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Abstract The recently completed EU-funded BACCHUS Integrated Project (grant number:

312090) has focused on identification of cause-and-effect relationships between

consumption of bioactive peptides and polyphenols and physiological effects on

cardiovascular health. An important BACCHUS output is a toolkit to support

the needs of small- and medium-sized enterprises (SMEs) in the food sector

considering making health claims on their products. The toolkit draws together

best practice guides, a bioactives database, an intake assessment tool and an

e-learning platform. This paper focuses on the Best Practice Guide for Human

Dietary Intervention Studies. The toolkit has been developed with SMEs in mind

but this guidance is likely to have value far beyond the needs of businesses, in

particular being a useful resource for students, early-career scientists and others

new to the design and implementation of dietary intervention studies. The aim of

this article is to share the principles of the guide with a broader audience.
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Introduction

A Regulation on Nutrition and Health Claims [Regu-

lation (EC) No. 1924/2006] (European Commission
2007) came into force in the European Union (EU) in

2007 (Buttriss 2015). Health claims on food products

aim to inform the public about the health benefits of
the product. The Regulation is designed to protect

consumers against misleading claims, by ensuring that

nutrition and health claims used in Europe are

scientifically valid, harmonise claims made across the
EU and encourage innovation in the food industry.

The Regulation covers all foods, drinks and dietary

supplements sold in the EU. It applies to all commer-
cial communications including the food label itself,

advertorials and other promotional materials. The

claim must apply to the product as consumed, pre-
pared according to the manufacturer’s instructions

and the effects described in the claim must be under-

standable to consumers.
The European Food Safety Authority (EFSA), an

independent scientific body whose role is to provide

scientific advice to the European Commission (EC),
carries out the scientific assessment of evidence for

health claims. The role of EFSA in risk assessment is

separate from the role of the EC in risk management.
In the context of health claims, this means that, at the

request of the EC, EFSA provides a scientific opinion
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on the evidence in support of a specific claim, which

the EC then uses to decide whether to accept or
reject a claim, alongside consideration of anticipated

consumer understanding of the claim.

The 4-year BACCHUS project (grant number:
312090) was funded by the EU to develop tools and

resources that will facilitate the generation of robust

and exploitable scientific evidence that can be used
to support claims of a cause-and-effect (note that

text in bold and italics is defined in a glossary at the

end of the paper) relationship between consumption
of bioactive peptides and polyphenols and beneficial

physiological effects related to cardiovascular health

in humans. A focal point of the project is a toolkit
that has been developed to meet the needs of food-

based small- and medium-sized enterprises (SMEs),

especially those seeking practical guidance on devel-
opment of successful health claim dossiers (www.

bacchus-fp7.eu/Resources/). Online surveys and one-

to-one discussions were utilised to evaluate the toolkit
throughout its development to ensure that it meets

the needs of the end user. The individual components

of the toolkit includes a Best Practice Guide for
Health Claims (production of which was led by the

British Nutrition Foundation), presented in two parts.
Part I contains information that relates to the

topic of health claims in general and part II covers

areas that specifically relate to the BACCHUS project
[i.e. claims related to polyphenols, bioactive peptides

and cardiovascular disease (CVD)]. The Guide

focuses on official regulations and guidance docu-
ments from the EC and EFSA, as well as looking at

the outcomes of assessments of relevant claims appli-

cations by EFSA and subsequent approval or rejec-
tion by the EC. It also contains a health claims

template that outlines the information needed for a

dossier, which is intended to provide a first step in
collating the information required to prepare a health

claim dossier.

Also included in the toolkit are the eBASIS bio-
actives database (developed by Institute of Food

Research, University College Cork and EuroFIR), the
eBASIS-Creme intake assessment tool (developed by
Creme Global and EuroFIR), the Best Practice Guide
for Human Dietary Intervention Studies (developed by

University College Cork and the main subject of this
paper) and an e-Learning platform (developed by

Wagralim). The toolkit components have been

brought together on the BACCHUS website, with the
resources available via registration (www.bacchus-

fp7.eu). When the project ends, the resources are to be

maintained publicly beyond the lifespan of the project

through a dedicated microsite that will be maintained
and hosted by EuroFIR (www.eurofir.org).

Pertinent studies in humans are an absolute

requirement for the scientific substantiation of health
claims, and pertinent human efficacy studies are at

the top of the hierarchy that informs decisions on sub-

stantiation (EFSA 2016). Dietary intervention studies
must be well designed in order to optimise the quality

of the data they provide. A key component of the

EFSA health claim evaluation process is the provision
of robust evidence clearly demonstrating a physiologi-

cal cause-and-effect relationship, which is clinically

relevant to human health from at least one well-
designed dietary intervention study or randomised

controlled trial (RCT). In addition to the food or food

constituent under review being comprehensively char-
acterised, all data must be sufficiently detailed to iden-

tify the strength, consistency, specificity, dose–
response and biological plausibility of the proposed
relationship between food and health.

The Best Practice Guide for Human Dietary Inter-
vention Studies features a comprehensive set of guide-
lines that consider the major design elements of

dietary interventions with a view towards identifying
optimal approaches, as well as identifying gaps and

challenges in developing protocols for dietary inter-

vention studies. This user-friendly resource was devel-
oped for SMEs to support the submission of a health

claim for foods/food-derived bioactives related to car-

diovascular health. Guidance is provided at an intro-
ductory but comprehensive level and is based on

authoritative sources, as well as the experience of the

authors who led the human studies work package
within the BACCHUS project. BACCHUS scientists

undertook six randomised placebo-controlled dietary

intervention studies investigating the effects of fruit-
derived polyphenols and bioactive peptides on CVD

risk, using validated biomarkers and established risk

factors for disease. Every step of these dietary inter-
vention studies (from concept to dissemination) has

been subject to critical evaluation and governance, in

line with the principles of Good Clinical Practice
(GCP) and the EFSA evaluation process for the

substantiation of a health claim, which in turn

has provided the basis to establish this guidance
document for the design of future food-based dietary

interventions.

Although the primary audience for the toolkit is
SMEs considering using or applying for health claims,

we realise that this guidance is likely to have value far
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beyond the needs of businesses, in particular being a

useful resource for students, early-career scientists and
others new to research of this nature. The aim of this

article is to share the principles of the guide with a

broader audience.

Key principles for designing a dietary
intervention study

Dietary intervention studies must be well designed in
order to yield robust results appropriate for the sub-

stantiation of a health claim. Prior to commencing

any clinical study, investigators must determine the
appropriate study design to answer their scientific

question or hypothesis. Aspects such as ethics, the

selected population group, the study treatment, the
outcome of interest, as well as the resources available

must also be considered.

A well designed study will clearly identify an expo-

sure (e.g. amount consumed per day) and the
outcome in an objective and quantifiable manner

(e.g. a reduction in blood pressure) to answer a

defined study hypothesis. Multiple stages are involved
in the planning of a dietary intervention study (see

Fig. 1).

1. Define the study objective and hypothesis

The preparation for a human dietary intervention

study begins with the development of a research

question or hypothesis. A study hypothesis is defined
as a concept that can be tested in a study or devel-

oped as a result of a study. Hypothesis development

starts with the collection of background information
linked to the area of interest (e.g. studies linking

polyphenols with cardiovascular health).

Define study objective 
and hypothesis

Select primary outcome

Define the study 
population 

Selection of study design

Define/characterise 
study treatments 

Develop study protocol 

Calculate sample size

Estimate study costs

Achieve ethical approval

Implement study

Ethical 
considerations

and review

Ensure adequate 
funding/resources

Figure 1 Flow chart of study design for a dietary intervention study.
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Example of a study objective from the BACCHUS
project

The Flavascular Study is a dietary intervention to
assess the effects of apple-derived polyphenols on

CVD risk.

Background from published literature
Apples contain high quantities of flavanols (epicate-

chin, catechin and procyandin oligomers) and there

is good evidence that consumption of these fla-
vanols can reduce CVD risk. However, there are no

reported data from RCTs investigating the effects

of consuming flavanol-rich apple products on CVD
risk. Also, there is an on-going debate as to

whether the CVD-protective effects of flavanols are

due to the monomers (e.g. epicatechin) or the pro-
cyanidins, or a combination of both.

Generation of the study objective
To investigate whether consuming apple-derived

polyphenols can reduce CVD risk by reducing blood

pressure and to differentiate between the cardio-
protective effects of epicatechins and procyanidins.

2. Evaluate the scientific evidence

The first step in validating reasoning for the investiga-
tion is to complete a thorough review of published lit-

erature. This will assist in defining the study rationale,

objectives, outcomes and required participant charac-
teristics. Current knowledge in the field may highlight

gaps that require addressing or challenges that the

proposed study might encounter, which may influence
study design and protocol development.

Why are human intervention studies required to
establish scientific evidence?

Well designed and conducted dietary interventions/RCTs

exist as the gold standard for testing the efficacy and

safety of foods and their components. Studies in human
volunteers can be classified as either interventional (ex-

perimental) or non-interventional (observational; see

Fig. 2). The US National Institute of Health defines an
interventional study as one in which ‘participants receive

specific interventions according to the research plan cre-

ated by the investigators’. In observational studies, there
is no intervention; participants are observed and evalu-

ated for exposures and outcomes encountered, as part of

the natural course of their lives (Ho et al. 2008).

Randomised controlled trials/dietary intervention
studies

Dietary intervention studies and randomised con-

trolled trials (RCTs) or clinical trials are terms used
interchangeably within this guide. Dietary intervention

studies are conducted in exactly the same way as clini-

cal trials testing pharmaceutical agents, but have fewer
legislative requirements as dietary intervention studies

use food or food-derived components as opposed to

de novo compounds. Dietary intervention studies are
considered the ‘gold standard’ for testing a hypothesis

(e.g. evaluating a given treatment) and represent the

definitive assessment tool or validation for establishing
causal relationships between food components and

health and disease risks in humans (Yao et al. 2013).
The pros and cons of intervention studies are sum-
marised in Table 1.

There are two types of intervention study: clinical

trials, where the main aim is to assess the value of
new forms of treatment; and field trials, where the

objective is to evaluate whether an intervention

decreases the risk of disease among disease-free peo-
ple. For further information on study types, see link

from the International Agency on Research for Can-

cer (IARC) (2015) (www.iarc.fr/en/publications/pdfs-
online/epi/cancerepi/CancerEpi-5.pdf).

Observational studies

Observational studies (cohort studies and case–control
studies) are useful for understanding relationships

between food and health and disease risk. Prospective
cohort studies follow a group of individuals into

the future to observe whether those that are exposed

to certain factors develop a certain disease or
specific outcome (e.g. the Framingham Heart study;
www.framinghamheartstudy.org). Observational stud-

ies are important for examining associations and
for hypothesis generation (AbuMweis et al. 2010).

Prospective cohort studies are one step below dietary

intervention studies in the hierarchy of evidence and
while they are of immense value in nutrition and

health research, they are not capable of providing

definitive evidence of a cause-and-effect relationship.
The pros and cons of observational studies are sum-

marised in Table 2.

Animal and in vitro studies

While animal studies and in vitro models provide
valuable underpinning data to elucidate the biological
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plausibility and mechanistic action of a food or food

constituent, they are not capable of demonstrating effi-

cacy in humans.

How to identify studies

Systematic approaches for conducting a literature

search are outlined in Figure 3 and further guidance

can be found at www.bacchus-fp7.eu/Resources/. All
studies (including studies reporting null findings)

should be considered and used to support the hypothe-

sis or research objective. A review of published studies
is also required when seeking ethical approval to con-

duct the study.

3. Select the primary study outcome

All study outcomes must be clearly defined, reliable,
sensitive, accurate and feasible to measure. They

should also should be validated and recognised by

the wider scientific community including EFSA.

The primary study outcome should answer the principal

research question upon which the design of the study is
based. Dietary interventions testing the efficacy of foods

should include validated endpoints. For cardiovascular

health, examples of study outcomes/surrogate endpoints
include blood pressure, endothelial function and blood

Figure 2 Types of study design [reproduced from Israni (2007) with permission].
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lipids (e.g. cholesterol). Outcomes should be clinically

significant in terms of health, relate to the health claim
being sought and should aim to add independent infor-

mation about health or a disease risk.

In the BACCHUS project, study outcomes for diet-
ary interventions were selected on the basis of their

clinical significance for cardiovascular health as well

as whether their scientific validity had already been
accepted by EFSA.

For further information relating to the selection

of cardiovascular outcomes, see Guidance on the
scientific requirements for health claims related to
antioxidants, oxidative damage and cardiovascular
health (EFSA 2011) (www.efsa.europa.eu/sites/default/
files/scientific_output/files/main_documents/2474.pdf).

Also for study design, see Kendall (2003).

4. Define the study population, and inclusion and
exclusion criteria

EFSA requirement for health claim evaluation:

inclusion of at least one study in a suitable study
group

These are the population group/individuals to whom

the results of the study will apply. Justification for
the target population should be guided by previously

published research (e.g. why study populations with

a mildly elevated blood pressure were selected
instead of adults with a normal blood pressure).

Table 1 Main advantages and disadvantages of intervention studies

Advantages Disadvantages

Investigators have the capacity to

evaluate cause-and-effect as well

as dose–response relationships

Dietary intervention studies are

typically more expensive and

time-consuming to perform than

observational studies

Generally, dietary intervention

studies have stringent selection

criteria to ensure subjects are

comparable in most respects,

thereby reducing confounding

influences and isolating effects of

the intervention (Besen & Gan

2014)

They require uniquely trained

research and medical staff and

considerable expertise

By reducing biases and having

extensive control over the

process, causality of an

intervention on a defined

outcome can be effectively

determined

The applicability of study results to

real-world situations may be

limited by study population

characteristics, procedures

implemented or outcomes

measured

Table 2 Main advantages and disadvantages of observational studies

Advantages Disadvantages

Multiple endpoints can be studied

at one time

Time-consuming; participants may be

followed for many years

A temporal relationship can be

examined

Require a large sample size and is

expensive to run (resource intensive)

Can be used as evidence to

support the rationale for a

study

Participants may change their behaviour

over time or lose interest in

participating in the study

Identify any gaps in the available evidence.  Consider the type and amount of research which would be 
required to fill those gaps

Scientific judgement of the evidence – do outcomes describe a beneficial physiological effect? 

Rationale for biological plausibility (provision of mechanisms of action)

Assess quality of individual dietary intervention studies (low risk of bias, dose–response data, 
mechanism of action investigated, safety)

Present the 'totality of the evidence':  include all studies (including studies reporting  findings not in 
favour of claim)

Exploratory review of literature (human, in vitro, animal studies)

Figure 3 A systematic approach to evaluating scientific evidence (adapted from an EFSA webinar ‘Webinar on scientific aspects to consider when preparing

health claim application’, 10 March 2016). For additional guidance on the evaluation of scientific studies follow the links to EFSA Webinar on scientific aspects

to consider when preparing health claim application, 10 March 2016 (www.efsa.europa.eu/sites/default/files/160310-p.pdf) and EFSA General scientific guidance

for stakeholders on health claim applications (EFSA 2016) (www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/4367.pdf).
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Previous studies will help to define inclusion and
exclusion criteria for the recruitment of participants to

the study. Inclusion criteria should ensure that the

population of interest is clearly defined, while exclu-
sion criteria should not be unduly restrictive as to

increase the difficulty in recruiting the required num-

ber of study participants by excluding otherwise will-
ing volunteers (AbuMweis et al. 2010).

Various factors must be considered when establishing

inclusion and exclusion criteria including: ranges for
age, gender, ethnicity, bodyweight/BMI, smoking sta-

tus, medication use, medical history, use of nutritional

supplements, alcohol/caffeine consumption, level of
physical activity and baseline levels of biochemical

markers (e.g. blood lipids). The identification of rele-

vant confounding influences is crucial for the develop-
ment of exclusion criteria, which would deem certain

individuals ineligible to participate in the study

(AbuMweis et al. 2010).

An example of study criteria from the BACCHUS
project

The Cardio-Protein Study is a dietary intervention
investigating the effect of egg-white derived pep-

tides on blood pressure (BP) (primary outcome)

and CVD risk.

Context: Animal data indicate a BP lowering effect

of egg-white derived peptides in rats with elevated

BP, but no reduction in BP was observed in rats
with normal BP.

Study design: A two-arm, crossover, randomised,

double-blind, placebo-controlled RCT.

Study population:
Inclusion criteria

• Caucasian men and women, aged 50–65 years, in

good general health (an age group deemed at risk

of developing hypertension)

• A high-normal Systolic BP: 130–149 mmHg

(volunteers presenting with >150 mmHg were

referred to GP as may be hypertensive)

• BMI: 25.0–35.0 kg/m2

• Informed consent to participate in study provided

Exclusion criteria

• Current smokers

• Diagnosed hypertension, history of CVD, dia-
betes mellitus (types 1 and 2)

• Depressed or elevated BP (systolic/diastolic: <95/

55 mmHg or >150/90 mmHg)

• Medication use: anti-hypertensives, vasodilators,

and lipid lowering therapies

• Egg allergy

Figure 4 Parallel study design vs. crossover study design
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5. Select study design type and randomisation

Dietary interventions studies are generally either a

parallel arm or crossover design (see Fig. 4). Parallel

study design involves participants taking part in
only one intervention condition/treatment, with

different groups of volunteers receiving different

interventions (Margetts & Rouse 1997). An example
of a parallel design study from the clinical trials

registry (Clinicaltrials.gov) can be found here: https://

prsinfo.clinicaltrials.gov/trainTrainer/Parallel-Design-
Fiction-Manuscript.pdf (Table 3).

A crossover study design typically involves each par-

ticipant serving as his/her own control, thus participat-
ing in all (two or more) interventions, ideally separated

by washout periods. A washout period is a specified

amount of time where the study participant does not
consume any treatment product. Washout periods are

important to minimise potential carry-over effects

between study interventions (AbuMweis et al. 2010). A
carry-over effect is where the response of a treatment

from a previous intervention period affects the response

of the subsequent intervention period (Margetts &

Rouse 1997). The main advantage of a crossover design
as compared to a parallel study design is the stronger

statistical power achieved by conducting all treatments

on the same individual; this eliminates interindividual
variation and thus reduces the overall sample size

required (Elbourne et al. 2002). An example of a

crossover study design from the clinical trials registry
(Clinicaltrials.gov) can be found here: https://prsinfo.

clinicaltrials.gov/trainTrainer/Crossover-Design-Fiction-

Manuscript.pdf (Table 4).

Randomisation

Participants are randomised to receive the treatment

(‘intervention group’) or not receive the treatment
(‘control group’). Both study arms (sometimes there

are more than two) are followed in an identical man-

ner and analysed for differences in outcomes.
Random allocation ensures that assignment to a

treatment is determined by chance and is not influ-

enced subjectively by investigators or participants.
Randomisation is a formal process and simply assign-

ing individuals as recruited to one or other groups is

not random. Ideally, randomisation of the study par-
ticipants should be carried out by an independent per-

son (not involved in conducting the study) to ensure

researchers are blinded to the randomisation process
and to prevent bias.

Randomisation ensures that any confounding vari-

ables are assigned without bias between groups. If
conducted properly, intervention and control groups

would be similar in all respects apart from the expo-

sure under investigation [for a review of this area, see
Suresh (2011)].

Types of randomisation

• Simple randomisation involves randomising a study

participant to a treatment based on a single sequence
(e.g. flipping a coin, heads – treatment, tails – con-
trol). A disadvantage is that unequal samples might be

created, especially in studies with a small sample size.

• Block randomisation ensures there are equal num-

bers in both the treatment and control groups through

the creation of blocks of samples (e.g. n = 4, 6 or 8)
by the researcher. This method is used to ensure a bal-

ance in sample size across groups over time. Blocks

are small and balanced with predetermined group
assignments, which keeps the numbers of participants

in each group similar at all times.

Table 3 Comparison of strengths and limitations of parallel studies

Strengths of a parallel study Limitations of a parallel study

Studies can be of a shorter duration

and results can be generated

more swiftly compared with a

crossover study

No risk of a ‘carry-over’ effect

Drop-out rates may be reduced

due to the shorter study time

frame

A parallel study can require four to

ten times as many participants as

a corresponding crossover study

in order to achieve the same

statistical power (Garcia et al.
2004)

The costs associated with

implementing a parallel study are

significantly greater due to the

larger sample size required

Table 4 Comparison of strengths and limitations of a crossover

study design

Strengths of a crossover study Limitations of a crossover study

A smaller sample size is required

compared to a crossover study

while maintaining statistical

power. A smaller sample size

reduces recruitment efforts and

resources required. This is

important for studies that have

difficulty recruiting participants

due to a narrow selection criteria

(AbuMweis et al. 2010)

More time-consuming than a parallel

study, as each participant must

complete all intervention periods

Participant drop-out rates may be

increased due to the prolonged

nature of the study

The need for washout periods,

which are necessary to rule out

any carry-over effects
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• Stratified randomisation involves the creation of
strata, which groups individuals according to a certain

characteristic (e.g. age). This stratified randomisation

method controls for the possible influence of covari-
ates that could jeopardise the conclusions of the

research. For example, age may be a confounding

variable and influence the outcome of the research.
Stratified randomisation can balance the control and

treatment groups for age or other identified covariates.

• Covariate adaptive randomisation is when a new
participant is sequentially assigned to a particular

treatment group by taking into account specific

covariates and the previous assignments of other
participants.

6. Select and characterise study treatments

When selecting suitable study treatments, subject-

related factors such as age, gender, health status, as
well as intervention characteristics, such as the form

and vehicle of the food constituent under investiga-
tion, must be considered (AbuMweis et al. 2010). In

addition, the dose, frequency and diurnal timing of

intake of the food/food component within the dietary
intervention also merit review.

Selection of the study treatment product

(1) The food/constituent investigated should com-
ply with the specifications of the food/con-

stituent for which the claim is proposed.

(2) If test and control foods differ in characteristics

other than the food/constituent, it could affect

the claimed effect (e.g. dark vs. white chocolate).

EFSA Journal 2016; 14(1):4367 p13-14

Inclusion of a comprehensive food characterisation of

study products is essential for the substantiation of a

health claim; this includes data on the physical and
chemical attributes, nutritional composition, manufac-

turing processes, batch variability and safety data (see

Fig. 5). Without adequate characterisation of the
active constituent, a claim application is likely to be

rejected (i.e. receive a negative opinion) regardless of

the quality of the scientific evidence. Additional
practical aspects, which should be considered, include

shelf-life stability, microbiological safety, nature of the

product, consumer acceptability, suitability as a study
treatment, packaging, logistics and costs. The impor-

tance of carefully considering study products is dis-

cussed in more detail in the Best Practice Guide for
Health Claims (www.bacchus-fp7.eu/) and is stressed

in the recently updated EFSA guidance for health

claims applicants (EFSA 2016).
In addition, information on the digestive and absorp-

tive processes and the bioavailability of the food com-

ponent within the chosen food matrix should also be
considered. Bioavailability is the degree to which a

food/food constituent becomes available to the target

tissue (i.e. intestines for absorption) after administra-
tion. Assessing the bioavailability of the active food

constituent within the given food matrix, perhaps using

animal studies, is an important exercise prior to

Figure 5 Characterisation of study treatments.
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utilising it in a human study. Finally, further in vitro/
mechanistic work or animal studies may be required to
demonstrate potential biological mechanisms of action.

Selection of a dosage regimen

Studies are designed to include either a single dose or
multiple (dose–response) treatment arms. Study doses

should be clearly defined, relevant to the study out-

come and the health claim and based on previous sci-
entific evidence where possible. Choosing the amount

of the active food ingredient and the frequency of con-

sumption should involve consideration of efficacy,
safety and the feasibility of incorporating a minimum

effective amount into usual consumption patterns.

The maximum effective amount of an active food
ingredient, above which there is no further improve-

ment in efficacy should be based on a previously estab-

lished dose–response relationship. Dose–response
ranges should be wide enough to demonstrate the bio-

logical effect (AbuMweis et al. 2010). Most impor-

tantly, the dosing regimen should answer the following
question – ‘can such a dose/amount of food constituent

be reasonably consumed within the context of a bal-

anced diet?’ – this is an important consideration when
compiling evidence to support a health claim.

Prior to conducting a human study, it is critical to

establish a comprehensive safety profile for the food/
food component under review. Dose–response extrapo-

lation from animal or observational study data should

be carried out with caution (AbuMweis et al. 2010).
Safety trials carried out in animal or in vitro studies

include tests for absorption, metabolism, excretion and

the kinetics of the compound. Once safety has been
established, a dietary intervention study can be used to

further corroborate the absence of any adverse effects.

The blinding of study treatments

Use of a placebo control: the placebo product should

be similar in appearance and taste to the treatment

but void of the active ingredient. The use of a placebo
within a study enables blinding of both participants

and researchers. Blinding reduces the likelihood that

the behaviours of subjects or investigators could
influence the results of the study. In a single-blinded

study, subjects are unaware of their treatment status;

whereas in a double-blinded study, both the investiga-
tors and the subjects are unaware of which interven-

tion receive. The creation of a true placebo in

food-based intervention studies can be particularly
challenging, as it can be difficult to mask many food

constituents due to their unique taste, sensory charac-

teristics or colour. A further obstacle unique to dietary

studies is that the addition of a food constituent may
cause an imbalance in dietary intakes of macro-/micro-

nutrients between groups. Thus, efforts should be

made to match the control diet with the experimental
diets in terms of total nutrient and energy intake.

7. Develop the study protocol

A ‘study protocol’ document describes in detail the
plan for conducting the study. The study protocol

explains the purpose and function of the study, as well

as how to implement the study (see Fig. 6).
A study protocol includes a detailed description of the

hypothesis, objective, outcomes, the study products, the

study population, inclusion and exclusion criteria, calcu-
lation of sample size with scientific justification, plans for

ethical governance, a detailed description of study visits

and estimation of resources and equipment required. In
addition, during this stage, standard operation proce-

dures (SOPs) and questionnaires are prepared for assess-

ments at study visits, data handling and protection,
sample collection and bio-banking, laboratory analysis

and statistical analysis (Sakpal 2010). The use of a

SPIRIT (Standard Protocol Items: Recommendations for
Interventional Trials) check-list ensures that all key study

design elements have been considered. SPIRIT is an inter-

national initiative that aims to improve the quality of
clinical trial protocols by defining an evidence-based set

of items to address in a protocol. For further information

see www.spirit-statement.org/. The phases within a diet-
ary intervention study are outlined in Figure 7.

Figure 6 Components of a study protocol (SOPs: standard operating

procedures)
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Estimation of study costs

The development of a well-defined protocol aids the

estimation of resources, training and equipment
required. An adequate funding source should be

secured in advance of study planning, with potential

to accommodate unanticipated cost overruns. It is crit-
ical that human and infrastructural resources are

planned well in advance of the study being launched.

Selection of study duration

Appropriate study durations should confirm that effi-

cacy is demonstrated and, if desired, a sustainability of

effect is established. Prolonged interventions over several
months can be linked with higher costs, greater dropout

rates, diminished compliance and logistical hurdles – all

factors which render extended interventions prohibitive.
Aside from budget and resource availability, other key

factors for the selection of optimal study length include

the amount of time required to reach a stable effect on
endpoint/outcome measures (i.e. to capture as significant

a biological effect as is feasible) and the acceptability of

the dietary treatments and dietary restrictions over a
prolonged period (AbuMweis et al. 2010).

Assessment of participant compliance with a study
protocol

Participant compliance with study treatments (e.g. con-
sumption of the test product) is essential to ensure the

validity of results. Monitoring participant adherence to
dietary treatments is important to ensure that a lack of

compliance is not the cause of any observed effect

(Kehoe et al. 2009). Dietary assessments, compliance
questionnaires, pill-counting, and if possible, measure-

ment of specific blood, urine and faecal biomarkers of

exposure can be used to assess compliance.

Control of background diet

For studies involving dietary intervention, intakes of

certain foods may be restricted for the duration of the
study. Several regimens may be used to control for

background diet ranging from free-living (no controls

imposed) to a partially controlled or a metabolically
controlled regimen, where participants are required to

consume their dietary interventions under the daily

supervision of the research team which can be restric-
tive and labour intensive for both the study participant

and researcher (Margetts & Rouse 1997).

8. Calculate sample size

Determining the appropriate sample size (i.e. the mini-

mum number of study participants required to detect a

scientific effect when one exists) is a vital element of
study design and is based on the primary study out-

come. Incorrect sample size estimations may lead to

serious flaws in study design and ultimately failure to
correctly identify efficacious treatment. The compo-

nents required to calculate sample size for a randomised

dietary intervention are the statistical power and the
level of statistical significance, the likely size of the

treatment effect sought and its variability (Noordzij

et al. 2010). This information can be established using
data from previous studies or by review of relevant pub-

lished studies in the area. Crossover and parallel designs

use a different formula for sample size estimation; thus,
it is desirable to consult an experienced statistician

when estimating sample size (Sakpal 2010).

Notes on estimating sample size

In an intervention, the default assumption is ‘no

effect’. Thus, the intervention seeks to reject the

default or Null Hypothesis (H0), which states that

Figure 7 Example timeline of a dietary intervention study (parallel design)
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there is no relationship between the treatment

and observed effects, and accept the Alternate
Hypothesis (H1), which states there is a relationship
between treatment and observed effects.

A Type I error occurs when the null hypothesis is

wrongly rejected, stating that there is a relationship
between the treatment and observed effects when

this is untrue (‘false positive’).

A Type II error occurs if the null hypothesis is
incorrectly retained when a relationship between

the treatment and observed effects exists (‘false neg-

ative’). Errors in sample size calculation may
involve sample size under-estimation, where the

sample size selected is less than that required to

detect an effect of treatment on the specified out-
come when it exists (i.e. insufficient statistical

power). In other words, under-estimation of sample
size might result in a type II error (failure to see a

statistically significant effect where one would exist

had there been sufficient statistical power).

The level of statistical significance is the probability of

observing an effect given that the null hypothesis is
true and is typically set at 5% (0.05) or less. The risk

of a Type I error is inversely proportional to the level

of statistical significance. Statistical power is deter-
mined by sample size and should not be less than

80%. The risk of a Type II error is directly propor-

tional to sample size.
Information about expected response differences

between the treatment and control groups can be

obtained from previous studies conducted using a simi-
lar treatment. If there have been no previous studies, a

feasibility study may be conducted. A feasibility study is

a study conducted on a smaller scale to guide decisions
on appropriate sample size and study design for the

main study (Arain et al. 2010). Other factors that

should be considered include the clinical importance/
meaningful difference, which require defining the differ-

ence between test and reference treatments that could

be considered clinically meaningful. This threshold fig-
ure is, at times, not readily available and should be

decided based on clinical judgment (Sakpal 2010).

Example power calculation

Primary outcome measure for this parallel study is

LDL cholesterol (LDL-C).

Background: Data from previous studies at the Insti-

tute of Food Research (BASH study 12/EE/0313 and

The DVH study 09/H0311/96) suggest that baseline
values of LDL-C for a population not dissimilar to

that which we plan to include ranging from 2.05 to

6.16 mmol/l (n = 57). Data from the literature (two
studies) investigating the effects of anthocyanins on

LDL-C, report mean levels ranging from 3.10 to

3.36 mmol/l (n = 15) and from 3.13 to 3.44 mmol/l
(n = 25).

(1) The sample size calculation will assume a base-
line LDL-C of 3.23 mmol/l.

The standard deviation of longitudinal differences

in LDL-C reported in these studies ranged between
0.41 and 0.94 mmol/l. The lower value is consis-

tent with the pooled standard deviation in the lon-
gitudinal difference in LDL-C of 0.41 mmol/l

reported in another study on flavan-3-ols.

(2) The sample size calculation will assume a stan-
dard deviation of the paired difference in LDL-

C of 0.41 mmol/l

The final component of a power calculation refers

to the effect size that one would predict. Previous

studies displayed reductions of 8.6%–21.2%,
whereas other studies showed reductions in LDL-C

associated with anthocyanins and flavan-3-ols of

13.8% and 5.2% respectively. Doses of test prod-
ucts vary enormously and so a conservative esti-

mate of a 5% decrease (=0.16 mmol/l) will be

used, considering our dose of 50 mg of antho-
cyanin/day. This is less than 10% of the typical

reduction in LDL-C associated with statins

(1.8 mmol/l) reported in a meta-analysis.

(3) The sample size calculation will assume a

paired difference in LDL-C of 0.162 mmol/l.

Sample size has been powered on the primary out-

come (LDL-C) using a one-sided paired comparison

for 5% significance and 80% power – the number
of participants required is 42.

Sample size calculator: A free tool for calculating

the sample size for human studies developed by

Massachusetts General Hospital, Biostatistics Centre,
Boston, US, can be found at www.hedwig.mgh.harvard.

edu/sample_size/size.html.
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Dropouts: While sample size estimation will provide

the number of participants required to complete a
study to achieve the desired statistical significance for

a given hypothesis, in practice, more participants

(10–20%) should be enrolled to account for potential
dropouts. A participant may decide to discontinue

with a study for a variety of reasons, such as

adverse response to the treatment/placebo, illness or
personal reasons (e.g. time commitment). If a partici-

pant decides to discontinue with a study, they are

considered a ‘study dropout’. Study dropouts can
reduce the statistical power of the study and, there-

fore, must be accounted for when designing a study.

One way to overcome this is through the recruitment
of additional participants. Sample size calculations

can be adjusted to account for dropouts (Sakpal

2010).

Adjusted sample size calculator

n = sample size required; d = dropout rate;

N1 = adjusted sample size

N1 = n/(1 � d)

Note – the prediction of a potential dropout rate

should be realistic as the over-recruitment of partic-
ipants to participate in a study protocol may vio-

late ethical considerations.

9. Consider ethical issues and governance

All dietary intervention studies in humans must

achieve ethical approval prior to the screening and
recruitment of participants. The ethical review of a

research study is an important way of protecting indi-

viduals from harmful or poorly designed studies and
ensuring that participants are properly informed of the

nature of the research to which they are consenting. A

detailed study protocol providing comprehensive data
about the proposed study is submitted to a relevant

institutional ethical governing body for a thorough

review and, on these grounds, a decision is made as to
whether or not a study can proceed. All study proto-

cols should be designed and implemented in accor-

dance with the principles of GCP and incorporate a
monitoring system for the assessment of quality con-

trol throughout the study. An introductory tutorial on

ethics in research is at www.cirt.gcu.edu/research/
developmentresources/tutorials/ethics.

Information usually required for an ethical
submission for a dietary intervention study:

• governance details, including CV of the Principal
Investigator;

• details of indemnity, sponsorship and regulatory

and institutional approval;

• background/literature review and rationale for the

study hypothesis;

• study objectives and outcomes;

• detailed study design;

• description of the study population, inclusion and

exclusion criteria;

• recruitment strategies and materials to be used for

recruitment;

• description of study treatments (including safety
data);

• description of participant contacts, screening and

study visits;

• details of roles and responsibilities of study partici-

pants;

• clarification that study will be conducted in accor-
dance with the principles of GCP, description of GCP

compliant systems, processes and training;

• plan for biobanking and biochemical analysis;

• data protection plan and and statistical analysis;

• roles and responsibilities of the study team;

• safety issues/foreseen risks/safety monitoring (e.g.
biochemical) and adverse events;

• study monitoring and data monitoring;

• all questionnaires, materials and participant infor-

mation leaflets, consent forms and permitted contact

scripts, either by phone, SMS or email.

Good clinical practice

GCP by the International Conference on Harmoniza-

tion (ICH) is an international standard for the design,

conduct, performance, monitoring, auditing, record-
ing, analyses and reporting of human clinical trials

(including dietary intervention studies). Researchers

must protect the health, privacy and dignity of study
participants through the use of an appropriate study

design that is clearly defined and demonstrates that all

ethical considerations have been made. All study par-
ticipants must provide informed consent and participa-

tion must be voluntary. GCP provides assurance that
the data and reported results are credible and accurate

and that the rights, integrity and confidentiality of

study participants are protected.
Informed consent is a process by which a volunteer

voluntarily confirms his or her willingness to
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participate in a trial after having been informed of all

aspects of the trial. Informed consent is documented
by means of a signed and dated consent form.

When designing consent forms, considerations

include the following:

• how measurements for the proposed outcome(s) will

be achieved; for biological samples, how these will be
stored, used and destroyed subsequently (e.g. blood

sampling);

• if there are any previously reported adverse effects;

• and evidence (e.g. a signature) that a participant

fully comprehends the information provided.

Detailed participant information sheets must accom-
pany consent forms. Examples and templates for

informed consent from the World Health Organiza-

tion (WHO) can be found at www.who.int/rpc/
research_ethics/informed_consent/en.

A Summary of the Principles of Good Clinical
Practice (GCP) by the International Conference on
Harmonization (ICH)

(1) Clinical trials should be conducted in accor-

dance with the ethical principles that have

their origin in the Declaration of Helsinki*,
and that are consistent with GCP and the

applicable regulatory requirement(s).

(2) Before a trial is initiated, foreseeable risks and
inconveniences should be weighed against the

anticipated benefit for the individual trial sub-

ject and society. A trial should be initiated
and continued only if the anticipated benefits

justify the risks.

(3) The rights, safety, and well-being of the trial
subjects are the most important considerations

and should prevail over interests of science

and society.
(4) The available nonclinical and clinical informa-

tion on an investigational product should be

adequate to support the proposed clinical trial.
(5) Clinical trials should be scientifically sound,

and described in a clear, detailed protocol.

(6) A trial should be conducted in compliance
with the protocol that has received prior

institutional review board (IRB)/independent

ethics committee (IEC) approval/favourable
opinion.

(7) The medical care given to, and medical deci-

sions made on behalf of, subjects should

always be the responsibility of a qualified
physician or, when appropriate, of a qualified

dentist.

(8) Each individual involved in conducting a trial
should be qualified by education, training, and

experience to perform his or her respective

task(s).
(9) Freely given informed consent should be

obtained from every subject prior to clinical

trial participation.
(10) All clinical trial information should be

recorded, handled, and stored in a way that

allows its accurate reporting, interpretation
and verification.

(11) The confidentiality of records that could iden-
tify subjects should be protected, respecting

the privacy and confidentiality rules in accor-

dance with the applicable regulatory require-
ment(s).

(12) Investigational products should be manufac-

tured, handled, and stored in accordance with
applicable good manufacturing practice

(GMP). They should be used in accordance

with the approved protocol.
(13) Systems with procedures that assure the qual-

ity of every aspect of the trial should be

implemented.

For further information see International Conference
on Harmonization, Harmonised Tripartite Guideli-
nes: Guidelines for Good Clinical Practice 1996 /
Under revision 2015 (www.ich.org/fileadmin/Public_

Web_Site/ICH_Products/Guidelines/Efficacy/E6/E6_

R1_Guideline.pdf and more recent revisions avail-
able at the European Medicines Agency: www.ema.

europa.eu/docs/en_GB/document_library/Scientific_

guideline/2015/08/WC500191488.pdf).
* The Declaration of Helsinki (World Medical

Association (WMA) 2013).

Reporting of adverse events

An adverse event is an unexpected and unfavourable

side effect of the intervention and may be either trea-
ted as a non-serious or serious adverse event. All

adverse events and serious adverse events must be doc-

umented and reported to the institutional ethics review
body and decisive actions taken.
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A serious adverse event is one in which the study

treatment results in death, a life-threatening event,
requires inpatient hospitalisation or prolongation of

existing hospitalisation, or results in persistent or signifi-

cant disability/incapacity or results in a congenital
anomaly/birth defect (in pregnancy studies) (ICH 1996).

All suspected adverse events should be recorded and

documented. In the case of a suspected serious adverse
event, the investigator must notify the sponsor, which

can be an individual, an institution, company or organi-

sation that takes responsibility for the management and
financing of the research but is not involved in conduct-

ing the research. The investigator must notify the spon-

sor within 24 hours if a serious adverse event occurs.
The sponsor should then report this without delay to

the external institutional ethics review board. Further

information about the reporting of adverse events can
be found at www.ec.europa.eu/health/files/eudralex/vol-

10/2011_c172_01/2011_c172_01_en.pdf.

Additional considerations

• Every clinical trial must be registered in a publicly
accessible database prior to recruitment of the first

study participant (e.g. www.clinicaltrials.gov/).

• A data protection protocol should be in place prior
to commencing participant recruitment.

• Ethical considerations are a priority and warrant

continuous review throughout the duration of the
study. It is the responsibility of the research investiga-

tors to report to the relevant ethical authority the

occurrence of any adverse events, as well as any
amendments to the study protocol.

Good manufacturing practice

If a food product/constituent is developed with the
intention for use in a dietary intervention study, then

international standards for good manufacturing

practice (GMP) would apply. GMP ensures quality
assurance by confirming that all processes in the

manufacturing of the product are accurately validated

and documented.
WHO guidelines for GMP can be found at www.who.

int/biologicals/vaccines/good_manufacturing_practice/en/

and ICH-GMP guidelines at www.ich.org/fileadmin/
Public_Web_Site/ICH_Products/Guidelines/Quality/Q7/

Step4/Q7_Guideline.pdf.

10. Analyse data and report study findings

The sequence of events for the generation of study

findings is presented in Figure 8. The Consolidated
Standards of Reporting Trials or CONSORT state-
ment is an evidence-based minimum set of recommen-

dations which aim to improve the reporting of study

findings for RCTs and dietary interventions. Many
journals specify the use of a CONSORT statement as

a condition for publication. See here for further infor-

mation: www.consort-statement.org/.
All scientific outputs must be transparent, under-

standable and reproducible with regard to the data,

methods of analysis and assumptions that are used in
the risk assessment process. Any statistical difference

reported should be interpreted in the light of its bio-

logical relevance. For health claim substantiation,
demonstration of statistical significance (at P < 0.05)

of the food’s effect is pivotal.

Expression of uncertainty and variability in risk esti-
mates should be quantified to the extent that is scientifi-

cally achievable. There may be differences in risk due to

variability among individuals, populations, species or
ecosystems (i.e. confounding influences). It is important

to identify the most influential contributors to variabil-

ity in risk and to control for them in the statistical anal-
yses. Finally, where possible, harmonised assessment

terminology should be used, preferably based on inter-

nationally accepted terminology.
EFSA (2014) has published guidance on the inter-

pretation and reporting of study findings (www.

efsa.europa.eu/sites/default/files/scientific_output/files/
main_documents/3908.pdf).

Report 
study 

results

Interpret 
findings 

and draw 
conclusions

Statistical 
analysis of 

data

Data entry 
to form a 

study 
data set

Collection 
of Data

Figure 8 Linear sequence for data analysis and reporting of study findings
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Conclusion

Well-designed and conducted dietary interventions and

trials are the gold standard for testing the efficacy and

safety of functional foods and their constituents
(AbuMweis et al. 2010). These studies are also at the

top of the hierarchy for informing decisions related to

health claim substantiation, as well as informing regu-
latory authorities who develop nutrient recommenda-

tions and dietary guidelines.

A dietary intervention study should:

• use comprehensively characterised study treatments;

• be short enough to optimise subject compliance and

be cost-effective, while lengthy enough to ensure bio-
logical efficacy and to avoid chance findings;

• select validated, appropriate outcome variables for
the claimed effect;

• be conducted in a suitable study group, sufficiently

powered and with all care and attention to avoid high
participant dropout rates;

• adhere to GCP guidelines and fully consider regula-

tory and ethical legislation;

• and be transparent in the analysis, interpretation

and reporting of study findings.

In addition, the development of a well-defined study
protocol requires careful planning and adequate

resources, with appropriately qualified and indemni-

fied staff. An adequate budget should be established
from the outset to cover all costs and accommodate

any potential overspends. Paying attention to all of

these elements is crucial to the design of quality diet-
ary studies that can reliably evaluate relationships

between food and health.

This guide has been developed with the needs in
mind of those collating evidence to support a health

claim application. However, it is also a useful sum-

mary of the necessary steps and principles for stu-
dents, early-career scientists and others new to

research of this nature.
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Glossary of useful terms

Adverse effect: A harmful effect different to the

expected treatment effect.

Bias: The encouragement of one outcome over another.

The presence of bias reduces the validity of a study.
Cause and effect: It (also referred to as causation or

causality) is the action or efficacy that connects one

process (the cause) with another (the effect), where
the first is understood to be partly responsible for

the second and the second is dependent on the first.

Characterisation: A comprehensive description of
the various components of an item.

Confounding variable: An extraneous variable in a

study design that correlates with both the dependent
and independent variables; this variable which has

not been accounted or controlled for may affect

either the treatment or the outcome, possibly lead-
ing to false results. Examples of potential confound-

ing variables include age, gender, body mass index

and socio-demographic characteristics.
Cohort: A group of individuals with certain charac-

teristics that are studied over a period of time to

examine the incidence of a certain disease, all cause
deaths or another outcome.

Double-blinded study: Both the participants and the

researchers are unaware of the treatment that the
participant has been randomly allocated to.

Efficacy study: Refers to an intervention study (in
humans; in animals) which investigates the relation-

ship between the food/constituent and the claimed

health effect.
Ethical approval: Before the conduction of a study,

an application, outlining the study protocol, is sub-

mitted to the relevant institutional governing board
for ethical review and approval to proceed. A study

must be conducted in accordance with the principles

of GCP and guidelines established by the Declara-
tion of Helsinki. This independent ethics board will

evaluate and decide whether study participants will

be adequately protected, in terms of their rights and
safety if they choose to enrol in the proposed study.

Food/food constituent: Refers to a food category, a

food or a food constituent (e.g. a nutrient or other
substance) or a fixed combination of nutrients/other

substances.

Outcome: An outcome in research is a result or
finding from a study. A primary outcome is the

main measurement (e.g. blood pressure) that is

being investigated and upon which the study deign
and sample size estimation is based. A secondary

outcome is a measurement in which the study may

have not been originally designed for but may have
observed an effect (e.g. blood cholesterol).

Pertinent study: It is a robust and valid study from

which scientific conclusions can be drawn.
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Placebo: A study product that is similar to the treat-

ment but void of the active ingredient.
Statistical power: The power or statistical power of

a study is the likelihood of finding an effect of the

intervention if present. A well-powered study is
designed to observe any effects that may occur as a

result of the intervention and not by chance (Sink

& Mvududu 2010).
Statistical significance: To determine whether an

observed effect is caused by a variable (e.g. active

treatment) and not by chance. The P-value or calcu-
lated probability is the probability of finding the

observed results when the null hypothesis (H0) of a

study question is true. The null hypothesis is usually
a hypothesis of ‘no difference’ (e.g. no difference

between blood pressures in group A and group B).

Define a null hypothesis for each study question
clearly when designing a study. A statistical test

usually considered significant if the P-value is <0.05

indicating a relationship between the treatment and
the observed effect. Most researchers refer to statis-

tically significant as P < 0.05 and statistically highly

significant as P < 0.001 (less than one in a thousand
chance of being incorrect).

Study hypothesis: A concept that can be tested in a
study or developed as a result of a study.
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