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Epigenetics, defined as “hereditary changes in gene expression 
that occur without any change in the DNA sequence”, con-
sists of various epigenetic marks, including DNA methylation, 
histone modifications, and non-coding RNAs. The epigenome, 
which has a dynamic structure in response to intracellular and 
extracellular stimuli, has a key role in the control of gene activ-
ity, since it is located at the intersection of cellular information 
encoded in the genome and molecular/chemical information 
of extracellular origin. The focus shift of studies to epigenetic 
reprogramming has led to the formation and progressive impor-
tance of a concept called “nutriepigenetics”, whose aim is to 
prevent diseases by intervening on nutrition style. Among the 
diet types adopted in the world, the renowned Mediterranean 

Diet (MD), being rich in unsaturated fatty acids and containing 
high levels of whole grain foods and large quantities of fruits, 
vegetables, and legumes, has shown numerous advantages in 
excluding chronic diseases. Additionally, the fact that this diet 
is rich in polyphenols with high antioxidant and anti-inflamma-
tory properties has an undeniable effect in turning some cellular 
pathways against the disease. It is also apparent that the effects 
of polyphenols on the epigenome cause changes in mechanisms 
such as DNA methylation and histone acetylation/deacetylation, 
which have a regulatory effect on gene regulation. This review 
presents the effects of long-term consumption of nutrients from 
the MD on the epigenome and discusses the benefits of this diet 
in the treatment and even prevention of chronic diseases.
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Summary

Introduction

The concept of epigenetics, which was first defined 
by Conrad Waddington in 1942, was discussed as the 
gene-environment interaction established between 
genotype and phenotype in the developmental process 
[1]. The currently accepted definition of epigenetics, 
which etymologically means “above gene”, is “heredi-
tary changes in gene expression that occur without any 
change in the DNA sequence”. Although the 21st centu-
ry is defined as the “century of epigenetics”, it carries 
out studies in this field by targeting various epigenetic 
marks, such as DNA methylation, histone modifications, 
and non-coding RNAs, in the control of cellular process-
es. In the genome, which is constituted of all of the ge-
netic information contained in cell DNA, these epigene-
tic marks have extremely stable and dynamic structures, 
but they can also lead to changes in the epigenetic state 
when influenced by environmental factors [2]. 
On the other hand, the complex modifiers associated 
with genomic DNA that enable the transfer of unique 
cellular and developmental identity constitute the epig-
enome. In other words, the epigenome, which includes 
any gene expression modifier that is independent from 
the DNA sequence in said gene, is the chain of chemical 
tags that can modify the DNA and the structures associ-

ated with it. Therefore, the epigenome is at the intersec-
tion of the cellular information encoded in the genome 
and the molecular/chemical information of extracellular 
origin.
Over the last two decades, once genetic information has 
become understandable, the focus of studies in this field 
has shifted to epigenetic reprogramming. In this context, 
studies about nutrition, which is an indispensable part 
of human life, have drawn attention to the importance 
of epigenetic studies, especially those focusing on the 
mission of preventing diseases. Among the many types 
of diet, it is frequently discussed within the framework 
of precision and preventive medicine that the Mediterra-
nean Diet (MD) plays an effective role in reducing the 
prevalence of many chronic diseases. This review will 
discuss current approaches to the role of the MD in epig-
enome control, as personalized medicine and disease 
prevention strategies are gaining importance today.

An overview of the elements that make 
up human epigenome

Together with the genome, the epigenome establishes 
a unique gene expression program to define the func-
tional identity that is unique to each cell type, plus the 
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developmental or disease processes. At the same time, 
the epigenome plays a role in the development of the or-
ganism’s ability to respond to some environmental stim-
uli. Therefore, unlike the stable genome, the epigenome 
is characterized by a dynamic and variable behavior in 
response to intra- and extracellular stimuli. Maintaining 
this dynamic structure and activating gene regulation 
mechanisms from the developmental process essential-
ly require the formation of epigenetic memory. In the 
formation of this epigenetic memory, the interactions of 
the epigenome with the environment affect the activation 
process of genes. Therefore, it is worthy of consideration 
that the epigenome of an individual is not only heredi-
tary, but it can also be shaped by exposure to certain en-
vironmental factors during the prenatal period [3]we are 
still far from understanding the molecular events under-
lying phenotypic variation. Epigenetic modifications to 
the DNA sequence and associated chromatin are known 
to regulate gene expression and, as such, are a signif-
icant contributor to phenotype. Studies of inbred mice 
and monozygotic twins show that variation in the epig-
enotype can be seen even between genetically identical 
individuals and that this, in some cases at least, is as-
sociated with phenotypic differences. Moreover, recent 
evidence suggests that the epigenome can be influenced 
by the environment and these changes can last a life-
time. However, we also know that epigenetic states in 
real-time are in continual flux and, as a result, the epig-
enome exhibits instability both within and across gen-
erations. We still do not understand the rules governing 
the establishment and maintenance of the epigenotype 
at any particular locus. The underlying DNA sequence 
itself and the sequence at unlinked loci (modifier loci.
Epigenetic modifications enable chromatin organiza-
tion and maintain cellular function by creating inherited 
transcription conditions. This type of regulation occurs 
through DNA and histone and chromatin modifications, 
which occur by packaging histone-binding proteins. The 
epigenome is shaped differently depending on the cell 
type, usually involving reversible mechanisms via its 
epigenetic marks. The mechanisms responsible for this 
regulation are DNA methylation – the most important 
element of DNA modifications that have a direct effect 
on the epigenome – and chromatin modifications, in-
cluding histone acetylation, histone methylation, histone 
deimination, glycosylation, ADP ribosylation, histone 
ubiquitination, histone sumoylation, histone phosphor-
ylation, nitrosylation, biotinylation. Apart from these 
mechanisms, non-coding RNA-mediated RNAi mech-
anisms, which have an important role in targeted gene 
silencing, have been studied frequently in recent years, 
thus opening a new horizon in studies in the field of epi-
genetics. 

DNA modifications that act directly on the 
epigenome: DNA methylation
Epigenetic marks are an important component of the 
epigenome because they cause diverse effects on gene 
expression. Since the transformation into a specific cell 
type from the very early stages of embryogenesis is con-

sidered as a “software” encoded in the epigenome, it can 
be concluded that the epigenome plays a leading role 
in defining cell functions [4]. Notwithstanding, within 
the scope of the measures taken to prevent metabolic 
syndromes (such as diabetes) in the early stages of life, 
the fact that dietary styles cause permanent changes in 
DNA methylation is among the issues that have been fre-
quently emphasized in the recent years. In fact, there is 
growing evidence that nutrition has an impact on DNA 
methylation, which is one of the largest and most stud-
ied epigenetic mechanisms that play a key role in gene 
expression maintaining [5].
The core of this mechanism is the conversion of cyto-
sines in regions where CpG islands (sometimes also 
called “CpG clusters”) are dense to 5-methyl cytosines 
(5mC), undertaking the task of suppressing gene expres-
sion by blocking transcription factors [6]. DNA methyl-
ation, which plays an important role in gene expression 
and chromatin organization and is a part of the normal 
developmental process, largely occurs in the early post-
natal period and during development. Recent studies 
demonstrated a strong link between DNA methylation 
and human diseases, directing post-genome era studies 
in this field. In this respect, its effect on nutrigenomics is 
a separate research topic in itself.
The mechanism of DNA methylation in mammalians 
is based on DNA methyltransferases (DNMTs), which 
are responsible for establishing methylation models 
throughout the genome, and methyl-CpG binding pro-
teins (MBDs), which are responsible for reading the rel-
evant marks. Among the DNA methyltransferases, those 
classified as DNMT3A and DNMT3B are the two main 
enzymes responsible for de novo methylation, having 
functions such as methylation remodeling and suppres-
sion during embryogenesis. DNMT1, another critically 
important, plays a role in establishing the methylation 
pattern and suppressing transcription by specifically tar-
geting hemi-methlyated CpG sequences. Enzymes such 
as DNMT2 and DNMT3L, which play ancillary roles 
in the formation of the complex, have also been identi-
fied [7, 8]. Deregulations in DNA methylation, being a 
dynamic mechanism and playing a pivotal role in con-
trolling the timing of cellular processes, have been asso-
ciated with many diseases such as cancer, cardiovascular 
diseases, and predisposition to obesity [9].
 Chromatin modifications that act directly on the epig-
enome: Histone modifications
Chromatin is an entire highly condensed DNA-protein 
complex, whose structural and functional unit is the 
so-called “nucleosome”, that forms the backbone of 
essential nuclear processes – such as replication, tran-
scription, and DNA repair – in all eukaryotes. It exists 
in two functional forms, euchromatin and heterochro-
matin, which are conceptually different from each other. 
Euchromatin is a highly loosely condensed form that is 
transcriptionally active and provides the environment 
for DNA-regulatory processes, while heterochromatin is 
often defined as its tightly condensed transcriptionally 
inactive form, devoid of DNA-regulatory activity [10]. 
Histones are evolutionarily well-conserved proteins. 
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There are two copies of each of the H2A, H2B, H3, and 
H4 histones in the octamer nucleosome, and their orga-
nization is completed when 147 bp DNA wraps around 
this octamer structure twice [11].
Histone modifications that develop after the translational 
process in the transfer and after the processing of epigen-
etic information include more than 200 modifications, 
which occur at the amino-terminal ends of the histone 
proteins. These modifications predominantly include 
cellular events such as acetylation, methylation, phos-
phorylation, ubiquitylation, and sumoylation, and have 
been extensively linked to gene activity, gene silencing, 
or isolation between active and inactive gene regions–
similar to DNA methylation [6]. All these modifications 
cause a change in the structure of chromatin, neutraliz-
ing the electrostatic charge of histone tails, as well as 
leading to the formation of different histone codes and 
activating or inactivating transcriptions [6, 12].
It should be noted that histone modifications have al-
ways been more striking than DNA methylation, due to 
the fact that the latter’s properties can be reversed by 
applying certain nutrition styles throughout the life span 
from the periconceptional period [13]which cause herita-
ble changes in gene expression without changes in DNA 
sequence. Nutrient-dependent epigenetic variations can 
significantly affect genome stability, mRNA and protein 
expression, and metabolic changes, which in turn influ-
ence food absorption and the activity of its constituents. 
Dietary bioactive compounds can affect epigenetic alter-
ations, which are accumulated over time and are shown 
to be involved in the pathogenesis of age-related diseas-
es such as diabetes, cancer, and cardiovascular disease. 
Histone acetylation is an epigenetic modification medi-
ated by histone acetyl transferases (HATs. Therefore, the 
protection of chromatin structure by regional relaxations 
and rearrangements has a key role in processes like DNA 
replication, DNA repair, and gene transcription; it also 
underlies dynamic changes within the epigenome. The 
fact that the enzymes involved in the process of provid-
ing this dynamic structure work in opposition to each 
other show that such modifications have reversible prop-
erties. Although there is coordination in all types of his-
tone modifications in the control of chromatin structure, 
the process is complicated by the interactions between 
DNA methylation and ATP-dependent chromatin re-
modeling elements [14]. 
Among the most interesting studies conducted to un-
derstand the role of nutrition in the regulation of these 
modifications are histone acetylation and deacetylation, 
which have been studied for decades in different aspects 
of omics sciences. In this context, it would be beneficial 
to briefly give the basic outlines of these mechanisms 
that play a key role in modulating the epigenome. His-
tone acetylation is a reversible covalent modification that 
is observed at specific lysine residues of histone tails, 
which causes the positive electrical charge of the target 
lysine to become neutral, thereby weakening the electri-
cal attraction between histone-DNA or nucleosome-nu-
cleosome [14]. The enzymes involved in the process 
are the Histone Acetyltransferases (HATs), which are 

able to catalyze the transfer of the acetyl (O = C-CH3) 
group to the ε-amino group of the lysine chains at the 
N-terminus of histone tails, using acetyl CoA as a cofac-
tor. Notably, these enzymes neutralize lysine’s positive 
electrostatic charge, thereby causing relaxation of the 
attraction between histones and DNA. In contrast to this 
process, Histone deacetylases (HDACs) are involved in 
the deacetylation process (that is the recycling process 
of acetylation); these enzymes remove the O=C-CH3 
group in the ε-N-acetyl-lysine amino acid in histone and 
give the lysine a positive charge again. As a result of this 
reaction, the histone DNA connection is tightened and 
the local chromatin structure is closed to transcription in 
a stable state [15].
The elucidation of the molecular mechanisms underly-
ing the reversibility of histone modifications, apart from 
showing new ways in the treatment scheme of many dis-
eases, has led to the idea that nutrition styles will have 
an undeniable effect on shaping these histone modifi-
cations, and has also recently increased the interest in 
studies in this direction.

Non-coding RNA-mediated interactions: RNAi
The concept of RNAi was first introduced in 1998, when 
Andrew Fire and Craig Mello demonstrated the role of 
double-stranded RNA (dsRNA) in post-transcriptional 
gene silencing (PTGS) in C. elegans, demonstrating that 
non-coding RNAs play a central role in the gene expres-
sion of multicellular organisms [16]. RNAi has been an 
important part of research in the development of many 
treatment strategies in addition to the histone modifica-
tions because of its convenience in investigating gene 
function comprehensively, which also makes it a useful 
tool in the intervention and modification process in the 
mammalian genome [17]. This technique was developed 
as an anti-sense strategy and, since it targets the mRNA 
inside the cell, it is essential to transfer into the cells a 
DNA or RNA nucleic acid chain that is reverse comple-
mentary to this mRNA. Thus, the mRNA is degraded 
by catalytically active oligonucleotides, preventing the 
translation of mRNA. In fact, this mechanism is part of 
an advanced cellular defense system, developed to pro-
tect its genome against foreign pathogens. However, 
including small molecules – such as small interfering 
RNAs (siRNAs) and microRNAs (miRNAs) – in these 
pathways was proven to have important functions in 
gene regulation, which led to its use in molecular biolo-
gy studies to suppress endogenous genes [18].
siRNAs are of fundamental importance in the mecha-
nism of RNAi by downregulating target mRNAs through 
endonucleolytic cleavage. In the setup of the RNAi path-
way, dsRNAs are reduced to fragments of 20-22 nucle-
otides, thereby binding to the complementary part of 
target mRNAs and degrading them [19]. Although the 
microRNAs have a similar pathway to siRNAs, they are 
formed from precursor RNA molecules with a stem-
loop secondary structure and play a key role in biologi-
cal processes such as development, differentiation, cell 
proliferation, and apoptosis. Dysregulations in miRNAs 
are associated with many chronic diseases (in particular 



IMPLICATION OF THE MEDITERRANEAN DIET ON THE HUMAN EPIGENOME

E47

cancer) and other epigenetic changes that occur togeth-
er, changing the chromatin structure and thus also the 
interaction of proteins that is necessary for transcription 
with DNA. Although it is not possible to go into details 
of the molecular mechanism of the RNAi process in this 
review, whose aim is to discuss the MD, nutrigenomic 
studies conducted in recent years focus on the effects of 
diet contents on the epigenome by targeting molecules 
in this regulatory pathway. 

The influence of diet on shaping 
epigenetic mechanisms

Nutrition, being one of the indispensable elements for 
survival and healthy life, has become an interesting top-
ic because of its evolution into many different patterns 
of social behavior created by different populations. The 
plant- and animal-derived nutrients bestowed on them by 
nature in the land each people inhabited not only shaped 
many different cultural cuisines, but also paved the way 
for the utilization of these nutrients as alternative medi-
cal treatments. Although there are differences in cultural 
bases, the global effect of the age we live in has led to the 
convergence of nutritional needs by coming together on 
a common denominator. As the most obvious example 
of this, the adoption of the Western Diet (WD) by almost 
all societies has made it the most accessible form among 
people’s daily routine activities. However, it is obvious 
that this diet, being rich in saturated fatty acids, on the 
long run can cause disorders in glucose and insulin regu-
lation, thus paving the way for the accumulation of fat in 
the body and an increased risk of many chronic diseases, 
such as cancer and metabolic syndromes [20, 21]. 
The emergence of numerous different diets in modern 
dietary patterns has led to a selective competition in es-
tablishing a dynamic balance between cellular metab-
olisms depending on the food source. In this context, 
observational studies and randomized controlled trials 
have revealed that the Mediterranean Diet (MD), which 
is rich in unsaturated fatty acids, has many advantages 
in reducing the risk to develop diseases such as Type-2 
Diabetes Mellitus (T2DM), obesity, cardiovascular dis-
eases (CVD), and cancer [22]. The MD is a sustainable 
diet type that is substantially rich in polyphenols, con-
tains high levels of whole-grain foods, and supports 
the consumption of plenty of vegetables, fruits, and le-
gumes  [23, 24]. Additionally, it supports the intake at 
moderate levels of basic foods such as poultry, fish, and 
eggs, with the omega-3 fatty acids it contains; also, the 
consumption of red wine at meals is accepted as a part 
of this diet. Unlike the Western Diet, consumption of 
red meat and processed meat is allowed at a lower level, 
while confectionery products with low or scarcely any 
nutritional value are minimal [25].
Prior to associating nutrition with epigenetics, it is 
noteworthy to emphasize the importance of DNA re-
pair mechanisms that are responsible for the protection 
of genomic stability against any DNA damage. These 
mechanisms, which preserve the stability of the genome, 

primarily detect lesions in DNA and enable mechanisms 
such as base/nucleotide excision repair mechanisms or 
non-homologous end-joining (NHEJ) and homologous 
recombination (HR), based on single-strand breaks 
(SSBs) or double-strand breaks (DSBs) [25, 26]. These 
repair mechanisms, which act as a shield against DNA 
damage, are conspicuously present in neoplastic diseas-
es. Although germline mutations are effective in the for-
mation of genomic instability in caretaker genes, partic-
ularly in hereditary cancers, this inactivation in sporadic 
cancers is characterized by the accumulation of DSBs as 
a result of collapsed DNA replication forks [27]. In this 
process, which is called oncogene-induced DNA repli-
cation stress model, the fact that the MD, known for its 
protective effect against cancer, provides the necessary 
metabolic substrates and strengthens genomic mainte-
nance demonstrates that nutrition plays a dominant role 
in epigenome [25]. 
As mentioned above, many in vivo studies have shown 
that dietary habits not only affect the genomic stabili-
ty of the organism, but they also have a shaping effect 
on the epigenome. For this purpose, the differences be-
tween high-fat and/or high-sugar diets were examined, 
revealing that the effects of dietary components on his-
tone acetylation and deacetylation were more favorable 
to living a healthy life when the subjects followed cal-
orie-restricted diets [13]. To illustrate this phenomenon 
with a few examples, the offspring of Japanese macaques 
that followed a high-fat diet during pregnancy had high-
er histone H3 acetylation levels, while the opposite was 
observed in the offspring of mothers fed a lower-fat di-
et [28]. Similarly, rats on a high-fat diet showed a signif-
icant decrease in liver regeneration abilities, suggesting 
that this may be consistent with a significant decrease in 
HDAC activities [29]. All these findings together show 
that high-fat and/or high-sugar diets can lead to meta-
bolic syndromes by negatively affecting liver functions.

The tight link between nutrition  
and epigenetics from past to present:  
The Dutch Famine

Epidemiological studies carried out so far have under-
lined that the dietary style adopted in childhood and ad-
olescence causes several alterations in gene expression 
levels; those epigenetic factors play an important role 
in this regard [30]. In fact, this knowledge became even 
more significant with the evaluation of metabolic param-
eters, strikingly revealing that the individual is not only 
dependent on his/her own diet, but also influenced by 
his/her parents’ diet [5, 31]. It is undeniable that all the 
factors that the mother is exposed to during pregnancy 
might lead to epigenetic changes and, accordingly, the 
predisposition of the fetus to possible diseases that may 
develop throughout his/her life can be shaped at differ-
ent levels [32-35].
For example, the famine suffered by the population of 
the Netherlands during World War II (September 1944-
May 1945, known as the “Dutch Hunger Winter”) that 
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Tab. I. Classification of polyphenol groups according to the dietary sources in the Mediterranean Diet and their effects on the cellular processes and epigenome they are involved in.

Subclasses of polyphenols Phenolic compounds Bioactive Compounds Dietary sources in MD Biological activity Cellular processes involved Epigenetic mechanism(s) Reference(s)

Phenolic Acids

Hydroxybenzoic acids

p-hydroxybenzoic acid (pHBA), 
3,4-dihydroxybenzoic acid 
(DHB; protocatechuic acid), 
3,4,5-trihydroxybenzoic acid 
(Gallic acid), Vanillic acid

Red fruits, black radish, 
pomegranate, onions, berries, 
nuts

• Anti-oxidant and anti-
inflammatory activities

• Anti-tumorigenic and 
neuroprotective effects

• Cell cycle arrest, and induction of 
apoptosis

• Promoting autophagy and 
inhibition of oxidative stress in 
neurons

Inactivation of HATs, activation of 
HDACs

[54, 78]

Hydroxycinnamic acids

Cinnamic acid, p-Coumaric 
acid, Ferulic acid, Caffeic acid, 
Chlorgenic acid, Rosmarinic acid, 
Sinapic acid

Blueberries, kiwis, plums, cherries, 
coffee

Anti-oxidant and anti-inflammatory 
activities

Regulating autophagy and 
protective effect against DNA 
damage, cell cycle arrest, and 
apoptosis induction

Inhibiting HDACs and DNMTs [60, 79]

Flavonoids

Flavonols Quercetin, Kaempferol, Myricetin
Onions, broccoli, blueberries, 
apples, peppers, tomatoes

Free radical scavenging activity 
together with its anti-oxidant and 
anti-inflammatory properties

Inhibition of cell proliferation 
and tumor growth, induction of 
apoptosis

Influencing effects in miRNA 
expression patterns related to 
inflammation

[60, 80]

Flavanones
Naringenin, Hesperetin, 
Eriodictyol

Citrus fruits (such as grapefruit, 
lemons, oranges, etc.)

Anti-oxidant and anti-inflammatory 
activities

Protection of pancreatic β cells in 
late stages of diabetes

Inhibitory effect on histone 
acetylation and decreased histone 
methyltransferase activity

[81]

Isoflavones Genistein, Daidzein, Glycitein Legumes, soybeans, red clovers
Chemopreventive effects due to its 
anti-oxidant and anti-inflammatory 
effects

Inhibition of cell proliferation 
and tumor growth, induction of 
apoptosis

Dose-dependent epigenetic roles in 
DNMT 
inhibition and histone acetylation

[60, 82]

Flavones Apigenin, Luteolin
Cereals, parsley, artichokes, 
cabbages

Chemopreventive effects due to its 
anti-oxidant and anti-inflammatory 
effects

Inhibition of DNA replication, 
stimulation of apoptosis

Inhibition of DNMTs and HDACs 
activity

[60, 82]

Flavanols
Catechins, Epigallocatechin-3-
gallate (EGCG)

Green tea, cocoa, berries, nuts
Anti-oxidant and anti-angiogenic 
activity

Inhibition of cell proliferation 
and tumor growth, induction 
of apoptosis, protection against 
oxidative stress

Inactivation of DNMTs and HATs, 
activation of HDACs

[13, 48, 54]

Anthocyanins
Cyanidin, Malvidin, Delphinidin, 
Pelargonidin, Peonidin, 
Petunidin

Berries, pears, apples, red 
cabbage, black soybean, grapes, 
blackcurrant, peaches

Anti-oxidant, anti-inflammatory, 
anti-mutagenic and anti-adipogenic 
effects

• Cell growth inhibition, cell cycle 
arrest and induced apoptosis

• Decrease in inflammatory 
cytokines such as CRP and TNF-α

Alterations in H3K4me3 levels and 
DNMTs activities

[60, 83-85]

Other polyphenols and  their bioactive compounds Dietary sources in MD Biological activity Cellular processes involved Epigenetic mechanism(s) Reference(s)

Stilbenes
Resveratrol, Pterostilbene, 
Pallidol

Red wine, grapes, blackberry, 
blueberry, mulberry, peanuts, 
etc.

Cardioprotective, neuroprotective, 
and chemopreventive effects

• Promoting apoptosis, inhibition of 
cell proliferation.

• Regulating signaling pathways 
involved in meiosis, inhibitory 
effect on angiogenesis, inhibition 
of NF-κB activation

Inhibition of 
DNMTs and HDACs, leading to 
activation of HATs

[48, 51, 60]

Lignans

Secoisolariciresinol, 
Matairesinol, Arctigenin, 
Nordihydroguaiaretic acid 
(NDGA), Pinoresinol

Extra-virgin olive oil (EVOO), tea, 
coffee, whole grains

Chemopreventive effects due 
to their anti-oxidant and anti-
inflammatory effects

Cell cycle arrest and apoptotic 
activity

Induction of DNA demethylation and 
upregulation of H3K9me3

[86, 87]

Curcuminoids
Curcumin, 
Demethoxycurcumin, 
Bisdemethoxycurcumin

Turmeric, ginger, curry powder
• Anti-oxidant, anti-inflammatory, 

anti-microbial effects.
• Cardioprotective effects

• Inhibition of cell proliferation 
and tumor growth, induction of 
apoptosis

• Ameliorates the dysregulations 
in the related pathway of 
neurodegenerative diseases

• Induced histone hypoacetylation 
and decreased DNMTs activity.

• Decrease in HDAC1 expression 
levels by inhibiting matrix 
metalloproteinase-2 (MMP-2)

[48, 53, 60, 88, 89]

Organosulfur compounds
Sulforaphane, 
Isothiocyanates

Cruciferous vegetables (broccoli, 
cabbage, kale, cauliflower, 
Brussel sprouts, etc.)

• Chemopreventive effects due to 
its anti-tumoral properties

• Increased antioxidant and 
anti-inflammatory capacity in 
neurodegenerative diseases

• Cell cycle arrest and induction of 
apoptosis

• Promoting autophagy and 
inhibition of oxidative stress in 
neurons

• Inhibition of HDAC activity, 
increased histone acetylation levels

• Decreased DNA methylation 
levels in nuclear factor erythroid 
2-related factor 2 (Nrf2) promoter

[90-95]

Tyrosols
Hydroxytyrosol, Oleuropein, 
Ligstroside

Olive leaf, extra-virgin olive oil 
(EVOO)

• Antioxidant, anti-inflammatory, 
and antiatherogenic effects

• Anti-viral properties

• Inhibition of proliferation in cancer 
cell lines by preventing DNA 
damage

• Inhibition of viral replication 
by causing down-regulation of 
endocytosis-related genes

• Modulation of distinct miRNA 
expression levels

• Inhibition of several HDACs
[24, 76, 77, 96, 97]
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caused the death of approximately 20,000 people, led to 
an understanding of the importance of fetus’ nutrition 
during pregnancy and even in the period before concep-
tion [35-37]. According to available reports, children 
born to women who became pregnant during the famine 
were found to be more prone to diabetes, cardiovascular 
diseases, various kinds of cancer, and a number of men-
tal problems later in life [36, 38, 39].
Considering the pregnancy periods separately, it was ob-
served that the birth weight of babies born to women 
who suffered from the famine during the first trimes-
ter was not affected, but there was an increased risk of 
obesity and CVDs as compared to those who were ex-
posed to starvation in adulthood [40]. As the strongest 
evidence of this situation on DNA methylation, it can 
be acknowledged that changing methylation levels in 
Insulin Receptor (INSR) and Carnitine Palmitoyltrans-
ferase 1A (CPT1A) genes shapes the susceptibility to 
related diseases, which play important roles in prenatal 
growth and fatty acid oxidation, correspondingly [41]. 
However, it has been observed that the children of wom-
en who were exposed to famine in the third trimester, 
which is among the later stages of pregnancy, presented 
a lower birth weight, while the incidence of hyperten-
sion increased, together with a significant increase in 
insulin resistance [42]. Although changes in the DNA 
methylation process are observed to play an important 
role in determining disease predispositions, insulin-like 
growth factor II (IGF2), which is known to have import-
ant functions in the developmental process and is one 
of the best characterized epigenetically-regulated loci, 
draws attention. Maternally imprinted IGF2 is provid-
ed by the differentially methylated region (DMR), and 
IGF2 DMR methylation is determined by various genet-
ic factors, providing the preservation of the methylation 
mark until middle age [43, 44]. In fact, a study conduct-
ed by Heijman et al. has led to the observation that the 
methylation level of IGF2 DMR is lower in babies born 
years later, when mothers are deprived of essential ami-
no acids such as methionine (the methyl donor) during 
the periconceptional process. However, considering the 
results of the same study, it was found that the children 
of women who were exposed to famine later in pregnan-
cy were born with lower birth weight, but there was no 
change in IGF2 DMR methylation levels [35]. 

Mechanisms of the Mediterranean 
diet and its components in achieving 
epigenetic control on some diseases

Along with extreme factors (such as famine) that people 
may be exposed to throughout their lifetime, adopting 
unhealthy lifestyle habits such as a physically sedentary 
lifestyle, smoking, excessive alcohol consumption, and 
consuming too much fast foods show that individuals 
are at higher risk in terms of metabolic diseases, which 
are the gateway to many chronic diseases. Based on this 
information, researchers are focusing on the effects that 
the MD and its contents have on the human epigenome, 

which might be described as an unopened magic box. It 
is extremely interesting the fact that diet plays a decisive 
role in the epigenome maintenance and that the poly-
phenols contained in the main typical foods of the MD 
can shape DNA methylation and histone modifications. 
Although these studies are still scarce, it is possible to 
discuss in detail how these mechanisms are reflected in 
literature.
Polyphenols are bioactive molecules that are natural-
ly contained in large quantities in fruit and vegetables 
and that are responsible for different biological func-
tions: they are thus classified into different groups, such 
as phenolic acids, flavonoids, and anthocyanins [45]. 
Phenolic acids are then divided in two subgroups, hy-
droxybenzoic acids and hydroxycinnamic acids, while 
flavonoids are divided in many different subgroups, in-
cluding flavonols, flavanones, flavones, isoflavones, fla-
vanols, and anthocyanins [46]. In addition to flavonoids 
and phenolic acids, there are also separate groups of 
polyphenols defined as “secondary plant metabolites”, 
including stilbenes, lignans, and sulforaphanes, which 
have strong anti-inflammatory and antioxidant effects in 
the cell and act as a shield against DNA damage [47]. In 
recent years, researchers have been focusing on study-
ing the effects of these polyphenols, which are largely 
contained in the foods that make up the MD (being a 
fruit- and vegetable-based diet) on the epigenome. The 
biological properties of the polyphenol groups and their 
components mentioned here, as well as the effects they 
have on the cellular processes and epigenome they are 
involved in, are summarized in Table I.
The fact that polyphenols, thanks to their high antiox-
idant and anti-inflammatory properties, affect in dif-
ferent ways the regulation of epigenetic processes and 
metabolic activities shows that the MD is more than a di-
et [48]. Given the fact that diet and lifestyle habits (regu-
lar sports activity, healthy sleep, etc.) usually match, ma-
ny studies reported that a diet rich in monounsaturated 
fatty acids (MUFAs) positively improves cardiovascu-
lar health [49, 50]. For example, cocoa flavonoids have 
an antihypertensive effect, lowering blood pressure by 
down-regulating functional genes such as DNMTs and 
MTHFR, which are involved in the epigenetic process of 
peripheral blood mononuclear cells [13, 51, 52]. Animal 
experimental studies on hypertension have shown that 
curcumin, which is included in curcuminoids, causes 
a significant decrease in HDAC1 expression levels by 
inhibiting the inflammatory marker matrix metallopro-
teinase-2 (MMP-2) and also causes an evident increase 
in Tissue Inhibitor of Metalloproteinases 1 (TIMP1) via 
Histone H3 acetylation [53]. Likewise, the flavanol Epi-
gallocatechin gallate (EGCG), found in green tea, acts as 
an interesting HAT inhibitor [13, 48],  which in among 
the treatment targets of cardiovascular diseases: inhib-
iting HAT activation leads to suppressing the activity 
of Nuclear Factor-kappa B (NF-κB), which is the main 
member of the inflammation pathway. Keeping all these 
mechanisms and their interactions into consideration, it 
is clear to see that the nutrition style of the MD has a 
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unique role in managing the epigenetic signature on pre-
venting CVDs.
In addition to their cardioprotective effect, polyphenols 
also play an important role in protecting cognitive ac-
tivity [54]. Recently, the neuroprotective effects of fish, 
hazelnut, and olive oil – all ingredients vastly used in the 
MD – and of their micronutrients, like omega-3 poly-
unsaturated fatty acids (ω-3 PUFAs), are resonating in 
the field of nutrigenomics. The ω-3 PUFAs found in fish 
oil help prevent age-related cognitive loss by affecting 
DNA methylation in different cells [55]. Resveratrol, 
which is found in red wine (moderately consumed with 
meals in traditional MD) and in fruits such as grapes, 
strawberries, and apples, plays a role in decreasing the 
risk of Alzheimer’s Disease by inhibiting DNMTs and 
HDACs activities, which lead to the activation of HATs, 
via chromosome segregation [55-57]. In addition, animal 
experiments have shown that supplementation of S-ade-
nosyl methionine (SAM), a methyl donor, can alleviate 
disease-related symptoms by recovering the methylation 
potential of the PSEN1 gene [58, 59]. This structure of 
resveratrol, which significantly affects histone modifi-
cations, suggested that it may also have an active role 
in cell cycle and tumorigenesis processes [60]. In this 
regard, there are studies demonstrating that resveratrol, 
which is thought to be a key molecule in maintaining 
the epigenomic profile, is highly effective in inhibiting 
proliferation in breast cancer cells by suppressing the 
Enhancer of Zeste 2 Polycomb Repressive Complex 2 
(EZH2), a lysine methyltransferase. The suppression of 
ERK1/2 phosphorylation is also the basis of the antipro-
liferative effect created by resveratrol, which has a syn-
ergistic effect with the suppression of EZH2 [61]. These 
effects were not only limited to histone modifications, 
but also demonstrated a potential therapeutic effect in 
neuroblastoma by causing the suppression of EZH2 by 
upregulation of various tumor suppressor microRNAs, 
like miR-137 [62].
In addition to all its anti-tumorigenic effects, resveratrol 
also has effects on obesity, which is one of the metabolic 
diseases caused by the Western Diet. Given the fact that 
nutritional styles the fetus/baby is exposed to through-
out pregnancy and lactation are vigorously linked to the 
onset of adult diseases, and it has been hypothesized 
that obesity can be modulated by epigenetic memory 
in the offspring [63]. In this context, numerous stud-
ies have shown that polyphenols in the MD indirectly 
cause suppression of genes that regulate adipocyte dif-
ferentiation and triglyceride accumulation through chro-
matin remodeling and various histone modifications. 
Furthermore, mice that were fed a high-fat diet showed 
increased DNA methylation in the Leptin and Pparg2 
gene promoters and proinflammatory mechanisms were 
entirely affected [64, 65]. To reinforce the effect of poly-
phenols on adipokinesis with an example, quercetin, 
a flavonol found in onions and kale, and resveratrol, a 
prominent stilbene, are observed to cause a significant 
decrease in the levels of CCAAT Enhancer Binding Pro-
tein (C/EBPα) and Peroxisome Proliferator-Activated 
Receptor (PPARγ), which are pro-adipogenic genes, 

and to negatively regulate adipokinesis [66-68]. Epigal-
locatechin gallate (EGCG), another type of polyphenol 
included in the flavanol subclass, which is prominently 
found in green tea, has long been shown to pave the way 
for lipolysis by suppressing lipogenesis with pre-adi-
pocyte differentiation and providing beta-oxidation to 
fatty acids [69, 70]. In cancer, where EGCG is also a 
potential epigenetic modifying agent, it has gained more 
attention, as it has been shown to inhibit cell prolifer-
ation by binding to enzymatic substrates of DNMT3b 
and HDAC1 [71, 72]. Moreover, among chromosomal 
abnormalities, EGCG has been reported to also have a 
modulating effect at the epigenome level on imbalances 
in DNA methylation that occur due to the overdose of 
genes on the 21st chromosome in Down Syndrome [73].
Extra-virgin olive oil (EVOO), one of the most in-
triguing components of the MD, has a protective effect 
against many chronic diseases as it is rich in various fla-
vonoids and phenolic acids, as well as other polyphenols 
such as Oleuropein (OL) and Hydroxytyrosol (HT). HT 
is among the important phenolic fractions that mainly 
compose olive oil, and it has many pleiotropic effects 
that enable it to influence biological functions thanks to 
its antioxidant, anti-inflammatory, and antiatherogenic 
effects [24]. In addition, recent studies carried out to 
investigate its protective effects against SARS-CoV-2 
infection have shown that HT extracted from olive 
leaves effectively reduces viral replication by causing 
down-regulation of endocytosis-related genes [74, 75]. 
It was demonstrated that in cancer HT and other secoir-
idoid glycosides inhibit proliferation in certain cell lines 
by preventing DNA damage, supporting the idea to em-
ploy HT dose-dependent supplementation together with 
conventional treatments [76, 77]. However, it should be 
noted that when these olive oil-derived bioactive compo-
nents are evaluated holistically around omics data, their 
synergetic effect on disease models might be taken more 
comprehensively in the near future.

Conclusion and future perspectives

The MD, as the name suggests, has been traditionally 
adopted by the populations living in the countries with 
a coast to the Mediterranean Sea, and it is proven that 
the polyphenolic compounds it contains (thanks to the 
many fruits and vegetables that make it up) play import-
ant roles in preventing many chronic diseases, thanks 
to their antioxidant and anti-inflammatory properties. 
Polyphenols are diet-derived natural compounds and, 
given their numerous beneficial effects on chronic dis-
orders, they can be used as adjuvants in personalized 
and preventive medicine thanks to their effects on the 
individual’s epigenome. Epigenetics, which is defined as 
heritable changes in gene expression without any change 
in the DNA sequence, leads to the shaping of the epig-
enome with chemical modifications that are caused by 
environmental factors. Nutrition styles and their effects 
on human health have attracted the attention of research-
ers working in the field of nutrition for many years, and 
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combining the findings obtained from observations with 
genetic research has led to the formation of the multi-
disciplinary science known as nutrigenomics. Numerous 
studies show that epigenome formation is related not 
only to the later stages of life, but also to the prenatal 
period, for example to the diet followed by the mother 
during pregnancy and even to the environment she was 
exposed before conception, thus leading to disease pre-
dispositions that the fetus may develop throughout his/
her entire life. The fact that children born to women who 
were pregnant during the Dutch Hunger Winter, one of 
the most dramatic events engraved in human history, are 
more prone to many chronic diseases is the strongest re-
flection of the transfer of changes created on the epig-
enome to future generations.
Recently, there is a growing interest in addressing the 
effects of nutrition on the epigenome in the pathways of 
inflammation and metabolism. Within this framework, 
PUFAs such as ω-3 and ω-6, which together with poly-
phenols are among the main components of the MD, act 
as transcription factor ligands and play an active role in 
inflammation-related pathways; also, they are among 
the strongest evidence that they are a major metabolic 
regulator in related processes. Similarly, many studies 
have emphasized the effect of nutrition supplemented 
with folate- and B-vitamins-rich foods, like broccoli and 
Brussels sprouts, on the modulation of metabolic pro-
cesses such as nucleotide synthesis and DNA repair, as 
well as its shaping effect on DNA methylation and his-
tone modifications. 
Considering the data presented in the literature so far, it 
is revealed that long-term consumption of the nutritional 
elements of the MD, rich in fruits and vegetables and in 
polyphenols, is of undeniable importance in the treatment 
and even in the prevention of many diseases by shaping 
the epigenome in different directions. It is foreseeable that 
in the future nutriepigenetics – already attracting a great 
amount of attention thanks to its role in maintaining a 
long and healthy life – will be supported by more in vitro 
and in vivo studies, thus providing new data to the litera-
ture, further clarifying its mechanisms, and emphasizing 
the importance of personalized medicine.
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