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ABSTRACT

Intraocular pressure (IOP) is an important ocular health
parameter and a major modifiable risk factor related to
glaucoma. Evidence regarding the acute effect of aero-
bic exercise on IOP remains inconsistent, particularly
in healthy late adolescents. Objective: This study ana-
lyzed changes in IOP before and after one session of
aerobic exercise. A pre-experimental one-group pre-
test-posttest design was conducted among 67 univer-
sity students aged 19-22 years who met the eligibility
criteria. Participants performed 20 minutes of jogging
at a pace of 6:00-8:00 min/km. IOP in the right eye
(OD) and left eye (OS) was measured before exercise
and within 2 minutes after exercise using a handheld
transpalpebral tonometer. Because the data were not
normally distributed, pre-post differences were ana-
lyzed using the Wilcoxon signed-rank test. Mean IOP
decreased from 17.90 to 15.24 mmHg in OD, repre-
senting a mean reduction of 2.66 mmHg. Mean IOP in
OS decreased from 18.40 to 15.18 mmHg, represent-
ing a mean reduction of 3.22 mmHg. IOP decreased in
most participants in OD (48/67) and OS (50/67). The
Wilcoxon signed-rank test showed statistically signifi-
cant pre-post differences in OD (Z =-4.948; p <0.001;
r=0.604) and OS (Z = -4.945; p < 0.001; r = 0.604).
IOP decreased significantly after a single session of
aerobic exercise in healthy late adolescents. However,
because this study used a one-group design without
a control group, the findings should be interpreted as
reflecting an acute physiological response rather than
evidence of therapeutic efficacy.
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INTRODUCTION

Intraocular pressure (IOP) refers to the
pressure inside the eye, which is determined
by the balance between aqueous humor
production and drainage. The normal IOP
range is approximately 10-21 mmHg (D.
Zhang et al., 2022). An IOP value above
21 mmHg may increase the risk of serious
ocular conditions and is considered a major
risk factor for glaucoma (Kim et al., 2020).
Several factors can influence IOP, including
age, gender, ethnicity, cardiovascular health,
and blood pressure (Janaswamy et al., 2025).
Among these factors, blood pressure has
received particular attention for its potential
to alter ocular circulation and aqueous humor
outflow.

The relationship between blood pressure and
IOP remains inconsistent. Increased blood
pressure may alter ocular blood flow and raise
episcleral venous pressure, thereby reducing
aqueous humor drainage through the trabecular
meshwork. However, previous studies have
reported different findings. A study done in
Japan for people aged above 40 years reported
that blood pressure (BP) can be a risk factor
in elevating IOP (Yasukawa et al., 2022).
However, another study reported that blood
pressure did not have any effect to IOP from
two different groups, namely the hypertensive
group and the normotensive group (Parajuli
et al.,, 2020). Beyond blood pressure itself,
physical activity, such as exercise, may also
influence IOP by modifying cardiovascular
function, ocular blood flow, and aqueous
humor dynamics.

Exercise is a planned physical activity that
influences cardiovascular function and
hemodynamic responses, potentially affecting
aqueous humor production and drainage.
Physical inactivity can also be a cause of
cardiovascular disease and other diseases
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(Dewi et al., 2025). According to the American
College of Sports Medicine (ACSM), aerobic
exercise involves rhythmic, continuous
movement of large muscle groups. Aerobic
exercise is useful for regulating blood glucose
levels (Haris et al., 2023), increasing quality
of life (Qurrotunnada & Rochmawati, 2025).
Both high and medium intensity aerobic were
proven to reduce the IOP in healthy individuals
(Alfageeh et al.,, 2022; Yuan et al., 2021).
Also, it can reduce IOP in primary open-angle
glaucoma (Ma et al., 2022). Among various
aerobic exercises, jogging is one of the most
accessible and commonly practiced activities,
particularly among adolescents and young
adults.

Jogging is a simple, accessible form of aerobic
exercise that requires no special equipment
and is commonly incorporated into daily
physical activity. In late adolescents, ranging
from 18 to 22 years old (Chauhan & Dubey,
2022; Pamungkas et al., 2024), this type of
exercise is relevant because this age group is
generally physically active and may experience
cardiovascular and hemodynamic changes
during exercise. Given the potential effects of
aerobic exercise on IOP, further investigation is
needed to determine how jogging affects IOP in
late adolescents.

METHODS

This study used a pre-experimental one-group
pretest-posttest design to assess changes in
intraocular pressure before and after one session
of aerobic exercise. The study population
consisted of male and female students at
Universitas Muhammadiyah Yogyakarta in
late adolescence, defined as ages 17-22. The
inclusion criteria were male or female sex,
age 17-22 years, willingness to participate and
provide informed consent, and healthy, normal
eyes. The sample size was determined using
the Lemeshow formula: n = Z*2 x P(1-P)/d"2.
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Using Z = 1.64 for 90% confidence, P = 0.50,
and d = 0.10, the estimated minimum sample
was n = 1.64"2 x 0.50(1-0.50)/0.10"2 = 67.24,
rounded to 67 participants. The exclusion criteria
were myopia greater than 3 diopters, current or
previous glaucoma, previous high IOP value,
history of ocular surgery, including cataract
surgery, trabeculectomy, glaucoma surgery with
shunt or stent implantation, vitrectomy, laser
iridotomy, laser trabeculoplasty, or intraocular
lens implantation, long-term corticosteroid use
for more than 6 weeks, non-cooperation, or
refusal to continue participation. The intraocular
pressure in the right and left eyes was measured
beforeandaftertheaerobicexercisesessionusing
a handheld device that measures intraocular
pressure through the eyelids. The intervention
consisted of 20 minutes of jogging. Exercise
pace was maintained between 6:00 and 8:00
minutes per kilometer and was monitored using
Relive, Strava, or a similar exercise application
to support pace consistency. IOP was measured
immediately before the intervention and within
2 minutes after jogging. Measurements were
performed in a seated upright position with
the head elevated according to the device
procedure. Theright and left eyes were measured
sequentially at the superior palpebra using a
handheld transpalpebral tonometer, following
the manufacturer’s instructions. The use of
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transpalpebral tonometry was selected because
itis portable, non-invasive, and does not require
direct corneal contact or topical anesthesia.
However, because Goldmann applanation
tonometry remains the reference standard,
the potential influence of eyelid thickness,
scleral rigidity, blinking, device positioning,
and operator technique was considered in
interpreting the findings. Data was analyzed
using SPSS. Normality was assessed using the
Kolmogorov-Smirnov test because the sample
size was greater than 50. Because the pre- and
post-exercise 1OP data were not normally
distributed, differences between measurements
were analyzed using the Wilcoxon signed-rank
test. Statistical significance was set at p < 0.05.
The effect size for the Wilcoxon signed-rank
test was calculated as r = |Z|/sqrt(N).

This study received ethical approval from the
Health Research Ethics Committee, Faculty
of Medicine and Health Sciences, Universitas
Muhammadiyah Yogyakarta, No. 291/EC-
KEPK FKIK UMY/IX/2025. The approval was
valid from September 11, 2025, to September
11, 2026. All participants provided informed
consent before participating. Participant
anonymity and confidentiality were maintained
throughout the study. The study was conducted
in accordance with ethical principles for human
research and the Declaration of Helsinki.



QANUN MEDIKA Vol 10 | No 2 July 2026

s

i

JURNAL KEDOKTERAN Fi

RESULTS

Respondent Characteristics

Table 1. Characteristics of Research Respondents

Respondent Frequency Percentage

Characteristics
Age
18 years 0 0
19 years 4 5.97
20 years 17 25.37
21 years 32 47.76
22 years 14 20.90
Gender
Male 35 52.24
Female 32 47.76

Table 2. Normality Test of Right Eye Data

Right eye Significance
Kolmogorov- Shapiroe-Wilk
Smirnov
Pre test 0.006 0.023
Post test 0.010 0.023

Table 1 shows that, based on age
characteristics, respondents are aged 19-22
years. The majority of respondents were
21 years old, namely 32 people (47.76%),
followed by respondents aged 20 years, as
many as 17 people (25.37%), respondents
aged 22 years, as many as 14 people (20.90%),
and respondents aged 19 years, as many as 4
people (5.97%). There were no respondents
aged 17 and 18 years. By gender, there were
35 male respondents (52.24%) and 32 female
respondents (47.76%).

The normality test using the Kolmogorov—
Smirnov test in Table 2 showed that the right
eye’s intraocular pressure data before and
after the test had significance values of 0.006
and 0.010, respectively (p < 0.05), indicating
that the data were not normally distributed.

Based on the results of the normality test using
the Kolmogorov—Smirnov test, as shown in
Table 3, the left eye intraocular pressure data in
the pre-test and post-test had significance values
of 0.002 and 0.005, respectively (p<0.05), so
the data were declared not normally distributed.

Based on the Wilcoxon signed-rank test, 48
respondents showed lower OD IOP after
jogging, 13 respondents showed higher OD
IOP, and 6 respondents showed unchanged
values (Table 4). Mean OD IOP decreased from
17.90 mmHg before exercise to 15.24 mmHg
after exercise, representing a mean reduction
of 2.66 mmHg. The pre-post difference was
statistically significant (Z = -4.948; p < 0.001),
with a large effect size (r = 0.604).
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Table 3. Normality Test for Left Eye Data

Left eye Significance
Kolmogorov- Shapiro-Wilk
Smirnov
Pre test 0.002 0.003
Post test 0.005 0.010

Table 4. Results of the Effect of Aerobic Exercise on IOP OD

Category n Mean rank Sum of ranks
Negative ranks 48 33.99 1631.50
(post-test < pre-test)
Positive ranks 13 19.96 259.50
(post-test > pre-test)
Ties (post-test = 6 - -
pre-test)
Mean IOP before 67 17.90 -
exercise (mmHg)
Mean IOP after 67 15.24 -
exercise (mmHg)
Mean absolute 67 2.66 -
reduction (mmHg)
Z - -4.948 -
p-value - <0.001 -
Effect size r - 0.604 -

Table 5. Results of the Effect of Aerobic Exercise on IOP OS

Category n Mean rank Sum of ranks
Negative ranks 50 34.57 1728.50
(post-test < pre-test)
Positive ranks 13 22.12 287.50
(post-test > pre-test)
Ties (post-test = 4 - -
pre-test)
Mean IOP before 67 18.40 -
exercise (mmHg)
Mean IOP after 67 15.18 -
exercise (mmHg)
Mean absolute 67 3.22 -
reduction (mmHg)
Z - -4.945 -
p-value - <0.001 -
Effect size r - 0.604 -
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Based on the Wilcoxon signed-rank test,
50 respondents showed lower OS IOP after
jogging, 13 respondents showed higher OS
IOP, and 4 respondents showed unchanged
values (Table 5). Mean OS IOP decreased from
18.40 mmHg before exercise to 15.18 mmHg
after exercise, representing a mean reduction
of 3.22 mmHg. The pre-post difference was
statistically significant (Z =-4.945; p <0.001),
with a large effect size (r = 0.604).

DISCUSSION

This study found that IOP decreased after a
single session of aerobic exercise in healthy
late adolescents. The mean reductions were
2.66 mmHg in the right eye and 3.22 mmHg
in the left eye, and most participants showed
lower post-exercise IOP values in both eyes.
These findings are consistent with recent
studies reporting that aerobic exercise may be
followed by an acute reduction in IOP among
healthy individuals and patients with primary
open-angle glaucoma (Alfageeh et al., 2022;
Ma et al., 2022; Yuan et al., 2021). However,
because this study used a one-group pretest—
posttest design without a sedentary control
group, the reduction should be interpreted as
a post-exercise change rather than definitive
causal evidence that jogging alone produced
the observed effect. This interpretation is
consistent with methodological literature
indicating that pretest—posttest findings
without an appropriate comparison group are
vulnerable to bias and provide limited causal
inference (Gorman, 2022).

The observed decrease may be explained by
several physiological mechanisms proposed
in recent literature. Aerobic exercise can
modify cardiovascular function, ocular
perfusion, autonomic nervous system activity,
and aqueous humor dynamics (Ma et al.,
2022; Nie et al., 2022; Prayitnaningsih et
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al.,, 2021; Q. Zhang et al., 2024). Exercise-
related hemodynamic changes may influence
ocular blood flow and aqueous humor outflow,
while changes in plasma osmolarity and
lactate concentration during physical activity
may create a transient osmotic gradient that
contributes to lower IOP (Agadagba et al.,
2025; Bariesheff, 2025; Ma et al., 2022; Sidoti
et al., 2025). Nevertheless, these mechanisms
were not directly measured in this study;
therefore, they should be regarded as plausible
explanations rather than confirmed pathways.

The magnitude of IOP reduction in this
study was statistically significant and may be
physiologically relevant as an acute response.
However, clinical significance requires cautious
interpretation. Post-exercise IOP reduction may
be transient and does not necessarily indicate
long-term glaucoma prevention or treatment
benefit. Although recent literature suggests that
aerobic activity may support IOP regulation, the
duration, reproducibility, and sustained clinical
effect of jogging-related IOP reduction remain
uncertain (Ma et al., 2022; Rahmawati et al.,
2022). Therefore, jogging should be discussed
as a healthy lifestyle activity that may support
ocular health, not as a substitute for standard
ophthalmologic care or glaucoma therapy.

The use of a handheld transpalpebral tonometer
is both a practical strength and a methodological
limitation. The device allows non-invasive,
rapid, and field-compatible IOP assessment
without direct corneal contact, which was useful
for immediate post-exercise measurement.
However, Goldmann applanation tonometry
remains widely regarded as the reference
standard for IOP measurement (Brusini et al.,
2021). Transpalpebral measurements may be
influenced by eyelid characteristics, scleral
rigidity, blinking, device positioning, and
operator technique. These factors may contribute
to measurement variability, particularly when
IOP changes are assessed over a short interval.



QANUN MEDIKA Vol 10 | No 2 July 2026

]

iy

JURNAL KEDOKTERAN Fi

Several additional limitations should be
considered. First, the absence of a control group
means that circadian IOP variation, hydration
status, emotional stress, regression to the mean,
and measurement variability could not be fully
excluded. Second, caffeine intake, smoking
status, obesity, and recent physical activity
were not clearly documented as exclusion or
control variables, although these factors may
influence cardiovascular and ocular responses.
Third, sex-based subgroup analysis was not
performed, although sex-related physiological
and hormonal factors may influence IOP.
Fourth, IOP was measured only once shortly
after exercise; therefore, the duration of the
IOP reduction and the time needed to return
to baseline remain unknown. Future studies
should use randomized controlled or crossover
designs, matched sedentary controls, repeated
post-exercise  measurements, standardized
control of caffeine and smoking, and more
accurate tonometry methods such as Goldmann
applanation tonometry.

CONCLUSION

In this one-group pretest-posttest study, IOP
decreased significantly following 20 minutes of
jogging among healthy late adolescents, with
mean reductions of 2.66 mmHg in the right eye
and 3.22 mmHg in the left eye. These findings
suggest that aerobic exercise may produce an
acute post-exercise reduction in IOP. However,
because the study did not include a control
group and used transpalpebral tonometry,
the results should be interpreted with caution
and should not be generalized as evidence of
therapeutic efficacy or of glaucoma prevention.
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