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Definition

The human eye is a complex organ that is prone to visual impairment from both modifiable
and non-modifiable risk factors. While some lifestyle choices, such as smoking, can nega-
tively influence the eye’s visual system, others can have a positive impact. For instance,
a healthy diet that includes nutrients such as lutein, zeaxanthin and meso-zeaxanthin
can have a beneficial effect on macular health. Similarly, exercise can have a beneficial
effect not only on general health and wellbeing but also on ocular health. This article
will provide an overview of the link between modifiable risk factors such as diet, exercise,
psychological stress and others on ocular diseases including dry eye disease, age-related
macular degeneration, myopia, glaucoma and diabetic retinopathy. It will also evaluate
whether there is a need to raise awareness amongst the general population on how simple
lifestyle changes can improve ocular health.

Keywords: diet; exercise; ocular nutrition; ocular health; modifiable lifestyle factors;
mental health

1. Introduction
Globally, cataracts, glaucoma and age-related macular degeneration (AMD) are leading

causes of visual impairment [1,2]. The development and progression of these conditions
is influenced by different external factors, including those which can be modified by the
patient themselves such as by improving their diet, leading a less sedentary lifestyle,
decreasing exposure to poor air quality environments and so on. These are relatively
simple and low-cost changes that a patient can make in order to improve their general as
well as ocular wellbeing and could help to reduce the global economic burden of these
progressive diseases.

While the general public may have an awareness of the link between these modifiable
lifestyle factors and their general health, they may be less aware of the effect on their eye
health. This article will explore the influence of nutrition, exercise, smoking, air pollution
and psychological stress on ocular health (Figure 1).
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Figure 1. Five key modifiable lifestyle changes that may influence ocular health.
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2. Diet
Food contains the nutrients needed by the human body to sustain life. They can be

classified as macronutrients (carbohydrates, proteins and lipids) micronutrients (vitamins
and minerals) and water. Carbohydrates are an important source of energy and fuel
processes in the body. Proteins are important for repair and growth and are also a good
source of vitamins and minerals such as iron, zinc and B vitamins. Fats and sugar are
sources of energy but must be consumed in moderation. Food also contains essential
micronutrients such as vitamins and minerals, which generally cannot be synthesised in
the body and so need to be obtained from the diet. Micronutrients are vital to health and
disease prevention and, if not consumed in adequate amounts, can lead to deficiencies
which may have adverse consequences on health. Nutrition is impacted by factors such as
aging, gender, ethnicity and socioeconomic factors [3].

Age-related macular degeneration (AMD) is a progressive eye disease which affects
the macula, the central part of the retina, causing a loss in the sight that we use for detailed
tasks. The antioxidant vitamins A, C, E, the trace element zinc and the micronutrients
lutein and zeaxanthin are thought to be helpful in AMD because of the “free radical” theory
of cell damage [4]. Free radicals are highly reactive substances that are created during
normal bodily processes and also occur as a result of other factors like air pollution and
smoking tobacco. They can damage the cells in the body, and antioxidants are thought
to counteract these free radicals, hence delaying or preventing them from damaging the
body’s cells. Two studies (AREDS and AREDS2) investigated the role of these antioxidants
on AMD progression and found that, for some people with AMD, taking an antioxidant
formula slowed down disease progression [4,5]. There is believed to be a link between
the gut microbiome and AMD, as well as other retinal diseases [6,7]. Diet can alter the
gut microbiome and a Mediterranean diet that is rich in green vegetables, fresh produce,
legumes, fruit and fish may play a role in shifting gut microbial composition more favorably
and reducing AMD risk [8–10]. However more longitudinal studies are needed to explore
this link further.

Cataracts occur over time as the crystalline lens ages and becomes progressively less
transparent, with an accompanying loss in vision. Some research trials have found a positive
link between vitamins C and E, beta-carotenoids and multivitamin supplements and either
slowing down cataract formation or reducing the need for cataract surgery. However,
others have found no association and so overall the evidence is inconsistent [11,12]. More
high-quality research is therefore needed in order to explore any potential link further
and determine whether a particular combination of vitamins and nutrients is needed or if
supplements need to be taken over a longer term in order to produce a more defined effect.
The AREDS study found that the use of multivitamin supplements was associated with a
lower risk of developing nuclear cataracts over a follow-up period of ten years [13] and so
there may be some benefit to long-term multivitamin supplementation. However, further
longitudinal studies are needed.

Dry eye disease (DED) is a multifactorial disease of the ocular surface system and may
be characterised by tear film instability, inflammation, tear hyperosmolarity and epithelial
damage. Recently, new therapies that target inflammation and oxidative stress have been
developed. There is a growing body of evidence that supports the possible role of different
micronutrients for the treatment of ocular surface disease [4]. There is some evidence that
long-chain omega-3 may have a positive effect on some dry eye symptoms when taken in
particular quantities, however, more evidence is needed to investigate the effect on other
clinical measures as well as side effects [14]. Omega-3 fatty acid is believed to play a role
in the maintenance of tear stability, but not in tear production, by altering the meibomian
gland secretions and meibum quality in patients suffering from meibomian gland disease
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and chronic blepharitis, leading to a more stable tear film and thereby decreasing the signs
and symptoms of dry eye. It has also been suggested that preformed GLA, which is found
in green leafy vegetables, nuts and vegetable oils, can help to prevent dry eye symptoms [5].
An investigation into supplementation with a novel blend of omega-3 and omega-6 fatty
acids in those with highly symptomatic DED (OSDI ≥ 52) found a clinically significant
improvement in dry eye symptoms [15].

Glaucoma is recognised as a group of complex conditions that lead to optic nerve
damage. As with other conditions, oxidative stress is believed to play an important role in
the pathogenesis of primary open-angle glaucoma (POAG) [16] and evidence has shown
that patients with POAG have an increased oxidative status [17]. Antioxidants are believed
to play an important role in reducing the effects of oxidative damage, thus the possibility
that nutritional supplements with antioxidative properties could be beneficial is something
to be explored. It may be pertinent to consider the use of nutritional supplements alongside
conventional treatment as a potential alternative therapy to slow the progression or help
reduce the risk of the glaucoma. One such example is the naturally occurring compound
known as coenzyme Q (CoQ), which is thought to act as a neuroprotectant in glaucoma
patients. It has been suggested that DNA damage and lipid peroxidation as a result of
oxidative stress can be prevented by ubiquinone, otherwise known as coenzyme Q10 [18].
Omega-3 fatty acids such as polyunsaturated fatty acid (PUFA) and DHA are thought to
have antioxidative properties. Although there has been very little research carried out
relating to the use of omega-3 fatty acids in glaucoma treatment specifically, it is known
that these fatty acids have the ability to lower free radical levels and so may have some
benefit. Ginkgo biloba extract (GBE) from the Ginkgo tree is commonly used in China and
contains over 60 known bioactive compounds including flavonoids and antioxidants. The
effect of GBE on ocular blood flow velocity was investigated and found to have no effect on
IOP but increased ocular blood flow [19]. This holds promise as a therapeutic supplement,
since reduced ocular blood flow is a factor linked with glaucomatous progression.

As well as food, drinks may also have an impact on ocular disease. Studies looking at
the association of commonly consumed beverages with glaucoma have reported equivocal
effects, and it has been suggested that the effects could be different among different eth-
nicities. A study by a group of Korean researchers investigating the link between alcohol
consumption and IOP found that alcohol consumption more than twice a week was asso-
ciated with increased IOP in men without POAG. They also found a link in women with
POAG who drank alcohol more than 4 times a week [20]. Similarly, the effect of caffeine
on the ocular surface has been investigated in numerous studies. For example, one study
which investigated the link between consumption of coffee, tea or soft drinks and the risk of
open-angle glaucoma in a Korean population found an association between consumption
of coffee and OAG, particularly in men, but no such association was found with tea or soft
drinks [21]. This was in keeping with the findings of a study from a UK biobank which
found that, in those with the strongest genetic predisposition to elevated IOP, greater coffee
consumption was associated with higher IOP and a higher prevalence of glaucoma [22].
Therefore, it may be appropriate for patients who need to control their IOP to consider their
alcohol and coffee consumption.

There may also be a link between consumption of caffeine and alcohol and the ocular
surface. Regular caffeine consumption has been found to be associated with decreased
odds of DED as measured from self-reported history, symptoms and/or signs although
others have shown non-significant trends [23–25]. This could be due to differences in
methodology and also because they were dependent upon patients self-reporting their
consumption, which could have introduced recall bias. Other studies have shown an
increase in tear meniscus height and Schirmer test values in the first 2 h following a single
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dose of caffeine [26]. Therefore, on balance, the evidence suggests there is a protective effect
of caffeine on the ocular surface, although larger-scale studies are needed to investigate
this further. Increased alcohol intake has also been reported to contribute to DED and
a deterioration of the tear film [27] although this may be influenced by confounding
factors and differences have been reported between genders. Long-term consumption of
alcohol has also been linked with a deficiency in vitamin A, which may lead to corneal and
conjunctival epithelial keratinization [28]. A deficiency in vitamin D may also play a role in
DED symptoms as a result of altered corneal nerve morphology [29].

Although there are a range of different recommendations on the amounts and types
of food a person should consume, nutritional requirements can vary between individuals.
Eating too much or too little can both have negative effects on health. Obesity has been
reported to be linked to DED [30] as well as changes in meibomian gland architecture [31].
The nutrients that can be obtained from a food source are determined by both its bioavail-
ability and absorption [32]. For example, the availability of some nutrients can be increased
by cooking, whereas other nutrients are more readily available when in their raw form.
An individual’s ability to absorb vitamins and minerals from food may be influenced by
factors such as age, nutritional status, as well as the presence of systemic diseases like
cystic fibrosis or ulcerative colitis [33] which can cause malabsorption. And so different
people will have different needs and requirements from their diet. Nutritional supplements
or food supplements are concentrated sources of vitamins, minerals or other substances
which certain groups of people may need to use, such as young children, individuals with
deficiencies, women during pregnancy and older populations. In general, it is recom-
mended that supplements are used in addition to, and not as a substitute for, a healthy and
balanced diet.

While many people are aware of the link between a poor diet and health conditions
like obesity, heart disease and type 2 diabetes, there is generally less awareness of the role
that nutrition can play in supporting eye health. Generally, if GPs think a patient may
benefit from specialist dietary advice they can refer them to a dietitian who is trained
to advise on diet and nutrition. However, there are also a number of other health care
professionals, such as optometrists, who would be well placed to provide nutritional advice
to the general public.

3. Exercise
Leading a more active lifestyle has many benefits on our general health and wellbeing,

and the same applies to ocular health for many different ocular conditions. A study
investigating the impact of aerobic exercise alone or combined with a Mediterranean diet
on DED found significant improvements on dry eye parameters such as tear break up time
and OSDI questionnaire scores in those who undertook the combined approach versus
exercise alone [34]. AMD is a leading cause of blindness in the UK [35] and while the
pathogenesis of AMD is not fully known, a lack of physical activity has been linked to the
development of early precursors for AMD in the form of macular drusen [36]. Studies have
indicated that there may be a neuroprotective effect associated with physical activity [37]
and that physical activity may inhibit the inflammatory response by promoting the release
of anti-inflammatory agents [38,39].

While exercise can cause a short-duration rise in IOP, studies have also shown a re-
duction in IOP soon after exercise, as well as a lower baseline IOP in glaucoma patients,
suggesting that overall exercise may have a beneficial effect on IOP [40]. Most studies
have investigated the impact of intense physical activity on IOP, however, emerging evi-
dence indicates that even light activity, which reduces sedentary time, can have a positive
impact [41].
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Increasing physical activity has been shown to reduce the risk of developing diabetic
retinopathy (DR) [42,43], and exercising for at least 30 min five times a week has been
shown to reduce the risk of DR progression by 40% [44]. This is thought to occur as a result
of improved regulation of blood glucose via increased insulin sensitivity, better mitochon-
drial function and lower blood pressure and blood lipid levels [45]. However, patients
with proliferative diabetic retinopathy should avoid high-intensity aerobic and resistance
exercise in order to reduce their risk of vitreous haemorrhage or retinal detachment [46].
Resistance training is a good alternative to aerobic exercise. This type of training has not
been found to cause a greater number of undesirable events as compared to other types
of exercise [47]. One study found that there were more complications during jogging and
walking than with strength training in the elderly [48].

Interestingly, a link has also been found between physical activity and DED, with
studies suggesting that exercise may help to delay the onset and/or progression of the
disease by causing a temporary increase in tear volume and reduction in inflammatory
biomarkers in the tears [49].

4. Air Pollution
Air pollution is recognised as a leading cause of disease [50] and estimated to have

caused 4.2 million premature deaths worldwide in 2019 [51]. In recent years there has been
a considerable rise in atmospheric pollution in many cities around the globe and this has
led to an increased concern regarding the adverse effect of this on human health. Common
pollutants include particulate matter (PM), carbon monoxide (CO), ozone (O3), nitrogen
diozide (NO2) and sulphur dioxide (SO2). The World Health Organization estimates that,
in 2019, 99% of the world’s population was living in areas above WHO air quality guideline
levels [51].

As well as outdoor air pollution, indoor pollution can be problematic. Sources of
indoor air pollution include tobacco smoking, cooking with oil and high heat, use of
pesticides and so on [52].

The eye is directly exposed to the external environment and pollutants in the air, and so
individuals that live in areas with higher concentrations of pollutants such as PM2.5, PM10,
SO2 and NO2 may be more likely to experience eye problems related to this, including
chronic eye diseases like glaucoma, age-related macular degeneration and cataracts [53,54].

Glaucoma has been found to be associated with levels of PM2.5, NO2 and NOX [55–57],
as well as PM10 [58], although the effect estimates were relatively small. Other studies
have indicated a link between retinal damage and air pollution, in particular with myopic
macular degeneration, AMD and diabetic retinopathy [59,60]. A large UK study found
higher baseline ambient PM2.5, NO2 and NOX levels to be associated with a greater risk
of undergoing cataract surgery, with the highest risk relating to levels of PM2.5 [61], how-
ever, only outdoor air pollution was assessed, with no assessment of indoor air quality
levels. It has been postulated that the rich vascular supply that the retina receives allows
more blood-borne pollutants to reach it in higher concentrations and as a result makes it
more susceptible to adverse effects compared with other structures such as the crystalline
lens [61].

Overall, current evidence suggests there is a link between air pollution and the devel-
opment of certain chronic ocular diseases, however, there is some inconsistency in findings.
For instance, there is inconclusive evidence in relation to the association between specific
pollutants, with studies finding opposing results [13,62,63]. Therefore, further studies are
needed in order to investigate this more conclusively.
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5. Smoking/Vaping
Smoking can affect the ocular surface, leading to symptoms such as ocular redness,

itchiness and irritation. Current and past smokers have been found to have higher IOP than
those that have never smoked [64–67]. Cataracts have also been linked to smoking [68,69]
as has AMD [70] and uveitis [71,72].

Smoking has also been found to impact the tear film, epithelial cells and DED, however,
the evidence is somewhat inconsistent with some studies finding positive associations and
others finding no association at all [73–77]. Smoking has also been associated with chalazion,
although further examination of why this is the case is needed [78].

Use of electronic cigarettes, or vaping, was initially introduced as a step towards smok-
ing cessation but they have been found to contain carcinogenic chemicals, air pollutants
and heavy metals. There is limited research at the moment on the short- and long-term
effects of vaping, however, adverse effects have been reported on the anterior eye and
ocular surface [79].

Smoking is a modifiable factor, which has been shown to have an impact on ocular
health and therefore it is important for clinicians to discuss smoking cessation in order to
help improve health outcomes.

6. Mental Health and Chronic Stress
The modern lifestyle may have given rise to an increase in the frequency as well as

severity of ocular surface diseases such as dry eye [28]. It is thought that mental health
factors may be associated with ocular surface diseases. Depression, which is a chronic
mood disorder, is a common finding in those with eye diseases, with one study finding the
highest prevalence of depression in those with DED, followed by glaucoma, age-related
macular degeneration and cataracts [80]. Other studies have corroborated this finding
of higher rates of depression in patients with DED [81–83]. Whether there is any link
with antidepressant medication use is as yet unclear [84]. One study found higher rates
of DED in those who were not taking antidepressants, suggesting its association could
be independent of medication use [85], however, another found a significant association
between DED and longer duration of antianxiety or antidepressant medication use [86]. It
is thought that increased inflammation may be a linking factor between depression and
DED [87]. Correlations have also been found between DED, depression and sleep disorders
with poorer sleep quality being more prevalent amongst those with DED [88]. However, it
has been proposed that a two-way relationship exists between the two, and a disruption
in circadian rhythm could occur as a result of DED and so further research is needed to
understand this link.

Anxiety has also been linked with DED frequency and severity [89]. Several studies
are in agreement that a higher number of individuals with DED suffer with anxiety disor-
ders such as post-traumatic stress disorder, self-reported agoraphobia, self-reported panic
disorder and generalized anxiety disorder [85]. Additionally, more severe DED symptoms
were associated with more severe anxiety [28]. Psychological stress, as measured with
self-reported questionnaires, has also been reported to have a positive association with
DED [38,90].

As well as ocular surface disease, a higher rate of depression has also been found in
patients with other eye diseases such as glaucoma and AMD, with a poor self-perception
of health, being less able to do activities for daily living and poor visual function being risk
factors for depression [39]. In general, this is a relatively under-researched area and while
the existence of a potential retina–brain axis has been suggested, more research is needed
in this area. It is important to consider the effect of ocular health and visual function on a



Encyclopedia 2025, 5, 159 7 of 11

person’s mental health and to consider ways of addressing sources of psychological stress
in order to help alleviate the stress burden.

7. Conclusions
Vision loss is a global problem and can be caused by several eye conditions such as

cataracts, AMD, glaucoma and diabetic retinopathy. Furthermore, conditions such as DED
are becoming increasingly prevalent, even amongst children, and can affect quality of life
as well as lead to visual disturbances especially in severe cases. Oxidative stress is thought
to be a causative factor in the development of these diseases, with the eye being particularly
susceptible to oxidative stress.

Lifestyle changes such as a healthy diet, leading a less sedentary lifestyle, smoking
cessation and participating in more exercise as well as limiting exposure to sources of both
indoor and outdoor air pollution may be important influencing factors to consider as they
are relatively simple and cost-effective strategies which may yield better health outcomes
for the patient in the long run. The general public may be less aware of the connection
between these factors and eye health. Health care professionals such as optometrists would
be well placed to provide nutritional and lifestyle advice to the general public, with a view
to this being undertaken in conjunction with other treatments and/or therapies.

Many gaps still exist in our knowledge and understanding of how certain lifestyle
factors affect eye health, particularly in relation to the mechanisms behind some of the
reported changes. Therefore, more research is needed in order to further our understanding,
so that we can address these aspects. In this way we can help to improve ocular health
outcomes for patients and reduce the impact as well as burden of ocular disease.
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