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1.1	 �Introduction

One of the paramount changes in human evolution 
was the development of large brain size with a tre-
mendous impact on the nutritional behavior of our 
species. A larger brain demands more food intake 
to keep up with the need of the overall energy bud-
get. This high demand for energy to maintain the 
brain metabolism forced early humans to move 
from a strictly vegetarian diet to more energy-rich 
diet. Changes in nutrient-rich energy diets evolv-
ing from an exclusively vegetarian to an omnivo-
rous diet were among many evolutionary factors 
developed to maintain the high cost of a large 
human brain. Paleontological data indicates that 
fast brain evolution occurred with the appearance 
of Homo erectus 1.8 million years ago, which was 
related to critical changes in diet, body size, and 
foraging behavior. Then, the survival of more 
advanced humans depended on their ability to 
acquire energy for its daily use and storage, which 
was well balanced before the advent of modern 
humans. The energy balance of early humans is 

disrupted today by an excessive food intake, 
processed food, and an increase in sedentary life. 
Obesity pandemic has undoubtedly coincided 
with not only an increase in unhealthy eating hab-
its but also with migratory movements of different 
ethnic communities to dissimilar environmental 
pressures. The heat producing of uncoupling pro-
teins in mitochondria brown adipocyte tissue is 
believed to be a key driver behind the conquest of 
a variety of environments in mammals 65 million 
years ago. This ability to produce and maintain 
heat contributed to the evolution of mammals to 
explore and settle in uninhabitable territories 
throughout the planet by adjusting the thermo-
regulatory response to sharply different environ-
ments. It is also discussed in this chapter several 
early evolutionary hypotheses to explain the 
development of obesity and metabolic syndrome, 
the evolutionary changes from hominoids 20 million 
years ago to industrialized humans, and the effects 
on traits causing profound changes in the evolu-
tion of human nutritional requirements.

1.2	 �Brain Evolution and Changes 
in Human Nutrition

One of the chief characteristics of humans is 
that they are holding big brains, and the evolu-
tion of this large brain size has had significant 
implications for the nutritional biology of our 
species. On average, our brain size as part of the 
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primates group is nearly double from mammals 
of the same body size. Throughout nearly 7 mil-
lion years of evolution, the human brain has 
tripled in size, and the past 2 million years rep-
resents the most significant brain growth. The 
large human brain is energetically expensive 
and uses a more significant proportion of its 
energy budget on brain metabolism as compared 
with other primates with a lower energy budget. 
For example, humans consume 400 more calo-
ries than chimpanzees and 635 more calories 
than gorillas and 820 more calories than orang-
utans. Paleontological data pointed out that a 
rapid brain evolution occurred with the emer-
gence of Homo erectus 1.8 million years ago. 
These posture changes are related to significant 
changes in diet, body size, and hunting behavior 

(Table  1.1). These alterations are dramatic 
enough that separated us from our close rela-
tives, including the great apes or hominids, 
which are a taxonomic family of primates. They 
include seven species in four genera, Pongo, the 
Bornean and Sumatran orangutan; Gorilla, the 
Eastern and Western gorilla; Pan, the common 
chimpanzee and the bonobo; and Homo, the 
human and the near-human ancestors and rela-
tives (e.g., the Neanderthal) (Chatterjee et  al. 
2009). The combination of larger brains, high 
reproductive output with slow childhood growth, 
changes in history of social behavior, and an 
extraordinary longevity separated us far apart 
from other apes (Isler and van Schaik 2012; 
Schuppli et al. 2012; van Schaik et al. 2012; van 
Woerden et  al. 2012). Consistent with these 
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Table 1.1  Evolution from early anthropoid primates to industrialized humans, and their journey through food intake, 
stress and less physical activity transitions through time. Industrial development has altered seven essential nutritional 
traits of ancestral hominin diets: (a) glycemic load, (b) fatty acid composition, (c) micronutrient density, (d) macronutri-
ent composition, (e) sodium-potassium ratio, (f) acid-base balance, and (g) fiber content. From this point forward, the 
changes introduced by modern humans to industrially processed foods associated with less physical activity represented 
the springboard to a deviation of our natural nutritional environment unfamiliar to our genetic repertoire

E. A. Nillni



5

observations, analysis from African human fos-
sils indicates that significant changes in both 
brain size and diet were linked with the rise of 
early members of the genus Homo between 2.0 
and 1.7 millions of years ago. The question that 
arises from these observations was then how 
much energy supply would be needed to main-
tain metabolism in these brains in a steady-state 
status? Changes in nutrient-rich energy diets 
evolving from an exclusively vegetarian to an 
omnivorous diet were among many evolutionary 
factors developed to maintain the high cost of a 
large human brain.

The fact that early genus Homo consumed 
more animal foods was a turning point in provid-
ing elevated levels of essential long-chain poly-
unsaturated fatty acids (docosahexaenoic acid 
and arachidonic acid) highly necessary for brain 
growth. This evolutionary adaptation forced 
humans to use a larger proportion of their resting 
energy budget on brain metabolism separating 
them again from other primates or non-primate 
mammal. One of the key features developed by 
humans was learning to share food, making 
social groups of early humans more resilient, 
spreading their diets, and obtaining more energy 
from rich foods such as meat. Humans also devel-
oped much larger deposits of body fat, which can 
be used to sustain them during periods of food 
scarcity. Also, compare with other primates, 
humans have a relatively small gastrointestinal 
tract and reduced colon allowing for greater 
energy allocation to reproduction and limiting 
the increase in basic metabolic rate. This type of 
adaptation is consistent with a high in energy and 
nutrient intake quickly to digest. Another impor-
tant feature was the improved walking efficiency 
in the evolution of early H. erectus 1.8 million of 
years ago. Evidence also supports an important 
evolutionary adaptive change involving hunting 
and hoarding, which resulted in greater consump-
tion of animal foods and sharing the prey within 
other social groups. Dietary changes to energy-
dense foods and the discovery of cooking (of 
thermal and nonthermal food processing) in 
modern humans successfully increased the net 
energy gained. These were significant contribu-
tors to the evolutionary expansion of the hominin 

energy budget (humans and great apes together 
form a superfamily called hominoids). The genus 
H. erectus appears to develop a rapid rate of a 
bigger part of the central nervous system con-
tained within the cranium and comprising of the 
forebrain (prosencephalon), midbrain (mesen-
cephalon), and hindbrain (rhombencephalon). 
Finally, humans have smaller muscle mass and 
more fat tissue as compared with other primates 
helping to offset the high-energy demands of our 
brains. These high levels of adiposity in humans 
are especially prominent in infants to accommo-
date the growth of their large brains with enough 
supply of stored energy (Pontzer et al. 2016a, b). 
In summary, these evolutionary traits caused pro-
found changes in the evolution of human nutri-
tional requirements (Anton et al. 2014; Cordain 
et al. 2005; Eaton 2006; Garn and Leonard 1989; 
Leonard and Robertson 1992, 1994) separating 
us further apart from other primates in terms of 
distinctive nutritional needs (Leonard 2002; 
Leonard et al. 2007).

Through evolution time, our ancestors ate 
poorly, particularly during climate disadvan-
tages, and they often had vitamin deficiencies, 
food-borne diseases, and neurotoxins. Dirt, grit, 
and fiber constituted a significant part of most 
early diets. With the advent of modern technolo-
gies, these food components diminished. The 
profound changes in the environmental compo-
nents including diet and lifestyle circumstances 
introduced by agriculture and animal husbandry 
approximately 10,000  years ago are too recent 
on an evolutionary time scale for the human 
genome to change. The lack of agreement 
between our ancient genes adjusted to the earlier 
way of nutritional behaviors compared to the 
cultural patterns of contemporary Western life 
created the so-called diseases of modern civiliza-
tions. The evolutionary clash of our ancient 
genome with the nutritional variants of recently 
introduced processed foods may be the cause of 
the established chronic diseases of Western civi-
lization. Food-processing procedures introduced 
during the Neolithic period was considered the 
last part of the Stone Age. The New Stone Age is 
a time limit in the development of human tech-
nology starting about 10,200  BC and ending 
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between 4500 and 2000 BC. In addition, indus-
trial development has essentially altered seven 
essential nutritional traits of ancestral hominin 
diets: (a) glycemic load, (b) fatty acid composi-
tion, (c) micronutrient density, (d) macronutrient 
composition, (e) sodium-potassium ratio, (f) 
acid-base balance, and (g) fiber content. From 
this point forward, the changes introduced by 
modern humans to industrially processed foods 
associated with less physical activity represented 
the springboard to a deviation of our natural 
nutritional environment unfamiliar to our genetic 
repertoire.

1.3	 �Definition of Obesity

As described above, the human genome has 
hardly changed since the emergence of modern 
humans leaving East Africa 70,000  years ago. 
Genetically, humans remain adapted for the foods 
consumed at that time in history. From the records, 
the proposal is that human ancestors obtained 
about 35% of their dietary energy from fats, 35% 
from carbohydrates, and 30% from protein. 
Saturated fats contributed approximately 7.5% 
total energy. Polyunsaturated fat intake was high, 
cholesterol consumption was significant, and car-
bohydrate came from uncultivated fruits and veg-
etables. The latter represented 50% energy 
consumption as compared with the 16% energy 
intake consumed today by Americans. While high 
levels of fruits and vegetables and minimal grain 
consumption constituted the ancestral diet, 
today’s diet is far apart from that regime. Honey 
included 2–3% energy intake as compared with 
the 15% added sugars which contribute to the 
present time. Also, fiber consumption in ancient 
humans was high. Although a significant progress 
was made in understanding ancient human diet, 
nutritionists are still searching for a unifying 
hypothesis on which to build a dietary strategy for 
prevention. Therefore, a better understanding of 
human evolutionary nutritional habits and its 
impact on contemporary nutritional requirements 
could help us with strategies to better define obe-
sity and combat this malady.

Over the last five decades, there has been a 
major widespread of obesity, which is associated 
with many comorbidities or metabolic syndrome, 
mostly in the Western world but reaching now a 
global dimension. The development of these 
chronic diseases in the culture of the west is 
related to high genetic components within differ-
ent populations. As obesity rates soared between 
1980 and 2017, the number of Americans who 
are obese has doubled. In the United States alone, 
70% of the adult population is overweight, and 
36% are obese. There are ~700 million obese 
people worldwide, and another ~2.1 or more bil-
lion who are overweight, according to the World 
Health Organization. There is today a financial 
burden in the United States with obesity-related 
healthcare costs. In 2005 and 2006 alone, 150–
190 billion dollars was spent on obesity-related 
diseases. In 2010, no state had a prevalence of 
obesity less than 20%.

Thirty-six states had occurrence equal to or 
greater than 25%; 12 of these states (Alabama, 
Arkansas, Kentucky, Louisiana, Michigan, 
Mississippi, Missouri, Oklahoma, South 
Carolina, Tennessee, Texas, and West Virginia) 
had prevalence equal to or greater than 30%. The 
estimation is that by the year 2030, healthcare 
costs will increase by more than 50 billion dollars 
annually. There are more obese and overweight 
people on the planet than people suffering from 
malnutrition. In spite of the great progress made 
in the field of energy balance, our understanding 
of some basic mechanisms to combat this malady 
remains unclear. Obesity and its associated medi-
cal complications including type 2 diabetes, car-
diovascular disease, dyslipidemia, mood 
disorders, reproductive disorders, hypertension, 
asthma, and potential for cancer development 
account for more than 300,000 deaths per year in 
the United States. Obesity treatment strategies 
often do not result in adequate, sustained weight 
loss, and the prevalence and severity of obesity in 
the United States and many other countries are 
progressively increasing (Ahima 2005). Current 
treatments include dietary changes, increased 
physical activity, prescription medications, 
weight loss surgery, and behavior modification. 
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Most surgical and pharmacological treatments 
require lifestyle changes to achieve sustained 
weight loss fully. However, dangerous side 
effects may accompany these treatment strate-
gies. In addition, some pharmacotherapies may 
not work in certain individuals. The complexity 
of the obese condition results from the interac-
tion between environmental and predisposing 
genetic factors interacting with each other. 
Specifically, genes operate additively and through 
gene-gene interactions to influence body weight 
(Clement 2005). A more thorough understanding 
of the molecular mechanisms underlying the 
pathogenesis of obesity and regulation of energy 
metabolism is essential for the development of 
effective therapies. Therefore, it is necessary to 
characterize the molecular and behavioral mech-
anisms governing body weight to identify the 
abnormality or impairment in the regulation of 
the metabolic, physiological, and psychological 
mechanisms causing obesity.

One of the major obstacles encountered in the 
United States to combat the obesity prevalence is 
related to the fact that junk foods are the largest 
source of calories in the American diet. They 
include grain-based desserts like cookies, dough-
nuts, granola bars, sugary soda, and fruit juices, 
an excess of pasta and pizza, and pieces of bread 
with high sugar content to name some. What all 
these foods have in common, different from the 
same meals made in the 1950s, is that they are 
mainly the products of seven crops and farm 
foods. They are corn, soybeans, wheat, rice, sor-
ghum, milk, and meat heavily subsidized through 

decades by the federal government, ensuring that 
junk foods are cheap and plentiful. As a matter of 
fact, between 1995 and 2010, the government 
contributed with $170 billion in agricultural sub-
sidies to finance these foods. While many of these 
foods are not innately unhealthy, only a small 
percentage of them are eaten as is (New York 
Times, How the Government Supports Your Junk 
Food Habit, by Anahad O’Connor, July 19, 
2016). All these products are converted to cheap 
foods and additives like corn sweeteners, indus-
trial oils, processed meats, and refined carbohy-
drates. It is quite ironic that on the one hand, the 
government promotes healthy diets (organic 
fruits and vegetables) while at the same time has 
the complicity in supporting the industrial pro-
duction of junk food leaving a very small fraction 
of its subsidies to support the production of fresh 
produce. The result is that taxpayers are paying 
for the privilege of making our country sick 
(Anahad O’Connor, New York Times). The sub-
sidies program was started decades ago in part to 
support struggling farmers and to secure 
America’s food supply. Since 1995 the govern-
ment has provided farmers with close to $300 bil-
lion in agricultural subsidies overall; today the 
grants program no longer helps its original pur-
pose because it continues to give subsidies to 
large producers of grains, corn, sorghum, and oil-
seeds like soybeans instead of small farmers who 
grow fruits, nuts, and vegetables. In summary, we 
created an evolution to self-destruction (Fig. 1.1).

Having described our ancient and modern 
diets, we can now define obesity as a state of 

We have created 
our evolution to health destruction

Hominoidea 20mya         Industrialized Humans

Fig. 1.1  Evolution to self-destruction: The recent sub-
stantial increase in the prevalence of obesity in susceptible 
individuals has been mostly caused by our modern urban 
societies in which demand for physical activity is 

extremely reduced, and highly palatable and relatively 
cheap food is ubiquitously available. Geographic migra-
tions with an adaptive thermogenesis added an additional 
variable to the confounding problem of obesity
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excess adipose tissue mass, which translates into 
excessive body weight and an alteration of energy 
balance (this condition may not be confused with 
a body builder that can develop a remarkable 
overweight state without excessive body fatness). 
Energy balance is defined by the number of calo-
ries consumed versus the amount of energy used 
either via exercise, physical activity, or resting 
metabolism. Energy derived from food intake 
enters the plasma from the intestine and then to 
cells involved in energy consumption. Under nor-
mal conditions, any minor excess is dealt with by 
cells that function in energy storage. When the 
number of calories expended is the same with the 
number of calories consumed, the energy caloric 
balance is neutral, and no change in weight 
occurs. On the other hand when the number of 
calorie intake is greater than a number of calories 
expended, an energy balance disruption occurs 
(positive energy balance), and obesity develops. 
Therefore, obesity occurs as a result of a long-
standing imbalance between energy intake and 
energy expenditure, which is influenced by a very 
complex set of biological pathway systems regu-
lating appetite. We then can say that obesity is a 
“disorder of energy balance.” According to the 
World Health Organization (WHO), obesity is 
classified as class I for a BMI between 30 and 
34.9 kg/m2, class II for a BMI between 35 and 
39.9 kg/m2, and class III for a BMI ≥ 40 kg/m2 
(Obesity: preventing and managing the global 
epidemic 2000). Class I obesity is associated 
with a moderate risk, class II with a high risk, and 
class III with a very high risk of mortality 
(Gonzalez et al. 2007). Anatomically obesity can 
be classified for the prevalence of visceral or sub-
cutaneous deposition of fat. The ratio of waist 
circumference to hip circumference (WHR) is 
used to serve the purpose of defining the degree 
of central (i.e., visceral) vs. peripheral (i.e., sub-
cutaneous) obesity. Visceral adiposity is a major 
risk factor for metabolic syndrome, while subcu-
taneous fat seems to be much more benign and in 
some cases even protective against the develop-
ment of metabolic complications (Jensen 2008). 
The metabolic syndrome can be defined as a 

group of risk factors that increases blood pres-
sure, high blood sugar, excess body fat around 
the waist, abnormal cholesterol, or triglyceride 
levels causing to increase the risk of heart dis-
ease, stroke, and diabetes. To understand the 
imbalance in obesity from the calorie in and calo-
rie out is a complicated matter. While calories 
from food are easy to control, the way calories 
burn represents a different undertaking. It con-
sists mainly of the energy required for the basal 
metabolism of the body, at rest, in the absence of 
external work. That’s called resting energy 
expenditure, which represents 60–70% of the 
total energy expenditure. However, it is highly 
variable from individual to individual. The sec-
ond component is the physical activity that is the 
sum of basal activities of daily living and volun-
tary exercise. The third part of total energy 
expenditure, although small, is diet-induced ther-
mogenesis, which is the energy associated with a 
postprandial rise in metabolic rate to process 
food during digestion, usually amounting about 
10% of calories.

Obesity can also be caused by treating diseases 
with pharmacological treatments including ste-
roids, antipsychotics, some antidepressants, and 
some anti-epileptics but could also be a conse-
quence of some diseases or conditions, including 
polycystic ovary syndrome (PCOS), Cushing’s 
syndrome, hypothyroidism, hypothalamic defects, 
and growth hormone deficiency. Obesity is fre-
quently associated with low androgen levels caus-
ing hypogonadism. Hyperinsulinemia is believed 
to be the primary etiological factor for the devel-
opment of PCOS, but there are other factors 
involved as well such as obesity-induced hyperes-
trogenism and a male pattern adipokine gene 
expression observed in these women. Obesity also 
causes a reduction in growth hormone secretion in 
the pituitary gland. The decrease in growth hor-
mone does not appear to translate into a similar 
reduction in IGF-1. Therefore it is unlikely that 
obesity represents a condition of growth hormone 
deficiency reflected at the tissue level. Both 
growth hormone deficiency and growth hormone 
excess are associated with increase in fat mass.

E. A. Nillni
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1.4	 �Nutritional Balance, 
Metabolic and Hedonic Set 
Point

The survival of all species depends on their abil-
ity to acquire energy for its daily use and storage. 
From an evolutionary standpoint, feeding or 
intake of calories from meal to meal is necessary 
to (a) satisfy nutritional and metabolic require-
ments and (b) prepare for periods of food short-
age during seasonal changes. Energy balance is 
the relationship that exists between energy intake 
(i.e., calories taken from food and drink) and 
energy expenditure (i.e., calories being used for 
our daily energy requirements). Hence, the main-
tenance of this balance is achieved by the integra-
tion of (a) environmental signals (i.e., 
environmental cues steer individuals’ decisions 
concerning food intake and food choice), (b) 
physiological and metabolic signals (i.e., neuro-
hormone, peripheral hormones, nutrient sensors, 
and key organs), (c) genetic makeup (i.e., multi-
ple genetic interactions, epigenetic actions), and 
(d) social and hedonic influences (i.e., the drive 
to eat to obtain pleasure without an energy defi-
cit). When this balance is disrupted, we witness 
either a weight gain or a weight loss. In the case 
of weight gain or positive energy balance, energy 
imbalance is caused by a higher calorie intake 
versus the number of calories burned.

However, defining when energy balance is 
disrupted represents a complex undertaking. For 
example, excessive food intake is likely to be the 
primary cause of positive energy balance (obese 
phenotype) driven by both nonconscious (homeo-
static) and conscious (perceptual, emotional, and 
cognitive) phenomena processed in the brain. 
Functional neuroimaging in a few studies has 
provided evidence of functional differences 
between obese and lean individuals in the brain’s 
response to energy intake (DelParigi et al. 2005a). 
Connecting hyperphagia to actual weight gain 
has proved remarkably difficult (Stunkard et al. 
1999; Tataranni et  al. 2003). The experimental 
evidence connecting the relative contribution 
among people who have differences in energy 
intake, expenditure, and resting metabolic rate or 
due to physical activity to weight gain is limited. 

In addition, food intake and development of obe-
sity involve diet composition (Astrup 1999; 
Astrup et al. 1997), energy density of food (Bell 
and Rolls 2001) (Drewnowski 2003), rate of meal 
consumption, taste preferences (Cooling and 
Blundell 2001), eating behavioral style (Keski-
Rahkonen et  al. 2003), and subphenotypes 
(DelParigi et al. 2005a, b), all of them contribute 
but complicate matters with some contradictory 
results. Within the United States, a significant 
decline in the percentage of energy from fat foods 
during the last two decades has paralleled with a 
massive increase in obesity. Therefore, diets high 
in fat do not seem to be the cause of high preva-
lence in excess body fat in our society, suggesting 
that decreases in fat content will not be the 
answer (Willett and Leibel 2002). The genetics of 
obesity is also partially understood because it is 
not clear whether obesity is caused by a single 
genetic mutation, by multiple allelic defects, and 
which one of those determines susceptibility to 
environmental factors including epigenetic con-
tribution. Epigenetics is defined as a stable heri-
table traits or phenotypes that cannot be explained 
by changes in DNA sequence or changes to the 
genome that do not involve a change in the nucle-
otide sequence. This genetic change means fea-
tures that are “on top of” or “in addition to” the 
traditional genetic basis for inheritance (those are 
shifts in a chromosome that affect gene activity 
and expression) (Pomp and Mohlke 2008). It’s 
hard to predict who will or will not develop obe-
sity in an obesogenic environment. It depends on 
an individual combination of alleles in gene-gene 
interaction and how it reacts with the environ-
ment in a particular way. People who carry only 
one or some of these alleles may still not develop 
obesity because they either lack another allele in 
gene-gene interaction needed or are not exposed 
to the stimulating environment causing gene-
environment interaction. Further clarification 
will be necessary to resolve the controversy that 
exists among genotypes and lifestyle (Holzapfel 
et al. 2010) or anatomical phenotype of obesity 
(Bauer et al. 2009; de Krom et al. 2009).

For quite some time, it has been suggested that 
there are two systems controlling eating behavior 
(Saper et al. 2002). The metabolic system is regu-
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lated by mediators such as leptin and ghrelin, 
neuropeptide Y (NPY), agouti-related peptide 
(AgRP), melanocortins, orexins, and melanin-
concentrating hormone, among the important 
ones. The second one is the hedonic behavior that 
is regulated by taste and reward systems to cer-
tain foods (Fig. 1.2). Hence, one of the common 
questions regarding the epidemic of obesity in 
modern society is whether hedonic feeding over-
comes metabolic feeding. It is well accepted that 
body weight is determined via both mechanisms, 
and recurrence of food consumption above the 
minimum energy requirements to fulfill basic 
metabolism is the hallmark of obesity. Metabolic 
needs drive food intake in response to changes in 
body energy status, which is dictated by the brain 
at the hypothalamic level and responsibly in 
determining the “body weight set point” to main-
tain energy homeostasis at a constant level. This 
programmed set point is regulated by a circuitry 
of neuronal cells in the hypothalamus and other 
specific brain regions. It is controlled mostly by 
leptin, insulin, and ghrelin acting on melanocor-
tin anorectic neurons pro-opiomelanocortin/
cocaine- and amphetamine-regulated transcript 
(POMC/CART) and orectic AgRP/NPY (Kim 
et  al. 2014; Koch et  al. 2015; Waterson and 
Horvath 2015). Another second order of neurons 
located in the lateral hypothalamus (LH) contains 
orexins and melanocyte-concentrating hormone 
(MCH); both peptides are potent stimulators of 
food intake (Ludwig et al. 2001; Flier 2004). The 
ventromedial hypothalamus (VMH), which is 
controlled by leptin through the regulation of 
brain-derived neurotrophic factor (BDNF), also 
regulates energy balance. The paraventricular 
nucleus (PVN) of the hypothalamus contains sev-
eral groups of neurons all involved in energy bal-
ance regulation of corticotropin-releasing 
hormone (CRH) signaling in the PVN which 
increases leptin signaling in the VMH (Gotoh 
et  al. 2005). Hypophysiotropic thyrotropin-
releasing hormone (TRH) neurons expressing the 
leptin receptor (ObRb) are considered as one of 
the primary hypothalamic centers controlling 
food intake and energy homeostasis (Nillni 2010; 
Nillni and Sevarino 1999; Perello et  al. 2006; 
Sanchez et al. 2004; Elmquist et al. 1998; Elias 

et al. 1999). Oxytocin produced in the PVN and 
vasopressin generated in the PVN and supraoptic 
nucleus together with the brain stem interacting 
with glucagon-like peptide-1 (GLP-1), cholecys-
tokinin (CCK), serotonin, and melanocortin (see 
full description in Chap. 2) are all involved in the 
energy balance regulation (Fig.  1.3, Chap. 2). 
The metabolic body weight set point is geneti-
cally regulated, but exposure to a constant obeso-
genic environment may provoke allostatic 
adaptation and upward drift of the set point, lead-
ing to a new body weight set point of higher 
maintained body weight. However, an elevated 
body weight set point may also be achieved with-
out changes in the metabolic homeostasis, but 
rather a sustained hedonic overeating is driven by 
the rewarding property of palatable foods, which 
is primarily controlled by the mesolimbic reward 
system and dopamine signaling (Rui 2013). The 
amygdala, prefrontal cortex, and ventral striatum 
(including the core and shell of the nucleus 
accumbens) are the networks linking hedonic 
effect. The reward system of the brain can over-
ride homeostatic metabolic signals. These two 
different response systems are heavily entangled 
(Murray et al. 2014). Therefore, research labora-
tories continue to search the contributive factors 
involved in homeostatic and hedonic mecha-
nisms related to eating behavior. The peripheral 
hormones leptin, ghrelin, and insulin play a 
major role in food reward as demonstrated in 
studies done in laboratory animals and humans, 
which show relationships between hyperphagia 
and neural pathways involved in reward. These 
results have provoked questions pertaining the 
possibility of addictive-like features in food 
consumption.

From the hedonic side, dopamine depletion 
drastically impairs feeding and causes starvation 
in animals. Metabolic hormones including ghre-
lin and leptin can stimulate on ventral tegmental 
area midbrain dopamine neurons to affect feed-
ing. This area is the origin of mesolimbic dopa-
mine neurons that project to the nucleus 
accumbens (NAc) that in turn influences behav-
ior. Therefore, peripheral hormones affecting the 
hypothalamus can also affect feeding behavior 
via action on the midbrain circuits (Narayanan 
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Fig. 1.2  Metabolic and hedonic obesity altering the body 
weight set point: The hypothalamus and brain stem interact-
ing with peripheral organs and tissues are the homeostatic 
regulators of the body weight set point. Chronic deviation 
of body weight from its original set point provokes a com-
pensatory increase or decrease in food intake (cumulative 
over an extended period) and energy expenditure (both rest-
ing and non-resting) in opposite direction to restore the 
original body weight set point. However, metabolic obesity, 
as defined by Yu and colleagues (Yu et al. 2015) results from 

an elevation of the metabolic set point characterized by an 
elevated body weight which is metabolically protected as a 
new normal body weight set point. Hedonic consumption, 
on the other hand, is ruled by the reward dopamine system 
to gratify the need of pleasure independent of the metabolic 
set point. Deviation of the reward system may lead to 
hedonic overeating in susceptible individuals (drifty geno-
type) leading to continued weight gain above the metabolic 
set point weight (hedonic obesity). (Figure reproduced with 
permission from Yu et al. (2015))
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et  al. 2010). One potential hub for the hedonic 
behavior is the lateral hypothalamus LH, also 
called “feeding center.” Lesion in this region sup-
presses eating and causes weight loss (Delgado 
and Anand 1953), while electrical stimulation 
causes insatiable feeding (Delgado and Anand 
1953). The LH stimulation is rewarding and leads 
to self-stimulation in animals (Olds and Milner 
1954). The LH is one of the evolutionary oldest 
parts of the brain, and groundbreaking work of 
physiologists and psychologists from the middle 
of the last century demonstrated that the hypo-
thalamus is essential for the control of motivated 
behaviors. The LH integrates large amounts of 
information and arranges adaptive responses 
including energy homeostasis by receiving meta-

bolic state information through both neural and 
humoral routes and having direct access to behav-
ioral, autonomic, and endocrine effector 
pathways.

Optogenetic (the combination of genetics and 
optics to control well-defined events within spe-
cific cells of living tissue) experiments further 
demonstrated the critical roles of the LH in 
behavior (Stuber and Wise 2016) (Berthoud and 
Munzberg 2011). The LH receives numerous 
inputs from reward-processing centers such as 
medial prefrontal cortex (mPFC), nucleus accum-
bens (NAc), bed nucleus of the stria terminalis 
(BNST), and dorsal raphe (DR). The LH likely 
integrates the hedonic and metabolic signals for 
eating. From the metabolic side, the anorexigenic 
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oversupply of energy-dense foods. Figure reproduced with 
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homeostasis through a number of hormonal and neural 
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hormone leptin can suppress the reward value of 
palatable food (Hommel et al. 2006). The pres-
ence of ObRB in ventral tegmental area (dopa-
mine neurons) is critical for feeding behavior 
providing direct evidence of peripheral metabolic 
signals affecting dopamine activity. On the other 
hand, the hunger hormone ghrelin potentiates the 
hedonic response (Malik et al. 2008) by favoring 
food consumption and enhancing the hedonic 
and incentive responses to food-related cues. 
When an excess of weight is due to elevation of 
the metabolic set point, energy expenditure is 
supposed to fall onto the standard energy mass 
regression line. In contrast, when a steady-state 
weight is above the metabolic set point due to 
hedonic overeating, a persistent compensatory 
increase in energy expenditure per unit metabolic 
mass may be demonstrable (Fig. 1.2). Recognition 
of the two types of obesity origin may trigger to 
more effective treatment and prevention of obe-
sity. In humans, the hedonic consumption of 
high-calorie food is a major driver for obesity 
(Volkow and Wise 2005). Similar to drugs food 
activates a common dopamine brain reward cir-
cuitry. Addiction and obesity result in habits that 
persist and strengthen despite the threat of cata-
strophic consequences. Feeding above the meta-
bolic needs and drug use habits are imprinted 
behavioral preferences that reinforce properties 
of great and repetitive rewards. Palatable sugary 
foods raise glucose concentration in the blood 
and brain, and drugs with pharmacological agents 
activate the same brain reward circuitry. The 
magnitude and duration of increases in dopamine 
induced by either excess of food or drugs in the 
nucleus accumbens to maintain the level demand 
are an intensive target of an investigation. While 
hedonic and metabolic mechanisms are working 
together at any given time or any given individ-
ual, derangement in either or both may lead to 
obesity. Therefore, it should be taken into account 
for the management of obesity and treatment 
modalities whether the target is behavioral 
changes in the case of hedonic obesity or those 
related to changes in body weight set point 
because of metabolic obesity. Identification of 
the neural bases separating these two systems at 
the molecular, cellular, and neuron-neuron inter-

action is key to understand how they are coordi-
nated, and dysregulated, under healthy and 
obesogenic conditions (Yu et al. 2015).

We could argue that an energy-dense diet, 
high in saturated fat and sugar, should cause 
weight gain and increased adiposity but can be 
easily reversed by a more natural regimen of 
foods and lower calorie intake. However, it 
appears that these high-calorie diets, maintained 
long term, cause a profound change in the energy 
balance set point not so easy to reverse, particu-
larly for those individuals who pass the 30 BMI 
mark. Diets containing long-chain saturated fats 
result in metabolic dysfunction with increased 
adiposity and body weight that are protected, so 
any subsequent weight loss through calorie 
restriction is difficult to maintain. The profound 
changes observed in the energy balance con-
trolled by the hypothalamus result in the loss of 
central leptin and insulin sensitivity, which per-
petuates the development of both obesity and 
peripheral insulin insensitivity. This hypotha-
lamic dysfunction causes changes in the set point 
between energy intake and energy expenditure, 
which is protected by the brain at any cost. 
Continuous ingestion of an excess of high-calorie 
diet induces hypothalamic dysfunction, which 
includes an increase of oxidative stress; chronic 
atypical neuronal inflammation; endoplasmic 
reticulum (ER) stress; lipid metabolism; changes 
in neuronal cellular death, called apoptosis; neu-
ronal rewiring; or neuronal and synaptic plastic-
ity (see Chap. 4). All these hypothalamic changes 
induced by a high-calorie diet linked to inflam-
mation increase the development of obesity. 
Although obesity is a consequence of the modern 
lifestyle society and other evolutionary and 
genetic factors, in my view, it is not a disease per 
se, a condition that over time leads to severe side 
effects including a range of metabolic diseases as 
depicted above. These diseases have increased in 
gigantic proportions in the United States and 
lesser degree in other countries, with no reversal 
despite educational programs and treatment 
options. These unsuccessful strategies are a con-
sequence of a lack of knowledge about the pre-
cise pathology and etiology of metabolic 
disorders. Different independent studies had 
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demonstrated that obesity has a strong genetic 
component when predisposed individuals are liv-
ing in an obesogenic environment (Sorensen 
et  al. 1989), signifying a potential gene-
environment interaction (Speakman 2006). The 
most accepted model by different scientists is 
that obesity and its consequences are a result of a 
gene-environment interplay, an ancient genetic 
evolutionary selection to store fat efficiently that 
is poorly adapted to modern times. Interestingly, 
certain human populations are susceptible to obe-
sity and metabolic syndrome (Caballero 2007), 
whereas others appear resistant to the forces 
inducing obesity (Beck-Nielsen 1999) (Neel 
1962). Much emphasis has been placed on indi-
viduals and geographic populations suggesting 
that evolutionary traits play a key role in obesity 
and metabolic syndrome.

1.5	 �Evolutionary Traits

The high prevalence of obesity is seemingly a 
detrimental condition inconsistent with the evo-
lutionary progress of all species including 
humans in their adaptation journey to new envi-
ronments. Several early evolutionary hypotheses 
have been proposed to explain the development 
of obesity and metabolic syndrome. In 1962, 
James Neel introduced the first evolutionary 
explanation for the modern obesity epidemic that 
is founded on the notion that the development of 
diabetes or obesity is an adaptive trait incompat-
ible with modern lifestyles. Neel’s “thrifty gene” 
hypothesis proposes that genes enable humans to 
efficiently collect and process food to store fat 
during periods of food abundance to save for 
times of food shortage. It would be advantageous 
for hunter-gatherer populations and childbearing 
women. Therefore, more obese individuals carry-
ing the thrifty genes will better survive times of 
food shortage. Contrarily to this paradigm, in 
modern societies where the abundance of food is 
the norm, this genotype resulted on an incongru-
ity between the environment in which the brain 
evolved and today’s environment with wide-
spread of chronic obesity and diabetes. In that 
sense, this hypothesis represents a regression and 

inadequate in modern times as compared to our 
ancestors who undergone positive selection for 
genes that favored energy storage, a consequence 
of the cyclical episodes of famine and surplus 
after the advent of farming 10,000  years ago 
(Neel 1962, 1999). This hypothesis is based on 
the assumption that during human evolution, 
humans were always subjected to periods of feast 
and famine, favoring individuals who had more 
capacity for energy stores. This evolutionary trait 
allowed people more likely to survive and pro-
duce more offspring. In other words, evolution 
acted to select those genes in individuals who 
possessed high efficiency at storing fat during 
times of plenty.

However, in the modern environment, this 
genetic predisposition, which prepares us for a 
famine stage that never comes, an epidemic of 
obesity and diabetes with their induced maladies, 
made our society ill. We now know the genes 
determine the propensity for obesity or lack 
thereof. The dominance of obesity in modern 
human societies has two contributory compo-
nents: a) an environmental change in the industri-
alized society that has happened around hundred 
years ago and a genetic predisposition that has its 
origins in our evolutionary history 2 million years 
ago. Around 70 percent of the variation among 
people in their amount of body fat is justified by 
inherited differences constructed into our genetic 
makeup and passed to next consecutive genera-
tions. According to the thrifty gene hypothesis, it 
was advantageous for early humans letting them 
store fat in times of plenty and survive in times of 
food scarcity. What could this hypothesis not 
explain in modern times is why isn’t everyone 
fat? John Speakman from Aberdeen University 
showed evidence that supporting the famine 
hypothesis has fundamental flaws, and he has 
come up with an alternative theory, nicknamed 
the “drifty gene” hypothesis or “predation release 
hypothesis.” To start, Speakman argues that fam-
ines weren’t a real threat before the advent of 
farming around 15,000  years ago. He suggests 
that there was not sufficient differential impact 
on survival of the lean and obese to cause such a 
powerful selective effect (most human popula-
tions have only experienced at most 100 famine 
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events in their evolutionary history). Also, fam-
ines involve increases in total mortality that only 
rarely exceeded 10% of the population, and peo-
ple in famines die of disease rather than starva-
tion. He proposes that modern human distribution 
of obesity stems from a genetic drift in genes 
encoding the system that regulates metabolism 
controlling our body fatness. This drift may have 
started around 2 million years ago during the 
Paleolithic stage or Old Stone Age where our 
ancestors developed newer abilities to avoid 
being preyed upon, developing of cooking, 
encephalization, increase body size, expansion of 
new territory, and hunting (Table  1.1). In other 
words, the “drifty genotype” hypothesis argues 
that the prevalence of thrifty genes is not a result 
of positive selection for energy storage genes but, 
in reality, a genetic drift caused by the removal of 
predatory selection pressures.

To further counterbalance the long-held 
acceptance of the thrifty genotype hypothesis 
proposed by Neel as the most reliable model for 
the genetic basis of obesity, John Speakman in 
2008 introduced the “drifty phenotype” or preda-
tion release hypothesis. For this interpretation in 
opposition to being selected for, obesogenic 
energy-efficient genes favoring fat storage are 
present in Western populations because early 
hominids removed the selection pressure previ-
ously exerted on them by predation. The concept 
of Speakman is that around 2 million years ago, 
the ancient ancestors, Homo habilis and Homo 
erectus, evolved to acquire the capability of using 
fire and stone tools, building weapons, and orga-
nizing social communities. For the first time in 
evolutionary history, an animal that was not the 
top predator in its ecosystem was able to remove 
the threat of predatory danger (Speakman 2008). 
This hypothesis then suggests that vital genes 
involved in the evasion of predators that include 
athletic fitness, speed, agility, stamina, and lean-
ness were no longer needed in the life of modern 
humans but continue to be present for all other 
animals (Speiser et al. 2013; Spence et al. 2013). 
In other words, in the absence of predation selec-
tion pressure, genes that promote energy storage 
and obesity were not eliminated by natural selec-
tion. In fact, they were allowed to drift in the 

genetic journey of human evolution explaining 
why the obesity pandemic in modern Western 
societies has developed. Both theories, thrifty 
and drifty genotypes, assume that the selection 
pressures that ancestors of modern humans living 
in Western societies faced were the same. 
However, neither theory sufficiently explained 
the influence of globalization and population 
demographic changes that started 70,000  years 
ago from Africa. In the face of clear evidence, 
ethnic variation in obesity susceptibility and 
related metabolic syndrome demographics also 
plays a role. Having said that, although both the 
thrifty and drifty genotype hypotheses have con-
siderable merit and may be responsible for the 
genetic susceptibility to obesity, in a particular 
group of individuals, neither theory can conclu-
sively explain for the contemporary obesity pan-
demic in industrialized countries. The additional 
point is that obesity is not adaptive and may never 
even have existed in our evolutionary past, but it 
is evident today as a maladaptive by-product of 
positive selection on some other trait. For exam-
ple, obesity may result from variation in brown 
adipose tissue (BAT) thermogenesis (see next 
topic). Another view is that most mutations in the 
genes that predispose us to obesity are neutral or 
not exacerbated, but they were drifted over evolu-
tionary time leading some individuals to be obese 
while others resistant to obesity.

The general concept of Neel’s hypothesis is 
attractive as pointed out by Andrew Prentice 
(Prentice 2001) where “the genetic influences on 
body weight are the product of natural selection 
from lean times” suggesting that there is no 
advantage of fatness that had much to do with 
mortality. In his example with women from 
Africa, he found that food scarcity influences fer-
tility by a cessation to ovulate, while higher body 
weight individuals have a greater reproductive 
achievement. With the advent of the agricultural 
society, periods of plenty increased. The advan-
tage was that while thinner individuals are more 
likely to die, bear fewer children, and pass their 
genes to the next generation, the fatter or well-fed 
individuals instead were able to be more success-
ful in generating offspring. The other problem 
with the Neel hypothesis was that if through our 
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evolution it was advantageous to be fat confer-
ring a survival trait, then why the highest percent-
age of people in society is not obese? Is this fact 
suggesting that not all of us inherit the thrifty 
genes? To summarize these concepts, we could 
say that the thrifty hypothesis is based on feast or 
famine events giving humans the advantage of 
being exceptionally efficient at storing fat which 
were more likely to survive. On the contrary, the 
drifty gene hypothesis claims that fatness was not 
a survival advantage but rather being a disadvan-
tage when humans no longer had to run from 
predators; consequently, obesity drifted into the 
population. Other alternative hypotheses came 
along to contribute or complement the thrifty and 
drifty genotype hypotheses. The “thrifty pheno-
type hypothesis,” or Barker hypothesis, addresses 
the insufficiencies of thrifty gene hypothesis and 
also explains that newborns with low birth weight 
and poor nutrition in the uterus are especially 
prone to diabetes, obesity, heart disease, and 
other metabolic disorders later in life even when 
food is abundant in adulthood (Hales and Barker 
1992). Barker proposes that the developing 
undernourished fetus suffering from energy 
shortage will allocate energy away from the pan-
creas in favor of other tissues such as the brain. 
There are additional hypotheses related to the 
same principle: “weather forecast model” where 
the fetal setting predicts the quality of the child-
hood environment, “maternal fitness model” 
where fetal environment uses nutritional signals 
to support its metabolism with the mother’s, 
“intergenerational phenotypic inertia model” 
where intrauterine nutritional signals are related 
to the history of the mother, and recent ancestors 
through epigenetic mechanisms: “predictive 
adaptive response model” where fetal environ-
ment predicts adult environment (Hales and 
Barker 1992; Bateson 2001).

Interestingly, as we recognize that obesity is a 
result of gene-environment interactions and that 
predisposition to obesity lies predominantly in 
our evolutionary past, the concept that human 
metabolism runs on old unmodified genes and 
unprepared for modern eating habits is actively 
debated. A diet based on foraging (collecting 
wild plants and pursuing wild animals), which 

represents a diet high in proteins and low in car-
bohydrates, should make us of a lean phenotype; 
however, that premise is more complicated than a 
simple hunter-gatherer’s diet. Hunting and gath-
ering were the most successful of human adapta-
tion, occupying at least 90 percent of human 
history. Following the development of agricul-
ture, which relies on agricultural societies, and 
domesticated species, hunter-gatherers were dis-
placed or conquered by farming or pastoralist 
groups in most parts of the world. Table 1.1 sum-
marizes dynamic transitions through human evo-
lution (Bellisari 2008). The deleterious changes 
seen in our modern society are the result of the 
interaction between the evolutionary human biol-
ogy and development of culture over the long 
period of human evolution. The encephalization 
(the tendency for a species to evolve larger brains 
through time involving a change of function from 
noncortical parts of the brain to the cortex) of 
humans evolved in complex genetic and physio-
logical systems to protect against starvation and 
defend stored body fat. Besides, the advantage of 
technological development providing access to 
significant quantities of mass-produced high-
calorie food caused an increase in consumption. 
The latter event associated with reduced physical 
effort, the decrease in physical labor, transporta-
tion devices abolishing starvation, and heavy 
manual work all contributed to the current state 
of obesity in our society.

With the arrival of the industrial and agricul-
tural revolution, maximizing energy intake and 
minimizing physical effort and energy expendi-
ture became the norm causing a dramatic decline 
in nutritional health. Combined with the high 
genetic predisposition (O’Rahilly and Farooqi 
2006) and efficient metabolic system for energy 
accumulation, storage, and protection (Woods 
and Seeley 2000), the high rates of obesity 
became a new trend in modern society. The fac-
tors contributing to obesity in a community with 
unnatural access to calories and processed food 
are multiple and in great part due to an exacerba-
tion of our evolutionary genes to promote sur-
vival. Genes enhancing obesity bring up an 
interesting observation because obesity seems to 
cause with time a host of negative consequences. 
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During evolution by natural selection, all species, 
including humans, develop genes throughout the 
natural selection, which favors advantages in 
dealing with the environment, not disadvantages. 
Therefore, how is it possible for us to become an 
obese species if obesity is a negative trait that 
will threaten our survival and should have elimi-
nated us as species? But, in modern society only 
36% of the people are obese, and the rest have 
average weight or slightly overweight. It is 
important to point out that we cannot entirely 
compare us with a certain group of animals that 
accumulate body fat in amounts that would be 
considered obese in humans. The most typical 
examples are hibernating animals, which deposit 
large fat stores before entering hibernation, and 
migratory birds, which store similar stores before 
starting on migratory journeys. It is clear that 
these situations of temporary obesity, as a mecha-
nism of survival in anticipation of a future short-
fall of energy, are well established and do not 
cause future obesity in those animals. It will be 
catastrophic for hibernating animals to be unable 
to feed in winter and for migratory birds to be 
unable to feed enough before flying over oceans. 
A lack of genes favoring fat accumulation will 
exterminate these species. Therefore, primitive 
humans had a more complex set of evolutionary 
genes to contemplate survival during periods of 
starvation (see below).

Why understanding these evolutionary factors 
is important to grasp the meaning of obesity 
today? In part because medical research is focus-
ing on the contribution that nutritional program-
ming (a process through which a stimulus during 
a critical window of time lastingly effects follow-
ing structure, function or developmental schedule 
of the organism) has to disease in later life. The 
idea of the thrifty phenotype, first proposed by 
Hales and Barker (1992), used in medical 
research today goes in opposition to the thrifty 
genotype model, to interpret associations between 
early-life experience and adult health status. 
However, one of the caveats in the thrifty pheno-
type hypothesis is that it fails to explain why 
plasticity is lost so early in development in spe-
cies with extensive growth, maybe because 
developing animals cannot maintain phenotypic 

plasticity during growth. Allowing the preserva-
tion of maternal strategy in offspring phenotype 
buffered against environmental fluctuations dur-
ing the most sensitive period of development 
ensures a logical adaptation of growth to the state 
of the environment. Therefore, strategies in pub-
lic health oriented for improving birth weight 
may be more effective if they target maternal 
development rather than nutrition during preg-
nancy. In addition, based on the thrifty phenotype 
hypothesis, several evolutionary models pro-
posed include (1) the weather forecast model of 
Bateson, (2) the maternal fitness model of Wells, 
(3) the intergenerational phenotypic inertia model 
of Kuzawa, and (4) the predictive adaptive 
response model (Gluckman and Hanson 2006) 
(Wells 2007). From all these models, the weather 
forecast model is widely accepted because it pro-
poses that developing organisms respond to cues 
of environmental quality and that mismatches 
between this forecast and subsequent reality gen-
erate significant adverse effects on adult pheno-
type. For more reading see Gluckman’s work 
(2006). One of the recent hypotheses, a conse-
quence of the progress in molecular biology, is 
the thrifty epigenome hypothesis that claims that 
there are epigenetic modifications in response to 
environmental conditions (Stoger 2008) suscepti-
bly to epigenetic variations corresponding epig-
enotypes with the potential to be inherited across 
generations. Furthermore, recent evidence sug-
gests that early prenatal or postnatal environmen-
tal changes cause permanent metabolic 
modifications that are in part due to epigenetic 
changes in essential genes and areas of the cen-
tral nervous system involved in the control of 
energy balance. This interaction between genetic 
and environmental factors including nutrition, 
maternal health, unknown chemicals, and life-
style during the prenatal or perinatal period has 
influenced the development of energy balance 
causing unwanted changes. In studies done in 
both humans and animal models, prenatal or peri-
natal nutritional manipulations lead to chronic 
metabolic alteration affecting leptin sensitivity, 
glucose metabolism, and in turn energy expendi-
ture and feeding behavior. These metabolic flaws 
may be a result of abnormal development of 
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appetite-regulating neuronal circuits due to peri-
natal programming (Contreras et al. 2013).

“Genetically unknown foods hypothesis” pro-
poses that obesity and diabetes occur when popu-
lations are introduced to new foods that they 
haven’t adapted to (Baschetti 1998). That is the 
case when certain “new-world populations that 
kept to traditional dietary habits were virtually 
free from diabetes”; then, after they began eating 
some foods that are common in Europe, the dis-
ease reached epidemic proportions. This hypoth-
esis certainly has a lot of merits, especially as in 
modern times, processed fatty and sugary (natu-
ral and synthetic) foods were introduced and 
heavily consumed in society today, a diet that 
does not match with our homeostatic gene reper-
toire for energy balance. Another group proposes 
that insulin resistance is believed to have evolved 
as an adaptation to periodic starvation, and there-
fore they propose a hypothesis that insulin resis-
tance is a socio-ecological adaptation that 
mediates two phenotypic transitions. A reproduc-
tive strategy deals from a large number of off-
spring with little investment in each to a smaller 
number of offspring with more investment in 
each (Watve and Yajnik 2007).

Multiple and intricate mechanisms have 
evolved to control energy balance to maintain 
body weight. Energy intake has to match energy 
expenditure to keep body weight at a constant 
level, but also macronutrient intake must balance 
macronutrient oxidation. This situation of equili-
brated balance seems to be predominantly diffi-
cult to achieve in individuals with low-fat 
oxidation, low energy expenditure, low sympa-
thetic activity, or low levels of spontaneous phys-
ical activity. All of these factors, among many, 
explain the tendency of some people to gain 
weight. Since there is a considerable variability 
in weight change in different individuals as 
observed when energy surplus is imposed experi-
mentally or spontaneously, recent data suggest a 
strong genetic influence on body weight regula-
tion when normal physiology is subjected to an 
“obesogenic” environment. In the modern world, 
we no longer eat only when metabolically hun-
gry; on the contrary, we frequently eat in the 
complete absence of appetite and in spite of hav-

ing large fat reserves in our bodies. Therefore, 
hedonic eating that refers to the participation of 
cognitive, reward, and emotional factors disrupts 
the homeostatic model for the regulation of 
energy balance. Although substantial progress 
has been made in recognizing the metabolic sig-
nals and neural circuitry between the brain stem 
and hypothalamus representing the homeostatic 
metabolic regulator (Berthoud 2011) (Galgani 
and Ravussin 2008), the neural pathways located 
in cortico-limbic structures responsible for 
hedonic behavior are much less understood. 
Figure  1.3 depicts a brief integration of major 
components of body weight regulation in an obe-
sogenic environment as described by Berthoud 
(2011).

1.6	 �Thermogenesis and Human 
Migration

Among the various physiological mechanisms, 
homeotherms (animals that maintain body tem-
perature generally above of the environment at a 
constant level through metabolic activity) utilize 
the heat production to maintain body temperature 
in their adaptation to different environments. 
BAT is responsible for the thermogenic mecha-
nisms involved in energy expenditure. BAT in 
mitochondria uniquely express uncoupled pro-
tein 1 (UCP1), an inner mitochondrial membrane 
protein that uncouples ATP synthesis from oxida-
tive phosphorylation, liberating energy in the 
form of heat (Lowell and Spiegelman 2000). It is 
important during cold stress by producing heat 
using lipids and glucose as metabolic fuels. 
Additionally, white adipose tissue (WAT) or 
beige cells have also been found to exhibit a 
thermogenic action similar to BAT. The heat pro-
ducing of uncoupling proteins in BAT mitochon-
dria is believed to be a key driver behind the 
conquest of a variety of environments in mam-
mals 65 million years ago (Oelkrug et al. 2013; 
Saito et  al. 2008). This ability to produce and 
maintain heat contributed to the evolution of 
mammals to explore and settle in uninhabitable 
territories throughout the planet (Saito et  al. 
2008) by adjusting the thermoregulatory response 
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to sharply different environments. The impact of 
BAT thermogenesis to survival was critical in a 
way that it probably drove mammalian placental 
radiation at the end of the Cretaceous. It was a 
global event that led to mammals displacing the 
dinosaurs as the dominant class of animal on 
earth (Oelkrug et al. 2013).

One of the latest hypotheses to explain obesity 
(Sellayah et  al. 2014) proposes that the current 
obesity pandemic in industrialized countries is 
also a result of the differential exposure of human 
ancestors to environmental factors that began 
when humans left Africa around 70,000  years 
ago and then migrated through the globe by set-
tling in varied climates. They noted that diabetes 
and obesity are unequally distributed among pop-
ulations from different parts of the world. This 
striking finding is related to the fact that survival 
in colder parts of the world amplified genes that 
help preserve body temperature. A higher meta-
bolic rate that keeps the body warm would confer 
some resistance to obesity. Genes adapted for 
warmer climates would lower the metabolic rate, 
burn calories at a slower pace, and make the body 
more inclined to accumulate fat. It is therefore 
proposed that genetic factors played a role in 
ancestral environmental exposures in a way that 
affected energy expenditure even in groups of 
peoples from heterogeneous populations. These 
environmental pressures caused a great selection 
giving an advantage of cold-adapted genes. The 
high basic metabolic rate was seen in arctic peo-
ple (Leonard et al. 2002), intermediate in white 
Europeans, and lowest in African-Americans 
(Weyer et al. 1999; Wong et al. 1999). The obe-
sity rates in white Europeans with similar life-
styles and caloric intake, but in different regions 
of Europe, were seen to have a significant dispar-
ity. For example, among Scandinavian countries, 
whose population’s ancestry has generations of 
genetic adaptation to extreme cold, some have 
much lower rates of obesity than the rest of 
Europe, despite having similar lifestyles and con-
suming similar calorie foods.

A summary of their demographic hypothesis 
is depicted in Fig. 1.4, which shows the historic 
human migration out of Africa 70,000 years ago 
(Sellayah et  al. 2014). By 60,000  years ago, 

humans populated Central Asia, and from that 
location, they migrated to northeast into Siberia 
and Northeast Asia. In this new environment, 
human acquired genes for cold adaptation with a 
higher resting metabolic rates and thus more 
resistance to obesity. The second group of 
migrants from Central Asia moved north and 
west into Europe, which also forced them to 
acquire genes for cold adaptation, displacing the 
resident Neanderthals. A third group migrated 
into Australia and maintained genes for heat 
adaptation. The Aborigines in Australia from that 
migration then develop a low resting metabolic 
rate and an increased propensity for obesity and 
type 2 diabetes. From the Northeast of Asia, a 
group crossed the Bering Strait 20,000 years ago 
into Alaska. Some of their descendants still live 
in the Canadian Arctic and are highly resistant to 
cold with an exceptionally high resting metabolic 
rate. Migration through the Pacific coast to North 
America and Mexico encountered hotter climates 
and reacquired genes for heat adaptation. The 
Pima Indians, which are the descendants of these 
groups, have the highest rates of obesity and car-
diovascular disease in the world. Their evolution-
ary cousins, the Yaghan from Tierra del Fuego 
whose ancestors continued the southern migra-
tion toward the Antarctic South American Cone, 
probably recuperated their high BAT capability 
producing high resting metabolic rates and a 
thinner phenotype. The overall concept of this 
hypothesis is that ethnic differences, which 
resulted from different migrations to cold, mild, 
and hot environments 70,000 years ago, produced 
different genetic adaptations and susceptibilities 
to obesity and metabolic syndrome particularly 
in those individuals with a low basic metabolic 
rate.

1.7	 �Conclusions and Further 
Thoughts

To put all these hypotheses in perspective, the 
contributing factors causing the global obesity 
pandemic we are witnessing in today’s human 
society reside in three distinct attributes. The first 
one is the environmental changes that occurred 
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through the industrial revolution and beyond. The 
second one is a genetic tendency that has its ori-
gins in our evolutionary traits (genetically deter-
mined characteristics). The third is lifestyle 
changes introducing an excess of sedentary life in 
the way daily work is performed in most settings. 
To untangle these aspects is rather complicated 
because of the multiple factors involved. 
Understanding the evolutionary mechanisms that 
allow for obesity to take place in human society 
is highly relevant to clinical and public health 

management of the epidemic. The thrifty geno-
type hypothesis posits that although the modern 
environment is different from the evolutionary 
environment, the body is still adapted to the past 
where it was advantageous to store fat against 
future food insecurity. These genes enable indi-
viduals to efficiently collect and process food to 
deposit fat during periods of food abundance to 
provide energy for periods of famine.

From the above description, we can conclude 
that there are several competing hypotheses for 

Fig. 1.4  Historical human migration and the impact of 
thermogenesis: This figure depicts the impact that ancient 
human migration 70,000  years ago from Africa has on 
selection of genes for heat and cold adaptation and the 
consequences in the prevalence of obesity in modern soci-
ety. Individuals who migrated to cold regions acquired 

genes for cold adaptation, conferring them higher resting 
metabolic rates and thus more resistance to obesity. On 
the contrary, individuals who migrated to warm climates 
have low resting metabolic rates and an increased propen-
sity for obesity and type 2 diabetes. (Figure reproduced 
with permission from Sellayah et al. (2014))
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the evolutionary origins of the widespread obe-
sity from gene to life conditions, ethnic groups, 
and migrations to different climates. Although in 
appearance some of the hypotheses appear 
incompatible, complementary features among 
them do exist. For example, the thrifty epigenome 
hypothesis is believed to be a link between the 
thrifty gene and thrifty phenotype hypotheses 
(Genne-Bacon 2014). The called behavioral 
switch hypothesis is also in some regards com-
patible with the thrifty family of hypotheses 
(Watve and Yajnik 2007). It proposes an integra-
tion of both social and physiological mechanisms 
into a combined theory for the evolutionary ori-
gins of insulin resistance and obesity. It argues 
that metabolic diseases are by-products of a 
socio-ecological adaptation that switches 
between both reproductive and socio-behavioral 
strategies. This hypothesis justifies the modern 
pandemic of metabolic diseases as based on 
extreme environmental incentives: population 
density, urbanization, social competition, caloric 
access, and sedentary lifestyles exaggerated 
broadly to a degree never before seen in human 
evolutionary history (Watve and Yajnik 2007). 
The lack of food available is an important factor 
in mediating the switch between reproductive 
and lifestyle strategies. Changes in energy bal-
ance set point are still an important evolutionary 
component in the behavioral switch hypothesis. 
Selection for thrifty genes could have been the 
hallmark of a predation release/freedom from 
selective group providing metabolic thriftiness 
and weight control to avoid predation. Once 
predator threat was eliminated because of human 
social progress, there was no more selection for 
leanness. This means that there is room for more 
than one hypothesis to be corrected depending 
upon the nature of the natural pressures of the 
environment. Although, in general, the thrifty 
gene hypothesis has been accepted as the central 
hypothesis, it has impacted the way research and 
clinical management of obesity and diabetes are 
conducted.

According to Sellayah and colleagues 
(Sellayah et al. 2014) that propose current obe-
sity pandemic is a result of the differential expo-

sure of the ancestors to environmental factors 
that began when they left Africa around 
70,000 years ago and migrated through the globe, 
the thrifty and drifty genotype hypotheses do not 
answer all questions. They claim that a lack of 
full understanding of the genetic basis for ethnic 
variability could also represent an obstacle in the 
interpretation of susceptibility to obesity in the 
developed world that caused an obesity pan-
demic. According to this hypothesis, obesity pan-
demic has certainly coincided with not only an 
increase in unhealthy eating habits but also a bulk 
of immigration of various ethnicities with differ-
ent BAT energy requirements of basic metabolic 
rate. They argue that the thrifty and drifty geno-
type hypotheses assume that the selection pres-
sures faced by the ancestors living today in all 
countries are the same, while they argue that this 
is not an accurate statement. For example, the 
descendants of early humans who remained in 
Africa and those who migrated to similar envi-
ronments such as Black Americans and Pacific 
Islanders maintained heat adaption genes. On the 
other hand, those groups who migrated to colder 
regions including Europe and Siberia such as 
Caucasians and Chinese acquired genes for cold 
adaptation. Siberians who migrated to the 
American continent and established in subtropi-
cal and tropical regions in North, Central, and 
South America lost their cold-adaptive genes and 
developed genes for heat adaptation. They pro-
pose that positive selection for cold adaptation 
provided Caucasians and East Asians such as 
Chinese, Japanese, and Koreans with efficient 
BAT and UCP1 function with higher metabolic 
rate and resistance to obesity. On the opposite 
side, Africans and South Asians, whose ancestors 
did not need to evolve efficient BAT and UCP1 
function, have a major propensity for obesity 
because of their more sedentary and hypercaloric 
Western lifestyle. The evolutionary origins of 
obesity as briefly described here to explain the 
global obesity epidemic are still at odds with 
ways how scientists struggle to understand the 
biological, cultural, and evolutionary basis of this 
condition. Furthermore, a better understanding of 
the interaction between physical activity and the 
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endocrine system regulating metabolism in lean 
and obese could potentially help the evolutionary 
pathways that our ancestors took and develop 
tools to combat this condition. Any one theory 
could not explain an evolutionary tendency to 
become obese since humans in different parts of 
the world experienced different evolutionary 
pressures, so what’s true in one population of 
migrants might not apply to another living in a 
different climate. It is important to consider that 
evolutionary changes can be evident in a single 
generation when one or more alleles from genetic 
variants could change. The genetics of obesity 
has many influences over time and not just star-
vation or plenty or cold or warm. Another impor-
tant negative consequence of the obesity state is 
the endocrine disarray seen in the overall metab-
olism of obese individuals. Modern obese 
humans have many endocrine changes in the 
hypothalamic-pituitary-endocrine axis homeo-
stasis including low androgen levels (hypogonad-
ism), polycystic ovary syndrome (PCOS), 
reduction in GH secretion by the pituitary gland, 
changes in cortisol levels, and thyroid dysfunc-
tion that is frequently associated with changes in 
body weight and composition, body temperature, 
energy expenditure, adipose tissue, food intake, 
and glucose and lipid metabolism. All these top-
ics are discussed in detail throughout the differ-
ent chapters of this book. Besides from being a 
fascinating academic pursuit, understanding 
human evolution is exceedingly important to 
comprehend the health of modern humans.

Questions

	1.	 Define the changes seen in the modern human 
brain.

	2.	 How is obesity defined, and what does energy 
balance regulation mean?

	3.	 What is the difference between metabolic and 
hedonic behavior in the control of body 
weight?

	4.	 Describe the role of thermogenesis in human 
migration.

	5.	 Which one is the best genetic hypothesis to 
define obesity in the modern world?
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