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Abstract: Increasing the speed of eating or decreasing the amount of chewing of a test meal
significantly decreases its satiation, increases concomitant caloric intake, and influences
entero-endocrine secretion. Speed of eating is a strong risk factor for obesity and longitudinal
studies suggest an etiological relationship. Individuals with obesity have an increase in bite
size, less chewing per bite, decreased satiation, and greater food intake. Oral processing in
terms of bite size and amount of chewing per gram of food is influenced by food texture and
textural complexity. Soft foods increase bite size and decrease chewing per gram of food and
meal duration compared to hard foods. An ultra-processed diet can lead to greater weight
gain than a non-processed diet and a significant increase in eating rate. Many children with
obesity are noted by their parents to have persistent hunger on a questionnaire and this is
often extreme. Results of attempts to change eating behavior have been mixed in terms of
producing long-term changes in eating behavior and body weight. It is hypothesized that
there may be a unidirectional relationship between changes in oral processing, satiation and
weight gain. However, the presence of persistent hunger can produce a vicious cycle that
may exacerbate obesity and make treatment difficult. The increased energy density of foods
as found particularly in ultra-processed foods also influences energy intake and obesity.
Keywords: obesity, eating behavior, nutrition, satiation

Introduction

The prevalence of obesity continues to increase throughout the world. It has been
estimated from 1990 to 2010 data that by 2030 the number of individuals with
obesity or overweight will have increased from 1.33 to 3.28 billion, or about one-
third of the projected global population.' Moreover, it is not only obesity that is
increasing but also morbid obesity.*

The treatment and prevention of obesity is traditionally focused on controlling
energy intake. However, the long-term success of this approach at an individual and
global level is disappointing. This suggests that a fresh look is needed at to how
obesity arises, how it perpetuates itself, and how it can be prevented and treated.

The aim of this review is to examine paradigms for the development of obesity
based on a number of hypotheses regarding satiation and oral processing. Satiation
can be defined as the state that leads to meal termination and is a determinant of
meal size, whereas satiety is the state whereby further eating is inhibited by fullness
until the next meal. Oral processing relates to processes that take place in the mouth
during the eating of food, and the focus of this review will be particularly on the
mechanical events biting and chewing. The hypotheses that will be reviewed are: 1.
Global obesity and much individual obesity are due to decreased satiation; 2.
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A decrease in satiation can arise as a result of changes in
oral processing, such as an increased bite size, increased
speed of eating and less chews per bite; 3. Foods that are
easily orally processed are more likely to lead to
a decrease in satiation; 4. Disturbances in satiation lead
to an increase in energy intake; and 5. Obesity may be
accompanied by persistent hunger.

The literature on oral processing is considerable and
the intention of this article is not to review all papers
published on this topic but rather to present an overview
pertaining specifically to the hypotheses presented.
Articles were located by PubMed by subject heading and
through secondary references. Particular attention was
given to meta-analyses. Six areas related to aspects of
oral processing are reviewed, and each section ends with
a summary. These summary paragraphs contain personal
opinions and should be regarded as points for discussion
and possibly for further research. In the Conclusion sec-
tion, the observations from these six sections are combined
to produce an overall hypothesis to explain how much

individual and global obesity arises and perpetuates itself.

The Techniques Used to Assess

Satiation and Oral Processing

A number of methods have been used to quantitate satia-
tion during test meals. One method is the use of analogue
scales from 0 to 100 that are completed by the subject
during a feeding experiment. Another method, frequently
used in addition, is to assess food intake during the test
meal itself if this is an ad libitum test meal or during
a second ad libitum meal administered after the test
meal. An analysis by Sadoul et al* found that appetite
scales significantly predict subsequent energy intake fol-
lowing a test meal, although in this type of setting the
correlation is of low magnitude.

A number of physiological processes within the mouth
are involved in dealing with food. These include in
humans an initial bite or sip, a chewing sequence for
each mouthful of food, salivation and lubrication of the
food bolus to make it suitable for swallowing, enzymatic
activity on the food ingested, sensations within the mouth
arising from the food, and finally swallowing of the bolus.
The mechanical processes of biting and chewing have
been extensively studied and will be the focus of this
review.

Eating behavior can be assessed in a relatively simple
way by means of a self-rating of usual speed of eating.

Another party, such as a family member can also do this
assessment. Time taken for consuming a standard test meal
can also be evaluated. Meal microstructure in terms of
bites and chews can be assessed using videography, and
more recently by wearable sensors.” These two techniques
enable a detailed assessment of bites, individual chews and
pauses between chewing sequences.

The disappearance of food from a portable weighing
scale connected to a computer enables the generation of
a graph displaying food removal from the plate, and this
can be synchronized with the sensor or videography.
Knowledge of the amount of food eaten during a test
meal enables calculation of the bite rate and chewing
rate expressed as number of bites or chews per gram of
food.

Eating behavior studied by videotaping has been
shown to display excellent intra-individual consistency
for 146 healthy male and female individuals across four
meals for measures of ad libitum intake, eating rate, and
oral processing in terms of bite size, oral exposure time
per bite, and chews per g of food for the same or similar
test meals eaten over four non-consecutive days.® Chewing
rate per unit of time was shown to be relatively constant
for 35 different foods in 15 subjects and averaged approxi-
mately 1 chew/second.”

Most eating studies have been performed in the labora-
tory rather than in the field because of the instrumentation
involved. A question posed by Doulah et al® was whether
eating behavior in the field is identical to that in the
laboratory. They therefore compared oral processing of
self-selected meals eaten in isolation or eaten in a social
setting where participants could move, eat and interact
without restriction (although still in a laboratory) by
means of video observation and a wearable food intake
sensor. Meal duration in the field-like study was signifi-
cantly higher for breakfast and dinner compared to the
laboratory setting, presumably because of social interac-
tions. It was suggested that eating behavior should prefer-
ably be studied in the field. Nevertheless, this is a counsel
of perfection that is technically difficult to do.

Differences have been noted between men and women
for oral processing. Zijlstra et al’ found that ad libitum
intake and eating rate for a test meal are significantly
1'” showed that
women take significantly more bites than men, although

higher in men than in women. Hill et a

their bites are smaller. Thus, despite biting more, they take
longer to eat and eat less food per second. A higher initial
eating rate in males was noted by Kissileff et al."' Others
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have found that energy intake is greater in males than
females; in men of normal weight because they eat longer
and in males with obesity because they eat faster.'> Men
may also order more second helpings.'?

The Influence of Eating Behavior on
Satiation and Entero-Endocrine

Secretion
Recognition of the primacy of the oral route in eliciting
satiation comes from a number of studies showing that
food consumed by mouth leads to much greater suppres-
sion of hunger ratings and desire to eat than when food is
infused directly into the stomach or small intestine.'* '
Nevertheless, a combination of oral, gastric and intestinal
factors is necessary for optimal expression of fullness and
satiety. Cecil et al,'* for example, found that a sense of
fullness, and conversely an inverse relationship to hunger
and desire to eat, was directly related to gastric content
and was sensed when gastric fullness was at its maximum.
A meta-analysis by Robinson et al'’ that included 22
studies in 4 subgroups was unable to find a significant
relationship between eating rate and hunger at the end of
a meal for up to 3.5 hours after a meal despite showing
a significant influence of speed of eating on energy
intake. However, a meta-analysis of 42 studies by

Krop et al'®

focusing specifically on short-term satiation
and in which there was an intervention that either directly
or indirectly affected oral processing characteristics such
as number of chews, eating rate and texture manipulation
and in which the comparison involved two extreme con-
ditions, showed that short-term satiation measured by
subsequent food intake and/or ratings for hunger or desire
to eat were both significantly influenced by oral proces-
sing parameters such as eating rate, oral residence time
and number of chews. Krop et al'® ascribe their variant
results from those of Robinson et al'’ to their including
more oral processing variables and their inclusion of
more studies. A meta-analysis by Miquel-Kergoat et al'’
of 13 trials that examined the effect of chewing also
found that prolonged mastication significantly reduced
self-reported hunger (p < 0.001), with 5 of 16 studies
showing a significant effect on self-reported visual analo-
gue scales for satiation or satiety and 10 of 16 experi-
that

subsequent food intake.

ments showing increased chewing reduced

Of interest are a number of studies showing that
manipulating eating behavior by changing the total time

or number of chews with which a test meal is eaten is
associated with changes in entero-endocrine secretion.
Hormones secreted by the gut with an anorexic effect
include cholecystokinin (CKK), peptide YY (PYY), glu-
cose-dependent insulinotropic hormone gastric inhibitory
peptide (also known as gastric inhibitory peptide or GIP),
and glucagon-like peptide-1 (GLP-1).%° In brief, CCK is
secreted by I-cells mainly in the duodenum and jejunum
and effects meal size or early stage satiation. PYY is
released from the ileum and colon and it inhibits gastric
mobility and gastric emptying and reduces appetite. GLP-1
is secreted by L-cells found throughout the intestinal tract
and is an incretin promoting insulin secretion in a glucose-
dependent manner. It also inhibits gastric emptying and
mobility and has an anorexic effect. Blood levels of CCK,
GLP-1 and PYY are low during fasting and increase in
response to a meal. The entero-endocrine hormone ghrelin
acts in opposition to these anorexigenic hormones by
increasing premeal hunger and initiating eating. It is pro-
duced especially in the stomach and activates cells in the
brain centers. Levels of this hormone increase during
fasting and decrease after a meal.

Studies that have examined postprandial entero-
endocrine secretion are summarized in Table 1.2'27 It
can be concluded from all these studies that decreasing
the speed of eating of a test meal or increasing the number
of chews by which it is eaten is associated with decreased
hunger ratings during that meal and/or decreased energy
intake for that meal or at a subsequent meal when the test
meal is fixed, these being indicators of increased satiation
or increased between-meal satiety. Oral processing in
terms of chewing is not the sole factor controlling satia-
tion, and other aspects of bowel function may be opera-
tive, but oral processing appears to be the most influential.

The observation that the number of chews by which
a meal is eaten also influences entero-endocrine secretion,
with an increase in the secretion of the anorexic hormones
GLP-1 and PYY and decrease in the secretion of the
orexigenic hormone ghrelin in many, although not all
studies in which this has been tested, provides additional
support for a significant role for mastication in appetite
control. Some of the GLP-1 response may be indirect, in
that increased chewing may lead to a greater breakdown of
carbohydrate, which in turn could lead to increased post-
prandial glucose levels and thus increased levels of the
incretin GLP-1.>* Moreover, based on the timing of the
post-prandial secretion of these hormones extending over
several hours, it is unclear how much of a role these
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Table | Postprandial Hormone Levels as a Function of Eating or Chewing Fast or Slow

Study Subjects Food Cue and Exposure Effect on Hunger and Hormone Levels

Kokkinos 17 healthy adult | 300mL of ice cream eaten over 5 min (fast) Higher pp curve for PYY and GLP-1 for slow versus fast eating.

et al?! males versus 30 min (slow) No difference in ghrelin

Rigamonti 18 adolescents 10 kcal/Kg of ice cream eaten over 5 min (fast) | No stimulation of pp GLP-1 with fast-eating, whereas slow

et al®? and adults with | versus 30 minutes (slow) eating increased pp GLP-I only in adolescents. Slow eating
obesity stimulated greater pp PYY in adolescents than adults.

Li et al® 16 lean and 14 | Ad libitum pork pie eaten with as much Fast chewers had less energy intake, higher pp GLP-1 and CCK
young men with | chewing or as little chewing as possible (40 vs | and lower pp ghrelin in the lean and subjects with obesity.
obesity 15 chews/10 gm bite)

Zhu etal® | 21 healthy Fixed amount of pizza chewed |5 times (slow) | Lower ratings for hunger and higher pp glucose, insulin, GIP
males or 40 times (fast) and CKK after fast chewing

Cassady 13 healthy 55 g of almonds chewed 10, 25 or 40 times Higher suppression of hunger after 40 than 10 chews and

et al** adults higher pp GLP-I after 40 than 25 chews

Hawton 2| normal- 600 kcal meal eaten over 24 minutes (normal) | Greater 2-hour fullness and less energy from snacks with

etal® weight adults or 6 minutes (fast) normal eating with greater pp ghrelin suppression, and greater

pp PYY from baseline

Alsalim 24 healthy 524 Kcals solid breakfast eaten over 5 minutes | No difference in pp glucose, insulin, GLP-1 and GIP

et al*® adults (fast) or 12 minutes (slow)

Shah 25 men and Breakfast eaten over 10 min (fast) or 30 No difference in hunger, fullness and pp ghrelin, GLP-1 and

etal”’ women minutes (slow) PYY

Abbreviation: pp, postprandial.

hormonal responses have in the control of satiation, since
it could be argued that a more immediate stimulus would
be required such as provided by neural signaling. It may
be speculated, therefore, that the influence of entero-
endocrine hormones is more on inter-meal satiety or
even persistent hunger (see later section). Hence, the pro-
cesses involved in the link between oral processing and
satiation are still very much open to elucidation.

Eating Behavior, Energy Intake and
Body Weight

The previous section has shown that satiation can be influ-
enced by changes in oral processing, including rate of mas-
tication and speed of eating. It is logical to postulate,
therefore, that an increase in speed of eating could lead to
an increase in energy intake since the physiological brake of
satiation on excessive food intake is compromised. This
section discusses the evidence that there is indeed a strong
positive relationship between eating speed and energy
intake. Also, that increased speed of eating is a common
feature of obesity, and that an increased speed of eating
bears a strong positive relationship to indices of obesity
both in cross-sectional and longitudinal studies. The

relationships between other aspects of oral processing and
energy intake and energy expenditure will also be reviewed.

That a significant relationship exists between eating
speed and energy intake is apparent from the meta-analysis
of 22 studies by Robinson et al mentioned in the previous
section.'” In the studies analyzed, subjects were of any age,
eating rate was manipulated and the effect of doing this on
concurrent energy intake, self-reported hunger, or both were
observed. Subgroup analysis indicated that the effect on
energy intake was unrelated as to how the change in speed
of eating was achieved, which could have been instructions
to chew slowly and take more time to eat, manipulating food
form, computerized feedback, changing the method of food
delivery by using a spoon instead of a straw, or using
a container for liquid that refilled slowly or quickly.

The association between self-reported speed of eating and
indices of obesity in adults was the subject of a systemic
review and meta-analysis by Ohkuma et al*® that included
12 cross-sectional and 3 longitudinal studies. Mean difference
in BMI between individuals eating quickly and those eating
slowly was 1.78 Kg/m? and the pooled odds ratio for the
presence of obesity from eating quickly was 2.15 (95% con-
fidence interval 1.84-2.51). A more recent cross-sectional
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study from New Zealand (and which was not therefore
included in Ohkuma’s meta-analysis) of 1589 women aged
40-50 years and in which speed of eating was self-assessed on
a 5-point scale found that BMI increased by 2.8% (p<0.001)
for each category increase in self-reported speed of eating.?’

Several large pediatric studies, particularly from Asia,
and therefore also not included in Ohkuma’s meta-analysis
because of the subjects’ age, found eating speed to be
significantly associated with BMI (Table 2):

Two longitudinal studies included in Okhuma’s meta-
analysis and worthy of mention are that of Yamane et al*®
of 1396 first year Japanese university students who found
that the odds ratio of becoming overweight was 4.40 (2.22—
8.75) for those who ate quickly using a 4-point self-reported
questionnaire performed at baseline and at 3-year follow-up.
Also, a study of 529 male Japanese office workers who were
self-reported fast eaters or medium/slow eaters that found

that fast eaters had significantly greater weight gain on 8-year
follow-up (1.9 Kg versus 0.7 Kg, p = 0.008).>°

A more objective assessment of eating behavior per-
formed in 84 female Japanese college students using video
recordings found that the total number of chews and total
meal duration eating a salmon rice ball were negatively
correlated with % fat, BMI, and circumference of the waist,
abdomen and hip (p < 0.05).*° A simultaneous subjective
eating speed assessment using a 3-point scale found that
body mass, % fat, BMI, and circumferences were greater in
the fast-eating group than in the slow-eating group (all p <
0.05). Other objective cross-sectional studies in adults and
children have similarly found an association between BMI
and eating rate and speed of eating.*'***

A number of studies have compared eating rate, bite
size and chewing rate in normal weight and individuals
with obesity. Already in 1975, Wagner et al** had noted

Table 2 Cross-Sectional and Longitudinal Pediatric Studies Relating Speed of Eating to Obesity or Overweight

Study Type of Subjects Procedure Results
Study
Liu et al®® | Cross- 1123 pre-school Chinese 3-point scale for speed of Fast eating increased adjusted odds ratio for
sectional children eating overweight of 1.92 (1.31-2.80) and for obesity 1.37
(1.0-1.88)
Lin etal®' | Cross- 1138 preschool Chinese Observation of lunch Each 5-minute increase in meal duration decreased
sectional children duration likelihood for obesity by 0.861. Adjusted odd ratio
0.970 for overweight for meal duration
Zhang Cross- 767 7—12-year-old students 2-point scale for speed of Odds ratio for obesity of 3.18 (2.28-4.44)
et al®? sectional eating
Zeng Cross- 50,037 7—17-year-old 3-point scale for speed of Fast eating odds ratio for obesity of 1.51-1.61
etal® sectional Chinese children eating compared to medium speed of eating
Ochiai Cross- 3256 12-13-year-old male 3-point scale for speed of Increased adjusted odds ratio for overweight in boys
et a** sectional and female Japanese eating and 2-point scale for with fast eating compared to medium, and in those
adolescents eating until full (yes or no) eating until full compared to not eating until full 2.78
(1.76—4.38). Fast eating in girls led to a significant
increase in odds ratio but only in those eating until full
Ochiai Longitudinal | 427 Japanese schoolgirls 2-point scale for speed of Differences in BMI, % body fat, waist circumference
et al® aged 9-10 years who were eating and followed for 3 and waist to height ratio increased only in those who
non-overweight and obese years ate quickly
Yamagishi | Longitudinal | 1490 boys and girls aged 3 4-point scale for speed of Children with increased speed of eating had higher
et al*® years who returned eating at 6 and |12 years BMI than those who never increased speed of eating:
questionnaires at 6 and 12 20 vs 17.9 for boys and 20 vs 18.4 kg/m? for girls
years
Ochiai Longitudinal | 934 non-overweight 3-year follow-up using Eating quickly associated with relative risk for
et al®’ Japanese children age 9-10 a 3-point scale for speed of | becoming overweight 3.65 (1.52-8.76)
years eating

Note: The brackets contain the 95% confidence intervals.
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that compared to adults who were not obese, males and
females with obesity spend less time-consuming their
meals and chew each mouthful of food for a shorter
amount of time. Zijlstra et al’ matched 27 normal-weight
adults to an equal number of those overweight and obese
and studied their ad libitum intake of spiced rice and apple
pie yogurt eaten from bowls with a spoon. Food intake
was measured by hidden electronic scales during video-
taped test sessions. Mean bite size for spiced rice was
significantly larger in the group that were obese and over-
weight, but no other significant differences in eating beha-
vior were noted such as initial eating rate, eating
deceleration rate, ad libitum intake, meal duration, number
of bites or eating rate. Laessle et al'® investigated 49 adults
with obesity and 47 normal-weight adults in a laboratory
setting with a universal eating monitor that provided
cumulative intake curves and found that the volunteers
with obesity had a higher initial eating rate, ate larger
spoonfuls, and had a greater total intake for an ad libitum
serving of chocolate pudding, but no differences were
found for rate of deceleration and duration of intake.
A study of 162 college students with obesity and non-
obese controls presented with high and low preference
doughnuts of fixed weight found that eating rate (amount
eaten per second) increased as obesity increased due to
a larger bite size and bite speed (time per bite)."
McCrickerd et al® studied 146 male and female adults
using video recording and a universal eating monitor and
found that adults who ate faster took larger bites and
consistently consumed more energy independent of sex,
body composition and reported appetite. Mattfield et al**
measured bite size by a table embedded scale in 271
participants who could select any meal they liked from
a cafeteria and also found that the volunteers with obesity
took larger bites than normal and overweight individuals
(p = 0.002 and p = 0.017 respectively).

Controlled experiments in normal adults have also
demonstrated the importance of bite size in determining
energy intake, with a number of studies showing an
increase in ad libitum intake when bite or sip size is
increased.*>*® Children with faster eating also have larger
bite size and increased energy intake as a consequence of
this.*’” Goto et al*® showed in young Japanese women that
with increasing mouthful volume of different solid foods,
the total number of chews increases, but their chewing rate
(chews per weight of food) decreases.

A longitudinal study by Berkowitz et al*’ videotaped
basal feeding behavior in 61 children at age 4 years who

were considered at high or low risk for obesity because of
maternal BMI. At age 6, an increased risk of becoming
overweight or obese was predicted by greater maternal
BMLI, the child’s mouthfuls of food /min, and total caloric
intake/min during a test meal. Regression analysis indi-
cated that only mouthfuls of food/min positively predicted
changes in BMI from 4 to 6 years, and mouthfuls of food/
min and gender predicted changes in sum of skinfolds and
total body fat measured by dual-energy X-ray absorptio-
metry, with the girls showing greater fat mass. They con-
clude that a rapid eating style, characterized by increased
mouthfuls of food/min, may be a behavioral marker for the
development of childhood obesity.

There is evidence of a hereditable component to chil-
dren’s eating rates. Eating rates in terms of bites/min were
video recorded in 254 twin children aged 10 to 12 years
while eating ad libitum sandwich quarters and fruit salad
at home.>® Children were categorized into 3 groups, obese
and overweight, higher normal weight, and lower normal
weight, and a significant linear association across the three
weight groups was found for eating rate (p = 0.01).
Regression analyses showed that eating rate increased by
0.18 bites/min for each 1-unit increase in BMI SD score.
The calculated hereditability of eating rate was high at
0.62 (95% CI 0.45, 0.74).

Another aspect of speed of eating is its association with
energy expenditure. Normal components of energy expen-
diture are basal energy expenditure, the thermic effect of
food, and activity thermogenesis, with the thermic effect
of food accounting for approximately 10% of total energy
expenditure. Toyoma et al’>' demonstrated that the thermal
effect of food for a 15-minute period from the start of
eating was significantly lower in 9 young women who
were not obese eating a meal quickly over 5 minutes
compared with eating it with a regular speed over 15
minutes (p < 0.01). Changes in autonomic nervous activity
at rest and after the start of eating were also measured
using spectral analysis of heart rate, and based on the
changes detected it was suggested that the decreased mas-
tication of fast-eating decreases sympathetic nervous activ-
ity. This observation is supported by another mastication
study in 17 normal young women that found that the
energy expenditure of mastication from chewing hard,
tasteless non-caloric gum in 7 subjects was quite small at
3.7 + 0.8 kJ for the 20 minutes. However, 30 chews per
mouthful of a solid meal eaten for 20 minutes by 10
subjects produced a significantly higher thermic effect
over 3 hours than swallowing the same pureed meal

3404

Dove!

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Slyper

eaten without chewing (134.2 = 15.5 vs 67.8 + 13.8 kJ/3
hours, p=<0.001) as well leading to increased satiety
(p = 0.005).>> Another study reported that mastication-
induced thermogenesis from 12 minutes of chewing
a large amount of non-nutritional gum was 11 kcal/h.>

Brondel et al**

found that the increase in energy expendi-
ture in response to a four-course meal was approximately
halved when a test meal was given as an infusion into the
stomach (+5.7%) than when ingested orally (+12%). Also,
that even sensory stimulation from sight, smell and taste
without chewing significantly increased energy expendi-
ture (+3.2%). Energy expenditure was measured over a 20-
minute rest period and then for 110 min. Despite these
studies, the question as to whether obesity is accompanied
by a decreased thermic effect of food is a controversial one
and there are studies both supporting and negating this
hypothesis.>>**°

In sum, many studies in normal volunteers have
demonstrated that in an ad libitum meal situation, an
increased speed of eating leads to an increase in caloric
intake. There is also considerable evidence that many
adults and children with obesity have an increased speed
of eating and that fast eating is a strong risk factor for
obesity. Longitudinal studies indicate a possible etiological
relationship between speed of eating and increased weight
gain and obesity in adults and children. The heritability of
speed of eating may be one link in the genetic predisposi-
tion to obesity. The increased speed of eating seen in
individuals with obesity is associated with an increase in
bite size and speed of biting, and an increase in bite size
may be an important abnormality in those tending to over-
weight or obesity. An increased bite size leads to less oral
processing as a result of a decrease in chewing per bite,
and therefore less satiation and greater food intake.
A change in the thermic effect of food as a result of
mastication and non-masticatory stimuli may be
a significant phenomenon, although its influence on body
weight is still unclear and if present it is probably small.

The Influence of Food Texture and
Ultra-Processed Foods on Eating
Behavior and Body Weight

Many aspects of a food influence how much of it will be
eaten, including sensory influences provided by visual
cues, its odor, taste intensity, texture and palatability, and
even anticipation of its satiating effect.’” Food texture, in
particular, has been shown to exert considerable influence

on eating behavior. Food texture reflects its firmness,
crunchiness, smoothness, creaminess and thickness.>’
The influence of texture on speed of eating and energy
intake is very apparent when comparing liquid, semi-solid
and solid foods.’®, 500 g of apple juice, for example, can
be consumed within 1.5 minutes compared to 7 minutes
for 500 g of apples.®® In an unrestricted real-life setting, ad
libitum intakes in grams of a semi-liquid and semi-solid
milk-based product were 14% and 39% lower than for
liquid  (p=<0.0001 both
differences).>® Texture also has a strong influence on eat-

a chocolate-flavored for
ing behavior for solids foods. Soft foods that can be easily
eaten, in contradistinction to harder foods, lead to an
increase in bite size, decreased chewing rate per gram of
food, decreased oro-sensory exposure per gram of food,
and increased energy intake.>®6*-¢!

Bolhuis et al®* compared eating dynamics in 50 sub-
jects for four meals - a rice salad served with either raw or
boiled vegetables and a hamburger with either hard or soft
bread. The meal containing harder foods was associated
with a 13% lower energy intake (p < 0.001), smaller bites,
more chewing per gram of food, and a longer oral duration
per gram of food (p < 0.05). Even small changes in food
texture can influence eating rate. Decreasing the particle
size of granola added to yogurt from 12 mm to 6 mm at
a constant weight concentration during ad libitum intake
increased the number of chews per spoon and decreased
spoon size, eating rate and ad libitum intake without
affecting liking.®> The difference in eating rate and ad
libitum intake between yogurts containing small and
large granola particles was 5 g/min (7%) (p<0.0001) and
17 g (5%) respectively (p = 0.003).

Larsen et al®*

found that textural complexity also influ-
ences satiation, this being defined as “the number and
dynamic progression of individual textures perceived
from the first bite, through mastication, to the point of
swallow.” These investigators provided a starter model
food of either high or low textural complexity, but
matched for flavor, energy density, and oral processing
time, in a gelatin-agar gel mixture with different layered
and particulate inclusions to 31 volunteers and showed
decreased ad libitum food intake during a subsequent two-
course meal when it was proceeded by the starter of high
complexity.

The effect of taste intensity on oral processing is vari-
able. Salty and sour taste intensity do appear to influence
eating rate, while sweetness or bitterness intensity do
not."® A recent cross-over study of 4 gel-based
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isocaloric model foods that differed in texture (soft or
hard) and had low or high-intensity sweetness were con-
sumed until satiation in 58 normal-weight volunteers.®'
Compared to the hard model foods, the soft-textured
foods were associated with a lower number of chews
(10.1 vs 26.9, p < 0.001), higher eating rate (26.3 versus
15.3 g/min, p ><0.001), and 21.5% higher intake (p <
0.001), whereas sweetness had no effect. That food texture
has a greater influence on eating behavior than taste inten-
sity has been noted by other investigators.®*-¢>

To explore the possibility of devising a diet composed
of foods with a lower energy density and requiring more
time to eat, van den Boer et al®® assessed eating rate and
energy intake rate (Kcal/min) for 240 commonly eaten
Dutch foods. Large variations in eating rate were found,
with liquids and semi-solids being most responsible for
this. As might have been anticipated, eating rate was lower
solid
Accordingly, hard solids were mainly present in the

when food texture was more and harder.
lower eating rate quartiles and semi-solids and liquids
mainly in the upper eating rate quartiles. Eating rate was
inversely associated with energy density and fiber content
and positively associated with water content. Salty and
sour taste intensities were positively correlated with eating
rate, but not sweet or bitter tastes. Interestingly, eating rate
for foods recommended to the public by the Netherlands
Nutrition Center were not significantly different from non-
recommended foods, even after liquids were excluded
from the data set.

The only extensive information available on the influ-
ence of diets on eating behavior is for diets high in ultra-
processed foods. Monteiro and colleagues have devised
a scheme for differentiating ultra-processed foods from
other foods and their so-called NOVA classification has
been acknowledged by organizations such as the Pan
American Health Organization of WHO, the Food and
Agriculture Organization of the UN, and dietary guidelines
for Brazil.*”*® This system divides foods into four cate-
gories - unprocessed or minimally processed foods, pro-
cessed culinary ingredients (such as oils, butter, sugar and
salt), processed foods (such as bottled vegetables, canned
fish, freshly made bread), and ultra-processed foods. Ultra-
processed foods are defined as

formulations of several ingredients which besides salt,
sugar, oils and fats, include food substances not used in
culinary preparations, in particular flavors, colors, sweet-

eners, emulsifiers and other additives used to imitate

sensorial qualities of unprocessed or minimally processed

foods and their culinary preparations or to disguise unde-

sirable qualities of the final product.5”-%

Soft drinks, packaged snacks, reconstituted meat products,
and pre-prepared meat products are included in this cate-
gory. This system is highly focused on food additives,
which are not known to influence eating behavior.
Nevertheless, the presence of these additives may coinci-
dentally identify foods that are easily processed orally
because they have undergone heavy factory processing.
Many of them are high in their sugar and fat content.
However, this definition has not been used in all studies
related to ultra-processed foods making comparisons
between studies difficult.

Using Monteiro’s definition and data from the National
Health and Nutrition Examination Survey 2009-2010,
ultra-processed foods were found to constitute 57.9% of
energy intake in the US and to contribute 89.7% of the
energy intake from all added sugars.®” Use of ultra-
processed foods has been increasing throughout the
world because of their convenient properties. They can
be prepared cheaply in bulk, they have a long shelf life
for transport and display, and they do not decay rapidly in
the home. Because they are already semi-prepared, they
can be easily and quickly used in meal preparation. The
marketing power of large multinational corporations, as
well as local companies, has been used effectively to
promote their use."*’

Using Monteiro’s definition, at least 3 studies have
shown positive associations between use of ultra-
processed foods and body weight.” 7% In the study of
Louzada et al,70 Brazilian adolescents and adults within
the highest quintile of consumption of ultra-processed
foods had a significantly greater BMI (0.94 kg/m?%;
0.42,1.47), and a higher odds ratio of being obese (1.98;
1.26, 3.12) and having increased body weight (1.26;
0.95,1.69) compared to those in the lowest quintile of
consumption. By contrast, a large cross-sectional study
of 2174 adults from the UK investigated associations
between body weight and degree of food processing.”
They categorized foods into unprocessed or minimally
processed, processed ingredients (extracted and purified
components of single foods), and ultra-processed foods,
the latter being defined as products produced from indus-
trial combining of unprocessed or minimally processed
foods and processed ingredients, and found that only
a higher intake of extracted purified components of single
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foods was consistently inversely associated with body
weight. Their different definition of ultra-processed foods
from that of Monteiro could possibly account for the
variant results.

The only longitudinal study performed of ultra-

17* who followed

processed foods is that of Mendonca et a
8451 middle-aged university graduates for 8.9 years.
Adults in the highest quartile for ultra-processed food
intake had a significantly higher risk of developing over-
weight or obesity than those in the lowest quartile. In this
study, ultra-processed foods were defined as food and
drink products ready to eat, drink or heat and made pre-
dominantly or entirely from processed items extracted or
refined from whole foods or synthesized in the laboratory
and not the definition of Monteiro.

Fardet”> examined the satiety and glycemic responses of
98 ready-to-eat foods that were either raw or minimally
processed, processed, or ultra-processed using the NOVA
classification. A satiety score (available for 38 of these
foods) was calculated by dividing the area under the satiety
response curve for the test food by the group mean satiety
area under the curve for white bread and multiplying by
100. A new glycemic glucose equivalent was also calcu-
lated based on the food’s glycemic index, % of available
carbohydrate, and food weight consumed. A strong nega-
tive correlation was found between the degree of processing
and satiety index of these foods (r = —0.60, p = 0.0002) and
a positive relationship to their glucose glycemic equivalent
(r = 0.45, p = 8x10°), although not their glycemic index.

The demonstration of an increased energy intake of
ultra-processed foods in association with decreased satiety
could have considerable relevance to portion sizes. It is
well documented that food portion sizes in the US have
increased from the 1970s, particularly for energy-dense,
ready-to-eat foods.”® By 1996, portion sizes for one-third
of 107 foods commonly eaten in the US had changed from
previous years, with the majority having increased in size,
soft drinks,
cereals.”” Far fewer foods were smaller in serving size.

including coffee, tea and ready-to-eat

Ultra-processed foods are also low in fiber. Dietary
fiber undergoes partial fermentation by gut bacteria and
the short-chain fatty acids produced such as acetate, pro-
pionate and butyrate suppress appetite by promoting the
release of GLP-1 and peptide YY.”* %

Another important aspect of ultra-processed foods is
their increased energy density."' Energy density is the
amount of energy in a particular weight of food or beverage
expressed as calories per gram. The average energy density

for ultra-processed foods is twice that of unprocessed
foods.® Whether drawn from fat or carbohydrate, a higher
energy density leads to increased energy consumption and
a long-term increase in body weight.*® This is true men and
women, overweight and normal weight, children and adults
and short term and long term.®' People are also usually
unaware of differences in energy density and eat
a consistent amount of food even when energy density
varies from between 25% and 30%.%4%7

Forde et al®' calculated a measure of energy intake rate
(Kcal/min) obtained by combining energy density with
eating rate and showed that for 327 foods, energy intake
rate increased from 35.5+ 4.4, to 53.7+ 4.3 to 69.4+3.1
kcal/min (p < 0.05) with unprocessed, to processed, to
ultra-processed foods using the definition of Monteiro.

The only interventional study to date on the influence of
ultra-processed food on body weight is that of Hall et al*®
who used the NOVA system definitions and included mea-
surement of eating rate in a cross-over inpatient study com-
paring an ultra-processed diet with an unprocessed diet. Day
1 breakfasts and lunch for the two groups are shown in the
reference section. Adults eating an ad libitum ultra-processed
diet for 2 weeks experienced weight gain, whereas 2 weeks
of an ad libitum unprocessed diet matched for presented
calories, energy density, macronutrients, sugar, sodium and
fiber led to weight loss. A significantly increased energy
intake with the ultra-processed diet was noted at breakfast
(p = 0.008) and lunch (p = 0.0003), but not at dinner or for
snacks. A large difference in eating rate in kcal/min was
found between the 2 diets (p < 0.0001). There was no
difference in “pleasantness” or “familiarity” between the
two diets, suggesting that the differences in energy intake
were not due to greater palatability or familiarity, and nor
were there differences in energy-adjusted scores for hunger,
fullness, satisfaction and capacity to eat. Individual differ-
ences in average eating rate between the ultra-processed and
processed diet were moderately correlated with overall
energy intake differences (r = 0.45, p = 0.047).

In sum, there is convincing evidence that foods that can
be easily eaten because of their texture can lead to a larger
bite size, less chewing per gram of food, and decreased
meal duration. This in turn can lead to decreased satiation
and greater energy intake. Many highly processed foods
have this type of texture. Moreover, the soft texture of
ultra-processed foods and their resulting low satiation
value may have encouraged food manufacturers to manu-

facture these foods in larger packaging. As a result,

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

https:

3407

Dove:


https://www.dovepress.com
https://www.dovepress.com

Slyper

Dove

expectations for what constitutes ‘“normal” food portion
sizes have changed.

An influence of ultra-processed foods on energy intake
and body weight is very suggestive from cross-sectional
and longitudinal studies. In addition, the interventional

study of a highly processed diet by Hall et al®®

supports
the notion that an ultra-processed diet leads to more
weight gain than a non-processed diet over the short
term in association with a change in eating behavior.
However, although the presented energy density for the
two diets was the same, the energy density of the ultra-
processed diet from non-beverages was almost twice that
of the unprocessed diet. Rolls et al®’” suggest that bev-
erages, and not only water, influence caloric intake less
than solid foods in terms of their energy density, so that an
effect of energy density cannot be excluded in this study.

The NOVA system may be a useful one for research,
but it is difficult to see how it can be used as an educa-
tional tool for the nutritional management of obesity as it
is currently defined since its primary focus is on food
additives and only indirectly on the aspects of food most
relevant to excessive weight gain, namely food texture and
energy density. It is also the case that many foods classi-
fied as ultra-processed are usually eaten within the context
of a meal and it is the overall nature of a diet that likely
influences eating behavior and satiation and not individual
foods. Nevertheless, it seems very likely that the wide-
spread use of ultra-processed diets could be playing
a significant role in the current increase in individual and
global obesity.

Persistent Hunger in the Obese

The papers on oral processing discussed so far, particularly
the longitudinal ones, suggest the possibility of
a unidirectional relationship between eating behavior,
decreased satiation and excessive weight gain. However,
new work suggests that the situation may not be as simple
as this and that many children and adolescents who are
obese may enter into a self-perpetuating cycle of excessive
calorie consumption driven by persistent hunger that per-
petuates and may even exacerbate the obese state.

In a cross-sectional study of 200 Israeli children and
adolescents with obesity and 100 age- and sex-matched
normal-weight controls, ratings for hunger, food intake at
main meal and speed of eating, and time interval after the
main meal of the day to feeling hunger were assessed by
means of a questionnaire completed by the parent in

cooperation with the child.*® The rating for food intake

at the main meal of the day was used as an approximate
indicator of satiation, and time interval to feeling hunger
after the main meal as an approximate indicator of
between-meal satiety. The subjects with obesity were
recruited from a health-fund weight-control clinic, with
obesity being defined as a BMI z-score greater than the
95th percentile for age. Ratings were recorded on 7-point
scales. Significant differences between the children with
obesity and controls were noted for hunger, speed of eat-
ing and satiation (p=<0.001), and between-meal satiety (p
= 0.05) after correcting for age and sex. Extreme ratings
were apparent in a very high percentage of these children
in that the parents of 41% of the children with obesity
admitted to the highest rating for hunger in their offspring
(“hungry for most of the time”) versus 5% of non-obese
controls (p < 0.001), 26% of the offspring had the highest
rating for food intake at their main meal of the day (“more
than average”) versus 0% of controls (p < 0.001), and 26%
the highest rating for speed of eating (“very fast”) versus
4% of controls (p < 0.001). An abnormal hunger rating of
>4 (4 being “average”) was recorded for 71% of the
children with obesity versus 34% of the normal-weight
children (p < 0.001), 60% of the children with obesity
had a food intake rating at their main meal greater than
normal (>4) compared to 13% of controls (p < 0.001), and
49% of the children with obesity had a speed of eating
rating of >4 versus 19% of controls (p < 0.001). These
high figures suggest that hunger and abnormal oral proces-
sing are extremely common in children with obesity, and
confirm results from a similar pediatric study performed in
the United States.”

As previously discussed, appetite scores have been
frequently assessed during experimental manipulations of
eating behavior and their correlation with subsequent
energy intake has been found to be significant although
of low magnitude.* However, the hunger reported on this
questionnaire seems to be of a different nature to these
satiation scales in that the families are producing an over-
all assessment of the child’s behavior related to hunger and
not just hunger sensations. As such it enters into the area
of food hedonics, and specifically food wanting, which can
be defined as the drive to eat triggered by a food cue.”!

This type of behavior with intense cravings for food
and an inability to reduce food intake has sometimes been
considered a form of food addiction in adults with
obesity.”>” A review of 19 studies that examined food
addiction in adults prior to bariatric surgery found an
addiction rate of 14 to 57.8% using the Yale Food
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Addiction Scale.”* The existence of this entity is contro-
versial. Nevertheless, the presence of behavioral issues
related to food in adults with morbid obesity would seem
to be common. As such, they may be similar, although of
a more extreme degree, to the persistent hunger experi-
enced by many of the children with obesity in the pediatric
study just quoted.

The food addictive behavior of adults with obesity
responds to bowel surgery. In one prospective study, food
addiction was present preoperatively among 31.8% of 44
patients but in only 1 patient within 9 months of bariatric
surgery.””> Another study found a pre-surgery incidence of
food addiction of 57.8%, but only 7.2% after 6 months and
13.7% after 12 months.”®

In sum, the presence of intense and persistent hunger in
many individuals with obesity could explain how obesity
perpetuates itself and, in many instances, becomes more
severe. Cross-sectional studies do not permit determina-
tion of etiology. Nevertheless, it is logical to assume that
intense and persistent hunger is likely to lead to conse-
quences. It is possible, therefore, that increased hunger can
lead to a hedonic desire for more food. This is frequently
ultra-processed food that is soft in texture and can be eaten
quickly. This may encourage an increase in bite size which
in turn may lead to decreased chewing per bite and
a decrease in satiation.”” On a global level, this could
explain why when a population becomes obese there is
often a concomitant increase in morbid obesity.>” The
presence of persistent hunger could also explain why obe-
sity in children and adults is so frequently resistant to
successful treatment over the long-term.

The mechanism accounting for this type of chronic
hunger in the obese is unknown. If food addiction in adults
and the chronic hunger described in the pediatric study are
indeed one and the same entity, then they should have
a common mechanism; in which case, the resolution of
food addiction with bariatric surgery would implicate the
gut-brain axis. This could be via changes in entero-
endocrine secretion, direct vagal stimulation, or changes

in the gut microbiota.”® "%

Changing Eating Behavior in the
Obese

If the hypothesis is correct that changes in eating behavior
and the resulting lack of satiation are lynchpins in the
development of much obesity, then improving eating

behavior should be an effective means for controlling
body weight.

Common advice given to individuals with obesity,
particularly for those with fast eating, is to slow down
their rate of eating, the assumption being that this will
decrease caloric intake. Technology that provides feedback
on eating rate or food disappearance is now able to convert
this advice into treatment protocols. However, several
papers suggest reasons why this may have limited success.
Spiegel et al'®!' found that decreasing bite size for sand-
wiches and bagels pre-cut into different bite size and eaten
ad libitum in 9 lean and 9 women with obesity did
decrease the average ingestion rate in terms of g of food
eaten per minute (p=<0.001), but this was offset by an
increase in meal duration so that meal size did not differ
across conditions. There were also no significant differ-
ences in hunger or fullness ratings at the end of the meals
as a function of bite size. Jasper et al'®? found that 94
young adults given a goal for the number of bites to be
used for a test meal with feedback from an automated
watch-like bite counting device that detected wrist motion
were able to reduce the number of bites taken, but subjects
compensated for this by taking larger bites, resulting in
a comparable level of consumption. Martin et al'®® found
that slowing individual eating rates for ad libitum test
meals in 48 volunteers by means of computer-prompting
did reduce food intake for men, but had no effect in
women. However, providing the same meal on a small
rather than larger plate did reduce intake irrespective of
feedback.

A number of long-term controlled trials have been
performed in children with obesity attempting to change
their eating behavior and hence their energy intake. An
8-week randomized trial in 28 4- to 8-year-old children
with obesity compared one group in a program that used
a silent vibrating device that vibrated at 30-second inter-
vals that families were encouraged to use for one meal
per day plus 5 sessions providing psychoeducational and
behavioral techniques to another group that received only
one 30-minute educational session without any behavioral
modification and without any device. The vibrating
machine group resulted in a parental report of increased
slowness in eating (p<0.001), increased food enjoyment (p
= 0.004), and less BMI gain (0.57 Kg/m? p = 0.02).'*
A 12-month randomized control trial in young people with
obesity age 9 to 17-years by Ford et al'® compared
standard care provided by a multi-disciplinary team with
sessions to use of

motivational every 3 months
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a Mandometer device used once a day during a main meal
together with multiple training sessions and frequent tele-
phone calls. The Mandometer device has been used in
several studies of this nature and consists of a portable
weighing scale connected to a portable computer and it
provides real-time feedback of food disappearance during
meals. The motivational sessions included training on
reducing portion size, slowing weight removal from the
plate, and normalizing eating rate and satiety responses.
After 12-months, main meal size in the Mandometer group
fell by 45 g (p = 0.061), BMI SDS difference was 0.27
(95% confidence interval 0.14-0.41, p < 0.001), and mean
body fat SDS measured by bioimpedance was significantly
lower between the two groups. However, there was no
significant change in speed of eating or satiety ratings. In
a 12-month study by Galhardo et al'® in 14 adolescents
with obesity, the Mandometer device was used for retrain-
ing eating behavior in terms of eating at a slower space
and helping the participants feel full after consuming 300—
350 g of food over 12—15 minutes, and subjects were
instructed to use the device once a day at their main
meal of the day. Eating time, portion size, satiety levels
and changes in BMI SDS were not significantly different
between the participants and 13 controls. However, com-
pared to baseline data, only those using the Mandometer
device had significantly lower fasting levels of ghrelin (p =
0.002) and lower mean ghrelin levels under the curve
following a glucose load (p < 0.001). The change in
absolute suppression of ghrelin at 60 minutes and area
under the ghrelin curve were both inversely related to the
change in meal duration induced by use of the device. The
change in fasting ghrelin was also inversely correlated
with the change in pre-meal satiety, and change in area
under the ghrelin curve was positively correlated with the
change in portion size in the Mandometer group. None of
these correlations were seen in the standard treatment
group. The 90-minute PY'Y response was also significantly
increased in the Mandometer arm. However, of note is
a community pilot randomized controlled trial with the
Mandometer device in children with obesity aged 5 to 11
years that was unable to meet any of the criteria for
progressing to the main trial.'”” Only 58% of families
could be recruited, less than 20% of those randomized to
the device used it at least 5 times a week, the 60% target
for slowing down eating speed within 3 months was
unmet, and attendance at the weight management clinic
was 44% against a target of 80%.

In conclusion, the results of attempts to change eating
behavior have not been particularly successful in terms of
producing long-term changes in eating behavior. It also
cannot be excluded that positive results obtained with
respect to body weight in these studies may be more the
result of intensive counselling in the therapeutic group and
less to do with any device. In the study of Ford et al,'® for
example, the therapeutic effort provided to subjects using
the Mandometer device and the controls was very unba-
lanced. This device has also failed to establish itself as
a wonder cure for obesity although it has been on the
market for a number of years. In fact, most studies with
this device are now reported with classic eating disorders.

A number of suggestions can be made as to why
interventional studies have been of limited effectiveness.
As was demonstrated many years ago, slowing eating in
order to decrease energy intake may not always be effica-
cious, and it is bite size and chewing rate that need to be
changed in order to influence satiety. It may be that the
Mandometer device is not that effective in doing this.
Hence, the study of Ford et al'® showed no long-term
effect on speed of eating or satiety, and even the change in
portion size did not quite reach significance. It may also be
that a more effective way for slowing oral processing is by
changing the texture of the diet. The influence of chronic
hunger may also override attempts to change eating beha-
vior if untreated. This could be why individuals with
marked changes in oral processing may be the most resis-
tant to slowing their eating behavior with monitoring and
the least this
conscientiously.

likely to use
107

type of therapy

Conclusion

From the topics discussed it is possible to propose the
following scheme to explain how individual and global
obesity develops in many people and how it perpetuates
itself. An important factor is inadequate satiation, or an
inability to appropriately terminate a meal, and this
results in overeating. For many people, this is diet-
related and due to the consumption of a predominance
of soft-textured foods, and in particular highly processed
solid foods, semi-solid desserts and high-calorie drinks.
These foods are frequently associated with a large bite or
sip size and inadequate oral processing due to reduced
chewing of each bite. This can often be appreciated by
the individual and/or observer as an increased speed of
eating. There may well be a genetic influence to this
progression. The poor satiation associated with highly
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processed foods has encouraged food manufacturers to
package their products in larger packaging and this has
led to new perceptions of what constitutes a normal
portion size for these items. Ultra-processed foods also
have a high energy density due to their content of sugar
and fat and this can also lead to an increased caloric
intake.®'*’

At a certain stage in the development of obesity, many
individuals with obesity develop persistent hunger,
although so far this has only been demonstrated in chil-
dren. The etiology of this is unknown, but is likely related
to changes in the gut-brain axis. When severe, it is likely
to compound an obesity problem by increasing preexisting
eating abnormalities and thereby setting up a vicious cycle
(see Figure 1). The relative importance of these three
etiological factors abnormal oral processing, increased
energy density and persistent hunger in increasing caloric
intake over the short and long term is unclear, although
this is clearly a question of considerable importance.

Despite this lack, Figure 1 can be useful for planning
treatment strategies and understanding why certain strate-
gies may have limited long-term effectiveness on obesity
prevention and treatment. This includes, for example,
a focus on energy density without attention to oral proces-
sing and persistent hunger. Cutting back on total food
intake may also exacerbate preexisting chronic hunger.

This figure also highlights why new paradigms for the
treatment and prevention of obesity are needed in terms of
changing the inappropriate nutrition, inappropriate oral
processing, and persistent hunger that typifies many indi-
viduals with obesity.”” Highly processed foods seem to

Highly Pracessed
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texture

Increased, Increased Amount of Increased
energy density | Highly Processed Foods Bite/Sip Size

Increased
Energy Intake

Decreased
Satiation
N
eed of Eatin
p g

Figure | Hypothesized scheme for the associations between highly processed
foods, oral processing, energy density, persistent hunger and obesity.

Persistent Hunger

Decreased I
Chews Per Bite

have a major role in the initiation of these disturbances.
However, most would agree that there is no going back-
wards in the use of these foods because of their overall
usefulness. Nevertheless, there is good reason to discou-
rage diets containing a predominance of ultra-processed
foods and to encourage other diets in their stead that could

be more effective in preventing and treating obesity.'%®
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