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ABSTRACT

Among the key characteristics of the Western obesogenic food environment is a highly palatable and varied food supply. Laboratory
investigations of eating behavior in both humans and animals established key roles for palatability and variety in stimulating appetite, delaying

satiety, and promoting excessive energy intake. There is a robust effect of food palatability and variety on short-term food intake, and increased
variety and palatability also cause weight gain in animal models. However, laboratory paradigms do not replicate the complexities of eating in a
natural setting, and there is a shortage of evidence to estimate the magnitude of effects on weight in humans. There are substantial individual
differences in susceptibility to the palatability effect and this may be a key determinant in individual vulnerability to weight gain. The

understanding of pathways through which palatability and variety can affect eating is advancing, and epidemiologic and intervention studies are
needed to translate laboratory findings into applications in public health or clinical domains, and to establish whether there is a role for greater
regulation of the food environment in tackling increases in obesity. Adv Nutr 2014;5:851-859.

Introduction: Defining the Issue

Environmental increases in palatability and variety in the
food supply are potential contributors to the rise in adipos-
ity seen worldwide. Both developed and developing coun-
tries have seen increasing diversity in the food supply, with
a decline in the consumption of staples, such as cereals,
and increased consumption of a variety of more palatable
foods including meat, fish, sugar, and vegetable fats (1,2).
The increasing dominance of supermarkets, which offer
greater variety to the consumer, together with the prolifera-
tion of convenience foods engineered for maximum palat-
ability, are among the many social, economic, and cultural
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factors contributing to these trends (3). In susceptible indi-
viduals, such environmental changes may be triggers for
overconsumption leading to obesity (4-8).

Although all consumers are exposed to high and rising
levels of food variety and palatability, exposure to these fea-
tures of the food environment vary by social, economic, and
cultural groupings, individual lifestyle, and purchasing deci-
sions (9-12). The impact of environmental exposures are
further moderated by genetic and acquired characteristics,
with some individuals being more vulnerable to aspects of
the food environment that enhance appetite and delay sati-
ety (6,13-15). Variation in self-regulatory ability could also
influence the individual’s ability to resist palatability and va-
riety effects (16,17).

This review will summarize evidence for the influence of
variety and palatability on appetite, intake, and weight gain,
and discuss future research directions to translate the scien-
tific work into public health and clinical applications.

Effect of Food Palatability on Eating Behavior

and Weight

The sensory properties of foods (primarily taste and smell)
are highly influential in motivating food selection (5,18,19),
indicating a central role for palatability in determining eat-
ing behavior. In evolutionary terms, human taste prefer-
ences were shaped by the need to seek out foods that are
high in energy, which can explain the sensory appeal of
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sugars and fats (20). A review of human laboratory studies
showed that greater palatability is reliably translated into
higher short-term intake (21), and effects are seen even
when the nutritional composition of the food is held con-
stant (22-24). Correlational studies also showed that people
eat more when food is palatable. Two studies in which par-
ticipants recorded what they ate and rated the palatability of
their meals over 7 d found that highly palatable meals were
44% larger than the average meal (25,26). However, these
studies did not test cause—effect relations by varying meal
palatability systematically to examine effects on intake.

Palatable foods are thought to influence intake through
the activation of hedonic motivational pathways (6,27,28).
Palatability has a greater effect on intake in a satiated state
than in a hungry state (29), suggesting that although home-
ostatic mechanisms dominate in the hungry state, hedonic
mechanisms become more important once homeostatic
needs are met. However, studies that measured liking for
foods (distinct from wanting to eat them) reported that rat-
ings for liking are higher when hungry, indicating some
overlap between the hedonic and homeostatic motivation
to eat (30-32). Exposure to palatable foods reliably increases
self-reported appetite, with ratings of hunger actually in-
creasing during the early stages of a highly palatable meal
(22,30). Some studies also found faster recovery of appetite
following a more palatable meal (33,34), suggesting that
later compensation for increased intake may be less likely
following a palatable meal.

A wider effect of palatable food on hedonic responsive-
ness is suggested by animal studies. The “reward threshold,”
which is the level at which stimulation of reward-related
brain areas produces a hedonic response, elevates gradually
in rats with daily access to a highly palatable diet in a way
that is comparable to threshold elevations resulting from
regular infusions of opiates (35). Consumption of palatable
foods can induce striatal dopamine transmission deficits (4),
and over time consumption of a highly palatable diet may
lead to reductions in brain reward response capacity. Hence
it has been suggested that these acquired alterations in re-
ward sensitivity can augment stimulation-seeking, resulting
in an increasing tendency to overeat palatable food (36).

Cognitive factors were shown to modulate sensory per-
ceptions in humans (5). A taste paired with the words
“rich delicious flavor” was perceived to be more pleasant
and produced more activation in the reward-related orbito-
frontal and pregenual cingulate cortex than the same taste
paired with the words “boiled vegetable water” (37), sug-
gesting potential for cognitive interventions to address sen-
sory perceptions of palatable foods. Human eating behavior
is also strongly influenced by food availability, social and
cultural norms, and health and appearance considerations
(38,39), and reward value may not always be the main factor
determining intake in situations in which social, cultural,
and food environment factors exert their own pressures.
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Effects of palatability on weight. If highly palatable foods
increase intake in the short term, do they increase weight in
the long term? Animal studies consistently show that so-
called “cafeteria” diets (composed of a choice of highly
palatable foods) induce greater weight gain than standard
laboratory diets (40—42), although this is likely to be due not
only to differences in palatability between the diets, but also
to differences in energy density and variety (see below). In
humans, no studies have systematically manipulated dietary
palatability to examine long-term effects on weight. There is
a similar lack of epidemiologic studies examining associa-
tions between exposure to more palatable diets and weight
change, meaning that direct effects on weight in humans re-
main untested.

Variation in susceptibility to palatability. Although most
studies look at normative effects, i.e., how modifications of
palatability affect the typical respondent, responsiveness to
palatability also varies between individuals (43). One of the
earliest laboratory studies of individual differences in eating
behavior (44) showed that obese participants ate more highly
palatable food than normal-weight participants, but there
were no differences for less palatable food. This was replicated
in a number of subsequent laboratory studies (45,46), and a
graded association between obesity and the palatability effect
was demonstrated (47,48). Observational studies of eating
behavior also showed an interaction between weight and
the presence of palatable food in predicting overeating (10).

Much of the work to understand the nature of vulnerabil-
ity to food environments used psychometric measures of
eating style to index differential responsiveness to food stim-
uli. Two well-established measures of eating style in adults
(the Three Factor Eating Questionnaire and the Dutch Eat-
ing Behavior Questionnaire) both include items on “external
eating” (e.g., “If food tastes good to you, do you eat more
than usual?”), with evidence for variability across the popu-
lation (49,50). Individuals scoring high on these dimensions
might be expected to be particularly vulnerable to a highly
palatable food environment. Similar scales for children
(the food responsiveness scale of the Child Eating Behavior
Questionnaire) and infants (the Baby Eating Behavior Ques-
tionnaire) also demonstrate individual variation (51,52).
Twin and family studies using these measures found strong
evidence for heritability of food responsiveness (the ten-
dency to eat when prompted by sensory cues) in both adults
and children, indicating that there may be a biologic basis
for variation in this trait (52-55). It was also suggested
that these tendencies can be exacerbated by parental feed-
ing approaches [for example, using food as a reward and im-
posing excessive restrictions on the child’s eating (56,57)].
Greater food responsiveness is linked with higher body
weight in cross-sectional studies in children (58) and a recent
prospective study showed that higher food responsiveness
in infancy predicts greater weight gain from 3 to 15 mo
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(59). In adults, results of cross-sectional and prospective
studies of external eating style and body weight were more
mixed (60—65), perhaps because many adults who have a
vulnerability to overeating highly palatable food attempt to
control their intake with dietary restraint (66).

Despite some evidence linking responsiveness to foods
with higher intake and higher weight, both hyper- and
hypo-responsiveness to food reward were observed in obese
adults (67-71). This apparent inconsistency was explained
in terms of a tendency toward hyperactivity in the cortico-
limbic areas involved with food reward or food-seeking be-
havior in obese individuals, in conjunction with lower
reward responses to ingestion resulting from their more fre-
quent intake of palatable foods (4,27). This may lead to fur-
ther consumption to compensate for the reward deficit (71).
A cyclical relation between hedonic responses to taste and
obesity is likely, whereby individual differences predispose
to overeating, and the resulting obese state further alters he-
donic processing (36).

Effect of Food Variety on Eating Behavior and
Weight

Food variety has been studied widely as a promoter of in-
creased intake. Providing a variety of foods varying in taste,
texture, and appearance stimulates intake both within meals
and across eating episodes in humans (7,15,72) and labora-
tory animals (7,72). This tendency may have evolved to
maximize the probability of adequate nutrient intake by
stimulating renewed eating when a new food type became
available, but behavior that was adaptive in conditions of
food scarcity can confer a risk of overeating in an environ-
ment in which a varied, palatable, and energy-dense food
supply is the norm.

The variety effect over a single meal has been attributed
to sensory-specific satiety (73). Consumption of any
1 food ultimately leads to a decline in ratings of its pleasant-
ness (liking) and the desire to eat it (wanting) relative to
ratings of nonconsumed foods (74-76). In the standard ex-
perimental paradigm, presentation of a new, palatable food
often reinstates eating, even in conditions of satiation (77).
Even small differences in the sensory properties of foods
can induce the variety effect (78,79), although effects are
strongest when the foods differ substantially, e.g., sweet
vs. savory (80).

A number of studies examined the effect of increasing
variety of foods on intake over days or weeks in humans.
These studies showed that a high-variety vs. a low-variety
diet results in higher palatability ratings, greater intake of
the test foods, and higher energy intake (81,82). Similarly,
the reverse, known as the monotony effect, is well docu-
mented in experimental and field studies, whereby repeated
presentation of the same foods over several meals or days re-
sults in sharply declining palatability ratings and reduced food
intake (83-91).

Habituation (i.e., response to a stimulus decreasing over
repeated presentations) was proposed as the neural mecha-
nism underlying both the sensory-specific satiety and mo-
notony effects (89,92). The phenomenon was studied in
animals and humans, with responses to foods measured in
a variety of ways including neural activity (93), salivation
(94), and motivated responses (95). Habituation can also
be observed in response to olfactory cues or food presenta-
tions of no nutritive value (92), demonstrating the central
role of sensory, rather than homeostatic, processes.

Effects of variety on body weight. The long-term effects of
dietary variety on body weight have not been directly tested.
One 7-d experimental study reported that dietary variety
was associated with short-term weight change in lean but
not obese men (81). Observational studies showed associa-
tions between variety of foods in the diet and adiposity in
free-living humans (96-98), although this association is
moderated by the macronutrient content of the varied
food in the diet. In U.S. adults, variety in self-reported usual
diet was associated with greater adiposity across the majority
of food groups examined, with the exception of fruits and
vegetables, for which variety was associated with lower adi-
posity (96). A similar study in a Hong Kong Chinese popu-
lation (97) found that a variety of snack foods consumed
over 1 wk was associated with greater adiposity, whereas a
variety of grains and meats was associated with lower adi-
posity. There was no association for fruits and vegetables.
Correlational studies associated monotonous diets with
weight loss in anorexia nervosa patients (99) and elderly
adults (100). However, these studies examined effects of
the variety of foods consumed rather than variety as an ex-
posure, and do not necessarily demonstrate that access to va-
riety affects weight; the results may be due to heavier people
selecting differently, rather than varied options creating
heavier people.

Animal studies often demonstrated that increasing die-
tary variety results in weight gain, although, as discussed
above, in the majority of studies using cafeteria-style feed-
ing, differences in the energy density and palatability of
the varied vs. monotonous diets could account for some
of the differences in hyperphagia and weight gain. Two stud-
ies comparing nutritionally balanced diets that either were
monotonous or had varied flavors and textures found con-
flicting results. One showed an effect of variety on intake
and weight in rats (101), but the other showed no effect
(102), although it was suggested that the latter finding is
due to the fact that many of the flavors used in the varied
diet were less palatable than the standard form.

Variation in susceptibility to variety. A review of internal
and external moderators of the variety effect concluded that
there was little evidence for individual differences (15). Age
is associated with earlier satiation and reduced sensitivity to
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food cues, and as people age they show a reduced variety ef-
fect (15), but variety is still associated with increased intake
among older adults.

Obese individuals are less responsive to satiety processes
(103) and habituate more slowly to food stimuli (104-106),
so they might be expected to be less susceptible to the variety
effect. However, several studies manipulating the variety of
food during 1 meal found no differences between obese
and normal weight participants; both groups ate equiva-
lently more when there was a greater variety of food avail-
able (104,107-109). Two studies have reported differences
in the variety effect by body weight. In a small-scale (n =
12) 8-d feeding trial, an effect of dietary variety on intake
and weight was seen in lean but not obese men, but this
may result from the small sample size and older age of the
obese group (81). The reverse effect was seen in a study of
overweight and normal-weight children, in which over-
weight children increased their energy intake more than
lean children in response to variety (110). At present, the
balance of evidence suggests that the variety effect does
not appear to differ consistently by body weight status.

Manipulating variety for weight management. Two ran-
domized studies examined the effect of manipulating variety
as part of a weight-loss intervention. The first of these com-
pared limiting snack food variety with limiting snack fre-
quency (89). Hedonic ratings of the snack food and snack
consumption declined more in the reduced variety condi-
tion, but the 2 groups lost similar amounts of weight. The
second examined the effect of limiting variety of energy-
dense, nutrient-poor foods in an 18-mo weight loss inter-
vention (111). Restricting variety was successful in reducing
energy intake from this food group, but did not result in re-
duced energy intake overall or increased weight loss, leading
the authors to suggest that restriction of variety may need to
be extended to a wider range of food types if it is to contrib-
ute to weight loss.

In practice, dietary regimes that reduce variety are com-
mon both in therapeutic settings and among individuals
who wish to lose weight independently. Meal replacement
diets such as very low calorie diets involve replacement of
some or all meals with a single nutritionally balanced,
calorie-controlled product, often a milkshake. Very low
calorie diets, which severely limit variety, often have relatively
high ratings of acceptability, good adherence, and lower rat-
ings of hunger than less restrictive diets (112-114). Some
popular commercial diets, such as the high-protein, low-
carbohydrate Atkins diet, eliminate large numbers of foods,
and the reduced variety may be 1 of the mechanisms behind
their short-term effectiveness (89). Fad diets often encourage
exclusive consumption of a single food of limited palatability
(e.g., the cabbage soup diet and the oatmeal diet). Although
many of these monotonous diets are effective at producing
weight loss in the short term (84,115-117), no studies used
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comparison conditions that make it possible to attribute
the effects directly to variety because the diets are often por-
tion-controlled and differ in macronutrient composition,
energy density, and palatability.

Effects of Palatability and Variety on Eating
and Weight: Summary of Evidence Level

There is solid evidence for a causal role of food palatability
on increased short-term energy intake based on experimen-
tal studies in humans and animals. Providing laboratory an-
imals with a palatable cafeteria diet has also been shown to
result in weight gain, but attributing this to effects of palat-
ability alone is not possible, because these diets are also more
energy-dense and varied than a standard diet. In humans, al-
though it is highly plausible that the increasing palatability
of the food supply has contributed to increasing weight in
the population, studies have not been carried out that dem-
onstrate unequivocally that personal exposure to highly pal-
atable foods leads directly to weight gain.

Individual variation in responsiveness to food palatability
can contribute to explaining weight variation. Food respon-
siveness varies from birth, and longitudinal studies showed
that it is associated with weight gain in children (58,59). Ep-
idemiologic data from adult studies are less conclusive.
Imaging studies show that brain responses to palatable foods
distinguish obese from normal-weight adults, but hypothe-
sized causal mechanisms based on the effects of overexpo-
sure to palatable foods in susceptible individuals were not
tested in humans.

Experimental studies demonstrate a robust association
between an increased variety of foods available and in-
creased intake within a meal in a laboratory setting. Al-
though there is limited systematic research into the effect
of variety on longer-term intake or weight change, dietary
variety was associated with weight gain, and dietary monot-
ony with weight loss, in several correlational and short-term
experimental studies. There is little evidence of individual
differences in responsiveness to variety, and obese and
normal-weight individuals do not consistently differ in their
susceptibility to sensory-specific satiety and the variety ef-
fect. The balance of evidence is consistent with the idea
that exposure to a varied food supply will result in increased
intake and weight gain in the long term, but this has not
been conclusively demonstrated in any studies to date.

Tackling the Effects of Palatability and Variety
Primary obstacles to progress. High levels of variety and
palatability are key features of modern diets, and this seems
unlikely to change in the near future. Many foods in the
Western diet have been engineered by the food industry to
be “hyperpalatable,” i.e., to contain an optimum balance
of fat, sugar, and salt to promote consumption (118). Simi-
larities between responses to highly palatable food and ad-
dictive drugs in reward-related brain regions resulted in a
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debate over whether overeating could be considered a reflec-
tion of food addiction (30,119,120). Human brain studies
show that mesolimbic dopamine pathways activated in re-
sponse to palatable foods are the same as those activated
in drug addiction (121-123) and can trigger withdrawal ef-
fects similar to those seen with opioid drugs (124). These re-
ward pathways can be triggered by environmental cues that
indicate the availability of food (125).

These studies highlight some of the powerful biologic
pressures working in opposition to attempts to change the
eating behavior of individuals, and these are routinely ex-
ploited by the food industry in product development and
marketing to stimulate appetite beyond metabolic need
and to maximize purchase and consumption. There have
been calls for greater control to be exerted over access to hy-
perpalatable food products through mechanisms similar to
those used for alcohol and tobacco, such as taxation and re-
strictions on sales and advertising (30). However, manipula-
tion of the food environment on a societal level is difficult,
both politically and practically (126), and policies aimed at
restricting food access are not likely to meet with support
from consumers.

Increased awareness of our vulnerability to these aspects
of the food environment may be helpful. The effects of va-
riety and palatability on eating and satiety are not well rec-
ognized even in the public health and clinical fields. Many
weight-loss dietary interventions aim to maintain levels of
variety and palatability on the assumption that this will en-
hance acceptability and dietary adherence (127). Variety, in
particular, is more often perceived to be a health-promoting
feature in the diet, because it is associated with greater prob-
ability of nutrient adequacy (128,129). It has been suggested
that the variety effect could be used to improve dietary qual-
ity by increasing the available range of health-promoting
foods (e.g., fruits and vegetables) (130), although the contri-
bution of this to weight control is doubtful, because it relies
on the assumption that an increased intake of nutritious
foods will be compensated by a decreased intake of en-
ergy-dense food, which may not occur.

Methodologies. A range of research methodologies was used
to study the effects of variety and palatability. Experimental
laboratory studies in adult humans and animals demon-
strated the capacity of varied and palatable foods to enhance
intake and delay satiety. Weight gain has also been demon-
strated in longer-term animal investigations. Brain-imaging
studies allowed progress to be made toward understanding
the neural mechanisms that promote overeating and con-
tribute to differences in the food responses of lean and obese
individuals. However, there is a striking lack of ecologically
valid longitudinal studies that could confirm associations
with weight in humans and clarify the causal processes.
There are also very few randomized, controlled intervention
trials to inform public health and clinical applications. Most

of the human experimental work focused on adults, despite
the fact that adult eating behavior is affected by a range of
cognitive, affective, and social constraints (e.g., dietary re-
straint, peer pressure, and social desirability), as well as
the effects of prior weight control attempts and current
weight. The eating behavior of small (preschool) children
is likely to be less influenced by these contaminating factors
and studies focusing on eating in very early life may be par-
ticularly useful.

Questions for Future Research

What underlying mechanisms contribute to the effect of
variety and palatability on eating behavior? Developing a
more complete understanding of the biologic and neural
correlates of palatable food consumption is important in es-
tablishing the extent of overlap between overeating and drug
addiction. Further study of the similarities with addictive be-
haviors might be fruitful in terms of moving toward a
change in the way in which society views hyperpalatable
sugar-, salt-, and fat-laden foods, increasing public and po-
litical motivation to address these environmental risk fac-
tors. Establishing the specific sensory and nutritional
characteristics of foods that are responsible for any addictive
effects is also essential if any policy-level deterrents are to be
targeted appropriately (126). Furthermore, a greater under-
standing of the neural mechanisms that mediate between the
food environment and eating behavior could ultimately al-
low drug therapies to be developed to moderate the effect
of environmental influences on eating (28).

Do variety and palatability exposures cause human obe-
sity? The long-term effects of variety and palatability expo-
sures on weight in humans have not been demonstrated.
The existing literature focuses on short-term, often single-
meal studies, which cannot ascertain whether energy com-
pensation occurs. Large-scale longitudinal studies beginning
in early childhood and using existing cohorts, in which par-
ticipants at risk of future development of obesity can be
identified, would be particularly valuable. These could es-
tablish whether food variety and palatability exposures (in-
side and outside the home) are a risk factor for excessive
weight gain. They could also examine differences between
micro-environmental exposures of children at high vs. low
familial risk of developing obesity, and observe how far ex-
posures interact with early appetitive traits (such as food
responsiveness).

Establishing clear evidence of an effect of variety and pal-
atability on weight in humans and estimating the magnitude
of this effect could be a step toward the development of
novel approaches to obesity treatment and prevention. Ran-
domized, controlled studies to evaluate clinical interven-
tions on the basis of modifying variety or palatability are
needed. Studies that modify palatability and variety in set-
tings in which at least some of the food provision is closed,
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such as schools, would be valuable, because these are the set-
tings in which larger public health interventions might be
most effective and acceptable.

Can individual resilience to environmental pressures of a
varied and palatable food supply be promoted? Because
wider changes to the food environment are not likely to
be forthcoming in the short term, individuals may need to
be fortified with strategies to deal with these environmental
challenges. It may be possible to assist people with structur-
ing their personal food environment (17,131). Providing
support and training to help individuals reduce their expo-
sure to highly varied and palatable foods presents a potential
novel approach to obesity prevention and management.

In addition to examining options for limiting personal
exposure, training in cognitive and behavioral strategies
may be possible to help individuals to increase their resil-
ience. Increasing awareness by educating people about the
effects of palatability and variety on tendency to overeat,
and providing them with the skills to counter these effects,
might offer some protection against continuing weight
gain. Recent research highlighted the potential for training
to enhance self-regulation in the face of tempting food envi-
ronments (66), and there is some evidence that children
trained in self-regulatory skills show weight reduction or re-
duced weight gain (132,133). However, this approach is con-
troversial because of calls to move away from the idea that
obesity results from personal choice (133,134); training
people in self-regulatory skills might be seen as endorsing
the idea that it is the responsibility of individuals to increase
their will-power and learn to resist tempting foods. Al-
though debate is likely to continue with respect to where
most of the responsibility lies for tackling the consequences
of the modern food environment, in practice, a focus on
these questions may help to establish approaches that incor-
porate appropriate regulatory regimes, effective public
health campaigns, and increased support for individuals to
withstand the pressures of a highly palatable and varied
food supply.

Acknowledgments

EJ. and J.W. contributed to the writing, editing, and revision
of the manuscript. Both authors read and approved the final
manuscript.

References

1. Shapouri SR, Global diet composition: Factors behind the changes
and implications of the new trends 2007.

2. Kearney J. Food consumption trends and drivers. Philos Trans R Soc
Lond B Biol Sci 2010;365:2793—807.

3. Popkin BM. Global nutrition dynamics: the world is shifting rapidly
toward a diet linked with noncommunicable diseases. Am ] Clin
Nutr 2006;84:289-98.

4. Kenny PJ. Reward mechanisms in obesity: new insights and future di-
rections. Neuron 2011;69:664—79.

856 Johnson and Wardle

wu

)}

~

o

Nel

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

. Rolls ET. Taste, olfactory and food texture reward processing in the

brain and obesity. Int ] Obes 2011;35:550-61.

. Yeomans MR, Blundell JE, Leshem M. Palatability: response to nutri-

tional need or need-free stimulation of appetite? Br J Nutr 2004;92:
Suppl 1:53-14.

. McCrory MA, Burke A, Roberts SB. Dietary (sensory) variety and en-

ergy balance. Physiol Behav 2012;107:576-83.

. Raynor HA. Can limiting dietary variety assist with reducing energy

intake and weight loss? Physiol Behav 2012;106:356—61.

. Swinburn B, Egger G. The runaway weight gain train: too many accel-

erators, not enough brakes. BMJ 2004;329:736-9.

Thomas ]G, Doshi S, Crosby RD, Lowe MR. Ecological Momentary
Assessment of Obesogenic Eating Behavior: Combining Person-
Specific and Environmental Predictors. Obesity (Silver Spring).
2011 Jan 27.

Ard JD. Unique perspectives on the obesogenic environment. ] Gen
Intern Med 2007;22:1058—60.

Johnson FE, Pratt M, Wardle J. Socio-Economic Status and Obesity in
Childhood. In: Moreno LA, Pigeot I, Ahrens W, editors. Epidemiology
of Obesity in Children and Adolescents. New York: Springer; 2011.
p. 377-90.

Semmler C, Ashcroft J, van Jaarsveld CH, Carnell S, Wardle J. Devel-
opment of overweight in children in relation to parental weight and
socioeconomic status. Obesity 2009;17:814-20.

Hetherington MM, Cecil JE. Gene-environment interactions in obe-
sity. Forum Nutr 2010;63:195-203.

Remick AK, Polivy J, Pliner P. Internal and external moderators of the
effect of variety on food intake. Psychol Bull 2009;135:434-51.
Graziano PA, Calkins SD, Keane SP. Toddler self-regulation skills pre-
dict risk for pediatric obesity. Int ] Obes 2010;34:633—41.

Lowe MR. Self-regulation of energy intake in the prevention and treat-
ment of obesity: is it feasible? Obes Res 2003;11: Suppl:44S-59S.
Glanz K, Basil M, Maibach E, Goldberg J, Snyder D. Why Americans
eat what they do: taste, nutrition, cost, convenience, and weight con-
trol concerns as influences on food consumption. ] Am Diet Assoc
1998;98:1118-26.

Mela DJ. Determinants of food choice: relationships with obesity and
weight control. Obes Res 2001;9: Suppl 4:249S-55S.

Krebs JR. The gourmet ape: evolution and human food preferences.
Am J Clin Nutr 2009;90:707S-118S.

Serensen LB, Moller P, Flint A, Martens M, Raben A. Effect of sensory
perception of foods on appetite and food intake: a review of studies on
humans. Int ] Obes Relat Metab Disord 2003;27:1152—66.

Yeomans MR. Palatability and the micro-structure of feeding in hu-
mans: the appetizer effect. Appetite 1996;27:119-33.

Yeomans MR, Symes T. Individual differences in the use of pleasant-
ness and palatability ratings. Appetite 1999;32:383-94.

De Graaf C, De Jong LS, Lambers AC. Palatability affects satiation but
not satiety. Physiol Behav 1999;66:681-8.

de Castro JM, Bellisle F, Dalix AM. Palatability and intake relation-
ships in free-living humans: measurement and characterization in
the French. Physiol Behav 2000;68:271-7.

de Castro JM, Bellisle F, Dalix AM, Pearcey SM. Palatability and intake
relationships in free-living humans. characterization and indepen-
dence of influence in North Americans. Physiol Behav 2000;70:343—
50.

Egecioglu E, Skibicka KP, Hansson C, Alvarez-Crespo M, Friberg PA,
Jerlhag E, Engel JA, Dickson SL. Hedonic and incentive signals for
body weight control. Rev Endocr Metab Disord 2011;12:141-51.
Zheng H, Lenard NR, Shin AC, Berthoud HR. Appetite control and
energy balance regulation in the modern world: reward-driven brain
overrides repletion signals. Int ] Obes 2009;33: Suppl 2:58-13.
Yeomans MR, Lee MD, Gray RW, French S]J. Effects of test-meal pal-
atability on compensatory eating following disguised fat and carbohy-
drate preloads. Int J Obes Relat Metab Disord 2001;25:1215-24.



30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

FROM THE AMERICAN SOCIETY FOR NUTRITION

Gearhardt AN, Grilo CM, DiLeone RJ, Brownell KD, Potenza MN.
Can food be addictive? Public health and policy implications. Addic-
tion 2011;106:1208-12.

. Finlayson G, King N, Blundell JE. Is it possible to dissociate ’liking’

and "wanting’ for foods in humans? A novel experimental procedure.
Physiol Behav 2007;90:36—42.

Finlayson G, King N, Blundell J. The role of implicit wanting in rela-
tion to explicit liking and wanting for food: implications for appetite
control. Appetite 2008;50:120-7.

Hill AJ, Magson LD, Blundell JE. Hunger and palatability: tracking
ratings of subjective experience before, during and after the consump-
tion of preferred and less preferred food. Appetite 1984;5:361-71.
Rogers PJ, Blundell JE. Umami and appetite: effects of monosodium
glutamate on hunger and food intake in human subjects. Physiol Be-
hav 1990;48:801—4.

Johnson PM, Kenny PJ. Dopamine D2 receptors in addiction-like re-
ward dysfunction and compulsive eating in obese rats. Nat Neurosci
2010;13:635—41.

Berthoud HR, Zheng H. Modulation of taste responsiveness and food
preference by obesity and weight loss. Physiol Behav 2012;107:527-32.
Grabenhorst F, Rolls ET, Bilderbeck A. How cognition modulates af-
fective responses to taste and flavor: top-down influences on the orbi-
tofrontal and pregenual cingulate cortices. Cereb Cortex 2008;18:
1549-59.

Herman CP, Polivy J. Normative influences on food intake. Physiol
Behav 2005;86:762-72.

Rozin P. The integration of biological, social, cultural and psycholog-
ical influence on food choice. In: Shepherd RR, M, editor. The psy-
chology of food choice. Wallingford, Oxfordshire: CABI Publishing;
2006. p. 19-39.

Rothwell NJ, Stock MJ. Effects of feeding a palatable "cafeteria’ diet on
energy balance in young and adult lean (+/2) Zucker rats. Br ] Nutr
1982;47:461-71.

Segués T, Salvado ], Arola L, Alemany M. Long-term effects of cafete-
ria diet feeding on young Wistar rats. Biochem Mol Biol Int 1994;33:
321-8.

Gianotti M, Roca P, Palou A. Body weight and tissue composition in
rats made obese by a cafeteria diet. Effect of 24 hours starvation.
Horm Metab Res 1988;20:208-12.

Herman CP, Polivy J. External cues in the control of food intake in
humans: the sensory-normative distinction. Physiol Behav 2008;94:
722-8.

Schachter S. Obesity and eating. Internal and external cues differen-
tially affect the eating behavior of obese and normal subjects. Science
1968;161:751-6.

Rodin J. Effects of obesity and set point on taste responsiveness and
ingestion in humans. ] Comp Physiol Psychol 1975;89:1003-9.
Spiegel TA, Shrager EE, Stellar E. Responses of lean and obese subjects
to preloads, deprivation, and palatability. Appetite 1989;13:45-69.
Price JM, Grinker J. Effects of degree of obesity, food deprivation, and
palatability on eating behavior of humans. ] Comp Physiol Psychol
1973;85:265-71.

Rodin J, Slochower J, Fleming B. Effects of degree of obesity, age of
onset, and weight loss on responsiveness to sensory and external stim-
uli. ] Comp Physiol Psychol 1977;91:586-97.

Stunkard AJ, Messick S. The three-factor eating questionnaire to mea-
sure dietary restraint, disinhibition and hunger. J Psychosom Res
1985;29:71-83.

van Strien T, Frijters JER, Bergers GPA, Defares PB. The Dutch Eating
Behavior Questionnaire (DEBQ) for assessment of restrained, emo-
tional, and external eating behavior. Int J Eat Disord 1986;5:295-315.
Wardle J, Guthrie CA, Sanderson S, Rapoport L. Development of the
Children’s Eating Behaviour Questionnaire. J Child Psychol Psychiatry
2001;42:963-70.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Llewellyn CH, van Jaarsveld CH, Johnson L, Carnell S, Wardle J. De-
velopment and factor structure of the Baby Eating Behaviour Ques-
tionnaire in the Gemini birth cohort. Appetite 2011;57:388-96.
Carnell S, Haworth CM, Plomin R, Wardle J. Genetic influence on ap-
petite in children. Int ] Obes 2008;32:1468-73.

de Castro JM, Lilenfeld LR. Influence of heredity on dietary restraint,
disinhibition, and perceived hunger in humans. Nutrition 2005;21:
446-55.

Sung J, Lee K, Song YM, Lee MK, Lee DH. Heritability of eating be-
havior assessed using the DEBQ (Dutch Eating Behavior Question-
naire) and weight-related traits: the Healthy Twin Study. Obesity
2010;18:1000-5.

Birch LL, Davison KK. Family environmental factors influencing the
developing behavioral controls of food intake and childhood over-
weight. Pediatr Clin North Am 2001;48:893-907.

Ritchie LD, Welk G, Styne D, Gerstein DE, Crawford PB. Family en-
vironment and pediatric overweight: what is a parent to do? ] Am Diet
Assoc 2005; 105(5, Suppl 1)S70-9.

Carnell S, Wardle J. Appetite and adiposity in children: evidence for a
behavioral susceptibility theory of obesity. Am J Clin Nutr 2008;88:
22-9.

van Jaarsveld CH, Llewellyn CH, Johnson L, Wardle J. Prospective as-
sociations between appetitive traits and weight gain in infancy. Am J
Clin Nutr 2011;94:1562-7.

van Strien T, Herman CP, Verheijden MW. Eating style, overeating,
and overweight in a representative Dutch sample. Does external eating
play a role? Appetite 2009;52:380-7.

Ledoux T, Watson K, Baranowski J, Tepper BJ, Baranowski T. Overeat-
ing styles and adiposity among multiethnic youth. Appetite 2011;56:
71-7.

Lluch A, Herbeth B, Mejean L, Siest G. Dietary intakes, eating style
and overweight in the Stanislas Family Study. Int ] Obes Relat Metab
Disord 2000;24:1493-9.

Kriuchi K, Reich S, Wirz-Justice A. Eating style in seasonal affective
disorder: who will gain weight in winter? Compr Psychiatry 1997;
38:80-7.

Wardle J, Marsland L, Sheikh Y, Quinn M, Fedoroff I, Ogden J. Eating
style and eating behaviour in adolescents. Appetite 1992;18:167-83.
Sung J, Lee K, Song YM. Relationship of eating behavior to long-term
weight change and body mass index: the Healthy Twin study. Eat
Weight Disord 2009;14:e98-105.

Johnson F, Pratt M, Wardle J. Dietary restraint and self-regulation in
eating behavior. Int J Obes 2011 Aug 9.

Gautier JF, Chen K, Salbe AD, Bandy D, Pratley RE, Heiman M,
Ravussin E, Reiman EM, Tataranni PA. Differential brain responses to
satiation in obese and lean men. Diabetes 2000;49:838—46.

Karhunen LJ, Lappalainen RI, Vanninen EJ, Kuikka JT, Uusitupa MI.
Regional cerebral blood flow during food exposure in obese and nor-
mal-weight women. Brain 1997;120:1675-84.

Rothemund Y, Preuschhof C, Bohner G, Bauknecht HC, Klingebiel R,
Flor H, Klapp BE. Differential activation of the dorsal striatum by
high-calorie visual food stimuli in obese individuals. Neuroimage
2007;37:410-21.

Stice E, Spoor S, Bohon C, Small DM. Relation between obesity and
blunted striatal response to food is moderated by TagIA Al allele. Sci-
ence 2008;322:449-52.

Stice E, Yokum S, Blum K, Bohon C. Weight gain is associated with
reduced striatal response to palatable food. ] Neurosci 2010;30:
13105-9.

Raynor HA, Epstein LH. Dietary variety, energy regulation, and obe-
sity. Psychol Bull 2001;127:325-41.

Rolls BJ, Rolls ET, Rowe EA, Sweeney K. Sensory specific satiety in
man. Physiol Behav 1981;27:137-42.

Johnson J, Vickers Z. Factors influencing sensory-specific satiety. Ap-
petite 1992;19:15-31.

Variety, palatability, and obesity 857



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

858

Vandewater K, Vickers Z. Higher-protein foods produce greater sensory-
specific satiety. Physiol Behav 1996;59:579-83.

Hetherington M, Rolls BJ, Burley VJ. The time course of sensory-specific
satiety. Appetite 1989;12:57—68.

Wisniewski L, Epstein LH, Caggiula AR. Effect of food change on con-
sumption, hedonics, and salivation. Physiol Behav 1992;52:21-6.
Epstein LH, Robinson JL, Roemmich JN, Marusewski AL, Roba LG.
What constitutes food variety? Stimulus specificity of food. Appetite
2010;54:23-9.

Rolls BJ, Rowe EA, Rolls ET. How sensory properties of foods affect
human feeding behavior. Physiol Behav 1982;29:409-17.

Rolls BJ, Van Duijvenvoorde PM, Rolls ET. Pleasantness changes and
food intake in a varied four-course meal. Appetite 1984;5:337-48.
Stubbs RJ, Johnstone AM, Mazlan N, Mbaiwa SE, Ferris S. Effect of
altering the variety of sensorially distinct foods, of the same macronu-
trient content, on food intake and body weight in men. Eur J Clin
Nutr 2001;55:19-28.

Epstein LH, Fletcher KD, O’Neill J, Roemmich JN, Raynor H, Bouton
ME. Food characteristics, long-term habituation and energy intake.
Laboratory and field studies. Appetite 2013;60:40-50.

Meiselman HL, deGraaf C, Lesher LL. The effects of variety and mo-
notony on food acceptance and intake at a midday meal. Physiol Be-
hav 2000;70:119-25.

Cabanac M, Rabe EE Influence of a monotonous food on body weight
regulation in humans. Physiol Behav 1976;17:675-8.

Siegel PS, Pilgrim FJ. The effect of monotony on the acceptance of
food. Am J Psychol 1958;71:756-9.

Zimmerer JL, Leon JB, Covinsky KE, Desai U, Sehgal AR. Diet monot-
ony as a correlate of poor nutritional intake among hemodialysis pa-
tients. ] Ren Nutr 2003;13:72-7.

Rolls ET, de Waal AW. Long-term sensory-specific satiety: evidence
from an Ethiopian refugee camp. Physiol Behav 1985;34:1017-20.
Zandstra EH, de Graaf C, van Trijp HC. Effects of variety and repeated
in-home consumption on product acceptance. Appetite 2000;35:113-9.
Raynor HA, Niemeier HM, Wing RR. Effect of limiting snack food va-
riety on long-term sensory-specific satiety and monotony during obe-
sity treatment. Eat Behav 2006;7:1-14.

Raynor HA, Wing RR. Effect of limiting snack food variety across days
on hedonics and consumption. Appetite 2006;46:168-76.

Hirsch ES, Matthew Kramer F, Meiselman HL. Effects of food attri-
butes and feeding environment on acceptance, consumption and
body weight: lessons learned in a twenty-year program of military ra-
tion research US Army Research (Part 2). Appetite 2005;44:33—45.
Epstein LH, Temple JL, Roemmich JN, Bouton ME. Habituation as a
determinant of human food intake. Psychol Rev 2009;116:384—407.
Rolls ET, Murzi E, Yaxley S, Thorpe SJ, Simpson SJ. Sensory-specific
satiety: food-specific reduction in responsiveness of ventral forebrain
neurons after feeding in the monkey. Brain Res 1986;368:79-86.
Temple JL, Giacomelli AM, Roemmich JN, Epstein LH. Dietary variety
impairs habituation in children. Health Psychol 2008; 27(1, Suppl)S10-9.
Epstein LH, Saad FG, Handley EA, Roemmich JN, Hawk LW,
McSweeney FK. Habituation of salivation and motivated responding
for food in children. Appetite 2003;41:283-9.

McCrory MA, Fuss PJ, McCallum JE, Yao M, Vinken AG, Hays NP,
Roberts SB. Dietary variety within food groups: association with energy in-
take and body fatness in men and women. Am J Clin Nutr 1999;69:440-7.
Sea MM, Woo J, Tong PC, Chow CC, Chan JC. Associations between
food variety and body fatness in Hong Kong Chinese adults. ] Am Coll
Nutr 2004;23:404-13.

Lyles, 3rd TE, Desmond R, Faulk LE, Henson S, Hubbert K, Heimburger
DC, Ard JD. Diet variety based on macronutrient intake and its rela-
tionship with body mass index. MedGenMed 2006;8:39.
Schebendach JE, Mayer LE, Devlin MJ, Attia E, Contento IR, Wolf RL,
Walsh BT. Food choice and diet variety in weight-restored patients
with anorexia nervosa. ] Am Diet Assoc 2011;111:732—6.

Johnson and Wardle

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Roberts SB, Hajduk CL, Howarth NC, Russell R, McCrory MA. Die-
tary variety predicts low body mass index and inadequate macronutri-
ent and micronutrient intakes in community-dwelling older adults. J
Gerontol A Biol Sci Med Sci 2005;60:613-21.

Louis-Sylvestre J, Giachetti I, Le Magnen J. Sensory versus dietary
factors in cafeteria-induced overweight. Physiol Behav 1984;32:
901-5.

Naim M, Brand JG, Kare MR, Carpenter RG. Energy intake, weight
gain and fat deposition in rats fed flavored, nutritionally controlled
diets in a multichoice ("cafeteria") design. ] Nutr 1985;115:1447-58.
Epstein LH, Paluch R, Coleman K]J. Differences in salivation to re-
peated food cues in obese and nonobese women. Psychosom Med
1996;58:160—4.

Bond DS, Raynor HA, McCaffery JM, Wing RR. Salivary habituation
to food stimuli in successful weight loss maintainers, obese and normal-
weight adults. Int ] Obes 2010;34:593—6.

Bond DS, Raynor HA, Vithiananthan S, Sax HC, Pohl D, Roye GD,
Ryder BA, Wing RR. Differences in salivary habituation to a taste
stimulus in bariatric surgery candidates and normal-weight controls.
Obes Surg 2009;19:873-8.

Pepino MY, Mennella JA. Habituation to the pleasure elicited by
sweetness in lean and obese women. Appetite 2012;58:800-5.
Brondel L, Romer M, Van Wymelbeke V, Walla P, Jiang T, Deecke L,
Rigaud D. Sensory-specific satiety with simple foods in humans: no
influence of BMI? Int J Obes 2007;31:987-95.

Spiegel TA, Stellar E. Effects of variety on food intake of underweight,
normal-weight and overweight women. Appetite 1990;15:47-61.
Pliner P, Polivy ], Herman CP, Zakalusny I. Short-term intake of over-
weight individuals and normal weight dieters and non-dieters with
and without choice among a variety of foods. Appetite 1980;1:203—13.
Epstein LH, Robinson JL, Temple JL, Roemmich JN, Marusewski AL,
Nadbrzuch RL. Variety influences habituation of motivated behavior
for food and energy intake in children. Am J Clin Nutr 2009;89:
746-54.

Raynor HA, Steeves EA, Hecht ], Fava JL, Wing RR. Limiting variety in
non-nutrient-dense, energy-dense foods during a lifestyle interven-
tion: a randomized controlled trial. Am J Clin Nutr 2012;95:1305-14.
Hgie LH, Bruusgaard D. Compliance, clinical effects, and factors pre-
dicting weight reduction during a very low calorie diet regime. Scand J
Prim Health Care 1995;13:13-20.

Mustajoki P, Pekkarinen T. Very low energy diets in the treatment of
obesity. Obes Rev 2001;2:61-72.

Wadden TA. Treatment of obesity by moderate and severe caloric re-
striction. Results of clinical research trials. Ann Intern Med 1993;119:
688-93.

Samaha FF, Igbal N, Seshadri P, Chicano KL, Daily DA, McGrory ],
Williams T, Williams M, Gracely EJ, Stern L. A low-carbohydrate as
compared with a low-fat diet in severe obesity. N Engl ] Med 2003;
348:2074-81.

Brehm BJ, Seeley RJ, Daniels SR, D’Alessio DA. A randomized trial
comparing a very low carbohydrate diet and a calorie-restricted low
fat diet on body weight and cardiovascular risk factors in healthy
women. J Clin Endocrinol Metab 2003;88:1617-23.

Spiegel TA. Caloric regulation of food intake in man. ] Comp Physiol
Psychol 1973;84:24-37.

Gearhardt AN, Davis C, Kuschner R, Brownell KD. The addiction po-
tential of hyperpalatable foods. Curr Drug Abuse Rev 2011;4:140-5.
Avena NM, Gold MS. Variety and hyperpalatability: are they promot-
ing addictive overeating? Am J Clin Nutr 2011;94:367-8.
Hone-Blanchet A, Fecteau S. Overlap of food addiction and substance
use disorders definitions: Analysis of animal and human studies. Neu-
ropharmacology 2014;85C:81-90.

Volkow ND, Wang GJ, Fowler ]S, Telang F. Overlapping neuronal cir-
cuits in addiction and obesity: evidence of systems pathology. Philos
Trans R Soc Lond B Biol Sci 2008;363:3191-200.



122.

123.

124.

125.

126.

127.

128.

FROM THE AMERICAN SOCIETY FOR NUTRITION

Blumenthal DM, Gold MS. Neurobiology of food addiction. Curr
Opin Clin Nutr Metab Care 2010;13:359—65.

Gosnell BA, Levine AS. Reward systems and food intake: role of opi-
oids. Int J Obes 2009;33: Suppl 2:554-8.

Colantuoni C, Rada P, McCarthy J, Patten C, Avena NM, Chadeayne
A, Hoebel BG. Evidence that intermittent, excessive sugar intake
causes endogenous opioid dependence. Obes Res 2002;10:478-88.
Johnson AW. Eating beyond metabolic need: how environmental cues
influence feeding behavior. Trends Neurosci 2013;36:101-9.

Smith TG. All foods are habit-forming - what I want to know is which
will kill me! Addiction 2011;106:1218-9, discussion 9-20.

Malik VS, Hu FB. Popular weight-loss diets: from evidence to practice.
Nat Clin Pract Cardiovasc Med 2007;4:34—41.

Bernstein MA, Tucker KL, Ryan ND, O’Neill EE, Clements KM, Nelson
ME, Evans W], Fiatarone Singh MA. Higher dietary variety is associated
with better nutritional status in frail elderly people. ] Am Diet Assoc
2002;102:1096—-104.

129.

130.

131.

132.

133.

134.

Foote JA, Murphy SP, Wilkens LR, Basiotis PP, Carlson A. Dietary va-
riety increases the probability of nutrient adequacy among adults. J
Nutr 2004;134:1779-85.

Roe LS, Meengs JS, Birch LL, Rolls BJ. Serving a variety of vegetables
and fruit as a snack increased intake in preschool children. Am J Clin
Nutr 2013;98:693-9.

Carels RA, Konrad K, Young KM, Darby LA, Coit C, Clayton AM,
Oemig CK. Taking control of your personal eating and exercise envi-
ronment: a weight maintenance program. Eat Behav 2008;9:228-37.
Israel AC, Guile CA, Baker JE, Silverman WK. An evaluation of en-
hanced self-regulation training in the treatment of childhood obesity.
J Pediatr Psychol 1994;19:737-49.

Braet C, Van Winckel M, Van Leeuwen K. Follow-up results of different
treatment programs for obese children. Acta Paediatr 1997;86:397-402.
Appelhans BM, Whited MC, Schneider KL, Pagoto SL. Time to aban-
don the notion of personal choice in dietary counseling for obesity?
J Am Diet Assoc 2011;111:1130-6.

Variety, palatability, and obesity 859



