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summary

Environmental pollution, inadequate eating habits and unhealthy
lifestyles have led to a tremendous increase in ocular diseases
worldwide. Given the costly treatments that are currently available
for the most common and threatening eye diseases (such as cata-
ract, dry eye disorder, or diabetic retinopathy), curing these dis-
eases or preventing refractive errors by taking nutraceuticals and
natural compounds that are present in our daily diet is a very valu-
able intervention. The eyes are the most important part of our visual
system and require micronutrients such as vitamins, carotenoids,
trace metals, and omega-3 fatty acids in order to function prop-
erly and to protect themselves against light-induced and age-me-
diated degenerative disorders. The Mediterranean Diet (MedDiet)
has been in the limelight since the 1980s because of the several

Introduction

Eye health and vision have extensive and overwhelming
effects on the overall quality of life, health, education,
sustainable development, and even on the economy.
Lacking the access to high quality treatment regimens
and even to affordable eye care has rendered many peo-
ple blind or visually impaired. In 2020 an estimated 596
million people in the world had distance vision impair-
ment, out of which 90% of cases could be treated using
high-cost treatment regimen [1, 2]. Out of these, 43 mil-
lion suffered from complete or partial blindness. On the
other hand, 510 million people could not improve near
vision impairments because they could not afford read-
ing glasses, showing the extremely poor socioeconomic
conditions in which they live. These patients included
all age groups, mostly affecting children and the elderly.
In addition, eye diseases were more prevalent in women,
ethnic minorities, and people living in rural areas. One
of the major factors observed in these patients was that
they were malnourished, due to the inadequate food sup-
ply because of overall poor socioeconomic conditions.

Diet, being a key lifestyle factor, can exert long-term ef-
fects even on ocular health and play a vital role in pre-
venting visual dysfunction, which can lead to permanent
visual impairment or blindness and it is estimated to
affect 1 billion people worldwide by 2050 [1]. Conse-
quently, the focus of the current chapter is how the Med-
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health benefits it provides, including eye health. MedDiet is char-
acterized by the consumption of small amounts of red meat, while
emphasizing the intake of fish, eggs, nuts, legumes, citrus fruits,
green vegetables, olives and their derivatives, especially olive oil,
and dairy products in a proportionate manner, in order to achieve
the maximum health benefits. The antioxidant, anti-inflammatory,
and neuroprotective properties of these foods — both when used as
an ingredient in the dietary regime or as a source of nutritional
supplements — have shown promising results in the management of
chronic degenerative ocular diseases, both in animal models and in
human subjects. In this chapter, we will focus on the importance of
MedDiet and natural compounds for the visual system and its role
in slowing down age-related ocular degeneration.

iterranean dietary regime and the intake of supplements
can prove to be beneficial for ocular health.

The visual system and vision impairment

Vision is the foremost among the human senses. It man-
ifests through the coordinate function of the intricate
visual pathways within the brain, interconnecting with
eyes and their associated adnexal tissues. The cornea
and lens of the eyes focus light onto the retinal photore-
ceptors, which then transduce light stimuli into neuronal
impulses that lead to the development of a three-dimen-
sional image by the brain. Clear vision requires structur-
al and physiological integrity of all the components of
the vision system (eyes, brain, and their pathways) and
any abnormality results in visual dysfunction. Common-
ly, visual function is measured by distance visual acuity.

COMMON EYE CONDITIONS THAT LEAD
TO VISUAL IMPAIRMENT

Many factors contribute to the development of visual
dysfunction, such as genetic mutations, environment,
lifestyle, age, and malnutrition [3-6]. The global trend in
the population growth index indicates an increase in adult
population with visual impairment and dysfunctions,
caused by many ocular disorders: it could be because of
refractive errors, dry eye disease (DED) [2, 7], diabetic
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retinopathy (DR) [8], ocular surface dysfunction (OSD),
glaucoma, cataracts [2, 7], and age-related macular de-
generation (AMD) [9]. Among children, on the other
hand, the main causes of blindness and impaired vision
are cerebral visual impairment, uncorrected refractive
error, congenital ocular anomalies, cataract, retinopathy
of prematurity, and corneal scarring. In addition, many
conditions — such as allergic conjunctivitis, blepharitis,
and dry eyes — can cause itching, pain and discharge in
many people that do not suffer from visual dysfunction
(Tab. I).

THE EFFECT OF VISUAL IMPAIRMENT ON HEALTH
AND WELL BEING

Vision impairment not only affects the normal day-to-
day routine of an individual, but it also has social, psy-
chological, and cognitive implications that affect the
overall quality of life. Visually impaired people often
experience reduced educational and employment pros-
pects and are often forced to take up low-paid jobs [16].
Moreover, these people are often targeted with negative
attitudes such as bullying, social exclusion, loneliness,
violence, and sexual assault [17].

Tab. I. Most prevalent eye conditions causing vision impairment.

Good vision not only is closely associated with an im-
proved quality of life, but it also exerts profound effects
on the overall health of an individual. On the contrary,
poor vision or visual impairment can predispose a per-
son to several physiological and psychological compli-
cations, such as cardiovascular diseases, cancer, demen-
tia, and depression [18]. Although the causal relationship
of vision impairment with health conditions mentioned
above is complex and difficult to assess precisely, it has
been broadly categorized into three kinds:

» direct effects of vision impairment on the individu-
al’s health and wellbeing, such as injuries, and in-
direct effects caused by difficulties (or even impos-
sibility) to access health care due to social isolation
and limitations in mobility and physical activity;

» other factors that are not specifically related to vi-
sion, like poor diet, poverty, smoking, sun exposure,
ageing, etc;

» effects of systemic health conditions on visual im-
pairment such as dementia, diabetes, cancer, and oc-
ular metastases.

Hence, vision impairment negatively affects the pa-

tients” mobility and mental health, even exacerbating the

risk of dementia, it increases the likelihood of injuries

Ocular . . .
condition Description Epidemiology Treatment References
It is the most important cause of
blindness worldwide (17.8 million in
2020) and the second leading cause of
Cataract Opacities in lens obstruct or moderate or severe vision impairment | Surgery with intraocular 21
scatter the incoming light (83.2 million). Cataract results from lens (I0L) implantation
age-related changes, smoking, UV
damage, dehydration crisis, diabetes,
galactosemia, and steroid use
Blurred vision because light is
not sharply focused on Refractive error can
the retina, due to a mismatch | It is the second main cause of be corrected using
Refractive | between the eye axial length blindness (3.7 million) and the main spectacles, contact lenses, 10 111
error and the refractive power cause of vision impairment (157.5 IOL implantation during !
of the cornea and/or lens. million) cataract surgery or laser
Hypermetropia (long sight) and refractive surgery
myopia (short sight)
The third main cause of blindness
. (3.6 million) and the fourth cause of
g;%?cr‘relzsrl\\/ls ﬂacr)r;]aegoerog Otphe moder_a_te or severe vision impa@rment Medication, N
Glaucoma o . (4.1 million). The risk of developing trabeculoplasty, iridotomy, [2,121
eyes, resulting in irreversible ) . :
blindness glaucoma increases Wlth age anpl is or surgery
increasing globally with population
ageing
The fourth prominent cause of
Degeneration of the macula, blindness globally (1.9 million) and
AMD resulting in loss of clear vision. |the third in moderate to severe vision |Long term anti-VEGF 13-15]
It has both “dry” and “wet” impairment (6.2 million). AMD is the intravitreal injections
forms primary cause of vision loss in high-
income countries
Damage to the small blood
?geaslfaegllzlgftgzg%;nzﬁgiigo Th.elfifth cause of plindness 1.1 Egtingl laser; in'gravitreal
DR blood, which may damage m!ll!on) and vision impairment (3.8 |nJect_|on of_ anti-VEGF or [81
central vision ("diabetic million) steroid; retinal surgery
macular oedema, DMQO”)




like falls and road traffic crashes, thus increasing also
the patients’ need for social care, ultimately leading to
higher mortality rates [2, 19].

Diet and eye health

Several population-based studies have revealed the im-
portance of diet, specifically of micronutrients, in the
management of age-related ocular diseases. These stud-
ies have led researchers to focus their studies on a wide
variety of nutrients in the management of eye problems,
such as retinal conditions (light mediative oxidative
damage), refractive errors, age-related macular degener-
ation, cataract, glaucoma, and dry eye [1].

Nutrient deficiencies led to manifestations of ocular
diseases in the adults and the effects of malnutrition on
the development of newborns’ visual system have sug-
gested that nutrition plays an important role not only in
the proper development of the visual system, but also in
enhancing or suppressing the various ocular manifesta-
tions leading to visual impairment and blindness. For in-
stance, studies have demonstrated that taking vitamin A
in recommended doses has beneficial effects on retinitis
pigmentosa, while vitamin E is detrimental to the same
condition [20]. In addition, lutein and docosahexaenoic
acid (DHA) supplementation, along with vitamin A, was
found to delay retinal degeneration and visual decline.
Similarly, several studies have reported a link between
vitamin A deficiency and night blindness and xeroph-
thalmia [21]. On the other hand, vitamin B deficiency
due to poor intake or absorption results in nutritional
amblyopia, which causes blurred vision and reduced
visual acuity [22]. Furthermore, carotenoids have been
useful in improving the vision throughout life, as well
as in reducing retinal and lens degeneration — leading to
AMD and cataract in the elderly population [23].

MEDDIET AND EYE HEALTH

A healthy lifestyle, indicated by healthy eating habits
and plenty of physical activity, offers a valuable inter-
vention to fight against the tremendously increasing risk
of eye disorders, such as myopia progression, dry eye
disorders, diabetic retinopathy, cataracts, glaucoma, or
AMD. Providing certain micronutrients such as miner-
als, Omega 3 fatty acids, vitamins, and carotenoids in
recommended daily doses ensures an overall good health
and exerts positive effects on eye health and on the vi-
sual system. However, including these micronutrients
in the diet as supplements might raise concerns in the
underdeveloped countries, where most of the population
lives below poverty line and are thus unable to afford
nutritional supplements. In this regard, diet regimes that
are affordable by a wide range of socioeconomic groups
are a method of choice to introduce beneficial nutrients
in the body.

The MedDiet in this regard has received considerable
attention in the past few decades, mainly because peo-
ple dwelling in the Mediterranean region tend to have
lower incidence of cardiovascular diseases and other
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chronic disorders [24]. Furthermore, adherence to the
MedDiet is linked with increased antioxidant activity,
reduced incidence of several diseases, reduced inflam-
mation, and eventually reduced mortality [25]. A num-
ber of studies has shown that adherence to the MedDiet
is also associated with reduced frailty [26]. In addition,
people following this diet regime experience fewer visu-
al disorders as well as a higher lifespan. This can be be-
cause this diet regime favors an enhanced consumption
of whole meal bread, cereals, olive oil, fruits, legumes,
and vegetables, and a low consumption of saturated fat,
avoiding or reducing red meat consumption and taking
with chicken and fish in moderate proportions, and an
adequate intake of cheese and yogurt. Besides that, reg-
ular physical activity also helps enhance the beneficial
effects of the MedDiet.

A recent retrospective clinical trial involving 7756 par-
ticipants, with a mean age of 71 years, showed in 56.5%
of cases the beneficial effects of following the MedDi-
et on AMD. The results indicated that closely follow-
ing the MedDiet reduced the risk of progression to late
AMD and to large drusen. This association was greater
for geographic atrophy (GA) than neovascular AMD. In
addition to that, fish intake contributed to a great extent
in association [27].

In another prospective study, the researchers investigated
the association between following the MedDiet and the
incidence of advanced AMD in 4446 European people,
aged 55 and older: it was observed that the likelihood of
developing AMD in subjects that followed the diet was a
41% lower as compared to those who did not [28].
These findings establish the important role of a nutri-
ent-rich MedDiet — containing whole grains, olive oil,
fruits, vegetables, legumes, and fish — in AMD preven-
tion. Although these studies could not prove a direct
cause and effect relationship between MedDiet and
AMD, it still highlighted that the reduced risk of devel-
oping AMD was due to the overall diet and not to the
individual components (Tab. II).

MEDITERRANEAN DIET— GUT MICROBIOTA —
EYE AXIS

Gut dysbiosis has been recently observed to increase the
predisposition to various ocular diseases, such as dry
eye, uveitis, macular degeneration, and glaucoma [31].
This indicates the existence of a gut-eye axis (or gut-ret-
ina axis), mediated by the gut microbiota [32]. It is a
well-known fact that alterations in the gut microbiota re-
sult in many intestinal and extra-intestinal diseases, in-
cluding non-alcoholic fatty liver disease (NAFLD) [33],
metabolic and inflammatory diseases, obesity, and can-
cer [34]. An increased intestinal permeability (termed as
“leaky gut”) allows leakage of bacterial endotoxin lipo-
polysaccharides (LLPS) and pathogen-associated molec-
ular pattern molecules (PAMPs), which activate pattern
recognition receptors (PRRs), resulting in low-grade in-
flammation in several tissues. This crosstalk can extend
to dendritic cells, perivascular macrophages, and retinal
pigment epithelium (RPE) cells, and might end up in oc-
ular inflammation. In addition, the gut microbial metab-
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Tab. Il. Dietary patterns as interventions to age-related eye diseases.

Ocular diseases
Diet pattern Refractive Diabetic
Cataract error Glaucoma AMD retinopathy
A small study on 500 African Prevents diabetes
male subjects indicated a and therefore
lower risk of developing Reduced risk . diabetic retinopathy
MedDiet cataract upon adherence to | Not assessed of developing Rl\eﬂcDreased risk of late and lowers the
the MedDiet [251 glaucoma [29] chances of retinal
Lack of evidence due to degeneration during
scarcity of clinical trials DR
Western diet | Not assessed Not assessed Not assessed Increased risk of AMD | Not assessed
Lower incidence of
) AMD in some studies.
Prudent diet | Not assessed Not assessed. Not assessed However, results are Not assessed
variable [301

olites might regulate retina-specific immune cells [35].
A recent study has shown that obesity-associated gut
microbiota is the major role player in pathological an-
giogenesis of choroidal neovascularization (CNV) in
retinal tissue [35], reinstating the existence of a gut-reti-
na axis. Gut microbiota undergoes significant changes in
respect to age and dietary patterns and greatly influenc-
es the overall health. MedDiet has been shown to alter
the gut microbiota in many ways, such as increasing the
microbial diversity, enhancing the Bifidiobacteria, and
Lactobacillus sp population while reducing the proteo-
bacteria [36]. Studies have shown that people following
MedDiet had a better gut microbiota composition as
compared to those following a Western diet regime [37].

As this diet regime avoids high caloric fatty foods and
promotes fresh leafy vegetables and fruits, it results in
higher proportion of short-chain fatty acids (SCFAs) and
fiber-degrading bacteria in the feces [38]. In addition,
some studies have reported an association between gut
microbiome and ocular surface microbiome with ocu-
lar surface diseases. These studies have been recently
reviewed by [39], and they suggest a convincing link be-
tween gut microbiota-eye health and gut microbiota-oc-
ular surface microbiota-eye health. Whatever the case,
the MedDiet and dietary intake of probiotics have been
known to modulate a healthy gut (Fig. 1.).

As the MedDiet modulates gut microbiota, which in turn
influences the onset of ocular diseases, it seems to exist a

Fig. 1. MedDiet- Gut Microbiota-Eye Axis.
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MedDiet-gut microbiota-eye axis. Further studies in this
area would be beneficial for the development of diet-me-
diated management of various ocular diseases.

Natural molecules

Food contains many essential vitamins, micronutrients,
and biologically active compounds that can play a pivot-
al role in maintaining eye health. Some selected natural
molecules and their effect on ocular diseases is present-
ed in Table III.

MELATONIN

Melatonin is a hormone secreted by the pineal gland and
regulated by the hypothalamic suprachiasmatic nucle-
us (SCN) [40]. It plays an important role in circadian
rhythms, as shown by its enhanced secretion at night and
vice versa [41]. In addition to that melatonin has antiox-
idant, immunomodulation, and neuroprotective proper-
ties [42, 43]. Melatonin binds to two G-protein coupled
receptors, MT1 and MT2, which are widely distributed
in different tissues and it works in both a receptor-depen-
dent manner and receptor-independent one [44]. Mela-
tonin has low affinity towards another receptor, MT3,
acting as an enzyme with different kinetic and ligand
association and different pharmacological character-
istics as compared to MT1 and MT2 [45]. In the past
two decades, much attention has been paid to the rela-
tionship between melatonin and eye in connection with
SCN, circadian rhythm, and ocular diseases [46]. Many
researchers have reported melatonin production in vari-
ous ocular tissues following the circadian rhythms, such
as lachrymal gland, crystalline lens, retina, ciliary body,
and iris [47]. Furthermore, studies have shown the pres-
ence of melatonin receptors in choroid, sclera, cornea,
and retina, indicating an important role of melatonin in
visual system [48]. Several studies have elucidated a link
between melatonin and various ocular conditions, with
a focus on melatonin as part of the treatment regime for
glaucoma and for inflammatory and age-related diseas-
es [49, 50]. Melatonin has been proven to be a strong
neuroprotective agent when applied exogenously to con-
trol intra ocular pressure and preventing intraocular hy-
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pertension related retinal injury and glaucoma in animal
models and clinical trials [49, 51, 52]. Furthermore, mel-
atonin is a strong antioxidant, anti-inflammatory, and
immunomodulation agent showing a therapeutic poten-
tial in AMD, diabetic retinopathy, and uveitis [53, 54].
In addition, melatonin protects the retina from oxidative
stress by regulating the secretion of vascular endotheli-
al growth factor (VEGF) in the retina [55]. Although it
has been proven beneficial in the management of several
ocular diseases, the causality between melatonin and oc-
ular diseases is yet to be unidentified, testifying the dire
need of more prospective clinical studies.

TAURINE

Taurine is the most abundant amino acid in the retina
of mammals, with taurine concentration reaching 50
mmol/g tissue higher than in any other ocular structure or
in the brain [56]. The retinal pigment epithelium (RPE)
and Miiller cells provide taurine to the retina, which then
collects and transfer it to photoreceptor cells [57]. Pho-
toreceptors require an adequate amount of taurine from
extracellular environment and its transport is dependent
upon osmoregulation by high and low-affinity Na+ and
Cl-dependent taurine transporters present in the reti-
na [58]. Although the function of taurine in the retina is
still uncertain, a lack of taurine in nutrition has result-
ed in reduced plasma taurine concentration and atypical
electroretinograms in children and adolescents [56].
Taurine depletion has been observed to increase light-in-
duced photoreceptor degeneration in rats, indicating the
role of taurine in retinal survival and photoreceptor pro-
tection [59]. Accordingly, the administration of taurine
supplement might prove beneficial in preventing and
counteracting retinal degeneration and light-induced pa-
thologies.

Being a strong antioxidant, taurine exhibits cytoprotec-
tive effects by reacting and counteracting the neutrophil
oxidant, hypochlorous acid. This reaction lead to the
production of taurine chloramine, which inhibits the in-
flammatory pathway [60]. Moreover, taurine reduces the
mitochondrial production of superoxide, prevents mito-
chondrial ROS induced oxidative stress, and protects the
antioxidant enzymes [56]. The protective role of taurine
in photoreceptor degeneration, retinal ganglion cell loss,

Tab. IlI. The effects of selected nutritional supplements on various ocular manifestations and their food sources.

Natural compounds Food sources Benefits for the eyes References
Vitamin A Almonds, carrots, tuna Beneficial in retinitis pigmentosa [31]
Melatonin Fish, milk, eggs, seeds, pistachio | Neuroprotectant, IOP regulation [34]
. Prevents retinal degeneration and light-
Taurine Sea food, turkey, seaweed induced damages [52]
) . Fishes (mackerel, sardine, Prevent inflammatory damage, reduce IOP,
Omega-3 fatty acids salmon) beneficial in dry eye disease and AMD (661
i . Milk, cheese, eggs, fishes, leafy | Antioxidant, neuroprotective, decrease
B-Vitamins vegetables, chicken cataract incidence (601
, ) Anti-inflammatory, retino-protectant in
Palmitoylethanolamide (PEA) Egg yolk, peanuts glaucoma and diabetic retinopathy [781
. Anti-inflammatory, anti-oxidant, protection
Saffron Flower of Crocus sativus against light damage to photoreceptors [901
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and other retinal morphological injuries in in vitro and in
vivo disease models shows that it plays an essential role
in retinal function preservation, so it can be administered
as a supplement or as part of a taurine-rich diet to pre-
vent retinal degeneration in various ocular diseases [61].
Taurine has been observed to hamper the progression of
retinal diseases, highlighting its promising candidature
in preventing or treating retinal diseases.

SPEARMINT

Even when not consumed in large quantities, spearmint
has plenty of vitamins and minerals that are beneficial
for the body. The spearmint extract — rich in fiber, vi-
tamin A, iron, manganese, and folate — along with for-
skolin, homotaurine, and B vitamins, has been recently
observed as beneficial in counteracting the retinal dys-
function in retinal ganglion cell (RGC) death caused
by optic nerve crush [60]. As the spearmint extract is
rich in polyphenols, it contains flavonoids that exhibit
neuroprotective effects on RGC loss by reducing inflam-
mation and oxidative stress [62, 63]. Further research
is required in order to determine the beneficial effects
of spearmint extract in ocular diseases; however, as it
is a regular dietary ingredient of MedDiet, it holds sig-
nificant potential in managing various ocular and other
pathological conditions.

B VITAMINS

The B-vitamins, comprising eight water-soluble vita-
mins, perform an essential role in cell function, acting
as coenzyme in various metabolic reactions. They are
specifically involved in energy production, DNA/RNA
synthesis/repair, synthesis of numerous neurochemicals,
genomic and non-genomic methylation, and cellular sig-
naling, thus maintaining vital functions in the brain. B
vitamins (like B6, B12, and folic acid) are beneficial in
eye health, as these prevent AMD by reducing homocys-
teine levels in blood.

Deficiency of B vitamins results in reduced vision or
formation of blind spots because the optic nerve is com-
promised. Several observational studies have reported
the protective role of a high blood level of B vitamins,
such as riboflavin, thiamin, and niacin, against the devel-
opment of lens opacities [64]. Riboflavin and niacin also
have protective effects against oxidative stress by act-
ing as coenzymes of oxidative enzymes. Administering
these two B vitamins in undernourished Chinese popula-
tion resulted in decreasing the incidence of cataract [65].
An epidemiological observation study, involving 5442
female health professionals with preexisting cardiovas-
cular diseases, has shown that vitamin B12 deficiency in
women is linked with an increased risk of AMD, which
are twice as much as those having normal B12 levels
[64]. The randomized, double-masked, placebo-con-
trolled trial data indicated that subjects with daily sup-
plementation of 50mg B6, Img B12, and 2.5mg folate
supplements for two years had 35% to 40% chances to
be less prone to AMD. However, in another study, sup-
plementation of vitamin B6, B12, and folate exceeding
the recommended dietary doses resulted in an increased

risk of causing cataract in U.S. physicians in a timespan
of over 7 years [66]. Consistently with these findings, a
high dietary folate intake in participants using multivi-
tamins is associated with an increased risk of posterior
subcapsular cataract (PSC) in Age-Related Eye Disease
Study (AREDS) patients [67]. Another study reported
a two-fold increase in cataracts in the PSC region with
high folate intake [68].

OMEGA-3 FATTY ACIDS

Evidence suggests that the essential omega-3 fatty acids,
obtained from a healthy diet or supplementation, provide
benefits to the visual system. Omega-3 fatty acids can be
obtained from a variety of food sources: for instance, the
short-chain omega-3 called alpha-linoleic acid (ALA) is
abundant in flaxseed and chia seeds, while marine-based
foods are rich in long-chain omega-3 fatty acids, like
docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA). The absorption of long-chain omega-3 fatty acids
in the cellular membranes is based on their competition
with the long-chain omega-6 fatty acid called arachidon-
ic acid (AA) [69], which is a pro-inflammatory agent. As
a result, increasing omega-3 fatty acid intake regulates a
systemic inflammation via production of anti-inflamma-
tory metabolites. As the optimal dietary ratio of omega-6
to omega-3 fatty acid should be 4:1, a diet rich in ome-
ga-6 fatty acids — such as western fried foods — results
in an imbalance of the two, thus leading to an appro-
priate absorption of omega-3 fatty acids in the cellular
membranes [70]. This results in deficiency of omega-3
fatty acids in approximately 80% of the adult popula-
tion of developed countries [71]. Balanced diets, hav-
ing plentiful long-chain omega-3 fatty acids, have been
demonstrated to be beneficial in several chronic ocular
conditions, including dry eye disease and AMD [72].
Moreover, long-chain omega-3 fatty acids are benefi-
cial in reducing ocular surface inflammation in dry eye
disease, improving tear-lipid profile [73]. Studies have
shown that women with a low dietary intake of omega-3
fatty acids tend to have higher chances to develop dry
eye disease [74]. However, clinical trials conducted to
assess the potential benefits of omega-3 fatty acids in
dry eye disease resulted in contradictory findings. DHA,
specifically, is implicated in structural and functional
maintenance of retina [75].

In addition, diets rich in polyunsaturated fatty acids
enhance the retinal cellular response in AMD animal
models to oxidative, ischemic, and inflammatory dam-
age [76]. Although epidemiological studies have shown
the potentials of dietary long-chain omega-3 intake in
lowering the risk of early-stage AMD [77] and of pro-
gression to late-stage visual impairment [78], the ome-
ga-3 supplements have not shown the same efficacy as
whole foods [79]. On the contrary, a double-masked pla-
cebo-controlled randomized clinical trial conducted in
Australia concluded that oral omega-3 supplementation
for 3 months significantly reduced IOP in normotensive
adults [80]. However, the synergistic interactions of dif-
ferent nutrients in the whole food is essential for har-
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vesting their full benefits and this should be given due
consideration during clinical recommendations.

PALMITOYLETHANOLAMIDE (PEA)

Palmitoylethanolamide (PEA) is a pleiotropic naturally
occurring endogenous N-acetylethanolamine cell-pro-
tective lipid found in several foods and in many living
organisms. Numerous studies have reported its anti-in-
flammatory and neuroprotective characteristics; howev-
er, its beneficial effects are dose-dependent and medi-
ated via receptors such as PPAR-«, PPAR-y, PPAR-3,
GPR, and TRPV1 [81]. In the past 50 years, many clini-
cal trials for various ocular diseases (such as glaucoma,
diabetic retinopathy, uveitis, and pathological conditions
involving inflammation) have tested PEA effectiveness.
This molecule is available both as via dietary sources
rich in PEA and as via supplement. Several PEA supple-
mentary products (like Normast, PeaVera, and Visimast)
are administered to glaucoma and neuroinflammation
patients in Italy for nutritional support. PEA holds prom-
ise in treating many retinopathies and has been evaluated
in many double-blind placebo-controlled studies to be
safe, effective, and tolerable up to 1.8 g/day. Moreover,
as PEA downregulates proinflammatory genes, it has
been beneficial as an anti-inflammatory and retino-pro-
tectant compound in glaucoma and diabetic retinopathy
[82].

SAFFRON

AMD is a retinal neurodegenerative disease charac-
terized in its early stage by large soft drusen and hy-
po-hyperpigmentation of the retinal pigment epitheli-
um (RPE). Late AMD, the potentially blinding stage of
disease, includes geographic atrophy of the RPE (“dry”
age-related macular degeneration), or subretinal neovas-
cular membranes (“wet” age-related macular degenera-
tion) [83].

AMD is generally considered a multifactorial disease,
whose development and progression are the results of a
complex interaction between genetic and environmen-
tal risk factors. Both oxidative stress [84] and chronic
inflammation [85] seem to play a significant role in the
pathogenesis of AMD together with many risk factors
[86-89]. The final outcome of all neurodegenerative reti-
nal diseases is the death of photoreceptors, consequently
visual functions progressively deteriorate up to com-
plete blindness. Recently, new strategies able to mitigate
photoreceptor death using natural products have been
explored. Among the others, Maccarone et al. (2008)
provided data showing that I’ Aquila saffron is protective
against light damage to photoreceptors, in a rat model
[90]. A proof-of-principle clinical trial in AMD patients
confirmed the potentiality of saffron treatment in neuro-
degenerative diseases and its consistency in time [91,92]
and in patients carrying genetic mutations [93].

Saffron is a well-known spice, used widely in different
cuisines. It has also long been used in traditional med-
ical practice [93,94]. Egyptian healers used it to treat
gastrointestinal ailments; in Roman times it was used
to promote wound healing and relieve upper respira-
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tory complaints. In more recent times it has been used
as an anti-inflammatory, anticonvulsive and anti-tumor
agent; it has been investigated in the treatment of cogni-
tive defects. Because of this long history of medical use
associated to a variety of different clinical applications
it is essential to make an accurate analysis of relevant
data specifically in the field of retinal diseases. Saffron
is the commercial name of the dried red stigmas of Cro-
cus sativus flowers. It is produced in many areas all over
the world, but the bulbs may present different genetical
characteristics and the cultivar and the drying strategies
are quite different; this makes each single production to
be unique and this could explain the variety of effects
and some discrepancies in the literature. Chemically,
saffron is known to contain more than 150 volatile and
aroma-yielding compounds and many non-volatile bio-
logically active components, including carotenoids (zea-
xanthin and crocetin) and various alpha- and beta-car-
otenes. Its golden yellow-orange colour comes from
alpha-crocin, a water soluble biogentobiose (sugar) ester
of crocetin. Its flavor arises from the glycoside picro-
crocin, a molecule containing safranal and a carbohy-
drate. Its most potent anti-oxidant ingredients appear to
be crocin, and crocetin, a carotenoid dicarboxylic acid
which forms the core of crocin. Several actions of cro-
cin on mammalian tissues have been reported including
anti-apoptotic activity and increased oxygen diffusivi-
ty [90, 95]. Kanakis et al. (2007) showed that metabo-
lites of saffron bind directly to DNA and induce its par-
tial conformation to beta-DNA, thereby protecting the
cell from damage [96]. Saffron has been shown to have
anti-inflammatory actions, including for example the in-
hibition of tissue necrosis factor [97]. Based on these
observation it comes clear that the saffron extract does
not act as a simple antioxidant. The peculiar characteris-
tics of saffron components support the hypothesis of an
involvement of very different ways of action going from
antioxidant activity to direct control of gene expression
as it is also suggested by microarray experiments [98].

conclusion

Eyes are an integral part of our lives, well-being, de-
velopment, and happiness. It has been proven now that
a healthy diet helps maintain a healthy vision system,
avoiding many ocular problems. Scientific evidence
suggests that micronutrients, vitamins, and natural com-
pounds with antioxidant and anti-inflammatory prop-
erties play a pivotal role in alleviating and protecting
age-related ocular degeneration. Therefore, with aging
we require an adequate supply of good fats, controlled
carbohydrates, fibres, and proteins, along with micronu-
trients and vitamins to maintain our health. In addition,
consuming a good amount of probiotics helps regulating
the gut microbiota, which in turn mediates the ocular
surface microbiota and prevents many ocular diseases.
The Mediterranean diet, which is a blend of all these in-
gredients, holds significant potential as a dietary regime
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for better eye care and therapy and should be given due
consideration.
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