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Life expectancy decreases as BMI increases

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

Data are based on male subjects; n=541,452



Obesity is a complex and multifactorial disease

Badman MK & Flier JS. Science 2005;307:1909–14; US Department of Health and Human Services, 1998. NIH Publication No. 98-4083
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Complex biological, environmental and societal factors 
contributing to obesity



– Causes of lifestyle
– Elements from nutrition
– Lack of physical exercise
– Inherited and genetic factors
– Sleep disturbances and obesity
– Inflammation as cause of obesity
– The gut, microbioma and obesity
– Endocrine disruptors
– Global warming and obesity
– Medication induced obesity

Elements/contributors to the development of obesity



• Independent of age, exercise levels, sedentary behaviours, especially 
TV watching, were associated with significantly elevated risk of 
obesity and type 2 diabetes

Sedentary behaviours increase risk of obesity

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



Astrup A et al.  Copenhagen





Bray et al, Am J Clin Nutr 2004

Soft drink consumption over 40 years





Factors that can influence the chronic positive energy balance
The case of physical inactivity





Heritability of obesity (body mass index)

Slide originally developed by Nick Finer
Börjeson M. Acta Paediatr Scand 1976;65:279–87; Bouchard C & Pérusse L. Annu Rev Nutr 1988;8:259–77
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Genetic factors play a key role in the origin 
of obesity

1. Börjeson M et al. Acta Paediatrics Scand. 1976;65:279–287. 2. Stunkard AJ et al. JAMA. 1986;256:51–54. 

Low BMI concordance 
between 

dizygotic twins1

High BMI concordance 
between 

monozygotic twins1

Twin studies suggest >50% of BMI variation is due to genetic factors1,2



Genes involved in monogenic, oligogenic and   
polygenic obesity

BMI, body mass index
Pigeyre M et al. Clin Sci (Lond) 2016;130:943–86

Polygenic BMI-related genes
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Sleep restriction and risk of obesity

CI, 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:S59–66
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Spiegel K. et al, Lancet 1999

Hormonal (cortisol) changes & sleep

Time (hours) in bed 



GUT HORMONES
Do they play a role in the origine of 

overweight/obesity?

Current Nutrition Reports 2023;12: 66-82



Peripheral signals modulate appetite and 
energy expenditure via hypothalamic neurons 

Effectors
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α-MSH, α-melanocyte stimulating hormone; AgRP, Agouti-related protein; CART, cocaine- and amphetamine-
regulated transcript; GLP-1, glucagon-like peptide-1; MC3/4R, melanocortin 3/4 receptor; NPY, neuropeptide 
Y; OXM, oxyntomodulin; POMC, pro-opiomelanocortin; PP, pancreatic polypeptide; PYY, peptide YY

Adapted from: Badman MK et al. Science 2005;307:1909–14; Seo S et al. Endocr J 2008;55:867–74



• Obesity

• Insulin Resistance/DM

• Hyperphagia

• Low FA oxidation

• High tissue fat

• Lipotoxicity

Leptin deficiency in Humans



Microbiome’s role in development of obesity and MetS

Int J Mol Sci. 2020 Apr; 21(8): 2890.





Toxic environmental factors

• Baillie-Hamilton, P.F. 2002; 8, 185-192

ARE HIDDEN CHEMICALS MAKING YOU FAT AND DIABETIC? 



Endocrine-disrupting chemicals



Malarvannan, Dirinck et al. (2013) Distribution of 
persistent organic pollutants in two different fat 
compartments from obese individuals. Env. 
International

PCB adipose tissue levels
according to AGE & gender

PCB serum levels
according to decade

Dirinck et al. (2016) Endocrine disrupting polychlorinated biphenyls in metabolically healthy and
unhealthy obese subjects before and after weight loss.

Organic pollutants stay in adipose tissue 



Gore et al, Endocrine Reviews 2015





1. Stimson RH, Walker BR. Minerva Endocrinol. 2007;32:141-59. 
2. Sharma AM, et al. Hypertension. 2001;37:250-4. 

3. Tschoner A, et al. Int J Clin Pract. 2007;61:1356-70. 
4. Baptista T. Acta Psychiatr Scand. 1999;100:3-16. 

5. Stricker RB, Goldberg B. Res Virol. 1998;149:123-6.

Hormones

Corticosteroids, 
for example, can 
increase appetite 
leading to weight 

gain and 
especially 

abdominal fat1

Energy metabolism

β-blockers2

Anti-epileptics 
used for diabetic 

neuropathy

Second generation 
antipsychotics

Some can cause 
weight gain and 

increased 
appetite, possibly 
due to the effects
of antipsychotic-
induced hyper-

prolactinaemia on 
gonadal-adrenal 

steroids3,4

Anti-HIV treatments

Some protease 
inhibitors may be 
associated with 

weight gain5

Drug therapies with weight increasing capacity

Verhaegen A & Van Gaal L, J Endocrinol Invest 2017
Summarized in Van Gaal L & Scheen A, Diabetes Care, 2015



Wang S & Ren J, Prog Cardiovasc Dis 2018



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

What are the effects of weight loss?

Benefits of 5–10% weight loss and more …

Reduction in 
CV mortality11

Improvements 
in severity of 
obstructive 

sleep apnoea9,10

Improvements 
in blood lipid 

profile3

Reduction in 
risk of type 2 
diabetes1,2

Improvements 
in health-

related quality 
of life7,8

Improvements 
in blood 

pressure4

Improvements 
in abnormal 
NAFLD liver 
histology5,6



Physiological responses to weight loss favour       
weight regain1,2

ñ Hunger
ñ Desire to eat

Gut

ê GLP-1
ê CCK 
ê PYY
é Ghrelin

Adipose tissue

ê Leptin

Energy 
expenditure

Energy 
intake

1. Schwartz et al. Obes Rev 2010;11:531–47; 2. Sumithran et al. N Engl J Med 2011;365:1597–604

CCK, cholecystokinin; GLP-1, glucagon-like peptide-1; PYY, peptide YY



Thank you!


