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Obesity is a complex and multifactorial disease
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Obesity is associated with multiple complications
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CVD and risk factors
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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



Natural history of type 2 diabetes

Genetic susceptibility |
Early life events:

Low birth weight
Formula feeding

Compensatory
insulin secretion
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Impaired fasting glucose and glucose intolerance lead to an increased risk for T2DM
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Individuals with obesity and prediabetes are at
17 times greater risk of type 2 diabetes
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Obesity Prediabetes* Obesity and
prediabetes*

Relative risk for T2D vs
healthy individuals

*Prediabetes defined as fasting plasma glucose of 110 mg/dL (6.1 mmol/L) and 2-h plasma glucose less than 140 mg/dL (7.8 mmol/L); impaired glucose
regulation: fasting plasma glucose concentration 110-126 mg/dL (6.1-6.99 mmol/L) and/or 2-h plasma glucose concentration 140-200 mg/dL
(7.8-11.09 mmol/L). RR, relative risk; T2D, type 2 diabetes

Hu et al. Arch Intern Med 2004;164:892—6



Excess weight is a risk factor for type 2 diabetes
(Nurses Health Study)
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Relative risk for diabetes: weight at age 18 and weight gain till 32 years
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Environmental and lifestyle factors
in obesity and diabetes



Sedentary behaviours increase risk of obesity

Independent of age, exercise levels, sedentary behaviours, especially TV watching, were associated with

significantly elevated risk of obesity and type 2 diabetes

Hu FB et al. JAMA 2003;289:1785-91

-

Each 2-hr/day increment in TV watching was
associated with 23% increase in obesity and
14% increase in risk of diabetes

~




Pollutants and risk of diabetes, metabolic syndrome and obesity

iabetologia (2011} 54:1273-1290
Association of Brominated Flame DL 10 00700125.01 121095
[ ] [ ] [ ]
Retardants With Diabetes and Metabolic

Syndrome in the U.S. Population, AR

2003-2004

——— Environmental pollutants and type 2 diabetes: a review
i L gl of mechanisms that can disrupt beta cell function

T. L. M. Hectors « C. Vanparys « K. van der Ven -
G. A. Martens + P. G. Jorens+ L. F. Van Gaal
A. Covaci+ W. De Coen + R. Blust

Lim JS et al. Diabetes Care 2008;31:1802—7; Hectors TL et al. Diabetologia 2011;54:1273-90
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Artificial sweeteners induce glucose
intolerance by altering the gut microbiota
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Sleep restriction and risk of obesity

Sleep duration <5 hours increases risk of obesity

European Journal of Endocrinology (2008) 159 S59-S66 ISSN 0804-4643
Author Year OR (95% Cl)
Chaput JP 2010 | i 2.97 (1.68, 4.34) Sleep and the epidemic of obesity in children and adults
Kobayashi D 2012 _._ 1.50 (1.10, 2.00) Eve Van Cauter' and Kristen L Knutson®
: Departments of ' Medicine, MC1027 and *Health Studies, University of Chicago, 5841 8. Maryland Avenue Chicago, lllinois 60637, USA
Saybn‘o rea C 2013 I . 194 (1 19, 3 . 18) (Correspondence should be addressed to E Van Cauter; Email: eveauteri@medicine. bsd uchicago.edu)
Vgontzas AN 2013 € & ' 1.08 (0.48, 2.41)
Stranges S (female) 2008 JI : 1.05 (0.60, 1.82) You snooze, you lose
Nagai M 2013 E 0.96 (0.59, 1.57) After crunching the numbers on more than 1,000 participants in a study,
! h h hly eight b f sl | ithal
Patel SR 2006 _._ : 1.15(1.04, 1.27) reseanc ers_ﬁ:nund that roughly eight _c-urscu sleep corre a1_:es with a mr
! body mass index, lower levels of ghrelin (a hormone that triggers appetite)
Itani O 2011 .' | 1.20(1.09, 1.32) and higher levels of leptin {a hormaone that signals that the body is full),
ltani O 2011 —i 1.71(1.11, 2.87) HOURS OF SLEEP | BODYMASSINDEX |  LEPTIN | GHREUIN |
Watanabe M (male) 2010 —l 1.91(1.36, 2.67)
Watanabe M (female) 2010 € 5 0.35(0.05, 2.69) increases
Xiao Q (male) 2013 —— 1.45 (1.06, 1.99) 14.9%
Xiao Q (female) 2013 —H 1.37(1.04, 1.79)
Nishiura C (male) 2010 ) i 2.46(1.41,4.31) 1
Overall (I-squared = 66.3%, p=0.000 <> 1.45 (1.25, 1.67) dﬁ;’g’;‘
NOTE: Weights are from randpm effects analysis ? . . )

0.5 1 2 5

Cl, confidence interval; OR, odds ratio
Wu Y et al. Sleep Med 2014;15:1456—62; Van Cauter E & Knutson KL. Eur J Endocrinol 2008;159 Suppl 1:559-66



Mechanisms linking obesity to diabetes, CVD
and NASH



Prevalence of diabetes according to waist & BMI|
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Anti-inflammatory adipokines T Pro-inflammatory adipokines
Adiponectin and SFRP5 Leptin, TNF, IL-6, IL-18, PAI1, resistin
and RBP4
l L Anti-inflammatory adipokines
Protection against inflammation, L
diabetes mellitus and Diabetes mellitus, metabolic
cardiovascular disease [syndmme and cardiovascular disease}

Nature Reviews | Disease Primers

Nat Rev Dis Primers. 2017 Jun 15;3:17034.



A link between obesity, inflammation and cardiovascular disease: the role
of ectopic fat

Visceral adipose

Macrophage recruitment tissue

TNF-ot T ectopic fat

Adiponec‘t&_/

Ectopic fat
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Inflammation

CRP T T PAI-1 ICAMAT ROS T

CRP, c-reactive protein; ICAM-1, intercellular adhesion molecule 1; IL-6, interleukin 6; LDL-ox, oxidised low-density lipoprotein;
MCP-1, monocyte chemoattractant protein 1; NEFA, non-esterified fatty acids; PAI-1, plasminogen activator inhibitor-1;

RBP-4, retinol binding protein 4; ROS, reactive oxygen species; TNF-a, tumor necrosis factor a; VLDL, very low-density lipoprotein
Van Gaal LF et al. Nature 2006;444:875—-80



From NAFLD or NASH to diabetes and CVD
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Anstee QM et al Nat Rev Gastroenterol Hepatol 2013



Intestinal microbiota can alter human cardio-metabolism.

Insulin resistance
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Sarah Vinjé et al. Eur Heart J 2014;35:883-887 Atherosclerosis



Microbial Modification of Bile Acids and Its Metabolic Effect

TGRS in L-cellsf GLP-1 [
FXRin L-cells§ GLP-1

FXR in liver
TGRS in BAT NAFLD

E Insulin m&t':nh,rx FXR in WAT
nergy expenditure Lipid stora
s - Microbial miodifications Q%
& y X of bile acids in the gt AI
: MM%@E@
COIOICION .
@@ Tﬁnsi-namlFmi-rﬂ—cels

TGRS in muscle
Insulin sensitivity § of pancreas
Energy expenditure 4 GLP-1 and insulin secretion
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Trends Endocrinol Metab. 2018 Jan;29(1):31-41



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, non-alcoholic fatty liver disease, NASH, non-alcoholic
steatohepatitis; OSA, obstructive sleep apnoea; T2D, type 2 diabetes

Heymsfield SB & Wadden TA. N EnglJ Med 2017,376:254—66



Can weight loss prevent or even cure diabetes?



What are the effects of weight loss?

Benefits of 5-10% weight loss

L A 4B 2 JB <

Reduction in risk Improvements in Improvements in Improvements in Improvements in Improvements in
of type 2 blood lipid profile3 blood pressure? abnormal NAFLD health-related severity of

diabetes!? liver histology~® quality of life”8 obstructive sleep
apnoea? 10

CV, cardiovascular; NAFLD, non-alcoholic fatty liver disease

1.Van Gaal L et al. Int J Obes 1989;13 Suppl 2:47-9; 2. Knowler WC et al. N Engl J Med 2002;346:393-403; 3. Dattilo AM & Kris-Etherton PM. Am J Clin Nutr 1992;56:320-8; 4. Wing RR et al. Diabetes

Care 2011;34:1481-6; 5. Dixon JB et al. Hepatology 2004,39:1647-54; 6. Patel AA et al. J Clin Gastroenterol 2009;43:970-4; 7. Warkentin LM et al. Obes Rev 2014;15:169-82; 8. Wright F et al. J/ Health Psychol
2013;18:574-86; 9. Foster GD et al. Arch Intern Med 2009;169:1619-26; 10. Kuna ST et al. Sleep 2013;36:641-9; 11. Li G et al. Lancet Diabetes Endocrinol 2014;2:474-80

Reduction in CV
mortality!?




Weight loss can reduce progression to T2D

Lifestyle intervention trials

6 years

\ 58%

% reduced risk of progression from prediabetes to T2D

Finnish DPS12

13 years

DPP/DPPOS34

4 years

39%

58%

10 years

Da Qing>

6 years

34%

51%

20 years

43%

~

Years are duration of trial or follow-up. Data are versus placebo and not directly comparable due to differences in study design

DPP, Diabetes Prevention Programme; DPPOS, Diabetes Prevention Programme Outcomes Study; DPS, Diabetes Prevention Study; T2D, type 2 diabetes

1. Tuomilehto et al. N Engl J Med 2001;344:1343-50; 2. Lindstréom et al. Lancet 2006,368:1673-9; 3. Knowler et al. N Engl J Med 2002;346:393-403; 4. Knowler et al.

Lancet 2009;374:1677-86; 5. Li et al. Lancet 2008;371:1783-9



Look AHEAD: NO cardiovascular benefit, unless ...

Patients with End Point (%)
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Weight-loss responders have improved CV outcomes

A post-hocanalysis of the Look AHEAD randomised clinical trial

Responder: lost at least 10% of their
_ , Favors responders Favors control
bodyweight in the 1%t year of the study

Primary outcome - 21% lower

p=0.034
CV death, non-fatal acute MI, non-fatal stroke,
or admission to hospital for angina
Secondary outcome - 24% lower .
As above plus CABG, carotid endartectomy, PClI, p=0.003

hospitalisation for CHF, peripheral vascular disease,
or total mortality

0,5 0,75 1 1,25 1,5

Hazard ratio

N=4406 participants with T2D to an intensive lifestyle intervention or diabetes support and education

Look AHEAD Research Group. Lancet Diabetes Endocrinol. 2016. [Epub ahead of print]
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Pharmacotherapy helps with adherence to a lifestyle change

1.  Increase the number of patients
responding to lifestyle modification

Obese Class 2
BMI >35 kg/m?

2. Increase the magnitude of the response

3. Increase the duration of the response Obese Class 1

BMI >30 kg/m?

Overweight
BMI >25 kg/m?

Adapted from Lau DCW et al. CMAJ 2007;176:51-513
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Liraglutide 3.0 mg: Weight loss and progression to T2DM
SCALE Obesity and Prediabetes: 3 years

Chaglge in weight (%)

Liraglutide 3.0 mg
Off-drug follow-up

-9.2% !

16 28 40

68 80 92 104 116 128 140
Week

Full analysis set, fasting-visit data only. Line graphs are observed means (£SE).

152160 172

e Placebo

-2.1%

Participants (%)

Off-drug follow-up

12 -

[ 80% risk reduction ] w5 41

10 4

112

0 16 32 48 64 80 96
Week

128 144 160 172

Full analysis set. Numbers in the figure correspond to the accumulated number of
diagnosed participants.

*Derived from the primary Weibull analysis. ETD, estimated treatment difference; LOCF, last observation carried forward; SCALE, Satiety and Clinical Adiposity — Liraglutide Evidence in individuals with and
without diabetes; SE, standard error; T2D, type 2 diabetes; WL, weight loss.

le Roux CW, Van Gaal L et al. Lancet 2017 Apr 8;389(10077):1399-1409.
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Different surgical procedures?
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Reduction of incidence and remission from diabetes in SOS study
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Effect of ‘metabolic’ surgery — a cure for diabetes?
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Effect of ‘metabolic’ surgery by duration
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Reduction of diabetes medication
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Long-Term Mortality After Gastric Bypass Surgery
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Cumulative incidence of diabetic complications after bariatric surgery

Microvascular complications
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Cumulative incidence of diabetic complications by disease duration
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Bariatric surgery vs conventional therapy in Type 2 diabetes
STAMPEDE Trial

RCT: conventional <> Gastric bypass <> Sleeve gastrectomie
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Mechanisms in bariatric surgery:
Gut hormones, diabetes resolution, and weight loss
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Are there weight loss-independent therapeutic effects of upper
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Metabolic (Bariatric and Henry Buchwald* and Jane N. Buchwald”
Nonbariatric) Surgery for Type

2 Diabetes: A Personal

Perspective Review

Diabetes Care 2019;42:331-340 | https.//doi.org/10.2337/dc17-2654

Metabolic surgery can cause amelioration, resolution, and possible cure of type 2
diabetes. Bariatric surgery is metabolic surgery. In the future, there will be
metabolic surgery operations to treat type 2 diabetes that are not focused on
weight loss. These procedures will rely on neurohormonal modulation related
to the gut as well as outside the peritoneal cavity. Metabolic procedures are and
will always be in flux as surgeons seek the safest and most effective operative
modality; there is no enduring gold standard operation. Metabolic bariatric surgery
for type 2 diabetes is more than part of the clinical armamentarium, it is an
invitation to perform basic research and to achieve fundamental scientific
knowledge.



Take home messages

e QObesity and diabetes are closely linked

— Common environmental and lifestyle triggers

— Pathogenetic mechanisms link “diabesity” with NASH, CVD and other common diseases
e Diabetes can be prevented by weight loss
e Diabetes remission can be attained through metabolic surgery

— Mechanisms involved give rise to possible future medical therapies
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