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A paradigm shift for the prevention and treatment
of obesity
The prevalence of obesity and overweight has plateaued in developed countries, albeit
at high levels, but continues to rise in many parts of the world.1,2 Current recommendations for preventing and treating obesity are mainly based on the notion that overeating
results from hedonic eating as a result of unlimited access to palatable foods, particularly those high in sugar and fat, and that hedonic centers are able to “override” the
body’s homeostatic mechanisms.3
It is undeniable that hedonic mechanisms can lead to episodes of overeating. This
article proposes, however, that the homeostatic mechanisms affecting appetite and
satiety are more important in chronic overeating and the development of obesity.
Although the physiology underlying these homeostatic mechanisms is still not fully
understood, sufficient evidence exists for adopting a new paradigm for individual and
global weight control that is directed at the enteroendocrine and gut microbiota systems
controlling energy homeostasis.4–6
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Abstract: The prevalence of obesity and overweight has plateaued in developed countries,
although at high levels, but in most parts of the world, it continues to increase. Current recommendations for preventing and treating obesity are based mainly on the notion that overeating
results from hedonic eating as a result of unlimited access to palatable foods, particularly those
high in sugar and fat, and that hedonic centers are able to “override” the body’s homeostatic
mechanisms. This article proposes that the homeostatic mechanisms affecting appetite and
satiety are more important in chronic overeating, and that sufficient evidence exists for adopting a new paradigm for controlling individual and global obesity based on controlling energy
homeostasis via the enteroendocrine and gut microbiota systems. Many obese children and
adolescents have chronic hunger, supporting the notion that they have a homeostatic rather
than hedonic abnormality. The effectiveness of weight loss drugs and bariatric surgery suggests
that the brain centers controlling energy homeostasis are able to override centers controlling
hedonic drives. Energy homeostasis can also be influenced by nutrition, in particular, by avoiding sweetened drinks and consuming whole grains, vegetables, fruits and other foods that are
high in dietary fiber, and thereby influence appetite and satiety. New recommendations are
outlined for preventing and treating individual and global obesity based on a paradigm that
targets appetite and satiety.
Keywords: obesity, appetite, satiety, nutrition
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very similar. Of 100 Jewish and Arab obese pediatric patients,
66% had hunger recognized by the families as abnormal on a
7-point scale and 45% of these 100 patients had the highest rating, that is, “hunger for most of the time” (AH Slyper, personal
communication, November 2018). Hunger of this degree is quite
unusual in normal weight children, being seen in only 3 of 71
normal weight controls, and is far more indicative of a persistent
homeostatic abnormality than an intermittent hedonic one.
It could be argued that hunger is too subjective a phenomenon to be evaluated meaningfully by a questionnaire.
However, the parents’ answer to this question reflected their
perceptions of how their child usually behaves in relation to
food and can be regarded as reasonably objective. The studies
in the two countries were performed in community pediatric
endocrine centers and the children seen were representative
of obese children in these communities.

Two types of brain centers regulate food intake. Short- and
long-term energy homeostasis is controlled by centers in the
hypothalamus and brainstem that receive hormonal and vagal
signals relating to the body’s metabolic status and the nutrient
content of individual meals. The hormones cholecystokinin,
glucagon-like peptide (GLP-1), peptide tyrosine tyrosine
(PYY) and nesfatin-1, derived from the gastrointestinal tract,
have local and central actions and inhibit food intake by crossing the blood–brain barrier and targeting the arcuate nucleus
of the hypothalamus. The gastrointestinal-derived peptide
ghrelin has peripheral and central actions that stimulate food
intake. Messages from the vagus nerve reach the solitary
nucleus in the medulla oblongata via the solitary tract, and
nerve fibers then project from this nucleus to other areas of
the brain. Non-homeostatic hedonic aspects of eating are
controlled by centers in the cortex, basal ganglia and limbic
system that involve reward-motivated, cognitive and emotional
factors in response to visual, olfactory and orosensory cues.7
Both types of centers communicate with each other via neural
pathways and both respond to endocrine signals.3,4,8,9 A magnetic resonance imaging study on sucrose ingestion has suggested greater connectivity between homeostatic and hedonic
centers in the obese than in the lean, indicating the possibility
that hedonic mechanisms may be enhanced in the obese in the
presence of an underlying homeostatic abnormality.10
Obese individuals eat larger meals than people of normal
weight.11–13 Evidence that this is often due to a persistent
hyperphagic state comes from a study in the US that provided
questionnaires to the parents of obese children and adolescents.14 The parents were requested that these be completed
together with their offspring, and they included questions
about the child’s hunger on a 5-point scale (“eats less than
others” to “eating a lot, always abnormally hungry”) and
speed of eating on a 4-point scale (“very slow” to “very fast”).
Of the 127 obese patients with a body mass index (BMI)
greater than the 95th percentile, 62.2% reported “eating a lot
and always abnormally hungry” or “eating a lot and often
abnormally hungry” compared to 21.4% of normal weight
children with a BMI <75th percentile. Also, 55.7% of the
obese patients admitted to eating “very fast” or “moderately
fast” vs 23.3% of controls. Both differences were highly
significant (P<0.001). Hunger and speed of eating were also
highly correlated (P<0.001), suggesting that eating fast was
part of this hyperphagic state.
This study was repeated in a weight control clinic for children and adolescents in Jerusalem, Israel, and the results were

It is evident that weight loss can be achieved by changing the
hormonal milieu of the gut, and the evidence for this comes
from the use of anorexic drugs and bariatric surgery.
Energy intake is influenced by a number of hormones,
including ghrelin which increases the food intake and is
secreted predominantly by cells in the stomach, anorexigenic
hormones secreted throughout the gut that decrease appetite
by means of endocrine and locally acting signals as well
as stimulation of the vagus nerve, leptin secreted by the
adipose stores and insulin manufactured in the pancreas. Two
hormones important in appetite suppression that have been
extensively studied are GLP-1 and PYY. Both are secreted by
enteroendocrine L-cells found in increasing density from the
proximal small intestine to the distal part of the colon. Blood
levels of these hormones increase after food ingestion.15,16
Both hormones suppress appetite and reduce meal size when
injected intravenously.15 GLP-1 is also an incretin and may be
responsible for almost half of postprandially secreted insulin.17
Metformin is commonly used as a first-line treatment for
diabetes, and it has mild weight control properties through
its ability to influence appetite. It is commonly used by pediatric endocrinologists off-label to control excessive weight
gain.18,19 Blood glucose lowering occurs only when the drug
is administered orally and not intravenously, suggesting that
this effect is mediated within the gastrointestinal tract. The
reason for the anorexic effect of metformin has not been
extensively studied, although the drug does lead to increased
fasting levels of GLP-1 in adult non-diabetics and diabetics,
independent of changes in glycemia and adiposity.20
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Other classes of drugs that produce weight loss and are
approved for adults are GLP-1 analogs and the dipeptidylpeptidase-IV inhibitors that prevent the catalytic breakdown
of GLP-1.21 The 56-week Scale Obesity and Prediabetes
Study found that the GLP-1 analog liraglutide produces a
body weight reduction in obese adults of 8.0% compared
to 2.6% for placebo.22 In the SCALE Diabetes randomized
controlled trial, 54% of patients achieved a weight loss of
5% or more with liraglutide compared to 21% in the placebo
group.23
Much of the weight loss achieved after bariatric surgery
may well be due to an enteroendocrine effect. Diabetics
experience a rapid improvement in blood sugars after surgery
and well before significant weight loss occurs, suggesting
the incretin effect of GLP-1.24 Within a week of Roux-en-Y
gastric bypass surgery, meal-induced insulin and GLP-1
secretion increases, the latter as much as tenfold.25 A sharp
rise in postprandial hormones, including GLP-1 and peptide
YY, also occurs following vertical sleeve gastrectomy.26
Significant changes in food choices, taste functions, hedonic
evaluation and self-control also occur following bariatric
surgery, and one can speculate that this may also be a
consequence of hormonal changes.27
Whether changes in the enteroendocrine environment
are etiologically related to weight loss with metformin and
bariatric surgery are still uncertain. Nevertheless, a number
of conclusions can be made from the effectiveness of weight
loss drugs and bariatric surgery: 1) the brain centers controlling energy homeostasis can “override” those controlling
“hedonic” drives; 2) the enteroendocrine system is an excellent target for influencing energy homeostasis, appetite and
satiety and 3) it is possible that brain hedonic centers are
in “overdrive” in the obese as a result of disordered energy
homeostasis.10 This means that for many obese individuals,
overeating results from a disorder in physiology and not
gluttony.

Changing energy homeostasis via
nutrition
The foods we eat are also able to influence energy homeostasis at the level of the gut. Enteroendocrine secretion is stimulated by the release of the breakdown products of fat, protein
and carbohydrate. Fatty acids with >12 carbons and partially
hydrolyzed proteins stimulate the release of the anorexigenic
hormone cholecystokinin from the duodenum and proximal
jejunum.4,16 Dietary fat has only a weak effect on satiation.28
High-protein snacks such as yogurt have been shown to
improve appetite and satiety and reduce subsequent food
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intake.29 However, increasing animal protein and fat at the
expense of carbohydrate in low- or moderate-carbohydrate
diets increases mortality and will not be discussed further in
this article.30 Most of the satiety effect of carbohydrate comes
from its content of dietary fiber, and gut bacteria have a role
in this satiety effect. There are about as many bacteria in the
gut as cells in the body.31,32 About 1,000 different species of
bacteria have been identified in the gut, and there is large
interindividual variability.

The appetite-suppressing effect of
dietary fiber
The definition of dietary fiber has been much debated, but
a broad definition is carbohydrate polymers that escape
digestion and absorption in the upper human intestine.
The behavior of fiber during digestion is dependent on its
physicochemical properties, and this includes particle size,
solubility, hydration properties and viscosity.33 Based on its
solubility in water, dietary fiber is frequently classified as
soluble fiber (which includes pectins, gums, mucilages and
storage polysaccharides) and insoluble fiber (which includes
cellulose, hemicelluloses and lignin).
Fiber delays hunger and increases satiety by slowing
gastric emptying.34 Fiber also undergoes partial fermentation
by gut bacteria into mainly acetate, propionate and butyrate,
resulting in high concentrations in the colon. These shortchain fatty acids are a source of energy (about 10% of the
energy from the diet), and via the enteroendocrine cell receptors free fatty acid receptor 1 and free fatty acid receptor 2,
they promote the release of GLP-1 and peptide YY, thereby
slowing intestinal transit time and suppressing appetite.35
In experiments in mice, administration of butyrate and propionate induced gut hormone secretion and reduced food
intake.36 Targeted administration of propionate to the colon
in obese volunteers led to enhanced PYY and GLP-1 secretion and significantly reduced adiposity and weight gain.37
As might be anticipated, dietary fiber has been shown to
significantly influence hunger and satiety. In the following
studies, hunger and satiety were measured by psychological
instruments such as analog scales, and these have been shown
to be reliable for appetite research.38 Howarth et al39 reported
on 38 studies that examined the influence of fiber on hunger
or satiety in healthy subjects under conditions of fixed energy
intake, and the majority showed that fiber increased satiety
between meals. In a review of 12 interventional studies, it was
concluded that a 14 g per day increase in fiber in an ad libitum
diet resulted in a 10% decrease in energy intake and 1.9 kg
decrease in body weight over 3.8 months. Energy intake was
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suppressed more and weight loss was greater in overweight
patients. From a review of 66 long-term studies, Wanders et
al40 concluded that fiber intake was associated with an average reduction in body weight of 0.4% over 4 weeks, and that
weight loss was unrelated to any physicochemical properties
of the fiber. A review by Pereira and Ludwig41 noted that fiber
had a positive influence on hunger and satiety in 17 studies,
showed mixed results in 7 and had no effect in 3. Wanders et
al40 discuss that soluble fiber characterized as more viscous
and with greater resistance to flow, such as from pectins,
β-glucans and guar gum, reduces appetite more effectively
than less viscous fibers, with the more viscous fibers resulting
in a 59% reduction in appetite compared to a 14% reduction
from the less viscous fibers.
Microbial richness and biodiversity in the gut is greater
in the lean than in the obese, and a lean pattern is associated
with greater short-chain fatty acid production.32,42 Microbial
richness and biodiversity is seen in populations with a high
dietary fiber intake compared to those with a low intake, and
in this study was associated with higher fecal short-chain
fatty acid concentrations.43 Switching between a vegetarian and animal-based diet rapidly changes the composition
of the stool microbiome.44 This raises the possibility of a
dynamic interplay between nutrition and the gut flora that
could amplify the benefits of a fiber-rich diet.

The obesogenic effect of naturally
sweetened beverages

fixed-effects models, respectively. Randomized controlled
trials in adults demonstrated increases in body weight when
sugar-sweetened beverages were added (0.85 kg; 95% CI:
0.50, 1.20 kg), and trials in children showed reduction in
BMI gain when sugar-sweetened beverages were reduced. In
a meta-analysis of cohort studies, Hu and Fb47 found that a
higher intake of sugar-sweetened beverages among children
was associated with a 55% (95% CI 32%–82%) greater risk of
becoming overweight or obese compared to those with lower
intake. By contrast, the association between yearly weight gain
and intake of solid energy-dense snack foods such as sweets,
cakes, pastries and savory snacks is small, inconsistent and no
different from that of other refined carbohydrates.48,49
The simplest explanation for the weight-promoting effect
of sugar-sweetened drinks is that they have little satiety value
and this leads to failure to adjust for the energy supplied by
these beverages at subsequent eating.50 In support of this is
that glucose and fructose when administered as intra-gastric
infusions lead to the secretion of GLP-1, peptide YY and
ghrelin, but their satiety and fullness effects are little different from that of water.51 On the other hand, it cannot be
excluded that the situation is more complex than this. In
obese and lean women, there is greater activity in brainstem
vagal pathways after consuming high-sucrose-containing
beverages compared to low-sucrose-containing beverages,
possibly indicating that energy homeostatic mechanisms are
also involved in the response to sugar-containing drinks.10

Conclusion

Naturally sweetened drinks are an important cause of weight
gain. In a meta-analysis, Te Morenga et al45 analyzed 30
randomized trials and showed that for adults on ad libitum
diets (ie, without strict control of food intake), an increased
intake of dietary sugars was associated with an increase in
body weight of 0.75 kg (0.30–1.19, P=0.001) over several
weeks. On the other hand, in trials of diets high in free sugars compared to diets low in free sugars in which there was
isocaloric substitution of sugars for other carbohydrates,
there was no significant change in body weight. In 38 cohort
studies, the OR of becoming overweight or obese increased
to 1.55 (1.32–1.82) among groups with the highest intake
of sugar-sweetened beverages compared to those with the
lowest intake, after 1 year of follow-up.41 In a review and
meta-analysis, Malik et al46 found that one daily serving
increment of a sugar-sweetened beverage in cohort studies
was associated with a 0.06 (95% CI: 0.02, 0.10) and 0.05
(95% CI: 0.03, 0.07)-unit increase in BMI in children and
0.22 kg (95% CI: 0.09, 0.34 kg) and 0.12 kg (95% CI: 0.10,
0.14 kg) weight gain in adults over 1 year in random- and

On the basis of this discussion, it is possible to speculate why
the US population has experienced such marked weight gain
over the last few decades. The campaign that was initiated
in the 1960s to decrease consumption of saturated fat led to
an increased intake of carbohydrate as a percentage of total
calories. Because of the focus on quality and quantity of fat,
attention was diverted away from the quality of carbohydrate.
These two factors resulted in a greater consumption of
processed carbohydrates and sugars. Full fat milk, a satietyinducing drink due to its protein and fat content, came to be
regarded as a suspect food because of its content of saturated
fat and was replaced by low-fat milks and sugar-containing
soft drinks.52 Eggs, also a filling food, were cut back because
of their cholesterol content.53 These changes resulted in
low-fiber, low-satiety diets that encouraged overeating as a
result of their influence on homeostatic mechanisms and not
because of their hedonic value. The adoption of Western-type
foods throughout much of the developing world has similarly
led to diets that encourage people to overeat.
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Recommendations
On the basis of this discussion, a new paradigm is suggested
for individual and global weight control:
Optimizing satiety needs to be the initial step for weight
control or weight loss, since calorie restriction is unlikely
to succeed over the long term if there is continuing abnormal hunger. To achieve this, sweetened drinks should be
eliminated and foods rich in fiber, such as vegetables, fruits
and whole grains, should be substituted for refined carbohydrates. This will not only help in preventing and treating
obesity but also other conditions such as hyperlipidemia,
metabolic syndrome, coronary artery disease, diabetes and
hypertension.54,55
There is a place for satiety-inducing drugs in the treatment of obese patients who lack the ability to make changes
in their diets because of their high hedonic drives, and new
drugs acting at the level of the gut or centrally are now available or in the pipeline.56 Understandably, no pharmaceutical
company has yet sponsored a study looking at how patients
can be weaned off their weight-loss drug without regaining
weight. Many patients will be permanently hooked on these
drugs, unless they are able to make changes in their diet that
will improve their appetite and satiety.19 Because of this, drug
treatment should be used as an aid to dietary treatment and
not as a substitute. Admittedly, this is a theoretical construct,
as no studies have been reported to date demonstrating that
it is actually possible to successfully wean patients off these
drugs without regaining lost weight. This information is much
needed as more satiety-inducing drugs become available and
their use increases.
However, it is the realm of global public health that the
impact of this new paradigm should be most apparent. The
message to the population needs to be simple and focused.
People need to eliminate sweetened drinks and replace refined
carbohydrates with natural fiber-rich foods. A practical way
of achieving these goals is to place a tax on sweetened drinks,
as has been done in the UK, France, Hungry, Mexico, Norway, the United Arab Emirates and some states in the US.57
A meta-analysis of nine articles, six from the USA and one
each from Mexico, Brazil and France, showed that higher
prices for these drinks were associated with a lower demand.58
Four articles found an increased demand for alternative beverages such as fruit juice and milk and reduced demand for
diet drinks, and the six articles from the USA showed that a
higher price led to a decrease in BMI and reduced prevalence
of overweight and obesity. The money collected from this tax
could be returned to the population by subsidizing high-fiber
stables and non-imported vegetables and fruits.
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In conclusion, current recommendations are making little
dent in individual or global obesity. This new paradigm fits
well into what we know about the physiology of hunger and
satiety and is supported by nutritional studies. Moreover, the
advice to eat vegetables, fruits and whole grains in place of
refined carbohydrate and sugars is obvious enough that it
should be readily accepted by all populations.
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