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Abstract

Cardiovascular disease (CVD) and cancers are overall still identified as the two most prevalent non-communicable diseases globally.
Their prevention and potential reversal (in particular CVD risk) was seen effective with the modification of dietary intake that was
applied in several different populations. Although the findings from epidemiological studies provide support that adhering to dietary
patterns such as the Mediterranean diet can reduce incidence and prevalence of CVD and some forms of cancer, the mechanistic aspects
of disease modulation associated with both diseases can be seen in dietary management. Several studies have already explored the
potential modes of action of certain nutrients in well controlled large clinical trials. However, the clinical trials designed to determine the
effects of adhering to a particular diet are relatively hard to conduct and these studies are faced with several obstacles particularly in the
populations that are identified with a high risk of CVD or different cancers. Therefore, it is important to understand potential underlying
and shared mechanisms of action and to explore how healthy dietary patterns may modulate the occurrence, initiation, and progression
of such diseases. The aim of this review is to summarise and conceptualize the current understanding relating to healthy dietary patterns,
and briefly discuss the opportunities that epigenetic research may bring and how it may assist to further interpret epidemiological and
clinical evidence.
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1. Introduction

Cardiovascular disease (CVD) and cancer overall rep-
resent the two most prevalent non-communicable diseases
globally [1]. Furthermore, these two diseases also con-
tribute to the major causes of mortality worldwide, with
rates of over 70% [1]. The onset, progression and suste-
nance of both diseases share very similar underlying risk
factors and potential mechanisms including obesity, low-
grade chronic inflammation and metabolic derangements
[1,2]. As many as 90% of cancer cases and approximately
80% of cardiometabolic diseases including CVD, may be
attributed to modifiable risk factors such as dietary choices
and physical activity. Therefore, interventions through
modulation of lifestyle-related factors such as diet, may be
an attractive and effective option for their prevention and
onset [1]. To this issue, it is estimated that among all be-
haviours, nutrition makes the largest contribution to CVD
morbidity across Europe [3]. Similarly, the estimation by
the World Cancer Research Fund reports that anywhere be-
tween 3–4 million cancer cases globally could have been
avoided through a healthier lifestyle while adhering to a

healthy dietary pattern can contribute to the prevention of
cancer by up to 30% [4]. It is well established that diet may
influence several facets of these two diseases, including ini-
tiation, progression, quality of life, treatment outcomes and
survivorship.

The impact of diet on CVD and cancer has evolved
substantially over the past few decades, initially relying on
the findings of epidemiological and symptomatic evidence,
to current methods of evaluating biomarkers to quantify di-
etary impact on health and disease [5–7]. The adherences
to several healthy dietary patterns and non-communicable
diseases outcomes are well reported in observational stud-
ies [8–12]. Among these, adherence to the Mediterranean
diet (MedD) has been extensively studied in primary CVD
prevention in healthy individuals and in individuals at an
increased cardiometabolic risk [10,11]. The results from
these studies have been particularly promising, with posi-
tive outcomes reported for participants with different stages
of CVD [10,12–15]. Similarly, results of a relatively re-
cent meta-analysis indicate that healthy and predominately
plant-based dietary patterns (in comparison to Western-
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style dietary patterns) may decrease the risk of various types
of cancer (i.e., colorectal) [16]. In addition to high-quality
dietary pattern adherences, recent discussions have also
arisen regarding the role of hypocaloric diets (i.e., calorie
restriction) and further novelties in nutrition epidemiology
implying the benefits of fasting on potential suppressions in
onset of both CVD and cancer.

Therefore, the aim of this brief narrative review is to
collate the latest evidence and discuss the role of diet on two
major non-communicable diseases, namely CVD and can-
cer. Furthermore, we aim to present the evidence from the
hitherto literature regarding isocaloric healthy dietary pat-
terns as well as typical hypocaloric diets or diets that follow
the scheme of intermittent fasting.

2. Shared impacts of diet on cardiovascular
disease and cancer progression

The global prevalence of adolescent obesity has dou-
bled since the 1980’s, with over 23% of the global adoles-
cent population considered obese [17]. Furthermore, very
few cases occur as a result of syndromic obesity and the
most significant cause of this increase is mainly due tomod-
ifiable factors such as societal alterations in food (high en-
ergy density, food processing and food availability) con-
tributing to over-nutrition [17]. In addition, obese adoles-
cents will continue to be obese in their adult years contribut-
ing further to the development, progression and sustenance
of cardiometabolic diseases and various forms of cancer.
Therefore, the optimal time to instil dietary and lifestyle
changes to prevent development of cardiometabolic disease
is between the ages of 7 and the onset of puberty [17].

Similar patterns were also observed in cancer devel-
opment. A multiethnic study including 2.3 million adoles-
cent participants and a 45 year follow up period indicated
a strong link between increased body mass index (BMI)
and cancer development [17,18]. The findings of the study
indicate that high BMI (over 35) in late adolescence was
strongly associatedwith the development of haematological
and solid malignancies such as pancreatic cancer, colorec-
tal cancer, gastroesophageal adenocarcinoma and renal cell
carcinomas in adulthood, regardless of ethnicity [17–19].
Therefore, interventions targeting body weight reductions
(primarily focused on the reduction of body fat) at an early
age may prevent occurrence of future health complications.
However, no interventional strategies have thus far been ef-
fective at decreasing obesity rates or continued obesity from
adolescence to adulthood [17–19].

From the pathophysiological perspective, obesity may
induce chronic oxidative stress and low-grade chronic in-
flammation. This metabolic inflammation is mainly driven
by lipotoxicity and adiposiopathy associated with dietary
pattern, dietary triggers and visceral adipose tissue deposits.
Furthermore, this has to be seen as a two-way approach
as adipose tissue is also an endocrine organ able to se-
crete pro-inflammatory factors that are more seen in the

visceral fat [20,21]. Several pro-inflammatory factors se-
creted by adipocytes include adipocytokines, cytokines, tu-
mour necrosis factor-alpha (TNF-α) and a number of in-
terleukins (IL) contributing to the increased inflammation
itself. Therefore, the presence of inflammation further pro-
motes the secretion of pro-inflammatory factors contribut-
ing to the continuous inflammatory cycle itself [1,2,22].
The increased presence of these inflammatory factors alone
and onset of inflammatory cycling is implicated in the de-
velopment and pathogenesis of several cancers and onset of
CVD [20].

In addition, the Warburg effect is most notably asso-
ciated with cancer, being the driving force behind two hall-
marks of cancer; uncontrolled cellular hyper-proliferation
and reprogramming of energy metabolism [22]. While the
prevalence of theWarburg effect is less described in CVD, it
nevertheless plays an important role as a contributing factor
to the progression of CVD [23]. It is proposed that imbal-
ance caused by metabolic changes may subsequently cause
cardiac dysfunction and impairment in the form of cardiac
hypertrophy [23,24]. These complications are further com-
pacted by the endogenous and pathological production of
fructose by injured cardiac myocytes, most often following
coronary heart disease [23,24]. While the Warburg effect
can be observed in both CVD and cancer separately, it is
evident that the effect may act as a potential metaphorical
bridge that links both diseases directly.

3. Importance of dietary patterns over single
nutrients

As previously described, cancer and CVD are partic-
ularly influenced by modifiable lifestyle factors, of which
diet represents a key discriminant in shaping human health
trajectories. Indeed, diet can both exert deleterious as well
as protective effect on health, depending on a plethora of
factors including the quality and quantity of nutrients, the
individual responses to certain nutrients dietary patterns,
and emergingly the timing of nutrient intake. Although sev-
eral metabolic diseases are the most evident result of the
pathological conditions affected by diet, diet itself may di-
rectly or indirectly, via its effects on metabolic health, mod-
ulate pathogenetic mechanisms and pathways linked with
cancer and CVD [25].

The current trends in nutritional epidemiology include
examining the diet-health interaction through a holistic ap-
proach, instead of focusing on isolated nutrients and food
items. As such, dietary patterns capture the combination of
nutrients, rather than their effects in isolation [26]. While
individual dietary compounds may exert beneficial effect,
even in well controlled clinical trials, it has been observed
that their success and beneficial effect are not consistent.
Therefore, the combination of nutrients rather than isolated
nutrients, even in the case of several bioactive compounds,
can be seen as the main discriminant of the effect of diet on
health [26].
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It is important to note that there are significantly less
studies that focus on the effect of dietary patterns on health
and disease prevention, compared with studies focused on
a singular compound. This is mainly due to several factors
such as practicality of the study, duration and treatments ap-
proached and near impossibility of accounting for all factors
associated with individual’s dietary intake [26]. Therefore,
determining the individual’s intake by adhering to different
dietary patterns in the form of dietary index has been seen
as the more approachable method of measuring and quan-
tifying the overall dietary intake. Several tools have been
developed and validated to quantify the effect of dietary pat-
terns on human health outcomes such as; Dietary Antiox-
idant Index (DAI), Health Diet Indicator (HDI), Mediter-
ranean Diet Score (MDS) and the Dietary Inflammatory
Index (DII) [27,28]. The DII was developed to provide a
quantitative means for assessing the role of diet in relation
to health outcomes such as blood levels of inflammatory
biomarkers ranging from several cytokines, IL’s, and C-
reactive protein (CRP) to development of chronic diseases
[29]. Since its development, DII has been associated with a
wide range of major clinical endpoints such as development
of CVD, cardiometabolic risk factors and conditions, cancer
and overall mortality [30–33]. Focusing on CVD, several
reports have been conducted to evaluate the associations be-
tween the anti-inflammatory potential of whole dietary pat-
terns (index defined) and onset of cardiometabolic disorder
indicating that adherence to pro-inflammatory diets consti-
tutes a higher risk for CVD onset and mortality [34–36].
Similarly, evidence from various epidemiological studies
and systematic literature reviews with meta-analyses, have
proposed the consistent associations between DII and the
incidence of cancer across different populations and cancer
types [34–37]. A meta-analysis by Fowler and Akinyemiju
[38] examined the association between the DII score and
any cancer risk incidence or mortality in 24 included stud-
ies. The findings indicate that there is a consistent and sig-
nificant positive association between higher DII and cancer
incidence. The individuals in the highest DII category (vs
lowest) had a 25% increased risk of overall cancer incidence
(RR: 1.25, 95% CI: 1.13–1.50); 75% higher odds of can-
cer (OR: 1.75, 95% CI: 1.43–2.16) and 67% increased risk
of cancer mortality (RR: 1.67, 95% CI: 1.13–2.48) [38]. In
contrast, the analysis of data from cohort studies such as the
ATTICA cohort, have also identified that adherence to anti-
inflammatory foods had a stronger association with lower-
ing of disease incidence than the disease initiating effects of
pro-inflammatory foods [33]. While this data still remains
conflicting, the majority of the evidence strongly supports
that anti-inflammatory foods may elicit more beneficial and
protective health results rather than the avoidance of pro-
inflammatory foods [39–41].

3.1 Healthy dietary patterns and CVD

Among the variety of dietary patterns that are cur-
rently gaining momentum within the scientific community,
MedD has been voted as the healthiest dietary pattern and
widely described for its beneficial effects on overall health,
and reduction in incidence of cancer and CVD. Although
there is no conclusive evidence on the potential mecha-
nisms of action, the reduced CVD morbidity and mortality
risk was proposed through several serum antioxidant and
antithrombotic mechanisms or by mitigating the negative
impact of conventional risk factors. To this issue, there
are several meta-analyses which document either the direct
positive impact of MedD or the indirect action through con-
trolling major risk factors such as metabolic syndrome and
type II diabetes (T2DM) [10,12,13,40–42].

In addition to findings from meta-analyses of co-
hort studies, large well-controlled clinical trials have also
demonstrated the cardioprotective properties of higher ad-
herence to MedD. The Lyon Diet Heart Study in the mid
of 1990s [40], recruited participants (n = 605) with estab-
lished coronary heart disease and followed them each year
for 5 years. The findings of this study have indicated that
individuals in the experimental group that consumed signif-
icantly less saturated fat, cholesterol and linoleic acid and
more oleic and alpha-linoleic acid (n = 302) had lower mor-
tality than the control group (RR: 0.30; 95% CI: 0.11–0.82;
p = 0.02). After this, the landmark clinical trial with the
acronym PREDIMED trial (Prevención con Dieta Mediter-
ránea) in the 2010’s was launched with a sample of free-
of-CVD individuals at increased cardiometabolic risk [43].
The PREDIMED trial revealed about 30% lower CVD risk
in participants assigned to MedD supplemented either with
extra virgin olive oil or nuts compared with a typical low-
fat diet [43]. An important observation here is that despite
the increase in participants’ daily fat intake — which imply
an increase in energy intake— the advantage ofMedD over
a typical low-fat diet was retained. In addition to this, par-
ticipants assigned in the MedD seemed to lose more weight
compared with their control counterparts in 5-year follow-
up period [44]. Indeed, as supported by a meta-analysis of
RCTs, MedD seems to be a dietary pattern with beneficial
effects even in weight management — despite its high fat
content [45].

In line with the existing evidence on beneficial ef-
fects of adhering to MedD, plant-based diets have also
been described for their cardioprotective properties. Plant
foods such as fruits and vegetables, whole-grain products,
legumes as well as beverages such as coffee and tea, es-
pecially green tea, are consistently supported in the litera-
ture as yielding beneficial cardiac effects [46–50]. At the
same time, these dietary patterns are also characterized by
moderate to low consumption of animal foods, in particu-
lar low consumption of processed and red meats [51]. In
this regard, a study by Dinu et al. [16] of pooled data from
10 different cohorts has reported a 25% lower risk for is-
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chemic heart disease incidence and/or mortality in individ-
uals who adhered to a vegetarian diet compared to non-
vegetarian. Similar observations were also reported in the
EPIC-Oxford study [52] further supporting the relationship
between plant-based diets and beneficial effects on the car-
diovascular health outcomes.

Interestingly, the evidence from randomised con-
trolled trials and observational studies on adherence to
plant-based dietary patterns and improvements in car-
diometabolic health remains relatively conflicting. Perhaps
the better approach is considering a consumption of anti-
inflammatory foods, as chronic and systemic inflammation
is a very common underlying factor associated with CVD
overall [53]. The findings of the E3N cohort study by Mac-
Donald et al. [39] reported a link between DII and hy-
pertension. The findings of this study indicated a link be-
tween anti-inflammatory foods and a reduction in risk of
CVD and hypertension development. Results also suggest
that there was a stronger association between the DII and
hypertension amongst healthy-lean women proposing that
higher DII may have stronger influence in individuals that
are perceived as healthy [39]. Similarly, in the same co-
hort, a study by Laouali et al. [54] attempted to assess the
link between DII score and the development of T2DM. The
findings of this study have indicated that the consumption
of pro-inflammatory food was linked to increased incidence
of developing T2DM [54].

3.2 Healthy dietary patterns and cancer

Diets lower in animal-based protein sources such as
the MedD are proposed to therapeutically exploit the physi-
ological [5] as well as metabolic alterations and reprogram-
ing seen in cancer cell metabolism [27]. A higher intake
of protein, defined by 20% of the overall energy intake of
total protein has shown an increased risk of cancer devel-
opment and cancer related mortality in 75% of individuals
aged 50–65 [27]. Similarly, the findings of the NHANES
III longitudinal study by Levine et al. [55], conducted over
18 years and comprising of 6381 adults over the age of 50,
whose diets were categorised as either high in protein (20%
protein), or low in protein (less than 10% protein) indicated
that those in the high protein category, exhibited a 4-fold
increased incidence of death due to cancer [55]. Neverthe-
less, the findings of these longitudinal cohort studies should
be carefully interpreted not as the cause-and-effect relation-
ship.

A study by Sánchez et al. [56], investigated the po-
tential protective effect of diet in people with increased
risk of developing cancer such as the individuals that par-
take in smoking tobacco or consuming alcohol. The find-
ings of this study, which compared 375 participants with
oral/oropharynx cancer to 375 control participants, with no
current alcohol or smoking health concerns over 3 years,
have indicated that there was a significant inverse relation-
ship between risk of developing oral cancer and consump-

tion of fruits and green vegetables. The authors of this study
proposed that these food groups may provide potential pro-
tective properties due to the several phytochemicals (mainly
polyphenols) found within the fruit and vegetables [56].

3.3 Dietary restriction, intermittent fasting,
cardiovascular disease and cancer

The initial exploration of calorie restricted diets in epi-
demiological studies draw back to negative political and
global events such asWorldWar II, where food and occupa-
tion shortages, in addition to deliberate caloric restrictions
were implemented in several countries. Following its ces-
sation, epidemiological studies have reported a decrease in
incidence of cardiovascular disease and some cancers [27].
These purported preventative effects to long-term adher-
ence of a calorie restricted diet have been associated with
reduction in inflammatory markers, telomerase activity and
growth factors (IGF-1) associated with uncontrolled cellu-
lar proliferation in certain types of cancer [27].

Intermittent fasting diets have received an increase in
popularity over the past decades particularly with respect
to clinical intervention studies relating to the prevention of
CVD [57–60]. Furthermore, in a relatively recent statement
by the American Heart Association summarizing the effects
of meal timing and frequency on CVD prevention, a whole
subunit was deviated to the effect of intermittent fasting on
cardiac health. In this statement, the focus was emphasised
on two versions of fasting: the alternate day fasting and the
periodic fasting [57–60]. In addition, a review by Tinsley
and Horne [59], further supports the notion that intermittent
fasting may show new research initiatives are demanded to
improve the knowledge base.

The metabolic shift observed in the Warburg effect is
evidently a major contributing factor to cancer progression
and it is classified as one of the hallmarks of cancer devel-
opment. The current evidence of different caloric restric-
tion diets is mainly composed of studies focusing on the
effect in patients undergoing radiation and/or chemother-
apy with associations in caloric restrictions enhancing the
effects of radiation and chemotherapy [61]. It is proposed
that a calorie restricted diets target healthy and cancer cells
differently. The healthy cells in this case are proposed to
better conserve physiological cell signaling pathways and
combat cellular stress and damage, while rendering cancer
cells vulnerable to chemotherapeutic agents because of their
overwhelming need to find other energy sources [61].

Intermittent fasting, such as the one performed during
the Muslim faith Ramadan celebrations, have also been as-
sociated with the reduced adverse effects from chemother-
apy and improvement in quality of life in cancer patients
[62]. Furthermore, a study by Bauersfeld et al. [63] com-
pared the effect of short-term fasting to adhering to MedD
in women with breast and ovarian cancer. The findings of
this study indicated that short-term fasting more effectively
reduced the adverse reactions of chemotherapy, leading to
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improved quality of life [63]. Nevertheless, the findings
in both studies reported could also be interpreted from the
tolerance perspective of chemotherapy as patients may be
able to better tolerate treatment and may therefore improve
overall outcome.

Currently, there is still relatively limited research fo-
cusing on the overall effect of caloric restriction as a stan-
dalone agent on cancer development and progression. A
study by Brandhorst et al. [64], mentions that there have
been studies who observe prevention of pre-malignant le-
sions. Furthermore, a study by Tan-Shalaby et al. [65],
investigated an altered version of the ketogenetic diets in
a clinical setting for advanced solid-tumor cancer cases,
not currently treated with chemotherapy agents. The find-
ings of this study indicated that patients who reduced body
weight by 10% and those who were more compliant had
improved quality of life in addition to an increase in overall
life expectancy. Furthermore, this type of diet was partic-
ularly effective in patients with melanoma and lung cancer
[65].

The current evidence supports that caloric reduction
may prevent tumorigenesis as it prevents the metabolic shift
observed in the Warburg effect. The underlying mecha-
nisms are not well understood; however, theories suggest
that this shift in metabolism promotes processes like au-
tophagy which may help to prevent tumorigenesis [59,64].
Additionally, the macronutrients that should be restricted to
result in calorie restriction and at the same time have a bene-
ficial metabolic effect is still an active research field in clin-
ical nutrition. Starting with carbohydrates, the aggravating
role of total sugars and in general simple carbohydrates like
glucose and fructose is well-demonstrated [66]. Neverthe-
less, dietary patterns that significantly reduce total carbohy-
drate intake have mixed effects on cardiometabolic health;
a meta-analysis suggested that such diets have beneficial
effects on weight control, blood pressure and triglycerides
yet not LDL-C [67,68]. Furthermore, the dietary restriction
of specific amino acids such as glycine, serine and leucine
have been proposed to potentially provide some benefits
[69]. It is theorized that these amino acids contribute to
metabolic dysregulation, that sees the metabolic shift to the
Warburg effect, providing additional energy to proliferate
and metastasize. Leucine is already identified as a pharma-
ceutic target in medication such as Rapamycin. Neverthe-
less, the current understanding is limited on how this could
be exploited therapeutically with diet as it is highly depen-
dent on the location of the tumor(s) and the host immune
health [70].

4. Can nutrigenomics offer some solutions in
the hitherto epidemiological evidence

As previously discussed, the evidence from large epi-
demiologic studies has demonstrated that healthy dietary
patterns and restrictive diets are associated with reduced
risk of CVD and cancer. However, not much is known

about the mechanisms driving these associations at the
molecular level. Nutrigenomics and nutri-epigenetics go
beyond epidemiological and symptom-based evidence to
molecularly and genetically substantiate evidence that di-
etary changes may modulate disease. They investigate
nutrient-gene interactions, how diet influences and interacts
with the genome, modulates expression of genes and thus
affects the body [71]. Nutrigenomics and nutri-epigenetics
are fields that are still relatively new, therefore there have
been limited findings regarding the influence of dietary pat-
terns on health on a genomic level. Most studies have been
mainly investigating MedD, providing an insight into the
genomic effects of a diet on CVD and cancer [71–73].

One study involving obese women on caloric restric-
tion over 6 months, who lost over 3% of body weight,
showed hypermethylation at three genomic loci in their
subcutaneous adipose tissue, containing genes involved in
weight control and insulin secretion [74]. Additionally,
caloric restriction effect in adipose tissue on these par-
ticipants also induced transcriptomic changes, modulating
expression of genes involved in angiogenesis that have
been linked with obesity and its complications [72,73].
These findings may further support the proposal that re-
duced caloric intake diets may act as modulating factors on
adipocyte reprogramming and may in-turn help both pre-
vent and treat cardiometabolic diseases including the CVD
[72,73].

One study investigated epigenetic changes in
adipocytes after dietary intervention, in hopes of bene-
ficially modulating lipid compartmentalisation, and for
adipocytes to utilise excessive energy more efficiently.
A study by Dahlman et al. [74] observed obese female
patients, who underwent bariatric surgery and were sub-
jected to reduced caloric intake. Those with a significant
reduction in body weight, defined as a reduction by around
27% showed profound epigenetic changes, including
reduced global DNA methylation levels and alteration to
the methylation of genes associated with T2D development
and obesity [72,74]. These genes included genes linked
with regulation of blood glucose levels IRS1 INSR, home-
ostasis CETP, LCAT, body weight LEPR, FTO, adipose
tissue function mTOR and RPTOR and epigenetics FOXP2
HDAC4 and DNMT3B, many of these genes mTOR and
FOXP specifically are also targets in the treatment of
cancer [72,74]. While this study focuses on surgical means
of body mass reduction, the underlying principle may still
be applicable to other means of weight loss such as diet, an
avenue which may be fruitful to investigate further.

Another aspect to consider within this topic is telom-
ere length. Telomeres are repetitive DNA sequences found
at the ends of the chromosomes that protect their physi-
cal integrity and shorten with each cell division [75,76].
Accelerated telomere shortening has been associated with
pathological mechanisms such as inflammation, oxidative
stress and genomic instability and may, therefore, influence
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CVD and cancer development. High adherence to MedD
has been associated with longer telomeres in a cohort of
healthy, middle-aged women [75]. Additionally, the im-
provements in obesity indices were observed in subjects at
high cardiovascular risk whose telomere length increased
after a 5-year intervention with adhering with MedD [76].
To further identify a potential genomic basis underlying
MedD effect, several studies by García-Calzón and col-
leagues investigated the relationship between leukocyte
telomere length and the genetic variants in PPARγ2 (per-
oxisome proliferator-activated receptor) [72,76,77]. Par-
ticularly three variants were analysed, the most common
Pro/Pro genetype, and the Pro/Ala and Ala/Ala variants.
The presence of the variant Ala allele, specifically the
Pro12Ala polymorphism has been previously shown to re-
duce PPARγ2 transcriptional activity in adipose tissue and
was associated with lower cardiovascular risk and higher
effectiveness of lifestyle interventions [78,79]. The results
of the study by García-Calzón et al. [77] showed that a 5
year-intervention with MedD reduced telomere shortening
in subjects carrying the variant Ala allele of PPARγ2, while
this effect was not observed in subjects with the more com-
mon Pro/Pro genotype. Moreover, in Ala allele carriers,
better adherence to MedD was linked with higher telom-
ere length. Thus, these studies propose that telomere short-
ening could be modulated by adhering to dietary patterns,
highlighting the importance of the genetic makeup of an in-
dividual and its influence on the outcomes of dietary inter-
vention.

It is proposed that MedD can also interact with poly-
morphisms in certain genes associated with metabolism
and inflammation, thereby influencing the health outcomes,
particularly regarding cardiovascular health. For example,
certain polymorphisms in the TCF7L2 (transcription fac-
tor 7-like 2) gene have been associated with T2DM and
could also be linked with increased lipid levels and CVD
risk. Results from the PREDIMED study showed that in
subjects with the highest risk TCF7L2 polymorphism, TT
genotype, a great adherence to MedD led to lower fast-
ing glucose and lipids, and also reduced stroke incidence
[80]. Another study within the PREDIMED trial showed
that high MedD adherence potentiated the protective ef-
fects of the rs3812316 variant in the MLXIPL (Max-like
protein X interacting protein-like), a gene coding for car-
bohydrate response element binding protein, against hy-
pertriglyceridemia and myocardial infarction [80]. Simi-
larly, the protective effect of MedD was also observed in
the ATTICA study, where adhering to this diet was associ-
ated with reduced homocysteine concentrations in individ-
uals with TT and CT genotype for MTHFR (methylenete-
trahydrofolate reductase) polymorphism (677C→ T muta-
tion), which could consequently influence their coronary
risk [81]. Polymorphisms in MTHFR and another gene in-
volved in the one-carbon metabolism pathway, MTR (me-
thionine synthase), have also been reported to influence the

response of MED on cancer risk [82].
Beyond interacting with genetic polymorphisms, diet

can act as an epigenetic modulator, influencing DNA
methylation in certain genes or affecting global DNA
methylation levels. DNA methylation is a reversible epi-
genetic modulation in which alterations have been associ-
ated with causing and influencing different pathogenesis,
including CVD and cancer. Several studies have also re-
ported that MedD is involved in changes in DNA methy-
lation. For example, a study within the PREDIMED trial
reported associations between MedD and methylation in
TCF7L2 and FTO (alpha-ketoglutarate dependent dioxyge-
nase) genes, closely linked to diabetes and stroke, while an-
other study reported the link between MEdD and methy-
lation in several inflammation-related genes (i.e., EFF2,
LEPR, PPARGC1B, MAPKAPK2, IFRD1) in peripheral
blood cells [83,84]. Moreover, in healthy women, adher-
ence to MedD was positively associated with long inter-
spersed nuclear elements (LINE-1)methylation, a surrogate
marker of global DNA methylation, which aberrant methy-
lation was reported to associate with genomic instability,
CVD and cancer risks [73,85,86].

5. Conclusions
Healthy dietary patterns may address diseases which

have a substantial link to modifiable factors, such as CVD
and several different cancers. That is, healthy dietary pat-
terns that is inclusive of anti-inflammatory foods, may bet-
ter promote health than simply avoiding pro-inflammatory
foods. Epidemiological, biomarker and epigenetic evi-
dence (all in their own rights) identify that both selective
and restrictive diets may help prevent the occurrence and
progression of CVD and cancers, in addition to prolong-
ing life, increasing quality of life and reducing symptoms
in individuals who already live with these diseases. Fur-
thermore, the presented evidence of the currently available
studies also proposes the existence of different genomic
mechanisms through which diet may exert its effects in the
prevention of chronic diseases. They show the complex-
ity of the relationship between diet and genome and high-
light that some individuals will benefit more from adhering
to specific dietary patterns. The results from these initial
studies should encourage further research within the newly
emerging field and investigation into the effects of other di-
etary patterns on a genomic level.
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