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INTRODUCTION

Although there is a strong genetic component to overweight and
obesity, the fact that the incidence of these disorders has increased
just recently implicates an environmental and behavioural basis.
Some workers have emphasized the increase in energy intake"*
whereas others attribute increasing weight gain to decreased
energy expenditure because of an increasingly sedentary lifestyle.3
The important point is not that one has changed but why the other
has not changed in concert to maintain energy balance. One
explanation holds that the decrease in energy expenditure has
been too subtle to evoke a change in dietary intake while the
increase in energy intake, which has resulted from shifts in the
food supply, has elicited little behavioural compensation. The
mechanisms linking energy intake and expenditure are unclear, but
it seems reasonable to believe that appetite, sensations that
promote food ingestion or rejection, is central to the maintenance
of energy balance.

Appetite has been viewed as a bridge between energy intake and
expenditure that should aid in coupling the two. Could a disruption
in the relationship account for the positive energy balance the
majority of North Americans are now experiencing? Different views
have emerged. One explanation argues that the energy imbalance
stems from a failure to monitor and appropriately react to internal
appetitive cues. Thus, the system is functional but overridden by
other factors promoting intake.

NATURE OF APPETITIVE SENSATIONS

Appetite is a subjective construct and, as such, is not open to
direct measurement. This has necessitated the reliance on several
indirect measurements, such as eating patterns/food intake,
questionnaires, and biomarkers. Appetite is often divided into
three components: hunger, satiation, and satiety. Hunger describes
thesensationsthatpromote foodconsumptionandisa
multidimensional attribute with metabolic, sensory, and cognitive
facets.*> Following the initiation of a meal and as eating proceeds,
hunger subsides while satiation, the sensations that govern meal
size and duration, becomes increasingly dominant.® Eventually,
feelings of satiation will contribute to the cessation of eating and
begin a period of abstinence from eating. The sensations that

determine the inter-meal period of fasting are termed satiety. The
mechanisms that regulate hunger, satiation, and satiety, and
consequently food intake, have a physiologic basis but may be
strongly influenced by environmental factors (eg, availability of
food, sensory stimulation) or cognitive issues (eg, health beliefs,
habitual meal times).”® Although hunger may be on the opposite
end of a scale of appetitive sensation from satiation or satiety, one
is not merely the absence of another. The sensations that promote
and inhibit eating are governed by overlapping but also distinct
mechanisms. Moreover, satiation and hunger can be simultaneously
elevated as may occur when a palatable food is presented after a
large meal or under non-physiologic conditions (eg, after smoking
marijuana). Areductionof foodintake canbe achieved by
promotion of satiety with a resulting decrease in eating occasions
or by increased satiation, resulting in a reduction of the amount
eaten during an eating occasion. However, if one sensation rises
while the other declines (eg, decreased eating frequency with
increased quantity or vice versa), no change would be predicted.
Thus, it is vital that any consideration of appetite as a determinant
of eating behavior and energy balance considers both satiation and
satiety. Because there is no widely agreed on definition of a meal
or snack, itis most appropriate torefer to eating occasions.
However, for ease of discourse, the term "meal” will be used
throughout this review.

DIETARY MODULATION OF APPETITE

Knowledge of appetitive sensations may serve multiple purposes. It
can be a tool to understand basic metabolism as well as behaviour.
From a dietetics perspective, the primary interest lies in the
assumed associations between appetitive indices and the interest in
eating, food choices, energy balance, and body weight. Presumably,
foods with high satiation or satiety value should aid in controlling
energy intake, whereas items with low values should provide a
weaker barrier to consumption. The former may be beneficial
among individuals attempting to moderate energy intake (eg,
overweight/obese patients), whereas the latter may hold value for
those requiring increased intake (eg, certain patients with cancer,
human immunodeficiency virus infection, or elderly adults).
Accumulating knowledge provides insights on food and meal
components that may be manipulated to achieve these dietary goals.
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MACRONUTRIENT COMPOSITION
FAT

Fat has traditionally been regarded as the macronutrient with the
strongest satiety property. This stems from the historical focus on
the stomach as a primary source of hunger/satiation cues and
knowledge that fat clears from the stomach more slowly than the
other macronutrients. Thus, it prolongs gastric distention. However,
this view suffers from a failure to recognize that gastric cues are
only one of multiple determinants of appetitive sensations. Indeed,
gastrectomized patients have normal appetitive sensations.®

More recent literature provides compelling evidence that fat is
actually the least satiating of the macronutrients.® This is most clearly
demonstrated in preload type studies in which individuals report to a
laboratory after a fast of some length, commonly overnight, and are
provided a fixed portion of a food with a particular concentration of
a macronutrient. This paradigm typically reveals that fat is least
effective at suppressing self-reported hunger and food intake.

Caution must be used when extrapolating data on a food constituent
to all foods containing that component. Because fat holds weak
satiety value does not mean that all high-fat foods have weak satiety
properties. Nuts are high-fat foods that possess strong satiety
value.' They evoke a robust compensatory dietary response (ie,
reduced subsequent energy intake) that offsets approximately two
thirds of the energy contributed by the nuts.'*'* This explains, in
part, epidemiologic evidence that frequency of nut consumption is
inversely associated with body mass index (BMI) and intervention
trials reveal little or no weight gain during feeding trials with nuts.

Preload studies generally indicate that carbohydrate has a satiety
effect that is intermediate to fat and protein.’>'® An exception occurs
when high-fat and high carbohydrate foods are matched on energy
density."7 In this instance, their satiety values are comparable,
indicating that the low satiety value of dietary fat is likely because of
its high energy density rather than another chemical property.

CURRENT EVIDENCE SUGGESTS...
In general fat is the least effective macronutrient at suppressing
self-reported hunger and food intake. However, some foods like
nuts, do have high satiety properties.

the satiety hormone leptin. As a result, hunger is not suppressed and
food intake increases, resulting in positive energy balance and weight
gain.?° Thus, hypotheses based on the glycemic index value of
carbohydrate-containing foods suggest that both low and high insulin
responsestofoodspromote hungerandenergyintake. One
mechanism assumes that blood glucose is a primary determinant of
hunger. However, euglycemic clamp studies reveal that independent
manipulation of either glucose or insulin do not elicit commensurate
shifts in hunger.” The other view is predicated on leptin as a key
postprandial regulator of appetite. However, because of its strong
correlation to body fat, there is considerable question regarding
leptin’s role in meal-to-meal control of appetite. Thus, the importance
of carbohydrate in appetite control warrants further study.

CURRENT EVIDENCE SUGGESTS...

Both carbohydrate-containing foods that have a low insulin
response and those that have a high response promote hunger
and energy intake. More research is needed in this area.

PROTEIN

There are compelling data indicating that protein has the highest
satiety value of the macronutrients.?* This has been documented in
preload studies based on appetite ratings as well as by measuring food
intake. Still, this work has raised issues that require such a view be
made with qualifications. First, the type of the food used as a protein
source can modify its response. Solid foods with high protein content
reliably hold strong satiety value as measured by appetite ratings and
food intake. However, the preponderance of evidence based on
protein manipulations in fluids fails to support these effects.”? Second,
there is increasing interest in effects from different protein sources.
Although isolated studies revealed particularly strong influences of
selected proteins such as chicken or whey, these require further
substantiation. The high satiety value of protein has been credited
with helping to curb hunger during adherence to high-protein diets,
but this has not been established through objective testing. Alternative
explanations such as monotony and ketosis may also contribute.

CURRENT EVIDENCE SUGGESTS...

Protein has the highest satiety value of the macronutrients,
however the type of protein may modify its effect.

CARBOHYDRATE

The role of carbohydrate in regulation of appetite and energy
balance has recently attracted attention.'® Although the type and
amount of carbohydrate consumed influences many ingestive
processes, one mechanism of particular current interest concerns the
concept of glycemic index. Glycemic index is defined as the positive
area under the glucose response curve after consumption of 50 g of
available carbohydrate from a test food. Glycemic index values are
expressed relative to the glucose response observed after the
ingestion, by the same person, of the same amount of a reference
food, typicallyglucoseorwhitebread.Theoretically,
high-glycemic-index foods prompt an early and sharp increase in
blood glucose, which elicits a strong insulin response. This, in turn,
promotes the clearance of glucose from the blood and a rebound
relative hypoglycemia. It is believed that this stimulates appetite,
with consequent increased energy intake, positive energy balance,
and weight gain.

However, another view is that selected low-glycemic index foods may
also be problematic. There has been considerable interest in the
association between soda ingestion and body weight. A recently
proposed mechanistic hypothesis holds that the high-fructose corn
syrup used as the primary sweetener in these beverages has low
glycemic- index properties.' This results in a small insulin response
to their ingestion. This then has little stimulatory effect on release of

FIBRE

Fibre in foods has long been regarded as a satiation and satiety
factor.>#* It may exert this effect by different mechanisms. Among
them are increased mastication, gastric distention, reduced
gastrointestinal transit time, and modulation of nutrient absorption.
Prolonged mastication can promote satiation by reducing eating
rate, thereby providing greater time for metabolic feedback to curb
intake. Increased insoluble fibre consumption may be an effective
means to maximize satiation through gastric distention. Soluble
fibres may also promote satiation through gastric distention and by
reducing gastric emptying and gastrointestinal transit.?® Slower
glycemic index transit may enhance the release of gut peptides with
satiety properties as well as slow nutrient absorption, resulting in a
metabolic profile that enhances satiety.

Because of a hypothesized influence of fibre on the gut and interest
in its application to management of obesity, potential differences in
gutsizeandfunctionintheleanandohbesearecentralto
understanding the potential for this intervention. Contrary to popular
views, gastric volume is not directly related to hunger or BMI.?” Thus,
whereas obese individuals require larger food volumes to reach a
comparable level of satiation with a lean individual, this is not
necessarily attributable to their having larger gastric volumes. They
also have higher energy needs. In one recent study, overweight/obese
individuals required and additional 2257 kcal to reach maximal



satiation compared with lean participants.?® The extent to which
volume displacement of this caloric difference can be met by Fibre
on a chronic basis is not known. Large resting gastric volume is also
associated with low satiation. A 50-mL increment in gastric volume
was associated with the need for an increment of 114+2 kcal to reach
maximal satiation. The significance of this is not known.

CURRENT EVIDENCE SUGGESTS...

Fibre has long been regarded as being a high satiety food. Both
insoluble and soluble fibre may increase satiety through gastric
distention, whereas soluble fibre may also do so by reducing
gastric emptying and gastrointestinal transit.

FOOD VOLUME OR WEIGHT

For over a decade, fat was considered a prime contributor to
positive energy balance. This was attributed to its palatability, low
satiation value, efficient metabolism, and high energy density. The
latter was viewed as problematic because of evidence that humans
tend to eat a constant weight or volume of food daily.?®

More recently, concern has been focused on increasing portion size
as a contributor to positive energy balance.?? This is an issue
because studies in children and adults indicate that energy intake is
directly related to the portion of food provided.3® However, these
findings pose a quandary at several levels. First, for this to be a
factor, it must be posited that the controls on appetite failed as of
about 25 years ago when body weight began to rise. There is no
basis to support such a degradation of function. Alternatively, it
may be that, with the increased availability of low-cost, palatable
foods, people simply choose to override appetitive cues. Only
anecdotal evidence supports this hypothesis at the present time.

The second problem with attributing positive energy balance to
increasing portions is the fact that the very concept that intake is
proportional to portion size conflicts with the well-supported view,
outlined above, that humans eat a constant weight of food. Can both
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mechanisms be operational? One hypothesis that accommodates
both mechanisms holds that there is no physiologic monitor of
ingested food volume or weight but, rather, that the constancy of
intake reflects social dictates of appropriate portion sizes (eg, two
slices of bread make a sandwich meal). However, over the past
quarter century, social norms have shift toward larger portions.
Resolution of this question waits systematic testing.

Summary

Despite a long history of research, the mechanisms and functions
of appetitive sensations remain poorly characterized. This is, in
part, because of difficulties in identifying the key metrics and
methods to quantify them. Work on the topic has increased
recently because of a belief that the current overweight/obesity
epidemic results from a failure to respond to appetitive cues that
attemptto balance energyintake and energy expenditure.
However, the underlying premise of this view is questionable
because there is no clear adaptive advantage for an organism to
consume just enough food to maintain energy balance. Such a
systemwould fail toprotectagainstfuturegapsinfood
availability. A strong hunger drive would act to encourage over
consumptionand promote energy storage foruse during
intermittent food shortages. The tendency of modern humans to
overeat and efficiently store the excess energy is testament to the
strong selective pressure for this genotype. Unfortunately, this
genotype is maladaptive in modern societies in which food is
inexpensive,palatable,andreadilyavailable. Thus,
recommendations to become more sensitized to internal appetitive
cues that guide food choice may not have the intended effect on
energy balance and body weight.

Attempts to modulated appetite for therapeutic purposes through
manipulation of food properties have yielded limited success. This
is likely because of the compensatory inputs from other elements
of the redundant system that ensure energy needs are met or
exceeded. Workinthisareashouldbe pursuedbutwith
recognition that there are additional factors (eg, cognitive, social)
guiding food choice. Appetite and food intake are not synonymous.
Thus, the ultimate goal must be moderation of energy intake.
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The equation of energy in versus energy out is well known to Registered Dietitians — if more calories are
consumed than expended, weight gain will occur. More challenging is communicating in a clear and simple
manner how to make healthy choices to achieve energy balance. Helping clients understand and apply the
principles of energy balance, including the satiety value of foods, is key to successful shape management.

Energy In:

Hunger Control:

+ Consider the Satiety Value of Foods: Fibre and protein as part of a meal or snack increases satiety and delays hunger. This can
translate into lower food consumption and possibly a lower energy intake. As well, high fibre foods promote a feeling of fullness,
which can lead to a reduction in food intake during eating occasions.

+ Plan Ahead: Keep a variety of low fat snacks that provide fibre and/or protein readily available to avoid impulsive choices that
may be higher in calories.

- Eat Breakfast: Research shows that people who regularly eat a nutritious breakfast have healthier body weights than those who
skip breakfast. Choosing breakfast foods with fibre and protein can help control hunger throughout the day.

The following breakfast
promotes satiety by o+ o+
combining a variety of foods [
. |

that are a source of protein, —
high in fibre and low in fat. v o

Special K" cereal (1 % cup) All-Bran Buds* cereal (1/3 cup) glass of skim milk orange

fat free low fat low fat source of fibre
good source of protein very high source of fibre 90 Kcal 60 Kcal

110 Kcal 70 Kcal

Portion Control: Studies indicate that energy intake is related to the portion of food provided. Using smaller plates and
understanding what an appropriate food serving looks like can control calorie intake. Choosing portion-controlled or single
serve foods may help avoid overeating.

Knowledge is Power: Having a sense of the calorie value of different foods is important to knowing total energy intake.
Understanding that low fat and high fibre foods tend to be lower in calories can lead to smart food choices. Check the Nutrition
Facts and remember the values for nutrients and calories listed are for one serving only.

Energy Out:

The new Canada’s Food Guide recognizes the importance of both sides of the energy balance equation by encouraging people to "Eat well
and be active today and every day!” Regular physical activity not only promotes shape management, but also provides other health
benefits, including an increased sense of well being.

T oy —
‘ { ' /ﬂ*
eep it simple.” W‘/g o/ * L /LL,
== /,/7/ / /‘.

You can find this and past articles on the health professional section of www.kelloggsnutrition.ca

Insert to the Canadian Journal of Dietetic Practice and Research, Vol 68 No 2, Summer 2007 *© 2007, Trademark of Kellogg Company used under licence by Kellogg Canada Inc.




