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Summary
This report describes a set of scientific procedures used to assess the impact of
foods and food ingredients on the expression of appetite (psychological and
behavioural). An overarching priority has been to enable potential evaluators of
health claims about foods to identify justified claims and to exclude claims that are
not supported by scientific evidence for the effect cited. This priority follows
precisely from the principles set down in the PASSCLAIM report. The report
allows the evaluation of the strength of health claims, about the effects of foods
on appetite, which can be sustained on the basis of the commonly used scientific
designs and experimental procedures. The report includes different designs for
assessing effects on satiation as opposed to satiety, detailed coverage of the extent
to which a change in hunger can stand alone as a measure of appetite control and
an extensive discussion of the statistical procedures appropriate for handling data
in this field of research. Because research in this area is continually evolving, new
improved methodologies may emerge over time and will need to be incorporated
into the framework. One main objective of the report has been to produce
guidance on good practice in carrying out appetite research, and not to set down
a series of commandments that must be followed.
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Introduction

An Appetite Regulation Task Force and an expert group
has been established to examine the experimental method-
ology on appetite control in the light of the regulatory
procedures to be implemented regarding satiety and appe-
tite claims on foods (1) and by a perceived desire to use
specific foods to combat the so-called obesity epidemic.
What strength of claims can be sustained on the basis of the
commonly used scientific designs and experimental proce-
dures? What constitutes a strong or weak design for assess-
ing the effect of a food on satiety? Are different designs

required for assessing effects on satiation as opposed to
satiety, and how are these related to an effect on body-
weight regulation? (2,3). Does a change in hunger or satiety
constitute evidence for an effect on weight management?

This report sets out the state-of-the-art in the measure-
ment of appetite that is pertinent to the assessment of
health claims in this arena. It draws together evidence to
support the use of specific measures of satiation, satiety,
hunger and food consumption. Research in this area is
continually evolving, and new improved methodologies
may emerge over time and will need to be incorporated into
the framework. Additionally it is important to define those
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aspects of measurement, which have clear limitations such
that they are not justified or appropriate in the support of
health claims. An overarching priority is to maximize the
capacity to identify justified claims and to exclude claims
that are not supported by scientific evidence for the effect
cited. This priority follows precisely from the principles set
down in the PASSCLAIM report (4). For the record, The
PASSCLAIM project was an EC concerted Action on
‘Process for the Assessment of Scientific Support for Claims
on Foods’ initiated by the EC. Through an iterative process
of discussion in expert groups a workshops the project set
criteria that define requirements for assessing the quality of
scientific data reporting the impact of foods and food com-
ponents on health and well-being. The context within
which a claim can be made should be assessed by:

• considering existing legislation and dietary guidelines;
• the need for review in the light of evolving science;
• the comprehensibility of the claim to consumers.

At the outset it may be useful to have some definitions of
frequently used terms to describe the operations of the
appetite system. The terms may not be universally agreed,
but those set out below provide a working model for dis-
cussions of methodology.

Appetite: has two definitions in circulation (i) Covers the
whole field of food intake, selection, motivation and pref-
erence and (ii) Refers specifically to qualitative aspects of
eating, sensory aspects or responsiveness to environmental
stimulation that can be contrasted with the homeostatic
view based on eating in response to physiological stimuli,
energy deficit, etc.

Hunger: (i) Construct or intervening variable that con-
notes the drive to eat. Not directly measurable but can be

inferred from objective conditions and (ii) Conscious sensa-
tion reflecting a mental urge to eat. Can be traced to changes
in physical sensations in parts of the body – stomach, limbs
or head. In its strong form may include feelings of light-
headedness, weakness or emptiness in stomach. Hunger will
be used in this sense throughout this review.

Satiation: process that leads to the termination of eating;
therefore controls meal size. Also known as intra-meal
satiety.

Satiety: process that leads to inhibition of further eating,
decline in hunger, increase in fullness after a meal has
finished. Also known as post-ingestive satiety or inter-meal
satiety.

Framework

The ‘Satiety Cascade’, proposed 20 years ago (5), provides
a conceptual framework for examining the impact of foods
on satiation (processes that bring an eating episode to an
end) and satiety (processes that inhibit further eating in the
postprandial period). The cascade has recently been modi-
fied by Mela (6). Macronutrient composition, energy
density, physical structure and sensory qualities all contrib-
ute to the modulation of satiation and satiety. There is
evidence that protein content (7) and specific viscous or
gelling fibres can exert a measurable constraint over the
motivation to eat; these effects depend heavily upon the
amounts and types of protein and fibre used and the back-
ground food matrix, so beneficial effects of fibre and
protein cannot be simply assumed (8). Of course this
comment applies much more widely in appetite research, as
the effect of any food or food component could be modified
by the context in which it is eaten, and the effect generated

Figure 1 Example of the ‘Satiety Cascade’
linking the timing and sequence of eating
motivations and behaviours to associated
cognitive and physiological processes. CCK,
cholycystokinin; GLP-1, Glucagon-like peptide;
PYY, peptide YY.
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by a single item tested in the laboratory may not be repli-
cated under natural field conditions. Evidence is quite
equivocal concerning the role of high and low glycaemic
index foods in satiety, and the action of fat (or its subtypes)
is ambiguous (9).

The biological system underlying the control of appetite
is becoming better understood and involves close links
between peripheral physiology and metabolism and brain
processes. The system embodies mechanisms that are
potential targets for foods designed to influence satiety. Of
particular interest are peptides of the gastrointestinal tract,
which are released following food consumption and which
have physiological roles involving the management of food
in the gastrointestinal tract. These include cholecystokinin,
peptide YY (PYY3–36), glucagon-like peptide (GLP-1),
amylin and ghrelin.

The expert group has evaluated the strength of evidence
regarding food-based mechanisms and satiety, and, where
appropriate, has indicated the need for future develop-
ments. Critical processes include the balance between
sensory and metabolic satiety, and between homeostatic
and hedonic controls over appetite. The relationship
between food palatability and satiety is critical for estab-
lishing a valid experimental methodology and for defining
relevant biological targets (Fig. 1).

Strategies to measure satiation

As defined earlier, satiation is the process that brings a meal
to an end. Satiation determines the size of an eating occa-
sion. Verbal reports on the processes that bring a meal to an
end indicate that ‘fullness’ and ‘boredom with taste’ are
two major reasons to stop eating (10–12). These reasons
may differ depending on whether we deal with the con-
sumption of a single food or a composite meal. With a
single food it is more likely that boredom of taste becomes
involved, whereas with composite dishes/meals fullness
may be more important in ending the meal.

Satiation is important because it determines meal size.
Within the perspective of energy balance and obesity, it is
instructive to note that there is no strong relationship
between eating frequency and body weight (13,14). As
obese people ingest more energy than non-obese people,
one might infer then that meal size may be the key factor in
the over consumption of energy in obese people. However,
the possible contribution of meals and snacks to over-
eating is still a highly debated issue, which is outside the
scope of this paper.

Before focusing on the methodology of measuring satia-
tion it should be realized that in real life most meals/snacks/
eating occasions are terminated through environmental
factors/cues such as portion size. In most cases we finish
our plate. In a field study with US soldiers on the consump-
tion of about 5700 main meals and 8800 snacks it was

observed that soldiers ate 100% of their portion in
80–90% of the cases. Even if foods were neither liked nor
disliked (a 5 on the 9-point hedonic scale), people ate on
average 87% of their meal (15).

Satiation is measured through the measurement of ad
libitum food consumption of particular experimental foods
(weight in grams or energy in kcal or kJ) under standard-
ized conditions. The ad libitum consumption of foods
varies to a large extent. For example, a study on sensory
specific satiation (16) observed that people ate on average
70–80 g from savoury cheese cookies, whereas they ate
about five times as much of pears on light sugared syrup.
This was not as a result of differences in liking as the pears
and biscuits were about equally liked.

The proper methodology of the measurement of satiation
takes into consideration those properties of food and those
environmental/contextual factors that are involved in meal
termination. In view of the processes of the satiety cascade
(Fig. 1) it is clear that sensory factors play a major role in
satiation. Many studies showed that palatability has a
strong effect on ad libitum food intake, both from con-
trolled experimental studies (17) as well as from more
real-life studies (15). So, when studying the effect of par-
ticular food properties on satiation, it is important that the
experimental foods are similarly liked.

The satiety cascade also shows that cognitive factors may
play an important role in meal termination. On the basis of
the consumption of many thousands of foods through our
lifetime we gradually learn to estimate the satiating effects of
many foods. We ‘know’ that we need to consume two slices
of bread and cheese for breakfast in order to keep us
comfortably satiated for the morning. These learning
mechanisms determine our expectations about the satiating
properties of foods, and probably also determine how much
we put on our plate (18). This also affects how much we eat
ad libitum from particular food in experimental situations.

A crucial role in this learned response (expectations)
about satiation is the energy density of the product. In the
example above where subjects consumed five times the
amount in grams (weight) of pears compared with cheese
biscuits, the energy density of the savoury cheese biscuits
(2268 kJ per 100 g) was about eight times higher than the
energy density of the pears (272 kJ per 100 g). At first sight,
it seems that regular portion sizes of low-energy density
foods (e.g. many liquids) are much higher than regular
portion size of energy density foods (e.g. chocolate, cheese,
peanuts, etc.). However, there are no systematic data in
scientific papers comparing portions sizes of low-energy
density foods to portion sizes of high-energy density foods.
Nevertheless, this observation implies that it is crucial to
match foods for energy density, when investigating the
effect of food properties on satiation.

Experimental data on the effect of varying energy density
on ad libitum food intake (with matched sensory proper-
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ties) suggest that people are slow to respond to (covert)
changes in energy density (19–21). This may be especially
the case with beverages and foods that are eaten quickly
and which do not lead to strong sensory cues (22–24). The
absence of clear sensory cues may prevent people from
learning to associate the oral sensory cues during eating
with the post-ingestive metabolic consequences.

The texture of foods is also important in satiation. People
consume more ad libitum from more liquid foods than they
consume of more solid foods. This is related to the rate of
eating that is higher in liquids than in (semi-)solids (25). The
higher eating rate may be caused by the bite/swallow size
that is probably higher in liquids compared with (semi-
)solids. Eating 500 g of apples takes about 17 min, whereas
drinking the equivalent amount of apple juice can be done
in 1.5 min (26). These observations imply that controlling
for texture may be an important prerequisite when investi-
gating the effects of food properties on meal termination.
However, it should be noted that slower eating does not
necessarily lead to lower food intake (27).

Another cognitive factor that plays a role in meal termi-
nation is knowledge about the time until the next meal. In
a study of de Graaf et al. (17), subjects consumed more
from an ad libitum test meal when they knew they had no
access to food the next 2 h compared with a situation
where the next meal was 20 min ahead. Therefore people
took into account future availability of food when deciding
on their current consumption.

It is clear that the amount that people eat is also deter-
mined by the motivational state of subjects; people eat
more when they hungry compared with when they are
satiated. Therefore it is important that people have a
similar state of satiety before presenting them with an ad
libitum meal.

People will have certain ideas about the satiating effect of
particular foods. These learned responses are mostly in
concurrence with other sensory/environmental cues. When
emptying a bottle of soft drinks, the weight of the bottle is
a clear cue of how much we have drunk. In an elegant
study, the importance of concurrent (visual) cues in meal
satiation was studied by Wansink et al. (28). He showed
that the ad libitum consumption of soup was strongly
influenced by the visual cues concerning the emptiness of
the bowl from which soup was eaten. In one condition
people were (unconsciously) fooled, as the soup was refilled
partially through an invisible tube. In the tube condition
people ate about 73% more, while the perceived consump-
tion was about equal. This study illustrates that people use
many environmental/external cues (and not internal cues)
to decide whether or not they continue eating.

In summary, the amount that we eat from a particular
product is influenced by a variety of factors, related to the
properties of food and the context in which the food is
consumed. In general ad libitum consumption of foods is a

learned response based on associations between the sensory
properties of foods and its metabolic consequences after
ingestion. When studying the effect of properties on meal
termination from a scientific point of view, it is necessary to
vary one factor while holding other important factors con-
stant. This implies that when studying satiation we need to
take into consideration the palatability, energy density, and
texture of foods, the motivational state (hungry vs. sati-
ated) of subjects, potential important environmental cues
(e.g. visual cues, plate size, effort to eat) and cognitive
factors.

Features concerning the sensory aspects of
foods on satiation and satiety

As shown in Fig. 2 food choice and intake are influenced by
sensory and metabolic factors. Sensory factors are more
involved in what we eat, and metabolic factors may be
more involved how much we eat. Sensory signals of foods
acquire their meaning/value through their association with
environmental cues and through physiological, psychologi-
cal and social consequences during and after eating. Within
the framework of Fig. 2, there are three raw, broad con-
cepts to consider:

• Metabolic satiation/satiety; metabolic satiety refers to
all neural and hormonal signals that are transported from
the gastrointestinal tract to the brain. These signals refer to
stomach fullness as sensed by stretch receptors, but also to
hormones involved in hunger and satiety, such as ghrelin,
cholecystokinin, GLP-1 and PYY.

• Sensory specific satiation refers to the decline in
reward value during consumption of a food, i.e. because of
repeated exposure to a particular sensory signal. This is
boredom with the taste of a particular product.

• Sensory mediated satiation/satiety signals relates to
learned satiety/cephalic phase response issues; when tasting
a food people know immediately something about their
satiety value. This is a conditioned response based on expe-
rience with the food.

These three concepts are interrelated because of learning.
Metabolic satiety concerns hunger/satiety and is respon-
sible for energy balance, the drive to eat and to ingest
enough energy. Sensory specific satiation is responsible for
the drive for variety and food choice. These sensory signals
from foods are linked to their metabolic consequences.
That is where you get sensory mediated satiation/satiety
signals. It is especially difficult to distinguish sensory spe-
cific satiation (boredom with the taste) from the learned
satiation derived from repeated exposure.

When considering the effects of sensory signals on food
choice and food intake, it is worthwhile to distinguish
between liking and wanting. Liking is the hedonic evalua-
tion (pleasantness, appreciation) of tasting a particular
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food, whereas wanting refers to the desire to actually ingest
a particular food. The relationship between liking and
wanting is well illustrated in the model developed by Mela
(6). Here wanting is referred to as ‘desire’ to eat. This
model, shown in Fig. 3, shows that liking affects wanting,
but the relationship between likings and wanting is influ-
enced by physiological/psychological state and by environ-
mental factors. Wanting has a much more direct effect on
food intake than liking. This makes the study of food
wanting more relevant than the study of food liking.
Recently, it has been demonstrated that liking and wanting
can be experimentally dissociated. Therefore it becomes
possible to examine the effects of foods, and food compo-
nents, on either liking or wanting rather than on the undif-
ferentiated hedonic response (29).

Regarding the nature of sensory signals that may have an
effect on choice and intake, the sweet – savoury domain is

probably the most important dimension. This is reflected in
our daily eating habits, where eating moments are often
defined by the consumption of either sweet or savoury
foods. The majority of energy that we ingest comes from
food with either a dominant sweet taste or a dominant
savoury taste. Other elements involved in sensory specific
satiation are texture and flavour. After eating hard foods
the desire for hard foods decline at the expense of the desire
for eating softer foods (30), and a similar notion applies for
different aromas or flavours.

At a more abstract level, the key sensory properties that
affect sensory specific satiation (boredom) are the duration
and the intensity of the sensory signal. A longer duration
and a higher intensity promote satiation. Other properties
that may be involved in this are the intensity and the
complexity of the sensory experience. Also reinforcing
properties like energy content, alcohol, caffeine may be

Figure 2 Model of eating behaviour. From this
perspective eating behaviour is governed by
three factors, metabolic factors that drive
hunger and satiation, and satiety, and sensory
factors that drive food choice. Repeated
exposure to one sensory signal will cause a
drop in reward value for that particular sensory
signal (see also part on sensory specific
satiety within this chapter) and cause a shift to
the choice for another food. In the brain the
sensory signals of food are linked to the
metabolic consequences, conditioning our
eating/nutrition pattern. In addition, there are
cognitive factors that shape our eating habits.

Figure 3 Scheme reflecting the effect of liking
on wanting (desire) and the intermediary
influences of psychophysiological state, and
external stimuli (learned cues). Solid lines
reflect proximate drivers, dashed lines are
underlying processes (Source: Mela 2006 (6)).
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involved in boredom and satiation. In this respect, it must
be acknowledged that there is still little hard experimental
evidence on these issues. This is a major challenge for
future research.

The methodology for assessing sensory specific satiation
or sensory specific satiety is not well developed yet. The
foods that are used to determine the effect on particular
sensory properties often differ in many dimensions. This is
related to the notion that it is often difficult to vary one
property of a food, while holding others constant. For
example, it is difficult to change the sweetness or creami-
ness, and not affect the energy content and other sensory
properties.

Other important issues in the theories about sensory
specific satiation or satiety are the bandwidth of the effects.
If one gets satiated for strawberry, does one also get sati-
ated for raspberry flavour? Does satiation or satiety gener-
alize over different categories of foods?

One last important issue that has received very little
attention until now is the quantification of the sensory
experience. Although we know a lot about the relationship
between sugar concentration and perceived sweetness
intensity we have remarkably little insight in the strength
and duration of perceived sensory intensities during eating.
For example, it is clear that liquids produce shorter sensory
stimulation than solids, and this may be one of the reasons
for a lower satiety value sometimes reported for some
simple beverages. The quantification of this observation is
not available. Much more work in this field is needed to get
an accurate impression of sensory influences on food
intake.

Basic principle of measurement in food
intake studies

Free-living vs. laboratory studies

In appetite research, the optimal experimental protocol is
likely to remain elusive because of the complex and multi-
faceted nature of eating behaviour. Inevitably, compromises
have to be made about the requirements for internal and
external validity, i.e. between precision and naturalness. In
general, the internal validity of tightly controlled labora-
tory studies is high because they offer the highest degree
of sensitivity and control over the intervention and the
outcome measures. However, even when subjects are naïve
to the purpose of the experiment, a combination of uncon-
trolled subject expectations and constraints suggests that it
is highly unlikely that it is possible to fully separate the
cognitive and physiological dimensions of eating behaviour
under these conditions.

On the other hand, while the external validity of free-
living studies is theoretically high, they are beset by a
number of methodological problems that limit their inter-

nal validity. Errors in data collection are high, particularly
in measurements of habitual food intake that are prone to
bias, usually towards under-reporting of energy and differ-
ential mis-reporting of the macronutrients (31). Further-
more, the current difficulties in unmasking the effects of
dietary components on eating behaviour under tightly con-
trolled laboratory conditions highlight just how difficult it
would be to unravel their operation in free-living circum-
stances. Although laboratory studies cannot replace free-
living studies, they can provide crucial experimental data to
complement them and it is essential that laboratory and
field research in this area should advance together to help
eliminate the problems inherent in both approaches and
bridge the gap between them. There is clearly a lot of scope
for using overlapping protocols in a variety of contexts in
order that the same issues can be explored with more
relevance to real-life eating behaviour and circumstances
(32–35).

Preload study design

One of the most influential experimental techniques used
to study the short-term regulation of food intake is the
preload–test meal paradigm, carried out within part or all
of a single day. Such studies are best conducted using a
within subject repeated measures design and whenever pos-
sible, double-blind conditions (neither experimenter nor
subject aware of the identity of the foods presented) should
be observed and control conditions ensured, either by use
of a non-preload or a placebo treatment. Subjects are pre-
sented with precisely prepared food(s) matched for taste,
appearance and other organoleptic properties, but varying
in energy and/or macronutrient composition. The hypoth-
esis being tested will dictate if the preloads are covertly
manipulated (which will assess the physiological responses
to the preload) or overtly manipulated (which will test both
physiological and cognitive responses) (36). After a vari-
able time delay, the effects of the preload on spontaneous
food intake are measured through accurately monitored
test meal(s), or alternatively, subjects may self-report their
own food intake. Subjective measures of appetite are
usually taken prior to, and at predetermined time intervals
after the preload and the test meal. In many of these experi-
ments, food intake for the remainder of the day is also
self-recorded by the subjects. Depending on the volume and
composition of the preload and the time lapse before the
test meal challenge, the respective roles of post-ingestive/
pre-absorptive and post-absorptive mechanisms in the
regulation of food intake can, in theory, be separated and
assessed.

The apparent simplicity of, and heavy reliance on the
preload experimental design has resulted in a plethora of
preload studies and generated a literature that is complex,
often contradictory and open to every possible interpreta-
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tion. This is important when evaluating the claim for a
particular food or food component. Therefore while simple
in rationale, conclusions derived from preloading studies
must be based on a careful scrutiny of the specific experi-
mental conditions used. One of the major problems with
these studies is that they are often deliberately designed to
minimize learning about post-ingestive effects of eating,
which would be expected to be highly pertinent in the
real-life situation. The preload study design is also particu-
larly prone to type 2 errors, and evidence of the sensitivity
of the experimental design should always be provided (37).
Factors of key importance include statistical power of the
study, antecedent levels of energy deprivation and physical
activity, size and composition of the preload, time lapse
between the preload and test meal and test meal
composition.

A number of extensions and adaptations to the preload–
test meal paradigm have been made, and although these are
still hostage to some of the constraints of the basic preload
design, they do have enhanced external validity in so far as
they simulate real-life feeding situations over longer periods
of time. Some studies have manipulated the composition of
both the test meals and preload challenges such that the test
meal is an outcome variable in relation to the preload and
the effects of both together on subsequent food intake can
be evaluated (38,39).

In more medium-term studies, subjects may, or may not,
reside continuously for a period of several days or a few
weeks in a laboratory designed for longer-term observation
of eating behaviours (14,35,40,41). They are then provided
with some or all of their meals, the composition of which
may be covertly manipulated, or alternatively, subjects may
have relatively unrestricted access to a wide range of com-
mercially available foods.

Preload issues

Undoubtedly, one of the main reasons why preload studies
focussing on a particular issue have often generated highly
variable outcomes is as a result of lack of standardization
of preloads in terms of their absolute energy content,
macronutrient composition, energy density, physical state
(solid vs. liquid) (42–44), weight or volume (45,46) sensory
(47) and cognitive (48) characteristics. Pretesting should
always be done to ensure that the manipulated foods are
appropriate in terms of composition, weight, volume and
other sensory characteristics. Due appreciation should also
be paid to the fact that eating is as much a function of the
time of day at which the preload is offered and thus the
‘appropriateness’ of the food for that time of day needs to
be considered.

A further key issue in this type of research is to decide
whether the main dependent variable (outcome) should be
the size of the next (test) meal or the time taken to the

volitional onset of the test meal. This will effectively use
either size (grams of food, energy consumed) or time in
minutes as the measure of the effect of the preload.
Although both measures are appropriate, meal size has
been the variable most frequently used in research – prob-
ably because this type of design is more convenient for the
experimenter.

Timing of preload and test meal
A closely related issue is that any differential effect of the
preload manipulation will diminish as the time lapse
between the preload and subsequent test meal increases
(49). Multiple physiological mechanisms are invoked at
varying times during the post-ingestive, pre-absorptive and
post-absorptive phases of satiety. However there is consid-
erable variation between studies in this interval, ranging
from <30 min (suitable for testing gastric and oro-sensory
effects) to several hours (more appropriate for testing post-
absorptive effects) but many researchers have failed to
justify this time interval when describing their study pro-
tocols. More empirical studies that manipulate both the
preload dose and the time period before the test meal are
clearly required to optimize study conditions in relation to
the research question being addressed. In the meantime, all
study protocols should at least justify the time interval
selected, otherwise decisions based largely on arbitrary cri-
teria make it difficult to reconcile differences between study
results. It is worth noting that differences in the preload–
test meal interval can lead to quite different outcomes.

When the time (or latency) to next meal or inter-meal
interval is used to measure satiety, it is clear that the time
between the preload and the next eating episode is not
fixed. In these circumstances, subjects should be time-
blinded (e.g. time cues such as day-light, clocks are
removed from the environment) so that meal initiation does
not occur because of traditional/social time to eat. Follow-
ing the preload, subjects are requested to ask for their next
eating episode when feeling hungry. The time of this spon-
taneous meal request is recorded. Food intake at this ad
libitum meal can also be measured (50–52).

Nature of test meal
In preload studies the most important criteria for the test
meal(s) is that it/they should be sensitive to the experi-
mental manipulations of the preload and the direction
(increased or decreased intake) expected. In some studies
test meals have not been offered, instead volunteers are
requested to self-report their own food intakes in food
diaries. However, given the dubious accuracy of self-
reported intakes (31) they are no substitute for monitoring
of test meal intakes under laboratory conditions. In order
to ensure that voluntary food intakes are not constrained
by choice or quantity, most preload studies allow subjects
the opportunity to self-select from a range of normal
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everyday foods, although the reasons for doing so are not
always made explicit.

The composition of the test meal served after the preload
can differ in the variety of foods offered. Two main options
are found in the appetite research: the buffet style or the
single course. In the buffet style option, a large variety of
foods (including several savoury and sweet food alterna-
tives that can differ in energy density/fat content) are
offered to the subject, contrary to the single course option
where the variety of foods is very limited.

The buffet style allows assessment of the potential effect
of the preload manipulation on food choice (food prefer-
ences and avoidance, selection of high-energy dense foods).
In principle, with this method, differences in nutrient
intakes (reflecting different food choice) can be found even
if energy intake remains the same between the experimental
conditions.

The single course is focused on the assessment of food
and energy intake rather than nutrient intakes. Therefore,
the single course can be used to assess short-term energy
compensation, especially when no difference in food selec-
tion is expected from the preload manipulation.

However, as noted above, despite the perceived wisdom
behind it, offering a wide variety of different foods in a
buffet meal scenario will not necessarily guarantee a sensi-
tive experimental protocol as it is at variance with the usual
eating pattern of the majority of people. Thus, the presence
of a variety of food cues is likely to delay satiation, stimu-
late interest in different foods and promote increased food
intake (53). Indeed, unless there is a specific hypothesis
relating to food choice, then it is advisable to avoid buffet
style test meals. Food selection from such meals is often
prejudiced by the arbitrary nature of the foods provided
and intake can be unduly influenced by items of high-
energy density or salient sensory qualities. It is extremely
difficult to design a selection meal in which all the items are
of equal energy density, palatability and portion size.

Covert vs. overt manipulations

Manipulation of diets is a common feature of many labo-
ratory studies, with manipulations ranging from partial
alteration of the whole diet to systematic alteration of the
macronutrient ratios and/or energy density of all foods in
the diet. It appears that the outcomes of these studies
critically depend on whether subjects only have access to
covertly manipulated experimental foods or whether they
have ad libitum access to their usual foods, outside of the
experimental meals (54,55). Because experiments involving
covert and highly controlled dietary manipulations are
designed to minimize learning cues, the behavioural flex-
ibility of subjects is inevitably constrained. Thus, in studies
where subjects consume ad libitum covertly manipulated
diets of constant composition, compensatory feeding

responses are likely to be blunted because subjects clearly
do not have the same flexibility to alter the type, energy
density and composition of foods they eat, as they would
have in real life. In the absence of familiar feeding cues, the
weight and volume of food is likely to attain greater sig-
nificance, a phenomenon that has been observed in a
number of studies that have used covertly manipulated
diets over periods ranging from a few days (56–58) to a few
weeks (19,59,60). These studies are characterized by a
general tendency to eat a constant volume or weight of
food across treatments, brought about by learned associa-
tions between the weight and volume of familiar and
habitually consumed foods with the physiological conse-
quences of ingesting those foods (61). In contrast, in the
majority of studies where free choice has been accommo-
dated alongside partial manipulation of the diet in the
experimental design, more immediate and complete com-
pensation is generally observed (32,62,63). However, an
additional issue that needs to be borne in mind is that in
many of these studies, variety and palatability have not
been completely controlled for, although as noted above,
this would be difficult to achieve in practice.

To date, most studies have favoured the covert experi-
mental protocol but in those studies where foods have been
overtly manipulated, it appears that cognitive and/or learn-
ing cues play an important role in energy compensation
mechanisms (64–66). Thus in order to distinguish whether
feeding responses can be attributed to the nutritional
manipulation itself or to the overt or covert nature of the
experimental manipulation, where possible, equal focus
should be given to comparison of overt and covert manipu-
lations using familiar foods. All of these issues clearly need
to be taken on board when interpreting not only the results
of such studies but also their generalizability to the free-
living situation.

Duration of the study

Most experiments on the effects of foods on satiation or
satiety consist of a single administration of a food on a
single occasion. This is the acute food intake model. On the
basis of the outcome of one single exposure of a food it is
often inferred that such an effect would be observed on all
future occasions if the food continued to be administered
on a daily basis. However, this form of reasoning cannot be
justified, and any implication that a food will continue to
exert an effect with repeated administration should be
accompanied by data to demonstrate this. There are a few
examples in which this has been done (67).

Total energy vs. macronutrient
selection – possible?

Establishing a valid food selection methodology is fraught
with pitfalls. This is one reason why the approach has not
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been extensively developed. The difficulty depends in large
part on the degree of choice to be offered. Inviting partici-
pants to eat from a huge array of randomly assembled foods
is not likely to lead to a clear understanding. A free-selection
buffet is an unreliable way of measuring preferences for
particular macronutrients and will reveal very little about
the determinants of food selection. A strong methodology
will exert control over the significant nutritional and sensory
aspects of each item so that the mechanisms underlying its
selection can be identified. This can be achieved most readily
when choices are restricted. The option facing experiment-
ers is whether to use a two-choice model (e.g. protein vs.
carbohydrate), a three-choice model (e.g. protein, carbohy-
drate and fat) or a meal based on sensory–nutrient relation-
ships (e.g. sweet or savoury taste with high or low fat).

A common tool for assessing food selection in the labo-
ratory is the simultaneous-choice model where the indepen-
dent variable (e.g. macronutrient selection) is manipulated
across multiple choices within one meal (e.g. high-protein
vs. high-carbohydrate foods). This model can be distin-
guished from the sequential-choice model where the inde-
pendent variable is manipulated across two or more meals,
consumed on separate days (68). The simultaneous-choice
design is generally considered a reliable measure of spon-
taneous energy intake and food selection in the laboratory.
In one within-subjects design, Arvaniti et al. (69) used a
three-choice model repeated over two sessions to test
whether participants’ selections were consistent. The
authors reported high correlations between amount con-
sumed in energy (r = 0.97), fat (r = 0.97), carbohydrate
(r = 0.92) and protein (r = 0.82) between the experimental
sessions when separated by at least 1 week.

It follows that the food environment created in the labo-
ratory situation will also largely determine the ‘free’ selec-
tion of foods. For this reason, the choices offered should
be carefully controlled, while the dimensions of interest
to the research objectives are systematically manipulated.
Attributes that influence food selection include branding
and labelling, physical properties (liquid or solid), visual
appearance, micronutrient content, energy density, texture
and viscosity, temperature, familiarity, palatability, sensory
properties and macronutrient content. In the past, very
restricted designs that permit choices between two foods
were sometimes used to investigate the role of drugs on
carbohydrate selection (70). However the strength of such
restricted procedures depends on the protein and carbohy-
drate choices being matched for fat content, sweetness,
palatability, etc.

An impressive, but labour intensive, method of investi-
gating macronutrient selection in the laboratory has been
developed (3). This involved a simultaneous-choice model
consisting of three groups of food items rich in fat, carbo-
hydrate or protein (~60% by energy) with the remaining
energy divided between the other macronutrients to coun-

terbalance the conditions. Common, familiar, foods were
included to ensure participants had some experience with
the post-ingestive consequences of each food option. To
control for differences in food preferences, the model
involved a sizeable range of foods in each condition (10
items) such that food selection would not be compromised
by avoidance of one or two foods in a particular condition.

It follows that a great deal of care and ingenuity is
required to assess the selective and objective consumption
of foods within test meals. Such procedures have very
rarely been deployed. An alternative may be the use of
computer images of foods organized according to specific
categories of macronutrient and taste, for example: high
fat/low fat – sweet/savoury. Using this four-compartment
matrix it is possible to demonstrate clear preferences for
particular categories of foods that can be modulated by
prior consumption (29).

Subjective sensations as indicators
of regulation

Use, reliability and validity of self-report scales in
appetite research

Appetite-related self-reports include a range of measures
intended to capture, over a given period, specific somatic
sensations or perceived general state of hunger/repletion,
motivation (desire) to eat (in general or specific food types),
or prospective judgments of the quantity of food or specific
foods types that could or would be eaten. The basic prin-
ciples, qualities and applications of these measures in appe-
tite studies have been concisely described by Hill et al. (2)
and more comprehensively reviewed by Stubbs et al. (71)
and Livingstone et al. (72). Thus it is only really necessary
to emphasize their key points and more recent advances
and evidence.

Self-report scales in common use

Specific self-report scales in common use address, for
example:

• feelings of hunger, fullness, satiety;
• prospective consumption (anticipated quantity that

would or could be eaten);
• desire to eat (or for a snack or meal);
• urge to eat;
• thoughts of food;
• somatic sensations (e.g. emptiness or fullness of

stomach);
• desire for something sweet/savoury;
• thirst;
• nausea, gastrointestinal malaise or other side effects;
• etc.
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In general, these scales are completed before and after
consumption of the test item, and then at regular time
intervals (15–30 min, up to 1 h), usually for 3–5 h, or to
the start of the next meal. It is not possible to be completely
prescriptive on specific scales, and translation into other
dialects or languages cannot guarantee identical meaning
and intensity. Furthermore, special scales would need to be
developed and validated for groups such as small children,
or where other perceptions may be of interest.

Nevertheless, for pragmatic reasons, and to raise the
level of uniformity in the field (especially for claim
support), it is desirable to recommend a standard set of
basic scales for self-assessment of subjective appetite in
healthy adults. The four basic scales recommended in
Table 1 enjoy a history of widespread and consistent use
and acceptance over several decades in many different
countries and laboratories, with different test stimuli and
subject groups. A good example of the use of visual ana-
logue scales (VAS) following a standardized breakfast meal
test can be found in (73). While some minor variations in
terminology and anchor descriptions are possible, we rec-
ommend against significantly deviating from these unless
there is strong justification to do so. Although alternatives
and improvement have been proposed (74) these recom-
mended scales are easily used and translated, and appear to
be a valid, sensitive and unbiased measurement tool for
regular use in standard practice. Future developments may
of course lead to new alternatives.

Which scale(s) to use?

Although studies find very high, sometimes almost perfect,
correlations among the different measures of general
hunger/fullness, some deviations are seen in the intensity or
duration, as well as sensitivity and reliability of different
measures relative to each other (75,76). For this reason, it
is common practice to use multiple scales. It may also be

acceptable to use a mean score comprised of several of
these. However, there has been little systemic study of these
points. Arguably, any of these scales could be used to
support product claims, with the proviso that wording of a
claim must directly reflect the particular scale used to
support it. In other words, claims for hunger suppression
should be supported by explicit measure of ‘hunger’. Fur-
thermore, the choice of scales should be hypothesis-led: it is
clearly inappropriate to use many multiple scales within a
single experiment, and then selectively focus post hoc on
(for example) a single scale to generate and support claims.
As noted in the section on statistics, there should be a clear
pre-selection of primary outcomes stated a priori in the
statistical plan. Post hoc analyses of multiple scales, if
this is done, require that the experiment-wide error rate
be controlled, to reduce the risk of spurious ‘positive’
outcomes.

Scale types: line, category, numerical

Basic scale designs for capturing self-reports of appetite-
related feelings include uni- and bipolar structured and
unstructured lines, verbal categories and numerical scoring
(including magnitude estimation). The most common
method is the unipolar unstructured line (‘visual analogue’)
scales anchored by terms such as ‘None’ or ‘Not at all’ to
‘Extreme’ or ‘As much as I have ever felt’ (Table 1).

Important scale qualities are:

• easily applied and unambiguously interpreted by
investigators and subjects;

• demonstrated repeat-reliability;
• convergent validity with other, similar scales;
• known sensitivity to relevant manipulations;
• suitability for relevant mathematical and statistical

handling.

Line and category scales are inherently easy to design and
use, simple to explain, and require minimal data handling,

Table 1 Recommended primary scales for self-reported appetite in healthy adults*

Scale Question Anchors

Low High

Hunger How hungry are you? Not at all Extremely
As hungry as I have ever felt

Fullness How full are you? Not at all Extremely
As full as I have ever felt

Satiety How satiated are you? Not all Extremely

Desire How strong is your desire to eat? Very weak
Extremely low

Very strong
Extremely high

Prospective consumption
(quantity)

How much do you think you could (or would want to)
eat right now?

Nothing at all A very large amount

*Line scales 100–150 mm (paper) or appropriate length for electronic capture systems (see text).
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particularly if subjects can use an electronic data entry
system. Although there are few direct comparisons of dif-
ferent scaling methods specifically in appetite research,
there is a long history of research on this as applied to
human perceptions and sensations in sensory psychophys-
ics. In practice, there is probably little difference in the
results from line vs. category scales, provided a sufficient
number of categories are used (77). The use of electronic vs.
manual scoring, and associated differences in physical line
length may affect absolute scoring, but with apparently
similar ability to differentiate among stimuli (71,78,79).

A theoretical problem with standard line and category
scales is that scored values do not necessarily reflect per-
ceptual distances and do not have the mathematical prop-
erties of true ratio scales. (In other words, the distance
between units 1 and 2 on a line or category scale is not
necessarily perceptually equivalent to the distance between
units 6 and 7, nor can a score of ‘6’ be said to be twice the
perceived intensity of a score of ‘3’). Cardello et al. (74)
have tested the application of a single labelled magnitude
scale for satiety, which arguably overcomes these problems.
Advantages are that the scale may be more sensitive and
should allow for more valid quantitative transformations
and comparisons. However, a major drawback is that the
scale category terms must initially be selected and their
scale position calibrated for each language, although it
appears that if this is done with care, a single scale may be
suitable to a diversity of speakers of that language (80).

Overall, the available literature suggests that different
types of scales of perceived intensity largely generate quan-
titatively similar results for comparisons among stimuli or
subject groups in various situations, although there may be
advantages to a given method for particular research ques-
tions (81–85).

Reliability (repeat)

Depending upon the assessment criterion, the line scales
used most commonly in appetite research (Table 1) have
been found to have variable repeat-reliability with indi-
vidual subjects under controlled laboratory conditions,
but generally good repeat-reliability with regard to
group mean data and comparisons of specific foods
(71,76,78,79,86,87), even over several months or years
(87). Averaged values of ratings over several hours (e.g.
area under the curve [AUC]) have much better repeat-
reliability than absolute scores at single time points (e.g.
baseline, peak) (86,89). This also contributes to the obser-
vation that reproducibility is diminished by using
change from baseline values ((87) see also statistical
recommendations).

Overall, with appropriate experimental design and
analysis, methods in common use have a reasonable level of
reliability for comparisons of composite scores (but not

single time points) between foods by a given subject popu-
lation. Analyses by Flint et al. (86) indicate that 8–35 sub-
jects would be required to identify a 10-mm (10%)
difference in 4.5-h mean appetite ratings for two foods,
depending on the specific scale, level of power (0.8 or 0.9)
and paired or unpaired design. This is in line with the
anecdotal experience of various research groups, which
suggest that under good experimental conditions, 20–25
subjects is generally sufficient to capture a 10% difference
in mean or AUC appetite ratings between foods. A 10%
difference is typically also seen as ‘a reasonable and realistic
difference’ (86). Clearly more subjects are needed if there
are more comparisons (to control experiment-wide error
rates), or a between-subjects design. Notably, however, this
robustness in response to defined manipulations probably
equals or surpasses that of most associated biomarkers.

Validity (vs. other measures or constructs)

‘Face validity’
There is always a fundamental difficulty in establishing the
external validity of such measures (i.e. is a hunger scale
really measuring ‘hunger’? Is your ‘hunger’ the same as my
‘hunger’, etc.).

Rather than get tied down in this theoretical debate, a
pragmatic approach can be adopted: If relevant self-report
scales can effectively and reliably differentiate between
stimuli in an unbiased way, in a balanced and fair test
design, then they are probably suitable to substantiate the
related claims.

As noted by Hill et al. (2), in practice these scales cer-
tainly have ‘face validity’: they faithfully reflect general
agreement among people in certain experiences (of hunger,
etc.) along a continuum, and allow for distinctions to be
made within these. The scales are also generally responsive,
although imperfectly, to major characteristics of meals such
as volume and energy load (75,89). In addition, responses
usually align in time and magnitude with corresponding
physiological processes, such as stomach filling and the
movement and uptake of bulk and nutrients postprandially.
Lastly, under controlled conditions, there is no good evi-
dence that variations in responses on such scales are pri-
marily reflecting or biased towards something other than
what they are purported to capture.

Self-reports as predictors of behaviour
It is important to emphasize that the validity of self-report
measures is not defined by or dependent on their correlation
with behavioural measures of eating (2). There are manifold
reasons why self-reported appetite and actual eating may
differ, and the fact that people often eat when they have low
reported hunger (or vice versa), especially under free-living
conditions, does not invalidate self-reports as a reflection of
intensity of a specific feeling state or aspect of eating moti-
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vation. With regard to product claims, demonstration of an
effect on food intake is also not required. For example,
where energy intake is already being effectively controlled
through other means (low-energy foods, reduced-energy
diet plans, meal replacements, etc.), then the benefit of
enhancing satiety or reducing appetite may be simply to
minimize the dysphoria of hunger feelings, independent of
further changes in intake.

Nevertheless, there is a reasonable expectation that –
when other factors are carefully controlled or averaged out
– variation in self-reported appetite should be associated
with the subsequent onset or amount of eating. Although
relationships are far from perfect, this is indeed seen in
both the laboratory (see reviews (2,71,72)) and real world
(32,90). However, self-reported appetite is clearly not an
alternative to or proxy for behavioural measures of eating.
Subjective appetite and food intake measures are related,
but are different consumer benefits/claim areas, which can
vary independently of each other.

In short-term research studies, the relationship of per-
ceived hunger to food intake is highly dependent upon both
magnitude of differences and timing. Relative large differ-
ences in perceived hunger, especially the middle range of the
scale, are most likely to relate to differences in intake. Thus,
a difference in hunger ratings very late (e.g. 4–6 h) into
post-meal period, when most subjects are already indicat-
ing a high level of hunger, may have much less relevance to
food intake than differences earlier in the post-meal period.
The latter may also be used to select the most sensitive
point to test for potential differences in intakes.

Conclusions and recommendations

Although the subjective nature of self-reports may generate
doubts about their use in claim substantiation, these are a
sensitive, reliable and valid way to access relevant feeling
states and motivations, when used within an appropriate
study design and analysis.

1. Use of self-report scales (with or without related
biomarkers or behavioural measures) should be strongly
supported as a standard, accepted methodological
approach to substantiate claims relating to effects of foods
on the relevant feeling states and eating motivations.

2. Wider and more consistent use of a standard set of
preferred scales in research and claim substantiation, such
as those in Table 1, will improve the ability to make com-
parisons between research sites and studies.

3. There is a need to establish criteria for quality stan-
dards in appetite research. One approach would be a ‘ring
test’ using an identical set of foods of fixed composition,
and carefully defined subject population and methodology,
to underscore the within-site reliability, sensitivity and
between-site variability to detect differences between foods,
using the recommended scales.

Statistical treatment of standard satiety and
food intake efficacy trials

There are to date no authoritative papers or guidelines
specifically addressing the appropriate statistical analysis
procedures for studies of satiety and food intake. However,
these studies, where satiety is measured using subjective
appetite questions, may be viewed as examples of other
short- or long-term clinical trials where data are collected
at multiple time points. As such, they should comply with
general good practice and recommended statistical stan-
dards for such trials (91–94).

Statistical analysis plan

A statistical analysis plan is part of the experiment proto-
col. It includes the design, the statistical analysis model,
explanation of the statistical terms and the statistical results
to be delivered (tables, graphs, etc.). This, along with the
power determination and specific hypotheses, must be
specified in detail before the execution of the trial. As a
rough guide, a difference in the response magnitude relative
to control in food intake or satiety ratings (AUC or overall
mean) of around 8–10% is typically considered to be of
practical relevance (vs. perhaps just statistical significance)
(86).

The statistical plan should specify in advance which mea-
sure(s) or combination of measures (such as different rating
scales) will be used as the criterion for efficacy, and
powered accordingly. Conclusions based on results from
one out of many different measures or rating scales requires
that the experiment-wide error rate be controlled for the
multiple analyses. The statistical plan should also set out
any additional a priori hypotheses relating to, e.g. effects of
subject characteristics (such as gender, body size, eating
restraint, etc.), effects of treatments on macronutrient
choice, etc. Any analyses not specified in advance, but
carried out later, are by definition post hoc observations.

Design of a study

To correct for period effects and avoid introducing other
artefactual effects, the experimental design should be com-
pletely balanced and randomized. To make the design bal-
anced, a Latin square design (if possible a Williams design)
should be used. For estimating treatment differences a
Williams design will be sufficient to take into account a
possible carry-over effect. This type of design balances
the treatments over periods and subjects in such a way that
each treatment is preceded by every other treatment an
equal number of times. For within-subject designs, each
subject will receive all treatments once, and within a period
all treatments will be given to an equal number of subjects.
If a carry-over effect is to be expected a strongly balanced
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design is needed (for example, Luca’s extra period design).
These types of designs allow the estimation of both the
direct effect (treatment effect) and possible extra effects like
the residual effect.

Because of practical considerations (increasing duration
of experiment, potential for missed test sessions, subject
dropouts), it is unusual to see more than five to six treat-
ments used in complete within-subjects designs. Where
more treatments are desired within a single experiment, it is
also possible to use balanced incomplete block designs,
where each subject gets a subset of treatments. This will be
much more efficient than a between-subjects design, while
also limiting the number of treatments per subject to a
feasible level.

A reduction in variance may be achieved by adjusting
preload sizes or test meal intakes for individual energy
requirements (based on calculated estimates or actual mea-
sures of basal metabolic rate and activity levels). This is
probably preferable to post hoc analyses using measures
such as body mass index or gender as indirect proxies for
energy requirements. On the other hand, for testing food
products sold and consumed in specific units, a fixed rep-
resentative unit of that product should usually be given to
all subjects.

General recommendations for main and post hoc
analyses for (full-factorial) within- and also
between-subject repeated measure designs

• Balanced (crossover) design (Williams or strongly bal-
anced design).

• Because of the large between-subject variance it is
usually preferred that each subject gets all treatments used
in the design. Using incomplete block designs means that
additional subjects are needed to maintain the same level of
power.

• Experimenters should adhere to the agreed design. If a
subject drops out before the study starts, replace with a
new subject who gets the same treatment order.

• Number of subjects must be higher than the required
(according to the power test). If there is a dropout that
cannot be replaced by another subject, then there are still
enough subjects to maintain the planned power.

• Each subject most preferably gets a treatment on the
same day of the week, to allow 1 week of washout between
two different treatments.

Analyses of self-report (e.g. satiety scores) data:
single time point comparisons vs. mixed model
approach (repeated measures analysis) vs. area
under the curve

Although commonly done, analysis of differences in satiety
or other self-report scores at multiple individual time points

(e.g. 30, 60, 90 min, etc.) is not recommended. Analysing
satiety data on a single time point basis does not take into
account that satiety responses are a function of multiple
time points, and these individual time points are not physi-
ologically or statistically independent. It is therefore better
to use a repeated measures analysis or the AUC, which
is also a continuous parameter. In addition, comparisons
of many single time points leads to grossly inflated
experiment-wide error rates (type 1 statistical errors), and
potentially misleading interpretations and conclusions
regarding efficacy.

An extra point of attention is that AUC may not be
robust if the data include many missing values. In that
situation it is better to use the mixed model approach with
repeated measurements (RMANCOVA), which better deals
with the missing data points.

Sources of variation (including their interactions) to be
taken into account are listed below.

For analysis of RMANCOVA (repeated measures analy-
sis of covariance):

• subject, the person taking the treatments;
• treatment, the compound to be tested (‘wanted’ effect);
• period, each treatment day;
• time, time of measure;
• time * treatment, an interaction of time and treatment;
• period * treatment, an interaction of period and treat-

ment (carry-over and unwanted effect).

For analysis of AUC (ancova):

• subject, the person taking the treatments;
• treatment, the compound to be tested (‘wanted’ effect);
• period, each treatment day;
• period * treatment, an interaction of period and treat-

ment (carry-over and unwanted effect).

For higher order designs like 3 * 3, a carry-over factor
(different from the period by treatment interaction) must be
introduced.

Calculation of area under the curve

Areas under the curve are calculated by summarizing the
mean scores of pairs of adjacent time points and then
calculating a weighted mean (weighted by the time differ-
ence of two time points). For most designs, where time
points are equally spaced, the weighting is not needed.
Total AUC is recommended rather than the incremental or
net incremental AUCs.

Calculation of duration of response

Satiety responses may differ in shape, independent of AUC,
and analysis of duration of the excursion away and then
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back to starting point (time to return to baseline, TTRTB)
may be of interest. The difficulty that is usually encoun-
tered is that – unlike group mean responses – individual
response curves rarely have a clear (inverted) U-shape.
Thus, it is in practice difficult to identify a consistent and
unique TTRTB point for individuals. Although it is also
possible to plot the group mean curve and identify (by
interpolation) the TTRTB, this yields only mean values,
with no confidence interval. Thus, it does not allow for
statistical comparisons between treatments or subject
populations. Alternative approaches such as linear or non-
linear regression models typically fail to adequate describe
the actual shape of curves, require limiting assumptions or
generate inflated variance estimates. An application of
Weibull modelling to compute a mean TTRTB with confi-
dence has recently been described (95) and offers a possi-
bility for a consistent and practical statistical approach
to this.

Change from baseline analysis

When the analysis is based on a continuous outcome there
is commonly a choice of whether to use the raw outcome or
changes from baseline as the primary endpoints. However,
whichever of these endpoints are chosen, there is a clear
consensus that the baseline value should be used as a cova-
riate in the primary analysis in randomized studies (91–
94,96,97). Analysis of covariance (ancova) using the
correlation between the baseline and the endpoint will
increase the efficiency of the analysis vs. just analysis of
change alone. Furthermore, the use of baseline subtraction
(‘simple change from baseline’) alone, without adjusting for
the baseline itself (by ancova) is not generally appropriate,
and can introduce artefactual effects because of random
differences at baseline (whether these differences are ‘sta-
tistically significant’ or not).

When baseline values are included as covariates in the
analyses, the estimated treatment effects are identical for
analyses of both ‘change from baseline’ and ‘raw outcome’
values. Consequently if the appropriate (baseline covariate)
adjustment is done, then the choice of endpoints (raw or
change values) becomes solely an issue of interpretability.

Use of baseline values as covariates, rather than simple
subtraction of these, is clearly also the recommended stan-
dard for evaluation of treatment effects in pharmaceutical
trials (94).

Care should be taken in considering other additional
covariates. In particular, in studies where food intake has
already been adjusted for (estimated) individual energy
requirements, this adjustment already incorporates gender,
age and body weight, so those factors would not need to be
entered again unless there is some additional justification.
Furthermore, whereas corrections for these factors would
usually be linear, relationships with energy requirements

are not, so these additional (over-)corrections may intro-
duce errors.

Baseline comparisons

Although it is common to see, statistical testing for base-
line differences has no role in a trial where the handling
of the randomization has been fully satisfactory. Baseline
summaries for the main covariates should be presented
and discussed from a clinical point of view, irrespective
of whether a statistical test indicated a ‘statistically sig-
nificant’ difference between treatment groups or test
conditions.

If the process of allocating subjects to products has, in
fact, not been random then a statistically adjustment
should be interpreted very cautiously. The appropriate
actions (possibly excluding some subjects or centres) will
follow from investigations into the cause of the imbalance.

When there is some imbalance between treatments or
groups in a baseline (covariate) value that is solely as a
result of chance – whether this is ‘statistically significant’
or not – then the appropriately adjusted analyses
(ancova) can account for these imbalances, whereas
unadjusted analyses (including ‘simple change from base-
line’) may not.

Quantifying satiety

Twenty-five years ago it was proposed that it would be
advantageous to develop a formula for calculating the
energy–satiety ratio of all common foods in order to assess
their potential for causing over consumption and obesity
(98). A number of procedures have been proposed to
calculate the potency of foods to generate satiety; these
include satiety efficiency (99), satiety index (100) and
satiety quotient (101). The satiety quotient relates the sup-
pression of hunger (or change in fullness) to the energy
content of the meal consumed and has now been used in a
variety of contexts that demonstrate its capacity to describe
the strength of satiety generated by food consumption
(102), exercise (103) or related to the biology of the indi-
vidual (104,105). This formulation has some limitations
mainly concerning the lack of linearity in the relationship
between energy consumed and the return of hunger after
eating. However, when used with fixed size meals, the
formula has the capacity to provide a quantitative measure
of the satiety produced by different foods.

Importance of subject variables

It is plausible to assume that not all human beings display
the same uniform appetite response to a dietary manipula-
tion or challenge. However, it may reasonably be assumed
that there is an underlying common structure to the expe-
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rience of appetite that includes inter alia eating in episodes,
synchronized profiles of hunger, fullness and other sensa-
tions, and the exhibition of processes of satiation and
satiety. However, the specific form of these variables and
the intensity with which they are expressed are likely to be
modulated by the physiological and psychological charac-
teristics of specific groups of subjects.

Body mass index (obese vs. lean)

For a number of years, and for obvious reasons, there has
been a considerable interest in describing the differences
between lean and obese people in order to identify whether
or not differences exist in the operation of the appetite
control system and therefore in the response to particular
foods or nutrients. This report does not include an exten-
sive review of this issue. The message is that the measure-
ment of an appetite response may vary according to the
body composition or overall body mass index of an indi-
vidual. It cannot be assumed that an outcome observed in
a group of lean people will be replicated in a group of
obese.

As an example, there is evidence that responses to pre-
loads and the degree of compensation is modulated by the
degree of hyperinsulinemia in male obese subjects (106).
This effect has been demonstrated for passive over con-
sumption in relation to a high-fat diet, but is likely to be
true for other types of foods. This study indicates that
obese subjects display blunted responses to dietary manipu-
lations compared with lean subjects who have normal
insulin levels and good insulin sensitivity. This could imply
that products designed for obese (insulin resistant) people
should be tested on such people. This may be important if
the post-ingestive signalling system of obese subjects differs
in strength from that of lean people – as indicated by the
tendency to eat a constant weight/volume of foods varying
in carbohydrate/fat content (107).

Although obese female subjects may show similarly
shaped profiles of hunger, fullness, etc. in response to fixed
size meals, when compared with lean women, the ampli-
tude of the oscillations and the degree of satiation-induced
suppression of sensations did vary (108). This indicates a
difference between obese and lean women in the impact of
food eaten on the subsequent feeling of hunger. It follows
that claims about the effects of foods in overweight or
obese people should be accompanied by evidence on these
specific types of individuals.

Considering body size and body weight there is an
ongoing debate about the merit of prescribing preloads or
test meals as a function of body size rather than as an
absolute quantity independent of size (and therefore of
energy requirements). There has never been a serious
examination of the effect of these two procedures, and such
a study would be worth carrying out.

Psychometric traits

There is an increasing tendency to use the Three Factor
Eating Questionnaire (TFEQ) or the Dutch eating Behav-
iour Questionnaire (DEBQ) as a screening tool in appetite
studies, or as a technique to stratify subjects because of an
anticipated effect on particular aspects of the appetite
response. For some studies, it is now standard practice to
exclude subjects with a restraint score >13 (sometimes
>11). There is evidence that scores on the factors of
restraint and disinhibition can influence the outcome
of interventions and challenges. For example, the degree of
disinhibition influences the compensatory response when
the test foods vary in palatability (109). In addition, a
combination of high restraint and high disinhibition can
exert measurable effects (different from disinhibition
alone). Subjects stratified by their restraint scores showed a
different hunger and hedonic response to foods when sub-
jected to an exercise intervention (110). There are also
several examples of TFEQ factors (especially disinhibition)
influencing body-weight gain (presumably by an action on
feeding behaviour) (111).

Subject physiological state

Antecedent levels of energy depletion and physical activity
are potentially important confounders in satiety studies.
However, failure to monitor and/or standardize them is
common, making it difficult to interpret differences both
between and within studies. Control of antecedent diet will
be particularly important in subgroups who may not be in
energy balance prior to the test day (e.g. the obese and
restrained eaters). If macronutrient balance is a study pre-
requisite, it is vital that physical activity, fasting period and
alcohol intakes are standardized prior to testing in order
to ensure compatibility in glycogen stores. However, not
all studies involve an evaluation of energy balance. It
has recently been demonstrated that the reproducibility of
experimental test meals is altered very little by whether or
not subjects have been standardized although the imposi-
tion of a uniform diet on the day preceding the experimen-
tal test meal (112). This is encouraging news as it suggests
that the test meal scenario is fairly robust in its capacity to
measure the effect of food manipulations on different
occasions.

Allelic variation and individual differences

As noted above, there is now increasing recognition of the
considerable heterogeneity of human populations, and con-
sequently any nutritional or behavioural intervention can
be expected to generate a wide range of responses. Under
such circumstances the average response of a group of
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participants may fail to disclose the diversity of responses
produced. It has been noted that a ‘well known phenom-
enon in nutritional research is the inter-individual response
to any type of nutritional intervention’ (113). This concept
has become embodied into the field of nutritional genomics
(114). The EU Framework 6 Diogenes Project has been
built around the issue of characterizing the diversity in the
body-weight response to different diets during a period of
weight regain following a substantial enforced weight
loss (115). It is inevitable that the diversity of potential
responses to nutritional interventions – which have an
impact on the expression of appetite – will be incorporated
into the methodology of appetite research and in experi-
mental designs for studying satiety. This implies that the
possession of particular genetic polymorphisms will adjust
the way in which the processes of satiation and satiety are
influenced by physiology and nutrition.

Conclusions

This review of the methodology of appetite control has
described the most widely used procedures together with
their strengths and weaknesses. Guidance on best practice
is implicit in the text. This framework provides the possi-
bility of evaluating the strength of a claim made about the
impact of a food on appetite control, hunger and satiety in
the context of weight management. The impact will have
been measured under a particular set of circumstances
involving choices of types of test foods, amount of product
administered, duration of observation period, nature of the
measurement (subjective, objective) and the number of rep-
lications (if any). All of these arbitrary choices about the
type of experiment carried out contribute to the strength of
the claim made on behalf of a food or food component.

It is clear that, in principle, a claim can be made about
the effect of a food on subjective aspects of appetite (feel-
ings of hunger, fullness, etc.), the amount of food consumed
(for example in a single test meal), the amount consumed
over a whole day (24-h intake) and the effect on body
weight. However, all such claims should be supported by
evidence about that specific claim. If a claim is made for an
effect on weight management or body weight then it is
appropriate that the study has measured these specific
parameters. It is inappropriate to infer that the effect of a
food (or food component) on a subjective appetite feeling
will be automatically translated into an effect on daily food
intake, energy balance or body weight. Similar reasoning
applies to a claim about weight management. It cannot be
claimed that a short-term effect on hunger management
will accumulate to give a long-term effect on weight man-
agement (unless body-weight data are presented). However,
a legitimate and valid claim may be substantiated.

In this review it has been mentioned repeatedly that the
effect of a food on satiety is determined not be some single

component within the food, but by that component inter-
acting with other components and attributes such as energy
density, active and non-active ingredients, palatability,
portion size (dose), etc. Therefore the effect of a food
component evaluated in isolation cannot be assumed to
retain the same functional properties when administered
within a food product (although this could be the case).
Similarly the effect of a particular dose (quantity) of a food
component may vary with the amounts of other food com-
ponents with which it is eaten. These considerations simply
reflect the complexity of appetite control and the difficulty
of isolating the action of any single component.

It is also apparent from the above review that a specific
claim on behalf of a food or food component should, in
most cases, be supported by a comparison with an appro-
priate control food in order to judge the strength of the
claim. It should be kept in mind that almost every food –
including hamburgers, doughnuts and pastries, often con-
sidered responsible for over-eating – could reduce hunger
(at least for a short period of time). Therefore, these foods
could be claimed to be helpful – as part of a weight reduc-
ing diet. One approach to deal with this argument is to
suggest that any food that carries a specific claim should
have been compared with an alternative food sharing some
of the same general attributes (energy value, portion size,
taste, etc.) or demonstrate in other ways (for example,
effects relative to its energy content) that the product and
claims about it reflect a responsible positioning with regard
to any implied weight management benefits. Furthermore,
products carrying such claims should meet other applicable
healthy eating guidelines.

Two issues have prompted this review of the methodol-
ogy of appetite control: first, by the desire to use specific
foods to help to combat the so-called obesity epidemic;
second, by the requirement of the European Commission to
legislate for the claims that are made by manufacturers
about foods intended to control appetite. The widespread
increase in the frequency of overweight and obesity is evi-
dence of the ease with which food consumption (relative to
a low-energy expenditure) can lead to a positive energy
balance and weight gain. The capacity of human beings to
gain weight incrementally over time is very difficult to halt
and even more difficult to reverse. Sometimes this can be
achieved by control of the total diet or by a major perma-
nent shift in eating pattern. Therefore to produce and iden-
tify single foods or food components that can impact on
daily energy intake, energy balance or body weight consti-
tutes a major challenge. Some functional foods for appetite
control will have the capacity to achieve positive effects over
a particular time period. The identification of these foods
with certainty for the benefit of the consumer requires the
application of a strong scientific methodology as envisaged
in the PASSCLAIM principles. The essential features of this
methodology have been outlined in this report.
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In conclusion, it is worth setting out a few principles that
can be kept in mind when designing, or evaluating, studies
in the field of appetite control:

1. PASSCLAIM principles apply, with additional consid-
erations for this specific claim area;

2. No single test of appetite that applies to all claims;
3. Clarity of claim and data required to support the

specific claim;
4. Claims regarding appetite/satiety are not claims about

weight control per se and are not substantiation for weight
control claims;

5. Validated and appropriate analysis (as described in
this report and checklist);

6. Biomarker and mechanistic data are not adequate
substantiation for a claim in the absence of primary sub-
stantiation by behavioural measures.

The following checklist can also be used

1. Refer to PASSCLAIM to identify other generic issues;
2. Statistical plan and analyses clear;

• Primary hypotheses (including subgroup analyses)
pre-specified;
• Adequately powered (within-subject preferred);
• Balanced treatment order, random allocation;
• Energy matched treatments;
• Treatment effect statistically compared with control
effect;
• Appropriate handling of baseline values (ancova
recommended);
• Within-experiment error rate controlled for mul-
tiple testing.

3. Population reflects intended target (product user)
group;

4. Appropriately matched control products (sensory,
nutritional, etc.) – ‘1 variable principle’;

5. Food intake claims supported by objective measures
of intake;

6. Test product or ingredient representative of product/
ingredient as eaten and carrying claim;

• Dose level, matrix;
• Material (ingredient) specification and handling,
processing and storage.

7. Meaningful effect size (clinical vs. statistical signifi-
cance);

8. In vitro data, biomarkers, potential mechanisms sup-
ported by direct (behavioural) evidence.
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