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Prevalence

• Overweight and obesity affects more 
than 70% of the US adult population1

• It is estimated that 93 million Americans 
are affected by obesity specifically2

• More than 9 million adolescents 
(children and teens 6 to 19 years old) 
are affected by excess weight2

• Children who are affected by obesity 
are 70% more likely to continue being 
affected into adulthood2

1. Centers for Disease Control and Prevention. Prevalence of Overweight, Obesity, and Severe Obesity Among Adults Aged 20 and Over: United States, 1960-1962 Through 2017-2018. 
Accessed May 21, 2023. https://www.cdc.gov/nchs/data/hestat/obesity-adult-17-18/obesity-adult.htm. 2. Obesity Action Coalition. Learn About Obesity: Obesity Statistics. Accessed May 21, 2023. 
https://www.obesityaction.org/education-support/learn-about-obesity/obesity-statistics/ 3. Centers for Disease Control and Prevention. Adult Obesity Prevalence Maps. Accessed May 21, 2023. 
https://www.cdc.gov/obesity/data/prevalence-maps.html#downloads

Prevalence of self-reported obesity, 20213
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Definitions

BMI, body mass index.
1. Centers for Disease Control and Prevention. Defining Adult Overweight & Obesity. Accessed May 21, 2023. https://www.cdc.gov/obesity/basics/adult-defining.html 2. Obesity Medicine Association. What Is Obesity? 
Accessed May 21, 2023. https://obesitymedicine.org/what-is-obesity/

Obesity is defined as a body mass index of 30 or higher and overweight is 
defined by a BMI of 25 to 29.9.1

Obesity is a chronic, progressive, relapsing, but treatable 
multifactorial, neurobehavioral 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.2

There are intervention strategies and treatment options to 
manage obesity.
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The Multifactorial Causes of Obesity

• Genetics/epigenetics1,2

• Hormones1

• Psychosocial factors1

• Environmental (socioeconomic, nutrition, lifestyle, stress, sleep)1,2

• Obesogenic medications1

• Other diseases (PCOS, sleep apnea, Prader-Willi Syndrome, insulin 
resistance, thyroid disease, and other genetic/neuroendocrine 
diseases)2

PCOS, polycystic ovarian syndrome.
1. Obesity Medicine Association. Published December 4, 2018. Accessed June 15, 2023. https://obesitymedicine.org/what-is-obesity/ 2. Lin X, Li H. Front Endocrinol (Lausanne). 2021;12:706978. 
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Genetics

Mc4r, melanocortin 4 receptor; POMC, proopiomelanocortin.
1. Gjermeni E, et al. Biomolecules. 2021;11(10):1426. 2. Lin X, Li H. Front Endocrinol (Lausanne). 2021;12:706978. 3. Obesity Medicine Association. Published July 23, 2018. Accessed June 15, 2023. 
https://obesitymedicine.org/obesity-and-genetics/

Research studies on 
twins/families estimate the 
heritability of obesity to be 
40-70%1

A child with one parent with obesity has a 
3-fold higher risk 
of being affected by obesity as an adult2

• If the child has 2 parents with obesity, 
the risk is 10-fold

Rare single-gene mutations lead to severe obesity starting in early childhood (MC4R deficiency, 
Leptin deficiency, and POMC deficiency)3

Most commonly, obesity is polygenic, resulting from multiple genes which can lead to 
increased hunger, reduced satiety, higher calorie intake, increased tendency to be sedentary 
and increased tendency to store body fat2
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Epigenetic Factors

• Epigenetics is defined as the changes in gene expression or 
phenotype without changing DNA sequence
• These changes in gene expression are due to environm ental 

experiences and can go as far back as in utero and childhood

• Environmental influences such as lifestyle (nutrition, physical 
activity, alcohol intake, sleep deprivation), gut microbiota, drugs, 
obesogenic toxins and intrauterine environment are all factors 
that can change gene expression without changing DNA gene 
sequences. This can be passed on to other generations1

• Prenatal, postnatal and intrauterine changes like maternal 
smoking habits, maternal weight, weight gain and blood sugar 
levels during pregnancy all contribute to offspring with increased 
obesity risk2

1. Heymsfield SB, Wadden TA. N Engl J Med. 2017;376(3):254-266. 2. Dhana K, et al. BMJ. 2018;362:k2486. Image from: Trang K, Grant SFA. Rev Endocr Metab Disord. 2023;1-19.
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Genes Affected by Environmental 
Epigenetic Factors

Genes are affected by 
environmental factors through 
epigenetic mechanisms. Genes 
are color-coded by mechanism. 
The genes within each section 
are specific for each factor, and 
genes placed in the middle 
space are common between at 
least two factors.

Trang K, Grant SFA. Rev Endocr Metab Disord. 2023;1-19.
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Psychosocial Factors Attributing to Obesity

Wall MM, et al. Transl Psychiatry. 2019;9(1):16.

• Sociodemographic 
factors
• Gender (women > men)
• Age
• Ethnicity/race/culture
• Educational attainment 

(high school education 
or less)

• Mental illness and 
substance use 
disorders (depression, 
anxiety and eating 
disorders)

• Adverse childhood 
experiences—sexual/ 
physical abuse 
and neglect 
• 50% of people with 

severe obesity 
reported some form of 
emotional neglect 
during childhood
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NOTE: Factors in gray are modeled in the present study.
PTSD, post-traumatic stress disorder; HPA, hypothalamic-pituitary-adrenal axis.
Wall MM, et al. Transl Psychiatry. 2019;9(1):16.

Childhood Factors        ⇢   Adulthood Factors
Psychological challenges:
ADVERSITIES:
• Poverty
• Maltreatment
• Parental death
• Parental separation
• Parental depression/anxiety
• Parental alcohol/drug

M ENTAL AND SUBSTANCE 
USE DISORDERS:
• Depression
• Anxiety
• PTSD
• Alcohol use disorder
• Drug use disorder
• Tobacco use disorder

SOCIAL CHALLENGES:
• Early childrearing
• Did not finish high school

• Psychosocial challenges
• Affect dysregulation
• Energy-balance factors
• Physiological impact on 

HPA axis
Adult Obesity/
Extrem e Obesity

SOCIODEM OGRAPHIC 
FACTORS:
• Gender
• Age
• Ethnicity/race
• Region of country
• US nativity

ENERGY-BALANCE FACTORS:
• Environmental (eg, nutrition access, family norms around eating)
• Behavioral (eg, low physical activity, disordered eating)
• Biological (eg, metabolism)
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Environmental Factors

• Food desert areas are associated with higher rates of obesity across 
geographical regions
• Environments experiencing deprivation, lack of support, disorder/stress, 

or high crime have higher odds of obesity

• The unavoidable marketing to promote obesogenic foods negatively 
impacts behaviors
• The typical Western diet

• Lack of safe places to exercise
• Lack of sleep is also a risk factor for obesity

Lee A, et al. Social and Environmental Factors Influencing Obesity. In: Feingold KR, Anawalt B, Blackman MR, et al., eds. Endotext. South Dartmouth (MA): MDText.com, Inc.; October 12, 2019.

11

© American Academy of PAs. All rights reserved. These materials may not be duplicated without the express written permission of AAPA.

Obesogenic Medications

• Some diabetes therapies: insulin, 
sulfonylureas, TZDs

• Steroid hormones: 
oral, inhaled, contraceptives

• Antihistamines

• Antidepressants/antipsychotics

• Anti-convulsive
• Beta-blockers, ie, metoprolol

TZD, thiazolidinediones; IM, intramuscular; SC, subcutaneous.
Obesity & environment: Obesogens. Published April 15, 2019. Accessed May 22, 2023. https://www.metagenicsinstitute.com/blogs/obesogens-obesity/

Drug classes which m ay have obesogenic properties*
*Not all m edications in each class listed below have been found to 
be obesogenic; rather, som e m edications within each of the 
classes noted here have been found to increase risk of obesity

Insulin IM  or SC/Hypoglycem ic agents/Sulfonylureas
Oral nasal decongestants
Protease inhibitors
Atypical antipsychotics
Anticonvulsants & m ood stabilizers
Horm ones
Antidepressants

Individual m edications shown to have obesogenic properties

Am itriptyline
Atenolol
Carbam azepine
Citalopram
Clozapine
Doxazosin m esylate
Doxepin
Escitalopram
Fluvoxam ine
Gabapentin
Gam m a-hydroxybutyric acid
Leuprolide
Lithium

M etoprolol
M irtazapine
Nateglinide
Nortriptyline
Olanzapine
Paroxetine
Pioglitazone
Propranolol
Quetiapine
Repaglinide
Risperidone
Terazosin
Valproate

12
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More to the Story than Energy Intake 
and Expenditure
• Most people have been taught 

that losing weight is a matter of 
simple math, like calories in and 
calories out

• Experts are learning that this 
decades-old strategy is inaccurate and 
that, in fact, obesity is a multifactorial 
disease, with a complex 
pathophysiology

Calories In Calories Out

Food
Beverages

Body functions
Physical activity
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Role of Adipose Tissue

• Adipose tissue contains a vast variety of cell types1

• Excess caloric intake induces cellular remodeling to accommodate 
demand for triglyceride storage2

• Lack of cellular remodeling can cause cellular stress resulting in 
inflammation and inability to accommodate increased triglyceride 
load2

• Result: systemic ectopic lipid deposition (liver, muscle, pancreas) 
leading to lipotoxicity2

1. Martinez-Santibañez G, et al. Methods Enzymol. 2014;537:17-30. 2. Halberg N, et al. Endocrinol Metab Clin North Am. 2008;37(3):753-768, x-xi. 
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Systemic Effects of Adipose Tissue Dysfunction

TGF-β, tumor growth factor beta; TNF-α, tumor necrosis factor alpha; SAA, serum amyloid A; IL, interleukin; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; SFRP5, secreted frizzled-related 
protein 5.
Su X, Chang D. Clin Chim Acta. 2020;511:243-247.

Normal Adipose Tissue

Dyslipidem iaCardiovascular diseaseNAFLD and NASH

Insulin resistance

Obesity

Dysfunctional Adipose Tissue Pro-Inflammatory Adipokines:
• Leptin

• Resistin

• SAA

• TGF-β

• TNF-α

• IL-6...

Anti-Inflammatory Adipokines:
• Adiponectin

• IL-10

• SFRP5

• Om entin…

Inflam m ation
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Adiposopathy

TGF-β, tumor growth factor beta; TNF-α, tumor necrosis factor alpha; SAA, serum amyloid A; IL, interleukin; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; SFRP5, secreted frizzled-related 
protein 5.
1. Longo M, et al. Int J Mol Sci. 2019;20(9):2358 . 2. Jo J, et al. PLoS Comput Biol. 2009;5(3):e1000324. 3. Bays H, et al. Future Cardiol. 2005;1(1):39-59.

Normal Adipose Tissue

Dyslipidemia

Cardiovascular disease
NAFLD and 
NASH

Insulin 
resistance

Obesity

Dysfunctional Adipose Tissue
Pro-inflammatory adipokines:
• Leptin
• Resistin

• SAA

• TGF-β

• TNF-α
• IL-6...

Anti-inflammatory adipokines:
• Adiponectin
• IL-10

• SFRP5

• Om entin…

Inflammation

Central adiposity is a risk factor in 
establishing m etabolic diseases1

Regional distribution of fat and 
adipocyte m orphology (hypertrophy 

vs. hyperplasia) contribute to obesity-
associated m etabolic abnorm alities2

Chronic low-grade inflam m ation leads 
to adipose tissue dysfunction, 

im pairing adipogenesis and insulin 
sensitivity1
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Obesity and Body Fat Distribution

• The pathology of obesity is closely 
linked with body fat distribution
• Upper body/visceral or ectopic fat 

accumulation is a much better 
predictor of comorbidities such as 
insulin resistance and dyslipidemia 
than total fat1 
• Visceral fat is considered one of the 

“ectopic” fat depots, along with2

• hepatic, 
• intramyocellular, intramuscular, and 
• pericardial fat

1. Longo M, et al. Int J Mol Sci. 2019;20(9):2358. 2. Lim S. Endocrinol Metab (Seoul). 2014;29(1):1-4.

Standard type

Visceral fat obesity Subcutaneous fat obesity

Subcutaneous fatVisceral fat

VISCERAL FAT & SUBCUTANEOUS FAT 

18
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Role of Energy Balance in Body Weight
Molecules Acting on Long-Term Energy Balance

1, Martínez de Morentin PB, López M. PLoS Biol. 2010;8(8):e1000464. 2. Leptin: What it is, function & levels. Cleveland Clinic. Accessed May 25, 2023. https://my.clevelandclinic.org/health/articles/22446-leptin
3. Clément K, et al. Nature. 1998;392(6674):398-401.3. Basolo A, et al. Nutrients. 2021;13(9):3276.

Energy Intake 

Ingestion of:
• Proteins

• Fats

• Carbohydrates

Energy Expenditure 

• Physical activity
• Diet-induced 

therm ogenesis

• Basal m etabolic rate

All energy com es from  consum ed 
food and drink

W hen energy consum ed exceeds 
energy expenditure, 60-80% of 

energy surplus is stored in fat

IN
CR

EA
SE

D
ECR

EA
SE

Body Weight
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CONVENTIONAL M ODEL

Role of Energy Balance in Body Weight

1. Ludwig DS, JAMA Intern Med. Published online 2018. 2. Hafekost K, et al. BMC Med. 2013;11(1):41. 3. Lazzer S, et al. J Endocrinol Invest. 2007;30(1):20-27. 

Overrating
(ubiquitous tasty foods)

↑  Energy intake

↓  Energy 
expenditure

Physical inactivity
(TV, computer, etc.)

↑  Circulating 
m etabolic fuels

(glucose, lipids)

↑  fat storage
(anabolic adipose)

CARBOHYDRATE-INSULIN M ODEL

Hunger

↑  Energy intake

↓  Energy 
expenditure

Resting 
energy 

expenditure

↓  Circulating 
m etabolic fuels

(glucose, lipids)

↑  fat storage
(anabolic adipose)

Muscular 
efficiency

Other dietary 
and non-dietary 

exposure

Fatigue, 
physical 

inactivity

Dietary 
carbohydrate

Other dietary and 
non-dietary exposure

Insulin secretion
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Role of Resting Metabolic Rate in 
Energy Balance
• Humans take in energy through the intake of food and drink and expend 

energy through the resting metabolic rate (RMR)—the thermic effect (TEF) 
of food and physical activity1

• The RMR is the energy expenditure required for maintaining normal body 
functions and homeostasis. The RMR is proportional to body mass, in 
particular fat-free mass1

• The components of energy balance influence each other and serve to 
maintain a constant body mass. For example, when calorie intake is reduced, 
the body responds by both stimulating hunger and reducing the RMR so that 
less energy is expended1

1. Martin CK, et al. Obesity (Silver Spring). 2007;15(12):2964-2973. 2. Martínez de Morentin PB, López M. PLoS Biol. 2010;8(8):e1000464.
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Peripheral and Central Signals 
Controlling Energy Intake
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Appetite Regulation

• The brain is the master regulator of 
food intake
• Appetite is mainly regulated by 

three systems: 
• Agouti-related protein (AGRP) neurons 

that stimulate food intake 
• Neurons in lateral hypothalamus that 

increase food intake
• Neurons in the parabrachial nucleus that 

suppress food intake

Lin X, Li H. Front Endocrinol (Lausanne). 2021;12:706978.

HUNGER

SATIETY

FOOD REWARD
Hedonic
Eating

Homeostatic
Eating

23

© American Academy of PAs. All rights reserved. These materials may not be duplicated without the express written permission of AAPA.

The Role of Hormones 

GIP, gastric inhibitory peptide; CCK, cholecystokinin; OXM, oxyntomodulin; PYY, peptide YY.
1. Cassidy RM, et al. Front Endocrinol (Lausanne). 2017;8:104. 2. Druce MR, et al. Endocrinology. 2004;145(6):2660-2665

INTESTINE

HUNGER

SATIETY

FOOD REWARD
Hedonic
Eating

Homeostatic
Eating

GIP CCK OXM PYY

Satiety HormonesGlucagon-like peptide-1 
is an important appetite-
regulating hormone9GLP-1

24
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The Role of Hormones 

GIP, gastric inhibitory peptide; CCK, cholecystokinin; OXM, oxyntomodulin; PYY, peptide YY; LEP, leptin.
1. Cassidy RM, et al. Front Endocrinol (Lausanne). 2017;8:104. 2. Druce MR, et al. Endocrinology. 2004;145(6):2660-2665

ADIPOSE

INTESTINE

HUNGER

SATIETY

FOOD REWARD
Hedonic
Eating

Homeostatic
Eating

GIP CCK OXM PYY

LEP

Satiety Hormones

Satiety Hormone

Glucagon-like peptide-1 
is an important appetite-
regulating hormone9GLP-1
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The Role of Hormones 

GIP, gastric inhibitory peptide; CCK, cholecystokinin; OXM, oxyntomodulin; PYY, peptide YY; LEP, leptin; AMY, amylin; INS, insulin. 
1. Cassidy RM, et al. Front Endocrinol (Lausanne). 2017;8:104. 2. Druce MR, et al. Endocrinology. 2004;145(6):2660-2665 

ADIPOSE

PANCREAS

INTESTINE

HUNGER

SATIETY

FOOD REWARD
Hedonic
Eating

Homeostatic
Eating

GIP CCK OXM PYY

LEP

AMY INS

Satiety Hormones

Satiety Hormone

Satiety Hormones

Glucagon-like peptide-1 
is an important appetite-
regulating hormone9

GLP-1
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Insulin

• Insulin is secreted by pancreatic β-cells. Its levels are also positively 
correlated with body weight and adipose mass, and they provide a 
negative feedback signal to the central nervous system1

• Like leptin, high levels of insulin result in reduced food intake; 
obesity is characterized by insulin resistance and hyperglycemia2

• According to some studies, increased insulin secretion contributes to 
obesity pathogenesis by stimulating the adipocyte uptake of fatty 
acids and glucose and the caloric storage in form of fat, while 
concomitantly inhibiting lipolysis3

1. Biondi G, et al. Int J Mol Sci. 2022;23(10):5522. 2. Woods SC, et al. Philos Trans R Soc Lond B Biol Sci. 2006;361(1471):1219-1235. 3. Chakrabarti P, et al. Mol Cell Biol. 2013;33(18):3659-3666.
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Biological Effects of Insulin

Information from Murray RK, et al. Harper’s Illustrated Biochemistry. 26th ed. New York, NY: Lange Medical Books/McGraw-Hill; 2003.

Adipose Tissue
↓  Lipolysis

↑  Fat uptake

↑  Lipogenesis

Liver
↓  Gluconeogenesis

↓  Glycogenolysis

↑  Glycogen synthesis

Skeletal Muscle
↑  Glucose uptake

↓  Glycolysis

↑  Glycogen synthesis

↑  Protein synthesis
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ADIPOSE

PANCREAS

The Role of Hormones 

GIP, gastric inhibitory peptide; CCK, cholecystokinin; OXM, oxyntomodulin; PYY, peptide YY; LEP, leptin; AMY, amylin; INS, insulin; GHR, ghrelin.
1. Cassidy RM, et al. Front Endocrinol (Lausanne). 2017;8:104. 2. Druce MR, et al. Endocrinology. 2004;145(6):2660-2665.

INTESTINE

STOM ACH

HUNGER

SATIETY

FOOD REWARD
Hedonic
Eating

Homeostatic
Eating

GIP CCK OXM PYY

LEP

AMY INS

GHR

Satiety Hormones

Satiety Hormone

Satiety Hormones

Hunger Hormone

Glucagon-like peptide-1 
is an important appetite-
regulating hormone9

GLP-1
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Role of Sleep and Stress
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Stress

Obesity

Stigma

Pathways from Stress to Obesity

Tomiyama AJ. Annu Rev Psychol. 2019;70(1):703-718.

Cognition

Physiology

Biochem istry

Behavior
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Stress Obesity
Weight
Stigma

Cognition

Physiology

Biochem istry

Behavior

Role of Stress in Obesity

Tomiyama AJ. Annu Rev Psychol. 2019;70(1):703-718

Interferes with cognitive 
processes such as 
executive function and 
self-regulation

Can affect behavior by 
inducing overeating and 
consumption of foods that 
are high in calories, fat, or 
sugar; by decreasing 
physical activity; and by 
shortening sleep

Can stimulate production of biochemical 
hormones and peptides such as leptin, 
ghrelin, cortisol and neuropeptide Y, reducing 
satiety while increasing hunger and craving

Triggers physiological 
changes in the hypothalamic-
pituitary-adrenal axis, reward 
processing in the brain, and 
possibly the gut microbiome
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Sleep and Obesity

Chaput JP, et al. Nat Rev Endocrinol. 2023;19(2):82-97.
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Short Sleep Can Negatively Impact 
Weight Homeostasis

*When energy intake controlled; opposite effects when energy intake ad libitum.
1. Chaput JP, et al. Nat Rev Endocrinol. 2023;19(2):82-97. 2. Morselli L, et al. Best Pract Res Clin Endocrinol Metab. 2010;24(5):687-702.

• Multiple pathways are likely to 
mediate the adverse effect of sleep 
loss on the risk of obesity. Several of 
these pathways interact with one 
another1 

• Another important mechanism is brain 
glucose utilization, which appears to 
be reduced after sleep deprivation2

INSUFFICIENT SLEEP

Appetite hormones
↑ Ghrelin*
↓ Leptin*

↑ Appetite

Positive energy balance

↑ Energy intake
(especially after dinner)

↑ 24h energy 
expenditure
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How Does Lack of Sleep Affect the 
Human Body?

Chaput JP, et al. Nat Rev Endocrinol. 2023;19(2):8.

Insufficient sleep and circadian misalignment are important metabolic stressors and are associated 
with weight gain and obesity.

Delayed and reduced REM 
phase

Night snack

Reduced sleep performance

Decreased quality of sleep

Increased number of 
awakenings

Disturbed feeling of hunger 
and satiety

↑secretion of ghrelin
↓Leptin secretion

↓sensitivity of the tissue to 
insulin

↑appetite for sweets

↑food intake
↑calorie content of the diet

Brief Sleep

Overweight/obesity
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Metabolic Adaptation
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Metabolic Adaptation

• The physiology of 
weight loss creates 
a tug of war in the 
brain and body

Physiology of Weight Loss. Published June 2022. Accessed May 22, 2023. https://www.rethinkobesity.com/metabolic-adaptation.html

• Metabolic adaptation is the 
body's biological drive to 
regain the body mass that 
was lost
• The body reacts by slowing 

metabolism and altering 
appetite-regulating 
hormones 
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Why Does This Happen?
Two Hypotheses:

CNS, central nervous system.
Martínez-Gómez MG, Roberts BM. Metabolic adaptations to weight loss: A brief review. J Strength Cond Res. 2021;Publish Ahead of Print.

Thrifty Gene 
Hypothesis: 
Several thousand years ago, 
environm ental pressures and 
natural selection would favor 

those who could survive long 
periods of fam ine when food 
was scarce.

Hypothalamic Feeding Center – Adipostat: 
There's an axis between all our organs and CNS that would 
tightly control food intake in the long term .  

• The system  receives afferent signals ranging from  
horm ones (leptin, ghrelin, insulin, etc.) to the gut or 
adipose tissue that would establish a "set-point" of 
energy reserves prim arily in the form  of adipose tissue 
and organ glycogen storage thresholds.

1 2
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As the Body Loses Weight, Metabolic Adaptation 
Occurs by Affecting Hormonal Changes

GLP-1, glucagon-like peptide 1; PYY, peptide YY ; CCK, cholecystokinin.
Physiology of Weight Loss. Published June 2022. Accessed May 22, 2023. https://www.rethinkobesity.com/metabolic-adaptation.html

• Ghrelin

Hunger 
hormone 
increases

• Amylin
• Insulin
• Leptin

Satiety
(fullness) 
hormones 
decrease

• GLP-1
• PYY
• CCK

+
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~15%

Metabolic Adaptation After Weight Loss
Leads to Decreasing the Resting Metabolic Rate and Lowering 
Energy Expenditure

*Data from a two-part study where 20 subjects underwent an 11-week weight-loss program. Results observed after fat mass loss of 15% of baseline.
1. Lam YY, et al. Eur J C!in Nutr. 2017;71(3):318-322. 2. Connolly J, et al. Fam Pract. 1999;16(2):196-201.

20%-30% 10% ~60%-70%

20%-30% 10% ~45%-55%

Physical
activity

Thermic
food effect

Weight loss can reduce the resting metabolic 
rate by ~15%, which consequently 
decreased total energy expenditure*2

Resting metabolic 
rate1
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Difficulties of Long-Term Management

• Dopamine modulates motivation and reward thus dopamine deficiency 
perpetuates pathological eating to compensate for decreased activation 
of dopamine1

• The action of GLP-1 is impaired in people with obesity even in those with normal 
glucose tolerance, resulting in increased gastric emptying and decreased satiety 
signaling2

• Thus, people with obesity have decreased dopamine receptors and decreased 
GLP-1 action and are therefore less satisfied by food, have fewer feelings of 
satiety, and are prone to eat highly caloric food to compensate2

Metabolic Adaptation / Set Point Observation

GLP-1, glucagon-like peptide 1.
1. Wang GJ, et al. Lancet. 2001;357(9253):354-357. 2. Madsbad S. Diabetes Obes Metab. 2014;16(1):9-21.  
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Functional MRI Studies on Obesity

• High-caloric processed foods can trigger the 
addiction center of the brain in people 
affected by obesity

• FMRI studies have demonstrated that 
individuals with obesity exhibit greater BOLD 
response in brain regions implicated in 
motivation, craving, and reward-based 
learning for highly processed foods like pizza, 
chocolate and potato chips  

• Individuals with YFAS 2.0 food addiction also 
show diminished BOLD response to 
minimally processed foods

FMRI, functional magnetic resonance imaging; BOLD, blood-oxygen-level dependent; YFAS 2.0, Yale Food Addiction Scale, version 2.0.
Schulte EM, et al. Physiol Behav. 2019;208(112574):112574.
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Constellation of Factors Associated With 
Long-Term Weight Loss Maintenance in the 
General Population of People With Obesity

Montesi L, et al. Diabetes Metab Syndr Obes. 2016;9:37-46.
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An increase in body fat promotes adipose 
tissue dysfunction and hormone changes that 
result in adverse health and metabolic 
consequences such as fatty liver, insulin 
resistance, cardiovascular disease, 
dyslipidemia, inflammation and joint disease.

Conclusions

Obesity is a multifactorial 
disease attributed to 
genetics, hormones, 
medications and several 
environmental factors. 

Sleep and stress play key roles in obesity management.
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THANK YOU
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