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ABSTRACT

Our purpose was to examine the effect of the chest press
and leg press exercises on intraocular pressure (IOP) in phys-
ically active, college-aged students. Fifteen healthy males
and 15 females performed 3 sets of 10 repetitions of the chest
press or leg press with 70% 1 repetition maximum (1RM).
IOP was measured using applanation tonometry with a
Tono-PenXL prior to exercise, following each set and 5 min-
utes after the third set. Data were analyzed with a repeated-
measures two-way analysis of variance and paired t-tests
when necessary. A p , 0.05 was accepted as statistically sig-
nificant. For the chest press, IOP was reduced 8.0% after the
first set, up to 14.5% after the second and third sets, and
remained depressed 5 minutes post exercise. For the leg
press, IOP was reduced 6.9% after the second set and 13.2%
after the third set. IOP began to return to the pre-exercise
value during 5 minutes post exercise. Males and females had
similar IOP responses to the chest press and leg press exer-
cise. Dynamic resistance exercises induce modest postexer-
cise decreases in IOP.
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Introduction

Intraocular pressure (IOP) is the internal pressure
within the eye that is determined by the balance be-

tween the rate of aqueous humor production, the re-
sistance to outflow of aqueous humor through the tra-
becular meshwork, and the level of episcleral venous
pressure. In most cases, chronic elevations in IOP are
due to an increased resistance to outflow of the aque-
ous humor (25). The numerical values signifying ele-

vated IOP have been set at slightly different values in
various studies, although values of 18 to 21 mm Hg
are most often used. The reported incidence of elevat-
ed IOP ranges from 4.5% to 9.4% in individuals over
40 years of age across studies (12). Chronic elevations
in IOP can result in degeneration of the optic nerve
and declining visual acuity.

Glaucoma is a disturbance of the structural or
functional integrity of the optic nerve, which usually
can be attenuated by reducing IOP. Glaucoma of all
types is the second leading cause of legal blindness
(26), and an additional 5,500 people become legally
blind from glaucoma annually (7). It is estimated that
2.25 million people in the United States over the age
of 40 years have primary open-angle glaucoma (26).
An additional 10 million Americans are estimated to
have IOP values greater than 21 mm Hg. Although the
relationship between IOP and glaucoma including op-
tic nerve damage is complex, a higher IOP is related
to an increased risk of primary open-angle glaucoma.

Although it has been clearly demonstrated that aer-
obic exercise reduces IOP, the effect of resistance train-
ing exercise on IOP is not entirely clear. Aerobic exer-
cise decreases IOP both immediately following a single
bout of exercise (4, 8, 10, 18, 20, 22, 23) and after aer-
obic exercise training (21, 23) in healthy individuals.
For example, IOP was reduced 28% immediately after
cycling at a low intensity for 1 hour in sedentary sub-
jects (23). IOP was decreased 9% after 16 weeks of run-
ning or cycling at moderate to high intensity for 3 days
per week (20). In individuals with elevated IOP (18
mm Hg or greater), IOP is reduced following a single
bout of aerobic exercise (9, 11, 21, 22) and by aerobic
exercise training (21, 24). IOP was decreased 30% fol-
lowing an incremental cycle test to exhaustion in sub-
jects with IOP values of 22 mm Hg or greater (21). IOP
was reduced 20% after 12 weeks of aerobic exercise



716 Chromiak, Abadie, Braswell, Koh, and Chilek

Table 1. Descriptive characteristics for males and females, including 1 repetition maximum (1RM) leg press and chest press
strength.*

Sex Age (yr) Height (cm) Weight (kg) 1RM chest press (kg) 1RM leg press (kg)

Male
Female

22.5 6 1.7
20.9 6 0.9

181.0 6 4.4
164.3 6 6.0

81.6 6 16.5
66.7 6 14.6

97.9 6 19.6
51.5 6 9.5

153.7 6 35.0
110.6 6 24.3

* Data are mean 6 standard deviation for men (n 5 15) and women (n 5 15).

training performed by cycling at moderate intensity, 4
days per week, in these same subjects (21). Reductions
in IOP because of exercise training may retard the pro-
gression of glaucoma.

The effects of resistance exercises on IOP are less
straightforward. An early study reported that resis-
tance training induced an increase in IOP (2, as re-
ported in 11). However, IOP was decreased following
static muscular actions, such as handgrip exercise in
subjects with normal IOP values (13) and in subjects
with IOP values greater than 18 mm Hg (6). However,
an increase in IOP of 30% was reported immediately
following a static squat done until voluntary termina-
tion (17). IOP then declined to 14% less than the pre-
exercise value during the postexercise period. A dra-
matic increase of IOP was observed in experienced
strength trained subjects during a maximal static mus-
cle contraction combined with Valsalva maneuver (3).
IOP was not assessed during the postexercise period.
The only study that incorporated dynamic muscular
contractions reported that IOP was reduced 40% fol-
lowing a series of isokinetic muscular actions in sub-
jects with normal IOP (1). Based on the reports of in-
creases in IOP during or immediately after static mus-
cle contractions in some studies and decreases in other
studies, there is a need for additional research. The
purpose of this study was to examine the acute effect
of either a single upper- or lower-body resistance
training exercise using Cybex variable resistance ma-
chines on IOP in recreationally active, college-aged
students. A secondary purpose was to determine
whether males and females had similar IOP responses
to resistance training exercise. We hypothesized that
IOP would be decreased by performing multiple sets
of a single resistance exercise, and there would be no
difference in the IOP response to resistance exercise
between men and women.

Methods
Experimental Approach to the Problem
Because there is a lack of data regarding the acute ef-
fects of resistance training exercises on IOP and it is
possible that resistance exercises may increase IOP (3,
17), subjects with normal IOP values rather than sub-
jects with glaucoma or elevated IOP were used for this
study. To test the hypotheses, a repeated-measures de-

sign in which IOP was measured in men and women
prior to and immediately following the first, second,
and third set of resistance exercise as well as 5 minutes
after the exercise was established. The chest press and
leg press exercises were selected for several reasons:
(a) to determine whether IOP was altered by resistance
exercise, relatively large muscle mass exercises were
selected; (b) these are upper and lower body exercises
that are often included in resistance exercise programs;
and (c) the seated upright posture during the perfor-
mance of these exercises was similar to the posture of
the subject during measurement of IOP, and, therefore,
postural changes would not affect IOP.

Subjects
Healthy, recreationally active subjects (15 men and 15
women), as determined from a medical history and
physical activity questionnaire, were recruited from
physical education classes at a large university. Re-
creationally active was defined as engaging in physical
activity a minimum of 2 days per week for a minimum
of 20 minutes. Activities included intramural sports,
aerobic activities, and resistance training. Subject char-
acteristics, including 1 repetition maximum (1RM)
strength for the Cybex VR chest press and leg press
exercises, are shown in Table 1.

Subjects with health problems that limited their
ability to perform resistance exercise or that could con-
found the results of the study were excluded. Also,
subjects with IOP values of . 20 mm Hg when tested
initially or those who noted eye problems other than
the need for corrective lenses were excluded from par-
ticipation. The study was reviewed and approved by
the Institutional Review Board at Mississippi State
University.

Study Design
Subjects reported to the exercise science laboratory on
3 separate occasions with a minimum of 48 hours be-
tween testing sessions. Subjects were tested at approx-
imately the same time each day because IOP may be
affected by diurnal variation (9). Subjects were in-
structed not to exercise during the day prior to testing
and were asked to refrain from nicotine, consumption
of caffeine, large quantities of beverages, or a large
meal within 1 hour prior to testing. On the first day
of testing, 1RM strength for the seated leg press (mod-
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Table 2. Effect of repeated applanation tonometry mea-
surements using the TonoPen XL on intraocular pressure
(IOP).*

Time IOP (mm Hg)

Initial
3 Minutes
5 Minutes
7 Minutes

12 Minutes

14.0 6 1.5
14.1 6 1.9
14.4 6 2.7
14.7 6 2.5
14.4 6 2.8

* Data are mean 6 standard deviation, n 5 8. IOP was not
significantly different at any time point compared to the ini-
tial value.

el 4860) and chest press exercises (model 4800) were
determined on Cybex VR equipment (Cybex Interna-
tional, Medway, MA) using standard testing proce-
dures. Subjects started the concentric phase of the leg
press at 908 knee flexion and were required to extend
the leg completely to complete the concentric phase.
For the chest press, subjects were in a seated position.
Subjects initiated the concentric phase of the lift with
the handle arms of the chest press machine at chest
level and were required to move the arms to full ex-
tension. For the following testing sessions, subjects
performed 3 sets of 10 repetitions of either the leg
press or chest press exercise using a resistance of
;70% of 1RM in random order. (The resistance used
was as close as possible to the calculated 70% of 1RM
without being less than the calculated value.)

Determination of the Acute IOP Response to
Resistance Exercise

Subjects reported to the exercise science laboratory
and were asked to relax while seated. After 5 minutes,
the first IOP measurements were obtained using the
right eye of the subject. IOP was measured using ap-
planation tonometry with a Tono-Pen XL (Medtronics/
Solan, Jacksonville, FL). The Tono-Pen XL is a hand-
held, portable device. Before the initial series of IOP
measurements, 1 drop of the anesthetic Alcaine (pro-
paracaine) was administered to the right eye of the
subject. (Following the initial administration of anes-
thetic, additional anesthetic was given on an as-needed
basis. Subjects typically required 1 additional drop of
anesthetic, although 2 drops were needed in some cas-
es.) To obtain an IOP measurement, the tip of the de-
vice is tapped lightly against the pupil 3 times. The
device presents a value from the mean of the 3 read-
ings. Three consecutive sets of IOP readings were ob-
tained and the mean of these measurements accepted
as the measured value.

After the initial IOP measurement, subjects per-
formed 1 warm-up set of 10 repetitions with a resis-
tance of 60% of the weight that would be used for
testing. Subjects were permitted to stretch but were
asked not to perform any vigorous warm-up exercise
that might alter IOP. Subjects performed 3 sets of 10
repetitions of the leg press or chest press using a re-
sistance of ;70% of 1RM with 2 minutes of seated rest
between each set. Immediately after each set, subjects
were asked to move slowly from the exercise appara-
tus to a seat beside it, and IOP was measured. After
the third set, subjects remained seated for 5 minutes,
and a final series of IOP measurements were made. If
the subject could not complete 10 repetitions during
the first or second sets of leg press exercise, the resis-
tance was decreased 4.5 kg for subsequent sets. If a
subject could not complete 10 repetitions of the chest
press exercise, resistance was decreased 2.8 kg (if sub-
ject completed 7–9 repetitions) to 5.7 kg (if subject

completed fewer than 7 repetitions) for subsequent
sets.

Determination of the Effect of Repeated IOP
Measurements on IOP
Because repeated applanation tonometry measure-
ments may reduce IOP (16), the effect of repeated IOP
measurements using the Tono-Pen XL was examined
on a separate group of subjects. After the initial IOP
measurement, IOP was measured every 3 minutes un-
til the final measurement, which was 5 minutes later.
These times were selected to mimic the time points
used when subjects performed the resistance exercises.

Statistical Analyses
IOP data were analyzed with a two-way analysis of
variance (ANOVA) with repeated measures on time
using the SPSS 8.0 statistics package (SPSS, Chicago,
IL). A p # 0.05 was accepted as statistically significant.
Because there were no statistically significant differ-
ences between males and females and no time 3 sex
interaction, data for males and females were pooled to
identify differences over time. A one-way ANOVA
with repeated measures and paired least significant
differences t-tests were used to identify differences
across time. Intraclass R values (Ri) and effect sizes
also were calculated. For the repeated tonometry mea-
surements without exercise, data were analyzed with
a one-way repeated-measures ANOVA. For all analy-
ses, p # 0.05 was accepted as statistically significant.

Results
Effect of Repeated IOP Measurements With the
Tono-Pen XL
IOP was not altered by repeated applanation tonom-
etry measurements using the Tono-Pen XL (Table 2).

Leg Press Exercise
The intraclass reliability (Ri) of the measurements for
the leg press exercise was 0.91. ANOVA showed that
IOP declined as a result of performing leg press ex-
ercise. Because there were no statistically significant
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Figure 1. Resistance training exercises reduce intraocular
pressure (IOP). IOP was measured using applanation
tonometry with a Tono-Pen XL prior to the first set, after
each set, and 5 minutes after the third set of either leg
press (A) or chest press (B) exercise using Cybex VR
equipment. Subjects attempted to complete 3 sets of 10
repetitions with ;70% of their 1RM. Data are the mean 6
SD; *p , 0.05 vs. set 3; **p , 0.01 vs. pre-exercise (rest);
1p , 0.001 vs. pre-exercise (rest). N 5 30 subjects for the
leg press and 29 subjects for the chest press exercises.

differences between males and females, and no time
3 sex interaction, data for males and females were
pooled for further analysis. IOP after the first set was
not different from the pre-exercise IOP value (pre-ex-
ercise: 14.4 6 2.6 mm Hg; Figure 1A). IOP was re-
duced 6.9% following the second set and 13.2% after
the third set. Five minutes following exercise, IOP was
elevated slightly, compared with immediately after the
third set, but was still less than the pre-exercise IOP.
The effect size (Eta2 [h2]) was 0.227.

Chest Press Exercise
The Ri of the measurements for the chest press exercise
was 0.90. ANOVA showed that IOP changed as a result
of performing chest press exercise. Because there was
no difference between males and females, and no IOP
3 sex interaction, data for males and females were
pooled for further analysis. IOP was reduced 8.0% af-
ter the first set (pre-exercise: 13.8 6 2.0 mm Hg; Figure

1B). After the second and third sets, IOP was reduced
up to 14.5%. Five minutes after exercise, IOP remained
significantly lower than the pre-exercise IOP value. The
Eta2 (h2) was 0.237.

One subject had an initial IOP value of 20.7 mm
Hg when he reported to the laboratory on the day that
he was scheduled to do the chest press exercise. On a
prior day, his IOP was 18.0 mm Hg before performing
the leg press exercise. His data are included for the leg
press but excluded for the chest press exercise. Exclu-
sion of the data for this subject did not alter the sta-
tistical significance of the results for the chest press
exercise.

Discussion

The results of this study, based on repeated applana-
tion tonometry measurements, demonstrate that IOP
declines after one or more sets of chest press and leg
press exercise performed at moderate intensity using
variable resistance machines. Although it has been re-
ported that repeated tonometry measurements de-
crease IOP (16), data from this study show that repet-
itive measurements with the Tono-Pen XL do not alter
IOP. Repeated IOP measurements with Goldman and
Shiotz tonometers may induce small declines in IOP,
whereas repeated readings with the Tono-Pen XL and
noncontact tonometers do not alter IOP (18). The de-
creases in IOP following 1 or more sets of dynamic
resistance exercise are due to the exercise and are not
an artifact of measurement.

Only one other study (1) has examined the acute
effects of dynamic resistance exercise on IOP. Although
that study reported a 41% decrease in IOP following
isokinetic leg extension and leg flexion exercise, which
was much greater than the 13% decline following 3
sets of leg press exercise in the present study, the
warm-up protocol used in that study likely confound-
ed the results. In the study of Avunduk et al. (1), 15
minutes of cycle ergometer warm-up exercise was per-
formed between the initial IOP reading and initiation
of isokinetic exercise. Short to moderate duration cy-
cling has been shown to reduce IOP by approximately
30% (9). In the current study, subjects performed 1
warm-up set of 10 repetitions with a resistance of 60%
of the weight that would be used for testing, so that
IOP would not be affected. The difference in the mag-
nitude of response between the present study and the
study using isokinetic exercise (1) likely is due to dif-
ferent warm-up protocols.

Several studies have demonstrated declines in IOP
following static muscle contractions (1, 6, 13). The
postexercise reduction in IOP appears to be related to
both the duration and intensity of the static muscle
exercise. A static hand grip contraction at 20% of max-
imal voluntary contraction (MVC) until force declined
50% (duration 4–5 minutes) did not alter IOP (13).
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However, a static hand grip contraction at 20% MVC
until fatigue (;9 min.) resulted in a 3 mm Hg decline
in IOP after exercise. A static hand grip contraction at
55% of MVC induced a 4 mm Hg decline during the
postexercise period (13). The amount of muscle mass
used also may affect the IOP response to resistance
exercise. A 30% increase in IOP was reported imme-
diately after subjects performed a static squat until vol-
untary termination. IOP declined to 14% lower than
the pre-exercise levels further into the postexercise pe-
riod (17).

Although the current study is consistent with the
majority of other studies using static or dynamic con-
tractions in demonstrating a decline in IOP postexer-
cise (1, 6, 13), the IOP response during resistance ex-
ercise requires additional study. Although studies
have reported no change in IOP during static handgrip
contractions of low to moderate intensity (13), static
contractions of maximal intensity involving a large
muscle mass, especially combined with a Valsalva ma-
neuver, may contribute to elevations in IOP (3). IOP
was elevated 115% in highly trained weight lifters dur-
ing a maximal static contraction coupled with a Val-
salva maneuver (3). Seated subjects attempted to max-
imally contract much of the musculature of the body
while grasping both sides of a bench. Performance of
a Valsalva maneuver simultaneously may have con-
tributed in whole or part to the increased IOP during
the contraction. Mean IOP during the static contraction
was 28 mm Hg, with IOP reaching 46 mm Hg in 1
subject. The variable resistance chest press and leg
press exercises in the current study use a moderate to
fairly large amount of muscle mass. The possibility
remains that IOP increased during the chest press or
leg press in our study but declined to less than the
pre-exercise level by the time IOP was measured. Cur-
rent technology does not permit accurate measure-
ment of IOP during dynamic resistance exercise.

It has been suggested that the very large increases
in blood pressure during some resistance training ex-
ercises result in venous outflow obstruction leading to
elevated IOP (3). Both static and dynamic muscle con-
tractions can dramatically increase blood pressure, and
the performance of a Valsalva maneuver during mus-
cle contractions exacerbates the increases in blood
pressure (5, 14, 15, 19). Although increases in systolic
and diastolic blood pressure to greater than 160 mm
Hg and 105 mm Hg (values estimated from graphs),
respectively, were not associated with alterations in
IOP during static handgrip exercise (13), it is possible
that extremely large increases in blood pressure over-
come the ability of the eye to maintain a relatively con-
stant IOP. The ability to continuously monitor IOP dur-
ing and following exercise would assist in clarifying
the IOP response to different types of exercise and of
various intensities. However, no device has achieved
widespread use (7).

Regardless of the effect of resistance exercise on
IOP while performing the muscle contractions, IOP de-
clines during the postexercise period. The cause of this
decline is not entirely known, although there is re-
search evidence suggesting that increases in blood os-
molality and lactate and decreased blood pH (13) and
blood CO2 (6) contribute to the decline. It is also pos-
sible that changes in blood flow to the eye may alter
IOP postexercise. These data show that 3 sets of chest
press or leg press exercise at moderate intensity induce
a modest decrease in IOP and suggest a need for ad-
ditional research regarding the effects of resistance ex-
ercise on IOP.

Practical Applications
These data demonstrate that performing up to 3 sets
of dynamic strength training exercises at moderate in-
tensity reduce IOP during the postexercise period in
healthy subjects with normal IOP. At the present time,
caution must be used in generalizing the results of the
present study and recommending resistance exercise
to individuals with elevated IOP. This first study sug-
gests that resistance exercise at moderate intensity
does not elevate IOP in individuals with normal IOP
and indeed induces a reduction in postexercise IOP.
Individuals with glaucoma or elevated IOP should use
resistance of low to moderate intensity and avoid per-
forming a Valsalva maneuver during the resistance ex-
ercise. Also, resistance exercise training may result in
a chronic reduction in IOP (21). Future study should
examine the effect of dynamic resistance exercise of
various intensities on IOP, the effect of resistance train-
ing on IOP, and the effects of resistance exercise on
individuals with glaucoma or elevated IOP. In addi-
tion, the ability to continuously monitor IOP during
and following exercise would assist in clarifying the
IOP response to different types and intensities of ex-
ercise.
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