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Obesity is a COMPLEX and chronic disease of the subcortical areas of the brain.
Treat the PATIENT and not only the disease

There are no quick fixes - It’s aJOURNEY

Understand and communicate the desired OUTCOMES

A MULTI-DISCIPLINARY approach is key

Keep it SIMPLE

The program should be supported by a dynamic treatment schedule

Liraglutide 3.0 mg of once-daily subcutaneous liraglutide, as an adjunct to diet and exercise, was
associated with clinically meaningful weight loss in individuals with obesity or overweight with
comorbidities.

Liraglutide 3.0 mg was also associated with improvements in glycaemia, cardiometabolic risk
factors and health-related quality of life.



Obesity rates worldwide are increasing
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e with serious implications

Life expectancy Life expectancy
reduced reduced
~3 years 8-10 years

BMI 30-35 kg/m? BMI 40-50 kg/m?

Healthy weight Overweight Obesity Severe obesity
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*Based on a meta-analysis of 57 international prospective studies predominantly based in Europe, the United States, Israel and Australia, including BMI
information for 894,576 adults. BMI, body mass index

Prospective Studies Collaboration. Lancet 2009;373:1083-96



Increasing BMI contributes to death and disability

Deaths in 2015 Disability-adjusted life-yearsin 2015
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on drives atherosclerotic progression

Figure adaptedfrom Libby. Circulation2001;104:365-72.
Zeadin etal. Can J Diabetes 2013;37:345e350.
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Cardiometabolic Medicine: A Call for a New
Subspeciality Training Track in Internal Medicine

Cardiometabolic medicine: time to recognize a new
clinical specialty?
Andrew J. Krentz* and Stephan Jacob”

Cardiovascular
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Excess adiposity leads to major risk factors and common chronic diseases

[ 4 Adiposity ]
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CHD, coronary heart disease; CHF, coronary heart failure; CKD, chronic kidney disease; GERD, gastroesophageal reflux disease; NAFLD, nonalcoholic fatty liver disease;
NASH, nonalcoholic stereohepatitis; OSA, obstructive sleep apnea; T2D, type 2 diabetes. Heymsfield SB, Wadden TA. NEJM 2017;376:254-66
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Exogenous mediators

l

Infectious agents

l

Robust inflammatory response

Fever, TWCC, TTCRP

v

Protective with resolution of
inflammation

Endogenous mediators

l

Tissue stress (smoking, obesity)

l

Low-grade inflammation

l

No fever, normal WCC, slightly TCRP

|

Chronic, low-grade systemic inflammation
(Para-inflammation or Meta-inflammation)




High Homocysteine. ( Low B12/Folate/B6)
Low Cortisol

High Omega 6 and Low Omega 3 rich diets
Micronutrient Deficiencies

Toxins

Insulin Resistance / Diabetes

Gum Disease

Abnormal gut Microbiome

Autonomic Dysfunction

Chronic Infections

Auto-immune Diseases



2 Components

« Systemic inflammation

» Localized inflammation (atherosclerotic plaques)

1.

2.

Systemic Inflammation

- Numerous potential biomarkers of systemic inflammation.

Localized Inflammation
- PET CT and MR
- Intravascular ultrasound




hsCRP
Serum amyloid A

Cytokines
o |L-6
e |L-18
« MCP-1
* TNFa
Adhesion molecules
* Vascular cell adhesion molecule-1 (VCAM-1)
* Intercellular adhesion molecule-1 (ICAM-1)
« E-selection
« P-selection



Pentraxin-3 (acute phase reactant)

Fibrinogen

Apolipoprotein-associated phospholipase A2
Soluble CD40 ligand

Heart, Lung and Circulation 2019;28.667

Most promising to date: high sensitivity CRP (hsCRP)



Assay measures CRP in the range 0.3 - 3 mg/L very accurately.

Measure 2 weeks apart. Take average.
> 2 - 3mg/L increasesrisk.

May be useful to monitor systemic inflammation and can be used to detect
ongoing low-grade systemic inflammation.

If hsCRP > 10 mg/L suggests infection.



The NLR may be a useful indicator of risk.

Widely available.

Normal NLR = 1.76 (0.83 — 3.92). scirepzo1z:12 10566

Primary prevention: NLR > 4.5 predicts future cardiovascular events i cadotzom 7z 300

Secondary prevention
* NLR increasesin patients with acute M. veaacnz0772:5:2
* NLR predicts all-cause mortality in patients with heart failure. cincrimacazos 4852



"Residual cholesterol risk” is present if the target LDL not reached

"Residual inflammatory risk” is the risk of cardiovascular events or death due

primarily to systemic inflammation (hsCRP > 2mg/L).

About 60% of the general population may have a hsCRP concentration

2mg/L and 48%2> 3mMQg/L. the Fases J 2017 31:1787
30% of the US population have a hsCRP concentration =2 3 mg/L.

Some patients may have both cholesterol and inflammatory risk.

Therefore, dual targets, namely LDL cholesterol and inflammation.
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THE CENTRAL NERVOUS SYSTEM




PERIPHERAL NERVOUS SYSTEM
- PERIPHERAL NERVOUS SYSTEM
- AUTONOMIC NERVOUS SYSTEM
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SYMPATHETIC PARASYMPATHETIC

| |

ADRENALIN CORTISOL
NOR ADRENALIN DHEA




TRADITIONALLY = 4 HEART RATE *+ CLASSIC SYMPTOMS

HEART RATE VARIABILITY - Baevsky Theory
- 5 Minute Test

- Non Invasive



754 ms 828 ms 845 ms 730 ms 715 ms

. High HRV is associated with rest-and-digest, general fithess, and good recovery

. Low HRV is associated with fight-or-flight, stress, illness, or overtraining
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Dr. Costa Kapnias - School Wed 29 May 2019 09:56 - Before training

D D G

System Readiness 2 Resting heart rate 61 @ Autonomic balance

Recovery pattern  0.09 Stress 2 @ PSNS ® [ ]

Adaptation reserves 3 SNS [ ] ®
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Globesity



Obesity is recognised as a disease and a health issue

4 ) 4 )
“WOF takes the position that obesity is a chronic, relapsing, I . o - . .
. . P y . psing “Obesity is a progressive chronic disease, similar to diabetes or high
progressive disease process and emphasizes the need for ocC . ) i
) i i ) ) blood pressure, which is characterized by abnormal or excessive fat
immediate action for prevention and control of this global . . . ”
. . accumulation that may impair health
epidemic
- J - J
World Obesity Federation? ObesityCanada3
4 ) 4 )
“AMA recognizes obesity and overweight as a chronic medical y . . . . o
. i i A progressive disease, impacting severely on individuals and
condition (de facto disease state) and urgent public health . L o
= o ) society alike, it is widely acknowledged that obesity is the gateway
problem...and work towards the recognition of obesity intervention ) .
) . o, to many other disease areas...
as an essential medical service...
- J - J
American Medical Association? EuropeanAssociation forthe Study of Obesity*
A ( N
“It is important to the health of the nation that we remove the “We hereby propose a concept for international recognition of a
stigma associated with obesity. It is not a lifestyle choice caused by AOASO pathological state (obesity disease) in which a person suffers health

problems caused by or related to obesity thus making weight loss

clinically desirable and requiring treatment as a disease entity”
) - J

Asia Oceania Association forthe Study of Obesity®

individual greed but a disease caused by health inequalities,
genetic influences and social factors..”

Royal College of Physicians UK®

1. Bray et al. Obes Rev 2017;18:715-723; 2. AMA resolutions. June 2012. Available here (accessed February 2020); 3. Obesity Canada. Available here; 4. EASO: 2015 Milan Declaration: A Call to Action on Obesity.
Available here. Last accessed: June 2019; 5. Royal College of Physicians. Anon. BMJ 2019;364:145; https://www.rcplondon.ac.uk/news/rcp-calls-obesity-be-recognised-disease; 6. AOASO position statement, Nagoya
Declaration 2015. Available here



https://www.ama-assn.org/sites/ama-assn.org/files/corp/media-browser/public/about-ama/councils/Council%20Reports/council-on-science-public-health/a13csaph3.pdf
https://obesitycanada.ca/obesity-in-canada/
https://easo.org/wp-content/uploads/2018/12/EASO-Milan-Declaration-FINAL.pdf
https://www.rcplondon.ac.uk/news/rcp-calls-obesity-be-recognised-disease
http://www.maso.org.my/nagoya_declaration2015_en.pdf

Obesity disease recognition
Results from the ACTION |0 study

68% of PWO 88% of HCPs

recognise obesity as a disease recognise obesity as a disease

prenerenee  AERATAT
L AN PRI

*N-size is less than total due to respondents selecting ‘not sure’ for attributes.
HCP, healthcare professional; PwO, people with obesity.

Caterson et al. Diabetes Obes Metab 2019; 21(8): 1914-1924



Weight loss medications are rarely prescribed for eligible
adults with obesity

Data collected from adults across eight health care organizations (N=2,248,407)

3 -
2 - 2.2
)

27.0-29.9 30.0-34.9 35.0-39.9 240.0

Eligible patients with weight loss medication
prescription (%)

BMI (kg/m?2)

BMI, body mass index

Saxon etal. Obesity (Silver Spring) 2019; 27(12): 1975-1981



Obesity Is associated with multiple comorbidities and complications
Metabolic, mechanical and mental

ZaBA

Sleep apnoea

Depression ,
Te B N CVD and risk factors

Anxiety ; ' - * Stroke

Mechanical e _
* Dyslipidaemia

V> * Hypertension
NAFLD e Coronary artery disease
) & e Coronary heart failure
* Pulmonary embolism

Asthma
Mental

Gallstones

Infertility
* Subfertility Chronic back pain
* hypogonadism (male)

* PCOS T2D

* pregnancy - . Prediabetes
complications

Thrombosis

CVD, cardiovascular disease; NAFLD, non-alcoholic fatty liver disease *Including breast, colorectal, endometrial, oesophageal, kidney, ovarian, pancreatic and prostate; T2D, type 2 diabetes

Cancers*

Physical functioning

Incontinence

Knee osteoarthritis

‘0...‘.~

Adapted from Sharma AM. Obes Rev. 2010;11:808-9; Guh et al. BMC Public Health 2009;9:88; Luppino et al. Arch Gen Psychiatry 2010;67:220-9; Simon et al. Arch Gen Psychiatry 2006;63:824—-30; Church et al. Gastroenterology 2006;130:2023—-30; Li et
al. Prev Med 2010;51:18-23; Hosler. Prev Chronic Dis 2009;6:A48



hypothalamus

CourtesyProf Licio Velloso



Eating Behaviour

Homeostatic
Eating for hunger eating Hedonic = Eating for pleasure
eating

Satiety Hunger - Dopamine
e GLP-1 hreli controls WANTING
* Peptide YY Ghrelin the motivationto eat

* Oxyntomodulin

* Pancreatic
polypeptide

* Amylin Executive

function

Opioid and cannabinoid receptors control
LIKING the pleasure associated with food

Deciding to eat

Behavioural interventions empower
sustainable behaviours
in controlling eating




in in controlling eating

Thoughts

Homeostatic Hedonic
eating eating
‘eating for ‘eating for

hunger’ pleasure’

Executive - - -
function Behavioural interventions

‘deciding to eat’ empower sustainable behaviours in
controlling eating

Feelings ’ \ Behaviour

Vallis et al. Clin Obes 2019;9:€12299 4 >



HOW IS OBESITY DIAGNOSED?




« Why does this patient have obesity?

« How does obesity affect this patient?

« What are the potential barriers to obesity management?

Mental health status can play an
important role in all of these aspects!




(o

\_

Knowledge
Expectations
Self image
Mood
Anxiety
Attention
Sleep
Personality
Addiction

Psychotic
Cognition

Mental

e
N

Education
Employment

Low income

Disability

Life/health insurance
Bariatric furniture/aids
Oversized clothing

Diet products

Weight-loss
programmes

Medications
Surgery

Milieu

Mechanical

Osteoarthritis
Pain
Oesophageal reflux

Obstructive sleep
apnoea

Urinary incontinence
Intertrigo

\

Pseudotumour
cerebri

Lymph-/lip-oedema
Thrombosis
Plantar fasciitis

Hyperkeratosis
plantaris

_

Metabolic

Nutritional
deficiencies

Insulin resistance
Type 2 diabetes
Dyslipidaemia
Hypertension
Gout
Steatohepatosis

\

Gall bladder disease
Polycystic ovaries
Infertility

Cancer

_

Sharma AM. Obes Rev 2010; 11:808-9.



Definition and Classification of Obesity

» Obesity is defined as abnormal International Asian Japanese
or excessive fat accumulation classification? population23 guidelines*
that may impair health

Underweight <18.5
: : >18 -<23

« Body mass index (BMI) provides the Normal range 218.5 - <25 >18.5 - <25
most convenient population-level
measure of overweight and obesity Pre-obesity” >25 - <30 >23 - <25
currently available Obesity 530 o5
~ ™\ Obesityclass | >30-<35 >25-<30

weight (kg) Obesityclass >35-<40 >30 -<35
BMI =
height (m?) Obesity class Ill >40 >35 - <40
N / ,
Obesityclass IV >40

*Previously described as overweight
BMI, body massindex

1. WHO. Eactsheet. Accessed onJune 2019; 2. Misra, A., et al. J Assoc Physicians India2009; 57:163—-70; 3. Stegenga et al. BMJ 2014; 349:g6608; 4. Guidelines for the management of obesity disease 2016 (Japan), issued by JASSO


http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi

e \Waist circumference

helps to screen health
risks of obesity and
overweight

e This risk goes up with
a waist size that is
greater than 35 inches
for women or greater
than 40 inches for men

Classification

BMI (kg/m?)

e as a Measure of Obesity

Disease risk relative to normal weight

Men =40 in (102 cm)

) Men >40 in (102 cm)
Women <35 in (88

Women > 5 in (88 cm)

cm)
Pre-obesity* >25 and <30 Increased High
Obesity
Obesity class | >30 and <35 High Very high
Obesity class I >35 and <40 Very high Very high
Obesity class Il >40 Extremely high Extremely high

* previouslydescribed as overweightaccording to WHO nomenclature

BMI, body massindex

NIH, National Heart, Lung and Blood Institute. https://www.nhlbi.nih.gov/health/educational/lose_wt/risk.htm (accessed on May 2019); WHO. Eactsheet . Accessed on June 2019



https://www.nhlbi.nih.gov/health/educational/lose_wt/risk.htm
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi

Insulin

Body % Fat

Testosterone : Oestrogen (M)
Oestrogen : Progesterone (F)
Testosterone

Body % Muscle

Thyroid

Metabolic Rate



REATMENT STRATEGIES

REGULATION OF APPETITE AND ENERGY INTAKE




Effects of Energy Restriction

[ ) Energy
_ conservation
| Weight
regain
1 Hunger
f Desire to
eat

Energy restriction
‘dieting’ -

Leptin

Satiety

hormones _
Energy

expendltu re

Melby et al. Nutrients 2017; 9(5




Appetite ‘
@
®
f Satiety Hunger ‘

Via neurons in the arcuate nucleus

Arcuate
nucleus

AgRP, Agouti-related peptide; CART, cocaine- and amphetamine-regulated transcript; NPY, neuropeptide Y; POMC, pro-opiomelanocortin
Secher etal. J Clin Invest 2014;124:4473-88; van Can et al. IntJ Obes (Lond) 2014;38:784-93



[Human endogenous GLP-1]

T.,,= ~2 mins

[ Liraglutide ]

97% amino acid homology to human GLP-1;
improved PK: albumin binding through
acylation; heptamer formation

{

Slow absorption from subcutis
Resistant to DPP-4

_ m“ Long plasma half-life

(T,=13 h)

C-16 fatty acid
(palmitoyl)

DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; PK, pharmacokinetics; T,,, plasma half-life
Knudsen et al. J Med Chem 2000;43:1664-9; Degn et al. Diabetes 2004;53:1187-94



Satiety

Arcuate
NPY/ AgRP nucleus

Liraglutide

AgRP, Agouti-related peptide; CART, cocaine- and amphetamine-regulated transcript; NPY, neuropeptide Y; POMC, pro-opiomelanocortin

Secher A et al. J Clin Invest. 2014;124:4473-88; van Can J et al. Int J Obes (Lond). 2014;38:784-93



100 - Satiety 100 - Fullness —e—Liraglutide 3.0 mg

— —e— Placebo
e 80 - 80 -
%)
é 60 - 4 EGO -
c
2 40 - = Ea40
o 20 - 20 A
n
0 T T T T T T T T T T ] 0 T T T T T T T T T T 1
-30 O 30 60 90 120 150 180 210 240 270 300 -30 O 30 60 90 120 150 180 210 240 270 300
100 - Hunger 100 - Prospective food consumption
80 - 80 -
5 =
0 - ]
O E E 60
C \
S Eso - QO 40
I L
20 1 o 0 -
0 ¥ ¥ v v v v B B B B i 0 T T T T T T T T T T 1
30 0 30 60 90 120 150 180 210 240 270 300 30 0 30 60 90 120 150 180 210 240 270 300
Time (min) Time (min)

Appetite ratings were assessed by visual analog scale. Data are presented as mean + standard error. PFC, prospective food consumption
Adapted from:vanCanet al.IntJ Obes 2014,38:784-93



Pharmacological effects of GLP-1RAs

Brain

Pancreas

A Beta-cell function!

V Beta-cell apoptosis!?

A Insulin biosynthesis!

A Glucose-dependent
insulin secretion?

V Glucose-dependent

glucagon secretion!

V Cardiovascular risk?2

WV Fatty acid metabolism3
A Cardiac function3

V Systolic blood pressure3
V Inflammation?

GLP-1RA, glucagon-like peptide-1 receptor agonist
Adapted from Campbell & Drucker. Cell Metab 2013;17:819-37; Pratley & Gilbert. Rev Diabet Stud 2008;5:73-94. Full reference list in slide notes.

Vv Body weight5
Vv Food intake®
A Satiety

Stomach

V Gastricemptying®

Vv Endogenous glucose
productioni?

A Hepaticinsulin
sensitivity10

WV De novo lipogenesisio
WV Lipotoxicity10

V Steatosis!!



The SCALE programme

Satiety and Clinical ~diposity —
Liraglutide “vidence



Efficacy summary across Phase 3a trials

Key efficacy outcomes with liraglutide 3.0 mg

SCALE Obesity and SCALE . 4 SCALE Sleep
Prediabetes!:2 Diabetes3 SCALE Maintenance Apnoea°
-8.0% -6.0% 81% -12.2

change in body weight change in body weight maintained =5% weight events p/h
after 1 year after 56 weeks loss after 1 year vs. 6.1 with placebo

*Following lifestyle intervention induced weight loss of 5% over a 12 week run in period

1. Pi-Sunyer et al. N Engl J Med 2015;373:11-22; 2. le Roux et al. Lancet 2017;389:1399-409; 3. Davies et al. JAMA 2015;314:687-99;
4. Wadden et al. Int J Obes (Lond) 2013;37:1443-51; 5. Blackman et al. IntJ Obes (Lond) 2016;40:1310-19






CASE STUDY - 02/02/21

History Past Medical History
19 year old male AB ITP 2010

Weight gain 40kg over 2 years

Chronic Fatigue

Cravings for sweet + starchy foods

Poor Concentration

Headaches

Social

Parents divorced

Mom diagnosed with Breast Cancer

Dad unemployed and family had financial constrants
Felt despondent and depressed




Examination
BP

Weight
Height

BM|

Investigations
Inflammation:

ANS:

Endocrine;

CASE STUDY - 02/02/21

Grossly Overweight
143/95

131 kg

1,80 m

367

hsCRP 5.1

Reduced HRV
Serve Sympathetic Overdrive




CASE STUDY - ENDOCRINE 02/02/21

TSH

HbA1C

Fasting Insulin

C- Peptide
Vitamin D

Free Testosterone
Vitamin B12

Uric Acid

LDL

3,61
73
335
1,97
16,9
1451
125
0.44
33

(2,1 -10,4)
(0,37 - 1,47)

(170 - 660)
(107 - 418)
(0,2 - 0,43)




hsCRP

5.1

HRV
Pulse
BP

High
102
143/95

TSH

HbA1c

Fasting Insulin

C- Peptide
Vitamin D

Free Testosterone
Vitamin B12

Uric Acid

LDL

3,61
7.3
335
1,97
16,9
1451
125
0.44
3.3



Driving | in
change | obesity



TREATMENT

Allopurinol 100mg daily
Metformin XR 500 mg bd
Liraglutide 3mg

Vitamin B12

Vitamin D3

Diet Anti-Inflammatory diet

Mental Family counselling



Insulin Pre- Early Late
Resistance Diabetes Diabetes Diabetes

DIABETES




Examination

Grossly Overweight

BP 124/70

Weight 93 kg

Height 1,80 m

BMI 26

Investigations

Inflammation: hsCRP 1.4
ANS: Normal HRV

Endocrine:



hsCRP

1.4

HRV
Pulse
BP

Normal
78
124/70

TSH

HbA1c

Fasting Insulin
Free Testosterone
Vitamin B12

Uric Acid

22
5.2
8.1
187
410

041
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4.2 Posology and method of administration

RN N TSI - he starting dose is 0,6 mg once

0.6 mg 1 daily.
4 weeks 1.2 mg 1 * The dose should be increased to
3.0 mg once daily in increments
1.8 mg 1 of 0,6 mg with at least one week
2.4 mg 1 intervals to improve gastro-
_ intestinal tolerability.
Maintenance dose 3mg _
* |f escalation to the next dose
step is not tolerated for two
Treatment with Saxenda®should be discontinued CS)”S@Clﬂt'V,e weeks, consider
after 12 weeks on the 3,0 mg/day dose if a patient discontinuing treatment.
C\?esi;(r)\tt lost at least 5 % of the initial body . Dain doses higher than 3,0 mg

are not recommended.

Information and data obtained from the South African local PI, as approved by the medicines regulatory authority



Adolescents

« Saxenda®can be used as an adjunctto a healthy nutrition and physical activity counselling for weight managementin
adolescent patients from the age of 12 years and above with:

* body weight above 60 kg and
* obesity (BMI corresponding to =30 kg/m? for adults by international cut-off points)*.
* *|OTF BMI cut-off points for obesity by sex between 12—-18 years

(years) 30 kg/m?
- Males Females
“ 26.02 26.67
26.43 27.24
“ 26.84 27.76
13.5 27.25 28.20
“ 27.63 28.57
14.5 27.98 28.87
“ 28.30 29.11
28.60 29.29
“ 28.88 29.43
_ 29.14 29.56
29.41 29.69
*|OTF: International Obesity I 29.70 29.84
Task Force; e 30.00 Key: Green: new section Red text: update



Conclusion

Obesity is a COMPLEX and chronic disease of the subcortical areas of the brain.
Treat the PATIENT and not only the disease

There are no quick fixes - It’s aJOURNEY

Understand and communicate the desired OUTCOMES

A MULTI-DISCIPLINARY approach is key

Keep it SIMPLE

The program should be supported by a dynamic treatment schedule

Liraglutide 3.0 mg of once-daily subcutaneous liraglutide, as an adjunct to diet and exercise, was
associated with clinically meaningful weight loss in individuals with obesity or overweight with
comorbidities.

Liraglutide 3.0 mg was also associated with improvements in glycaemia, cardiometabolic risk
factors and health-related quality of life.



