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REVIEWS

An epigenetic approach of the symbiotic relationship between
nutrition and systematic physical activity
O abordare epigenetică a relației simbiotice dintre nutriție și activitatea fizică
sistematică
Nicolae Neagu
University of Medicine and Pharmacy, Tîrgu Mureş

Abstract
Our study starts from the assumption that the influence of the environment (phenotype) can modify, positively or negatively,
genetic heritage, as an epigenetic factor. Recent research reveals several cellular mechanisms by which environmental influences can control gene activity. These mechanisms (epigenetic activity) allow body cells to adapt to environmental changes. We
investigated the literature to clarify some terms: epigenetics, genome, epigenome, microbiome, less circulated in our area, as
well as the relationship of mutual potentiation between genotype and phenotype as co-variants of motor capacity, body morphotype and homeostasis. From the relation between individual nutrition and the typology of daily activities, we developed several
deductions and analogies, considering that a monitored correlation mutually potentiates the influences of the two environmental
factors. Our approach raises the problem whether epigenetics could answer the original question if environmental changes in
ancestors generate epigenetic changes in their descendants, inducing a new epigenome, better or worse than the previous one.
Key words: epigenetics, genotype, phenotype, genome, microbiome.
Rezumat
Studiul nostru pornește de la premiza posibilității că influența mediului ambiental (fenotipul) poate modifica, pozitiv sau
negativ, zestrea genetică individuală, ca factor epigenetic. Cercetări recente relevă că există mecanisme celulare, prin care
influențele ambientale pot controla activitatea genelor. Aceste mecanisme, ca activitate epigenetică, dau posibilitatea adaptării
celulelor corpului la modificările ambientale. Am investigat literatura de specialitate cu scopul clarificării semantice a unor termeni: epigenetică, genom, epigenom, microbiom, mai rar vehiculați în domeniul nostru, respectiv, relația de potențare reciprocă
dintre genotip și fenotip, covariante ale capacității motrice, morfotipului somatic și homeostaziei organismului. Din relația dintre caracteristicile dietei individuale și tipologia activităților cotidiene, dezvoltăm deducții și analogii, apreciind că o corelare
monitorizată potențează reciproc influențele celor doi factori ambientali. Abordarea noastră ridică problema dacă epigenetica
ar putea răspunde la întrebarea-premiză inițială și dacă modificările ambientale longitudinale asupra antecesorilor generează
schimbări epigenetice asupra descendenților acestora, inducându-le un nou epigenom, superior sau inferior precedentului.
Cuvinte cheie: epigenetică, genotip, fenotip, genom, microbiom.

Introduction
The fact that the entire phylogenetic evolution of the
human species was and still is under the influence of two
main groups of influence factors is unanimously recognized.
These are internal, endogenous factors and external,
exogenous factors. From another perspective, internal
factors are subordinated to the concept of human genotype,
based on the human species-specific DNA configuration
that makes up the genome of each individual, while
external factors (human phenotype) introduce alterations

of the human genome organization, without modifying the
DNA sequence, generating a particular (individual) form
of manifestation, termed epigenome.
Consequently, it can be said that the genome is a “data
library” containing information, the so-called “instruction
manual”, comprising about 25,000 genes that control
everything that happens to an individual (Restian, 2010).
On the other hand, the way in which these “instructions”
are used, under the considerable influence of the external
environment, is a very important interface between the
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genome and the environment, inducing a new genomic
construct - ad certum limitatum tempus - represented by
the individual’s epigenome. In other words, “epigenetic
differences between individuals can become heritable
across generations” (Ayala & Arp, 2010), with the mention
that they are reversible when the specific inducing factors
no longer act. It results that epigenetic influence causes
changes which:
- induce and support the development and phenotypic
variability of the body;
- explain how cell differentiation occurs;
- show that humans are not rigidly genetically
determined;
- the genome is a stable component;
- the epigenome is an adaptive component;
- the epigenome updates only those potentialities of
the genetic heritage that correspond to current needs.
Regarding these mechanisms, “The epigenome
integrates the information encoded in the genome with all
the molecular and chemical cues of cellular, extracellular,
and environmental origin. Along with the genome, the
epigenome instructs the unique gene expression program
of each cell type to define its functional identity during
development or disease” (Rivera & Ren, 2013, cited by
Kanherkar et al., 2014).
The aim of this study is to reveal a number of aspects
regarding the way in which the epigenome influences the
relationship that we define as symbiotic between systematic
physical exercise and the characteristics of nutrition in an
individual. We do not intend to study in detail the intricate
changes in gene organization and restructuring through
methylation or other mechanisms – without effective
mutations – all induced by epigenetic factors.
In contrast, we wish to analyze some aspects related
to the way in which the genome, by “reading” epigenetic
information, alters a series of characteristics in individuals
and their descendants (across two or three generations),
under the longitudinal (long lasting) influence – positive
or negative – of the environment, such as the quantity
and quality of nutrition in relation to the typology of an
individual’s daily activities, sedentary or active. Possible
effects can be defined as either mutual potentiation or
mutual disruption.
Through this study, we wish to draw attention to some
increasingly widely spread mutual disruption phenomena,
which develop insidiously and have a negative influence
on the mutual potentiation relationship that should be
maintained and optimized.
In fact, there are many and varied signs of this true
scourge combining a sedentary lifestyle and an unhealthy
diet, which has already induced important epigenetic
changes that are transmitted to one up to two or three
consecutive generations of descendants: infantile obesity,
type 2 diabetes mellitus – at increasingly younger ages
– cardiovascular diseases, extensive and premature
morbidity, a high incidence of mortality due to a deep
alteration of the body homeostasis, as a result of a
completely inadequate lifestyle including involuntary and
paradoxically, voluntary denutrition – tolerated for the
“voracious” pleasure of eating without control.
All these are fatefully combined with chronic

sedentariness, generated by educational misconceptions
and the transformation of daily activities, relating to:
- automation and robotization;
- passive transportation – by car, subway, elevator,
escalator, etc.;
- online communication and “pseudo-socialization”;
- predominantly electronic games or use of tablets by
children;
- insufficient curricular or extra-curricular physical
activities;
- early education in the spirit of avoiding effort,
followed by the children’s refusal to perform physical
activities and sports, considered too tiring and straining,
etc.

Epigenetics - concept and evolution
Epigenetics emerged as a new science in the early 40’s.
It was developed by the English biologist
Conrad Hal Waddington (1905-1975). The term
epigenetics was used for the first time in 1942, in
Waddington’s book (Waddington, 1942a), Science
and Ethics. The same year, Waddington (Waddington,
1942b; Waddington, 1942c) published two articles, in
which he developed the concept of epigenetics following
experimental studies related to the influence of environment
on the genome. In fact, the pioneer of epigenetics is the
German biologist August Weismann (1834-1914), who
experimented some environmental influences on the
genome in mice. In 1956, Waddington (Waddington,
1956) published a paper in which “he demonstrates the
inheritance of some traits acquired by a population, in
response to environmental stimuli” (Noble, 2015). Starting
from Waddington’s new approaches, certain unorthodox
formulations are also found, such as: “Epigenetics is a
reaction against genetic deficiencies” (Morange, 2005).
Later, in the mid-70’s, studies and new approaches of
epigenetics developed, which was interpreted as a “control
of gene activity, through DNA methylation and alteration
of chromatin components” (Morange, 2005).
The epigenetic approaches of Acad. Prof. Dr. Adrian
Restian are also interesting. According to him, “Although
leading to extraordinary progress, genetics was not able
to explain some biological or pathological processes. For
example, genetics cannot explain how cell differentiation
occurs”, from the egg cell to about “200 different types
of cells in the body” and “All cells in the human body are
derived from the same egg cell and have the same genetic
information. All body cells contain the entire genetic
information, that is, all have the same genetic potential.
However, genetics cannot explain why one cell activates a
certain part of genetic information, becoming a neuron, and
another cell activates other genetic information, becoming
a muscle cell” (Restian, 2010). Adrian Restian also shows
that “Genes are normally silent, they only synthesize
proteins when they are stimulated by environmental
factors, when the synthesis of those proteins is required.
And environmental factors act on the genome through the
epigenome” (Restian, 2010). Or, “The epigenome is a sort
of interface between the environment and the genome”
(Leberder, 2001; Bell & Beck, 2010, cited by Restian,
2010).
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There are currently many studies that investigate
epigenetics, its role, its mechanisms and their
transgenerational effects, and transgenerational persistence
as new concepts (Paoloni-Giacobino, 2014). A group of
researchers at the Washington University demonstrated by
personal studies the persistence, across four generations of
rats, of epigenetic demethylation phenomena (Anway et
al., 2005). At the same time, other pertinent observations
show that “generalizations and the temptation to consider
epigenetic inheritance as a general rule should be avoided”
(Paoloni-Giacobino, 2014). A statistical analysis conducted
by Thomson Reuters Web of Knowledge regarding the
number of studies on epigenetics in the period 1992-2011
evidenced an 850% increase of their number, from about
1000 articles in 1992 to more than 8500 articles in 2011
(Fig. 1).

Fig. 1 – Evolution of the number of papers and studies on
epigenetics (according to Thomson Reuters Web of Knowledge
– Special Topics epigenetics database)

Characteristics of nutrition and its epigenetic
impact
A number of studies address the relationship between
nutrition as a sociogenic environmental factor and its
effect on the individual genome, in which it can induce
epigenetic changes. The concept of the “first 1000 days
of an individual’s life” including the prenatal period,
and their importance for the epigenetic imprinting of the
child’s DNA are well known. Relatively recent studies
show that inadequate nutrition during pregnancy leads to a
marked increase in the rate of non-communicable diseases
in offspring (Bedford-Russell & Plumb, 2006; Godfrey
et al., 2011; Godfrey et al., 2015; Krushkal et al., 2014).
For example, nutritional intake to the fetus through the
umbilical cord during pregnancy and in the first months of
life has long-term consequences on that individual’s health
(Godfrey et al., 2015; Tarry-Adkins, 2016).
Lately, the concept of the “first 1000 days” has been
extended to a more comprehensive concept, with general
applications, the “window of opportunity”, which we
propose to be included in nutritional guidelines for the
mother (with effects on the fetus), and subsequently
for the newborn and the child until the age of 3-5 years,
which is considered to be the ideal period, with the highest
plasticity of the child’s development under the influence
of environmental factors such as nutrition and physical

activity.
The level of an individual’s plasticity under external
influences decreases with age, which is why a timely
phenotypic intervention is important, hence the concept
mentioned above. After this optimal period, “the open
window” gradually turns into a “closed window against
opportunity” or even into a “wall against opportunity”,
much more difficult to penetrate and influence by
environmental factors. Behavioral nutritional or other
errors (socioeducational, informational, etc.), translating
into nutritional disorders or involuntary denutrition
(through lack of knowledge) and voluntary denutrition
(out of ignorance), will result in epigenetic marks with
long-term negative consequences on the individual’s
development, as well as on the individual’s offspring
(Bossdorf et al., 2008).
In various circles interested in the study of epigenetics,
with reference to the transmission of genetic predispositions
from ancestors to descendants, obesity occupies a central
position regarding the interaction between the environment
and the individual. Denutrition and sedentariness are seen
as disturbing obesogenic factors and the environment
becomes an obesogenic environment. In such an
environment, the epigenetic imprint on the DNA – without
changing it (Bird, 2007) – determines a high expression
of obesity genes and a low expression of longevity genes.
Thus, more than 40 genetic variations have been associated
with obesity and adipose tissue distribution (Herrera et al.,
2011; Chambers et al., 2008; Lindgren et al., 2009). It was
also found, in twins, that the heritability index of the body
mass index (BMI) in children and adults ranges between
40-70% (Wardle et al., 2008).
Although studies in this area have multiplied, the causal
relationship and the covariance relations of the contribution
of internal (genetic) and external (environmental)
obesogenic factors to what can be defined as epidemic
obesity are not yet completely understood (Herrera et
al., 2011). The same studies show that the specific (more
restricted) obesogenic environment has different effects
on individuals who live in the same but more extensive
environment. Hence certain limitations and hesitations
in generalizing one or another hypothesis of obesogenic
causality. In fact, this is an extremely wide research
area, with many unknown variables, which remain to be
discovered and clarified.
Another direction in exploring the study of epigenetics
is the development of the concept of pharmacogenetics.
This involves the discovery of epigenetic drugs, which
treat diseases and lead to the inhibition of “disturbing”
genes and the activation of “potentiating” genes, offering
hope regarding the possibility of “encoding” genes with a
triggering role in certain diseases, so that pathogenic genes
are silenced (e.g., cancer, morbid obesity, schizophrenia,
autism, Alzheimer’s disease, type 2 diabetes mellitus,
cardiovascular diseases, metabolic disorders and many
others). Thus, there is hope that in the future, the DNA will
be recoded and adjusted according to the therapeutic and
prophylactic needs of tomorrow’s society.
Other findings reveal the fact that food acts on the
cellular genome through epigenetic factors. In order to
be assimilated, food first acts on the cellular genome. The
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ingested glucose will initially act on the cellular genome
to stimulate the synthesis of insulin and enzymes required
for its metabolization. These aspects are investigated by
nutrigenomics, which studies the influence of nutrition on
the cellular genome (Simopoulos, 2002).
Recent studies have shown that inadequate nutrition
(high-calorie, high-fat or high-carbohydrate content),
smoking and excessive alcohol consumption as
environmental factors lead to the development of diseases,
acting in turn on epigenetic factors, and that a number
of traits can be transmitted across generations through
epigenetic factors (Nelson et al., 2010).

Epigenetics, nutrition and the human microbiome
Epigenetic factors, acting on the individual genome,
induce changes in gene functions, which impact the
different systems of the body. A functional area affected
by epigenetic changes is represented by the individual
microbiome (microbial flora), with long-term effects on
the entire digestive activity. The term microbiome was
introduced by Joshua Lederberg in 2001 (Eisen, 2015).
Other relationships, symbiotic or, on the contrary, discordant
can develop auxologically between an individual (as a
host) and bacterial and microbial flora (as an epigenetic
factor). The result can be positive, ameliorative, optimizing
in case of mutual potentiation (inducing homeostasis), or
obstructive, discordant, antagonistic in case of mutual
disruption (inducing “dys-stasis”) (Fig. 2).

Fig. 2 – Potential influences and relationships between nutrition
and the human microbiome, as epigenetic factors.

The human body forms, along with an impressive
number of microorganisms - about 100 billion (Kahlert &
Müller, 2014), an internal space of cohabitation, generically
termed “biozone” or “biocenosis” (biocenosis) – a term
introduced by the German biologist Karl August Möbius
(1825-1908), in 1877 (Nyhart, 1998). An impressive
number of micro-beings “colonize all body-environment
interfaces, with genetic information and metabolism,
forming the individual human microbiome” (Kahlert &
Müller, 2014). In this way, the human body becomes a sort
of “superorganism” whose cells “multiply ten times and in
terms of genetic information, about 150 times” (Kahlert &
Müller, 2014).
The result of this interrelation was defined in 2007

by Eugene Rosenburg and Ilana Zilber-Rosenburg as a
hologenome, and the theory is termed the hologenome
theory (Rosenburg et al., 2007; Zilber-Rosenburg et al.,
2008). The new resulting functional entity forms a real
holobiosis between the host organism and its microbiome,
and the organism is defined as a holobiont (Mustață &
Mustață, 2014). Thus, the new gene assembly (host &
microorganisms) becomes the individual hologenome.
The new concept’s functioning is based on several rules
(Ehrlich et al., 2008; Gilbert et al., 2010):
- Any living organism establishes relationships with
internal and environmental microorganisms.
- Microbes are transmitted across generations.
- The interaction between the host organism and
microbes influences the interaction of the host with its
environment.
- Variations in the individual hologenome are the result
of changes in the host genes and microbes (metagenome).
The microbiome represents about 2% of an individual’s
weight. This ratio can be considered low, but through its
significant influence on the organism functionality, the
microbiome becomes a very important “cohabitant” of the
organism. The microbiome with its genetic information
forms together with the human genome an extremely
complex metagenome (Arumugam et al., 2011).
The colonization of the body by microorganisms
occurs progressively. It starts during birth and continues
throughout the ontogenic evolution of an individual.
In addition to other routes by which this real “army” of
microorganisms enter the body (skin, mucosae, respiratory
airways, etc.), food is an important “battle tank division” of
the microorganism army. Over time, a real “dialogue” takes
place between the organism and the microbiome, which
has multiple effects, including on the organism’s immune
system (Salminen, 2005; Stecher & Hardt, 2005; Laparra &
Sanz, 2010). This relationship can be healthy, synchronous
(eubiosis) or pathogenic, discordant (dysbiosis) (Fig. 2).
In this context, we mention some recent findings
regarding the human organism-microbiome relationship. A
group of American researchers at the Washington University
found that individuals with a genetic predisposition to
obesity have in their intestinal flora bacteria that absorb
more nutrients from food. They monitored 12 obese
voluntary subjects over a 1-year period, during which these
were on a weight loss diet. As the subjects lost weight, the
bacterial structure in their intestines changed (Turnbaugh
et al., 2006).
The concept of “contagious obesity” has emerged. This
means that obesity is not only genetically but also socially
transmitted, through an exchange of bacteria between
friends and relatives (Christakis & Fowler, 2007; CohenCole & Fletcher, 2008; Bagrowicz et al., 2013).
A recent extensive European project, MetaHIT
(financed by the European Commission, with a budget of
22 million EURO, implemented in 8 countries in the period
2008-2012), revealed the fact that individuals differ from
one another through bacteria in their microbiome (1).
According to recent studies (Arumugam et al., 2011),
there are three types of microbial populations, which
generate three human enterotypes, unrelated to age,
sex or diet: Bacteroides, Prevotella and Ruminococcus.
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Bacteroides microbes play a role in carbohydrate
breakdown (persons with this enterotype are predisposed
to weight problems). Prevotella bacteria decompose
intestinal mucus, and Ruminococcus bacteria enhance
sugar absorption, inducing weight gain. Individuals with
the Bacteroides enterotype have a better synthesis of
vitamins B2, B5, C and H, while those with the Prevotella
enterotype have effective bacteria in synthesizing vitamins
B1 and B9 (Slonczewski & Foster; 2011; Rosenburg &
Zilber-Rosenburg, 2011) (Fig. 3).
The Bacteroides enterotype corresponds to high-fat
and high-protein diets, while Prevotella is related to a
high-carbohydrate diet. As part of the mentioned project, a
study in Denmark found that microbiome analysis allows
to predict diabetes, the multiplication of Bacteroides
microbes being more relevant than the body mass index
(BMI).

Fig. 3 – The microbiome and human enterotypes (according to
the European MetaHIT project)

Epigenetics and physical activity
As mentioned before, one of the phenotypic factors
that influence the genome and some emerging epigenetic
traits is represented by systematic physical activity
(longitudinal, in the long term). The positive influences of
well conducted personalized physical exercise are known
and recognized by most researchers in the field. ”Skeptics”
are very rarely found when discussing physical exercise
based on scientifically verified and validated principles,
methods and theories.
We present a number of findings from recent studies in
the field of epigenetics.
It was demonstrated that physical exercise performed
two times a week for six weeks could alter the methylation
of more than 7000 adipose tissues genes (of which 39
involved in obesity and type 2 diabetes mellitus), in a
group of 23 middle-aged men, of which 50% had a family
history of type 2 diabetes mellitus. Their cells adapted for
the benefit of the organism.
Other relevant beneficial effects (p ˂ 0.05) were an
optimization of individual physical fitness, improved
blood pressure and heart rate reactivity during and after
exercise, as well as a reduction of cardiovascular risk.
The studies were carried out at Lund University, Malmo,
Sweden (Rönn et al., 2013).
Other studies show the fact that systematic physical

activity has beneficial effects on memory, psychobehavioral
balance and impulsivity (Archer et al., 2012; Blum et al.,
2015).
Regarding the psyche, the targeted areas are: cognition,
affect, personality, behavior, and mental health (Archer,
2015).
One of the many positive effects of systematic physical
exercise also acts on the “internal clock”, inducing a
considerable gap between the biological age and the
chronological age of those who are aware of this major
benefit. This effect consists of a reversal of the “epigenetic
clock” in the aging process (Denham et al., 2013; Lindholm
et al., 2015). Physical exercise as an epigenetic factor
also contributes to optimizing cardiorespiratory activity
and regeneration processes (Zimmer & Bloch, 2015;
Kashimoto et al., 2015).
Other studies have demonstrated the fact that systematic
physical exercise determines an increase of mitochondrial
biogenesis activity in skeletal muscles and an enhancement
of biochemical activity during muscle contraction, having
beneficial effects on the increase of muscle strength and
resistance (Perez-Schindler & Philp, 2015).
Other epigenetic mechanisms influence morphological
and functional adaptation in somatic muscles subjected to
sustained physical effort. An example is protein NCoR1
(nuclear receptor co-repressor 1), which can reduce the
activity of certain genes. Its inhibition induces muscular
hypertrophy and an increase in the number of mitochondria,
with stimulating effects on physical performance. Potential
applications include some positive examples regarding the
treatment of myasthenia in the elderly and the development
of drugs for obese or immobilized patients, in order to fight
physical weakness (Yamamoto, 2011a; Yamamoto, 2011b).
However, there are also negative examples, related to the
increase, contrary to sports ethics, of muscle strength and
resistance in high performance sport (epigenetic doping!!!).
Some studies have evidenced the synergistic
relationship between systematic physical exercise and
nutrition, as well as the positive effect of personalized diets,
which improve various functional disorders, leading to the
release of exosomes containing miRNAs – non-coding RNA
molecules (Tyagi & Joshua, 2014). The Mediterranean
diet represents a real benefit for persons with a genetic
predisposition to obesity, when it is supported by physical
exercise (Ursu et al., 2015). The prerequisites for such
positive effects are: longitudinal effort, intensity of effort
and frequency of sessions adapted to individual needs and
particularities.
Other beneficial effects of the association of exercise
with personalized diets have been identified in recent
studies: regulation of metabolism, increase of the muscle
mass, enhancement of hematopoiesis, and improvement of
immunity (Voisin et al., 2015).

Conclusions
Although the area of epigenetics is extremely vast, our
study allows us to draw the following conclusions:
1. Epigenetics does not change the DNA and, in
addition, we emphasize the idea that epigenetics does not
represent an “evolution” in the sense of Darwin’s theory.
2. Epigenetic changes are a complex response of the
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organism to an external modifying element.
3. The “response” may be inherited and can manifest
across generations, through its epigenetic mark.
4. If the epigenetic influence that has generated
adaptive changes is removed, the DNA code tends to
restore its original program.
5. Environmental factors as epigenetic factors, such
as prenatal and postnatal nutrition, stress and the type of
activity (physical or sedentary), may leave positive or
negative imprints on the generations of descendants, with a
higher or lower degree of reversibility, through a reduction
or inhibition of the change-inducing actions.
6. Controlled synergism between physical activity
and assisted nutrition has many positive effects on the
organism, regardless of the individual’s status: normal
physical fitness, body dysfunction or sports performance.
7. Determining the contribution of endogenous
epigenetic factors compared to that of exogenous
environmental factors remains an unlimited area to explore,
open to further investigations.
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