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Purpose: To determine the effect of caffeine on microcirculation in the human ocular fundus.

Methods: The microcirculation in the ocular fundus of 10 healthy volunteers (10 eyes) was
studied using a laser speckle tissue circulation analyzer. Caffeine or placebo (100 mg) was
administered orally in a double-masked manner. Square blur rate (SBR), a quantitative in-
dex of blood flow velocity, was measured in a temporal site of the optic nerve head (ONH)
free of surface vessels and in a middle site of the choroid-retina between the ONH and mac-
ula. Intraocular pressure (IOP), blood pressure (BP), pulse rate (PR), and central critical fu-
sion frequency (CFF) were also measured. These parameters were measured before and for
2 hours after administration. The area under curve (AUC) of SBR was calculated for each
area. Ocular perfusion pressure (OPP) was also calculated from BP and IOP.

Results: The time-course of change in SBR value showed much individual difference. Caf-
feine decreased the AUC of SBR in the ONH (P = .0218) as well as in the choroid-retina (P =
.0469) significantly. IOP, mean BP, PR, OPP, and central CFF did not change significantly.

Conclusions: These results suggest that caffeine may increase blood vessel resistance and
decrease blood flow in the human ONH and choroid-retina. Jpn J Ophthalmol 2002;46:170-
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Introduction

In addition to intraocular pressure (IOP), ocular
blood flow has also recently been shown to play a
role in the development and progression of glau-
coma.!”> Interest is now being focused on how this
affects the microcirculation of the optic nerve head
(ONH). The recent heightened interest in general
health maintenance has also led to a growing interest
in the effects of food products such as coffee and tea.
Research on the effects of caffeine on blood circula-
tion has demonstrated a decrease in cerebral blood
flow.>® Studies of the relationship between caffeine
and ocular blood flow have thus far been limited to
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investigation by blue field entoptoscopy of the ef-
fects on macular blood flow.’ There have been no re-
ports concerning caffeine ingestion and its effects on
serial changes in ONH microcirculation. Therefore, in
the present study, we used the laser speckle method
to evaluate the effects of caffeine ingestion on hu-
man ocular microcirculation.

Materials and Methods

The subjects in this study were 10 healthy volun-
teers (10 eyes) without any ophthalmologic disorders
(other than simple myopia), and comprised 5 men
and 5 women ranging in age from 25 to 44 years
(mean = SD, 30.7 = 6.4 years). Caffeine ingestion,
food and drink of any kind, and exercise were pro-
hibited for 6 hours, 2 hours, and 30 minutes before
testing, respectively. The study was conducted in a
double-blind manner. All subjects underwent the
same experimental procedure.
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During the study period, each subject was exam-
ined at 1-week intervals and given a capsule contain-
ing either 100 mg caffeine or 100 mg lactose (as the
control) before the testing. To minimize any diurnal
variation effects, testing was conducted at the same
time each day. This research study was approved by
the Ethics Committee at Osaka Medical College.
The nature of the study was explained to each sub-
ject, and consent was obtained prior to participation.

At each weekly examination, after the administra-
tion of one drop of 0.4% tropicamide (Mydrin M®,
Santen, Osaka) for mydriasis, a photograph of the
ocular fundus was taken in order to decide each
measurement area. The ONH and choroid-retina
square blur rate values (SBR value), blood pressure,
and IOP were measured before and after the oral
administration of caffeine or placebo at 15-minute
intervals afterward for up to 2 hours. The central
critical fusion frequency (CFF) was also measured
before and after treatment at 30-minute intervals for
up to 2 hours. The each subject, the eye in which
measurements were performed was randomly se-
lected, but this same eye was always used in the caf-
feine and control experiments. The image speckles
from a field located in the temporal ONH, and those
from a field between the macula and the ONH, free
of surface vessels, were recorded for measurement
of the SBR values in the ONH and in the choroid-
retina, respectively. The SBR values in the ONH and
in the choroid-retina were calculated and averaged
for 5 cardiac cycles to obtain the mean SBR values.

The mechanism of the laser speckle tissue circula-
tion analyzer has been described in other reports.!%-1>
The system consists of a fundus camera (TRC-WT3®,
Topcon, Tokyo) equipped with a diode laser (wave-
length = 808 nm). The scattered laser light is imaged
on a sensor (100 X 100 pixels, BASIS type, Canon,
Tokyo) and corresponds to the 0.72 X 0.72 mm field
(45° visual angle) in the human fundus where the
speckle pattern appears. The normalized blur (NB)
is an approximation of the reciprocal of speckle con-
trast due to the interference phenomenon when laser
light is scattered by the retina. This value serves as
an indicator of blood flow velocity. The SBR corre-
lates with the square of the NB, and, in measure-
ments of high flow velocity, it shows a more linear
correlation with velocity than does the NB.!413

The SBR is a relative index of blood flow velocity.
Evaluation of the SBR does not involve measurement
of actual values. Relative SBR values are calculated
as ratios of the value obtained prior to administra-
tion of the caffeine or placebo.

The area under the curve (AUC)' is an integrated
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value based on sequential changes. It is positive
when the relative SBR is greater than 1 and negative
when the relative SBR is less than 1. The AUC for
the SBR values of the ONH and choroid-retina in
each subject were calculated up to 2 hours after ad-
ministration of caffeine or placebo.

Brachial arterial blood pressure and pulse rate were
measured using an automated sphygmomanometer
(JENTOW-7700[CS]; Nippon Colin, Komaki), after
the determination of SBR values by the laser speckle
method. Mean blood pressure (BPm) was calculated
from systolic blood pressure (BPs) and diastolic blood
pressure (BPd), according to the following equation:

BPm = BPd + 1/3(BPs - BPd)

IOP was also measured with a Goldmann applana-
tion tonometer after determination of the SBR value
of the ONH. Using the above values of IOP and BPm,
OPP was calculated using the following equation:

OPP = 2/3BPm - IOP

Measurement of the central CFF was performed
using a central CFF-meter (Yagami, Nagoya).

For statistical analysis, analysis of variance and
multiplicity were performed for each measured value,
and comparisons with control values were made us-
ing a paired t-test with Bonferroni’s correction. The
AUC data was analyzed as a nonparametric variable
using the Wilcoxon signed-rank test.

Results

Figure 1 shows the relative SBR values (ie, se-
quential changes in relative SBR values), compared
to values obtained before the administration of caf-
feine or placebo (Figure 1A, in ONH; Figure 1B,
in choroid-retina). The relative SBR values in the
ONH were lowest from 45 to 60 minutes after ad-
ministration. The values decreased from the baseline
(before administration) by 10% at 45 minutes and by
8% at 60 minutes. Analysis of the data at 60 minutes
by paired #-test with Bonferroni’s correction showed
a significant difference between caffeine and the
control substance (P = .0264). The relative SBR val-
ues in the choroid-retina tended to decrease from 45
to 75 minutes after administration with a 6% de-
crease at 60 minutes, although P values were more
than 0.1 during this period.

Figure 2 shows the distribution of times for lowest
SBR values after the administration of caffeine (Figure
2A, in ONH,; Figure 2B, in choroid-retina). There were
variations in both sites; these variations were partic-
ularly prominent in the choroid-retina.
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Figure 1. Sequential changes in relative square blur rate
(SBR) values. (A) Optic nerve head, (B) choroid-retina.
Relative SBR value is calculated as ratio of value obtained
prior to administration of caffeine (@) or placebo (A) (n =
10, mean * SE). (A) *P < .05 (paired t-test with Bonfer-
roni’s correction). There are no significant differences be-
tween effects of caffeine and placebo (P = .069, repeated-
measures analysis of variance [ANOVA]). (B) There are
no significant differences between caffeine and placebo (P >
.10, repeated-measures ANOVA).

Figure 3 shows the AUC for the SBR values after
caffeine or placebo (Figure 3A, in ONH; Figure 3B,
in choroid-retina). In both the ONH and choroid-
retina, data analysis by the Wilcoxon signed-rank
test showed significant differences in the data for
caffeine and the placebo (P = .0218, P = .0469, re-
spectively).

Table 1 lists the changes in mean blood pressure,
IOP, OPP, pulse rate, and central CFF after the ad-
ministration of caffeine or placebo. There were no
significant differences in these data between caffeine
and the placebo.

Discussion

Whether patients with glaucoma should consume
products containing caffeine is still a matter of debate.
Some investigators have shown that caffeine increases
IOP, and recommended that it be avoided.'”!® Other
studies have shown that ingestion of as much as 400 mg
of caffeine does not raise IOP in normal volun-
teers.!” Recently, ONH microcirculation, in addition
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Figure 2. Distribution of lowest square blur rate values af-
ter administration of caffeine. (A) Optic nerve head, (B)
choroid-retina. n = 10, mean * SE.

to IOP, has been shown to be a factor in the develop-
ment of glaucoma. No previous studies have investi-
gated the effects of caffeine on ONH microcircula-
tion. Therefore, the present study evaluated these
effects in normal healthy volunteers.

Caffeine is a common ingredient in many popular
beverages, such as green tea, black tea, oolong tea,
and coffee. One cup (140 mL) of one of these bever-
ages may contain from 20 to 146 mg of caffeine.?’
Blood concentrations of caffeine generally reach peak
values about 30 to 90 minutes after ingestion. The
blood half-life varies from 2 to 10 hours.?'~?° The sys-
temic effects of caffeine have been reported elsewhere
in detail. Caffeine generally produces a maximum rise
in blood pressure about 15 to 90 minutes after inges-
tion. This effect may persist for 3 to 4 hours.?'?>> The
effect of caffeine on heart rate varies among individ-
uals. Some people develop tachycardia,”?*?> whereas
others may develop bradycardia?’ due to a vagal re-
sponse to a rise in blood pressure.

Several studies have also investigated the effects
of caffeine on blood flow. Measurements using a
thermoelectric flow recorder have shown that intra-
venous administration of 500 mg caffeine decreases
cerebral blood flow.® Measurements taken using a
133X enon inhalation technique have shown that oral
administration of 250 mg or 500 mg of caffeine de-
creases regional cerebral blood flow 30 minutes after
ingestion.” A more recent study using positron emis-
sion tomography (PET) reported an approximately
30% decrease in cerebral blood flow (30 minutes) af-
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Figure 3. Area under curve (AUC) for square blur rate
values after administration of caffeine or placebo. (A) Op-
tic nerve head, (B) choroid-retina. n = 10, mean * SE. *P <
.05 (Wilcoxon signed ranks test).

ter oral administration of 250 mg caffeine.® These
studies demonstrate that caffeine often causes a de-
crease in cerebral blood flow. On the other hand, ce-
rebral blood flow in neonates may not decrease. One
study using measurements by Doppler ultrasound
reported no changes after intravenous administra-
tion of 20 mg/kg of caffeine citrate,”®* and another
study using measurement by a Xenon clearance tech-
nique reported an actual increase in blood flow com-
pared to control.*® A study using dynamic PET to
measure coronary artery blood flow after ingestion
of 1 to 2 cups of coffee reported an increase in vascu-
lar resistance at rest but no significant changes in
blood flow.3! However, increased blood flow due to
administration of dipyridamole was significantly in-
hibited.?! Another study reported that ingestion of 2
cups of coffee during the last trimester of pregnancy
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decreased placental blood flow, but there was no
change in umbilical vein blood flow.*> An investiga-
tion of the effects of caffeine on mesenteric artery
blood flow showed a slight decrease in young healthy
control subjects.>® A study of neonates, using Dop-
pler ultrasound measurements, found that caffeine
did produce a decrease in mesenteric artery blood
flow.>* In summary, many studies have investigated
the effects of caffeine on blood flow at various sites.
Their results have differed, depending on the site
studied.

In 1991, Lotfi and Grunwald® investigated the ef-
fects of caffeine on ocular blood flow. Oral adminis-
tration of 200 mg caffeine caused a significant in-
crease in blood pressure and a significant decrease in
pulse rate. This was accompanied by a 13% decrease
in macular blood flow at 1 hour after administration,
compared to baseline. However, in that study, macu-
lar blood flow was measured by subjective quantifi-
cation using a blue field entoptoscope. Furthermore,
measurements were done at only two time points,
before and 1 hour after caffeine administration. One
reason our present study is significant is that the ef-
fects of caffeine on ocular fundus microcirculation
(including the ONH) were objectively and sequen-
tially determined.

We used a laser speckle method to evaluate the ef-
fects of caffeine on human ocular microcirculation.
This method has recently been developed as a nonin-
vasive means of measuring the microcirculation. Good
reproducibility of measurements of ONH microcircu-
lation in the human eye using the laser speckle method
has been reported.'® In addition, a study using rab-
bits showed a correlation between changes in NB
values of the ONH and changes in tissue blood flow.!!
Thus, the NB serves as an indicator of not only blood
flow velocity but also tissue blood flow. Accordingly,
use of the laser speckle method was considered ap-
propriate for this study.

The 100-mg dose of caffeine administered in our
study roughly corresponds to the amount of caffeine
present in one cup of many popular beverages. Eval-
uation using larger doses of caffeine is of course nec-
essary. However, greater changes in hemodynamic
parameters induced by larger doses of caffeine might
have had secondary effects on our results. We there-
fore decided to evaluate the effects of a relatively
small amount of caffeine in this study.

Oral administration of 100 mg of caffeine signifi-
cantly decreased the AUCs of SBR values in both
the ONH and choroid-retina. This finding indicates
that 100 mg of caffeine decreases microcirculation in
the ONH and choroid-retina. The mean SBR values
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Table 1. Changes in various parameters after administration of caffeine or placebo*

Parameters’ Baseline 15 min 30 min 45 min 60 min 75 min 90 min 105 min 120 min
100 mg caffeine
MBP (mmHg) 79.0*x20 794*x24 80719 796=*x19 80.0x1.0 780+20 803=*=21 80.0x24 80.8x23
PR (beats/min) 71.6 43 69.5+35 702*=37 695*x34 692=x37 697*x36 698=*35 69.0=x33 692=*34
10P (mm Hg) 13509 13.7x10 133*x09 13.0x09 13.0*x09 13.0x10 13.0=x11 131x11 134=*=1.0
OPP (mm Hg) 392+14 393*16 406*x11 401=*x11 403+x08 390*x12 406=*18 402*=11 405=*1.7
Central CFF 40.8 = 1.7 - 481+ 1.7 - 476 = 1.6 - 478 *+1.6 - 476 +1.6
Placebo
MBP (mm Hg) 780*25 79.6x25 808*x24 802*x29 791=*x25 802=*x27 806*x28 8l.1*x34 803=*28
PR (beats/min) 74.0*x39 71.1*31 712%x39 723*x31 709*x24 697*+35 720x28 685x31 705=%=32
IOP (mm Hg) 139+10 13511 135+1.0 133*11 134=*+10 136*+10 13710 13.6x1.0 132=*09
OPP (mm Hg) 381+21 396*18 403*x15 402=*+19 394+x19 41120 400=x16 405+20 403=*1.8
Central CFF 489+ 1.3 - 491 +14 - 491 =14 - 492 +13 - 487+ 1.4

*Values are mean = SEM, n = 10.

For all parameters, there were no significant differences in data between caffeine and placebo. MBP: mean blood pressure, PR: pulse
rate, IOP: intraocular pressure, OPP: ocular perfusion pressure, CFF: critical fusion frequency.

reached a minimum from 45 to 60 minutes after caf-
feine administration in the ONH and from 45 to 75
minutes after administration in the choroid-retina.
Our findings are in general agreement with data from
previous studies?'?>* of serial changes in plasma caf-
feine concentration (ie, peak values at 30 to 90 min-
utes). These results suggest that the decreased circu-
lation in the ocular fundus caused by caffeine is
dependent on its plasma concentration.

In the present study, there was a mean decrease of
6% in the choroid-retina at 60 minutes after oral ad-
ministration of 100 mg caffeine. Lotfi and Grunwald’
reported a mean decrease of 13% at 60 minutes after
oral administration of 200 mg caffeine. A direct com-
parison cannot be made between the two studies, be-
cause of differences in measurement sites and meth-
ods. However, the data does suggest that increased
caffeine ingestion is associated with a further reduc-
tion in blood flow.

Shi et al*® described considerable differences in
caffeine absorption among individuals. Blanchard and
Sawers? reported individual differences in caffeine
elimination from the body, with half-lives of plasma
concentration ranging from 2.7 to 9.9 hours. Grant et
al’’ reported differences between Asian and West-
ern subjects, with respect to the enzyme activity in-
volved in caffeine metabolism. These findings indi-
cate substantial individual differences in caffeine
pharmacokinetics. In our study, the SBR values in
the ONH and choroid-retina tended to decrease at
all measurement time points after caffeine adminis-
tration. However, the difference was only statisti-
cally significant for the 60-minute value in the ONH
(Figure 1). As shown in Figure 2, however, the times
at which SBRs reached their lowest values varied.

The individual differences were especially prominent
in the choroid-retina. The individual differences in
serial changes in blood flow caused by caffeine were
offset when the mean values were calculated. This
explains the apparent absence of significant changes
at measurement time points other than 60 minutes in
the ONH. However, comparison of AUCs (a param-
eter not affected by onset time of effect) did show
significant differences. Therefore, although there are
individual differences in onset times of caffeine ef-
fects on the ocular circulation, caffeine does indeed
reduce blood flow in both the ONH and choroid-ret-
ina. In the present study, evaluation taking into ac-
count possible factors for differences in onset times
of caffeine effects such as sex, age, body weight, and
habits (eg, frequency and daily intake of caffeine) re-
vealed no obvious trends. These differences may be
explained by individual variations in rate of absorp-
tion and sensitivity to caffeine.

In our study, there were no significant changes in
blood pressure, pulse rate, or central CFF. The med-
ical literature describes changes in blood pressure
and heart rate associated with ingestion of approxi-
mately 200 mg of caffeine. Prevention of deteriora-
tion of work performance has also been reported.
However, we used 100 mg of caffeine in the present
study, because this amount would likely have few
systemic effects. In addition, there were no signifi-
cant changes in IOP. After reviewing the literature
concerning the effects of larger amounts of caffeine
on IOP, we were even more certain that this smaller
dose would have no obvious effects on IOP. Al-
though some effect of caffeine on IOP cannot be
completely excluded, this is probably small com-
pared to its effects on tissue blood flow.
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Figure 4. Sequential changes in relative optic nerve head
vascular resistance. Relative vascular resistance is calcu-
lated as ratio of value obtained prior to administration. @:
Caffeine, A: control. n = 10, mean * SE. *P < .05 (paired
t-test with Bonferroni’s correction).

ONH blood flow (BF), OPP, and ONH vascular
resistance (R) are related by the following formula™®:

BF = OPP/R
Therefore, the relative R (R") is calculated as follows:
R' = OPP/SBR value in the ONH

Figure 4 shows the sequential changes in R’. There
was a significant increase in R’ at 60 minutes, com-
pared with administration of the control. This finding
suggests that the observed decrease in ONH blood
flow was due to an increase in peripheral vascular re-
sistance. The fact that a small amount of caffeine,
which induced no systemic effects, still reduced ocu-
lar fundus microcirculation suggests that caffeine
may have a direct effect on ocular blood vessels.

This paper was originally published in Japanese in the Nippon
Ganka Gakkai Zasshi (J Jpn Ophthalmol Soc) 2001;105:308-13. It
appears here in a modified form after peer review and editing for
the Japanese Journal of Ophthalmology.
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