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Dear editor
Epigenetics can be defined as the study of heritable changes that affect gene function 

without modification of the deoxyribonucleic acid (DNA) sequence.1 The transfer of 

epigenetic marks through generations is not well understood, and their transmission 

is in dispute.2 Epigenetic marks are tissue-specific and include DNA methylation and 

histone modifications that mediate biological processes, such as imprinting (Figure 1). 

Many imprinted genes are regulators of gene expression controlling growth. Imprinting 

disorders often feature obesity as one of their characteristics.3

Genomic imprinting determines expression of alleles, creating an equilibrium 

between the expression of the parental alleles influencing growth and metabolism.4

The identification of susceptible loci, and finding the causal genes and variants in 

each locus for obesity may allow molecular and physiological investigations. However, 

the knowledge of the mechanisms through which these contribute to susceptibility to 

obesity will not necessarily provide the requisite management strategies.

Geneticists have long since identified the obesity gene (FTO)5 and a low-fat gene 

(APOA5),6 and that variations in the adiponectin gene (single nucleotide polymor-

phism [SNP] 276 G allele) can lead to hypoadiponectinemia, which then results in 

insulin resistance, the metabolic syndrome, increased atherosclerosis, morbidity, and 

ultimately, premature mortality.7 Using exome sequencing, a low-frequency coding 

variant has been identified in the SYPL2 gene associated with morbid obesity.8 This 

gene may be involved in the development of excess body fat.

Hypokinesis, in conjunction with excess caloric intake over expenditure, leads to 

obesity, which can then result in the metabolic syndrome, type 2 diabetes mellitus, 

cardiovascular disease (CVD), coronary heart disease, and cerebrovascular accident, 

or “stroke”.9–12

Obesity is also believed to predispose to certain types of cancer,13 such as breast14 

and colon cancer.15

However, the assertion that the complete absence of fat cells (adipocytes) is meta-

bolically advantageous is a fallacy. Adipocytes play an important role in health by 

their hormonal role in the regulation of energy intake and fat storage, and function as 

an endocrine gland (Figure 2).16,17 Adipocytes secrete approximately 50 adipokines 

with diverse functional roles.18

The average human phenotype contains 30 billion fat cells, weighing approximately 

13.5 kg.19 To establish the dynamics within the stable population of adipocytes in 
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adults, adipocyte turnover can be measured by analyzing the 

integration of 14C derived from nuclear bomb tests in genomic 

DNA. If excess weight is gained as an adult, fat cells increase 

approximately fourfold in size before dividing and increasing 

the absolute number of fat cells present. However, even after 

marked weight loss, the number of fat cells stays constant in 

adulthood in lean and obese individuals, indicating that the 

number of adipocytes is set during childhood and adoles-

cence.19 Approximately 10% of fat cells die and are replaced 

annually. The expansion of the fat cell population and the 

final number of adipocytes in the adult body appears to occur 

at an earlier age in obese people.  Fatter people experience 

a period of rapid adipoctye production around the age of 

2 years and reach their adult number of fat cells when they are 

approximately 16.5 years old.19 Lean people, however, recruit 

fat cells most rapidly at approximately 6 years old, with their 

fat cell population reaching its adult size at approximately 

18.5 years. Obese people have as many as twice the number 

of adipocytes as lean people.19

Scientific evidence supports the concept that gene 

expression in our physically active ancestors reduced 

adverse physiological effects that may occur with a seden-

tary lifestyle. To prevent the development of these adverse 

physiological effects, children who experience appropriate 

nutrition and regular exercise during their growing years 

display healthy patterns of physical maturation consistent 

with their genetic potential.20 However, a genetic explanation 

cannot explain how humans have become so fat over such 

a short time frame.21 Heredity can only explain 67% of the 

population variance in obesity.22

Genetics are unlikely to account fully for the prevalence 

of obesity – it must be due to the declining rates of physical 

activity and an increase in the consumption of energy-dense 

foods.23,24

The differences in phenotypes and physiology between 

two geographically separate but genetically similar Pima 

Indian tribes suggests the importance of the environmental 

effect, especially physical activity, on the genome.25 The 

Mexican Pima Indians were found to expend 2,100–2,520 kJ 

day-1 more in physical activity than did their obese Arizonian 

Pima equivalents, to have had a diet lower in fat and higher in 

fiber content, and to weigh 26 kg less.25 As a consequence, the 

Chromosome Epigenetic mechanisms
Organism development (conception–death);
Epigenetic factors:
Environmental effects: diet, chemicals, medicines,
toxins, physical activity, aging
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Figure 1 epigenetic mechanisms.
Notes: DNA methylation: addition of a methyl group to DNA nucleotides, cytosine or adenine, from dietary sources can activate or repress gene response. Methylation 
modifications that regulate gene expression can cause genomic imprinting. Histone modification: DNA winds around histone proteins which can activate or repress gene 
response. Histone is the main protein component of chromatin (complex of macromolecules comprising DNA, protein, and rNA).
Abbreviation: DNA, deoxyribonucleic acid.
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Mexican Pima Indians did not have the diabetes prevalence 

of the Arizonian Pima Indians.26

Children of pregnant women exposed to the Dutch famine 

of 1944 were more susceptible to diabetes, obesity, CVD, 

renal disease, and other health problems.27 The children of the 

women who were pregnant during the famine were smaller, 

and when these children grew up and had children, those 

children were also smaller than average.28 This suggested 

that the famine experienced by the mothers caused epigenetic 

changes that were passed down to the next generation.

Genetic predisposition is the primary cause of most of the 

rare diseases that affect one in 17 people.29,30 Every human 

possesses approximately three million sequence variants of 

which approximately 400 can predispose to pathology, in 

adverse environmental circumstances.31

Could lifestyle assessments and avoidance of potential 

risks have beneficial effects on a person’s health despite 

genetic variants? This question can only truly be answered 

if we are able to sequence individual genomes on demand 

and then, only if it is cost effective.

The general public should be concerned with prevention 

rather than the management of obesity and its sequelae. 

Despite considerable financial investment, the pharmaceu-

tical industry has provided only palliation of obesity rather 

than cure.

Physical activity should be the main agenda of the 

Department of Health and the responsibilities for its effec-

tive prescription and assessments placed in the hands of 

appropriate health professionals. More consideration should 

be given to effective exercise prescription rather than the 

premature introduction of prescription medicines, such as 

the latest insulin analog or glucagon-like peptide-1 agonist 

(GLP-1 agonist), to type 2 diabetics, which appears to be only 

palliating the disease state and elevating the public purse’s 

annual budget.32

In the UK in 1998 the anti-obesity drugs’ bill was 

£20,000.00 and in 2005 it was £38 million, with increased 

prescribing of drugs such as orlistat and sibutramine.33 In 

2010 it was £50 million.34

The annual drugs bill in the UK is currently around 

£12 billion, which equates to just approximately 10% of 

National Health Service (NHS)  expenditure, having risen 

around 3.5% a year between 2007 and 2013.

When the NHS was launched in 1948 it had a budget of 

£437 million (circa £9 billion at today’s value). For 2015 it 

is predicted to be £115.4 billion.35

The obesity epidemic that we are experiencing is a global 

phenomenon. In 2005 more than 1.6 billion adults over the 

age of 15 years, were overweight and 400 million were obese. 

By 2015 it has been predicted that more than 2.3 billion 

Endocrine effects (hyperinsulinism, insulin resistance,
hypercortisolism, increased erythropoietin secretion)

Cardiovascular and rheologic effects, sleep apnea
Renal effects
Activation of the sympathetic nervous system
Metabolic effects (dyslipidemia, carbohydrate intolerance)

Increased coagulation/decreased fibrinolysis (↑ PAI-1)
Hematologic effects

↑ NFκB

↑ PAI-1 ↑ TNFα ↑ Angiotensin↓ Adiponectin ↑ Resistin

Obesity

Adipocytes

↑ Leptin

Figure 2 The endocrine function of an adipocyte.
Abbreviations: NFκB, nuclear factor kappa-light-chain-enhancer of activated B cells; PAI-1, plasminogen activator inhibitor-1; TNF, tumor necrosis factor.
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adults over the age of 15 years, will be overweight and at 

least 700 million will be obese.36 With global projections, 

more than 2.16 billion will be overweight and 1.12 billion 

will be obese individuals by 2030.36

Watson and Crick discovered the structure of DNA in 

1953,37 and Sanger identified the amino acid sequence of 

insulin in 1955, and nucleic acid sequencing becoming 

a major target of early molecular scientists.38

However, we are no nearer to eradicating the most basic 

of diseases, associated with obesity.

Have we really had a single or series of genetic mutations 

to account for a 21.4% and a 24% increase in obesity in males 

and females respectively, in a mere third of a century?

Sequencing the first human genome took 13 years and 

was completed in 1986 at a cost of £2 billion.39 Today we can 

sequence a complete human genome in two days at a cost of 

approximately £4,000.00.39

Bulk sequencing all 20–25,000 human protein coding 

genes, the exome, now costs less than £500.29

Targeting the screening of a specific panel of genes known 

to be associated with a particular phenotype, as opposed to 

screening mutations, would appear necessary in the belief 

that eating five pieces of fruit and vegetables a day will keep 

us slim, healthy, and disease free.40 Scientists are required to 

identify variants in genes, known to be pathogenic in an effort 

to decide on preventative, curative or palliative action.

The investment continues as the government’s decision 

to gene sequence 100,000 whole genomes at a cost to the 

public purse of £100 million hoping to identify the reason 

for the current obesity pandemic, pursuant to the work of 

the Wellcome Trust’s Sanger Institute initiating the Human 

Genome Project.29,41 However, will such an investment stimu-

late the general population to cease eating refined processed 

foods and commence exercising?

The fact there is so much money available for such a 

resource is surprising. Should not that money be available 

to employ more exercise scientists, who can advise these 

obese phenotypes that eating the correct diet and performing 

even limited amounts of exercise can bring about positive 

transgenerational epigenetic changes to the major CVD risk 

factors.42,43

Currently the vast sums of money spent in researching 

pharmacotherapy alone appear to be having very little effect. 

A greater investment should be applied to promoting exer-

cise in conjunction with exome sequencing and epigenetic 

research.

Human growth hormone (hGH) which controls the body’s 

ability to metabolize carbohydrate, fat, and protein and deposit 

any excess fat in the appropriate site, commences a downward 

spiral, after full adult growth has been attained.44 It decreases 

by 14% per decade from the age of 20 years.44 Exercising for 

more than 10–20 minutes at an oxygen uptake (VO
2
max) of 

70%, stimulates pituitary release of hGH by five- to tenfold.45 

Protein consumption stimulates pituitary release of hGH.46 

Carbohydrate and fat ingestion inhibit pituitary release of 

hGH.47 Also obesity causes a blunted response to hGH com-

pounding the adverse situation.48

Physical activity can ultimately prevent many problems 

associated with obesity.43 There is a lower cancer incidence 

rates among the adult Amish population, compared with 

non-Amish population, due to increased physical activity.49 

Physical activity differences can be identified in childhood in 

the Amish compared with non-Amish population and accounts 

for Amish children being approximately 3.3 times less likely 

to be overweight compared to non-Amish children.50 The 

average American would aspire to walk approximately 10,000 

steps per day to maintain a healthy body mass. In one study 

the average number of steps walked per day was 18,425 for 

Amish men versus 14,196 for Amish women, who have a 

very low incidence of obesity. The Old Order Amish refrain 

from driving cars, using electrical appliances, and employing 

other modern conveniences. Labor-intensive farming is still 

the preferred occupation.51

Conclusion
Obesity is a consequence of a high saturated fat, a refined 

carbohydrate diet, and an increased input over expenditure, 

combined with reduced exercise. Proactive research scientists 

are working to identify explanations, at the molecular level, 

relating exercise to health improving epigenetic changes.

Prevention must always be better than cure. When a large 

segment of the population adopts modest improvements in 

health behaviors, the overall disease burden in the population 

is likely to be reduced more dramatically than if a modest 

segment of the population adopts large changes.52

Disclosure
The authors report no conflicts of interest in this 

communication.
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