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Due to the increase in the aged population and increased life expectancy, the underlying mechanisms involved in the aging process
and cell senescence and the ways for modulating these processes in age-related diseases become important. One of the main
mechanisms involved in aging and cell senescence, especially in the diseases related to aging, is the oxidative stress process and
the following inflammation. Hence, the effects of antioxidants are highlighted in the literature due to their beneficial impacts on
inhibiting telomere shortening or DNA damage and other processes related to aging and cell senescence in age-related diseases.
Dietary components, foods, and dietary patterns rich in antioxidants can modulate the aging process and delay the progression
of some chronic diseases such as cardiovascular diseases, diabetes, and Alzheimer’s disease. Foods high in polyphenols, vitamin
C, or carotenoids, olive oil, seeds, nuts, legumes, dietary supplements such as CoQ10, and some other dietary factors are the
most important nutritional sources that have high antioxidant contents which can positively affect cell senescence and disease
progression. Plant dietary patterns including Mediterranean diets can also inhibit telomere shortening following oxidative
damages, and this can delay cell aging and senescence in age-related diseases. Further, olive oil can inhibit protein aggregation
in Alzheimer’s disease. It can be concluded that nutrition can delay the process of cell senescence in age-related diseases via
inhibiting oxidative and inflammatory pathways. However, more studies are needed to better clarify the underlying mechanisms
of nutrition and dietary components on cell senescence, aging, and disease progression, especially those related to age.

1. Introduction

According to the growth in aged population and increased
life expectancy in different countries [1], more attention is
paid to the mechanisms of aging especially at the cellular
level [2].

Among the theories of aging, the theory concerning the
free radicals explains the underlying mechanism of aging
process in age-related diseases including diabetes, osteoporo-
sis, dementia, atherosclerosis, and cardiovascular diseases [3,
4]. Different factors can affect cell senescence and the pro-
gression of age-related diseases (Figure 1). Oxidative stress
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is one of the key factors involved in cell damage or injury [5,
6]. Endogenous or exogenous agents could induce tissue or
organ damage via oxidative stress [7]. One of the important
mechanisms related to aging is about lower immunity toward
pathogens and infections which can be defined as immunose-
nescence [8]. One of the main reasons regarding immune
deficiency and aging involves the oxidative pathways. At
the time of high levels of oxidative stress, products of perox-
idation or lipid membranes including malondialdehyde
(MDA) can activate nuclear transcription factors that are
all associated with cell senescence and longevity [9]. These
nuclear transcription factors include tumor protein p53,
nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-κB), and transcriptional protein AP-1 [10].

One of the major epigenetic factors related to aging is
considered to be oxidative stress, and it can also cause low-
grade inflammation. This proinflammatory condition can
increase the level of inflammatory cytokines and markers
including interleukin-6 and tumor necrosis factor alpha
(TNF-α), which can all activate the NF-KB pathway and
induce mitochondrial superoxide and oxygen reactive species
(ROS) production [2, 10]. ROS accumulation can be damag-
ing for various biologic molecules such as nucleic acids, pro-
teins, and lipids which can result in mutations of nucleic
acids, protein deactivation or damage, and peroxidation of
lipids [7, 11–13] that can all be important in disease progres-
sion via cell senescence. Also, the DNA damage caused by
ROS is closely related to the cellular senescence [14] that
can be damaging in age-related diseases.

The process called inflamm-aging is an important basis
for frailty, aging process, and cell senescence in humans espe-
cially in age-related diseases [15]. On the other hand, inflam-
mation can induce oxidative stress in a vicious cycle [16] that
can affect the aging process and disease progression.

The antioxidant defense system including the enzymes
such as catalase, glutathione peroxidase (GSH), and superox-
ide dismutase (SOD) decreases substantially during the aging
process and nutrition can regulate cell senescence and aging
in the related diseases [17].

Further, according to other mechanisms related to oxida-
tive stress and age-related diseases, it can be mentioned that
unfolded proteins in the endoplasmic reticulum (ER) can
trigger unfolded protein response and this can in turn induce
lower protein translation and higher levels of oxidative stress.
The oxidative stress can cause ER stress-induced apoptosis
and increase the risk of age-related macular diseases such as
retinitis [18] (Figure 2).

2. Age-Related Diseases and Nutrition

It is demonstrated that nutrition is an important role modu-
lator of aging process especially through the inflamm-aging
process in age-related diseases [19–21]. Some dietary
approaches or components were defined to affect aging in
disease models [22].

Effects of antioxidant nutrients on modulation of aging
have been reported previously [23]. Other strategies affecting
aging and cell senescence in diseases related to aging includ-
ing cardiovascular diseases were also mentioned including
calorie restriction without malnutrition [24], Mediterranean
diet with olive oil (OO), and the like [25]. Mostly, the afore-
mentioned dietary components could affect the inflamm-
aging process and modulate the oxidative pathways [22,
26]. Dietary factors or patterns related to cell senescence
are described here in details (Figure 3).

3. Plant-Rich Dietary Patterns

From the theories of aging and cell senescence, one of them is
related to the telomere shortening. There is a high correlation
between oxidative stress and telomere shortening which can
accelerate aging and increase the risk of diseases such as can-
cer and cardiovascular diseases. It is reported that foods high
in antioxidants (mostly plant foods) have beneficial effects
against telomere shortening via inhibiting the oxidative dam-
ages [27, 28]. Effects of various plant foods including walnut
[29], seeds, legumes, nuts [27], and olive oil [22], or plant die-
tary components such as polyphenols [30] and dietary
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Figure 1: Factors affecting cell senescence and age-related diseases.
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carotenoids [5, 27], or plant-based dietary patters such as the
Mediterranean dietary pattern [27] on inhibiting telomere
shortening and delaying cell aging and age-related diseases
were reported. Plant dietary patterns including most edible
plants can synergistically modulate various processes such
as oxidative stress, inflammation, telomere activity, and
DNA methylation that are all associated with telomere attri-
tion [31]. One of the major reasons for telomere shortening is
related to oxidative stress damages due to the high content of
guanines (5′-TTAGGG-3′) in telomeric DNA repeats [32].
Hence, it seems that plant foods high in antioxidants, espe-
cially nuts and seeds, can protect telomeres from oxidative
damages and shortening [27]. In a clinical trial in healthy
older adults, consumption of walnut for two years showed
preventive effects on telomere attrition compared to the con-
trol group [29].

4. Polyphenols

Evidence showed that foods high in polyphenols can affect
the aging process and cause protection against some age-
related diseases including cataract, atherosclerosis, Alzhei-
mer’s disease, hypertension, arthritis, and diabetes. From
these polyphenols, resveratrol and pterostilbene that are
found in grape and blueberries can demonstrate antiaging
properties through various mechanisms. These mechanisms
include inhibiting oxidative pathways and inflammation
and modulating cell senescence and telomere attrition [30].
It is demonstrated that resveratrol, as a potent polyphenol
with antioxidant properties, could possibly increase the regu-
latory protein AROS expression (active regulator of Sirt1)
and HuR (Hu antigen R). On the other hand, it could
decrease DBC1 (deleted in breast cancer 1) and p53. These
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Figure 2: Unfolded protein response, oxidative stress, and age-related macular diseases. ER: endoplasmic reticulum.
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Figure 3: Dietary factors and their underlying mechanism affecting cell senescence and age-related diseases.
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changes can show the antiaging effects of resveratrol as an
important polyphenol via Sirt1 induction [33]. Sirt1 can
affect autophagy as one of the mechanisms related to longev-
ity [34]. In a study about a model of Alzheimer’s disease, in
the SAMP8 (senescence-accelerated mouse prone 8) mice,
ingestion of resveratrol supplements for long term (1 g/kg)
showed beneficial effects by activating the AMPK pathway
and Sirt1 and this could affect cell survival and longevity.
Further, resveratrol neuroprotective effects were reported
while assessing the hallmarks related to Alzheimer’s disease
as an age-related disease [35]. In a study in the animal model,
ingestion of various doses of resveratrol (30 and 100
mg/kg/day) in mice with premature aging of the ovaries,
the protective effects of resveratrol against aging were
observed and it could improve stem cell renewal due to its
antioxidant properties through the activation of Nrf2 [30].

5. Vitamin C

One of the antioxidant nutrients that can modulate the pro-
cess of inflamm-aging is vitamin C [36, 37]. Any deficiency
in vitamin C can affect the demethylation of DNA and his-
tones. This deficiency is present in the aging process. Vitamin
C can have beneficial effects on delaying the aging process
and age-related diseases [38].

Ascorbic acid or vitamin C is related to various molecular
mechanisms associated with aging. This vitamin can modu-
late the free radical theory and inflamm-aging process by
scavenging the free radicals and intercepting immunosenes-
cence. It can also affect cell senescence via modulating nutri-
genomic and epigenetic pathways that can be so important
for the prevention of age-related diseases such as Alzheimer’s
disease, insulin resistance, atherosclerosis, and neurodegen-
eration [39]. In the epigenetic changes of DNA and histones,
there are some enzymes including dioxygenase Fe2+ and 2-
oxoglutarate (2OG-dependent) that need vitamin C for their

activity. Hence, vitamin C can affect the epigenome and espe-
cially those changes concerned with the age-related diseases
through modulating these enzyme activities. One of the
major determinants of genome stability is related to the
methylation of DNA, and vitamin C availability can affect
this process. This can show the effects of vitamin C on aging
process through epigenetic pathways [40, 41].

In an in vivo model, it was proposed that vitamin C sup-
plementation can positively affect the aging process and life
expectancy and it can reverse the abnormalities related to
aging in various organs or tissues including liver and fat mass
and those related to genomic stability. In addition to the
improvement of inflammatory status following vitamin C
use, normalization of AKT kinase phosphorylation, NF-
kappa B at the transcriptional level, protein kinase delta
(PKC delta), hypoxia-inducible factor-1 alpha (HIF1-alpha),
and peroxisome proliferator-activated receptor alpha
(PPAR-alpha) were reported that are all related to aging [42].

6. Coenzyme Q10

Coenzyme Q10 (CoQ10) can potentially increase cyclic
adenosine monophosphate (cAMP) in the cells, and it can
also enhance the antioxidant capacity in the mitochondria
through the activation of SIRT1 and PGC-1α. As a result, this
can modulate the cell senescence in the vascular endothelial
cells [43]. SIRT1 is defined as an essential deacetylase that
can increase nitric oxide (NO), and this can inhibit endothe-
lial senescence [44, 45]. Further, it was reported that in an
animal model supplemented with CoQ10, the mice had a
higher metabolic rate related to fat via inhibiting the signal-
ing pathway of CaMKII-MEK1/2-ERK1/2 and increasing
cAMP levels [46]. In vitro studies claimed that CoQ10 bears
anti-inflammatory functions in addition to its antioxidant
properties in endothelial cells and it can delay the process
of senescence by affecting miR-146a expression [47]. The
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Figure 4: Olive oil effect on cell senescence and age-related diseases through the Nrf2 pathway.
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findings regarding the effects of CoQ10 on the inhibition of
cell senescence mostly focus on the dietary supplements
and especially in the endothelial cells which can be important
for the prevention of age-related diseases related to vascular
aging [48].

7. Olive Oil

Olive oil can induce DNA protection against damage due to
its phenolic components. Other compounds including tyro-
sol, oleuropein aglycone, caffeic acid, and oleuropein could
show beneficial effects of olive oil due to scavenging free rad-
icals and modulating the oxidative pathways [49] and this
can demonstrate the beneficial effects of olive oil on reducing
the risk of cancer, cardiovascular diseases, Parkinson’s dis-
ease, Alzheimer’s disease, and other age-related diseases
[22]. Olive oil components including oleuropein and oleuro-
pein aglycone can inhibit fibrillization of a protein called Tau
that is one of the events happening in Alzheimer’s disease
(AD) pathogenesis [50]. On the other hand, olive oil phenolic
compounds can inhibit DNA damage through protecting
APEX1, a repair gene for DNA that is so essential for decreas-
ing the vulnerability to age-related diseases [51].

As it was mentioned, telomere shortening is so important
in the aging process, especially in the development of age-
related diseases [52]. On the other hand, the activity of telo-
merase can be negatively affected by inflammation and oxi-
dative stress [53]. However, in the diets rich in
monounsaturated fats (MUFAs) such as the Mediterranean
diet containing olive oil, lower rates of telomere shortening
were reported and this was closely correlated with the lower
levels of ROS in the cells and lower rates of apoptosis due
to the direct effects of olive oil [54]. In particular, the oleuro-
pein content of olive can decrease oxidative stress, which can
directly affect cell senescence [22]. Moreover, olive oil can
increase the catalase content in cells during aging that can
be protective against oxidative stress during cell senescence
[22] and it can cause protection against disease progression.

Further, two components of olive oil named oleuropein
and oleacein can also affect cell senescence [55]. These com-
ponents can positively affect the cells, not only due to their
antioxidant effects but also due to the stimulatory effects on
the transcription factor Nrf2 and increased the expression
of heme oxygenase-1 (HO-1). Nrf2 is an important transcrip-
tion factor in the intracellular antioxidant defense system
that can induce protection against cell apoptosis and cell
senescence. HO-1 can also demonstrate antioxidant, anti-
inflammatory, and antiapoptotic properties [56, 57]
(Figure 4). All of the aforementioned effects can confirm
the protective effects of olive oil against cell senescence via
modulating oxidative stress [22].

Decreased levels of insulin-like growth factor-1 (IGF-1)
were reported in age-related conditions such as sarcopenia
[58, 59], diabetes, cardiovascular diseases, frailty, and the like
[60, 61] (117, 121 of 4). Activation of the receptors for IGF-1
can upregulate the PI3K/AKT pathway, and this can promote
cell survival and decrease cell senescence [62]. IGF-1 can
beneficially affect the endothelial and cardiovascular system
by increasing nitrite oxide (NO) availability, enhancing the

antioxidant system, decreasing inflammation, decreasing cell
death, and the like. Through these effects, IGF-1 can decrease
the plaque size and the risk of cardiovascular diseases as one
of the age-related diseases [63]. Research groups tried to
affect aging through consumption of natural foods including
olive oil which contains antioxidants that can modulate cell
senescence and aging in age-related diseases or conditions
[22]. It was reported that olive oil could possibly increase
the levels of IGF-1 which can beneficially affect cell survival
[64].

8. Conclusion

Because of the growth in aged population and age-related
diseases including diabetes, arthritis, cardiovascular diseases,
and Alzheimer’s disease in various countries, modulating the
aging process and cell senescence seems essential. Theory of
free radicals and oxidative pathways for aging should be
taken into account. Oxidative stress is highly intercorrelated
with inflammation, and the process called inflamm-aging is
an important basis for frailty, aging process, and cell senes-
cence in humans, especially in the development of age-
related diseases. It is obvious that dietary patterns and foods
or food components or dietary supplements can modulate
cell senescence via inhibiting oxidative stress, inflammation,
or telomere shortening and DNA damage and prevent age-
related diseases. This would be due to the phenolic com-
pounds and antioxidants present in dietary components.
From these nutrients or foods, foods including nuts, seeds,
legumes, and olive oil and dietary components such as poly-
phenols, vitamin C, and carotenoids are of great importance
to delay cell senescence in age-related diseases. Moreover,
plant dietary patterns such as Mediterranean diet can posi-
tively affect telomere length or cell senescence and aging pro-
cess and prevent the diseases related to aging. According to
the dietary supplements, CoQ10 dietary supplements can
also delay cell senescence via inhibiting oxidative stress and
inflammation and inhibit vascular disease progression. How-
ever, more randomized clinical trials (RCTs) or in vitro stud-
ies are warranted to better elucidate the exact effects or
mechanisms of action regarding the relationship between
nutrition, oxidative stress, and cell senescence in age-related
diseases.
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