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An Evolutionary Perspective on the Obesity
Epidemic
Z. Hochberg1,2,*
An evolutionary approach to obesity involves a genomic/anthropological
dimension. For 1.8 Myr the lifestyle of hunter-gatherers (HGs) comprised
intense physical activity and a high-protein/low-carbohydrate diet. Genomes
of HGs were adapted to low insulin sensitivity. When the agrarian epoch began
a new ‘farmer diet’ high in carbohydrates (CHO) emerged. Owing to periodic
famines, the genome may not have adapted; they preserved a HG genome. Ever
since the industrial revolution our genome is adapting rapidly to a CHO-rich
diet. Individuals with preserved HG genome develop obesity at age 4–8 years
and need a low-CHO diet. By contrast, those with a farmer genome become
obese in infancy; they need a low-calorie diet. This knowledge prompts exploration of the two genomes and their clinical presentations.
One-Dimensional Tenets of Obesity
In 1930, Newburgh and Johnston wrote in their article entitled The Nature of Obesity that ‘All
obese persons are alike in one fundamental respect; they literally overeat’ [1], and their
paradigm of energy balance became the dogmatic explanation for overweight or obesity in
the 20th century. The therapeutic inference was that overweight subjects must eat less and
move more to lose fat. Most physicians adopted this therapeutic solution and prescribed it to
their obese patients. When only a few of them lost weight, the physicians blamed the obese
patients for the therapeutic failure. Then, an alternative explanation of obesity was proposed: all
obesity is a hormonal, regulatory defect of insulin sensitivity, and simple obesity is typically
associated with insulin resistance [2]. It is not excess calories that causes obesity, but the
quantity and quality of consumed CHOs. This tenet was endorsed, among others, by the
American Heart Association (AHA) [3]. Indeed, excessive consumption of sugars has been
shown to be linked with the metabolic syndrome, type 2 diabetes mellitus, and cardiovascular
morbidity [4]. Despite the AHA recommending reductions in the intake of added sugars, many
obese patients did not lose weight. These dogmatic explanations on the cause of obesity
resulted in therapeutic failure because of oversimpliﬁcation: these tenets assumed that obesity
could be explained by a unitary mechanism.
In 2008 the Obesity Society commissioned a panel of experts to undertake a review of the issue
of labeling obesity a disease [4]. The panel unanimously and strongly stated that obesity is a
complex condition with many causal contributors, and these include many factors that are
largely beyond the control of an individual [5]. If obesity is a symptom of several conditions, then
the ﬁrst step in treating obesity is to determine their cause(s) in each patient. Obesity may be
caused by environmental cues (intrauterine and postnatal), an unbalanced diet, feeding
behaviors, and sociodemographic inﬂuences, as well as having endocrine and genetic origins.
Using the urinary steroidal ﬁngerprints of 87 obese children, we proposed that non-syndromic
childhood obesity could be classiﬁed into ﬁve clusters [6]. Cluster 1 has a normal steroid proﬁle;
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Highlights
During the 1.8 Myr of a HG lifestyle,
physical activity was intense and metabolic fuels were high in animal protein
and low in CHO, and the genome of
these HGs was adapted for low insulin
sensitivity.
The emergence of the agrarian epoch
12 000 years ago saw a transition to a
sedentary lifestyle by farmers, and the
consumption of a high-CHO and lowprotein diet, which required the genome to adapt to low activity levels and
high insulin sensitivity.
Owing to severe seasonal food
shortages, the ‘thrifty’ HG genome
was preserved until the ‘escape from
hunger’ in the past 200 years.
Obesity in individuals with a HG genome starts after the age of 3 years and
is likely to develop into metabolic syndrome and type 2 diabetes mellitus. In
this instance, the obesity is best treated with a HG routine: increase physical activity and a low-CHO, highprotein diet.
Obesity in individuals with an adapted
farmer genome has its onset within the
ﬁrst 6 months of life, and is unlikely to
develop into metabolic syndrome and
type 2 diabetes mellitus. In this
instance, obesity is best treated with
a low-calorie diet.
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cluster 2 shows mild, nonspeciﬁc elevation of C19 and C21 steroids, resistance to polycystic
ovary morphology in females, and hirsutism; cluster 3 has a relative 21-hydroxylase insufﬁciency, and is characterized by partial or full polycystic ovary syndrome; cluster 4 has markedly
elevated C21 steroids and an imbalance in the 11b-hydroxysteroid dehydrogenase system,
high plasma-insulin level, increased glucose/insulin index, increased g-glutamyl transpeptidase
activity and systolic blood pressure, and a tendency to liver steatosis; cluster 5 has signs of
3b-hydroxysteroid dehydrogenase insufﬁciency. Interestingly, we found that only a minority of
these children had insulin resistance, although they may subsequently develop it.

Evolutionary Considerations
Medical practitioners and medical scientists view organisms as machines whose design has
been optimized to provide good health and long life. The evolutionary perspective asks why
organisms function the way they do. Speciﬁcally, the evolutionary perspective views organisms
as packages of compromises between traits which have been shaped by survival and by sexual
and reproductive selection to maximize gene propagation – so-called evolutionary ﬁtness [7].
Obesity is heritable and predisposes to many diseases. Our genome has hundreds of markers
linked to obesity, and genetic studies of body mass index (BMI) have highlighted 97 loci
associated with BMI [8]. These 97 loci account for 2.7% of BMI variation, and genome-wide
estimates suggest that common variation accounts for >20% of BMI variation. In Western
societies, the BMI of adoptees in their 40s is strongly correlated with the BMI of their biologic
(but not adoptive) parents and their siblings [9,10].
Type 2 diabetes mellitus, as a consequence of obesity, is almost unheard of in contemporary
HGs [11] versus 6% in developed countries [12]. It is conceivable that both genetic and
lifestyle factors are involved the obesity epidemic. In 1962 Neel posited that obesity in modern
society has an evolutionary basis and is a tradeoff for advantageous ‘thrifty’ genes [13]. In our
early evolutionary history, genes that facilitated voracious appetite, sedentary lifestyle,
competent metabolism, and efﬁcient fat deposition were advantageous because they allowed
their carriers to survive periods of famine [13]. In modern industrial societies famine rarely
occurs, and the same advantageous genes promote fat deposition even when an individual is
on a balanced diet. Although our HG ancestors were energetically challenged, periodic famine
was a relatively late phenomenon that appeared with the introduction of farming 12 000 years
ago (500 generations; Figure 1) [14]. The human genome has remained mostly unchanged
during the past 12 000 years [15], but our diet and lifestyle have diverged substantially from
those of our ancestors.
During the 1.8 Myr of the Pleistocene epoch, the metabolic fuels of our ancestors were high in
animal protein and low in CHOs, and we can assume that their genome was adapted to one
that required low insulin sensitivity. This Pleistocene protein-rich diet was the rationale for the
Paleolithic diet that became popular in the 1990s and early 2000s [16–18] – and for its extreme
derivation, the Atkins low-CHO fad diet [19]. In 2009 Frassetto and colleagues reported that
short-term consumption of the Paleolithic diet decreases insulin secretion and increases insulin
sensitivity in some, but not all, individuals [20], In another study, O’dea reported marked
improvement in carbohydrate and lipid metabolism in diabetic Australian aborigines after
temporary reversion to a traditional lifestyle [21]. The unsurprising conclusion is that individuals
with a HG genome respond to a HG diet.
When the agrarian epoch emerged in the fertile crescent in western Asia, and then expanded
into contemporary Europe, China, and Africa [22], the transition from a HG lifestyle to grain
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Figure 1. Timeline of Geological Epochs, Hominid Evolution, Periods in Human Prehistory, and Relative
Food Security. Transition from the Pleistocene geological epoch to the Holocene geological epoch coincided with the
‘agrarian revolution’ that took place 10 000 to 12 000 years before present (BP), representing the transition from the
Paleolithic period of human prehistory (hunter-gatherer tool-makers) to Mesolithic farmers. Nevertheless, the agrarian
revolution took place at different times for different parts of the world, and was generally associated with periodic famines
and diminished food security. The next major shift was the security of the food supply and improvements in nutrition that
accompanied the industrial revolution, which began in Europe in the second half of the 18th Century. When obesity is
deﬁned using body mass index (BMI), its prevalence was relatively constant during this period, but rose considerably after
1980. Using skin-fold thickness as a measure of obesity, the rise in the prevalence of obesity is detectable 10–20 years
earlier [60]. In terms of hominid evolution, the transitions from Homo habilis to H. erectus, H. sapiens, and H. sapiens
sapiens all took place during the Pleistocene geological epoch.

cultivation eventually introduced a high-CHO and low-protein diet, and a sedentary lifestyle.
These dietary and lifestyle changes required that the human HG genome adapt to a diet which
required high insulin sensitivity. Despite the occurrence of recurring and often severe seasonal
food shortages during most of the Holocene Epoch (the past 12 000 years), preserving human
fertility and reproduction was also crucial during this epoch. Hence, the thrifty HG genome was
preserved or did not adapt during the Pleistocene–Holocene transition [23].

The Industrial Revolution
The next major shift was the security of the food supply and improvements in nutrition that
accompanied the industrial revolution, which began in Europe in the second half of the
eighteenth century. Fogel called this shift the ‘escape from hunger’ [24], and this shift has
now extended to most of humanity. When considering the evolutionary basis for obesity, Fogel
argued that the progressive attainment of dietary energy sufﬁciency after 1800 released human
populations from the constraint caused by periodic famines, and a genotype which was better
suited to CHO metabolism emerged through the powerful mechanism of fertility selection [24].
Fogel claimed that the ‘fertility-selecting’ genes, and not the ‘thrifty’ genes, have prevailed in the
past 200 years, and this genotype is better suited for the modern CHO-based metabolism.
Corbett et al. also forecast that the increasing rates of diabetes and cardiovascular disease
would be tempered by survival, sexual, and mostly fertility selection vis-à-vis the conserved HG
genome [25–27]. Despite eating a CHO-rich diet, the majority of contemporary children and
adults in the industrial world are not overweight or obese. Therefore, one can assume that these
individuals do not carry the insulin-sensitive ‘farmer genome’ or ‘industrial genome’, but carry a
preserved insulin-resistant ‘HG genome’.
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Life-History Theory
Two critical periods of development have been recognized for childhood obesity: the period
from gestation to early infancy, and the period between the ages of 5 and 7 years [28]. These
two periods are deﬁned by evolutionary life-history theory as infancy and juvenility, respectively
[29]. The odds ratio for obesity at age 35 years increases from 2 for males and females with early
obesity to 5–10 for children whose onset age of obesity occurs during juvenility [30].
The benign nature of infantile obesity is supported by the results of a study by Ylihèrsilè and
colleagues from Finland who investigated the association between change in BMI in childhood
and adult body composition at age 56–70 years. They found that adult lean BMI is positively
associated with rapid increases in BMI between age 2 and 11 years, but increasing BMI in
infancy does not predict increased adult obesity [31]. Similar ﬁndings were also found in a
French cohort, where weight gain during infancy was a poor predictor of adult fat mass [32]. It
has also been reported that a rapid gain in BMI during infancy increases adult lean body mass
without excess fat accumulation, whereas weight gain in juvenility results in increased adult fat
mass [31]. Brook et al. compared the size and number of adipose cells in obese children and
adults, and in non-obese children and adults [33]. They found that the total number of adipose
cells was greater in those children who became obese by the age of 1 year than in those with a
later age of obesity onset.
The transition from childhood to juvenility is characterized by adrenarche and the adiposity
rebound [34], and occurs in boys at a mean age of 5.1 years and in girls at a mean age of 4.9
years [35]. The adiposity rebound in overweight children occurs earlier than in those who are not
overweight [36], and is associated with an increased risk of obesity [37] and of developing type
2 diabetes mellitus in adult life [38].

Classiﬁcation by Outcome
Can we identify clinically among the obese those children who would develop the metabolic
syndrome and type 2 diabetes mellitus? Outcome can be used to distinguish between obese
children who will or will not subsequently develop metabolic syndrome and type 2 diabetes
mellitus [39]. Identifying which obese children will develop metabolic syndrome and type 2
diabetes mellitus is sometimes possible by determining their insulin sensitivity following glucose
loading. However, many of these children will not show an abnormal insulin response during
childhood or adolescence. Acanthosis nigricans (AN) is a skin condition that predicts insulin
resistance [40]. We have previously characterized the course of AN and obesity in both children
and adolescents, as well as in their parents and grandparents, and found them to follow the
detrimental sequence of metabolic syndrome [41]. Patients with AN have a truncal (android)
distribution of fat, their fasting blood glucose level is signiﬁcantly higher than those without AN,
and they frequently have a parent with metabolic syndrome and a grandparent with type 2
diabetes mellitus. Interestingly, many of these individuals differed from those without AN in
obesity onset age according to parental reports: the onset age of obesity in the patients with AN
was much lower than for patients without AN [41] (Table 1).
Although the number of subjects is small, the results are unequivocal when these data are
reanalyzed: children whose onset age of obesity is after the age of 3 years are likely to develop
AN (age of onset: mean 7.2  2.7 SD), and are likely to embark on a trajectory which leads to
insulin resistance, the metabolic syndrome, and type 2 diabetes mellitus. By contrast, those
children whose obesity onset age is within the ﬁrst 6 months of life are unlikely to develop AN.
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Table 1. Cross-Tabulation of the Joint Frequency Distribution of Acanthosis Nigricans and Onset Age of
Obesity in 23 Obese Children
Age of obesity onset

Total

Chi-square (P)a

5.74 (0.0156)

0–6 months

>3 years (7.2  2.7)

+ (n)

1

13

14

(n)

6

3

9

Total (n)

7

16

23

Acanthosis nigricans

Chi-square (P)b
a

10.37 (0.0013)

Chi-square in the right column compares those with AN to those without AN.
Chi-square at the bottom row compares onset at 0–6 m to onset >3 years.

b

Thus, one can posit that (i) obesity onset at the transition to juvenility would be characteristic of
children with an insulin-resistant HG genome, and (ii) onset during infancy would be characteristic of children with an insulin-sensitive farmer genome. Whereas genomic data to support
this claim are not available, some indirect evidence implicates multiple genes that constitute the
HG and farmer genomes.

Genomic Adaptation
Pathway analyses of genome-wide association studies for BMI provide support for a role for
central nervous system genes and pathways in overweight and obesity, including those related
to synaptic function, glutamate signaling, insulin secretion and action, energy metabolism, lipid
biology, and adipogenesis. Skoglund et al. obtained 249 Mb of genomic DNA from the 5000year-old remains of three HGs and one Neolithic farmer which were excavated in Scandinavia.
They reported that the farmer was genetically most similar to extant southern Europeans,
contrasting sharply to the distinct HG genetic signature that is most similar to that of extant
northern Europeans [42]. They concluded that the sedentary farming economy which spread
throughout Europe from the south-east and started 8400 years ago catalyzed the spread of
agriculture, and that genetic admixture eventually shaped the genomic landscape of modernday Europe [42]. Lachance et al. sequenced the complete genomes of ﬁve individuals in each of
three different contemporary African HG populations. They identiﬁed 13.4 million variants, and
found loci that harbor signatures of local adaptation, and these included variants of genes
involved in metabolism that would accommodate a HG diet [43].
In terms of obesity-related genes, insulin, the insulin receptor, and post-receptor signaling
genes are at the center of the story [44]. There is no fat accumulation without the insulin system,
and the genes that encode the insulin system are highly conserved in evolution [45,46]. Indeed,
processed, energy-dense foods have been linked to insulin resistance and cardiovascular
disease among Australian foragers transitioning to village life [47].
Frayling et al. investigated the association of variation of the obesity gene, FTO, with BMI and
the risk of being overweight and obese in 10 172 white European children [48]. They found that
the FTO gene variation is associated with changes in BMI and obesity in children by the age of 7
years, changes that persist into the prepubertal period and beyond. The FTO gene is upregulated during food deprivation and expressed in neurons of feeding-related nuclei of the brain
[49]. Indeed, the FTO gene is of ancient origin; it is well conserved and found in a single copy in
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diverse vertebrate species such as ﬁsh and chickens. Such ﬁndings suggest that the ancestor
of this gene was present at 450 Mya [49].
The adipocyte-derived hormone, leptin, exerts profound pleiotropic effects on satiety, energy
expenditure, and neuroendocrine function [50]. From an evolutionary standpoint it stands out
for its bidirectional signaling of metabolic and neuroendocrine physiology to prevent obesity.
Thus, leptin resistance is a major mechanism in central obesity. Energy stores are required for
survival in periods of famine, and leptin gene expression may have been selected against during
the course of evolution [50,51]. Work with Ache foragers in Paraguay has shown that levels of
leptin, a protein that is crucial for fat sequestration, are substantially lower than in US adults [52].
Another gene at the centre of obesity pathophysiology is the appetite hormone, ghrelin, and its
complex family of peptides, receptors and modifying enzymes that control multiple pathophysiological processes. These gene products modulate the activity and synaptic input
organization of midbrain dopamine neurons while promoting appetite [53]. Plasma ghrelin
concentrations in patients with simple obesity are lower than in healthy subjects, but are
increased in patients with anorexia nervosa [54]. Genetic deletion of ghrelin does not decrease
food intake but inﬂuences metabolic fuel preference [55]. Ghrelin is a hormone that has
apparently evaded natural selection during a long evolutionary history in a variety of mammal
and non-mammalian vertebrates. In mammals, the amino acid sequences are highly homologous, sharing >90% identity across the group [56]. Del Guidice et al. investigated whether
ghrelin variants could modulate the obese phenotype during childhood [57]. They found that a
Leu72/Met polymorphism in the ghrelin gene was associated with differences in the age of
obesity onset; the Met72 allele was associated with a trend towards a lower age of onset.
Booth et al. suggested that the physical activity of HGs was extensive, and the sedentary
lifestyle that followed the agrarian revolution must have required a sedentary farmer genome
[58]. Nevertheless, as mentioned, our current genome is maladapted, and many of us have
retained the HG genome, which can potentially promote overweight and obesity. Booth et al.
also speculated that genes evolved with the expectation of a particular threshold of physical
activity, and thus habitual exercise in sedentary cultures may restore perturbed homeostatic
mechanisms towards the normal physiological range of Paleolithic H. sapiens [58].

Concluding Remarks and Future Perspectives
Focusing speciﬁcally on needs and opportunities in the obesity epidemic, this review offers an
additional dimension, namely an evolutionary perspective. It appears that the ancient homeostatic systems that were adapted to a HG environment have been pushed beyond their limits in
contemporary times, and are compromised by altered living conditions. In other words, the HG
genome in most modern humans without obesity has ﬁnally been substituted and properly
adapted to our present-day diet and environment. The presence of a HG or farmer genome has
preventive and therapeutic implications for children, and these relate to their distinctive insulin
sensitivities and different ages of obesity onset. Excessive weight gain during the ﬁrst 6 months
of life suggests that their obesity is unlikely to develop into metabolic syndrome, type 2 diabetes
mellitus, or other cardiovascular sequelae.
Accordingly, it is proposed that obese patients (children and adults) with a farmer genome, who
can handle the modern high CHO-rich diet, will probably respond to a low-calorie diet. By
contrast, in obese patients whose onset of obesity occurred at the transition to juvenility at age
4–8 years, it is likely that their genome is the thrifty HG genome, and their obesity is adaptive.
Accordingly, these individuals need to eat and exercise in the same way as the HGs; such
824
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Outstanding Questions
How did the diet of HGs differ from that
of the farmers?
What genome types are adaptive for
these two types of diet?
What would be the best diet for an
obese patient with (i) an HG genome,
(ii) a farmer genome?
How can one diagnose early in life
obese children with an HG genome
as opposed to obese children with a
farmer genome?
What will be the optimal BMI for survival and fertility in the future?

patients will probably respond to a low-CHO and high-protein diet. Chakravarthy and Booth
postulate that a crucial mechanism to break the stall of the metabolic processes would be via
exercise through the regulation of ‘physical activity genes’ [59], some of which may also be
potential candidates for the HG thrifty genome.
This knowledge is fostering exploration of the HG and farmer genomes, and also of their
respective clinical presentations. For the future, HG versus farmer genotyping could provide a
diagnostic and therapeutic tool to help individuals to know what types of dietary intake might
best ﬁt their genome, thus allowing a personalized approach to childhood and adult obesity.
Acknowledgment
The author thanks Dr Arieh Bomzon, Consulwrite (www.consulwrite.com), for his editorial assistance.

References
1. Newburgh, L. and Johnston, M.W. (1930) The nature of obesity.
J. Clin. Invest. 8, 197–213

22. Cavalli-Sforza, L.L. et al. (1994) The History and Geography of
Human Genes, Princeton University Press

2. Kahn, S.E. et al. (2006) Mechanisms linking obesity to insulin
resistance and type 2 diabetes. Nature 444, 840

23. Diamond, J.M. (1998) Guns, Germs and Steel: A Short History of
Everybody for the Last 13,000 Years, Random House

3. Johnson, R.K. et al. (2009) Dietary sugars intake and cardiovascular health: a scientiﬁc statement from the American Heart
Association. Circulation 120, 1011–1020

24. Fogel, R. (2004) The Escape from Hunger and Early Death:
Europe, America and the Third World: 1750–2100, Cambridge
University Press

4. Johnson, R.J. et al. (2007) Potential role of sugar (fructose) in the
epidemic of hypertension, obesity and the metabolic syndrome,
diabetes, kidney disease, and cardiovascular disease. Am. J.
Clin. Nutr. 86, 899–906

25. Corbett, S.J. et al. (2009) Type 2 diabetes, cardiovascular disease, and the evolutionary paradox of the polycystic ovary syndrome: a fertility ﬁrst hypothesis. Am. J. Hum. Biol. 21, 587–598

5. Allison, D.B. et al. (2008) Obesity as a disease: a white paper on
evidence and arguments commissioned by the Council of the
Obesity Society. Obesity 16, 1161
6. Gawlik, A. et al. (2016) Steroid metabolomic disease signature of
nonsyndromic childhood obesity. J. Clin. Endocrinol. Metab. 101,
4329–4337
7. Stearns, S.C. and Koella, J.C. (2008) Evolution in Health and
Disease, Oxford University Press
8. Locke, A.E. et al. (2015) Genetic studies of body mass index yield
new insights for obesity biology. Nature 518, 197
9. Sørensen, T. et al. (1989) Genetics of obesity in adult adoptees
and their biological siblings. BMJ 298, 87–90
10. Stunkard, A.J. et al. (1986) An adoption study of human obesity.
N. Engl. J. Med. 314, 193–198
11. Eaton, S.B. et al. (2002) Evolutionary health promotion: a consideration of common counterarguments. Prev. Med. 34, 119–123
12. Black, S.A. (2002) Diabetes, diversity, and disparity: what do we
do with the evidence? Am. J. Public Health 92, 543–548
13. Neel, J.V. (1962) Diabetes mellitus: a ‘thrifty’ genotype rendered
detrimental by ‘progress’? Am. J. Hum. Genet. 14, 353
14. Neel, J.V. (1989) The study of natural selection in primitive and
civilized human populations. Hum. Biol. 61, 781–810
15. Macaulay, V. et al. (1999) The emerging tree of West Eurasian
mtDNAs: a synthesis of control-region sequences and RFLPs.
Am. J. Hum. Genet. 64, 232–249
16. Eaton, S.B. and Konner, M. (1985) A consideration of its nature
and current implications. N. Engl. J. Med. 312, 283–289
17. Lindeberg, S. (2005) Palaeolithic diet (‘stone age’ diet). Scand. J.
Nutr. 49, 75–77
18. Pitt, C.E. (2016) Cutting through the Paleo hype: the evidence for
the Palaeolithic diet. Aust. Fam. Physician 45, 35
19. Atkins, R.C. (1981) Dr. Atkins’ Diet Revolution, Bantam Books
20. Frassetto, L.A. et al. (2009) Metabolic and physiologic improvements from consuming a paleolithic, hunter-gatherer type diet.
Eur. J. Clin. Nutr. 63, 947
21. O’dea, K. (1984) Marked improvement in carbohydrate and lipid
metabolism in diabetic Australian Aborigines after temporary
reversion to traditional lifestyle. Diabetes 33, 596–603

26. Zamora, E. et al. (2010) Obesity and long-term prognosis in heart
failure: the paradox persists. Rev. Esp. Cardiol. 63, 1210–1211
27. Tovée, M.J. et al. (1998) Optimum body-mass index and maximum sexual attractiveness. Lancet 352, 548
28. Dietz, W.H. (1994) Critical periods in childhood for the development of obesity. Am. J. Clin. Nutr. 59, 955–959
29. Hochberg, Z. (2009) Evo–devo of child growth II: human life
history and transition between its phases. Eur. J. Endocrinol.
160, 135–141
30. Guo, S.S. et al. (1994) The predictive value of childhood body
mass index values for overweight at age 35 y. Am. J. Clin. Nutr.
59, 810–819
31. Ylihèrsilè, H. et al. (2008) Body mass index during childhood and
adult body composition in men and women aged 56–70 y. Am. J.
Clin. Nutr. 87, 1769–1775
32. Botton, J. et al. (2008) Postnatal weight and height growth
velocities at different ages between birth and 5 y and body
composition in adolescent boys and girls. Am. J. Clin. Nutr.
87, 1760–1768
33. Brook, C.G.D. et al. (1972) Relation between age of onset of
obesity and size and number of adipose cells. Br. Med. J. 2, 25–
27
34. Hochberg, Z. (2008) Juvenility in the context of life history theory.
Arch. Dis. Child. 93, 534–539
35. Marakaki, C. et al. (2017) Early adiposity rebound and premature
adrenarche. J. Pediatr. 186, 72–77
36. Cole, T.J. and Lobstein, T. (2012) Extended international (IOTF)
body mass index cut-offs for thinness, overweight and obesity.
Pediatr. Obes. 7, 284–294
37. Whitaker, R.C. et al. (1998) Early adiposity rebound and the risk of
adult obesity. Pediatrics 101, e5
38. Eriksson, J.G. et al. (2003) Early adiposity rebound in childhood
and risk of type 2 diabetes in adult life. Diabetologia 46, 190–194
39. Marild, S. et al. (2009) Obesity in children and adolescents: pretreatment predictors of response to interventional life-style studies. A systematic review. Obes. Metab. Milan 5, 54–59
40. Koh, Y.K. et al. (2016) Acanthosis nigricans as a clinical predictor
of insulin resistance in obese children. Pediatr. Gastroenterol.
Hepatol. Nutr. 19, 251–258

Trends in Endocrinology & Metabolism, December 2018, Vol. 29, No. 12

825

41. Kerem, N. et al. (2001) The autosomal dominant trait of obesity,
acanthosis nigricans, hypertension, ischemic heart disease and
diabetes type 2. Horm. Res. Paediatr. 55, 298–304

51. Flier, J.S. (1998) What’s in a name? In search of leptin’s physiologic role. J. Clin. Endocrinol. Metab. 83, 1407–1413

42. Skoglund, P. et al. (2012) Origins and genetic legacy of Neolithic
farmers and hunter-gatherers in Europe. Science 336, 466–469

52. Bribiescas, R.G. (2001) Serum leptin levels and anthropometric
correlates in Ache Amerindians of eastern Paraguay. Am. J. Phys.
Anthropol. 115, 297–303

43. Lachance, J. et al. (2012) Evolutionary history and adaptation
from high-coverage whole-genome sequences of diverse African
hunter-gatherers. Cell 150, 457–469

53. Abizaid, A. et al. (2006) Ghrelin modulates the activity and synaptic input organization of midbrain dopamine neurons while
promoting appetite. J. Clin. Invest. 116, 3229–3239

44. Le Roith, D. and Zick, Y. (2001) Recent advances in our understanding of insulin action and insulin resistance. Diabetes Care
24, 588–597

54. Shiiya, T. et al. (2002) Plasma ghrelin levels in lean and obese
humans and the effect of glucose on ghrelin secretion. J. Clin.
Endocrinol. Metab. 87, 240–244

45. Smit, A. et al. (1993) Evolutionary conservation of the insulin gene
structure in invertebrates: cloning of the gene encoding molluscan insulin-related peptide III from Lymnaea stagnalis. J. Mol.
Endocrinol. 11, 103–113

55. Wortley, K.E. et al. (2004) Genetic deletion of ghrelin does not
decrease food intake but inﬂuences metabolic fuel preference.
Proc. Natl. Acad. Sci. U. S. A. 101, 8227–8232

46. Steiner, D. et al. (1985) Structure and evolution of the insulin gene.
Annu. Rev. Genet. 19, 463–484

56. Kaiya, H. et al. (2011) Recent advances in the phylogenetic study
of ghrelin. Peptides 32, 2155–2174

47. O’dea, K. (1991) Westernization and non-insulin-dependent
diabetes in Australian Aborigines. Ethn. Dis. 1, 171–187

57. Del Giudice, E.M. et al. (2004) Molecular screening of the ghrelin
gene in Italian obese children: the Leu72Met variant is associated
with an earlier onset of obesity. Int. J. Obes. 28, 447

48. Frayling, T.M. et al. (2007) A common variant in the FTO gene is
associated with body mass index and predisposes to childhood
and adult obesity. Science 316, 889–894

58. Booth, F.W. et al. (2002) Exercise and gene expression: physiological regulation of the human genome through physical activity.
J. Physiol. 543, 399–411

49. Fredriksson, R. et al. (2008) The obesity gene, FTO, is of ancient
origin, up-regulated during food deprivation and expressed in
neurons of feeding-related nuclei of the brain. Endocrinology
149, 2062–2071

59. Chakravarthy, M.V. and Booth, F.W. (2004) Eating, exercise, and
‘thrifty’ genotypes: connecting the dots toward an evolutionary
understanding of modern chronic diseases. J. Appl. Physiol. 96,
3–10

50. Kahn, B.B. and Flier, J.S. (2000) Obesity and insulin resistance. J.
Clin. Invest. 106, 473–481

60. Burkhauser, R.V. et al. (2009) The timing of the rise in US obesity
varies with measure of fatness. Econ. Hum. Biol. 7, 307–318

826

Trends in Endocrinology & Metabolism, December 2018, Vol. 29, No. 12

