903/j.efsa.200  6 observational studies;
 15 non-human studies.
9.1420/epdf

Probiotic bifidobacteria
lead to a healthy
intestinal flora
comparable to the
composition of the
intestinal flora of

breast-fed infants’

http://onlinelibrar
31 references:
y.wiley.com/doi/1  3 meta-analyses;
0.2903/j.efsa.201  15 human intervention
studies;
6.4455/epdf
 13 observational studies.

DHA contributes to
improved memory
function (Art. 13(5))

Evidence provided

EFSA opinion
reference

Claim NOT
authorised by EC

 Deemed pertinent = 11/15 human interventions; meta-analyses; 3/13
observational studies;
 11 human interventions: 2 showed a beneficial effect of DHA
supplementation on memory function; 1 inconsistent; 1 negative; 7
no effect;
 Meta-analyses: do not provide evidence for an effect;
 3 observational studies: do not provide evidence for an association
between dietary DHA and memory function.
 Cause and effect relationship not established.

Why failed?

YES
 Studies exploratory in nature: not randomised; some methodological
The Panel considers
aspects not considered: definition of primary outcome(s), power
calculations, treatment of missing data, compliance or correction for
that the food, L-tug
lycopene (i.e. Lyc-O- multiplicity of outcomes; discrepancy between one of the unpublished
study and that which was subsequently published during the
Mato® embedded in
evaluation of the application (regarding the number of subjects
fat-rich matrices by a
included, the participant flow and the presence or absence of
manufacturing
randomisation)
process claimed as
 Cause and effect relationship not established.
proprietary and
confidential by the
applicant), which is
the subject of the
health claim, is
sufficiently
characterised

NO
 Deemed pertinent = 2/13 RCTs; 0/6 observational studies;
The panel notes that  2 RCTs and 15 in vitro and animal studies: it cannot be established
that the strains used in these studies are the same strains which are
the strains that are
the subject of the health claim.
the subject of the
 Cause and effect relationship not established.
health claim have
not been sufficiently
characterised

YES
The Panel considers
that the food
constituent, DHA,
which is the subject
of the health claim, is
sufficiently
characterised

Sufficient
Characterisation?

Table 6 Examples of unsuccessful health claim dossiers on bioactive compounds
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5. Publically available relevant resources
5.1. EFSA/EC resources








EFSA website section on nutrition and health claims:
http://www.efsa.europa.eu/en/topics/topic/nutrition (accessed Dec 2017);
EFSA Guidance for applicants on health claims (scientific and technical guidance; general
guidance; additional specific guidance): http://www.efsa.europa.eu/en/nda/ndaguidelines
(accessed Dec 2017); In particular:
o EFSA Scientific and technical guidance for the preparation and presentation of an
application for authorisation of a health claim (revision 1) 2011:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2011.2170/epdf (accessed Dec 2017);
o EFSA Guidance on the scientific requirements for health claims related to antioxidants,
oxidative damage and cardiovascular health 2011:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2011.2474/epdf (accessed Dec 2017);
o EFSA Guidance on the scientific requirements for health claims related to appetite ratings,
weight management, and blood glucose concentrations 2012:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2012.2604/epdf (accessed Dec 2017);
o EFSA Guidance on the scientific requirements for health claims related to bone, joints,
skin, and oral health 2012:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2012.2702/epdf (accessed Dec 2017);
o EFSA Guidance on the scientific requirements for health claims related to functions of the
nervous system, including psychological functions 2012:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2012.2816/epdf (accessed Dec 2017);
o EFSA Guidance on the scientific requirements for health claims related to physical
performance 2012:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2012.2817/epdf (accessed Dec 2017);
o EFSA Guidance on the scientific requirements for health claims related to the immune
system, the gastrointestinal tract and defence against pathogenic microorganisms 2016:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2016.4369/epdf (accessed Dec 2017);
o EFSA General scientific guidance for stakeholders on health claim applications 2016:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2016.4367/epdf (accessed Dec 2017);
o EFSA Scientiﬁc and technical guidance for the preparation and presentation of a health
claim application (Revision 2) 2017:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.4680/epdf (accessed Dec 2017);
o EFSA Draft guidance for the scientific requirements for health claims related to
antioxidants, oxidative damage and cardiovascular health:
http://www.efsa.europa.eu/en/consultations/call/170712 (accessed Dec 2017).
EFSA Statistical significance and biological relevance 2011:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2011.2372/epdf (accessed Dec 2017);
EFSA Guidance on statistical reporting 2014:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2014.3908/epdf (accessed Dec 2017);
EFSA Webinar on ‘Scientific aspects to consider when preparing a health claim application’:
https://www.efsa.europa.eu/en/events/event/160310 (accessed Dec 2017);
EFSA 2013 Technical Meeting: Slides from A Martin on ‘EFSA experience in reviewing human
studies submitted for the scientific substantiation of health claims‘:
http://www.efsa.europa.eu/sites/default/files/event/documentset/131120-p03.pdf
(accessed Dec 2017);
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EFSA podcast ‘What are health claims and how are they assessed’:
https://www.youtube.com/watch?v=3zNL21gjwuo&feature=youtu.be (accessed Dec 2017);
EFSA Guidance on the use of the weight of evidence approach in scientific assessments
2017: http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.4971/epdf (accessed Dec 2017);
EFSA Guidance on the assessment of the biological relevance of data in scientific
assessments 2017:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.4970/epdf (accessed Dec 2017);
EU register on nutrition and health claims made on food:
http://ec.europa.eu/food/safety/labelling_nutrition/claims/register/public/ (accessed Dec 2017);
Health claims for which protection of proprietary data has been granted:
http://ec.europa.eu/food/safety/labelling_nutrition/claims/register/public/?event=getListOfProp
Claims (accessed Dec 2017);
Regulation (EC) No 1924/2006 of the European Parliament and the Council of 20 December
2006 on nutrition and health claims made on food:
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:012:0003:0018:EN:PDF
(accessed Dec 2017).
List of competent authorities of the Member States within the framework of Regulation (EC) No
1924/2006: http://www.efsa.europa.eu/sites/default/files/assets/ndacompetentauthorities.pdf
(accessed Dec 2017);

5.2. Further guidelines/publications relating to health claims substantiation














PATHWAY-27 Guidelines for food industry/SMEs;
PATHWAY-27 Pilot intervention studies using bioactive-enriched foods: A practical guide for
researchers;
EU-funded project BACCHUS: http://cordis.europa.eu/project/rcn/104530_en.html (accessed
Dec 2017);
EU-funded project REDICLAIM:
o http://cordis.europa.eu/project/rcn/109352_en.html (accessed Dec 2017);
o http://rediclaim.weebly.com (accessed Dec 2017);
o Pravst et al. (2017) Recommendations for successful substantiation of new health
claims in the European Union. Trends in Food Science & Technology (in press,
accessed Dec 2017).
INCOMES Consortium (2015) Guide to substantiation of health claims for bioactive
compounds and functional foods (accessed Dec 2017);
Higgins and Green (editors). Cochrane Handbook for Systematic Reviews of Interventions
Version 5.1.0 [updated March 2011]. The Cochrane Collaboration, 2011 (accessed Dec 2017);
ICH harmonised tripartite guideline for good clinical practice E6(R1). Current Step 4 version
dated 10 June 1996 (accessed Dec 2017);
Moher et al. The PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses) Checklist, Flow diagram, Statement, and Explanation and elaboration document.
(accessed Dec 2017);
Schulz, Altman, Moher, for the CONSORT Group. CONSORT 2010 Statement: updated
guidelines for reporting parallel group randomised trials. BMJ 2010;340:c332 (accessed Dec
2017);
Shane et al. (2010) Guide to design, conducting, publishing and communicating results of
clinical studies involving probiotic applications in human participants. Gut Microbes 4, 243–253
(accessed Dec 2017);
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Welch et al. (2010) Guidelines for the Design, Conduct and Reporting of Human Intervention
Studies to Evaluate the Health Benefits of Foods. Br J Nutr 106(S2), S3-S15 (accessed Dec
2017);
WMA Declaration of Helsinki: Ethical Principles for Medical Research Involving Human
Subjects (accessed Dec 2017);

5.3. Further open access scientific literature (see References for further reading)











Balentine et al. (2015) Recommendations on reporting requirements for flavonoids in research.
Am J Clin Nutr 101, 1113–1125 (accessed Dec 2017);
Brandenburger and Birringer (2015) European health claims for small and medium-sized
companies – Utopian dream or future reality? Functional Food in health and Disease 5, 44–56
(accessed Dec 2017);
Hegyi et al. (2015) Needs and difficulties of food businesses in the substantiation of health and
nutrition claims. Proceedings in Food System Dynamics 2015 (accessed Dec 2017);
Gallagher et al. (2011) A Standardised Approach Towards PROving the Efficacy of Foods and
Food Constituents for Health Claims (PROCLAIM): Providing Guidance. Br J Nutr 106, S16–
S28 (accessed Dec 2017);
Gavrieli et al. (2014) Dietary Monitoring Tools for Risk Assessment. EFSA supporting
publication 2014: EN-607 (accessed Dec 2017);
Johnston and Guyatt (2016) Best (but oft-forgotten) practices: intention-to-treat, treatment
adherence, and missing participant outcome data in the nutrition literature. Am J Clin Nutr
104(5):1197-1201.
Richardson and Eggersdorfer (2015) Opportunities for product innovation using authorised
European Union health claims. Int J Food Sci Tech 1, 3-12 (accessed Dec 2017).

5.4. Miscellaneous











CODEX website - rules and guidelines for research
http://www.codex.vr.se/en/index.shtml (accessed Dec 2017);
Equator Network - Research ethics, publication ethics and good practice guidelines
http://www.equator-network.org/library/research-ethics-publication-ethics-and-good-practiceguidelines/ (accessed Dec 2017);
European Science Foundation Policy Briefing 10 - Good scientific practice in research and
scholarship
http://archives.esf.org/fileadmin/Public_documents/Publications/ESPB10.pdf (accessed Dec
2017)
Overview on randomisation software and services
https://www-users.york.ac.uk/~mb55/guide/randsery.htm (accessed Dec 2017);
PROSPERO international prospective register of systematic reviews
http://www.crd.york.ac.uk/PROSPERO (accessed Dec 2017);
Examples of sample size and power calculator tools
http://biomath.info/power (accessed Dec 2017);
http://homepage.stat.uiowa.edu/~rlenth/Power (accessed Dec 2017);
Example of research protocol template
Template from the Academic Hospital Maastricht – Maastricht University medical ethics
committee (accessed Dec 2017).
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6. Conclusions
If a health claim (Article 13.5 or 14) is to be positively evaluated by EFSA, the specific relationship
between the food/food constituent and the claimed effect should be established, based on all
robust and scientifically valid data existing. The scientific evidence should be carefully weighed. If
no or insufficient data are available, it is essential to run well-designed, high-quality dietary
interventions that can contribute to the evidence base.
The PATHWAY-27 Consortium hopes that the present Scientific Guidelines will contribute to the
design of human dietary RCTs of sufficient quality, thus optimising the use of human,
environmental, and financial resources. Dietary interventions should ideally be double-blind,
randomised, placebo-controlled trials, with a (bio)statistician involved from the very beginning.
Participant recruitment can be a challenge and thus needs to be assessed realistically. The study
duration needs to be given due thought in order to balance the trade-off between demonstrating a
sustained physiologically beneficial effect on the one hand, and achieving sufficient compliance on
the other. Conclusions must be supported by the facts (data), relate directly to the hypothesis, the
dose of test food/food constituent and the study population, and focus on the primary outcome(s).
Results should be interpreted with care and objectivity. One should consider whether any effects
observed are clinically meaningful, recognise and discuss potential limitations, and avoid
inappropriate generalisation of the findings.
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