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A B S T R A C T

Background: This Obesity Medicine Association (OMA) Clinical Practice Statement (CPS) is intended to provide
clinicians an overview of 30 common obesity myths, misunderstandings, and/or oversimplifications.
Methods: The scientific support for this CPS is based upon published citations, clinical perspectives of OMA au-
thors, and peer review by the Obesity Medicine Association leadership.
Results: This CPS discusses 30 common obesity myths, misunderstandings, and/or oversimplifications, utilizing
referenced scientific publications such as the integrative use of other published OMA CPSs to help explain the
applicable physiology/pathophysiology.
Conclusions: This Obesity Medicine Association (OMA) Clinical Practice Statement (CPS) on 30 common obesity
myths, misunderstandings, and/or oversimplifications is one of a series of OMA CPSs designed to assist clinicians
in the care of patients with the disease of obesity. Knowledge of the underlying science may assist the obesity
medicine clinician improve the care of patients with obesity.
1. Introduction

Beginning in 2013, the Obesity Medicine Association (OMA) created
and maintained an online Adult “Obesity Algorithm” (i.e., educational
slides and eBook) that underwent yearly updates by OMA authors and
was reviewed and approved annually by the OMA Board of Trustees [1].
This was followed by a similar Pediatric “Obesity Algorithm” with up-
dates approximately every two years by OMA authors. This current OMA
CPS regarding common obesity myths, misunderstandings, and/or
overcomplications was largely derived from the 2021 OMAAdult Obesity
Algorithm and is one of a series of OMA CPSs designed to assist clinicians
in the care of their patients with the disease of obesity.

2. Background

A myth is a commonly held, but inaccurate belief. This CPS discusses
the physiology and pathophysiology of 30 common obesity “myths.”
Many of these 30 items are more accurately characterized as mis-
understandings and/or oversimplifications, rather than inaccurate
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beliefs. A caveat is that some patients and/or clinicians may not agree
that all of these are “myths,” inaccurate, or even potentially misleading.
This may be due to variances in:

� Individual experiences
� Clinical practice experiences
� Differences of interpretation of existing science
� Emergence of new science
� Business interests
� Cultural norms or other global beliefs

This OMA CPS will not be addressing the “obesity paradox,” as this is
a topic of a forthcoming dedicated OMA CPS entitled: “Cardiovascular
Disease, Obesity, and the Obesity Paradox: An Obesity Medicine Asso-
ciation (OMA) Clinical Practice Statement (CPS).” Table 1 lists 30 com-
mon “myths” about obesity, each which are discussed in detail in
subsequent text sections.
University of Louisville School of Medicine, 3288 Illinois Avenue, Louisville, KY,

A. Golden), justintondt@gmail.com (J. Tondt).

icine Association. This is an open access article under the CC BY-NC-ND license

mailto:hbaysmd@outlook.com
mailto:npfromhome@gmail.com
mailto:justintondt@gmail.com
http://www.lmarc.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.obpill.2022.100034&domain=pdf
www.sciencedirect.com/science/journal/26673681
www.journals.elsevier.com/obesity-pillars
https://doi.org/10.1016/j.obpill.2022.100034
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.obpill.2022.100034


Table 1
Common Obesity Myths, Misunderstandings, and/or Oversimplifications
(MMO).

GENERAL PRINCIPLES

1. Obesity is a lifestyle choice and not a disease.
2. An increase in body weight is always due to an increase in body fat; those with

decreased muscle and normal body weight do not develop complications of
obesity.

3. A large amount of weight reduction is required for health benefits.
4. Weight reduction is difficult; maintaining weight reduction is easy once the

weight is lost.
5. In patients with obesity, increased body fat is the cause of all their health

conditions.
6. People are predestined towards obesity due to an unalterable “setpoint.”
7. Most people with increased body fat are generally healthy and will remain

healthy.

ETIOLOGY
8. Obesity is mostly due to a defined genetic abnormality.
9. In the absence of a genetic or secondary medical cause, obesity is mostly due to

a lack of willpower.
10. Obesity is solely caused by eating too much.
11. Obesity is unrelated to the caloric content of food.
12. Obesity is caused by eating processed foods.
13. Obesity is caused by breakfast patterns.
14. Obesity is commonly caused by pathogens in the intestine (microbiome).
15. Obesity is due to a lack of access to plant-based foods.
16. Lack of breastfeeding for a full 2 years is a major sole cause of unalterable

obesity in offspring.

DIAGNOSIS
17. Increased subcutaneous adipose tissue is healthy; increased visceral adipose

tissue is unhealthy.
18. Individuals with obesity have low metabolism. Lean people are “naturally

skinny” because they have a higher metabolism.
19. “Big boned” individuals have no potential to achieve a healthy body weight.

TREATMENT
20. Low fat diets are the best way to reduce body fat.
21. Nutrition medical therapy is more effective when based upon patient

preference.
22. Vitamins and herbal supplements are effective in achieving weight reduction.
23. After implementing a 500 Calorie daily energy deficit diet, then as long as this

daily energy deficit is maintained, fat weight reduction will continue to occur
indefinitely according to the calculation that 3500 Calories are stored per
pound of fat.

24. Increased physical exercise is the most effective way to reduce body weight.
25. Every pound of muscle that replaces fat burns an additional 50 Calories per day.
26. Access to exercise equipment, gym memberships, and physical activity trackers

will result in weight reduction.
27. Setting more “realistic” obesity goals will ultimately achieve greater weight

reduction than more aggressive goals.
28. Small favorable changes in nutritional intake and physical activity will yield

large long-term benefits; slow and gradual weight reduction is ultimately more
effective than large and rapid weight reduction.

29. Efforts to reduce body weight in patients with obesity is unhealthy, because the
weight will inevitably return, and fluctuations in body weight (e.g., yo-yo
dieting) are more dangerous than maintaining a high body weight.

30. Drugs should not be used to treat obesity, because obesity is due to unhealthful
diet and lack of exercise, and because weight will only be regained once anti-
obesity medications are discontinued. Bariatric surgery is the “easy way out,” a
procedure reserved for patients who are failures and “cheaters,” and is a
procedure too dangerous for everyone else.

Listed are 30 common myths, misunderstandings, and/or oversimplifications
about obesity.

Table 2
Obesity as a disease checklist.

Disease criteria Obesity

Diagnosed by:
� Signs and symptoms of illness, sickness, or ailment

� Adverse anatomic changes to an organ or system of the body

� Dysfunction of an organ or system of the body

Contributes to:
� Increased morbidity

� Increased mortality

Caused by:
� Genetic or development errors

� Inflammation or infection

� Poisons, toxicity, or adverse side effect of pharmaceuticals

� Nutritional abnormalities

� Unfavorable environmental or behavioral factors

Treated by:
� Medical nutrition therapy

� Routine physical activity

� Behavior modification

� Medication

� Surgery

� Patient education and training

Managed by:

� Primary care clinicians

� Specialists

� Multidisciplinary team
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3. Obesity myths misunderstandings, and/or oversimplifications
(MMO)

The discussion of this OMA CPS is focused on obesity:

� General principles
� Etiology
� Diagnosis
� Treatment.
2

3.1. General principles

3.1.1. MMO #1: obesity is a lifestyle choice and not a disease
The reason this statement is a myth, misunderstanding, and/or

oversimplification is because a “disease” can be defined as adverse
anatomic changes to, and/or dysfunction of, an organ or system of the
body that results from genetic or development errors, inflammation or
infection, poisons, toxicity, nutritional abnormalities, or unfavorable
environmental factors that manifest as illness, sickness, or ailment. The
signs, symptoms, and pathophysiology of obesity fulfill each of these
disease-defining criteria [2] (See Table 2.). The Obesity Medicine Asso-
ciation has defined obesity as:

A chronic, progressive, relapsing, and treatable multi-factorial, neuro-
behavioral disease, wherein an increase in body fat promotes adipose tissue
dysfunction and abnormal fat mass physical forces, resulting in adverse
metabolic, biomechanical, and psychosocial health consequences [3].

Considerations of obesity as a disease include:

� Positive caloric balance often leads to anatomic enlargement of adi-
pocytes and increased adipose tissue expansion that in addition to
promotion of “fat mass disease” (e.g., sleep apnea, orthopedic ab-
normalities impairing mobility, skin friction), also results in adipo-
cyte and adipose tissue dysfunction (adiposopathy), whose
immunopathies and endocrinopathies contribute to themost common
metabolic disorders managed in clinical practice (e.g., elevated blood
sugar, elevated blood pressure, increase in atherogenic lipoproteins,
cardiovascular disease, and cancer) [3–5].
Obesity meets the criteria as a disease. (See text for detailed description.)



Table 3
Obesity medicine association (OMA) classifications of percent body Fat [8].

Female Male

Essential fat <15% <10%
Athlete 15–19% 10–14%
Fitness 20–24% 15–19%
Acceptable 25–29% 20–24%
Pre-obesity 30–34% 25–29%
Obesity �35% �30%

For the individual, body composition analyses more accurately measure body fat
compared to body mass index (BMI), the OMA has identified the category of “pre-
obesity” based upon percent body fat criteria (i.e., not BMI criteria).

Table 4
Estimated degree of mean weight reduction and clinically meaningful improve-
ment in health outcomes [26].

Degree of weight reduction associated
with improvement in health condition

Medical conditions

�2.5% weight reduction Improvement in glucose metabolism
Reduction in triglyceride blood levels
Improvement in polycystic ovary syndrome
and infertility

�5.0% weight reduction Improvement in Impact on Weight on
Quality-of-Life score
Improvement in depression
Improvement in mobility
Improvement in knee functionality, as well
as improvement in walking speed, distance,
and pain among patients with knee
osteoarthritis
Reduction in hepatic steatosis
Improvement in urinary incontinence
Improvement in sexual function
Increase in high density lipoprotein
cholesterol levels
Improvement in health care costs

�10% weight reduction Improvement in sleep apnea
Improvement in non-alcoholic
steatohepatitis

�16% weight reduction Potential reduction in cardiovascular and
overall mortality

Table copied with permission from Ref. [27].
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� Obesity can be caused by genetic or epigenetic abnormalities, hypo-
thalamic disorders (including hypothalamic inflammation) [6],
insulinoma, some cases of hypothyroidism, hypercortisolism, sleep
disorders, microbiota and the microbiome [7–9], consumption of
ultra-processed energy dense foods, as well as unhealthful nutrition in
an obesogenic environment of physical inactivity and suboptimal
education contributing to unhealthful behavior [10,11].

� Obesity can be caused by adverse (“toxic”) adverse side effects of
concomitant medications [12] as well as obesogens, which are envi-
ronmental chemicals (“poisons”) that promote obesity by disrupting
adipose tissue function and/or altering metabolic set points or
altering the hormonal regulation of appetite and satiety. Many
obesogens are endocrine disrupting chemicals that interfere with
normal endocrine regulation [13,14].

� Obesity is a major cause of cardiovascular disease and cancer (i.e., the
most common causes of mortality in developed nations) [5], sleep
apnea, and numerous other complications of “sick fat” (adiposopathy)
and fat mass diseases [3].

� Obesity shares many of the same pathogenic processes as aging [3].
The more advanced age, the greater the mortality. Similarly, the
greater the obesity, the greater the mortality. In one example, ~14
years of life is lost for patients with BMI 55–60 kg/m2, mainly due to
the complications of heart disease, cancer, and diabetes mellitus [15].

People do not “choose” to have the disease of obesity, nor is obesity
simply a “comorbidity” or “risk factor” regarding its well-known compli-
cations. To the extent that “choice” is applicable, this largely depends upon
access to education, knowledge, availability of treatment options [11], and
choice architecture (i.e., environmental designs involving access to
healthful alternatives, and exposure to nutritional and physical activity
options in a manner that favorably influences behavior) [16].

3.1.2. MMO #2: an increase in body weight is always due to an increase in
body fat: those with decreased muscle and normal body weights do not
develop complications of obesity

A body mass index (BMI) � 25 kg/m2 is generally considered over-
weight and BMI �30 kg/m2 is considered diagnostic for obesity [3].
While BMI is a reasonable measure for the general adult population, BMI
may not accurately measure body composition for the individual. BMI
has limitations in assessing adiposity in those with increasedmuscle mass
(i.e., body builders) and those with decreased muscle mass (i.e., sarco-
penia), as well as regarding those of different races, different sexes, and
pre-versus postmenopausal status [8,17]. Patients with increased muscle
mass may have a high BMI and not necessarily have an increase in
percent body fat. Unless associated with increased body fat, patients with
increased muscle mass do not have an increased risk of cardiovascular
disease risk factors such as type 2 diabetes mellitus [18] and hyperten-
sion [19,20], nor an increased risk of cardiovascular disease [21] and
cancer [21]. Conversely, some patients with reduced muscle mass may
have a BMI in the normal range, but increased percent body fat, some-
times termed sarcopenic obesity. Patients with sarcopenic obesity have
increased risk of hypertension [22] and diabetes mellitus [23], as well as
increased risk of cardiovascular disease [22] and cancer [24].

The amount of fat and muscle in an individual is best evaluated via
body composition analyses. Methods to assess body composition vary
regarding accuracy, reproducibility, expense, and accessibility [8].
Percent body fat mass is dependent upon both fat mass and lean body
mass (i.e., lean body mass includes muscle mass and other non-adipose
tissue body organs). From a body fat standpoint, common fat assess-
ment metrics include percent body fat, android fat, and visceral fat. The
OMA has suggested that optimal android and visceral fat are <3 pounds
and <1 pound, respectively [8]. Percent body fat mass is highly variable
among individuals and may range from <5% to >70%. Table 3 describes
the OMA categorical descriptions based upon percent body fat, which has
applicability to adiposopathic metabolic and inflammatory consequences
that help define obesity as a disease [3,4].
3

3.1.3. MMO #3: A large amount of weight reduction is required for health
benefits

Among patients with obesity, current clinical data suggest that larger
amounts of weight reduction are required for clinically meaningful
improvement in certain health outcomes (e.g., sleep apnea, non-alcoholic
steatohepatitis, and cardiovascular and overall mortality outcomes).
However, many health benefits can be achieved with >2.5% weight
reduction (See Table 4). Most of the benefits in health outcomes with
modest weight reduction are due to correction of the adipose tissue
endocrine and immune dysfunctions found with obesity. This may be
expected, given that 5% weight reduction might not only improve the
function of insulin sensitivity in muscle, reduce fat content in liver, and
improve pancreatic beta cell function, but also improve multiple aspects
of adipocyte and adipose tissue function [25]. This has clinical implica-
tions given that increased body fat resulting in adiposopathy (i.e., fat
dysfunction) is a major contributor to the most common metabolic ab-
normalities encountered in clinical practice [3,4].

3.1.4. MMO #4: weight reduction is difficult; maintaining weight reduction
is easy once the weight is lost

A common patient claim is: “If I could just get the weight off, then I know
I could keep it off.”Many interventions are successful in facilitating initial
weight reduction. While highly variable among individuals, many cur-
rent non-surgical weight reduction interventions induce an average of
~10%–15% initial weight reduction from initial body weight [27], often
with only ~50% of the weight reduction maintained after one year [28,
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29]. Successful weight reduction maintenance usually requires a similar
combination of interventions required for initial weight reduction [28]:

� Appropriate nutrition [10].
� Routine physical activity [10].
� Behavior training [11].
� When appropriate, initiation or continuation of pharmacologic anti-
obesity therapy and/or consideration of bariatric surgery [9,27].

Factors that favor weight regain include physiologic priority imbal-
ances, neurobiological reactions to weight reduction, decreased resting
metabolic rate, greater musculoskeletal efficiency, and behavior rever-
sion [2,28–30]. “Metabolic adaptation” or “adaptive thermogenesis” re-
fers to the reduction in resting metabolic rate with weight reduction,
beyond that predicted from the loss of body weight and the corre-
sponding changes in fat and lean tissues [31]. This effect may be mainly
during periods of active negative energy balance, with post weight
reduction resting metabolic rate potentially most dependent on the pa-
tient's energy balance [32].

Whether it be the experience of clinical trials, or the experience of
clinical practice, weight reduction among patients with obesity is
frequently successful. What is less successful is weight reduction main-
tenance [33]. In patients with obesity, increased energy expenditure
through physical activity is among the more validated determinants of
weight reduction maintenance [28]. But whether it be healthful nutrition
or routine physical activity, the success of weight reduction maintenance
is enhanced with [34]:

� Continuous monitoring
� Goal setting
� Sustained motivation
� Facilitating and acknowledging successes and positive experiences to
counterbalance the frequent challenging, frustrating, and potentially
negative experiences that often accompany efforts to attain and
maintain a healthy body weight

3.1.5. MMO #5: In patients with obesity, increased body fat is the cause of
all their health conditions

Patients with obesity often do not receive standard preventive med-
ical care due to challenges in healthcare access, as well as discriminatory
bias and stigma [3,35]. Complicating medical care of the patient with
obesity is the common scenario wherein signs and symptoms unrelated to
obesity are often dismissed as being due to obesity, without further
consideration or evaluation. It is true type 2 diabetes mellitus is
commonly caused by the adiposopathic consequences of obesity. How-
ever, type 2 diabetes mellitus can also be caused by more rare conditions
such as hemochromatosis, hypercortisolism, excessive growth hormone,
pancreatic insufficiency, side effects of concomitant therapies, genetic
syndromes of insulin resistance, and genetic syndromes of limited
pancreatic insulin secretion [36]. High blood pressure is commonly
caused by the adiposopathic consequences of obesity. However, high
blood pressure can also be caused by more rare conditions such as
pheochromocytoma, primary hyperaldosteronism, hypercortisolism, hy-
perthyroidism, renal artery stenosis, kidney diseases, side effects of
concomitant therapies, and familial or genetic syndromes [37]. Dyslipi-
demia is commonly caused by the adiposopathic consequences of obesity.
However, dyslipidemia can also be caused by untreated hypothyroidism,
poorly controlled type 2 diabetes mellitus, liver disease, kidney disease,
side effects of concomitant therapies, and genetic dyslipidemias [38].
While the adiposopathic consequences of obesity may commonly
contribute to many other chronic diseases such as sleep apnea, osteoar-
thritis, cancer, cardiovascular disease, and depression, each of these
diseases have other potential causes or contributors beyond obesity
alone. In summary, while obesity can and does contribute to a myriad of
adverse health consequences, obesity as the etiology of a patient's pre-
sentational signs and symptoms is best considered part of a differential
4

diagnosis, and not assumed to be the singular cause for every problem
encountered by the patient.

3.1.6. MMO #6: people are predestined towards obesity due to an
unalterable “setpoint”

Positive caloric balance may lead to adipocyte hypertrophy with
variable increases in adipocyte proliferation [39]. Individuals are not
born with a fixed number of fat cells. Adipocytes undergo~10% turnover
per year, and individuals without obesity may have 25–35 billion fat
cells, while individuals with obesity may have 100–150 billion fat cells
[39].

In an otherwise healthy person at a given body weight, weight sta-
bility is defended by physiologic mechanisms. The body strongly defends
against weight reduction and weakly defends against weight gain. This is
somewhat analogous to the body's reaction to high and low blood sugar.
High blood sugar is often relatively asymptomatic. Conversely, low blood
sugar typically elicits a profound response that prompts urgent caloric
intake (e.g., hunger and adrenergic responses such as tachycardia,
sweating, and confusion). While the forces that prompt body weight
regain do not include increased adrenergic responses, this example
highlights that the body has disproportionate responses to increased and
decreased blood sugar. Similarly, the body has disproportionate re-
sponses to increased and decreased body weight. During initial weight
reduction due to negative caloric balance, energy expenditure decreases
(e.g., reduced resting metabolic rate and reduced physical activity energy
expenditure), blunting the expected weight reduction if calculated solely
on the number of reduced calories ingested [40]. Additionally, hunger
hormones increase and satiety hormones decrease, promoting weight
regain. One of the lyrics in Joni Mitchell's 1970 song, “Big Yellow Taxi” is
you don't know what you got ‘till it's gone. This “Big Yellow Taxi effect” is
one way to conceptualize why weight regain is so common after weight
reduction. Prior to weight reduction in a patient with increased adiposity,
the increase in satiety/anti-hunger hormones may have not been suffi-
cient to prevent obesity. However, once satiety/anti-hunger hormone
levels diminish with weight reduction, then the effects of these
satiety/anti-hunger diminish as well. The loss of satiety/anti-hunger
hormones effects during weight reduction in patients with obesity,
coupled with increased hunger hormones and decreased in resting
metabolic rate, helps favor weight regain.

If the body weight “setpoint” is defined as the average of a person's
generally narrow range of body weight at a point in a person's life, then
this range is determined by age, height, sex, genetics, neurologic func-
tion, nutritional intake, physical activity, behavior, environmental fac-
tors, physical and mental health, and satiety/hunger hormones [33,40,
41]. Figs. 1–3 show factors that influence bodyweight setpoint, hormone
adaptations, and ways to alter a “setpoint.”

With weight reduction due to negative caloric balance, body mass is
decreased, usually with a reduction in both fat and muscle mass,
although that can be variable depending on the degree of physical ac-
tivity/exercise during weight reduction. Resting metabolic rate decreases
and hunger hormones increase. When weight reduction stabilizes, then
this establishes a new “setpoint”, with alterations in factors noted in
Fig. 1.

3.1.7. MMO #7: most people with increased body fat are generally healthy
and will remain healthy

Obesity is a disease of excess adipose tissue with anatomic and/or
functional abnormalities that manifest as illness, sickness, or ailment (See
Table 2.). Obesity is a disease that increases morbidity and mortality
[42–47]. Obesity promotes “fat mass” disease (e.g., orthopedic abnor-
malities potentially leading to immobility, sleep apnea, skin friction) [3,
48]. Obesity promotes “sick fat” disease or adiposopathy, which
frequently contributes to the most common metabolic conditions
encountered in clinical practice such as type 2 diabetes mellitus, hyper-
tension, dyslipidemia, and thrombosis), which are major cardiovascular
disease (CVD) risk factors, and which indirectly contributes to CVD [4,



Fig. 1. Bodyweight “Setpoint.” Some patients with obesity are said to be “set in their ways,” with established habits, behaviors, and environmental factors (e.g.,
social/familial culture) contributing to a bodyweight setpoint. Physical and metabolic health (e.g., mobility, insulin sensitivity/resistance) and various hormones can
also contribute to bodyweight setpoint. Weight reduction maintenance may be achieved by establishing a new setpoint via altering these factors. Gravitation back
towards prior habits, behaviors, environmental factors, and ill-health may result in weight regain and return to a setpoint closer to before weight reduction. The effects
of weight reduction on satiety/hunger hormones are variable, with a potential long-term (1 - 2 years) hormonal changes that may favor weight regain compared to
before weight reduction. Body weight reduction reduces resting metabolic rate, which contributes to a multifactorial “new setpoint” compared to before weight
reduction. The net result of weight reduction is often a new setpoint with increased hunger, reduced metabolic rate, and increased potential for weight regain [33,
40,41].

Fig. 2. Bodyweight “Setpoint”: Hormone Adaptations. Hormones impact body weight and alter a person's “setpoint,” often by impacting satiety and hunger [33,
40,41]. An increase in body weight is generally due to an increase in caloric balance, with increased fat and muscle mass and increase in resting metabolic rate. While
often ineffectual in preventing an increase in body fat, satiety hormones are typically increased, and hunger hormones are typically decreased. Once all these factors
are stabilized, then this helps to establish a new “setpoint.”
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48]. Obesity may directly contribute to CVD via adiposopathic epicardial
effects [42,44,49,50]. Obesity also increases the risk of cancer [5].

Some individuals are reported to have metabolic healthy obesity
(MHO). However, no universally accepted definition exists for MHO.
Given the variation in definitions, more detailed evaluations for meta-
bolic disease due to obesity are associated with lower reports of the
prevalence of MHO [51–53]. Thus, the prevalence of MHO substantially
depends on the diagnostic criteria (i.e., rates ranging from 6 to 75%) [51,
53]. Patients with MHO also have higher rates of heart disease and heart
failure [49,54]. Patients withMHO also experience fat mass diseases such
as sleep apnea, stress/damage to joints, and increased risk of cancers [4,
48]. With aging, 30–40% of patients with MHO develop metabolic dis-
ease within 6 years [55].

Type 2 diabetes mellitus is diagnosed by high blood sugar. Especially
5

at early onset, high blood sugar may not manifest signs or symptoms.
Nonetheless, few would argue that because some patients have minimal
to no signs or symptoms, type 2 diabetes mellitus is not a disease. Hy-
pertension is diagnosed by high blood pressure. Especially at early onset,
high blood pressure may not manifest signs or symptoms. Nonetheless,
few would argue that because some patients have minimal to no signs or
symptoms, hypertension is not a disease. Hypercholesterolemia is diag-
nosed by high blood cholesterol. Especially at early onset, high choles-
terol may not manifest signs or symptoms. Nonetheless, few would argue
that because some patients have minimal to no signs or symptoms, hy-
percholesterolemia is not a disease. Obesity is diagnosed by increased
body fat. While some patients with obesity may not currently manifest
severe signs or symptoms, this does negate that obesity fulfills accepted
definitions as a disease (See Section 3.1.1 and Table 2).



Fig. 3. Illustrative Ways to Alter Bodyweight “Setpoint.”The body's “setpoint” is not fixed and may be altered through factors such as nutrition, physical activity,
behavior, environmental factors, and hormones [33,40,41].

H.E. Bays et al. Obesity Pillars 3 (2022) 100034
3.2. Etiology

3.2.1. MMO #8: obesity is mostly due to a defined genetic abnormality
Many patients believe their obesity is primarily due to their “genes.”

However, obesity is not usually due to a defined genetic abnormality,
such as a recognized obesity syndrome and/or identifiable monogenetic
mutation of a single gene. Furthermore, it is unlikely that the dramatic
rise in the prevalence of obesity over the past decades to centuries is due
to a world-wide introduction of a universal gene mutation. More likely is
that obesity is mostly due to changes in population ecosystems [56]. That
said, obesity does have genetic and familial components (See Fig. 4.)
Some estimates suggest that 60% of obesity influenced by inheritance is
due to polygenetic, non-Mendelian transmission of two or more genes.
Fig. 4. Genetic, epigenetic, and familial/cultural/societal factors poten-
tially contribute to obesity [7]. For the purposes of this figure, “Mother” is
intended to identify the female origin of the egg. “Father” is intended to identify
the male origin of the sperm. The terms Mother and Father are also intended to
metaphorically represent caregivers of offspring – which may not necessarily by
the patient's biologic Mother or Father. Epigenetic modifications involve alter-
ations in genetic expression (e.g., deoxynucleic acid methylation and deme-
thylation and histone modification), and not alterations in the gene sequencing.
Alterations in epigenetic gene expression influences the predisposition of in-
dividuals to common metabolic diseases such as obesity, diabetes, cardiovas-
cular disease and cancer [5,57,58].
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Beyond inheritance of genetic sex (which affects body composition),
polygenetic inheritance accounts for common expressed traits that affect
hunger/appetite, as well as traits that affect resting metabolic rate and
energy expenditure such as height, muscle mass, and energy efficiencies
regarding energy (i.e., fat) storage and heat generation [8,57] (See
Fig. 5).

Polygenic obesity can be due to genetic variants that alone, may have
only a modest effect on the phenotype. Gene variants (alleles) that have
small influences on body weight are termed polygenes [59]. However,
when combined with other predisposing variants, the collection of gene
variants can result in clinically meaningful phenotypic expressions.
Historically, using genome-wide association studies (GWAS), the fat mass
and obesity associated (FTO) gene was discovered in 2007, and found to
be involved in posttranslational modification, deoxynucleic acid repair,
and fatty acid metabolism. The FTO gene was the first gene associated
with an increase in body mass index [60]. The FTO gene (located on
chromosome 16) and its polygenic variants are widely expressed in
multiple body tissues, including the brain. Among obesity-related genes,
the FTO gene has one of the strongest links with obesity in the human
population [61]. GWAS analyses have identified multiple single nucle-
otide polymorphisms (SNPs) of the FTO genes, which increase the risk for
obesity and metabolic syndrome [62].

Tables 5 and 6 list some genetic abnormalities associated with
obesity. Syndromic obesity is a term that reflects patients having a
distinct set of clinical phenotypes (e.g., dysmorphic features, variances in
height, intellectual impairments), attributable to abnormalities in sec-
tions of chromosomes, and often named after the person/s who described
the syndrome. Monogenic obesity is mostly due to autosomal recessive
abnormalities of a single gene of the leptin-melanocortin pathway, such
as the mutation of the leptin gene on chromosome 7, leptin receptor gene
on chromosome 1, proprotein convertase subtilisin/kexin 1 (PCSK 1)
gene located on chromosome 5, or proproopiomelanocortin (POMC)
gene located on chromosome 2) [57].

Finally, while the genetic makeup of the individual cannot be altered,
the hormonal profile of an individual can be altered, independent of
genetic makeup. For example, transgender individuals (i.e., individuals
whose gender does not align with sex assigned at birth) may receive
gender affirming hormone therapy (e.g., estrogens, anti-androgens,
testosterone, or gonadotropic releasing hormone therapy) or gender
affirming surgery (e.g., gonadectomy and other surgeries) [63]. Beyond



Fig. 5. Body Weight Homeostasis. Variance exists
among individuals regarding resting metabolic rate
(RMR). RMR is increased among younger individuals
and genetic factors such as male sex, increased height,
and increased muscle. Obesity may also increase
RMR, largely due to increased energy required to
maintain the increased body tissues (i.e., increased
adipose tissue and if applicable, increased muscle
mass). Beyond RMR, other common contributors to
variances in energy expenditure include non-exercise
activity thermogenesis (NEAT), physical activity, and
diet-induced thermogenesis (DIT). Finally, RMR can
be affected by climate. Hotter environments increase
RMR to cool the body; colder environments increase
RMR through non-shivering thermogenesis to warm
the body [8].
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health care disparities related to obesity alone, transfeminine individuals
(i.e., those assigned male at birth who identify as a woman) and trans-
masculine individuals (i.e., those assigned female at birth who identify as
a man) may also encounter health care disparities based upon their
sexual identification/orientation [64]. Additionally, transgender in-
dividuals may also have an increase in body weight after initiation of
gender affirming hormone therapy, potentially prompting the consider-
ation of multidisciplinary weight-reduction interventions [65]. Androgen
administration may increase muscle mass (i.e., potentially increasing
body weight while limiting an increase in percent body fat) and estrogen
administration may facilitate preferential fat deposition in the
gluteal-femoral depots [66] The effect of gender affirming hormone
therapy and gonadal surgery on resting metabolic rate and body
composition await the results of clinical trials [67]. Similarly, current
data is insufficient to definitively assign the risk of gender affirming
hormone therapy regarding coronary artery disease, stroke, hyperten-
sion, thrombosis, lipid abnormalities, and diabetes mellitus. Some
existing epidemiological data suggests that estrogen administered to
transfeminine individuals has the potential to increase the risk of
myocardial infarction and ischemic stroke. Conversely, administration of
testosterone to transmasculine individuals has inconsistent data
regarding increased risk of cardiovascular or cerebrovascular disease
[68], although some data suggests that long term testosterone adminis-
tration to transmasculine individuals without obesity may increase
visceral fat [69].

3.2.2. MMO #9: In the absence of a genetic or secondary medical cause,
obesity is mostly due to a lack of willpower

Obesity is often the result of an imbalance in physiologic forces
affecting hunger that strongly resist weight reduction and weakly resist
weight gain [2]. Beyond the genetics, biology, and secondary causes,
behavioral factors that can predispose to obesity include emotions, habit
time cues, environment, information gap, and reward factors [11].
Emotional stress can contribute to obesity due to impairment of
self-regulation and may promote the choice of more unhealthful
(immediately rewarding ultra-processed) foods over more healthful
(delayed-gratification unprocessed) foods [11]. Eating disorders, such as
binge-eating disorder, bulimia nervosa, and night-eating syndrome, can
also affect eating behavior [11,70–72]. Physical inactivity behavior may
be due to ill health (e.g., musculoskeletal, neurologic, pulmonary, car-
diac, and other health disorders), disinterest, lack of prioritization, lack
of safe availability to physical activity environment, or utilization of
conveniences [2,11]. Thus, many factors contribute to nutrition and
physical activity behaviors, well beyond “willpower.”
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Many highly motivated individuals with extraordinary willpower are
successful in other aspects of their lives, largely due to their skill, work
ethic, and their prioritization towards maximizing efficiencies. While
acknowledging exceptions exist, an illustrative subset of successful in-
dividuals that might be considered “motivated” or having “willpower”
would include college students or college-educated adults. During col-
lege, a 2011 analysis concluded that students generally gained weight,
with overweight/obesity increasing from 23% to 41% during their col-
lege experience [73]. After college, one report estimates that over 30% of
excess total deaths were attributable to central obesity among
college-educated adults (compared to 1–10% among less-educated
counterparts) and 60–70% of excess cardiovascular deaths [74].

Given the health importance of obesity and given the degree of effort
required for success in higher education, it would be challenging to argue
that the increase in body weight among those attending and graduating
from college is solely due to a lack motivation or willpower. An alter-
native explanation is that the same advantages afforded by an efficiency
mindset regarding many life successes may be disadvantageous regarding
healthful nutrition and physical activity. This helps explain why many
otherwise successful individuals find their obesity uniquely challenging.
Breaking the efficiency mindset via implementing nutritional, physical,
and behavioral inefficiencies may translate into less efficient ability to
store body fat, and thus help achieve a healthier body weight.

For example, in contrast to more convenient (and thus more efficient)
ultra-processed food intake, consuming unprocessed food may promote
greater inefficiency in gastrointestinal energy absorption and post-
absorptive conversion to fat. Compared to many ultra-processed carbo-
hydrates, dietary intake of unprocessed whole food fruits and vegetables,
and high fiber complex carbohydrates generate less post-prandial insulin
secretion, resulting in less efficient storage of energy in fat stores [10].
Alterations in the microbiota may result in less efficient gastrointestinal
energy absorption [75]. Growth of muscle mass may increase energy
demand independent of physical activity and increase non-shivering
thermogenesis [76]. Increasing muscle mass via resistance training
may reduce skeletal muscle work efficiency [77]. Conversely, training
the same muscles may reduce the energy cost of physical exercise
through adaptive biomechanical efficiency. Thus, varying the type of
exercise is sometimes recommended to increase or maintain energy
expenditure by avoiding biomechanical efficiency [78]. Less efficient
physical exercise techniques can increase energy expenditure (e.g., not
holding treadmill handles). Less efficient non-exercise activity thermo-
genesis (NEAT) can increase energy expenditure (e.g., walking instead of
more efficient automated travel; stairs instead of elevators, choosing a
less efficient parking space further from the destination) [79]. Less



Table 5
Examples of genetic abnormalities and obesity.

Clinical abnormality Illustrative Clinical Presentationsa Genetic Abnormality

Achondroplasia � Obesity
� Short stature
� Not usually associated with intellectual impairment
� Macrocephaly
� Prominent short arms and legs
� Prominent abdomen
� Short hands and fingers
� Low muscle tone in infancy

� Mutation of fibroblast growth factor receptor 3 gene (FGFR3)

Alstrom Syndrome � Obesity
� Short stature
� Intellectual impairment not a consistent feature, although loss of

sight and hearing complications may make learning more difficult
� Photophobia
� Nystagmus
� Blindness (cone rod dystrophy)
� Deafness
� Insulin resistance, type 2 diabetes, acanthosis nigricans
� Hypertriglyceridemia
� Cardiomyopathy
� Kidney, lung, and liver dysfunction

� Mutation of Alstrom Syndrome Protein-1 (ALMS1) gene

Albright's Hereditary
Osteodystrophy

� Obesity
� Short stature
� Intellectual impairment
� Rounded face
� Skeletal defects: shortened fourth metacarpals and other bones of

the hands and feet
� Dental hypoplasia
� Soft-tissue calcifications/ossifications
� Pseudohypoparathyroidism (hypocalcemia, hyperphosphatemia)

� Associated with molecular defect in the guanine nucleotide binding protein alpha
stimulating gene (GNAS1) described as located on chromosome 20, which
encodes for the alpha subunit of the stimulatory G protein

Bardet–Biedl Syndrome � Obesity
� Short stature
� Intellectual impairment
� Metabolic abnormalities (e.g., type 2 diabetes mellitus, high blood

pressure, dyslipidemia)
� Blindness/retinitis pigmentosa (retinal dystrophy and pigmentary

retinopathy)
� Hearing loss and anosmia
� Cardiomyopathy and aortic stenosis
� Dysmorphic extremities: polydactyly and short or fused fingers

and toes
� Poor coordination
� Dental abnormalities
� Behavioral/emotional challenges
� Male hypogonadism (with infertility)
� Femail genital and urinary tract abnormalities
� Renal cystic disease and renal insufficiency, which may lead to

end-stage renal disease
� Premature aortic stenosis

� Autosomal recessive
� Mutations of at least 20 genes (BBS genes) applicable to cilia involved in:

o Cell movement
o Chemical signaling
o Sensory input (sight, hearing, and smell)

Beckwith-Wiedemann
Syndrome

� Obesity
� Unless due to hypoglycemia, usually not associated with

intellectual impairment
� Macrosomia
� Macroglossia
� Hepatosplenomegaly
� Hypoglycemia
� Tumors

� Mutation of gene on chromosome 11 (11p15.5)
� Sometimes considered the most common overgrowth and cancer predisposition

disorder

Borjeson-Forssman-
Lehmann Syndrome

� Obesity
� Short stature
� Intellectual impairment
� Seizure disorders
� Hypogonadism males and females
� Gynecomastia
� Large earlobes
� Tapered fingers and shortened toes

� X-linked recessive disorder
� Most often fully expressed in males
� Girls are usually not affected or only mildly affected; however, they may be

carriers
� Mutation of the zinc plant homeodomain-like finger gene PHF6, located on the X

chromosome

Carpenter Syndrome � Obesity
� Short stature
� Intellectual impairment
� Premature closure of the fibrous joints (cranial sutures) between

bones of the skull (craniosynostosis)
� Top of the head appears pointed (acrocephaly)
� Webbing or fusion (syndactyly) of fingers or toes (digits)
� Short fingers and toes (brachydactyly)
� Extra digits (polydactyly)

� In most instances, caused mutations in the Ras-associated binding proten 23
(RAB23) gene

� Acrocephalopolysyndactyly disorder

(continued on next page)
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Table 5 (continued )

Clinical abnormality Illustrative Clinical Presentationsa Genetic Abnormality

Cohen Syndrome � Obesity
� Short stature
� Intellectual impairment
� Hypotonia
� Developmental delay
� Small head size (microcephaly)
� Narrow hands and feet
� Chorioretinal dystrophy
� Joint hypermobility
� Thick hair, eyebrows, and eyelashes
� “Open mouth” expression with incisor prominence and high

narrow roof of mouth
� Low white blood cell count (neutropenia)
� Friendly behavior

� Typically autosomal recessive
� Mutation of the vacuolar protein sorting 13 homolog B (VPS13B) gene, also

known as the COH1 gene in chromosome 8 (8q22)

Down Syndrome � Obesity
� Short stature
� Intellectual impairment
� Hypotonia
� Smaller head
� Short neck
� Small ears
� Single palmar crease

� Trisomy 21 (three copies of chromosome 21)

Fragile X Syndrome � Obesity
� Short stature
� Intellectual impairment
� Large forehead
� Long face
� Prominent forehead and jaw
� Protruding ears
� Macro-orchidism (enlarged testicles)

� Mutation of Fragile X Messenger Ribonucleoprotein 1 (FMR1) gene

Melanocortin 4
Receptor Deficiency

� Obesity, especially in families
� Hyperphagia and obesity early in childhood
� Insulin resistance
� Increase in bone mineral density (“big boned”)
� Accelerated linear growth
� Reduced sympathetic nervous activity with potential relative

decreases in blood pressure, heart rate, and urinary
catecholamine excretion

� Autosomal dominant, recessive, or codominant
� Most known inherited monogenetic defect predisposing to obesity
� Polymorphism of melanocortin 4 receptor (MC4R) gene localized to chromosome

18

Prader–Willi Syndrome � Obesity, often hyperphagic
� Short stature
� Insatiable appetite
� Intellectual impairment
� Weak muscle tone (hypotonia)
� Poor growth
� Small hands/feet
� Delayed development
� Underdeveloped genitals (often with infertility)
� Behavioral/emotional challenges
� Narrow forehead
� Almond-shaped eyes
� Triangular mouth
� Often with fair skin and light-colored hair

� Not an inherited disease; caused by random genetic error
� Most cases involve loss of function of a portion of chromosome 15 (e.g., 15q11-

13)
� Often reported as the most common human genetic “obesity syndrome"

Turner Syndrome � Obesity
� Short stature
� May have intellectual impairment
� Premature ovary failure with infertility
� May have failure to attain puberty
� Congenital heart disease
� Short and webbed neck
� Low hairline at the back of the head and low-set ears
� Retrognathia, strabismus, amblyopia, high arched roof of mouth
� Narrow fingernails and toenails turned upward
� Broad chest with widely spaced nipples (“shield chest”)

� Absence or dysfunction of an X chromosome
� Affects females

Shown are examples and descriptions of genetic abnormalities associated with obesity [57]. https://rarediseases.org/(National Organization for Rare Disorders).
a Not all patients will have all these clinical findings.
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efficient in-person store-shopping (i.e., increased walking) for food and
merchandise may expend more energy than online shopping and home
delivery. Less efficient periodic breaks from sedentary work may increase
daily steps and increase energy expenditure [2]. In short, over the past
decades, including the past 10 years, body weight has increased [80],
with little to no evidence that this weight gain is due to a loss of global
will. Many individuals with obesity have extraordinary willpower to-
wards achieving school, work, and life efficiency, which has largely
9

contributed to their successes. For many patients, embracing a “be inef-
ficient” mindset regarding obesity management may help facilitate
attainment of a healthier body weight.

3.2.3. MMO #10: obesity is solely due to eating too much
While commonly suggested as a universal “cure” for obesity, the “Eat

Less & Move More” mantra has not proven effective in reversing the
global obesity epidemic [81]. Energy expenditure myths (“Move More”)

https://rarediseases.org/


Table 6
Additional genetic abnormalities associated with obesity [1].

Examples of Genetic Abnormalities
Leading to Obesity and Short Staturea

Examples of Genetic Abnormalities
Leading to Obesity, Dysmorphic
Features, and Intellectual Impairmenta

Achondroplasia Albrights Hereditary Osteodystrophy
Albright's Hereditary Osteodystrophy Bardet-Biedl Syndrome
Alstrom Syndrome Borjeson-Forssman-Lehmann Syndrome
Bardet-Biedl Syndrome Carpenter Syndrome
Borjeson-Forssman-Lehmann Syndrome Cohen syndrome
Carpenter Syndrome Downs Syndrome
Cohen Syndrome Fragile X Syndrome
Down Syndrome Prader-Willi syndrome
Fragile X Syndrome Turner syndrome
Prader-Willi Syndrome
Turner Syndrome

Other genetic abnormalities or syndromesa

Deletions/mutations of various gene loci
17 and polymorphisms of fat mass and
obesity associated (FTO) gene located
on chromosome 16

Prohormone convertase-1 deficiency

Brain derived neurotrophic factor
(BDNF) deficiency

Proopiomelanocortin deficiency

Carboxypeptidase E mutations Proprotein convertase subtilisin kexin 1/
3 deficiency

Hypoventilation and Autonomic
Dysregulation (ROHHAD syndrome)

Rapid-onset Obesity with Hypothalamic
dysfunction

Leptin deficiency (due to gene mutation) Rubinstein-Taybi syndrome
Leptin receptor deficiency Sim1 deficiency
Macrosomia, Obesity Macrocephaly
Ocular abnormalities (MOMO)
syndrome

Src homology 2 B adapter protein 1
(SH2B1) mutations

Maternal uniparental disomy of
chromosome 14

TrkB deficiency

Shown are genetic abnormalities associated with obesity and short stature,
obesity and dysmorphism and intellectual impairment, and a list of other genetic
abnormalities, not previously listed in Table 5.

a These are not exhaustive lists; not all patients will have these signs/
symptoms.
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are addressed later in this Clinical Practice Statement. Regarding “Eat
Less,” this phrase seems to suggest that caloric intake is solely dependent
on the amount of food consumed. However, the energy stored as body fat
is a net balance between macronutrient energy absorbed from the
gastrointestinal tract (not necessarily amount of food consumed) less
energy expended [82]. The obesogenic effect of macronutrients is
dependent on the quantity, quality, and caloric density of food, not
exclusively the gram quantity of food (See Fig. 6.).
Fig. 6. Energy density of foods. The caloric intake of foods is not only dependent on
variance in kcal or Calories of foods per 100 grams of each food.
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Macronutrients differ in their stored energy potential. Carbohydrates
serve as a source of energy at approximately 4 kcal/gram, fats at 9 kcal/
gram, proteins at 4 kcal/gram, and alcohol at 7 kcal/gram [10]. Thus, for
the same “amount” of dietary intake, foods with more fat (and alcohol)
are more energy dense and will have more calories per amount (gram)
than foods less energy dense. If fiber is removed via ultra-processing,
then concentrated sugars can also have high energy density (i.e.,
candy, sugared juices/drinks). Combination fat and sugar foods with
high energy density can include fried snacks, cookies, pies, and cakes
[83]. The adverse impact of energy dense foods on caloric intake and
obesity is a rationale why the Obesity Medicine Association recommends
that patients with obesity: “Avoid energy dense foods and beverages”
[10].

The amount of food consumed is the sum of digestible and indigest-
ible foodstuffs. Polysaccharides (chain of simple sugars) include glycogen
(i.e., branched polysaccharide of glucose found in animals), starch (i.e.,
branched and chain polysaccharide of glucose found in plants), chitin
(i.e., structural carbohydrates for exoskeleton of arthropods and cell
walls of fungi), and plant cell wall structural elements such as cellulose,
hemicellulose, and pectin. Lignin is a non-carbohydrate phenolic aro-
matic polymer that makes up cell wall thickenings of cells in the plant
vascular tissue [84]. Termites and ruminants (i.e., cattle) have bacteria in
their rumens that release cellulase that help breakdown cellulose (lignin
is not effectively digested in most ruminants) for intestinal nutrient ab-
sorption [85,86]. However, humans do not have rumens, and do not have
the necessary enzymes or intestinal micro-organisms to effectively digest
cellulose, hemicellulose, pectin and/or lignin.

Thus, especially regarding consumption of plant-based foods, a sub-
stantial “amount” of the dietary intake of foodstuffs does not result in
intestinal energy absorption. Whole fruits and vegetables are often�90%
water by weight. Additionally, plant-based foods have indigestible water
insoluble fiber (e.g., cellulose, hemicellulose, and lignin) and water sol-
uble fiber (e.g., pectin, gums, and mucilages) [87].

Regarding fibrous plant foods, non-starchy leafy greens, such as
cabbage, brussels sprouts, and lettuce and other salad greens, along with
zucchini, peppers, asparagus, and tomatoes often provide more grams of
fiber per 100 grams of dry weight than starchy white potatoes, sweet
potatoes, yams, corn, beans, carrots, beets, turnips, and winter squashes.
That said, regarding nutrition quality, starchy vegetables/fruits remain
closer to non-starchy vegetables and fruits, than to candy and soda [88].
In general, increased plant-based fiber allows for an increase in the gram
“amount” of food consumed, with most of the volume and weight con-
sisting of contents not digested for energy storage (e.g., water and fiber)
[87].

Some evidence suggests that high fiber intake may increase fullness
with meals and contribute to modest weight reduction [12]. Medicinally,
the amount of food, but also the caloric density of food. Shown examples of the
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a biodegradable oral non-systemic superabsorbent hydrogel, made from
cross-linked carboxymethylcellulose and citric acid, promotes fullness
and may increase satiety and is indicated to aid in wight management in
adult patients with overweight or obesity [27]. In short, depending on
food content, variance exists in the amount of food consumed by humans,
the energy content of food, and the degree food can be digested. When
added to the micronutrient benefits of plant-based foods (i.e., which may
reduce the risk of cancer and cardiovascular disease) [5], this all helps
explain the rationale why the Obesity Medicine Association recommends
patients with obesity be encouraged to prioritize: “vegetables, leafy
greens, fruits, berries, nuts, seeds, legumes, and whole grains” and
“high-fiber foods over low-fiber foods“ [10].

3.2.4. MMO #11: obesity is unrelated to the caloric content of food
Some clinicians (and some authors) believe that “calories in equals

calories out” is scientifically disproven, with the suggestion that obesity
energetics are exempt from the Laws of Thermodynamics [89]. The First
Law of Thermodynamics states that while energy can be transformed, it
can neither be created nor destroyed [90]. This First Law of Thermody-
namics is sometimes characterized as mainly a “bookkeeping” law [91],
reflecting the unalterable balancing of energy and matter. As such, it is a
basic law of physics that “calories in” does indeed equals “calories out”
[82]. To deny that caloric consumption is relevant to obesity is to deny
the rationale and utility of two essential pillars of obesity management
(nutrition and behavior). Healthful nutrition and behavior have con-
current and sentinel objectives to encourage patients with obesity to
avoid consumption of, and avoid easy access to, energy dense-foods [10,
11].

The unalterable truth is that regarding obesity, caloric intake does
matter [82].

That said, perhaps a more applicable focus might be the Second Law
of Thermodynamics that describes the relationship between energy
available to do work, and entropy, which is a measure of how much
energy is not available to do work [91]. The Second Law of Thermody-
namics acknowledges inefficiencies in energetic systems such that not all
heat energy can be converted into work and that non-equilibrium
work-energy potential is dissipated as heat [92] In living beings, not all
food energy is utilized to perform work. Consistent with the second law
Fig. 7. Food energetics involve food choice, thermic effect of food (i.e., energy requir
macronutrients. After food is processed, marketed, and chosen (all which affect “calo
food reflecting the energy required to digest, absorb, and metabolize the macronutrie
and other body metabolic processes, (c) and the storage of remaining excess energy –

the macronutrient energy consumed with its digestion, absorption, and storage meta
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of thermodynamics, inefficiencies exist in biological systems. The more
efficient the muscle movement, enzymatic reactions, or membrane
transport, then the less heat is generated. The less efficient the biologic
system, then the more heat is generated. When viewed from this
perspective, the question is not whether “calories in equals calories out,”
but rather, what is meant by “calories in,”what is meant by “calories out”
and what are the applicable biologic efficiencies and inefficiencies (See
Section 3.2.2).

In most individuals with moderate physical activity, components of
total energy expenditure are approximately [8].

� 70% resting metabolic rate (RMR)
� 20% physical activity [exercise activity thermogenesis (EAT) and
non-exercise activity thermogenesis (NEAT)]

� 10% diet-induced thermogenesis (DIT)

Resting metabolic rate is largely determined by age, genetics, sex,
body size, body composition, body surface area, and environmental
climate (See Fig. 5.). Regarding diet-induced thermogenesis (DIT),
nutrient energetics begin with food growth, processing, and choices,
followed by food consumption. The thermic effect of food (TEF) is the
energy required to digest, absorb, and metabolize the macronutrient for
storage. Digestion not only involves intestinal hormones and enzymes,
but if total body energy expenditure is measured, also involves the
microbiome. Intestinal microbes are not only involved in food digestion,
but also energy expenditure, and when measured, are involved in total
body energy balance [93,94]. TEF is expressed as the percent of the en-
ergy potential by the macronutrient (See Fig. 7).

Fats have the lowest TEF; proteins have the highest TEF. The length of
time for increased postprandial energy expenditure due to TEF is 0.5 to
over 3 hours after a meal [96]. Beyond food intake alone, increased
post-prandial energy expenditure can also be due to concurrent caffeine
or alcohol consumption, food allergies, medications taken with meals
(e.g., decongestants and bronchodilators), supplements, or cigarette
smoking with meals.

Those using wearable technologies often find their heart rate in-
creases after meals. Limited data suggests this is related to the TEF.
Instead, eating increases blood flow to splanchnic vessels [97], increases
ed to digest, absorb, and metabolize the macronutrient), and the storage of food
ries in”), the energetics of food consumption includes: (a) the thermic effect of
nt, (b) utilization of absorbed and metabolized macronutrients to perform work
mostly as body fat. The thermic effect of food can be quantified by the percent of
bolism [95].
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release of vasoactive peptides, and causes gastric distention such that,
when coupled with effects on autonomic nervous and baroreflex systems,
can cause relative or absolute reduction in blood pressure (postprandial
hypotension) and increased in heart rate. When extreme, postprandial
hypotension can be misdiagnosed as “reactive hypoglycemia.” The latter
can be diagnosed by serial glucose levels taken after mixed meal toler-
ance test or oral glycose tolerance test [98]. The former can be diagnosed
by measuring serial blood pressures (and heart rate) after a meal (as well
as tilt table testing if the associated orthostatic hypotension is suspected)
[99,100]. From a neurologic standpoint, eating stimulates both the
anabolic parasympathetic nervous system [i.e., increases insulin secre-
tion, increases peristalsis, increases gastrointestinal (GI) secretions] and
catabolic sympathetic nervous system (promotes thermogenesis, de-
creases GI motility and secretions, helps maintain postprandial blood
pressure through peripheral vasoconstriction to compensate for
splanchnic vasodilation). Some patients having bariatric surgery report
symptoms of “reactive hypoglycemia.” [9] However, low blood sugar and
low blood pressure have many of the same signs and symptoms (e.g.,
tachycardia, sweating, lightheadedness). Some patients diagnosed with
“reactive hypoglycemia” may instead have postprandial hypotension.
While the incidence is unclear [101], it is sometime reported that
orthostatic intolerance may increase after bariatric surgery [102].
However, it is clear that bariatric surgery reduces blood pressure,
prompting the reduction of over 30% of antihypertensive medications
[103]. Overall, it is the interplay of intestinal neuro-vasal responses to a
meal that likely accounts for most of the postprandial increase in heart
rate. While it may contribute, little evidence supports the increase in
postprandial heart rate is substantially due to the body's reaction to the
heat generated from DIT.

Factors that influence TEF include [95,104–111]:

� TEF may be reduced among patients with obesity compared to lean
individuals. Some reports suggests that insulin resistance reduces
TEF, possibly related to reduced postprandial phase sympathetic
nervous system activity. However, the data to support these concepts
are inconsistent.

� TEF increases: with: (a) carbohydrate/protein consumption
(compared to fat consumption); (b) routine physical activity (i.e.,
physical exercise), (c) consumption of vegetables, fruits, whole
grains, and legumes (as compared to refined grains or animal derived
products); (d) consumption of medium chain triglycerides compared
to long chain triglycerides; (e) meals consumed earlier in the day; and
Fig. 8. Body heat origins. Body heat is generated by the digestion and absorption
cellular processes), and when ATP is used to perform cellular work. The heat genera
(e.g., thyroid hormone), and total body heat is regulated by the brain (i.e., hypothal
include heat generated by cellular respiration and cellular work.
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(f) higher total meal energy intake (irrespective of macronutrient
composition)

� TEF may decrease with aging and decrease with consumption of
processed versus unprocessed foods

� TEF does not appear to be affected by palatability.
� While consuming a higher energy dense meal may have increased TEF
compared to consuming a lower energy dense meal, the TEF
consuming an entire daily caloric content in a single meal bolus may
not differ to a clinically meaningful degree than the TEF of consuming
the same caloric content via multiple meals.

� The effect of meal duration on TEF has varying and sometimes con-
flicting reports.

The body's generation of heat goes beyond DIT (See Fig. 8). As with
the heat generated with food consumption, heat is also a byproduct
during the metabolism of stored macronutrients to produce adenosine
triphosphate (ATP). Heat is yet again generated when ATP is used to
performwork such as muscle movement or drive enzymatic reactions and
membrane transport. Management of endogenous and exogenous con-
tributors to body heat is regulated via the hypothalamus [8].

From a body energetics perspective, “respiration” refers to the
movement of oxygen and carbon dioxide in and out of cells and is a
universal body function not limited to breathing through the lungs. The
overall formula describing cellular respiration is [8].

Consumed or Stored Macronutrients (i.e., Food) þ Oxygen ¼ CO2 þ H2O þ
Energy [~60% Heat & ~40% Adenosine Triphosphate (ATP)]

After eating food, digested glucose from carbohydrates undergoes
glycolysis in the cytoplasm of body cells to anaerobically produce 2 three-
carbon molecules of pyruvate, ATP, nicotinamide adenine dinucleotide
(NADH) and water, with pyruvate being converted to acetyl CoA and
entering the citric acid cycle. Digested proteins and fats are also broken
down, with their derived acetyl CoA intermediary molecules also under-
going mitochondrial, aerobic enzymatic reactions (e.g., via citric acid
cycle, electron transport chain, oxidative phosphorylation). During cellular
respiration, when inhaled oxygen from breathing air is combined with the
carbon from consumed food, this generates chemical energy, carbon di-
oxide (CO2) which is exhaled, and water (H2O) which is distributed
intracellularly, extracellularly, and within the circulation, and potentially
excreted (i.e., via urine, breathing, sweating). Regarding the body ener-
getics of chemical energy, both consumed and stored macronutrients are
used to create ATP, via enzymatic reactions that also generate heat.
of food, generation of adenosine triphosphate or ATP (i.e., the fuel that drives
ted by the cellular work of enzymatic processes can be influenced by hormones
amus). *Depending on how and when measured, the thermic effect of food may
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Once generated, ATP can be viewed like gasoline fuel for motor ve-
hicles. ATP serves to “fuel” functions such as motion (i.e., mechanical
work) with the generation of heat (i.e., thermogenesis), at an efficiency
of around 30%. Approximately ~70% is released as heat, yet again
consistent with the premise that metabolic processes in biologic systems
have inefficiency. In summary, intestinally absorbed or stored macro-
nutrients (e.g., carbohydrates, fats, proteins) are utilized to generate ATP,
that helps (a) perform work of muscular motion, (b) fuels enzymatic
processes, or (c) fuels membrane transport:

� ATP þ muscle ¼ muscle contractions þ heat
� ATP þ biochemicals ¼ metabolic reactions þ heat
� ATP þ membranes ¼ transport across membranes þ heat

The nature of prandial intake of macronutrients and postprandial
metabolic processes all influence caloric balance. Regarding “calories in,”
macronutrients differ in their energy density. The degree ingested
foodstuffs are intestinally absorbed depends on the proportion of
digestible and indigestible fiber (See Section 3.2.3). Glycemic index/load
identifies the degree food content increases postprandial glucose levels. A
low glycemic index/load diet is one focused on reducing postprandial
blood glucose and insulin, while a ketogenic diet is one focused on
reducing the amount of total carbohydrates. Ketogenic diets suppress
appetite [112] and are utilized as a dietary intervention to promote
weight reduction in patients with obesity [10]. Some reports suggest that
the association of glycemic index/load of foods and health outcomes and
obesity is equivocal [113,114]. While the hyperinsulinemia with insulin
resistance may increase sympathetic nervous system activity (and
potentially increase blood pressure) and facilitate fat cell lipolysis, the
effects of insulin resistance on resting metabolic rate (beyond the asso-
ciated increase in fat mass) are unlcear. Nonetheless, other reports sup-
port high glycemic index/load dietary intake is indeed associated with an
increased risk of type 2 diabetes mellitus, metabolic syndrome, and
cardiovascular disease [115], and that low glycemic index/load dietary
patterns are associated with decreased incidence of diabetes mellitus and
cardiovascular disease [116]. Furthermore, in the specific, yet illustrative
case of gestational diabetes mellitus, low glycemic index diets reduce the
risk of insulin use and reduce the risk of macrosomia [117]. If a low--
carbohydrate diet facilitates weight reduction, then this is likely due to
decreased hunger, reduced energy intake, and spontaneous increase in
physical activity [116], with possible mitigation of the decrease in
muscle mass and resting metabolic rate often found with weight reduc-
tion. Finally, foods high in glycemic index may be associated with
abdominal obesity in susceptible individuals and populations [118],
which may have clinical implications for populations genetically sus-
ceptible to abdominal obesity (e.g., Asians) [119] and populations who
favor intake of high glycemic index foods (i.e., rice) [17].

When food intake is prompted by hunger, food intake is favored when
hormones that increase hunger exceed the effects of hormones that
decrease hunger (or increase satiety) [9,27]. However, food intake is
often due to factors beyond physiologic hunger, such as appetite cues
(i.e., food marketing and body senses of sight, sound, smell, taste, and
touch) [11]. Other factors that influence type and amount of food intake
include meal timing and emotions, environment, reward, mental stress,
psychiatric disease, and eating disorders [11] Sleep restriction often in-
creases hunger, appetite, food intake, and visceral fat, with the increase
in caloric intake more than the energy requirements of extended wake-
fulness [120,121]. Information and education gaps may exist that affect
“calories in,” such as an inadequate understanding of nutrition, misin-
terpretation of food labels, lack of reporting of the nutritional content of
foods (e.g., in some restaurants), and misleading marketing messages
(e.g., “low fat,” “multigrain,” “no added sugar,” “natural sugar,”
“cholesterol free”) [10] Some obesogenic medications can increase
hunger, while anti-obesity medications can decrease hunger [12,27].
Other interventions that can affect “calories in” include impaired car-
bohydrate intestinal absorption such as through alpha glucosidase
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inhibitors (i.e., acarbose) and impaired fat intestinal absorption such as
through gastrointestinal lipase inhibitors (e.g., orlistat). Finally, nutrient
absorption can be affected by the microbiome, as well as restriction of
food intake and/or reduced absorptive intestinal endothelial surface area
(i.e., some bariatric procedures) [9].

Regarding “calories out,” variances exist in the thermogenic effect of
food, individual resting metabolic rate, and individual physical activity
(i.e., physical exercise, non-exercise activity thermogenesis). Medica-
tions can help excrete energy, such as glucose urinary excretion via so-
dium glucose transporter 2 inhibitors. Supplements can affect uncoupling
proteins, thus facilitating increased heat loss during enzymatic reactions
[12]. Brown and beige fat cells have higher concentration of mitochon-
dria that promote greater generation of heat than white fat [8]. Preg-
nancy and lactation increase resting metabolic rate, which utilizes a
greater proportion of food energy than non-pregnant and non-lactating
individuals. Conversely, routine physical exercise with the same mus-
cles induces adaptations leading to increased skeletal muscle efficiency,
weight reduction induces adaptations leading to reduced metabolic rate,
and both would be expected to utilize a less proportion of food energy
[8]. Sleep disruption does not appear to affect RMR or TEF [122].
Overall, whether it be consumed or stored macronutrients, the simple
statement of “calories in equals calories out” is only clinically meaningful
with an understanding of the complexities of “calories in” and “calories
out”, as well as the metabolic efficiencies and inefficiencies noted in
Fig. 9.

3.2.5. MMO #12: obesity is caused by eating processed foods
Some processing is required for food safety. However, many foods are

highly “processed” in a way that makes them more energy dense, less
nutrient dense, more efficiently absorbed in the intestine, and generally
less healthful in patients with overweight and obesity [123]. This is
especially a concern in areas of the world experiencing the obesity
epidemic. Unprocessed, processed, and ultra-processed foods often differ
in nutritional value [124,125]. Unprocessed (or minimally processed)
foods are mostly unaltered (often termed “whole foods”). That said, some
processing of foods is often necessary to make foods more healthful. For
example, foods are often “processed” prior to being sold or eaten [e.g.,
frozen, canned, smoked, dried, baked, or pasteurized (i.e., treated with
mild heat to kill pathogens such as bacteria)]. Other examples of
healthful food processing include ensuring the food is edible (e.g., har-
vesting grain, shelling nuts, slaughtering livestock for food), as well as
cooking, freezing, and packaging (e.g., cans). Examples of processed
foods often considered healthful include olive oil from olives, and dark
chocolate [126].

While some processing can make food more healthful, ultra-
processing can make foods less healthful. Ultra-processed foods often
undergo changes that often enhance caloric density and taste (i.e., add
sugar, fat, and/or artificial flavor), enhance visual appeal (i.e., add arti-
ficial color), and alter food content and structure (e.g., remove micro-
nutrients and reduce fiber content). Examples include many white
breads, sweetened breakfast cereals, instant noodles, chicken or fish
nuggets (with added breading, salt, and fat), cured meats (soaked in salt/
brine, nitrates, and sometimes sugar), chocolate bars, candy, flavored
and salted chips, and sweetened beverages [124,125]. Energy dense
ultra-processed foods contribute to obesity, cardiovascular disease, and
increased mortality [123,127–130]. Ultra-processed foods often have
greater caloric density, more efficient gastrointestinal absorption, and
less micronutrients and fiber. Consuming ultra-processed foods often
results in greater consumption of carbohydrates and fats, and thus greater
consumption of calories [123].

The degree of food processing is reflected in the NOVA (not a reported
acronym) classification system, which groups foods according to the
extent and purpose of industrial processing [125]. Not all authors support
the clinical utility of such classification [131]. Nonetheless, the type and
degree of food processing can affect the healthfulness of foods. Especially
in areas of the world experiencing the obesity epidemic, foods are made



Fig. 9. Factors involved in “Calories in Equals Calories Out.” Beyond the physics, clinical application of “Calories In and Calories Out” requires consideration of
the complexities of multiple factors applicable to management of obesity [8,9,11,27].
* Gastrointestinal hormones that may increase hunger include ghrelin and neuropeptide Y; gastrointestinal hormones that may decrease hunger/increase satiety
include somatostatin, cholecystokinin, motilin, insulin, glucagon, pancreatic polypeptide, glucagon like peptide-1, oxyntomodulin, fibroblast growth factor 19, peptide
YY, and amylin [9].
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less healthful when they undergo “ultra-processing” to be more energy
dense, when fiber and micronutrients are removed, and when foods are
produced with added sugar, sweeteners, fat, and/or salt. In summary,
while some food processing is often desirable, many ultra-processed
foods not only increase the risk of overweight, obesity, cardiometabolic
risk factors, type 2 diabetes mellitus cardiovascular disease, cancer, ir-
ritable bowel syndrome, depression, frailty conditions, and all-cause
mortality [132]. The dangers of ultra-processed foods are amplified
when the consumption of ultra-processed unhealthful foods promote
addictive-like eating of the same unhealthful foods [133].

3.2.6. MMO #13: obesity is caused by breakfast patterns
“Breakfast” is defined by the time of day (first meal of the day, usually

in the morning), and not by its quantitative, caloric, and qualitative
content. The health effects of breakfast may differ between adults and
younger persons [134,135]. But even among adults, breakfast is often
characterized as “the most important meal of the day.” A lack of routine
breakfast is associated with an increase in cardiometabolic risk and
cardiovascular disease [136–138]. One of the behaviors reported by
14
those who have achieved long-term weight reduction is that they
routinely eat breakfast (The National Weight Control Registry
http://www.nwcr.ws/).

These favorable reports are somewhat countered by other studies that
suggest increased daily caloric consumption may promote weight gain
among those assigned to eat breakfast versus those assigned to not eat
breakfast. Meta-analyses of randomized trials suggest insisting patients
eat breakfast may not always be a good strategy for weight reduction
[139]. Conceptually, it may be challenging to claim that skipping a single
breakfast is harmful, given the often favorable data regarding the effects
of intermittent fasting and time restricted eating [10].

That said, it is unclear that clinically meaningful body weight dif-
ferences occur with daily breakfast versus skipping breakfast. Those who
eat breakfast may have a compensatory increase in physical activity later
in the day, while those who do not eat breakfast may have a compen-
satory increase energy intake later in the day [140]. Except for possible
increased insulin sensitivity with breakfast, health outcomes may not
differ to a clinically meaningful degree among adults who eat breakfast
versus those who do not eat breakfast [140].

http://www.nwcr.ws/
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From the standpoint of caloric balance and clinically meaningful
chances in body weight, what may matter most to patient health are the
circumstances of skipping breakfast, the healthful content of the break-
fast, and how it affects total daily energy consumption. Lack of desire for
breakfast may suggest night-time eating disorder, which may contribute
to increased net total daily caloric intake [11,72]. Regarding breakfast
content, not all breakfasts are alike, and not all breakfast food intake has
the same clinical implications. For example, especially in patients with
obesity, dyslipidemia, and hypertension, a daily breakfast consisting of
ultra-processed meats, ultra-processed carbohydrates, and energy dense
saturated fats containing >1000 Calories and >2000 mg of sodium
would be expected to be less healthful than a daily breakfast consisting of
Greek yogurt, oatmeal, berries and/or nuts containing<200 Calories and
<100 mg sodium) [30,141]. (For clarity, 1000 calories equal 1kilocal-
orie, which is the most reported energy measure. If the “C” is capitalized
in “Calorie,” then that is equal to 1000 calories or one kilocalorie or kcal).
For some patients, skipping an unhealthful breakfast might be more
beneficial than consuming an unhealthful breakfast. In summary, eating
breakfast may very well be important for many individuals being treated
for obesity; however, this may depend on the caloric and nutritional
content of the breakfast. Recommendations regarding breakfast illustrate
the potential benefits of individualizing medical nutrition therapy.

3.2.7. MMO #14: obesity is commonly caused by pathogens in the intestine
(microbiome)

The ileum and colon contain approximately 100 trillion organisms
(bacteria, fungi, and viruses), with trillions being bacteria [142]. The
microbiota composition of the microbiome may influence caloric bal-
ance, with some intestinal bacteria promoting increased density of small
intestinal villi capillaries, thus allowing for more efficient absorption of
nutrients than other bacteria [9]. Gram positive Firmicutes may more
efficiently extract calories from carbohydrates (via fermentation) than
Gram negative Bacteroidetes [143]. Intestinal bacteria may also affect
energy balance via central nervous system [144] and other body organ
signaling, including crosstalk with adipose tissue [145]. Intestinal bac-
teria can also affect bile acid metabolism and gut hormone secretion;
both which affect energy balance [9]. Finally, microbiota may have
epigenetic effects (e.g., DNA methylation, histone modifications, and
non-coding RNA expression) through signaling from microbiota-derived
metabolites (e.g., short-chain fatty acids), which may alter intestinal
permeability, immune responses, inflammatory reactions, and insulin
resistance [146].

Conceptually, unless due to a pathogenic infection, then the gut
microbiome might often best be considered neither intrinsically healthful
norunhealthful.The clinical implicationsof an individual'smicrobiomeand
its function are dependent upon the presentation of the individual.
Malnourished individuals who are underweight may benefit from micro-
biota that promote more efficient absorption of nutrients. Overnourished
individuals with pre-obesity or obesity may not benefit, and may be
harmed, from microbiota that promote more efficient absorption of nutri-
ents. A common example of an intervention that may alter the microbiome
includes the use of antibiotics, (i.e., including antibiotics transmitted via
animal feed),whichmay reduce the diversity ofmicrobiota, and potentially
contribute to obesity [147]. Conversely, in patients with obesity, bariatric
surgerymay alter themicrobiome in amanner that reduces the efficiency of
extracting calories from consumed carbohydrates [148].

For most individuals, obesity is a multifactorial disease. The clinical
results of studies of the effects of fecal transplant in humans with obesity
differ compared to studies done in rodents. For example, fecal microbiota
transplantation from lean individuals to patients (humans) with obesity
has not yet consistently led to a reduction in body mass index, despite
changes in the intestinal microbiome and bile acid profiles more like the
lean donor [149]. Thus currently, the utility of microbiota-based thera-
pies as treatment remains uncertain and the use of microbiome restora-
tion for obesity might best be restricted to research settings [150].
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3.2.8. MMO # 15: obesity is due to a lack of access to plant-based foods
“Food deserts” can be defined as regions of the country that often

feature large proportions of households with low incomes, inadequate
access to transportation, and a limited number of food retailers providing
fresh produce and healthy groceries for affordable prices (https://www
.ers.usda.gov/webdocs/publications/45014/30940_err140.pdf). About
10% of census tracts in the United States are identified as food deserts
(e.g., 13.5 million people or about 5% of the US population). htt
ps://www.usda.gov/. Perhaps even more insidious than food deserts
are so-called “food swamps,” which are areas with a high-density of es-
tablishments selling high-calorie fast food and junk food, relative to more
healthful food options. The related term of “food security” is sometimes
used to reflect not just the availability, but also the accessibility/afford-
ability of nutrition foods. Conversely, “food insecurity” is sometimes used
to identify the lack of access to affordable, nutritious food, which may
affect as much as ~12% of US households [151]. Potential solutions to
increase availability to more healthful foods are zoning laws that
simultaneously restrict access to unhealthy food outlets and incentivize
healthy food retailers to locate in underserved neighborhoods [152].

Given that obesity affects 42% of US adults and given that only about
5% of US individuals live in areas identified as food deserts, it is unlikely
that lack of proximity to plant-based foods is a cause of obesity for most
individuals with obesity. In fact, although still low compared to omni-
vores, the percent of vegetarians and vegans is actually increasing [153].
This is likely at least partially because of increasing evidence that
healthful plant-based diets are associated with reduced rates of obesity,
heart disease, cancer, and possibly all-cause mortality [154]. Yet, despite
an increase in the rate of vegetarians, the obesity epidemic continues to
increase. A potential explanation is that the health benefits of a
plant-based diet are negated when more healthful plant based whole
foods (i.e., with natural fiber and nutrients) are replaced by plant based
ultra-processed foods, fried foods, and refined carbohydrates [10].

In an illustrative example, approximately 40% of the population of
India is vegetarian (300–400 million individuals) [155]. Despite a high
percent of vegetarians, the prevalence of obesity in India is 40%, with the
highest prevalence in South India (47%) [156]. Understanding that
refined and ultra-processed vegetarian diets can be unhealthful helps
explain the apparent paradoxical finding that vegetarian dietary patterns
can be associated with a high incidence of obesity [157]. Additionally,
those from South Asia are especially at increased (not decreased risk) for
increase in central obesity, visceral fat, and cardiovascular disease [119],
which may be influenced by common culturally driven intake of
plant-based foods, such as white rice [17].

Overall, the limitation of healthful plant-based food among those
living in food deserts and foods swamps is important, and is a priority to
enhance health, lengthen life, and reduce illness, disability, and health
disparities [151]. However, food deserts and food insecurity only apply
to a minority of people in the US. Little evidence exists that lack of access
to plant-based foods is the major cause of obesity for most individuals. A
more prevalent challenge is the nutritional content of food intake.
Practical, culturally-based nutritional guidance can help ensure that
when plant-based diets are consumed, they are healthful [17,119,158].

3.2.9. MMO #16: lack of breastfeeding for a full 2 years is a major sole
cause of unalterable obesity in offspring

The health benefits of breastfeeding are not a myth. However,
breastfeeding often presents challenges for the mother with obesity,
which may be exacerbated by worry, shame, and guilt. Animal studies
support mother's milk as containing macronutrients, micronutrients,
antibodies, growth factors and hormones that potentially benefit life-
long human health, reducing the predisposition for obesity, metabolic
disease, cardiovascular diseases, and neurobehavioral disorders [159].
Human milk provides immunity support, unique nutrients, and other
bioactive factors important for infants during early stages of development
[160]. Children fed human breast milk:

https://www.ers.usda.gov/webdocs/publications/45014/30940_err140.pdf
https://www.ers.usda.gov/webdocs/publications/45014/30940_err140.pdf
https://www.usda.gov/
https://www.usda.gov/
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� Have a lower risk of developing obesity-related metabolic conse-
quences, possibly due to favorable epigenetic influences (i.e., alter-
ations in gene expression without alteration in the genetic code
sequencing) [161,162].

� Have a microbiome more resistant to obesity [160].
� More healthful taste/food preferences [163].
� Overall lower risk of developing obesity [164], which is an effect
potentially diminished when breast milk is fed from a bottle, instead
of directly from the breast [165].

Sibling-pair and intervention studies suggest moderate evidence
supporting that ever, compared with never, consuming human milk is
associated with a lower risk of overweight and obesity, with a lack of
sufficient evidence to fully define the relationship between the duration
of any humanmilk consumption and the risk of future overweight and/or
obesity in offspring [166]. Systemic reviews and meta-analyses support
breastfeeding as reducing the risk of overweight or obesity, even when
corrected socioeconomic status and publication bias [167,168]. The
American Academy of Pediatrics (AAP) recommends exclusive breast-
feeding for approximately 6 months after birth, along with healthful
complementary foods introduced at about 6 months, as long as mutually
desired by mother and child for 2 years or beyond [164].

Thus, when possible, exclusive breastfeeding is generally recom-
mended for at 6 months and along with complementary foods 2 or more
years after infant birth [164,169,170]. Reports support [171] and chal-
lenge [172] the degree that that breastfeeding promotes postpartum
weight loss. That said, challenges exist regarding the universal adoption
of breastfeeding, such as among minority populations [173]. Addition-
ally, breast feeding beyond 6 months is not normalized in all areas, with
persistent adverse stigma, lack of partner/family support, and presence of
workplace barriers. Some mothers are unable to produce enough milk,
especially mothers with obesity. Mothers with obesity may have delayed
lactogenesis, lower prolactin responses to suckling, and are prone to early
cessation of breastfeeding [174]. When mothers with obesity can pro-
duce milk, the composition of the milk may differ compared to lean
mothers, having potential implications for breastfed offspring [175].

Clinical interactions with mothers with obesity may be more pro-
ductive when clinicians avoid communications that further the adverse
stigma of obesity; communications are best redirected towards healthful,
well-informed lifestyle choices [176]. The breastfeeding recommenda-
tions noted above are illustrative of a well-informed health choice.
Nonetheless, if breastfeeding did not occur for longer than 6-months,
then the mother might reasonably be reassured that 6-month breast-
feeding does provide benefits to the child [177]. If the mother with
obesity could not, or did not breastfeed at all, then it may be unpro-
ductive to focus on assigning blame or imparting excessive guilt to a
mother who may already have these feelings due to having obesity.
Furthermore, it is unlikely that the lack of adequate breastfeeding will
prove to be the sole “cause” of a predictable, unalterable, and predestined
life-long state of obesity for the child. Instead, lack of breastfeeding may
be one of many potential factors that may be applicable to multifactorial
disease that is obesity [30]. Rather than a focus on blame or reinforce-
ment of guilt in the new mother with obesity who did not breastfeed for
the recommended full 2 years (or not at all), the postpartum period could
be viewed as an opportunity to implement achievable postpartumweight
management [178]. Implementation of healthful nutrition and routine
physical activity for the post-partum mother may favorably affect the
offspring, given that parental food habits and feeding strategies are the
most dominant determinants of a child's eating behavior and food choices
[179], and given that parents play a critical role in developing and
shaping their children's physical activity [180].
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3.3. Diagnosis

3.3.1. MMO #17: increased subcutaneous adipose tissue is healthy;
increased visceral adipose tissue is unhealthy

Peripheral subcutaneous adipose tissue (SAT) can be healthy, when it
provides physical padding, thermal insulation, and unfettered energy
stored in peripheral SAT during positive caloric balance, mitigating en-
ergy overflow to other fat depots (e.g., visceral and epicardial fat) and
other body organs (e.g., muscle and liver) [4,48,54]. When adipocyte
proliferation and differentiation is impaired in peripheral SAT, then this
may result in energy overflow to other fat depots and other body organs,
which contributes to metabolic and cardiovascular disease. Abdominal
SAT is a component of android fat, and at minimum, its deep component
is considered pathogenic (not “healthy” or “protective”) [121]. SAT is
often 80% or more of body fat mass, with most of potentially pathogenic
adipose tissue-derived free fatty acids in both the systemic circulation
and portal circulation originating from SAT [181,182]. Beyond SAT
metabolic dysfunction that may contribute to sick fat or adiposopathy, an
increase in SAT often contributes to fat mass disease (e.g., sleep apnea,
skin friction, and musculoskeletal abnormalities potentially leading to
immobility) which is unhealthy, not healthy.

Visceral adipose tissue (VAT) is potentially protective by providing
storage of energy, physical padding to abdominal organs, and thermal
insulation [4,48,54]. VAT is potentially pathogenic with higher basal
lipolysis than SAT, increased sensitivity to catecholamines, decreased
sensitivity to insulin, and direct access to the liver, all resulting in greater
potential of endocrinopathies and immunopathies compared to SAT.
That said, SAT and VAT mass and function are interdependent, with the
accumulation of android and VAT reflective of global adipose tissue
dysfunction (adiposopathy) [4,48,54,121,182]. Overall, the interdepen-
dent functions of SAT and VAT support the rationale to consider global
adipose tissue function when assessing the adverse health consequences
of obesity, rather than a focus on a somewhat artificial separation of the
interconnected pathogenic potential of SAT and VAT.

3.3.2. MMO #19: individuals with obesity have low metabolism. Lean
people are “naturally skinny” because they have a higher metabolism

Unless accompanied by sarcopenia, individuals with obesity gener-
ally have an increase in both fat and muscle mass compared to lean in-
dividuals. Among patients with obesity, muscle mass and absolute
maximum muscle strength is often increased compared to those without
obesity, likely because adiposity acts as a chronic overload stimulus on
the larger antigravity muscles (e.g., quadriceps and calf), thus increasing
muscle size and strength [183]. The increase in body tissue (muscle or
fat) increases the resting metabolic rate (“metabolism”) required to
sustain the increase in body tissue cellular functions. The greater the
amount of body tissues, the greater the resting metabolic rate, helping to
explain whymany individuals with obesity have higher resting metabolic
rates than lean individuals [184–186].

Conversely, weight reduction reduces resting metabolic rate [187].
The correlation between the amount of body tissue and the resting
metabolic rate is consistent with formulas developed to estimate resting
metabolic rate. Resting metabolic rate can be measured by direct and
indirect calorimetry [8]. However, resting metabolic rate can be esti-
mated by formulas such as the Harris-Benedict and Mifflin St. Jeor
Equation, that in addition to age and genetic sex, also includes weight
and height (i.e., with weight and height also used to calculate body mass
index) – again emphasizing the direct correlation between bodymass and
resting metabolic rate [8,188].

Some patients believe their obesity is because they have “low meta-
bolism” However, when tested objectively, patient sense of having a low
or high metabolic rate does not correlate to actual resting metabolic rate
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[189]. When compared to control groups, individuals with apparent
diet-resistance obesity and “low metabolism” do not have a reduction in
total energy expenditure, basal energy expenditure, or sleeping energy
expenditure [190].

That said, variances inmetabolic rates do exist [191], for reasons such
as genetic influences (See Fig. 5). Patients with obesity and metabolic
syndrome may have lower resting metabolic rate [192]. However, even
then, adults with lower basal metabolic rates may not gain more weight
over time than adults with higher basal metabolic rate, implying that
variances in food intake or physical activity counterbalance variations in
basal metabolic rate as a risk factor for weight gain [193]. Overall, in-
dividuals with obesity typically have higher absolute resting energy
expenditure and total energy expenditure. The evidence does not support
that obesity is sustained by a lower daily energy expenditure or lower
resting energy expenditure [194].

None of this is to suggest that resting metabolic rate is without clinical
relevance. Changes in resting metabolic rate are highly relevant during
weight reduction among patients treated for obesity. During times of
weight reduction, both tissue loss (i.e., fat and muscle reduction) and
metabolic adaptations contribute to a reduction in resting metabolic rate
[195]. The reduction in resting metabolic rate with weight reduction
makes further weight reduction more challenging, and at minimum, may
increase the length of time necessary to achieve weight reduction goals
[196].

Another consideration is body composition. For most individuals, it is
the increase in fat mass that is most pathogenic. For the same body mass
index, an individual with higher fat mass will have a greater risk for
adiposopathic “fat mass disease” and “sick fat disease.” (See Section
3.1.1) In contrast to an increase in fat mass that contributes to ill health, it
is the decrease in muscle mass that may lead to sarcopenia, which has
adverse health outcomes (e.g., reduced locomotion, frailty, reduced
quality of life, osteoporosis, worsening metabolic health, and possibly an
increase in obesity) [197]. Factors that contribute to sarcopenia include
genetic predisposition, unhealthful nutrition or malnutrition, physical
inactivity, chronic illness (especially with cachexia), neuro-degenerative
diseases, hormone changes (e.g., hypercortisolism, abnormal thyroid
function), medications, immobility, zero gravity, weight cycling, and age
[198,199]. Sarcopenia often accompanies not only an increase in percent
body fat, but also a reduction in bone mineral density, sometimes termed
osteosarcopenic obesity syndrome [200]. Regarding prevalence, in an
evaluation of patients evaluated for arthroplasty, 6.4% had sarcopenic
obesity [201].

Within the context of obesity management, perhaps the most clini-
cally relevant scenario affecting body mass (and thus body metabolism)
is that weight reduction is usually accompanied by a reduction in both fat
and muscle. In other words, when patients treated for obesity undergo
longitudinal body composition analyses, it is common to find that pa-
tients lose both fat and muscle. This equates to a reduction in resting
metabolic rate due to loss of body tissues and metabolic adaptations. The
ability to maintain or increase muscle mass during hypocaloric weight
reduction is highly challenging. Potential strategies to mitigate skeletal
muscle mass reduction during active weight reduction include higher
intakes of protein, and increased physical exercise, especially resistance
training [202,203]. To avoid unrealistic expectations and potential
disappointment, patients undergoing weight reduction might best be
informed that during weight reduction, some loss of lean body mass is
expected. It is true that in some circumstances, patients with obesity may
engage in a medical nutrition plan and a rigorous physical exercise
program that successfully reduces fat and preserves or even increases
lean body mass. While this outcome is rare, when such success does
occur, then the clinician should consider acknowledging this achieve-
ment via discussion of the body composition analysis with the patient.
Positive interactions with the clinicians may be motivational in pro-
moting further goal setting [204].

Another challenge encountered in the clinical practice of obesity
medicine is when patients undergo weight cycling. Some highly trained
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athletes “cycle” through periods of heavy and sustained physical exercise
and caloric restrictions prior to competitions. After competition, these
athletes may slowly increase caloric intake to maintain muscle mass and
increase resting metabolic rate (sometimes termed “reverse dieting”)
[205]. More commonly, cyclical weight reduction occurs among
non-athletes who do not engage in muscle sparing or muscle building
activity. Such individuals have an increased risk of reducing their muscle
mass [199] and developing sarcopenia.

Finally, given the tenuous correlation between resting metabolic rate
and obesity, some patients may inquire what other factors may better
help explain the apparent differences between individuals regarding
energy balance and fat accumulation. Along with genetic/epigenetic,
biological (increased proportion of brown adipogenesis), and environ-
mental factors, one of the greatest variances in energy expenditure
among individuals is non-exercise activity thermogenesis (NEAT). Vari-
ances in NEAT can range between 150 and 500 kcal per day, which is
often greater than the amount of daily physical exercise [79] (See Section
3.2.2). As noted in section 3.2.4, total energy expenditure is typically:

� 70% resting metabolic rate (RMR)
� 20% physical activity [exercise activity thermogenesis (EAT) and
non-exercise activity thermogenesis (NEAT)]

� 10% diet-induced thermogenesis (DIT)

Given that many patients with obesity have limited EAT, and given
the wide variability in NEAT, then this variance in NEAT may help
explain much of the otherwise unexplainable interindividual variances in
body fat accumulation. NEAT includes “fidgeting,” occupation physical
activity, leisure time activity, sitting, standing, toe-tapping, shoveling,
playing the guitar, dancing, singing, and washing [206]. While somemay
consider non-physical exercise walking as part of NEAT, the Obesity
Medicine Association includes any walking in its physical activity goals
(i.e., at least 5000 steps per day) [8,10]. Section 3.2.2 provides examples
of behavior changes that may increase NEAT, and thus favorably affect
energy balance among patients with obesity.

3.3.3. MMO #19: “big boned” individuals have no potential to achieve a
healthy body weight

When patients claim to be “big boned,” this can be interpreted in
several ways. “Big boned” might refer to larger individuals based upon
height, with increased height correlating to increased mass of many body
tissues. Given that body mass index (BMI) is calculated by weight in ki-
lograms divided by height in meters squared, then for the same weight, a
taller person will have a reduced calculated BMI (not increased BMI)
compared to a shorter person.

Regarding percent body fat, the 2019 US Army Standards of Medical
Fitness (https://armypubs.army.mil/epubs/DR_pubs/DR_a/pdf/web/AR
N8673_AR40_501_FINAL_WEB.pdf) has established acceptable percent
body fat metrics, utilizing waist and neck circumference and height for
men, and waist, neck, and hip circumference and height for women (htt
ps://www.omnicalculator.com/health/army-body-fat). If all other met-
rics remained the same, then an increase in height calculates to a
decrease in percent body fat for both men and women, not an increase in
percent body fat.

“Big boned” might refer to larger body framed individuals. However,
little evidence supports that larger body frame promotes increased body
fat [207–209].

Finally, “big boned” might conceivably refer to bone mineral density
(BMD). The discussion of the relationship between obesity and BMD is an
opportunity to discuss another obesity myth. A common belief is that
obesity is always associated with an increase in BMD. Perhaps this belief
is because an increase in muscle mass is often described among patients
with obesity, attributable to chronic overload on larger antigravity
muscles [183]. If muscle mass is increased due to increased resistance to
the musculoskeletal system, then one would expect such individuals
would have an increase in BMD. Some reports do support that individuals

https://armypubs.army.mil/epubs/DR_pubs/DR_a/pdf/web/ARN8673_AR40_501_FINAL_WEB.pdf
https://armypubs.army.mil/epubs/DR_pubs/DR_a/pdf/web/ARN8673_AR40_501_FINAL_WEB.pdf
https://www.omnicalculator.com/health/army-body-fat
https://www.omnicalculator.com/health/army-body-fat
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with increasing obesity have increasing BMD [210,211], but only up
until a body mass index of ~50 kg/m2, where an inflection point occurs
and BMD may begin to decrease for some (e.g., women and Black in-
dividuals) [211].

Conversely, other studies suggest that among those below 60 years of
age, fat mass has a moderate, negative association with BMD most
notable in men at high levels of body fat; with lean mass having a strong
positive association with BMD [212]. A takeaway message may be that
increased lean body mass/muscle in younger individuals seems to
consistently correlate to increased bone mass [213–218]. Conversely,
worsening physical inactivity coupled with an aging population may help
explain why the rate of sarcopenic obesity is increasing [219]. It may also
help explain the emergence of the “osteosarcopenia,” describing when
the low bone mass and deterioration of the micro-architecture of the
bone found with osteoporosis, concurrently occurs with the loss of
muscle mass, strength and function found with sarcopenia [220].

Finally, irrespective of the perception of the degree bone size, bone
weight contributes only a small amount to overall body weight. At least
regarding the mineral portion, ash weight of bone contributes a minor
amount to total body weight (~3–10 pounds) [221].

3.4. Treatment

3.4.1. MMO #20: low-fat diets are the best way to reduce body fat
The rationale supporting low fat diets for patients with obesity may

initially be compelling. Fats have more concentrated stored energy (ki-
localories per gram) than either carbohydrates or protein. Fat-containing
foods are often energy dense. Fats have a lower TEF than carbohydrates/
proteins. Saturated fats and trans fats are associated with increased risk
of cardiovascular disease and cancer [10]. Thus, it seems reasonable to
recommend low-fat diets as the preferred medical nutrition therapy for
patients with obesity. With specific regard to cholesterol, the reduced-fat
Therapeutic Lifestyle Changes (TLC) Diet (promoted by the National
Cholesterol Education Program, Adult Treatment Panel) was commonly
used in earlier lipid-altering drug clinical trials [10], and still sometimes
used in current lipid clinical trials. It may therefore seem intuitive that if
eating dietary fat increases body fat (and blood lipids), then reducing
dietary fat would reduce body fat.

However, clinical science and clinical experience suggest that accu-
mulation of body fat is due to more than the consumption of dietary fats
(See Fig. 9.). Universal recommendation of low-fat diet for all patients
may have potential adverse health consequences [222]. Some have
suggested that: “The low-fat ideology came to dominate America in the
last decades of the 20th century and subsequently contributed to an
excess intake of refined carbohydrates which, in the context of an
increasingly sedentary lifestyle, may have fueled the obesity epidemic”
[223]. Given that cardiovascular disease and cancer are the most com-
mon cause of death among adults with obesity, it may be relevant that the
diet plan perhaps having the greatest evidence of long-term health ben-
efits would be the Mediterranean Diet [10,158]. This emphasizes the
point that, while not considered “low fat,” consumption of a healthful
diet containing healthful fats (e.g., mono and polyunsaturated fats) has
among the best evidence of a reduction in the risk for cardiovascular
disease [158] and reduction in the risk of cancer [224].

With advancements in clinical science and clinical experiences, cli-
nicians now have a better understanding that obesity is a multifactorial
disease best managed by an individual, patient-centered approach.
Nutritional factors related to improved health outcomes among patients
with obesity include interventions that are evidenced based, that
consider both quantitative and qualitative content of food, and that
prioritize patient agreement and adherence. At least in the short-term,
carbohydrate and calorie restricted nutritional intervention may result
in greater weight reduction than fat and calorie restricted nutritional
intervention [225]. Overall, a “low fat diet” may very well be the best
medical nutrition therapy for some patients. But no single medical
nutritional therapy is uniformly optimal or appropriate for everyone.
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Simply because a “diet” is low fat, or plant-based, does not necessarily
make it healthful (See Section 3.2.8). Multiple evidenced-based dietary
interventions are available [10,158]. The best medical nutrition therapy
is a patient-centric one, based upon the patient's clinical presentation,
and the patient's agreement and willingness to adhere to an
evidenced-based dietary plan [10].

3.4.2. MMO #21: nutrition medical therapy is more effective when based
upon patient preference

For any medical nutrition therapy to be effective, the patient needs to
agree to the treatment plan and be willing to adhere to the treatment
plan. Once consent is given to implement an evidenced-based medical
nutrition therapy, then meta-analyses suggest that patient preference in
weight reduction strategies have no significant effect on duration or
attrition, with greater weight reduction often occurring in the control
groups [226]. While possibly counterintuitive, randomized clinical trials
do not support improved weight reduction when based upon patient food
preference [227,228]. In summary, nutritional factors related to
improved outcomes include:

� Qualitative considerations (e.g., macronutrients and micronutrients)
� Quantitative (e.g., fiber, energy density, energy intake)
� Patient agreement to evidenced-based medical nutrition therapy and
adherence to the dietary plan

With specific regard to dietary and other preferences, effective
change sometimes requires choices and behavior that differ from what
patients would prefer to do, and/or have historically done [11].

3.4.3. MMO #22: vitamins and herbal supplements are effective in
achieving weight reduction

Vitamins are micronutrient organic molecules derived from plant and
animal foods, and necessary for metabolic processes, such as serving as a
non-protein facilitator (coenzyme) for protein enzymes. Supplements are
defined as substances taken in addition to dietary intake, such as
concentrated forms of a nutrient (e.g., vitamins), isolated formulations of
a nutrient (e.g., herbs or botanicals), minerals, and amino acids [12].
Consuming concentrated vitamin preparations do not promote weight
reduction. Little evidence supports herbal, mineral, or amino acid sup-
plements as safely providing clinically meaningful weight reduction
accompanied by long-term health outcome benefits [12]. The Obesity
Medicine Association has not endorsed the clinical use of any supplement
and has published a dedicated Clinical Practice Statement regarding
“Concomitant medications, functional foods, and supplements” [12].

3.4.4. MMO #23: After implementing implementing a 500 Calorie daily
energy deficit diet, then as long as this daily energy deficit is maintained, fat
weight reduction will continue to occur indefinitely according to the
calculation that 3500 Calories are stored per pound of fat

In individuals with moderate physical inactivity, 70% of energy
expenditure is due to resting metabolic rate and 10% due to diet-induced
thermogenesis [229]. Only 20% of daily energy expenditure is often due
to physical activity. Regarding physical activity, a gross estimate is that it
takes an additional 10,000 steps per day per week to “burn” an additional
3500 Calories (kcal) per week, which is the approximate amount of energy
found in one pound of fat. Depending on the body mass index of the indi-
vidual,walking on a level treadmil for 20minutesmaymay “burn” less than
100 Calories [230]. Admittedly, figures such as these are highly simplified.
They are not adjusted for the weight of the individual, nor adjusted for the
potential metabolic and skeletal muscle adaptations with chronic physical
exercise and/or incline/decline terrain of the walk. As long as these limi-
tations are understood, then the clinical application of these numberfigures
highlight the challenges of solely relying upon physical activity as the only
intervention employed towards body fat reduction in patients with obesity.

That said, the commonly cited 3500 Calories per pound of fat is
blatantly misleading in how it is often applied to predicting the effects of



Table 7
Calories expended per hour of exercise.

Activity for one hour Calories expended

Walking 3.5 miles per hour (mph) 314
Running 5 mph 606
Elliptical (moderate intensity) 365
Bicycling < 10 mph 292
Aerobics (low impact) 365
Swimming laps (moderate intensity) 423

Shown are approximate calorie expenditures for a person weighing 160 lbs
[230].

Table 8
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long-term body weight effects of energy deficits (i.e., hypocaloric dietary
intake or increase in physical activity). The 3500-kcal number figure is an
estimated calculation (i.e., Wishnofsky's Rule), that during time of its
development, was “in striking agreement with the value of 3700 kcal
obtained” from computations based on adipose tissue samples [231]. The
challenges with this calculation are multifold:

� The first phases of many hypocaloric weight reduction nutritional
intervention typically include a reduction in the body's glycogen pool
(i.e., mainly from skeletal muscle), and its associated water (i.e., each
gram of glycogen is stored with at least 3 grams of water [232]). It is
the substantial loss of body water due to depletion of glycogen stores
that helps explains why the most rapid weight reduction with dietary
interventions usually occur at the beginning of a hypocaloric meta-
bolic nutrition therapy, and perhaps especially so with a
low-carbohydrate ketogenic diet [233]. This rapid and sometimes
substantial initial weight reduction is not predominantly fat weight
reduction. It is this misunderstanding, and possible exploitation of
this misunderstanding, that helps account for the promotion of the
apparent success of many “weight loss foods” (e.g., grapefruit, pine-
apple, apple, and cucumber diets) and other “miracle fat-burning
diets,” whose initial weight reduction is mostly due to a decrease in
muscle glycogen/mass and dehydration, and not body fat reduction
[234].

� Another major misapplication of the “3500 kcal per pound of fat”
calculation is the assertion that a set daily caloric deficit will have
perpetual cumulative effects. (See Fig. 10). An illustrative example
would be that a daily caloric deficit of 500 kcal would be expected to
reduce body fat by one pound per week (7 days � 500 kcal ¼ 3500
kcal) – presumably continued indefinitely. However, any caloric
deficit from baseline should always be compared to the baseline
caloric value, and not perpetually subtracted over time. For clinicians
who find this line of thinking clinically challenging might best frame
the discussion in terms of going from a baseline caloric intake of 2000
Calories per day (as an example) to 1500 Calories per day, rather
Fig. 10. Inaccurate perpetual energy deficit model versus physiologic
adaptation and new “setpoint” model. This figure describes an adult human
male weighing 66 kg (145 pounds) and who has total body energy stores of
125,822 kcal [235]. Assuming this adult human male is consuming 2000 kcal
per day, then if this individual were to consume 500 kcal less per day, then the
perpetual energy deficit model would predict the absurd notion this adult male
would consume his entire body caloric body mass at 251 days (125,822/500) or
about 8 months, despite a dietary intake of 1500 kcal per day. Conversely, the
physiologic adaptation and new setpoint model might predict that a new daily
caloric intake of 1500 kcal per day would result in about 5% non-water weight
reduction (and thus a 5% reduction in total body energy stores), followed by a
plateau and new setpoint at around 6 months determined by the patient's new
energy balance [236]. This figure has acknowledged limitations in its calcula-
tions for the purpose of simplicity. Its intent is not precision in number figures,
but rather to highlight the fallacy of the perpetual energy deficit model.
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focus on a potentially misunderstood perpetually subtracted 500
Calorie per day deficit.

� Beyond potential errors in mathematical application, weight reduc-
tion due to body tissue loss (fat or muscle) decreases resting metabolic
rate and facilitates metabolic adaptations, resulting in a new body
weight energetic setpoint. This is clinically manifest by a weight
reduction plateau, limiting further body weight reduction over time
[231] unless accompanied by additional caloric deficits in intake or
increases in energy expenditure.

3.4.5. MMO #24: increased physical exercise is the most effective way to
reduce weight

In most cases, a nutritional caloric deficit is required for clinically
meaningful weight reduction. Physical exercise modestly contributes to
weight reduction. Table 7 shows the calories expended for an individual
weighing 160 lbs (73 kg) exercising for 1 h [230]. The caloric expendi-
tures for 1 h of these common physical exercise activities range between
300 and 600 kcal. For reference, one slice of 14-inch regular crust
pepperoni pizza may contain approximately 300 kcal. Despite the modest
energy expenditure for these common activities, the benefits of routine
physical activity go well beyond affects upon body weight (See Table 8.).
Illustrative benefits of routine physical activity/exercise.

Body weight and composition:

� Facilitates weight reduction
� Helps maintain weight reduction
� May increase muscle mass
� May reduce percent body fat

Metabolic benefits:

� Improve insulin sensitivity
� Reduce hyperglycemia
� Improve blood lipids

Cardiovascular benefits:

� Decrease sympathethic activity
� Decrease blood pressure
� Reduce heart rate
� Reduce risk for cardiac

dysrhythmias
� Improve autonomic balance
� Enhance fibrolysis
� Enhance coronary dilation

capacity
� Facilitate myocardial cellular

regeneration
� Increase myocardial oxygen

utilization
� Improve endothelial function
� Reduce myocardial and plaque

inflammation

Cancer benefits: [5]

� Reduce risk of cancer onset
� Reduce risk of cancer recurrence
� Inhibits cancer cell proliferation
� Increase cancer cell apoptosis
� Reduce inflammation
� Enhance effectiveness of cancer treatment
� Counteract cancer and cancer treatment

complications

Sleep benefits:

� Reduce time to sleep
� Reduce wake time during

nighttime
� Reduce daytime sleepiness
� Possible reduction in sleep

medications

Neuromusculoskeletal benefits:

� Improve muscle strength
� Improve bond strength
� Improve balance and coordination
� Reduce risk of dementia
� Reduce depression
� Reduced anxiety & improved mood

Beyond its favorable effects on body weight and body composition, routine
physical activity has multiple health benefits applicable to the patient with
obesity [10].
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For example, in patients with obesity, a major potential body weight
benefit is that routine physical activity/exercise is among the most
validated determinants of weight reduction maintenance [28]. Routine
physical exercise may help with weight reduction maintenance, and
counter-weight reduction adaptations that otherwise result in potential
weight regain through the following mechanisms [237].

� Decreased hunger
� Increase satiety
� Increased leptin sensitivity
� Increased insulin sensitivity
� Decrease in adipose tissue denovo lipogenesis
� Preservation of muscle and its beneficial metabolic processes (fat
oxidation)

3.4.6. MMO #25: every 1 pound of muscle that replaces fat burns an
additional 50 calories per day

An often-stated axiom suggests that if 10 pounds of muscle are gained
and replace 10 pounds of fat, then resting energy expenditure will in-
crease 500 kcal per day. However, muscle and fat are two different body
tissues. Muscle or fat vary independently. Although both are from
mesodermal origin, from a cellular/tissue standpoint, muscle and fat do
not “replace” one another. Increased physical exercise does not turn fat
into muscle tissue; lack of physical exercise does not turn muscle into fat
tissue.
Table 9
Approximate resting energy expenditure of adult body organs [238].

Organ or
tissue

Daily
metabolic
rate (kcal/
kg/day)

Daily
metabolic
rate (kcal/
pound/day)

Body
organ
weight

Total energy
expenditure
(kcal/day)

Skeletal
Muscle

13 6 20 kg/44
lbs
(female)

260 (female)

30 kg/66
lbs (male)

390 (male)

Adipose tissue 4.5 2 13 kg/28
lbs
(female)

59 (female)

16 kg/35
lbs (male)

72 (men)

Liver 200 91 1.5 kg/
3.31 lbs

300

Brain 240 109 1.3 kg/
2.87 lbs

312

Heart 440 200 0.3 kg/
0.66 lbs

132

Kidney 440 200 0.13 kg/
0.29 lbs
(per
kidney)

114 (per 2
kidneys)

Remaining
body mass*

12 5 27.24 kg/
60 lbs
(female)

327 (female)

30.6 kg/
67.3 lbs
(male)

368 (male)

Total resting
energy
expenditure

~1500
(female)
~1700 (male)

Body organ mass varies among individuals, especially skeletal muscle and adi-
pose tissue. The values above represent values for lean individuals. Some patients
with obesity may have hundreds of pounds of body fat, with a corresponding
increase in resting energy expenditure to sustain the increased adipose tissue
organ cellular activity. In a lean individual, lean body mass (LBM) is ~75% of
total body mass (TBM); skeletal muscle is ~40% of TBM. A lean man with a TBM
of 175 lbs may have ~131 lbs LBM, and ~70 lbs of skeletal muscle. * Remaining
body mass: skin, intestines, bones, and lungs.
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A confounder may be the reports that many body builders consume
4000 Calories or more per day. This may give the impression that skeletal
muscle requires vastly higher resting energy than adipose tissue. As can
be seen from Table 9, the daily energy expenditure of resting muscle is
not as different from adipose tissue as many might believe. If 10 pounds
of fat is lost, and 10 pounds of muscle is gained, then the resting energy
expenditure would be expected to increase by only about 40 kcal per day
(60 extra kcal per day from 10 lbs of added muscle, less the 20 kcal per
day from 10 lbs of lost adipose tissue). That said, Table 8 describes
benefits of routine physical activity, including how resistance training
can help increase percent of lean body mass. For patients with over-
weight or obesity, losing 10 pounds of fat and gaining 10 pounds of
muscle promotes a healthier metabolic and musculoskeletal body
composition. Furthermore, during negative caloric balance, resistance
training can be especially important in mitigating muscle loss and limit
the reduction in resting metabolic rate. Table 9 shows approximate
resting energy expenditure of adult body organs [238].

3.4.7. MMO #26: access to exercise equipment, gym memberships, and
physical activity trackers will result in weight reduction

Access to physical exercise equipment may help facilitate weight
reduction if the equipment is accessed and used; wearable technology
may facilitate weight reduction if the technology is worn and viewed.
Unfortunately, over 50% of new gym members will abandon activities
before the 3rd month; less than 5% may remain for more than 12 months
[239]. Wearable technologies may not provide additional long-term
benefit among groups already receiving standard behavioral interven-
tion [240,241]. The benefits of physical activity trackers may be specific
to the individual, with greater potential benefits possibly in middle to
older age adults [242,243].

That said, wearable devices for physical activity intervention may be
useful for preventing and treating obesity in children and adolescents
[244]. The facilitation of longer-term weight reduction with wearable
technologies may also be time dependent, with greater efficacy if used for
12 weeks or more [245]. In summary, the success of gym memberships
and health wearable devices for weight reduction among patients with
overweight and obesity is highly dependent upon the individual and the
actual use of the gym or wearable technology. Health wearable devices
may be effective intervention tools/strategies for reducing body weight
and body mass index in individuals with overweight/obesity and chronic
comorbidities, with accelerometer/pedometers and commercial health
wearable technologies potentially effective even without accompanying
counseling [246,247].

3.4.8. MMO #27: setting more “realistic” obesity goals will ultimately
achieve greater weight reduction than more aggressive goals

Setting goals that are neither attainable nor safe has little rationale as
effective behavior therapy. The components of the often-used SMART
approach to goal setting are Specific, Measurable, Assignable, Realistic,
and Time-Related [11]. Thus, treatment goals should be balanced, with
avoidance of goal setting beyond the patient's ability. That is because
goals that are too aggressive may be discouraging and promote disen-
gagement and abandonment of weight reduction strategies. Conversely,
adjustment of patient goals to only modest outcomes may undermine
optimism and motivation for engaging in behaviors required for clini-
cally meaningful weight reduction. It is true some evidence supports that
overly aggressive weight reduction goals (i.e., that are less “realistic”)
predict higher attrition and less success with weight reduction; however,
other studies support better weight reduction outcomes with more
aggressive weight reduction goals [30]. In fact, some reports suggest that
for patients with obesity, the benefits of higher motivation via higher
goals outweighs the concern that high goals may undermine effort [248].
Seemingly “unrealistic” targets may actually improve weight reduction
results [249]. Overall, while goal setting is important, the success of a
weight reduction strategy requires a patient-centered, individualized,
multifactorial approach that includes frequent encounters with medical



Table 10
Potential benefits of weight reduction in patients with obesity [3].

1. Healthful nutrition (including negative caloric balance in patients with obesity)
and regular physical activity often improve anatomic, physiologic,
inflammatory, and metabolic body processes

2. Medically managed weight reduction in patients with obesity often improves
glucose and lipid metabolism, reduces blood pressure, and reduces the risk of
thrombosis

3. Medically supervised weight management programs for patients with obesity
have the potential for statistically significant and clinically meaningful weight
loss maintenance

4. Weight reduction in patients with obesity may reduce premature all-cause
mortality

5. Weight reduction in patients with obesity may have favorable cardiac
hemodynamic effects

6. Weight reduction in patients with obesity may improve obstructive sleep apnea
and osteoarthritis

7. Weight reduction in patients with obesity may reduce the onset of certain
cancers, improve response to cancer treatments, and reduce the onset/
recurrence of new cancers

8. Weight reduction in females with obesity may improve metabolism (polycystic
ovary syndrome) as well as improve obesity-related gynecologic and obstetric
disorders; weight loss in males with obesity may increase testosterone levels
when hypogonadism is due to the adiposopathic consequences of obesity

9. Weight reduction in patients with obesity may improve quality of life, improve
body image, and improve symptoms of some psychiatric disorders (e.g.,
depression)

10. Weight loss in males and childbearing females with pre-obesity or obesity may
help mitigate epigenetically transmitted increased risk of obesity and metabolic
disease in future generations

Weight reduction in patients with obesity has multiple potential health benefits
in patients with obesity.
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professionals, education, stimulus control, cognitive restructuring,
self-monitoring, behavioral contracting, problem solving, social support,
reinforcement contingencies, and other behavior interventions that are
doable, efficacious, measurable, and that incorporate self-ownership
[11].

3.4.9. MMO #28: small favorable changes in nutritional intake and
physical activity will yield large long-term benefits; slow and gradual weight
reduction is ultimately more effective than large and rapid weight reduction

Older dietary literature warned against rapid weight reduction, as it
was thought to contribute to ill health and/or greater chance of weight
regain. However, clinical trial evidence supports that the greater and
more rapid the initial weight reduction, the greater the long-term weight
reduction maintenance [30]. The prescribing information of many
anti-obesity medications suggest that if there is no clinical improvement
(e.g., at least 4–5% reduction of baseline body weight) after 12–16 weeks
with one anti-obesity medication, then the clinician should consider
using alternative anti-obesity medications or increasing the anti-obesity
medication dose (if applicable) [27]. The point being that the degree
of early success or early lack of success with weight reduction in-
terventions may be predictive of its long-term success. In a study of 1.4
million users and weight reduction goals with a popular activity online
tracking application, “high amounts of early weight loss, which some
researchers have classified as unsustainable, leads to higher goal
achievement rates” [250].

3.4.10. MMO #29: efforts to reduce body weight in patients with obesity is
unhealthy, because the weight will inevitably return, and fluctuations in body
weight (e.g., yo-yo dieting) are more dangerous than maintaining a high body
weight

Weight reduction in patients with obesity improves health outcomes
(See Table 10). Interventions regarding nutrition [10], physical activity
[10], behavior modification, pharmacotherapy [27], and bariatric sur-
gery [9] are successful in improving not just the weight of many patients,
but the health of patients as well [251]. Yo-yo dieting, or weight cycling,
describes recuring weight reduction followed by weight regain over time
in the same patient. Dangers of weight cycling include sarcopenic obesity
[199] and increased in cardiometabolic risk [252]. The caveat is that at
least when studied in rodents, weight cycling or yo-yo dieting may be
more healthful than no dieting at all [253]. The essential message is that
while repeated “yo yo dieting”may have adverse health effects, attempts
to achieve a healthy body weight should not be avoided for fear of
less-than-optimal results. With regard to addressing the potential causes
of body fat regain, an overall helpful message might be [254]:

Weight loss awakens the body’s defense system in a manner that is
persistent, saturated with redundancies, and well-focused on the objective
of restoring the body’s depleted energy reserves. Successful, long term
weight loss requires recognition of the strength and persistence of these
biological pressures, and a better understanding of how they may be
countered with environmental, behavioral, pharmaceutical, or other in-
terventions. To be effective, interventions aimed at preventing weight regain
will likely need to be as comprehensive, persistent, and redundant as the
biological adaptations they are attempting to counter [255].
3.4.11. MMO #30: drugs should not be used to treat obesity, because
obesity is due to unhealthful diet and lack of exercise and because weight will
only be regained once anti-obesity medications are discontinued. Bariatric
surgery is the “easy way out,” a procedure reserved for patients who are
failures and “cheaters,” and is a procedure too dangerous for everyone else

In the earlier days of treatment for diabetes mellitus, hypertension,
and dyslipidemia, skepticism (if not bias) existed against medication
treatment for diseases thought to be due to unhealthful lifestyle. Earlier
treatments for diabetes mellitus, hypertension, and dyslipidemia were
often poorly tolerated, sometimes unsafe, and did not initially have
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evidence of improved cardiovascular outcomes or mortality [27].
Currently, many treatments for diabetes mellitus, hypertension, and
dyslipidemia are efficacious, generally well tolerated, have proven car-
diovascular and mortality benefits, and represent “standards of care.”
[27].

Today, bias exists against medication treatment for obesity, often
thought to be due to an unhealthful lifestyle. Earlier anti-obesity agents
were often ineffective, poorly tolerated, sometimes unsafe, and had no
evidence of improved cardiovascular outcomes or mortality. Newer
approved and investigational anti-obesity agents are more efficacious,
better tolerated, safer, and may soon have clinical outcomes trial evi-
dence for improved cardiovascular outcomes and perhaps mortality [27].
Regarding need for lifelong treatment for a lifelong disease, the disease of
obesity is no different than other chronic metabolic diseases such as type
2 diabetes mellitus, hypertension, and dyslipidemia. In most cases,
chronic medications are no longer effective in helping to control chronic
diseases if the medications are discontinued (See Fig. 11.). Both
anti-obesity medications and bariatric procedures have proven health
benefits [9,27]. The reasons for the low degree of drug treatment for
obesity and low degree of bariatric surgery (See Fig. 12.) are multifac-
torial, including bias as evidenced by the failure to recognize and treat
obesity as a disease. (See Section 3.1.1)

4. Conclusions

This Obesity Medicine Association (OMA) Clinical Practice Statement
(CPS) on obesity myths, misunderstandings, and/or oversimplifications
is one of a series of OMA CPSs designed to assist clinicians better un-
derstand the physiology and pathophysiology of obesity, as well as the
integration of published OMA CPS. Knowledge of these common issues
obesity may help clinicians and patients improve the management of the
disease of obesity.

Transparency [258]

This manuscript was derived and edited from the 2021 Obesity
Medicine Association (OMA) Obesity Algorithm. Beginning in 2013,



Fig. 11. Obesity, diabetes mellitus, hypertension, and dyslipidemia are all chronic diseases that require chronic treatment. In each case, treatment typically
includes healthful nutrition, routine physical activity, behavior modification, medications, and possibly bariatric surgery. If these chronic metabolic diseases are well-
controlled on medication, then stopping the medication will likely cause the chronic disease to be less well-controlled.

Fig. 12. US percent comparison of patients eligible for antiobesity medi-
cation and bariatric surgery versus those receiving antiobesity medication
and bariatric procedures such as surgical treatment. The total eligible to
receive anti-obesity medication is shown as 100%. The percent of eligible pa-
tients treated with anti-obesity medication is 2% [256]. The total eligible to
receive bariatric surgery is shown as 100%. The percent of eligible patients
treated with bariatric surgery is 1% [257].
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OMA created and maintained an online Adult “Obesity Algorithm” (i.e.,
educational slides and eBook) that underwent yearly updates by OMA
authors and was reviewed and approved annually by the OMA Board of
Trustees. This was followed by a similar Pediatric “Obesity Algorithm,”
with updates approximately every two years by OMA authors. Authors of
prior years’ version of the Obesity Algorithm are included in Supplement
#1.

Group composition

Over the years, the authors of the OMA Obesity Algorithm have
represented a diverse range of clinicians, allied health professionals,
clinical researchers, and academicians. (Supplement #1) The authors
reflect a multidisciplinary and balanced group of experts in obesity sci-
ence, patient evaluation, and clinical treatment.
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Conclusions and recommendations

This Clinical Practice Statement is intended to be an educational tool
that incorporates the current medical science and the clinical experiences
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of obesity specialists. The intent is to better facilitate and improve the
clinical care and management of patients with pre-obesity and obesity.
This Clinical Practice Statement should not be interpreted as “rules” and/
or directives regarding the medical care of an individual patient. The
decision regarding the optimal care of the patient with pre-obesity and
obesity is best reliant upon a patient-centered approach, managed by the
clinician tasked with directing an individual treatment plan that is in the
best interest of the individual patient.

Updating

It is anticipated that sections of this Clinical Practice Statement may
require future updates. The timing of such an update will depend on
decisions made by Obesity Pillars Editorial team, with input from the
OMA members and OMA Board of Trustees.

Disclaimer and limitations

Both the OMA Obesity Algorithms and this Clinical Practice State-
ment were developed to assist health care professionals in providing care
for patients with pre-obesity and obesity based upon the best available
evidence. In areas regarding inconclusive or insufficient scientific evi-
dence, the authors used their professional judgment. This Clinical Prac-
tice Statement is intended to represent the state of obesity medicine at
the time of publication. Thus, this Clinical Practice Statement is not a
substitute for maintaining awareness of emerging new science. Finally,
decisions by practitioners to apply the principles in this Clinical Practice
Statement are best made by considering local resources, individual pa-
tient circumstances, patient agreement, and knowledge of federal, state,
and local laws and guidance.
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