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 Uncovering the Science of Obesity 

 
The etiology of weight gain  

Class Poll 
Fill in the blank with one word.  
You can submit more than one entry.  
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Concept Map 

http://oliakcenter.com/blog/weight-regain-after-weight-loss-surgery/ 

Body weight fluctuation upon dietary interventions 

Set point ? 

Diagram illustrates body weight of rats over time 
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Set point theory 
 

• Set point is individualized  

• Set point may shift 

• At set point, body weight/composition is stable 

• Energy balance is achieved 

Concept of energy balance 

http://drrajivdesaimd.com/wp-content/uploads/2013/07/energy-balance.jpg 

When input equals to output, energy balance is achieved 

Input > output Output > input 
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The energy-balance concept oversimplifies the 

complicity of body weight management because 

numerous intermingling factors determine feeding 

behaviour and energy expenditure. 

We eat to obtain energy from FOOD  

We store unused energy for later needs 
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Silverthorn, 2004 

Storage capacity 

 Glycogen:  glucose need for 1 day 

 Fat unlimited 

Evolution / Natural selection 

 

  Those who stores energy better will 

survive through periods of food scarcity 

http://blogs.kqed.org/lowdown/files/2014/11/2014-

01-08-DroughtSunEarthDrReeseHalter.jpg 
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The ‘Thrifty Gene’ Hypothesis 

James Neel ,  

an American geneticist 

[B]ecause of the scarcity and unpredictability of food in nature, humans 
and other animals have evolved to eat to their physiological limits when 
food is readily available, so that excess energy can be stored in the body 
as a buffer against future food shortages. 

Quote from Pinel JPJ, Assanand S, Lehman DR. Hunger, eating, and health. American Psychologist, 

2000;55:1105–1116, p. 1105; Peters JC, Wyatt HR, Donahoo WT, Hill JO. From instinct to intellect: the challenge 

of maintaining healthy weight in the modern world. Obesity Reviews, 2002;3:69–74, p. 69. 

In 1962, James Neel put forward a novel 

hypothesis to explain the growing 

incidence of diabetes mellitus in the mid-

20th century human population.  

The ‘Thrifty Gene’ Hypothesis 

At periods of famine… 
Thrifty gene 

Efficient fat 
deposition 

Survive at periods 
of starvation 
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The ‘Thrifty Gene’ Hypothesis 

In modern affluent societies… 
Thrifty gene 

Efficient fat 
deposition 

Widespread 
obesity & 
diabetes 

Case Study: The Pima Indians 

The Desert's Perfect Foods 

https://www.youtube.com/watch?v=7OzB0jfiBE8 

"The Pima Indians, who live in Arizona, are 
famous for being fatter and more diabetes 
prone than any other group in the world, 
with the exception only of the Nauru 
islanders of the West Pacific." 

The Pima Paradox The New Yorker, February 2, 
1998 P. 44 

the “thrifty” genes, once an advantage, are now a liability 
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What do you observe ? 

Obesity runs in the family! 

 

Genetic / heredity theory supported ? 

 Teasdale et al. BMJ 300: 1615-1618, 1990. 
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So, if it is just genetic, identify the 

gene responsible should solve the 

obesity problem. 

http://www.edgarcayce.org/are/ancient_mysteries.aspx?id=4144 
http://www.b4fa.org/wp-

content/uploads/2012/06/what-is-a-gene21.png 

versus 

OB mouse and its lean littermate  

Many animal models are being studied such as this ob/ob 

mouse which lacks a protein, leptin (瘦素 /瘦蛋白). 

Body weight can be normalized when leptin is injected back 

into the fat mouse! 

Unfortunately, leptin has limited effect on human obesity.  
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        Single gene defect 

      (monogenic) 

 

     Versus 

 

        Multiple gene defect 

      (polygenic) 

http://www.humanbody.dke-explore.com/clipart/human/image/exp_human097.jpg 

BUT, genetic alone cannot explain the 

escalated prevalence of obesity within 

the past 3 decades 

 

Because the genetic pool could not 

have changed drastically within this 

“short” time frame. 

 

http://www.hs-owl.de/adad/wp-content/uploads/2010/07/cell-mutation1.jpg 
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Gene-environment interactions leading to human obesity 

Arner. Br J Nutr 83: suppl 1: S9-S16, 2000. 

Genetic effect on body weight 

Body 
Weight 

Food 
preference 

Hunger 

Metabolic 
rate Conversion 

of excess 
calories to 
body fat 

And more… 

25 % to 40% of the variability in population body weight can 

be explained by genes, but still, 60% or more of the influence 

can be attributed to the environment (epigenetics). 
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Offspring born from under-nourished and over-nourished 

mothers have higher risk of chronic diseases in adult life  

Epigenetic effect 
Does not involve DNA sequence change  

• Theory that exposures to adverse nutritional & other 
conditions during critical or sensitive periods of growth & 
development can permanently affect body structures & 
functions 

• Changes may predispose individuals to cardiovascular 
disease, type 2 diabetes, hypertension & other disorders in 
later life    

 Fetal-Origins of Adult Disease 

(fetal / developmental programming hypothesis) 
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• Barker’s hypothesis (Thrifty Phenotype) 

under-nutrition in utero  

adult type 2 diabetes  
and the metabolic syndrome 

Association of smallness at 

birth and later adult 

cardiovascular disease 

Small-baby-syndrome 

1. Maternal dietary under-nutrition 

Fetal origins of adult disease 

Impact of famine:  

The Dutch Hungerwinter, 1943-1944 

The siege of Leningrad, 1942 

II. Maternal over-nutrition 

Time, Nov 2010 

 In 2007, 15.6% pregnant female were obese 

 

> 59% women of child-bearing age (20-39 yr) in the U.S.A. (2007-08) were 

overweight or obese (BMI ≥ 25 kg/m2) (Flegal et al. JAMA 303:235-241, 2010)  

 > 50% women who give birth in the U.S.A. are overweight or obese during 

pregnancy (Black et al. Diabetes Care Aug 13, 2012) 
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Nature 467:963-967,2010 

Food, calories, composition and choice 
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The Functions of food 
 

• source of energy 

• source of essential nutrients 

• an interacting media 

• pleasure of eating 

Appetite  is affected by environmental  & 

physiologic factors 

Food is an interacting media  -  

eating creates an excellent environment for conversation (vice versa?) 

Painting: The Banquet of the Gods 

http://www.bridgemanart.com 

http://theoryofawesomeness.blogspot.hk/2012/08/candle-light-dinner.html 
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Why we eat what we eat? 

 

An individual selects foods for a variety of reasons. Whatever 

these reasons may be, food choices influence health.  

 

Some determinants of food choice are: 

•availability 

•convenience 

•cultural / ethnic / religion 

•economy 

•habit 

•health belief 

•nutrition 

•personal preference 

•social interactions 

•taste 

Survey 
 

Pick ONE factor that influences your food choice most 

1. Advertisement 

2. Convenience 

3. Family / relative influence 

4. Nutrition 

5. Packaging / appearance 

6. Peer pressure 

7. Price 

8. Taste/smell 

Go to this link to vote: 
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© 2003 Wadsworth, a division of Thomson Learning, Inc.  Thomson Learning™ is a trademark used herein under license. 

Facial expression to different tastes of a newborn baby 

PLoS One 9(3):e99201, 2014 

https://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwie2rPp28bKAhXKkJQKHRoNCJcQjRwIBw&url=https://supplementous.com/avoiding-sugar-and-salt-start-small-and-achieve-your-weight-goals/&psig=AFQjCNHRIkMnJMqUjy5DkfqIFs3-Lpofbw&ust=1453871488092921
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Trends in Neurosci 30:375-381, 2007 

http://www.brainathlete.com

/tag/bad-brain-food/ 

FEELING GOOD when we EAT 

Eating induces the 

release of 

dopamine, a 

neurotransmitter 

involved in reward 

Is (certain) food addictive? 
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• If obesity is caused by overeating, do people overeat certain 

types of food? 

 

• Does this mean we have appetite for different taste or 

macronutrient? 

 

• Among the 4 tastes, bitter, salty, sour and sweet, which 

ONE do you think we prefer most? 

 

• Of the 3 macronutrients, carbohydrate, fat and protein, 

which ONE do you think we have a crave for? 

Sensory specific appetite/satiety links to obesity? 

Sweetness is strongly preferred 

 

Sugar (carbohydrate) is sweet 

 

Is sugar addictive? 

 “Laboratory rats given a high-sugar diet and then withdrawn from 

sugar experience changes in both behavior and brain chemistry 

similar to those seen during withdrawal from morphine or nicotine.”   

—Princeton University scientists 

Colantuoni et al. Obesity Research 10:478–488, 2002 
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Ahmed et al. Curr Opin Clin Nutr Metab Care 16:434-439, 2013 

Yu et al. Diabetes Metab J 36:391-398, 2012 

Mechanisms regulating appetite are complex and often redundant  

Tissues including  

 Adipose 

 Intestine 

 Liver 

 Pancrease 

 Stomach 

interact with the hunger 

& satiety centres of the 

CNS effecting in the 

regulation of feeding 

behaviour and energy 

balance. 
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Examples of appetite regulatory hormones 

Leptin 

• Discovered by scientists in 

1994.  

• A hormone produced by fat 

cells for regulating appetite.  

• A low leptin level is a signal 

for hunger and increases 

appetite. 

Ghrelin 

• Discovered by scientists in 

1999. 

• A hormone primarily 

produced by stomach.  

• A low ghrelin level is a 

signal for fullness and 

dampens appetite. 

 

 Leptin 

Ghrelin 

Suppresses 
appetite 

Increases 
appetite 

http://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=ZGtvKS-m3jD71M&tbnid=FHjjo8hXQp58EM:&ved=0CAUQjRw&url=http://www.marksdailyapple.com/leptin/&ei=3K_xUrW_POSTiAeup4CIAQ&psig=AFQjCNEnbhrkh2HARUO7fE08zwbKUFvCyw&ust=1391657248431109
http://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiRmLDczsbKAhUIKpQKHTPfDFgQjRwIBw&url=http://www.nutrisealmed.com/enteral-feeding-market/&psig=AFQjCNEYzHuQAy9WP47w2YvbE2oHN8pVTw&ust=1453867960147574
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The non-food factors 

Effect of sleep on leptin & ghrelin levels 

Before Eating 

During Sleeping Sleep Deprivation 

After Eating 

These hormonal changes that occur during sleep are the 
result of an evolutionary process. 



27/1/2016 

23 

“In Western societies, where chronic sleep 

restriction is common and food is widely 

available, changes in appetite regulatory 

hormones with sleep curtailment may 

contribute to obesity.” 
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You snooze, you lose 
Researchers found that ~8 h of sleep correlates with a lower 

BMI, lower ghrelin levels and higher leptin levels. 

http://news.stanford.edu/news/2004/december8/med-sleep-1208.html PNAS 110:5695-5700, 2013 

Increase intake  is an 
adaptive mechanism 
to provide energy 
needed for the 
additional 
wakefulness. But 
intake surpasses the 
need! 

Paradoxically, overweight and obese 

individuals are often accompanied with  

high instead of low leptin! 

 

 

Do you know why? 
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Sainz et al. Metabolism 64:34-46, 2015 

Leptin resistance 

impairs many 

physiological 

functions including 

glucose & lipid 

metabolism, 

intestine nutrient 

absorption and 

feeding behaviour. 

 

Cause of leptin 

resistance is unclear 

but gut bacteria 

may play a role! 

Our gut (mainly colon) is 

inhabited by some 1014 

microorganisms, composed of 

800 - 1,000 species. 

 

Normal individuals would 

have ~ 160 species. 

 

Numerous factors influence 

what species we have in our 

gut. Diet is one of the most 

important determinants of 

microbiota diversity. 

http://static.guim.co.uk/sys-

images/Guardian/Pix/pictures/2013/3/29/1364578652568/Gut-

Bacteria-graphic-001.jpg 
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Tilg et al. Gastroenterol 136:1476-1483, 2009 

Gut microbiome 

signature varies as 

result of diet 

composition and 

body fatness 

Shifts in microbial 

composition may 

induce inflammation 

(gut and adipose 

tissue). Low-grade 

inflammation is a 

characteristic of 

obesity.  

Tehrani et al. Neurogastroenterol & Motil 24:305-311, 2012 

Intestinal inflammation 

could be early stage of 

obesity development.  

 

Microbiome can produce 

inflammation mediators 

that alter gut permeability 

and lead to an array of 

metabolic derangements 

including fat accumulation.  
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Interesting supportive observations 

• Germ-free mice do not get fat on a high-fat Western 

diet 

 

• Transfer of intestinal flora of conventional mice to 

germ-free mice led to increase body fat  

 

• Genetically obese (ob/ob) mice given antibiotics 

experienced body weight reduction. 

 

• Gut microbiome is responsive to weight loss. 

Adolescents achieved weight loss exhibited shift in 

microbial composition  

Infectobesity 
Obesity of 

infectious origin 
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Does common cold play a role in obesity etiology? 

The common cold is actually a viral infectious 

disease of the upper respiratory tract which primarily 

affects the nose.  

 

Well over 200 virus strains are implicated in the 

cause of the common cold and the rhinoviruses are 

the most common. 

 

About 5% common cold is caused by adenovirus 

(with 52 types). Adenovirus 36 infection has been 

linked to obesity. 

Chicken and mice infected with adenovirus 36 had sharply 

increased body weight. 

Adenovirus 36 infect immature adipocytes (fat cells) 

enhance their differentiation into normal fat cells and 

accumulate lipid. 

Leptin expression and secretion are inhibited in infected 

cells that may lead to enhanced appetite. 

Infectobesity – 

Obesity of infectious origin 

Dhurandhar. J Nutr 131:2794S-2797S, 2001 

Hur et al. Life Sci 93:531-535, 2013 
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Any good evidence in humans? 

High BMI or weight gain has 

been associated with serum AD-

36 antibodies. BUT negative 

results also reported. 

 

Higher prevalence of AD-36 

infection in obese children 

(28% vs 10%) 

 

Best evidence is from a twin 

study. AD-36 seropositive twin 

had a significantly higher BMI 

and more body fat than the 

seronegative sibling.    

Atkinson. Int J Pedistr Obes 6 (suppl):2-6, 2011 

Atkinson et al. Int J Pediatr Obes 5:157-160, 2010 

A role for Adenovirus 36 to cause obesity 

remains controversial because 

• Obese individuals have decreased circulating 

natural killer cell (and diminished activity) 

 

• Obesity can alter lung mechanics and augment 

airway resistance,  increase risk of viral infection 

 

• Lacks prospective data 
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BPA is an environmental factor that may play a role 

Bisphenol A (雙酚A,酚甲烷) 
• BPA is a main ingredient of 

polycarbonate, the hard, rigid plastic 
used in some food and water 
containers. 

 

• BPA (99%) enters the body primarily 
through the ingestion of foods and 
liquids that have come into contact with 
BPA-containing materials. 

 

• BPA is a member of the Endocrine 
Disrupter Substance (環境荷爾蒙」又
稱為內分泌干擾素)。 
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“Urinary BPA concentration was significantly 

associated with obesity in… children and adolescents. 

Explanations of the association cannot rule out the 

possibility that obese children ingest food with higher 

BPA content or have greater adipose stores of BPA.” 

Correlation or 
Causation? 

“… significant associations between urinary BPA 

concentrations and obesity were found among 

whites but not among blacks…”  

Trasande et al. JAMA 308:1113-1121, 2012 

 

“… we observed that high urine BPA level was 

associated with overweight among female students 

aged 9-12 years old… but not in male students.” 

“Our study indicated that exposure to high BPA level 

may contribute to childhood obesity.” 
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Public Health Nutr 14:1-17, 2014 

• Of the 18 studies reviewed, 8 found a correlation between urinary 

BPA and BMI but 10 found no relationship 

 

• All studies were cross-sectional and none of the 18 studies were 

considered high quality 

 

• However, the evidence of BPA widespread human exposure could 

not be ignored and the health consequence of BPA exposure should 

be fully evaluated. 

International Development 

Countries that encourage voluntary 
phase out of BPA baby bottles 

Countries that have banned BPA in 
baby bottles 
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Summary 

• Set point of body weight  

• Energy balance – not as simple  

• Biology 

– The 'Thrifty Gene' Hypothesis 

– Epigenetic 

– Appetite mechanisms 

– Sleep deprivation 

– Gut microbiota 

• The Living Environment 

– Infectobesity 

– Bisphenol A 

Self-Reflection 

• Based on what you have learned, has your viewpoint changed? 

Explain.  

• Put down your thoughts at the Moodle Wiki.  

• Sentences in bullet forms will be accepted.  

Is obesity “only” about diet, lifestyle and genetics?  


