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Abstract

Purpose: To evaluate the effects of energy drink (ED) consumption on choroidal thickness (CT), central macular thickness (CMT),
choroidal vascularity index (CVI), retinal microvasculature, pupil diameter (PD), intraocular pressure (IOP), central corneal thickness (CCT),
and anterior chamber depth (ACD).

Methods: Twenty-seven volunteers with no systemic or ocular diseases were enrolled in this prospective study. CT and CVI by optical
coherence tomography (OCT), retinal vessel density (VD) by OCT-angiography, and PD by corneal topography were measured before
the ED ingestion. Measurements were performed 1 hand 2 h after ED ingestion again. One week later, the measurements were repeated
after the participants consumed 250 mL of water.

Results: There was a significant decrease in temporal CT at 1 h after ED intake compared to baseline (p=0.005). Temporal CT was not
significantly different from baseline 2 h after ED intake (p=0.763). There was a significant increase in temporal CT at both 1 and 2 h after
water intake (0.039 and 0.022, respectively). Subfoveal CT was significantly lower at 1 h after ED intake compared to baseline (p=0.009),
whereas no significant difference in subfoveal CT was found at the end of the 2nd h (p=0.076). Water consumption did not affect
subfoveal CT (p=0.473). There was no statistically significant difference in IOP, CCT, ACD, PD, CMT, nasal CT, CVI, and retinal VD measured
at 1.and 2 h after both ED and water consumption compared to baseline (p>0.05).

Conclusion: ED consumption resulted in a transient decrease in CT but did not cause significant alterations in other anterior or posterior
ocular parameters, including IOP, PD, or retinal microvasculature. These findings suggest that moderate ED intake may induce short-term
vascular changes in the choroid without affecting overall retinal or anterior segment structure in healthy individuals.
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Energy drinks (EDs), widely consumed, especially by
students and athletes, are promoted for their effects, such

as reducing fatigue, enhancing alertness, and improving
performance.l’2 These beverages typically contain caffeine,

taurine, sugars, and various vitamins.!3! Caffeine, a central

nervous system stimulant, exerts its effects by antagonising
adenosine receptors, while taurine, an amino acid naturally
found in the retina, may have vasodilatory properties./*°!

Caffeine intake has been associated with systemic effects,
such as increased heart rate and blood pressure, as well as
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ocular changes, including elevated intraocular pressure
(IOP) and reduced macular blood flow.[!] As caffeine
and taurine have opposing effects on blood vessels, the
combined influence of these two substances on ocular
tissues may be complex. The iris, which receives both
sympathetic and parasympathetic innervation, may also
be affected by ED consumption.[”]

The development of non-invasive, high-resolution imaging
modalities, such as optical coherence tomography (OCT)
and OCT-angiography (OCT-A) enables detailed evaluation
ofretinaland choroidal structures. Enhanced depthimaging
(EDI) OCT allows for measurement of choroidal thickness
(CT) and calculation of the choroidal vascularity index (CVI),
while OCT-A provides insights into microvascular changes
in the retina.[89]

This study aimed to investigate the effects of ED
consumption on CT, CVI, retinal microvasculature, and
pupil diameter (PD) in healthy individuals using multimodal
ocular imaging techniques.

Materials and Methods

This prospective study was approved by the institutional
ethics committee and conducted in accordance with the
Declaration of Helsinki (approval number: 2024-66). Written
informed consent was obtained from all participants. The
right eyes of 27 healthy subjects were included.

Participants with ocular pathologies (glaucoma, cataract,
uveitis, history of intraocular surgery, retinal and corneal
abnormalities, >3D myopia or hyperopia ), smoking history,
pregnancy, metabolic or systemic disease (including
hypertension, diabetes mellitus), present drug or alcohol
use were excluded. Participants who had consumed
caffeinated beverages or chocolate in the previous 12 h
were also excluded, as caffeine is known to remain active in
the body for up to 3-6 h.[0]

All participants underwent slit-lamp biomicroscopy, best-
corrected visual acuity assessment, and fundus examination.
Spherical equivalent (SE) and IOP of the participants were
measured with an autorefractometer (Topcon KR-8900;
Topcon Corporation, Japan). PD under photopic, mesopic,
and scotopic (40 Ix illuminance, 4 Ix illuminance, 0.4 Ix
illuminance, respectively) conditions, central corneal thickness
(CCT) and anterior chamber depth (ACD) were measured with
Sirius topographer (Sirius, Costruzione Strumenti Oftalmici,
Italy). Axial length (AL) was obtained with Nidek AL-Scan optic
biometry (Nidek Co. Ltd, Japan).

Central macular thickness (CMT), subfoveal CT, and CT at
1000 um nasal and temporal to the fovea were measured by

Heidelberg Spectralis OCT (Heidelberg Engineering GmbH;
Germany). An experienced examiner measured CT manually
from the retinal pigment epithelium to the sclera using the
callipers of the OCT device.

The choroidal structures, including the luminal area (LA)
and the total choroidal area (TCA), were calculated using
the binarization of EDI-OCT images with the Imagel
software program (version 1.50 a; National Institutes
of Health, Bethesda, MD, USA). Stromal area was found
from the difference of TCA and LA. The CVI values were
calculated using the LA/TCA ratio (Fig. 1).

Retinal vessel density (VD) at the superficial and deep
capillary plexuses (SCP, DCP) and choriocapillaris (CC) was
assessed using 3 x 3 mm OCT-A scans (Triton OCT, Topcon,
Tokyo, Japan) with an early treatment diabetic retinopathy
study grid. The central (inner T mm) VD and the nasal,
inferior, superior, and temporal parafoveal VDs (located
between the inner 1 mm and outer 3 mm borders) at the
SCP, DCP, and CC levels were evaluated (Fig.2).

Measurements were obtained at baseline, and at 1 and 2 h
after ingestion of 250 mL ED (Red Bull’, containing 150 mg/L
caffeine, 800 mg/L taurine, small amounts of sugar, and
vitamins). One week later, the same protocol was repeated
with 250 mL of water. All measurements were performed
between 13:30 and 15:30 to minimize diurnal variation.

Statistical Analysis

The Statistical Package for the Social Sciences programme
V22 (IBM Corp., Armonk, NY, USA) was used for statistical
analysis. Shapiro-Wilk test was used to evaluate the
normality of the data. Repeated-measures analysis of
variance with Greenhouse-Geisser correction was used
for normally distributed variables; the Friedman test was
applied for non-normally distributed variables. Post hoc
Bonferronicorrection was applied for multiple comparisons.
Paired t-tests or Wilcoxon signed-rank tests were used for
pairwise analyses. Data are presented as meanzxstandard
deviation. A p<0.05 was considered statistically significant.

Results

A total of 27 healthy participants, 14 males and 13 females,
were included. No significant gender difference was
observed (p=0.847). The mean age of the participants
was 30.74+5.68 years. Mean systolic and diastolic blood
pressures at baseline were 114.62+7.80 and 80.89+5.04
mmHg, respectively. The mean AL was 24.29+0.95 mm.

Table 1 shows CCT, ACD, PD in scotopic, mesopic, and
photopic conditions, CT, and CVI values of the participants
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Fig. 2.
(c) Coriocapillaris vessel density.

before and after ED and water consumption. Temporal
CT decreased significantly 1 h after ED consumption
compared to baseline (p=0.005), but returned to baseline
levels at 2 h (p=0.763). Temporal CT was significantly
increased at both 1 and 2 h after water intake (0.039
and 0.022, respectively). Subfoveal CT was significantly
lower at 1 h after ED consumption compared to baseline
(p=0.009), whereas no significant difference in subfoveal
CT was found at the end of the 2"d h (p=0.076). Water
consumption did not significantly change subfoveal CT
(p=0.473) (Fig. 3).

No significant difference was found in SE, IOP, CCT, ACD, PD,
CMT, nasal CT, and CVI measured at 1 and 2 h after both ED
and water consumption compared to baseline (p>0.05).

1 x 3 mm foveal EDTRS grid showing (a) Superficial vessel density, (b) Deep vessel density, and

Table 2 shows the central, superior, inferior, nasal, and
temporal parafoveal VDs at the SCP, DCP, and CC levels
before and after ED and water consumption. After ED and
water consumption, central and parafoveal VD values were
not statistically changed (p>0.05).

Direct comparison of ocular parameters between ED and water
conditions at baseline, 1 h, and 2 h after intake is shown in Table
3. A significant difference in temporal CT at 1 h was observed
between ED and water conditions. ED intake caused a decrease
in temporal CT, whereas water intake caused an increase. No
other parameters, including subfoveal CT, nasal CT, CVI, PD
under various lighting conditions, CMT, or VD at the SCP, DCP,
and CC levels, showed significant differences between ED and
water conditions at any time point (all p>0.05).
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Table 1. Comparison of SE, IOP, CCT, ACD, PD, CMT, CT, and CVI before and after consumption of energy drink and water

Parameter Baseline (Mean+SD) After 1 h (MeanSD) After 2 h (MeanxSD) p p
SE (Diopters)

ED —0.90+0.86 -0.92+0.88 —0.90+£0.91 0.952f

Water —0.90£0.92 -0.92+0.89 —0.93+0.94 0.620f
IOP (mmHg)

ED 16.70+3.22 16.67+2.80 16.67+2.86 0.994'

Water 17.11+£2.33 16.56+2.68 16.70+2.99 0.250f
CCT (um)

ED 540.78+41.40 539.44+41.40 539.26+41.86 0.132"

Water 540.93+41.93 540.59+42.01 540.44+41.77 0.104"
ACD (mm)

ED 3.27+£0.22 3.27+0.22 3.27+£0.23 0.932f

Water 3.28+0.22 3.28+0.22 3.26%0.22 0.305"
Scotopic PD (mm)

ED 5.68+0.70 5.80+0.76 5.74+0.70 0.583f

Water 5.78+0.55 5.74+0.69 5.79+0.67 0.890"
Mesopic PD (mm)

ED 5.43+0.62 5.51+0.82 5.41£0.75 0.570"

Water 5.34+0.67 5.32+0.72 5.37%+0.75 0.856"
Photopic PD (mm)

ED 4.37+0.83 4.26+0.88 4.33+0.89 0.653"

Water 4.11+£0.74 4.08+0.85 4.23+0.71 0.474"
CMT (um)

ED 261.93+14.40 263.37+£15.38 262.48+14.71 0.171f

Water 262.85+14.11 262.70+13.82 261.82+14.95 0.405f
Temporal CT (um)

ED 357.85+76.50 347.93+73.73 358.96+80.73 0.003" 0-10.005P
1-20.015P
0-20.763°

Water 351.41+£82.06 363.48+79.74 364.33+91.24 0.010" 0-10.039P
1-20.843P
0-20.022°

Subfoveal CT (um)

ED 366.67+85.85 354.56+79.50 361.59+76.95 0.045" 0-10.009°
1-20.036°
0-20.076°

Water 363.63+74.13 363.48+90.33 368.96+90.54 0.473"

Nasal CT (um)
ED 326.52+81.06 322.44+76.43 327.22+74.67 0.495"
Water 325.41+76.20 330.19+84.54 326.48+81.16 0.648"
CVI (%)
ED 0.64+0.02 0.65+0.03 0.64+0.02 0.683f
Water 0.65+0.02 0.65%0.02 0.65%0.02 0.736f

b: Bonferroni correction. ": Repeated measures anova. f: Friedman test. SE: Spherical equivalent, IOP: Intraocular pressure, CCT: Central corneal thickness, ACD: Anterior chamber
depth, PD: Pupil diameter, CMT: Central macular thickness, CT: Choroidal thickness, CVI: Choroidal vascularity index, ED: Energy drink, SD: Standard deviation
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Fig. 3.

Discussion

EDs have gained popularity across all age groups,
particularly among young adults, due to their stimulating
effects on the central nervous system. Given the increasing
concerns about their cardiovascular and neurological
impacts, recent studies have also begun to investigate their
potential ocular effects. In this context, our study aimed to
assess both anterior and posterior segment responses to
ED consumption in healthy individuals using multimodal
imaging techniques.

Our findings demonstrated that ED consumption did not
significantly affect SE, IOP, CCT, ACD, PD, CMT, nasal CT, CVI,
or central and parafoveal VD. However, a transient decrease
in temporal and subfoveal CT was observed at 1 h following
ED intake, which resolved by the 29 h,

The effect of caffeinated drinks on PD is currently unclear.
Redondo et al.l'V found a significant increase in PD 30 min
after caffeine intake (4 mg/kg) compared to the placebo
drug. A significant increase in PD was also observed
by Abokyi et all'?l in those who consumed 250 mg of
caffeine-containing beverages. In contrast, the study by
Bardak et al.l'3! showed that there was no change in PD
after consumption of coffee containing 57 mg of caffeine.
The complex effects of caffeine on both the sympathetic
and parasympathetic systems may have resulted in
contradictory results.[’] After ED consumption, we found
no change in PD under photopic, mesopic, and scotopic
light conditions.

Time-course changes in choroidal thickness (subfoveal, temporal, nasal) and choroidal vascular-
ity index after energy drink and water intake.

The literature on the effect of caffeine on IOP is
inconclusive. Jo and Leel'¥ reported that IOP increased
significantly after drinking caffeinated EDs in healthy
participants, whereas there was no significant change in
IOP after drinking caffeine-free beverages. In other studies
conducted with healthy participants, it was demonstrated
that caffeine did not affect IOP'>16] |n a meta-analysis, Li et
al"I reported that caffeine had no effect on IOP in healthy
subjects. However, it increased IOP in patients with open-
angle glaucoma and ocular hypertension. In our study,
we found no change in IOP after caffeine-containing ED
consumption.

It has been shown by color Doppler ultrasound that
consumption of caffeine-containing beverages causes
narrowing of the arteries supplying the eye, including
the ophthalmic artery, central retinal artery, and short
posterior nasal ciliary artery.['8 Terai et al.l"¥ showed that
retinal vessels narrowed 1 h after consuming 200 mg of
caffeine. The choroid, a layer rich in vascular structures,
can be strongly affected by this vasoconstrictive effect
of caffeine. In our study, we found a significant decrease
in subfoveal and temporal CT after ED consumption. In
a study comprising 30 healthy male subjects, Toprak et
all2% observed a statistically significant reduction in CT
at both 30 min and 1 h following the consumption of
caffeine-containing EDs. In contrast, some studies have
indicated that ED does not have an impact on CT.121.22]
The discrepancy in results may be attributed to the varying
quantities of caffeine present in the EDs utilized in the
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Table 2. Comparison of central and parafoveal vessel densities at the superficial capillary plexus, deep capillary plexus, and
choriocapillaris before and after consumption of energy drink and water

Parameters Baseline (MeantSD) After 1 h (Mean£SD) After 2 h (MeantSD) P-value
SCP (%)
ED
Central 20.06+4.50 19.87+3.67 19.79+3.92 0.855"
Superior 45.20+3.47 44.89+2.75 45.32+2.91 0.837f
Nasal 46.00+2.44 45.41+2.37 45.64+2.15 0.485"
Inferior 46.11+2.88 45.42+2.42 46.10+2.87 0.253f
Temporal 47.06+2.37 46.14+2.36 46.56+2.57 0.173f
Water
Central 19.82+4.12 19.63+4.27 20.31+4.56 0.204'
Superior 45.03+3.14 44.74+2.38 45.07+2.32 0.837f
Nasal 44.97+3.10 45.23+2.16 45.91+2.15 0.837f
Inferior 44.66+3.36 45.06+2.80 45.59+2.85 0.195f
Temporal 45.80+3.22 45.90+2.28 46.45+1.76 0.289f
DCP (%)
ED
Central 15.95+4.53 15.38+3.87 15.58+4.19 0.638"
Superior 46.65+3.45 47.52+2.12 46.82+2.57 0.335f
Nasal 47.81+2.40 48.01+2.29 47.82+3.75 0.886"
Inferior 47.22+2.61 47.10+1.98 46.77+2.34 0.156f
Temporal 44.92+2.23 44.48+2.40 44.75+2.41 0.740"
Water
Central 15.53+4.34 15.17+4.15 16.09+4.32 0.108"
Superior 46.39+3.72 46.48+2.31 46.73+2.52 0.335f
Nasal 47.42+2.40 47.51+2.40 47.95+1.93 0.484"
Inferior 45.87+2.78 46.65+2.25 47.33+2.46 0.972f
Temporal 43.91+5.13 43.75+2.74 44.77+2.62 0.071f
CC (%)
ED
Central 55.19+3.11 54.87+2.43 55.14+2.84 0.818f
Superior 52.68+2.31 53.13+1.71 52.78+1.89 0.567"
Nasal 52.25+2.29 51.99+2.02 52.70+2.40 0.323"
Inferior 52.90+1.69 53.47+1.96 53.65+1.65 0.254f
Temporal 53.48+1.78 53.42+1.81 52.96+2.42 04317
Water
Central 54.72+2.62 55.14+2.41 55.23+2.72 0.610"
Superior 52.30+1.76 52.01+£2.13 52.61+£2.14 0.748f
Nasal 52.30+2.14 52.88+2.11 52.71+£2.00 0.437"
Inferior 52.97+2.55 53.47+2.03 52.80+2.66 0.964f
Temporal 53.39+1.18 53.34+2.09 53.39+1.94 0.772f

": Repeated measures anova, f: Friedman test. SCP: Superficial capillary plexus, DCP: Deep capillary plexus, CC: Choriocapillaris, ED: Energy
drink, SD: Standart deviation
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Table 3. Direct comparison of ocular parameters between

energy drink and water conditions at baseline, 1 h, and

2 h after intake

Parameter ED (mean+SD) Water (mean+SD) p
Scotopic PD (mm)

Baseline 5.68+0.70 5.78+0.55 0.370P

After 1 h 5.80+0.76 5.74+0.69 0.649P

After 2 h 5.74+0.70 5.79+0.67 0.499P
Mesopic PD (mm)

Baseline 5.43+0.62 5.34+0.67 0.351P

After 1 h 5.51+0.82 5.32+0.72 0.107P

After 2 h 5.41+0.75 5.37+0.75 0.685P
Photopic PD (mm)

Baseline 4.37+0.83 4.11+£0.74 0.107P

After 1 h 4.26+0.88 4.08+0.85 0.188P

After 2 h 4.33+0.89 4.23+0.71 0.330P
CMT (um)

Baseline 261.93+14.40 262.85+14.11 0.056%

After 1 h 263.37+15.38 262.70+13.82 0.126%

After 2 h 262.48+14.71 261.82+14.95 0.240%
Temporal CT (um)

Baseline 357.85+76.50 351.41+82.06 0.206P

After 1 h 347.93+73.73 363.48+79.74 0.003P

After2 h 358.96+80.73 364.33+91.24 0.267P
Subfoveal CT (um)

Baseline 366.67+85.85 363.63+74.13 0.086P

After 1 h 354.56+79.50 363.48+90.33 0.104P

After 2 h 361.59+76.95 368.96+90.54 0.089P
Nasal CT (um)

Baseline 326.52+81.06 325.41+76.20 0.890P

After 1 h 322.44+76.43 330.19+84.54 0.091P

After 2 h 327.22+74.67 326.48+81.16 0.887P
CVI (%)

Baseline 0.64+0.02 0.65+0.02 0.294P

After 1 h 0.65+0.03 0.65+0.02 0.370P

After 2 h 0.64+0.02 0.65+0.02 0.080P
SCP central (%)

Baseline 20.06+4.50 19.82+4.12 0.861%

After 1 h 19.87+3.67 19.63+4.27 0.537P

After 2 h 19.79+3.92 20.31+4.56 0.247P
DCP central (%)

Baseline 15.95+4.53 15.53+4.34 0.426P

After 1 h 15.38+3.87 15.17+4.15 0.630P

After 2 h 15.58+4.19 16.09+4.32 0.320P

Table 3. Continue

Parameter ED (mean+SD) Water (meanzSD) p

CC central (%)

Baseline 55.19+3.11 54.72+2.62 0.368%
After 1 h 54.87+2.43 55.14+2.41 0.594P
After 2 h 55.14+2.84 55.23+2.72 0.891P

P: Paired t-test, W: Wilcoxon signed-rank test. PD: Pupil diameter, CMT: Central macular
thickness, CT: Choroidal thickness, CVI: Choroidal vascularity index, SCP: Superficial
capillary plexus, DCP: Deep capillary plexus, CC: Choriocapillaris, ED: Energy drink, SD:
Standart deviation

investigation. Another reason why results may vary is that
CT can be affected by factors, such as refraction, gender,
and age. Our findings are consistent with those reported
by Arej et al.[231 who demonstrated a significant decrease
in subfoveal CT 1 h after the ingestion of an ED containing
caffeine and taurine. At 4 h post-consumption, subfoveal
CT returned to baseline. This transient thinning suggests a
transient vasoconstrictive effect, likely due to the caffeine
content, which may be counteracted by the vasodilatory
influence of taurine over time.

Temporal CT showed a modest but statistically significant
increase at both 1 and 2 h after water intake. This finding
is consistent with previous reports indicating that systemic
hydration can temporarily increase CT by improving ocular
perfusion and enlarging the vascular compartment.[24:2°]
This effect is probably caused by an increase in blood
volume and reduced blood viscosity, which facilitates
choroidal filling. In contrast, ED consumption caused
a transient CT reduction, presumably due to caffeine-
induced vasoconstriction, which was partially offset by the
vasodilatory effect of taurine.

CVI allows assessment of choroidal vascularization with
higher reliability and lower variability than CT.18] Kocak
et all?®l showed that subfoveal CVI was significantly
decreased in healthy subjects who consumed coffee
containing 75 mg caffeine. To our knowledge, this is the
first study to evaluate the effect of ED consumption on CVI.
Our results demonstrated that there was no statistically
significant change in CVI following ED consumption.

There are only a few studies that show the effect of ED on
the retinal microvascular blood flow in using OCT-A. Dogan
et all?!l reported that VD measurements of the parafoveal
and perifoveal deep capillary plexus were significantly
higher after ED consumption. Karti et al.[27] demonstrated
that oral caffeine (200 mg) resulted in a statistically
significant decrease in macular flow area (superficial, deep,
and CC) andVD.YilmazTugan etal.l28 reported a statistically
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significant decrease in VD parameters in all segments of the
superficial, deep, and peripapillary macular regions after
200 mg orally caffeine intake. In our study, there was no
significant change in superficial, deep, and CC VD values.
The reason why the VD values were not affected by the
consumption of ED can be attributed to the vasodilatory
effect of taurine, in contrast to the vasoconstrictive effect
of caffeine. The fact that caffeine and taurine may limit each
other’s effects in ED may explain the conflicting results in
the literature. The absence of significant changes in retinal
VD following ED intake may be explained by this opposing
pharmacological interplay, as well as the relatively low
caffeine dose employed in our study. Together, these
observations highlight that the ocular response to ED is
both component- and dose-dependent and that certain
vascular beds, such as the choroid, may be more sensitive
to these acute hemodynamic shifts than others. Although
most studies, including ours, suggest that moderate ED
consumption does not result in major retinal vascular
changes, isolated case reports have described severe ocular
events following excessive intake. Gupta et al.l?°! reported
a case of acute macular neuroretinopathy in a healthy adult
shortly after consuming multiple EDs. Similarly, Pagano et
al3% documented intraretinal hemorrhages and sudden
visual loss attributed to high-volume ED ingestion. These
cases highlight the need for further investigation into
possible individual susceptibility and dose-dependent
effects. Importantly, when ED and water conditions were
compared directly, only the temporal CT at 1 h differed
significantly between the two conditions (p=0.003),
confirming that this transient thinning was specific to ED
consumption rather than a non-specific, time-dependent
change. The absence of significant differences between
conditions for other ocular parameters, including subfoveal
CT, suggests that the vascular response to ED intake may
be more localized to certain choroidal regions. This finding
supports the idea that caffeine-induced vasoconstriction,
potentially moderated by taurine’s vasodilatory properties,
has a measurable, yet region-specific, impact on choroidal
perfusion.

Our study is valuable because it evaluates how ED
consumption affects both anterior segment and posterior
segment structures of the eye. In addition, it is the first
study to evaluate the effect of ED consumption on CVI.
Considering the widespread and increasing use of EDs
among young adults, understanding their comprehensive
ocular effects s clinicallyimportant. Our findings contribute
to a growing but still limited body of literature examining
the specific impact of EDs on ocular parameters.

Study Limitations

Our study also has some limitations. All participants
consumed the same amount of ED, regardless of their
body weight. Therefore, the amount of caffeine and taurine
per kilogram is different for each participant. The ED
consumed by the participants in the study contained 37.5
mg/250 mL of caffeine, which is a relatively low amount
when compared to other studies that have examined the
effects of ED and caffeine on ocular parameters. The low
amount of caffeine may have affected the results. Another
limitation of our study is the lack of randomization and
masking. While the objective nature of OCT and OCT-A
measurements reduces the likelihood of measurement
bias, the absence of participant masking could theoretically
introduce placebo or expectation effects, particularly with
regard to subjective parameters. In addition, the relatively
small size of our sample and the inclusion of only young,
healthy subjects limit the generalizability of the findings to
broader populations, including older individuals or those
with ocular or systemic diseases. Studies with larger, more
diverse populations and varying caffeine doses may reveal
additional effects that were not observed in our cohort.

Conclusion

In this study, we investigated the short-term effects of ED
consumption on the anterior and posterior structures of
the eye using multimodal imaging techniques. While ED
intake did not significantly alter in IOP, CCT, ACD, CVI, foveal,
and parafoveal VD, our findings revealed that it induced a
transient decrease in temporal and subfoveal CT 1 h after
consumption. These results suggest that the components
of EDs, particularly caffeine, may cause short-term vascular
responses in the choroid through sympathetic stimulation
and vasoconstriction, while other ocular structures remain
unaffected. The resolution of this effect by the 2"d h may
reflect compensatory mechanisms or the opposing action
of taurine, a vasodilatory component also present in EDs.
This study supports the hypothesis that EDs can temporarily
influence ocular perfusion, specifically within the choroid,
without causing sustained structural changes in healthy
individuals. Further studies with longer follow-up periods
and varied caffeine doses are needed to better understand
the long-term effects of ED consumption on the eyes.

Ethics Committee Approval: This study was approved by The
Ethics committee of Hitit University (2044-66 11/09/2024)

Informed Consent: Written informed consent was obtained
from the patient for the preparation of this work.

Peer-review: Externally peer-reviewed.



Duran et al., Energy drink effects on ocular structures / doi: 10.14744/eer. 2025.40469 19

Authorship Contributions: Concept: M.D,, C.O,, S.B.; Design:
M.D, C.O,, S.B.; Supervision: M.D., C.O,, S.B.; Resource: M.D,

C.0O,, S.B.; Materials:

S.B.; Data Collection and/or Processing:

M.D,, S.B.; Analysis and/or Interpretation: M.D,; Literature Search:
C.O.; Writing: C.O,; Critical Reviews: M.D., C.O.

Conflict of Interest: None declared.

Use of Al for Writing Assistance: Not declared.

Financial Disclosure: The authors declared that this study re-
ceived no financial support.

References

Ulbrich A, Hemberger SH, Loidl A, et al. Effects of alcohol
mixed with energy drink and alcohol alone on subjective in-
toxication. Amino Acids 2013;45:1385-93. [CrossRef]

Ishak WW, Ugochukwu C, Bagot K, Khalili D, Zaky C. En-
ergy drinks: psychological effects and impact on well-being
and quality of life-a literature review. Innov Clin Neurosci
2012;9:25-34.

Bunker ML, McWilliams M. Caffeine content of common bev-
erages. ] Am Diet Assoc 1979;74:28-32. [CrossRef]

Giles GE, Mahoney CR, Brunyé TT, Gardony AL, Taylor HA,
Kanarek RB. Differential cognitive effects of energy drink in-
gredients: caffeine, taurine, and glucose. Pharmacol Biochem
Behav 2012;102:569—77. [CrossRef]

Froger N, Moutsimilli L, Cadetti L, et al. Taurine: the come-
back of a neutraceutical in the prevention of retinal degenera-
tions. Prog Retin Eye Res 2014;41:44—63. [CrossRef]

Yan A, La Rosa A, Chhablani PP, Chhablani J. Caffeine and Vi-
sion: Effects on the Eye. Turk ] Ophthalmol 2024;54:291-300.
[CrossRef]

Yoon JJ, Danesh-Meyer HV. Caffeine and the eye. Surv Oph-
thalmol 2019;64:334—44. [CrossRef]

Agrawal R, Gupta P, Tan KA, Cheung CM, Wong TY, Cheng
CY. Choroidal vascularity index as a measure of vascular sta-
tus of the choroid: Measurements in healthy eyes from a pop-
ulation-based study. Sci Rep 2016;6:21090. [CrossRef]
WuDunn D, Takusagawa HL, Sit AJ, et al. OCT Angiography
for the diagnosis of glaucoma: a report by the American Acad-
emy of Ophthalmology. Ophthalmology 2021;128:1222-35.
[CrossRef]

Nawrot P, Jordan S, Eastwood ], Rotstein ], Hugenholtz A, Fee-
ley M. Effects of caffeine on human health. Food Addit Con-
tam 2003;20:1-30. [CrossRef]

. Redondo B, Vera ], Carrefio-Rodriguez C, Molina-Romero R,

Jiménez R. Acute effects of caffeine on dynamic accommoda-
tive response and pupil size: a placebo-controlled, double-blind,
balanced crossover study. Curr Eye Res. 2020;45:1074-81.
[CrossRef]

. Abokyi S, Owusu-Mensah |, Osei KA. Caffeine intake is asso-

ciated with pupil dilation and enhanced accommodation. Eye
(Lond) 2017;31:615-9. [CrossRef]

20.

21.

22.

23.

24.

25.

26.

27.

Bardak H, Gunay M, Mumcu U, Bardak Y. Effect of Single Ad-
ministration of Coffee on Pupil Size and Ocular Wavefront
Aberration Measurements in Healthy Subjects. Biomed Res Int
2016;2016:9578308. [CrossRef]

Jo SH, Lee CK. The effect of caffeinated energy drink con-
sumption on intraocular pressure in young adults. Journal of
the Korean Ophthalmological Society 2015;56:1096—103.
[CrossRef]

. Adams BA, Brubaker RF. Caffeine has no clinically significant

effect on aqueous humor flow in the normal healthy eye. Oph-
thalmology 1990;97:1030—1. [CrossRef]

Kim J, Aschard H, Kang JH, et al. Intraocular pressure, glauco-
ma, and dietary caffeine consumption: a gene-diet interaction
study from the UK Biobank. Ophthalmology 2021;128:866—
76. [CrossRef]

Li M, Wang M, Guo W, Wang |, Sun X. The effect of caffeine
on intraocular pressure: a systematic review and meta-analysis.
Graefes Arch Clin Exp Ophthalmol 201 1;249:435-42. [CrossRef]
Ozkan B, Yiiksel N, Anik Y, Altintas O, Demirci A, Caglar Y.
The effect of caffeine on retrobulbar hemodynamics. Curr Eye
Res 2008;33:804—9. [CrossRef]

. Terai N, Spoerl E, Pillunat LE, Stodtmeister R. The effect of

caffeine on retinal vessel diameter in young healthy subjects.
Acta Ophthalmol 2012;90:€524-8. [CrossRef]

Toprak G Sr, Alkan Y. Comparison of the Short-Term Effect
of Coffee, Energy Drink, and Water on the Eyes in Young
Healthy Subjects. Cureus 2023;15:e48335. [CrossRef]

Dogan M, Sabaner MC, Akar AT, et al. Evaluation of the effect
of energy drink consumption on retina and choroid: an optical
coherence tomography and optical coherence tomography an-
giography study. Cutan Ocul Toxicol 2020;39:295—7. [CrossRef]
Mete A, Kimyon S, Yilmaz A, Er KE, Yilmaz IE, Temizer M.
Changes in choroidal thickness following energy drink con-
sumption in healthy subjects. European Journal of Therapeu-
tics 2018;24:210-3. [CrossRef]

Arej N, Azar G, Salviat F, et al. Study of choroidal thickness
variations after ingestion of a taurine and caffeine-containing
energy drink. Clin Nutr ESPEN 2021;43:245-9. [CrossRef]
Mansouri K, Medeiros FA, Marchase N, Tatham A, Auerbach
D, Weinreb RN. Assessment of choroidal thickness and vol-
ume during the water drinking test by swept-source optical
coherence tomography. Ophthalmology 2013;120:2508-16.
[CrossRef]

Nagasato D, Mitamura Y, Egawa M, et al. Changes of choroidal
structure and circulation after water drinking test in normal
eyes. Graefes Arch Clin Exp Ophthalmol 2019;257:2391-9.
[CrossRef]

Kogak N, Beldagh C, Yeter V. Acute Effects of Coffee on Peri-
papillary and Subfoveal Choroidal Parameters in Young Healthy
Subjects. Eur | Ophthalmol 2022;32:3584-91. [CrossRef]

Karti O, Zengin MO, Kerci SG, Ayhan Z, Kusbeci T. Acute


https://www.google.com/search?q=https://doi.org/10.1007/s00726-013-1603-0
https://doi.org/10.1016/S0002-8223(21)39775-9
https://doi.org/10.1016/j.pbb.2012.07.004
https://doi.org/10.1016/j.preteyeres.2014.03.001
https://www.google.com/search?q=https://doi.org/10.4274/tjo.galenos.2024.43895
https://doi.org/10.1016/j.survophthal.2018.10.005
https://doi.org/10.1038/srep21090
https://doi.org/10.1016/j.ophtha.2020.12.027
https://doi.org/10.1080/0265203021000007840
https://doi.org/10.1080/02713683.2020.1725060
https://doi.org/10.1038/eye.2016.288
https://doi.org/10.1155/2016/9578308
https://www.google.com/search?q=https://doi.org/10.3341/jkos.2015.56.7.1096
https://www.google.com/search?q=https://doi.org/10.1016/S0161-6420(90)32468-5
https://doi.org/10.1016/j.ophtha.2020.12.009
https://www.google.com/search?q=https://doi.org/10.1007/s00417-010-1455-1
https://www.google.com/search?q=https://doi.org/10.1080/02713680802344708
https://www.google.com/search?q=https://doi.org/10.1111/j.1755-3768.2012.02486.x
https://www.google.com/search?q=https://doi.org/10.7759/cureus.48335
https://www.google.com/search?q=https://doi.org/10.1080/15569527.2020.1755977
https://www.google.com/search?q=https://doi.org/10.5152/EurJTher.2017.333
https://doi.org/10.1016/j.clnesp.2021.04.007
https://www.google.com/search?q=https://doi.org/10.1016/j.ophtha.2013.07.040
https://www.google.com/search?q=https://doi.org/10.1007/s00417-019-04427-7
https://doi.org/10.1177/11206721221078660

20

European Eye Research

effect of caffeine on macular microcirculation in healthy sub-
jects: An optical coherence tomography angiography study.
Retina 2019;39:964-7|. [CrossRef]

28. Yilmaz Tugan B, Subasi S, Pirhan D, Karabas L, Yuksel N, Kucuk
KD. Evaluation of macular and peripapillary vascular parame-
ter change in healthy subjects after caffeine intake using op-
tical coherence tomography angiography. Indian ] Ophthalmol

2022;70:879—-89. [CrossRef]

29. Gupta N, Padidam S, Tewari A. Acute macular neuroretinop-
athy (AMN) related to energy drink consumption. BMJ Case
Rep 2019;12:€232144. [CrossRef]

30. Pagano CW, Wu M, Wu L. Acute visual loss and intraretinal
hemorrhages associated to energy drink consumption. Int
Ophthalmol 2017;37:1349-51. [CrossRef]


https://www.google.com/search?q=https://doi.org/10.1097/IAE.0000000000002058
https://www.google.com/search?q=https://doi.org/10.4103/ijo.IJO_1989_21
https://www.google.com/search?q=https://doi.org/10.1136/bcr-2019-232144
https://www.google.com/search?q=https://doi.org/10.1007/s10792-016-0399-9

