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A girl with severe obesity
13 yo girl, BMI 36 kg/m?

* HPI: ‘
* Otherwise normal development : Wi
« Started to get "heavy” in 3'd-4th grade ~an

* PMH: none
* Meds: none ‘
* FH: mom had bariatric surgery and doing well after 15+ years
o 5H

* lives with parents and 2 sibs _
- 8th grade, good student Picture for reference
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13 yo girl, BMI 36 kg/m?

¥ 1PE
« 227 Ibs, 5'6", BMI 36.1 (1.39 x 95™ percentile)
* 120/64,P 70
* Normal exam, no acanthosis nigricans, T5

* Labs
 TC 139, HDL 33, LDL 95, TG 55
* HbA1c 6.2%, Glucose 123
« AST 13, ALT 26
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To be continued..

Started flex meal
plan

Down 8lbs in 2
mos; very difficult
50 started
topiramate 75 mg

qd



The Obesity Medicine Association’s Definition of Obesity

“Obesity is defined as a chronic, progressive,
relapsing, and treatable multi-factorial,
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.”
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Why is it important to understand that

obesity is a disease?
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The obesity pandemic

Mean body
mass index
(kg/m?)
=225
22.6-249
25-27.4
27.5-29.9
=30

Not
applicable

Nature Reviews | Discase Primers
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Obesity is a major part of the problem.....
....and a global pandemic in slow motion

g Obesity Estimated global prevalence

240 kg/m? m 2% 111 million adults
l i
235 kg/m? m 6% 333 million adults
| ]
230 kg/m? m 18% 1,025 million adults
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Obesity

93.3 million US adults, 2015-16
31.1% Overweight

42.5% Obesity
9.0% Severe Obesity

https://www.cdc.gov/obesity/data/prevalence-maps.html

Diabetes, 2015

30.3 million people (9.4%)
>29 million projected by 2050

https://www.ahajournals.org/doi/10.1161/circoutcomes.116.003350

Matthew Shane Loop. Circulation: Cardiovascular Quality and Outcomes. Heat Maps
of Hypertension, Diabetes Mellitus, and Smoking in the Continental United States,
Volume: 10, Issue: 1, DOI: (10.1161/CIRCOUTCOMES.116.003350)

https://nccd.cdc.gov/DHDSPAtlas/?state=State

Heart Disease, 2014-16
92.1 million people
Leading cause of death

https://healthmetrics.heart.org/wp-content/uploads/2018/02/
https://www.cdc.gov/dhdsp/data_statistics/fact_sheets/fs_heart_disease.htm
At-A-Glance-Heart-Disease-and-Stroke-Statistics-2018.pdf
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Obesity is a major part of the problem....and a deadly disease:
2.8 million people dying each year as a result of being overweight or obese.

TYPE 2
DIABETES
HYPERTENSION DYSLIPIDEMIA
LIVER = =0 CANCER
DISEASE @ RISK
REPRODUCTIVE MOOD
DISORDERS DISORDERS
HEART
DISEASE
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Obesity as a Disease

Endocrine/lmmune Physical Psychological
Response Response Response

! ! !
/ Adiposopathy \ / Fat Mass Disease \ ( Quality of Life \

- Impaired fasting glucose _Asthma - Isolation from peers

- Metabolic §yndrome - Immobility - Dz-}.creaselin ability to .
: ;mz:t;n;?gnsmncﬂon (i) - Lipomastia par.tu.:llpate in normal childhood
- Early Pube rt); (giris) 9 - Tissue Compression (sleep acgtlvl;tlles bull

apnea, GERD, HTN) - Subject to bullying

- Delayed Puberty (boys) - Lack of social/age

- Tissue Friction (intertrigo)

: g‘:;ilr_,%emia - Stress on weight-bearing aiprqprlc’:;;e r9|9t'9"3h'P3
- Insulin Resistance joints - Bf‘X'ety tl?FlFGJ‘»ISIOTCII

- Type 2 DM - Slipped capital femoral - Binge eating disorder

- Increased uric acid epiphysis, Blount’s disease, - ng_ht leatlng disorder
microalbuminuria ’ scoliosis, osteoarthritis) - Bulimia

- Gynecomastia
thecystitis ) \ / \_ -
fa'_
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Understanding hunger pathways
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The arcuate nucleus (Arc) in the hypothalamus controls

homeostatic signals of feeding

» Nuclei of the Hypothalamus

Paraventricular
nucleus (PVN)
Anterior
commisure
Frontal
cortex
4 v

Suprachiasmatic
nucleus (SCN)
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Lateral
hypothalamus
(LH)

Dorsomedial
hypothalamus (DMH)

Ventromedial
hypothalamus (VMH)

Arcuate nucleus
(Arc)




Arc contains AgRP/NPY and POMC/CART neurons that stimulate
or inhibit food intake

Y1R
@ MC3R
& MC4R
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Agouti-related peptide (AgRP) and
neuropeptide Y (NPY) are
orexigenic

Pro-opiomelanocortin (POMC)
and cocaine and amphetamine-
regulated transcript (CART) are
anorexigenic

Image: Barsch & Schwartz 2002 (adapted)



“I am hungry”

< Y1R
@ MC3R

AgRP binds to melanocortin-4-
< MC4R

receptor (MC4R) and as an inverse
agonist

NPY binds to NPY-1 receptor (Y1R)
and activates it

Arcuate nucleus (Arc)

Faroogi et al. 2003; Krude & Gruters 2000; Krude et al 1998
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<
POMC Deficiency

< YIR ) .
9 MC3R  Adrenal insufficiency
<& MC4R . .

9 iR * Hypopigmentation

Arcuate nucleus (Arc
( ) Image: Barsch & Schwartz 2002 (adapted)
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MC4R Deficiency

Y1R : 8
*\n:cm * Most common monogenic obeS|ty
C4R * /I lean and fat mass

9 U-R
* Tall
* Normal puberty

Faroogi et al. 2003;348(12):1085-1095.
i \J‘.“-‘ L1 rrWEsTERNMlcliIGANUNWERsm

Ve —_ _—

\

! _/\\_-“f ;




Syndromes associated with obesity

Disease

Prader-Willi

Bardet-Biedl (aka.
Laurence-Moon-B-B)

Albright Hereditary
Osteodystrophy (AHO)
(aka.
Pseudohypoparathyroidism

type 1a)
Cohen (aka. Norio, Pepper)

Beckwith-Wiedemann

Fragile X

Alstrom (Alstrom-Hallgren)

Acrocephalopolysyndactyly
type Il (aka. Carpenter)

Gene/Inheritance

15q partial deletion on paternal
chromosome or uniparental
imprinting

BBS genes (14)

Maternal transmission of
epigenetic methylation defect
of GNAS protein

Chrom 8 COH1/VPS13B gene
mutation / autosomal recessive

Chromosome 11 / varied
inheritance and mutation
pattern

CGG trinucleotide repeat on
FMR1 gene on X chromosome

ALMS1 mutation / autosomal
recessive

RAB23 [ autosomal recessive

Omim.org: https://ghr.nlm.nih.gov/; https://rarediseases.info.nih.gov/; Kaur et al. 2017, Obesity: Genetic contribution and pathophysiology/ UptoDate. 2021

Defect

Elevated ghrelin

Impaired cilia

Impaired GNAS intracellular
signaling for multiple hormones

Impaired Golgi apparatus
Accelerated adipogenesis

Excess IGF-2

FMR1 important for synapse
development

(Function of ALMS1 is unknown)

Impaired vesicle trafficking

\e A\ /Jr\issﬁmmmmnunwmsm

Presentation

Cognitive impairment, short stature, hypotonia,
hyperphagia

Cognitive impairment, retinitis pigmentosa, polydactyly,
hypogonadism, short stature, deafness

Pseudohypoparathyroidism, precocious puberty, short
stature, short 4t and 5th metacarpals, cataracts

Psychomotor retardation; hypotonia, prominent incisors,
microcephaly
Truncal adiposity but maybe normal BMI

Macroglossia, omphalocele, port-wine stain,
nephroblastoma, hepatoblastoma, childhood cancers

Cognitive impairment, large ears, large testes, long and
narrow face

Dilated cardiomyopathy, hepatic and renal failure,
neurosensory deficit, male hypogonadism, short stature

Intellectual disability, craniosynostosis, facial dysplasias,
polydactyly, cryptorchidism, hypotonia and failure to thrive
in infancy, prominent central incisors, cardiac failure




Dopamine reward system is abnormal obesity

J, dopamine receptors also
observed in users of cocaine,

alcohol, heroin, and
methamphetamines

?Q " [C-11] raclopride

Unclear if it is a cause or an
effect of obesity

Control Obesity
Fewer dopamine receptor-2 in striatum in obesity

Wang et al. 2001; Karlsson et al 2015; Volkow et al. 2001; Volkow Nat Rev Neurosci 2017;18: 741-752
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Why is it so difficult to lose and maintain weight loss?

Ge
fat mass — Z "Cc?gnitlivBe & S il netic
our body’s defense TN B 27 o
against starvations “Metabolic Brain", | s
p \.,\' "“'-:»‘\\{;{\B s Epigenetic
brain/body defends the \_/ A .
fat mass set point 4 i /T\\ AN
Energy Internal Millieu Nutrient Ene e :
In N : Partitioning g, Imprinted
fat mass set point is ( Ny - A A I
regulated by the brain /Bt,:\ 2 -

Hormones | S ~ ieptin
. i .
_glticagon

Yale sCHOOL OF MEDICINE

Figure Adapted from Zheng & Berthoud et al. Physiology. 2008;23 75-83.
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eHunger

eSatiety

eMeal Size

eMeal Frequency
e|nsulin Sensitivity
e|nsulin Secretion

r WESTERN MICHIGAN UNIVERSITY

Gut Hormones

Cholecystokinin
Gall bladder contraction
Gastrointestinal motility

Pancreatic exocrine
secretion
Secretin

Pancreatic exocrine
secretion

GIP
Incretin activity
Motilin
Gastrointestinal motility

Blle Acids
Amino Acids
FGF19

Ghrelin
Hunger
Growth hormone release
Gastrin
Acid secretion

e
Insulin and glucagon

Glucose homeostasis
Pancreatic polypeptide
Gastric motility
Satiation
Amylin
Glucose homeostasis

Gastric motility

GLP-1
ncretin activity
Satiation
GLP-2
Gastrointestina
motility and growth
Oxyntomodulin
Satiation
Acid secretion
PYY; 34

Satiation

Nature 444, 854-859(14 December 2006)



Neurohormonal Changes Associated with Weight Loss

(6 N\
l Decreased
energy expenditure

Stomach/intestine

y | -
tf({i/ \

> TGhreIin

T Increased

food intake Restoration of
\ fat cell mass

llnsulin

Pancreas

— = lLeptin

Decreased
Fat cell mass fat cell mass

Korner & Aronne, J Clin Invest 111:565-570 (2003)
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GHRELIN - a “hunger”  hormone

Ghrelin is produced mainly in the stomach (gastric fundus)

Ghrelin enhances appetite and food intake, and decreases
insulin sensitivity

Plasma levels of ghrelin are suppressed after a meal

Plasma levels of ghrelin increase after diet-induced weight
loss

Increases levels of counterregulatory hormones: GH, cortisol
and epinephrine




Peptide YY (PYY) - a “satiety” hormone

* PYY is produced in the ileum and colon and is secreted
postprandially in proportion to the calorie content of a meal

* Cleavage of PYY(1-36) produces PYY(3-36)

* Increases satiety

» Delays gastric emptying

* Improves insulin sensitivity

« May decrease ghrelin secretion




GLP-1 Modulates Numerous Functions in Humans

GLP-1: Secreted upon ;(m\;.
. "'_'., 2

the ingestion of food

Promotes satiety and
reduces appetite

Alpha cells:
{ Postprandial
glucagon secretion ,
\
. ]
- —— Liver: «—-~-
4 Glucagon reduces
hepatic glucose output

Beta cells:
Enhances glucose-dependent

insulin secretion (‘ f }
/)

Stomach:

NG /J Py Helps regulate

4 -~ e gastric emptying

Data from Flint A, et al. J Clin Invest. 1998;101:515-520; Data from Larsson H, et al. Acta Physiol Scand. 1997;160:413-422
Data from Nauck MA, et al. Diabetologia. 1996;39:1546-1553; Data from Drucker DJ. Diabetes. 1998;47:159-169




Summary: Gl Peptides

B N 2 5 53 I

Ghrelin Orexigenic Fundus Hippocampus, Less suppressed after a
hypothalamus meal

CCK Anorexigenic. Promotes satiation, not satiety; I-cells in duodenum and Gl, vagus n., P NE Unclear &

slows gastric emptying jejunum; release is stimulated hypothalamus
by fat and protein

GIP Anorexigenic in conjunction with GLP-1. K-cells in duodenum and stimulates insulin release T 4 N post-prandial ™~
Stimulates POMC. Incretin. Slows gastric jejunum; release is stimulated and lipoprotein lipase
emptying by glucose and fat

GLP-1 Anorexigenic. Incretin. Inhibits NPY, stimulates  L-cells in ileum; cleavage Pancreas, gut, brain P NE Less suppressed after a P
POMC, delays gastric emptying, increases product of preproglucagon meal
insulin release

PYY Anorexigenic. Stimulates POMC. Promotes L-cells in colon and rectum Vagus n., hypothalamus ar 4 Less suppressed after a P
satiety, not satiation meal

Amylin Anorexigenic, decreases glucagon, enhances Pancreas B-cells CNS, area postrema P NE P N2
CCK satiation effect

Oxyntomodulin  Anorexigenic L cells; cleavage product of Stomach, CNS, binds to ar N Unknown ar

preproglucagon GLP1R
Insulin Anorexigenic, increases EE, anabolic Pancreas B-cells Hypothalamus qp N ™ post-prandial 1 post-
prandial
Glucagon Anorexigenic. Glycogenolysis, Gluconeogenesis  Pancreas a-cells; cleavage Stimulates insulin release qp Unclear P

product of preproglucagon

and lipoprotein lipase

Murphy & Bloom 2006; Buhmann et al. 2014; Namkoong et al 2017
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Obesity classification in adults

300 ) T 136.1
o SME SRR 5 Classes of BMI
" B Weight status BMI (kg/m?)
] Obese .-~ > ISP
Bl ove AR AR e .
R RRN L AR AP P Underweight <18.5
? 200 : boe By ;ﬂfﬂ%ﬂt/’ 907 % ;
S0 T Nemmd | s [M02 Normal weight 18.5-24.9
= 160 Lo /,//"',_.s/”// “’_‘_,fE!MI18,E»25 N I .
140 - //// //-”/U“gl:rx?gm L 635 Overwe|ght 25.0'29.9
120 L : /// L 544 .
, _f----;/// " Obesity, class | 30.0-34.9
80 T 3.3

Obesity, class Il 35.0-39.9
Obesity, class Il = 40.0

48" 410" 50" 52" 54" 56" 58" 510" 60" 62" 64" 66" 68" 610" 70"
142cm 147 152 157 163 168 173 178 183 188 193 198 203 208213cm
wivi vertexd2 com Height (no shoes) ©2009 Vertexd2 LLC
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Edmonton Obesity Staging
System (EOSS)

co-
morbidity

moderate Stage 3 I

moderate

Stage 4|
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Definitions of pediatric obesity

190 pct of the 95th
180 pct of the 95th
170 pct of the 95th
160 pct of the 95th
150 pct of the 95th
140 pct of the 95th
130 pct of the 95th
120 pct of the 95th
110 pct of the 95th
95th percentile
85th percentile
75th percentile
50th percentile
25th percentile
10th percentile

Kelly AS. Circulation. 2013;128:1689-1712; Gulati A. Pediatrics 2012;130:1136-40

1

1 Definition BMI in adults | Childhood BMI percentile

(kg/m?) (for age and sex)

Normal 18-24.9 5-84.9

Overweight 25-29.9 85-94.9

All Obesity BMI >30 >95

Class 2 35-39.9 >120% of 95%ile

Class 3 >40 >140% of 95%ile

‘ BMI (kg/m2)

~ Legend

Source: BMI table from CDC. Obese BMI curves are calculated as the percent of the 95th percentile. e.q. 150% is 1.5 x 95th.

10

Age (years)

14

16

18

17

20
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