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Abstract

Caffeine, commonly found in coffee and tea, affects various aspects of
eye health as it blocks adenosine receptors, impacting tear production,
intraocular pressure, macular perfusion, and choroidal thickness. However,
its connection with eye conditions like glaucoma and cataracts remains
uncertain due to conflicting research findings. Some studies suggest potential
benefits for cataracts, while others warn against frequent caffeine intake in
glaucoma and surgical scenarios due to possible increases in intraocular
pressure. Conflicting evidence also exists regarding its effects on dry eye,
macular degeneration, myopia/hyperopia, diabetic retinopathy, retinopathy
of prematurity, and central serous retinopathy. Caffeine does not seem to be
a risk factor for dry eye, although studies have shown that caffeine may offer
protection against wet age-related macular degeneration, and the metabolite
7-methylxanthine could be a more promising treatment for myopia.
Moreover, caffeine can potentially cause tremors and might hinder surgical
performance, especially in less experienced surgeons. Recommendations from
experts vary, highlighting the need for further research to fully understand
how caffeine affects the eye. Individuals genetically predisposed to glaucoma
should be cautious due to the possibility of clinically significant elevations
in intraocular pressure with caffeine consumption. For delicate procedures
like microsurgery, where tremors can be detrimental, caution should be
exercised with caffeine. This review underscores the importance of additional
studies to provide clearer insights and prudent recommendations regarding
caffeine’s impact on eye health.
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Introduction

Caffeine, scientifically known as 1,3,7-trimethylxanthine,
is a psychogenic substance present in over 60 plant species,
including kola nuts, tea leaves, and coffee beans.! It is found in
various beverages such as tea, coffee, and soft drinks, as well as
chocolate-based goods and metabolic supplements." While adults
often consume caffeine from coffee, children and adolescents tend
to consume caffeinated soft drinks. A product’s caffeine content
can vary based on factors such as the type of product (Table 1),
the cultivation and processing methods of coffee beans or tea
leaves, and the preparation of the beverage.'

Global caffeine consumption varies, with many adults in
Western countries averaging around 4 mg/kg of body weight
per day. For a 70-kg individual, this equates to roughly three
cups of coffee or five cups of tea.! A daily intake of three to four
8-ounce cups of brewed coffee or five servings of caffeinated soft
drinks or tea has been linked to neutral or potentially favorable
health benefits.? Toxic symptoms such as increased heart rate,
anxiety, tremors, and restlessness are possible, but only at much
larger doses. Reaching such levels would necessitate drinking
approximately 100 cups of coffee.! Individual variances in
metabolism, situations such as pregnancy and heart disease, and
drugs all contribute to variations in caffeine levels and effects.

Pharmacokinetics and Pharmacodynamics of Caffeine

Caffeine is rapidly absorbed into the bloodstream, reaching
maximum plasma concentration within 1-1.5 hours after
ingestion. It is primarily metabolized by the cytochrome P450
1A2 (CYP1A2) enzyme in the liver, causing demethylation and
the formation of paraxanthine, theobromine, and theophylline.
These metabolites are subsequently converted into xanthine,
uric acid, and uracil derivatives. The half-life of caffeine ranges
from 3 to 7 hours, influenced by many factors such as age, sex,
medications, pregnancy, cigarette smoking, and liver function.
Only 1-5% of caffeine is excreted unchanged in urine over 48
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hours due to renal tubule reabsorption (Figure 1) Caffeine
primarily functions as an adenosine receptor antagonist and
affects various body systems.

There are two main types of adenosine receptors. Al
and A3, coupled through Gi/Go protein, inhibit adenylyl
cyclase and decrease cyclic adenosine monophosphate (cAMP)
levels, while A2A and A2B, coupled through Gs/Golf protein,
activate adenylyl cyclase and increase cAMP levels (Figure 2).%*
Adenosine receptors trigger defense mechanisms that control
coronary blood flow, myocardial oxygen consumption, immune
response, inflammation, and the release of neurotransmitters
such as glutamine, acetylcholine, and dopamine.’

Caffeine also acts through other mechanisms, including
the inhibition of phosphodiesterase, blockage of regulatory
sites of gamma-aminobutyric acid type A receptors, and release
of intracellular calcium, although these effects are primarily
observed at toxic doses.

Role of Caffeine

Caffeine is widely consumed because it enhances central
nervous system activity through adenosine receptor antagonism.
This stimulation raises levels of monoamines such as dopamine,
serotonin, norepinephrine, and acetylcholine, contributing to
improvement in subjective energy, mood, and alertness.®

Caffeine has also been shown to help with headaches,
asthma, and neurodegenerative disorders, including Parkinson’s
and Alzheimer’s disease.””® Used as a monotherapy or in

Table 1. Caffeine concentrations of selected beverages

Milligrams of caffeine by volume of
beverage
1oz 8 oz. 12 oz.
(29.6 mL) | (236.6 mL) | (354.9 mL)
Coffee*
Espresso 51.33 410.64 615.96
Plain, brewed 17.5 140 210
Instant 7.125 56 85.5
Decaffeinated 0.75 6 9
Tea**
Tea, brewed 7 53 80
Black tea 6.0 47 72
Green tea 5.6 45 68
Soft/energy drinks*
?"‘Etser 10.0 80 120
Ock Srar 10.0 80 120
Red Bull
. 9.5 76 114
Mountain Dew
. 4.6 37 55
Diet Coke
Sunkist 3.9 31 47
LIS 3.5 28 42
Pepsi-Cola
Coca-Cola Classi 3.1 25 37
0Ca-Lola Classic 29 23 35

*Caffeine content of drinks. https://www.caffeineinformer.com/the-caffeine-database.
Accessed August 1, 2024

##FoodData Central. https:/fdc.nal.usda.gov/index.html. Accessed August 1, 2024

oz: United States fluid ounce. Caffeine consumption depends on the type of beverage
consumed, with Coca-Cola Classic and espresso containing the least and greatest amount of
caffeine per 12 oz, respectively'
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combination with analgesics, caffeine can treat tension-type
headaches and migraines via vasoconstriction through the
inhibition of adenosine receptors.” The blockage of adenosine
receptors by caffeine has also been shown to improve airway
function in asthmatic patients, possibly due to respiratory
system stimulation and bronchodilation.® Recent studies
explored caffeine’s potential in the treatment and prevention
of neurodegenerative diseases such as Parkinson’s disease and
Alzheimer’s disease. By inhibiting A2A receptors and increasing
expression of nuclear factor erythroid 2-related factor 2, caffeine
appears to play a role in regulating antioxidants, mitigating
neuroinflammation, and influencing other factors responsible for
preventing neuronal cell loss.?

Physiological Effects of Caffeine on the Eye

Adenosine receptors can be found in various ocular tissues,
including the cornea, iris, ciliary body, choroid, and retina.'®!"!?
Caffeine binds competitively to adenosine receptors, dilating the
pupils and improving accommodation by targeting muscarinic
receptors in the ciliary body and iris sphincter muscle.®* While
there is no literature studying the effects of caffeine on closed-
angle glaucoma, pupil dilation is well known to narrow the angle
between the iris and cornea. Therefore, further investigation is
needed to reach a definitive conclusion.

Caffeine intake affects several ocular parameters, including
tear production, intraocular pressure, aqueous humor, and
B.1415.16 The impact on dry eye is debated,
with some evidence suggesting coffee consumption may improve
lacrimal function and protect against dry eyes.'*’*'7 Single
nucleotide polymorphisms in the genes encoding adenosine
A2 receptors and CYP1A2, the principal enzyme in caffeine
metabolism, seem to regulate this effect.'

The role of caffeine in intraocular pressure has been a topic
of interest since 1997 when Kurata et al.’® first proposed a
positive association. In their study on male Wistar rats, a single

macular perfusion.

dose of caffeine caused a considerable increase in intraocular
pressure after 15 minutes and 1 hour, which was attributed to
increased aqueous fluid secretion. A later study by Kurata et
al.” using intravenous caffeine in beagle dogs demonstrated a
similar increase in intraocular pressure, suggesting a potential
mechanism involving increased aqueous humor secretion.
However, a preclinical model conducted by Madeira et al.?
revealed a potential neuroprotective role of caffeine. In their study,
rats with ocular hypertension were given caffeine, which reduced
intraocular pressure and decreased retinal neuroinflammation,
microglia reactivity, and ganglion cell loss after 3 weeks.

The theorized mechanism of action for increased ocular
pressure involves caffeine’s antagonism of adenosine receptors,
which inhibits aqueous humor outflow by causing smooth
muscle relaxation in the filtration system, resulting in closure of
the trabecular meshwork. The blockage of adenosine receptors
is also associated with caffeine’s well-known effect of elevating
blood pressure, which is hypothesized to increase the hydrostatic
pressure involved with aqueous humor generation.?’ Lastly,
hypotheses propose caffeine may elevate intracellular cAMP,
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Figure 1. Pharmacokinetics of caffeine. Caffeine consumed orally is rapidly absorbed into the general circulation, metabolized by liver CYP1A2 enzyme, and reabsorbed by
renal tubules with only 1-5% excreted unchanged in the urine within 48 hours. Caffeine can enter several organs including the brain, leading to increased adenosine receptor
blockage (from Gonzalez de Mejia and Ramirez-Mares?; reprinted with permission from Elsevier)

increasing aqueous humor formation.”” However, current

evidence suggests that caffeine blood levels from 2-3 cups of
coffee do not suppress phosphodiesterase function.”

When evaluating population studies, the clinical significance
of caffeine in terms of intraocular pressure remains unclear,
224 In  those

with primary open-angle glaucoma or ocular hypertension,

especially in non-glaucomatous individuals.

intraocular pressure elevations were statistically significant
but clinically insignificant.'*'%*?¢ Higher and more clinically
significant pressures were seen in individuals with a genetic
predisposition.”””® One limitation of these studies is the
inclusion of small samples, as habitual coffee use was only weakly
associated with lower intraocular pressure in a large study of
121,374 patients.”

Caffeine’s ability to induce cerebral vasoconstriction and
d.?>?93931 However,
limited research has been conducted into caffeine’s effects on ocular
blood flow. In a 1992 study conducted by Lotfi and Grunwald??,
a 13% decrease in macular blood flow was observed 1 hour after
the oral administration of 200 mg caffeine. However, their study
was limited by the fact that subjective measurement of macular

reduce cerebral blood flow is well-documente

blood flow was conducted only twice during the experiment
(pre-administration and 1 hour post-administration).”” In a
more recent investigation, the effects of 100 mg of caffeine were
quantitatively tested using a laser speckle technique, and the
results showed decreased circulation in the choroid, retina, and
ocular nerve head after caffeine administration.”” A considerable
decrease in ocular fundus flow was observed despite the very
small amount of caffeine, which is known to have no systemic
effect. This suggests that the ocular blood vessels were directly
impacted. Subsequent optical coherence tomography (OCT)
angiography investigations supported these results, showing
a significant reduction in retinal flow area and vessel density
following coffee consumption.”® The most likely source of these
effects is an increase in peripheral vascular resistance brought
on by the vasodilatory effect of adenosine antagonization.*
Intriguingly, intravenous injections of adenosine were shown to
induce retinal vasodilation and lower intraocular pressure.*
Caffeine also affects choroidal thickness, as evidenced by
analytical tests including enhanced depth imaging (EDI)
OCT.»?%373% One study noted a significant decrease in choroidal
thickness from baseline at 1 and 3 hours after consuming 200 mg
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Figure 2. Adenosine receptor signaling pathway. A1 and A3 are couples though Gi/Go protein, inhibiting adenylyl cyclase and decreasing cAMP levels. A2a and A2b are
coupled through Gs/Golf protein, stimulating adenylyl cyclase and increasing cCAMP levels. (from Mazziotta et al.’; reuse permitted under the Creative Commons Attribution

4.0 International License [CC BY 4.01)
¢AMP: Cyclic adenosine monophosphate, ATP: Adenosine triphosphate

of caffeine (Figure 3).*> Another study found that a significant
decrease in choroidal thickness persisted for at least 4 hours after
consuming 200 mg of caffeine.”® Notably, a study involving
young monkeys found that topical caffeine administration did not
prevent normal-age dependent increases in choroidal thickness,
suggesting that any potential decrease in thickness may be
temporary or overridden by other factors.’” Age differences and
test duration may account for these differences, as the monkey
study focused on infants while the human studies involved adult
participants. Additionally, the infant monkey study investigated
the effects of twice daily administrations over several months,
whereas human studies used single administrations.

Finally, caffeine may offer protection against oxidative
damage to the crystalline lens due to its antioxidant properties.”’
With advancing age and other conditions, a decrease in these
antioxidants such as glutathione and ascorbic acid may cause
oxidative stress, protein aggregation, and light scattering,
ultimately contributing to cataract formation.” Coffee
consumption has been associated with reduced cataract formation
due to its antioxidant qualities, which are mainly attributed
to the adenosine antagonist activity of caffeine. While coffee
includes other antioxidants, such as chlorogenic acids, these
chemicals are partially destroyed during the roasting process of
raw coffee beans.
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Effects of Caffeine in Ocular Diseases

Cataract

Cataracts result from oxidative stress damaging the eye lens
due to factors like ultraviolet (UV) light exposure, aging, and
diabetes.""”? Antioxidants like glutathione and ascorbic acid
help maintain lens transparency but may be depleted over time,
leading to cataract formation.*

Varma et al.*? were among the first researchers to explore
the effects of caffeine on cataract development through in vitro
studies. One such study by Varma and Hedge®™ demonstrated
caffeine’s ability to mitigate oxidative damage to the lens from
free radicals generated by adding iron to the culture medium.
In a global investigation including 43 countries, Varma®
concluded that the lowest rates of cataract blindness were
observed in the most developed countries, which also have high
caffeine consumption. Notably, the protective effect of caffeine
on cataract-associated visual impairment was evident at daily
consumption levels of 50 mg and approached near completeness
with 100 mg per day.* However, it is crucial to note that this
study did not account for other factors, such as socioeconomic
status and access to healthcare. On the other hand, a sizable study
conducted in Beaver Dam, Wisconsin, involving 4,926 people
aged 43 to 86, accounted for socio-economic and lifestyle factors
and revealed no relationship between coffee consumption and the
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Figure 3. Choroidal thickness measurements obtained before (A), 1 hour after (B),
and 3 hours after (C) oral caffeine consumption (200 mg capsule) (from Zengin et
al.; reprinted with permission from Taylor & Francis Informa UK Ltd-Journals)

likelihood of developing age-related cataracts such as cortical,
posterior subcapsular, or nuclear cataracts.®’

The association between UV radiation and cataract
development has been attributed to the formation of reactive
oxygen species in the aqueous humor and lens, leading to the
depletion of lens antioxidant reserves. ™% In vitro lens culture
tests on mouse lenses exposed to UV light at 302 nm caused
physiological damage, including inhibition of Na+/K+ adenosine
triphosphatase (ATPase) and decreased adenosine triphosphate
(ATP) and glutathione levels. Interestingly, caffeine appeared
to mitigate these effects.”” Further studies showed that caffeine
prevented glutathione and ATP depletion and maintained Na+/
K+ ATPase activity in the presence of kynurenine, which acts as
a photosensitizer in the lens.’® Topical caffeine drops effectively
prevented UVB-induced lens opacification, and peroral caffeine

administration decreased UV-induced apoptosis in human lens
epithelial cells.”"?

Individuals with metabolic syndrome or obesity have an
increased risk of developing cataracts, but caffeine has been
demonstrated to improve metabolic symptoms and promote
weight loss in rats.”” Additionally, caffeine and pyrocatechol,
both components of coffee, were associated with a lower
incidence of obesity-related cataracts in later research.’® Mice fed
a high-fat diet and treated with coffee had reduced body weight,
preserved antioxidant components in their lenses, and avoided
elevated cholesterol levels.”*>*

Furthermore, diabetes can elevate the risk of cataracts by
increasing oxidative stress through altered levels of superoxide
dismutase, catalase, glutathione peroxidase, malondialdehyde,
and advanced oxidation protein product.”” Studies have shown
that in diabetic lenses, caffeine administration led to increased
quantities of the antioxidant glutathione and decreased levels
of reactive oxygen species. In another investigation, caffeine
eye drops significantly inhibited the onset and advancement of
cataract formation in young rats with a diet containing 24%

galactose.”®

Glaucoma
Caffeine does not appear to increase intraocular pressure

#5758 However, it may elevate

in normal healthy subjects.
intraocular pressure in those with a history of ocular hypertension,
primary open-angle glaucoma, normotensive glaucoma, and
glaucoma suspects. The observed effects may not be clinically
significant, with transient increases in intraocular pressure
after ingesting more than 180 mg of caffeine not likely to
impact glaucoma progression.!4162:265960 Although a large
prospective study provided evidence against an association
between caffeine consumption and intraocular pressure, a 2021
investigation discovered a significant effect in individuals with
a strong genetic propensity to elevated intraocular pressure.’’!
Intraocular pressure has a heritability estimated at 40-70%, with
certain genetic variants contributing to its variation. Mutations
in genes like MYOC (myocilin), CYPIBI (cytochrome P450
1B1), LTBP2 (latent transforming growth factor beta binding
protein 2), and TEK (TEK receptor tyrosine kinase) can lead to
Mendelian primary open-angle glaucoma or primary congenital
glaucoma with high intraocular pressure.>©>¢46>

In glaucoma, elevated intraocular pressure can compromise
the blood supply to vital eye tissues such as the retina, choroid,
and optic nerve head.® Caffeine’s vasoconstrictive properties
contribute to decreased ocular blood flow, which may exacerbate
glaucoma progression. Studies indicate that coffee consumption is
associated with reduced blood flow velocity and microcirculation
in these areas, suggesting a potential link between impaired
blood flow and glaucoma development.>'>-#%%?

Notably, topical 1% caffeine eye drops did not appear to
change intraocular pressure in patients with primary open-angle
glaucoma after 1 week of administration.”’ This suggests that the
effects observed with coffee consumption, which contain various
physiologically active substances besides caffeine and may vary in
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concentration among different brands, may not be attributable
solely to caffeine. Thus, topical caffeine eye drops, containing
only caffeine, may offer insights into the direct effects of caffeine
on ocular physiology.

Dry Eye

Dry eye is a common ocular surface condition characterized by
tear production of insufficient quality or quantity to moisturize
the eyes. Various therapeutic approaches are available to manage
the condition, including dietary modifications with omega-3
supplements, environmental modifications, and the use of over-
the-counter artificial tears or anti-inflammatory medications.®’

Caffeine, traditionally considered a risk factor for dry eyes,
has shown mixed effects on tear production and tear film
osmolarity. Some studies suggest that both topical application
and oral consumption of caffeine can increase tear production
and reduce tear film osmolarity,!21>1744686970 Although two
studies suggested caffeine has no significant effect on the risk
of developing dry eyes, both employed a cross-sectional design
based on self-reported data.”"’> Because of these limitations, the
results of these studies cannot demonstrate causality and may be
affected by recall bias.

Macular Degeneration

Age-related macular degeneration (AMD) is characterized by
central vision deterioration due to macular damage. Most patients
have dry AMD, where the macula thins and accumulates yellow
deposits called drusen, leading to retinal degeneration. Wet
AMD is a progression of the dry form and involves subretinal
neovascularization, which causes edema and hemorrhage.'
Treatment options include anti-vascular endothelial growth
factor (VEGF) injections for wet AMD and antioxidant vitamins
and minerals for moderate to severe dry AMD.”74

The choroid, the vascular layer of the eye, plays important
functions such as providing nutrition and oxygen to the outer
retinal layers, regulating retinal temperature, and eliminating
waste.”” The choroidal vasculature must be physically and
functionally normal for the retina to operate properly. People
with AMD have been found to have altered choroidal blood flow,
which raises the possibility that these changes may influence
pathogenesis. For example, early AMD is associated with
decreased choroidal thickness.?>?6373876.77

The impact of caffeine on AMD is unclear. While one case-
control study suggested caffeine consumption may prevent
AMD development, another study found no correlation after a
S-year incidence period.”®” Recent research indicates that the
antagonistic effect of coffee on adenosine receptors may suppress
the abnormal choroidal vascular growth associated with wet
AMD"

Adenosine receptors, particularly A2A and A3, are expressed
in the retina and choroid, with altered expression observed
in AMD patients. Upregulation of A2A and A2B receptors
in response to hypoxia and inflammation may play a role in
AMD progression.'™ Significant A3 receptor expression was
also observed in the choroid/RPE of human eyes, especially in
individuals with dry AMD, and downregulation of this receptor
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was proposed to have contributed to the death of photoreceptor
cells.®

Myopia and Hyperopia

Myopia (nearsightedness) and hyperopia (farsightedness) result
from differences in corneal curvature and eye length that interfere
with the proper focusing of light on the retina. Correction methods
include contact lenses, eyeglasses, and laser therapy procedures like
laser in situ keratomileusis or photorefractive keratectomy. Topical
caffeine has shown promise in preventing myopia progression.
Recent studies in monkeys revealed that caffeine application
counteracted myopic compensation and impacted choroidal
thickness and vitreous chamber elongation.”” Remarkably, several
earlier investigations reported that a single oral dose of caffeine
or coffee consumption decreased choroidal thickness in healthy
adules.”®>3876 Tt is improbable that these disparate reactions are
exclusively the result of species differences, given the similarities
between macaque and human eyes. Additionally, factors such
as the age of the population should be considered, as choroidal
thickness typically increases during childhood and decreases with
age. Results may also be influenced by the duration of exposure.
For example, a single application may yield different effects than
twice-daily administrations over several months. Further research
is needed to investigate if coffee temporarily reduces the thickness
of the choroidal wall in adult humans.

In a sample of myopic Danish children, oral administration
of the caffeine metabolite 7-methylxanthine (7-MX) was shown
to slow the progression of myopia and axial elongation.®'*
Furthermore, a rat study examining the sub-chronic and chronic
toxicity of 7-MX as a possible treatment for myopia demonstrated
no mortality or signs of toxicity with 7-MX, compared to 10%
mortality in the caffeine-treated group.** However, there was
no significant correlation between caffeine consumption and
the occurrence of myopia in another study involving a cohort of
participants 12 to 25 years of age.*’

Retinopathy of Prematurity

Retinopathy of prematurity (ROP) arises from oxygen-
induced damage to the developing retinal vasculature, leading
to hyperoxia and vaso-obliteration followed by abnormal new
blood vessel formation, primarily driven by the VEGF signaling
pathway.”” Due to advances in neonatology, ROP has become
a significant cause of childhood blindness worldwide 8%
Caffeine therapy has been shown to attenuate the effects of
pathological hyperoxia-induced vaso-obliteration and hypoxia-
induced angiogenesis, mediated by both A2A receptor-dependent
and independent processes.”” However, contraindicatory findings
exist regarding the association between caffeine intake and
ROP severity. While a randomized controlled trial suggested
early caffeine treatment in premature infants can lower the risk
of ROP, a small retrospective study found no correlation.®®#
Additional randomized controlled trials should be conducted to
explore potential biases affecting outcomes.

Diabetic Retinopathy
Diabetic retinopathy is a leading cause of vision loss in type
2 diabetes patients. Available treatments include anti-VEGF
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therapy, vitrectomy, and scatter laser surgery. The relationship
between coffee consumption and diabetic retinopathy remains
unclear. One study suggested a potential protective effect of
coffee consumption, as people with type 2 diabetes mellitus
who drank more than two cups of coffee daily showed reduced
development of diabetic retinopathy. Caffeine was also found
to have a protective effect on the blood-retinal barrier in
cellular models of diabetic macular edema, potentially reducing
apoptosis by 18%.%

Conversely, a second study indicated that caffeine negatively
impacted the retinal microvasculature, as coffee consumption
was positively connected with retinal venular width in those with
cardiovascular risks, including diabetes mellitus.”" Interestingly,
caffeine-containing tea and coffee did not correlate, suggesting
antioxidants may counteract caffeine’s vasoconstrictive effects.

Other findings suggested a dose-dependent protective effect
of caffeine, with moderate to high doses associated with a 65%
lower risk of diabetic retinopathy in type 2 diabetes patients.
However, this association was not observed when caffeine use was
analyzed as a continuous variable.”

Overall, while caffeine’s potential protective effect is
promising, more research is needed to clarify its role in diabetic
retinopathy development. Studies conducted on diabetic mice
did not translate to humans, indicating the need for additional
investigation into the mechanisms underlying caffeine’s effects.

Central Serous Retinopathy

Central serous retinopathy involves serous detachment of
the macula due to subretinal fluid accumulation. It primarily
affects young men, and is associated with psychological stress.
Other risk factors include corticosteroids, elevated testosterone
and aldosterone levels, and hyperopia.” Treatment options
include intravitreal therapy, systemic medicines such as
mineralocorticoid receptor antagonists, photodynamic therapy,
argon laser therapy, and surgery (partial sclerectomy).”” In some
cases, the condition may spontaneously resolve. Caffeine abuse
has been associated with central serous retinopathy.®* Caffeine
activates the hypothalamic-pituitary-adrenal axis, increasing
the secretion of stress hormones such as cortisol. This effect
is sex-dependent, with men showing greater cortisol increases
in response to psychological stress compared to women.”
Caffeine may also inhibit adenosine receptors necessary for
the absorption of subretinal fluid.** However, more studies
are needed, as available articles are limited. Additional studies
on the impact of caffeine on choroidal thickness could offer
valuable perspectives on its possible involvement in central
serous retinopathy.

Implications of Coffee in Surgical/Clinical Performance

Surgeons frequently abstain from caffeine during procedures
to minimize tremors and avoid any detrimental effects on their
work. This is especially true for delicate microsurgical activities
like vitreoretinal surgery, which require fine manual dexterity.
Research has shown that caffeine use before surgery may have
a deleterious impact on surgical performance, particularly in

inexperienced surgeons.”*”” However, another study suggested

that caffeine had no appreciable impact on surgical performance.”®
Propranolol, on the other hand, was linked to better results.”*?%%

Practical Implications

The effects of caffeine on various eye diseases present
conflicting findings, making it a challenge to provide clear
recommendations. While there is evidence of a protective effect
against cataracts, its impact on other ocular diseases is unclear.

Increased intraocular pressure from caffeine appears clinically
insignificant for glaucoma progression. Caffeine cessation is not
routinely recommended for non-glaucomatous or glaucomatous
patients, but those genetically susceptible to glaucoma should
be advised to consume caffeine conservatively (e.g., less than 180
mg per day).

Recent research suggests caffeine is not a substantial risk
factor for dry eye disease. However, stopping caffeine intake a
few hours before surgery should be recommended to reduce the
chances of dry eye and increased intraocular pressure during the
procedure, minimizing potential complications.

Microsurgeons may also benefit from abstaining from
caffeine before surgery to decrease tremors and lower the risk of
complications.

Conclusion

Caffeine, a widely consumed psychoactive substance, warrants
caution due to its potential effects on the eye. Further research
is needed, especially concerning ocular diseases with conflicting
findings such as AMD and myopia.

Recent studies suggest that the caffeine metabolite 7-MX
could offer a more promising treatment for myopia, showing no
signs of mortality or toxicity compared to caffeine. Additionally,
there are indications that caffeine may provide protection
against wet AMD. Therefore, further research should include
investigating these effects, given the current uncertainty
surrounding the impact of caffeine on myopia and AMD.

Moreover, additional research should explore the different
components of coffee, the effects of roasting, and the method
of beverage preparation. These factors may contribute to the
variable development of eye diseases. Coffee, the primary
source of caffeine, contains several other physiologically active
substances derived from coffee beans and those produced during
processing by roasting. Roasted coffee beans harbor bioactive
substances known to be harmful to the eyes, such as furfural and
its derivatives, formaldehyde, and acrolein.'™ It is difficult to
rule out the possibility that differences in these constituent levels
between different coffee brands and preparation techniques could
factor in the disparities in reported intraocular pressure findings
among coffee drinkers.

In conclusion, it is imperative to schedule routine, periodic
eye exams to detect and treat eye illnesses early on and to visit an
ophthalmologist as soon as possible if one is suffering any visual
or eye-related issues.

Methods of Literature Search
The literature search was done from November 2023 to
January 2024, using electronic databases including Google
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Scholar and PubMed, by searching the following keywords:
caffeine and eye, caffeine and cataract, caffeine and glaucoma,
caffeine and dry eye, caffeine and myopia, caffeine and eye health
in pediatrics, caffeine effects on choroidal thickness, caffeine
mechanism of action, caffeine and surgical performance, caffeine
effects on retina, caffeine on diabetic retinopathy. An extensive
search was performed and all relevant articles were retrieved.
Most were written in the English language and the timeline of
published articles ranged from 1984 to 2023.
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