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Purpose: Coffee and tea are very common nonalcoholic beverages. However, their intake,
particularly that of coffee, has been suggested to increase intraocular pressure (IOP) in patients
with open angle glaucoma/ocular hypertension. The causative agent has been suggested to be
their caffeine content. The objective of this study was to determine if this represents a direct
caffeine effect. This study was therefore done using pure caffeine applied directly to the eyes.
Methods: The study was conducted with five human volunteers with open angle glaucoma/
ocular hypertension. IOP was measured using a Perkins applanation tonometer. Eye drops
of 1% caffeine were prepared in-home. Following the initial (basal) measurement of the IOP,
50 uL of the eye drop preparation was instilled in the eye at 0-, 4-, and 6-hour intervals. IOPs
were measured 30 minutes after each instillation. A second study was also undertaken follow-
ing the first. In this study, the same patients instilled the eye drops three times per day for 1 week
at home and then returned to the clinic on day 7. They were then again treated with caffeine
eye drops as above and IOPs measured.

Results: In the 1-day study, the mean basal IOP was 23.6 + 2.80 mmHg. Thirty minutes after
instillation of the drops as described, the pressures were 23.2+1.93,22.2+1.99,and 22.6 +2.31.
The basal reading was taken at 10 am and another reading was then taken at 10.30 am. Additional
eye drops were instilled at 2 and 8 pm and readings taken 30 minutes after each instillation. In
the 1 week study, the basal value was 22.6 & 2.32. After instillation of the drops as above the
values were 23 £2.16,22.4 £2.27, and 23 = 1.94.

Conclusion: Administration of caffeine into the eyes of patients did not have any effect on IOP
and it remained relatively unchanged. This was true in the 1-day study as well as in the 1-week
study. A cumulative effect was not visible. The results therefore demonstrate that caffeine has
no significant effect on IOP in patients with glaucoma. Any effects reported in coffee drinkers
may therefore be related to other constituents in coffee, known to be generated pyrolytically from
endogenous constituents of coffee beans by roasting at relatively high temperature, combined
with the osmotic effects imposed by adequate fluid intake, known to be common in glaucoma
patients.
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Introduction

Cafteine (1,3,7-trimethylxanthine) is a significant ingredient in several common
beverages such as coffee, tea, and colas, as well as in various other food items such as
cakes and candies. A regular cup of coffee (236 mL) contains 135—150 mg of caffeine.!
On average, daily consumption from normal coffee drinking alone is over 200 mg per
day, although amounts up to 400 mg per day have been reported from certain European
countries.>* Such amounts of caffeine are known to exert several physiological effects
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such as stimulation of the central nervous system (CNS),
cardiac excitation, relaxation of bronchial and vascular
smooth muscles, and promotion of diuresis and intestinal
motility.*?

Although most of these caffeine effects are ultimately
related to its effect of increasing levels of cytosolic calcium
ions, the specific mechanisms involved and the magnitude
of the physiological effects differ from one tissue to another.
Stimulation of the CNS, for example, is attributed to a com-
petitive blockade of the adenosine receptors situated at the
presynaptic nerve terminals.®® This is due to the structural
similarities between adenosine and caffeine, both purine
derivatives. Since the binding of adenosine to its receptor
regulates the voltage-gated calcium channels, blockade of
these receptors results in an increased influx of calcium
from the extracellular milieu into the cell cytosol, causing
an increase in the synaptic release of neurotransmitters,
including acetylcholine, norepinephrine, dopamine, and
others involved in neural transduction and cardiovascular
stimulation.” !

The stimulation of cardiac muscle contraction by caf-
feine'>'* has been attributed to its binding with ryanodine-
sensitive Ca* channels in the sarcoplasmic reticulum'>-'® and
consequent release of the sequestered Ca*" into the cytosol. In
turn, the increased cytosolic Ca™ stimulates muscle contrac-
tion via interaction with the actomyosin complex.

The vasodilatory effect of Ca** is exerted through
Ca*"-dependent activation of nitric oxide synthase, result-
ing in the elevation of nitric oxide and cyclic guanosine
monophosphate levels.' Caffeine also has several metabolic
effects?® 2 exerted through an inhibition of cyclic adenosine
monophosphate (c-AMP) phosphodiesterase®* leading to an
enhancement of c-AMP levels in the cells.

In summary, most of the neural and extraneural effects
of caffeine are exerted through its action on intracellular
levels of free calcium and inhibition of phosphodiesterase.
However, several recent biochemical studies demonstrate
that it is also an effective scavenger of reactive oxygen spe-
cies, including the hydroxyl radical OH®.?*"** The product
of such a reaction is the formation of the 8-oxo derivative
of caffeine, known as N-trimethyl urate. However, direct
generation of OH* in vivo is a rarity. Usually it takes place by
the interaction of hydrogen peroxide and superoxide, which
by themselves are potent oxidants, detoxified normally by
superoxide dismutase, catalase, and glutathione peroxidase.
The generation of OH"* is hence greatly minimized in most
tissues, except in the cases of the eye and the skin where

its generation remains consistent via several photochemical
reactions.”

Studies on the pathophysiological effects of caffeine in
the eye are still very limited. However, coffee drinking has
been suggested to cause a transient elevation of intraocular
pressure (IOP) in patients with glaucoma. The magnitude of
such pressure elevation ranges from 1 to 2 mmHg, an hour
after drinking coffee.’*” The significance of this relatively
small elevation in the face of a normal IOP of 14-22 mmHg
remains unsure, especially in view of a number of studies
that have found no such effect.3¥*° In fact, it is well known
that such increases can take place just by drinking equivalent
amounts of water, ranging from 250 to 1000 mL.*"*" That
normal coffee drinking is not associated with an effect on
IOP has been shown also by a large cohort study.*® Further,
it should be pointed out that coffee is not analogous to
caffeine,” the former being a complex mixture of compounds
containing several other physiologically active compounds
such as furfurals and acrolein.

Information about the effect of caffeine per se on IOP
in patients with glaucoma/ocular hypertension is not yet
available, except for one study where oral administration
of caffeine was found to be ineffective in raising IOP.*
However, such studies are still lacking in glaucoma patients,
who are known to have significant alterations in aqueous
dynamics and IOP. The effect of a continued supply of caf-
feine to the aqueous humor also remains to be studied to
determine whether there are any cumulative effects.

A study of the effects of direct topical application of caf-
feine on IOP in patients with glaucoma was thus desirable,
especially in view of the many recent observations strongly
suggesting that the compound has significant positive health
effects such as the prevention of diseases such as Alzheimer’s
and Parkinson’s-like diseases,’'*® and inhibition of the onset
of diabetes.*>*° This study was therefore undertaken to deter-
mine the effect of caffeine on IOP in patients with glaucoma/
ocular hypertension, using direct topical administration of
pure caffeine via eye drops, eliminating the possibility of
indirect metabolic effects.

Contrary to expectations based on earlier observations of
coffee drinking in relation to IOP in glaucoma patients, the
results of this study indicate that direct application of caf-
feine to the eye does not exert any effect on IOP. This applied
both in studies done within hours of caffeine instillation in
the eye and when patients were treated consecutively 3 times
a day for 6 days followed by another treatment on day 7. The
authors’ studies suggest no reason for caution in the use of
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caffeine in patients with open angle glaucoma, as similar
small increases in IOP can be generated by water-drinking as
seen in a provocative test for glaucoma. This is attributable
to changes in body fluid osmotic dynamics.

Materials and methods

A 1% caffeine eye drop preparation was made by dissolv-
ing 100 mg of caffeine (Sigma Aldrich catalogue number
58082; Sigma Aldrich, St Louis, MO) in 10 mL of sterile
teardrop solution (0.3% hydroxyl-propyl methyl cellulose)
(Sigma Aldrich) at room temperature. The solution was
then divided, using sterile techniques, into 1 mL portions in
eye drop vials and refrigerated. IOP was determined using
a Perkins applanation tonometer (Clement Clarke Perkins
MK-II; Clement Clarke International, Harlow, UK) after
application of procaine/fluorescein eye drops (Smarth Life
Sciences Nalagarh, Solan, Himachal Pradesh, India).

The five volunteers selected for the study were diagnosed
to have primary open angle glaucoma/ocular hypertension.
The age of the patients varied from 40 to 65 years. The
group mean IOP was 23.6 £ 2.8 mmHg. They had not had
any ocular surgical procedures such as cataract extraction or
laser photocoagulation treatment for retinopathy.

Basal intraocular pressures were taken at 10.00 am and
labeled “A.” Immediately following, the caffeine eye drop
preparation was instilled (50 pL) and the eye closed for
proper mixing of the drop in the conjunctival cul-de-sac. An
IOP measurement was then taken at 10.30 am (labeled “B”).
Additional eye drops were then instilled in the respective
eyes at 2 and 8 pm and IOP measured again 30 minutes
after each instillation, that is, at 2.30 (C) and 8.30 pm (D),
respectively. Thus, the total number of IOP measurements
on each eye was four, including the initial basal reading.
Blood pressures were taken at the beginning and at the end
of the investigation, with no substantial change revealed.
Subsequently, the patients were asked to instill the eye drops
three times daily at the above times for 6 days and then
return to the clinic on day 7. The above schedule of drop
instillation and IOP measurements was then repeated. The
patients were then withdrawn from the study and started on
antiglaucoma medications.

Results

The initial mean IOP level in the volunteers prior to
caffeine drop instillation was 23.6 + 2.8 mmHg. The
levels 30 minutes after each subsequent treatment
were 23.2 £ 1.93, 22.2 £ 1.99, and 22.6 £ 2.31 mmHg,

Table | Effect of caffeine eye drops on intraocular pressure:
|-day treatment study

A B C D
Mean |IOP 23.6 23.2 22.2 22.6
Standard deviation 2.8 1.93 1.99 2.31
t with A reference 0.37 1.3 0.87
Variance (p)/A* 0.71 0.21 0.4

Notes: (A) represents the basal IOPs (mmHg). (B) represents the values soon after
the first treatment.To look for a possible cumulative effect, eye drop instillation was
repeated after 4 hours (C) and 6 hours (D) and IOP determined 30 minutes after
each administration. The total number of eyes was ten, using the right as well the
left eyes of five subjects. Contralateral difference was 1.4 + 0.69 mmHg. *Variance
(p) of the IOPs under B, C,and D with referece to the IOP under A, based on the
corresponding t values indicated above.

Abbreviation: |OP, intraocular pressure.

respectively. As summarized in Figure 1, no significant
effect from the caffeine drops was noticeable. Repeated
drop instillation did not show any enhancement of IOP.
Blood pressure levels also remained unaffected. The results
of the initial 1-day study were statistically analyzed and
are summarized in Table 1.

To examine the possibility of any long-term effect of
caffeine administration, the above study was extended by
asking the patients to use the caffeine drops 3 times a day
for 6 additional days, as per schedule used during the initial
1-day study, and return to the clinical on day 7 for further
pressure measurements. On their return, the patients did not
report any unwanted effects except for a general feeling of
well-being. Measurement of IOP and caffeine administration
was repeated on return as above. The results of this second
investigation were statistically analyzed and are summarized
inTable 2 (see also Figure 2, a bar diagram for easier compre-
hension). “A” represents the basal readings obtained without
any further treatment with the caffeine eye drops. “B,” “C,”
and “D” represent the data after caffeine administration as
described above for the 1-day investigation. Contrary to

Effect of caffeine on intraocular pressure
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Figure | The bars represent the intraocular pressure of patients given caffeine eye
drops as described for Table | (the |-day study).

Notes: The times indicated sequentially represent measurements A to D. The
extended lines on the bar represent standard deviations.

Intraocular pressure mmHg
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Table 2 Effect of caffeine eye drops on intraocular pressure:

|-week study

Groups A B (o D
Mean |IOP 22.6 23.0 224 23.0
Standard deviation 2.32 2.16 227 1.94
t with A reference 0.39 0.19 0.48
Variance (p)/A 0.69 0.85 0.68

Note: After 6 days of 3 times daily application, the procedure described in Table |
was repeated with identical times of drop instillation and IOP measurements. The
total number of eyes remained at ten, using the right as well the left eyes of five
subjects. Contralateral difference was 1.3 + 0.99 mmHg.

expectations, no increase or decrease of IOP was noticed
even in this study. The individual basal readings, as well as
those determined 30 minutes after administering the drops,
remained essentially unchanged. The reading in the group
before administration of any drops was 22.6 +2.32 mmHg.
This was similar to that obtained in the 1-day experiment,
which was 23.6 + 2.8. Subsequent readings at the above time
points were 23, 22.4, and 23 mmHg, respectively, indicating
no change in IOP after caffeine drop treatment.

Discussion

Caffeine is widely present in various beverages and food
items. Medically, it is frequently used as a CNS stimulant
and for treating asthma and apnea, the latter primarily in
preterm infants.* The US Food and Drug Administration
lists this compound as generally safe for human consump-
tion, the median lethal dose being high (10-15 g in a
single dose), which is equivalent to 80—100 cups of coffee.
Achieving lethality is difficult. Additionally, regular use of
this compound, mostly from coffee or other common bever-
ages, has been reported to provide several very significant
health benefits such as reduced incidence of Alzheimer’s
and Parkinson’s diseases,’' ¢ senile dementia, and preven-
tion of neural degeneration in general which is associated

Effect of caffeine on intraocular pressure
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Figure 2 The bars represent the intraocular pressure on patients given caffeine eye
drops as described under Table 2, (the | week study).

Notes: The times indicated sequentially represent measurements A to D. The
extended lines on the bar represent standard deviations.

Intraocular pressure mmHg
(9}

with loss of cognitive performance.’”® Recent reports also
suggest that caffeine decreases the risk of development of
type 2 diabetes,>*% loss of liver function and cirrhosis,®!%2
and development of certain cancers.*

Previous reports suggesting an association between
regular use of caffeine and development of hypertension have
been significantly toned down in view of recent epidemio-
logical findings.* The association between hypertension and
coffee intake could not be established in a study based on at
least 155,000 nurses.” A Harvard study of 128,000 people
concluded that coffee consumption is not associated with
coronary heart disease unless it is used in combination with
cigarette smoking and excessive use of alcohol. These and
many other positive reports, including caffeine’s biochemical
properties of scavenging reactive oxygen species, strongly
suggest the desirability of further studies regarding its effect
on the pathophysiology of ocular diseases. Based on earlier
suggestions of possible transient increase in blood pressure
caused by caffeine in persons who are not habitual users,* it
was speculated that the caffeine present in coffee might also
increase IOP, as a hemodynamic effect. A transient increase
of 1-2 mmHg pressure following coffee drinking has indeed
been found to be the case in some reports*¢ but not in
others.’*® The pathophysiological significance of such a
small change, if true, remains to be established.

Coffee is not analogous to caffeine.*’ Therefore, attribut-
ing the effects of coffee drinking on IOP elevation solely to
coffee’s caffeine content may be misleading, because coffee
contains several other physiologically active substances
derived from the coffee beans endogenously, as well as those
produced during its processing by roasting and the preparation
of the drink itself. Roasted coffee beans are known to contain
several bioactive ingredients such as furfural and its deriva-
tives, formaldehyde, and acrolein,”’* just to mention a few
that are all known to be toxic to the eye.” Their concentrations
also differ. It is therefore difficult to exclude the possibility
that variation in the levels of these constituents in different
coffee brands and preparations might have been responsible
for the differences in results reported on IOP in coffee-
drinking patients. This limitation applies even in studies
where tea, with lower amounts of caffeine (~3 mg), was used
as a control. Its composition is very different to that of coffee
beans. It was therefore necessary to investigate the effect of
caffeine on IOP in glaucoma patients by topical application
of the chemically pure compound. Additional studies were
also considered important because several recent studies
suggest that caffeine appears beneficial to ocular tissues by
protecting them against OH* radical-induced oxidative stress.
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In addition, caffeine can support the tissues metabolically

by inhibiting c-AMP phosphodiesterase and thereby main-

taining c-AMP levels.”*7¢ Caffeine’s effect in boosting body

ergonomics and memory is now well accepted.

The observed ineffectiveness of caffeine in elevating

IOP is not due to any lower doses than can be derived from

drinking coffee. The amount used was much higher than that

achievable by coffee drinking. The peak plasma level of caf-

feine following coffee drinking, 1 hour after consumption,

varies from 3 to 12 mg/L.”” Being freely diffusible, this level

will be similar in intraocular fluids including the aqueous

humor. The initial amount of caffeine instilled in the eyes in

these experiments was 0.5 mg present in 50 UL of the drop

preparation. On closing the eye after instillation, most of it

leaked out through the palpebral fissure and nasolacrimal

pathway, so about 8—10 puL was retained in the conjuncti-

val sac. Hence, at maximum, a bolus of 0.1 mg of caffeine

remains available to equilibrate with the aqueous, with the
instant theoretical level of 0.5 mg/mL, (4.5 mM), taking the
aqueous volume to be ~0.2 mL. Topical instillation of such

caffeine drops elevates the aqueous level significantly, as

predicted above and as has been shown previously in experi-

ments with rats.”®

In summary, therefore, studies with pure caffeine

convincingly demonstrate that caffeine does not have any

significant effect on IOP in patients with glaucoma/ocular

hypertension, as is the case in humans without glaucoma/

ocular hypertension given oral doses of caffeine.®
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