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Abstract
Background Caffeine is widely consumed, and its effect on
intraocular pressure (IOP) has been reported in conflicting
data. The aim of this meta-analysis was to quantitatively
summarize the effect of caffeine on IOP in normal
individuals and in patients with glaucoma or ocular
hypertension (OHT).
Methods A comprehensive literature search was performed
using the Cochrane Collaboration methodology to identify
pertinent randomized controlled trials (RCTs) from the
Cochrane Central Register of Controlled Trials (CEN-
TRAL), PubMed and EMBASE. A systematic review and
meta-analysis was performed. IOP at 0.5 hour (h), 1 h and
1.5 h after caffeine ingestion was the main outcome
measurement.
Results Six RCTs (two parallel-designed and four
crossover-designed) evaluating 144 participants fulfilled
inclusion criteria. The risk of bias for these studies was
uncertain. Among the participants, 103 were normal
individuals and 41 were patients with glaucoma or OHT.
In normal individuals, the IOPs measured at 0.5 h, 1 h and
1.5 h post-intervention were not affected by ingestion of
caffeine. The weighted mean difference (WMD) with 95%
confidence intervals (95%CI) for each measurement point

were −0.740 (–2.454, 0.974), 0.522 (–0.568, 1.613) and
0.580 (–1.524, 2.684). However, in patients with glaucoma
or OHT, IOP increased at each measurement point, with the
WMD and 95%CI being 0.347 (0.078, 0.616), 2.395
(1.741,3.049) and 1.998 (1.522,2.474) respectively. No
publication bias was detected by either Begg’s or Egger’s
test.
Conclusion Available evidences showed that caffeine had
different effects on IOP in different groups of individuals.
For normal individuals, IOP was not changed by ingestion
of caffeine, while for patients with glaucoma or OHT, IOP
increased significantly. More high-quality RCTs are war-
ranted to confirm this. The mechanisms underlying this
phenomenon and the clinical significance are to be
explored.
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Introduction

Caffeine is widely consumed all over the world in people’s
daily life. It is a bitter, white crystalline xanthine alkaloid
named trimethylxanthine1,3,5, naturally occurs as part of
chemical mixtures in beans , leaves and fruits of some
plants, and is most commonly consumed by humans in
various foods and drinks such as coffee, tea ,cola and
chocolates [1]. Approximately 80% of adults drink coffee
or tea daily in the United States, and the average
consumption of caffeine in the US and Canada is about
2.4 mg/kg/day for grownups and 1.1 mg/kg/day for
children 5–18 years old [2].

Caffeine primarily acts as a stimulant with complex
effects for many systems in the human body, which causes
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it to be extensively investigated as a risk factor for human
disease [2]. As caffeine has been found to cause a transient
rise of intraocular pressure (IOP) [3–6], it sounds reason-
able that glaucoma patients should not take caffeine.
However, conflicting data has also been reported [7, 8]. It
is well-known that elevated IOP is an important risk factor
for the exacerbation of open-angle glaucoma (OAG) [9–11]
and for the progression to glaucoma in ocular hypertension
(OHT) [12, 13]. Reduction of IOP has been identified as an
effective way to prevent visual field damage [11, 14]. To
recommend whether or not to avoid caffeine would thus
have not only quite a wide sociological effect, but it is also
an important issue in preventing glaucoma which is the
second leading cause of blindness worldwide [15, 16].

The aim of this meta-analysis is to explore the effect of
caffeine on IOP in normal individuals and patients with
glaucoma or ocular hypertension, using the available
evidence. To the best of our knowledge, no quantitative
summary on this issue has been published before.

Materials and methods

Search strategy and literature screening

The literature included in this meta-analysis was identified
using EMBASE , PubMed and the Cochrane Central Register
of Controlled Trials (CENTRAL) (up to July 31 2009). The
following search strategy was used: ("Coffee"[Mesh] OR
"Caffeine"[Mesh] OR "Chicory"[Mesh] OR "Coffea"[Mesh])
AND ("Intraocular Pressure"[Mesh] OR "Ocular Hyperten-
sion"[Mesh]). Key words were searched both as free text
words and EMTREE terms in EMBASE or MeSH terms in
PubMed whenever possible. The search in EMBASE was
limited to clinical trial. In PubMed, initial search results were
combined with the Cochrane Highly Sensitive Search
Strategy for identifying randomized trials in MEDLINE
[17]. All references cited in these studies were surveyed to
identify additional work outside of the electronic databases.
Hand searching was also applied to the index of major
ophthalmology journals. If duplicated articles with the same
author and the same case series were found, the study with
the most individuals investigated was included.

Two reviewers (Mao Li, MinWang) conducted the literature
search independently. Irrelevant literature was weeded out by
reading titles and abstracts first. Any doubt on relevance was
resolved by discussion and review of the original article.

Inclusion and exclusion criteria

For inclusion in the meta-analysis, all the following criteria
had to be met: 1) the study design should be randomized
controlled comparisons, including non-standard designs

such as crossover trials or cluster randomized trials, 2) the
studies should be carried out in vivo in human beings, and
the participants could be normal individuals or patients with
glaucoma or OHT, 3) ingestion of caffeine should be the
only intervention, 4) the comparator should be decaffeinat-
ed materials, and 5) the outcome measurement should be
IOP. Studies without controls or randomized allocations
were excluded. Crossover-designed studies without enough
wash-out periods were also excluded.

Assessment of risk of bias in included studies

The domain-based evaluation tool for assessing risk of bias
developed by the Cochrane Collaboration [18] was used to
evaluate the included references. It consists of critically
assessing criteria for evaluating different aspects of trial
quality. These aspects are sequence generation, allocation
concealment, blinding of assessment, incomplete outcome
data, selective outcome reporting, and other potential sources
of bias. Evaluated results were “Yes” for “low risk of bias”,
“No” for “high risk of bias” and “Unclear” for “uncertain risk
of bias”. An overall summary assessment of the risk of the
bias within and across studies was made according to the
Cochrane Collaboration’s methodology [18]. Studies which
were assessed as “Yes” in all main domains were considered
to be at low risk of bias. Studies in which no clear judgment
could be assessed in one or more domains were considered to
be at least at medium risk of bias. Studies with the judgment
of “No” in one or more of the key domains were considered
to be at high risk of bias.

Data extraction

Data were extracted independently by two authors (Mao Li,
Min Wang). Disagreement was resolved by discussion. The
following data were extracted for each study: authors, year
of publication, country of the study, participants, study
design, sample size, the intervention, the comparator, mean
IOP or mean IOP changes from baseline with standard
deviation (SD) for each measurement time point.

For studies including subjects of different entity groups
(normal, glaucoma or OHT), data were extracted separately for
each group. For studies not presenting SD for IOP, other
statistics that could be used to calculate SDwere extracted [19].

Statistics

The meta-analysis was conducted using STATA 10.0
(StataCorp, College Station, TX, USA); p<0.05 was
considered statistically significant. Continuous data from
the included studies were presented as mean difference
(MD) with 95% confidence intervals (CI). Statistical heteroge-
neity was measured using the Cochran’s χ2-based Q statistic
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[20] (p<0.10 was considered representative of significant
statistical heterogeneity). MDs were pooled by random effect
model to get the weighted mean difference (WMD) by using
the DerSimonian and Laird method. The Begg's rank
correlation method [21] and the Egger weighted regression
method [22] were used to statistically assess publication bias
(p<0.05 was considered representative of statistically signif-
icant publication bias). Individuals who received caffeine were
presented as the experimental group, and those who received
comparators as the control group in this meta-analysis.

As the measurement time points varied between studies, the
most common measurement points were used for the meta-
analysis. For studies which reported data from both eyes, the
studies were treated as cluster-randomized trials [19]. Mean
IOP of the two eyes of each subject and corresponding SD
were calculated, which were used as the summary measure-
ment for the subject to avoid unit-of-analysis errors [23].
Thus, the effective sample size of each study was not the
number of eyes but was the number of subjects that were
randomized. For studies not presenting SD, p value, F value,
t value, CI or standard error was used to impute SD according
to the method described in the Cochrane Handbook for
Systematic Reviews of Interventions [23].

Explore heterogeneity

To explore the potential heterogeneity, subgroup analyses
were conducted based on the characteristics that varied across
the included studies. These characteristics were disease status
(healthy subjects vs glaucoma or OHT subjects) and forms of
caffeine delivery (beverage vs non-beverage).

Sensitivity analysis

To examine the influence of individual studies on the
summary effect estimate, an influence analysis using the
“metainf” command [24] in STATA was conducted, in
which the meta-analysis estimate were computed omitting a
study at a time. Besides, MDs were combined in a fixed-
effect model by using the inverse variance method, and the
results were compared with that of a random-effect model.

Outcome measures

The primary study outcome was IOP.

Results

Identification of studies

After searching all databases, 89 articles pertaining to the
key words were found, among which 74 were unduplicated.

By using the highly sensitive randomized trial search
strategy [17], 19 randomized trials were identified.
Abstracts and full texts were then reviewed further and 12
studies were weeded out. Among the 12 excluded articles,
two studies were not carried out in in vivo human beings
[25, 26], ingestion of caffeine was not the only intervention
in three articles [27–29], outcomes in four articles were not
IOP [30–33], three articles [34–36] were not RCTs despite
the fact that we limited the literature search to controlled
trials. One of the seven eligible studies reported only the
IOP at 4 hours post-intervention [37], so six trials [3–8]
were finally analyzed in the meta-analysis.

Study and participant characteristics

One hundred and forty four participants were evaluated in
the six studies [3–8]. Among the participants, 103 were
normal individuals and 41 were glaucoma or OHT patients.
All studies reported that the experimental group and the
control group were age and gender matched, but not all the
studies presented data of mean age and gender ratio
(Table 1). A summary description of the trials is given in
Table 2. Two trials [4, 7] were parallel arm designs, and the
other four [3, 5, 6, 8] were randomized crossover-designed
studies. All studies except one [6] presented the exact
caffeine amount delivered to the subjects. The intervention
groups ingested 30 mg to 300 mg caffeine contained in
beverages, capsules or tablets, while the control group took
decaffeinated beverages or placebos. All the patients with
glaucoma or OHT together with their controls received
beverages across the studies included, while the healthy
subjects and their controls were given either beverages or
non-beverages (tablets or capsules). Post-intervention mea-
surement time points varied across studies. IOPs were
commonly measured 0.5 h, 1 h and 1.5 h post-intervention,
and these data were combined accordingly in this meta-
analysis. Applanation tonometry [3–5, 7, 8] and noncontact
tonometry [6] were used to measure the IOP. Four studies
[3, 5, 6, 8] reported that follow-up and data collection were
carried out at approximately the same time of the day.
Wash-out period for the crossover trials was over 7 days.

Risk of bias in included studies

Some of the studies did not report details on sequence
generation [4, 6–8], allocation concealment [3], and blind-
ing of assessment [3, 6, 8], and the risk of bias of these
domains were judged as “unclear”, while for most studies
[3, 4, 6–8], follow-up and results reporting procedures were
in good quality. Since all the studies in uncertain risk of
bias for one or more key domains were judged as being in
uncertain risk of bias, the risk of bias for this meta-analysis
was uncertain.
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Effects of caffeine on IOP

The combined results of IOP for different groups at
different post-intervention time points are presented in
Table 3. When healthy individuals and glaucoma or OHT
patients were analyzed together as an overall group, the
combined results showed that IOP rose significantly in the
caffeine group compared to the control group at 0.5 h, 1 h or
1.5 h post-intervention. The WMD with 95% CIs were 0.326
(0.070–0.582), 1.734 (0.951–2.517) and 1.847(1.255–2.439)

accordingly. However, when analyzed separately, it was found
that IOP was not elevated significantly in healthy individuals
after caffeine ingestion. WMD with 95% CIs were −0.740
(−2.454, 0.974), 0.522 (−0.568, 1.613) and 0.580 (−1.524,
2.684) for 0.5 h, 1 h and 1.5 h post-intervention accordingly;
while in patients with glaucoma or ocular hypertension, IOP
increased at every measurement point, withWMD and 95%CIs
being of 0.347 (0.078, 0.616), 2.395 (1.741, 3.049) and 1.998
(1.522, 2.474) respectively. The forms of ingestion varied
between beverage and non-beverage (capsules or tablets) in

Table 2 Summary description of the trials

Reference Author Study
design

Intervention Control Post-
intervention
measurement
point(hours)

IOP
data
reported

Tonometry Follow
up time

Wash-out
period

7 Ozkan RCT 300 mg caffeine
tablet

placebo tablets 1 one eye a Goldmann N.A. /

8 Okuno crossover 100 mg caffeine
capsule

100 mg lactose capsule 15 min
interval to
2 h

one eye a Goldmann same time 7 days

3 Avisar crossover 180 mg caffeine
in 200ml coffee

3.6 mg caffeine
in 200 ml coffee

0.5, 1, 1.5 both eyes Goldmann morning 7–10 days

4 Ajayi RCT 30–50 mg caffeine
in 100 ml coffee

2 mg caffeine
in 100 ml coffee

0.5, 1, 1.5 both eyes Perkins 9:00–15:30 /

6 Okimi crossover four 8-oz cups of
hot, black coffee

four 8-oz cups
of hot water

1, 2, 3 mean b NCTc same
morning
time

7–10 days

5 Higginbotham crossover 182 mg caffeine
in 360 ml coffee

360 ml
decaffeinate
herbal tea

0.5, 1, 1.5 N.A. Goldmann N.A. 7–10 days

a one eye randomly chosen
b mean of both eyes
c noncontact tonometry

Table 1 General characteristics of the participants

Reference Author Year Country Participants Experimental group Control group

Age
(mean ±
SD)

Number
of subjects
(male/
female)

Baseline
IOP
(mean ± SD)

Age
(mean ±
SD)

Number
of subjects
(male/
female)

Baseline
IOP
(mean ± SD)

7 Ozkan 2008 Australia healthy 27.69±6.27 23 (13/10) 12.80±3.05 26.83±5.22 18 (9/9) 13.02±2.92

8 Okuno 2002 Japan healthy 30.7±6.4 10 (5/5) 13.5±0.9 30.7±6.4 10 (5/5) 13.9±1.0

3 Avisar 2002 Israel NTGa N.A.a 6 (N.A.) 14±2.6 N.A. 6 (N.A.) 14±2.6

3 Avisar 2002 Israel OHTa N.A. 22 (N.A.) 22.7±1.5 N.A. 22 (N.A.) 22.7±1.5

4 Ajayi 2001 Nigeria healthy 22.42±1.35 20 (N.A.) 14.69±3.32 24.17±1.72 20 (N.A.) 16.88±3.67

6 Okimi 1991 USA healthy 20-29b 12 (3/9) 12.84c 20-29b 12 (3/9) 12.55c

5 Higginbotham 1989 USA POAGa N.A. 13 (N.A.) N.A. N.A. 13 (N.A.) N.A.

a NTG = normal tension glaucoma; OHT = ocular hypertension; N.A. = not available; POAG = primary open angle glaucoma;
b age range
c SD were not available
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healthy subjects; however, only data of 1 h post-
intervention were sufficient enough to do a subgroup
analysis based on the intervention forms. It was found
that IOP at 1 h post-intervention did not change in
healthy subjects whatever the delivery form was. WMD
with 95% CIs were 1.243 (−0.621, 1.308) for beverage
subgroup and 0.148 (−1.196, 0.492) for non-beverage
subgroup.

Sensitivity analysis

No study was found to bias the meta-analysis results
significantly, except that when the OHT patients’ data set
of Rahamim Avisar’s study [3] was removed, IOP of
glaucoma patients at 0.5 h post-intervention became
insignificant (WMD 0.146,95%CI [−0.186–0.479]). The
results were not affected significantly by the model used
(Fig. 1).

Discussion

In the present meta-analysis, we quantitatively summarized
the short-term effect of caffeine on IOP in normal
individuals and patients with glaucoma or OHT. When all
the subjects were analyzed together as an overall group, it
showed that IOP rose significantly and persisted for a 1.5 h
period after caffeine ingestion. However, the pre-specified
subgroup analysis revealed that after ingestion of caffeine,
IOP remained unchanged for normal individuals, but
increased about 2 mmHg for patients with glaucoma or
OHT. This result was not significantly biased by the
delivery forms of caffeine, any individual study included,
or the approach used to combine the data. It is reasonable to
believe that the effects of caffeine on the overall group were
biased by that on patients with glaucoma and OHT, and to

draw a conclusion on the effects of caffeine on IOP without
differentiating normal individuals from patients with glau-
coma or OHT is inappropriate.

Caffeine has various pharmacological effects [2], and
may elevate IOP by either promoting aqueous production
[25] or inhibiting its drainage. In experimental animal
models, caffeine acts as an adenosine receptor antagonist,
which can increase intracellular cyclic AMP [2], resulting
in stimulating the production of aqueous by the ciliary body
and reducing the tone in smooth muscle cells of the
chamber angle, leading to narrowing of the fenestrae that
drainage the aqueous, and increasing resistance to the
outflow of aqueous humor [4]. Ultra-structural changes in
the nonpigmented ciliary epithelium which may increase
aqueous transport were also observed in rats [38]. In
addition, Increase in blood pressure [3, 4] due to ingestion
of caffeine may also contribute to the increase in IOP.

It is interesting that different groups of subjects have
different responses to caffeine, as shown in this meta-
analysis. Our results corroborate the possibility that caffeine
may have adverse effects for those with inherent suscepti-
bility to glaucoma, which was raised by Kang et al. [39]. In
their investigation, Kang et al. [39] found that for those
with a self-reported family history of glaucoma, the risk of
POAG with elevated IOP was associated with caffeine
ingestion, while for those without family history, this
relationship did not exist. In another cohort study [40],
caffeine consumption was found to be associated with
higher mean IOP in participants with open-angle glaucoma
(OAG) than those without OAG. Possible explanations for
the different responses to caffeine among different subjects
may be that normal individuals with healthy drainage
systems have much more ability to conduct aqueous than
patients with glaucoma or OHT do. Another possibility is
that patients with glaucoma or OHT are genetically
sensitive to caffeine, in whom caffeine’s effects on IOP is

Table 3 Combined effect of caffeine on intraocular pressure (IOP)

Time point of measurement Group Reference Test of heterogeneity Combined effect Publication bias test

Q P-value I2 Pooled WMD 95% CI P-value Begg’s P Egger’s P

0.5 h overall 3–5, 8 4.77 0.312 16.1% 0.326 0.070-0.582 0.013 1.000 0.174

healthy 4, 8 0.28 0.597 0 -0.740 −2.454–0.974 0.397 1.000 N.A.

glaucoma 3, 5 2.87 0.238 30.3% 0.347 0.078–0.616 0.011 0.602 0.603

1 h overall 3–8 19.27 0.004 68.9% 1.734 0.951–2.517 <0.001 0.548 0.060

healthy 4, 6–8 1.48 0.686 0 0.522 −0.568–1.613 0.348 0.734 0.534

glaucoma 3, 5 5.84 0.054 65.8% 2.395 1.741–3.049 <0.001 1.000 0.684

1.5 h overall 3–5, 8 6.21 0.184 35.6% 1.847 1.255–2.439 <0.001 0.221 0.273

healthy 4, 8 1.5 0.221 33.4% 0.580 −1.524–2.684 0.589 1.000 N.A.

glaucoma 3, 5 2.49 0.288 19.7% 1.998 1.522–2.474 <0.001 1.000 0.967

Graefes Arch Clin Exp Ophthalmol (2011) 249:435–442 439



magnified. It had been found that in homozygotes of
CYP1A2*1F alleles, who were “slow” caffeine metaboliz-
ers, caffeine intake was associated with nonfatal myocardial
infarction [41]. Glaucoma patients may also be “slow”
caffeine metabolizers or genetically associated with
CYP1A2*1F alleles, and thus are vulnerable to caffeine’s
effect of IOP elevation. Further studies are warranted to
explore the biological basis of this phenomenon.

Although the IOP increase caused by caffeine in glaucoma
patients was transient and modest, this has at least three
aspects of implications for the management of glaucoma
patients. First, it is advisable that glaucoma patients avoid
caffeine before IOP measurement during follow-ups, so that
the IOP can be evaluated more accurately. Second, epidemi-
ologic studies have confirmed that even 1 mmHg IOP

variation is significant for glaucoma patients, because the risk
of visual field exacerbation will be reduced [11] and the
outcome will be improved 10% with the decrease of 1 mmHg
IOP [12]. Thus the increasing of IOP caused by caffeine in
glaucoma patients may lead to deteriorating of visual field.
Third, exposure to caffeine in patients’ daily life may cause
repeated or prolonged IOP elevation, which could in turn
increase the risk of development of glaucomatous neuropa-
thy [39]. Although there is no direct evidence to show that
frequent caffeine ingestion would result in exacerbating of
the visual field in glaucoma patients, more careful follow-
ups may be necessary for glaucoma patients who frequently
ingest caffeine.

However, the results of this meta-analysis should be
interpreted with caution, for limitations exist in both the

ID

%

Fig. 1 Combined effects of caffeine on IOP with random effect model and fixed effect model
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original studies included and the meta-analysis itself. First
of all, some of the included studies did not adequately
report details of randomization and blinding [3, 6–8].
Because these studies were conducted a long time ago,
details of the trials could not be verified, despite the fact
that we had managed to contact the authors. Had these
procedures not actually been carried out, results of this
meta-analysis would probably be biased. Second, factors
that may interfere with IOP measurement varied across the
studies included. Two [5, 7] of the six studies did not report
the follow-up time point. If measuring time points had
varied among follow-ups, the IOP measured might be
confounded by its diurnal variation [42, 43]. Three types of
tonometries with different reliability were used in the
included studies. Goldmann applanation tonometry (GAT)
has an intra-observer reliability of 1.7 mmHg and an inter-
observer variability of 0.4 mmHg [44]. Its accuracy can be
affected by several factors such as corneal biomechanics
and axial length [45–48]. Whether these factors had been
balanced between the cohorts were not mentioned in the
parallel-designed RCTs in this meta-analysis. The Perkins
applanation tonometry provides the same accuracy as GAT,
while noncontact tonometry (NCT) will be less accurate
[49]. These measurement errors might interfere with the
validity of the results and contribute to the variety of the
effects measured by different studies, although the analysis
result was not biased by omitting the data measured by
NCT. More large RCTs with balanced baseline characters
that might interfere with IOP measurement between the
experimental and control groups would be expected to
provide more accurate results. Third, the conclusion
regarding the caffeine effect on IOP was limited, as only
one trial [3] was conducted on OHT patients, and no trials
were conducted on angle-closure glaucoma patients. Effects
of caffeine on IOP of these patients are to be investigated
by more high quality RCTs. As the OAG prevalence
increases with age [50], a large proportion of OAG patients
would be much older than the patients included in this
meta-analysis, whose average age was about 25 years.
Effects of caffeine on IOP of elder OAG patients might be
similar to that of the young patients, but more investiga-
tions on patients with a wider age range are still warranted.
Fourth, due to lack of enough studies and data, we failed to
do a dose–response analysis, which generally requires more
than 10 studies to be included in a meta-analysis [23]. As
there is a large variation in the amount of ingested caffeine
in the studies included (30–300 mg), the effect of different
doses of caffeine intake on IOP should be taken into
consideration, and this is to be further investigated by more
uniformly designed RCTs. Also, because the included
studies measured IOPs at varied time points after caffeine
ingestion, we could only choose the most commonly used
time points to do the data synthesis.

In conclusion, available evidence suggests that caffeine
has different effects on IOP in different groups of subjects.
It can elevate IOP in patients with OAG or OHT in a short
period after ingestion, but not in normal individuals. The
biological basis for this phenomenon is to be explored. This
result is to be further consolidated by RCTs uniformly
designed with large enough sample size, consistent follow-
up time point, the same graded dosage of caffeine and using
the same reliable tonometry. If frequent exposure to
caffeine may cause prolonged IOP elevation in patients
with OAG or OHT, whether this elevation of IOP will lead
to deteriorating of visual field damage needs to be
elucidated by further studies. In addition, evidence is to
be accumulated to draw a definite conclusion on the effects
of caffeine on patients with ACG and OHT. Other studies
that are needed may include investigations of dose–effect
association and the long-term effect of caffeine on IOP.
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