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Intraocular Pressure Responses to Four Different Isometric Exercises

in Men and Women

Jesús Vera, PhD,1 Beatriz Redondo, PhD,1 George-Alex Koulieris, PhD,2 Alejandro Torrejon, MS,3 Raimundo Jiménez, PhD,1*
and Amador Garcia-Ramos, PhD3,4

SIGNIFICANCE: The performance of resistance exercise has evidenced to induce abrupt intraocular pressure (IOP)
changes, which has been linked to the onset and progression of glaucoma. We found that four different isometric
resistance exercises lead to an instantaneous and progressive IOP elevation, with these changes being independent
of the type of exercise.

PURPOSE: The impact of physical exercise on IOP has demonstrated to be dependent on exercise type and
intesity, as well as individuals' characteristics. In this study, we aimed to explore the influence of the load, exercise
type, and participant's sex on the IOP behavior during a 2-minute isometric effort.

METHODS: Twenty-eight physically active collegiate students performed 2 minutes of isometric exercise in the
military press, biceps curl, leg extension, and calf raise exercises against two different loads (high load and low load).
Intraocular pressure was measured by rebound tonometry before, during (semicontinuos assessment [24 measure-
ments]), and after 10 seconds of recovery in each of the eight (four exercises � two loads) conditions.

RESULTS:Wefoundastatistically significant effect of load (P< .001,ƞp
2=0.906),with greater IOPvalueswhenperform-

ing the isometric exercises against heavier loads. There was a positive IOP rise during the execution of isometric exercise
in the high-load condition, returning to baseline levels after 10 seconds of passive recovery. The exercise type
and participant's sex did not reveal statistically significant differences (P = .33 and P = .56, respectively).

CONCLUSIONS: Our data evidenced an instanteneous and progressive IOP rise during the execution of isometric
exercise leading to muscular failure, regardless of the exercise type and participant's sex. After exercise, IOP rapidly
retuned to baseline levels (within 10 seconds). The inclusion of glaucoma patients in future studies is guarranteed.
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The regular practice of physical activity is associated with an
increase in life expectancy and a decrease in the development of
mental conditions (e.g., depression, dementia, or anxiety).1,2 Re-
cently, eye care specialists have begun to investigate the effects
of physical exercise on ocular health, aiming to identify the most
pertinent exercise programs for subjects with different ocular
conditions.3–5 Within the range of ocular conditions that have attracted
researchers' attention, glaucoma is undoubtedly the most investigated
visual condition because of both its high prevalence worldwide and
the severity of the symptoms (irreversible vision loss).6,7 The main
variable related to the onset and progression of glaucoma is intraoc-
ular pressure (IOP), which is defined as the pressure exerted by the
aqueous humor against the outer layer of the eye.8 Training pro-
grams should attempt to reduce baseline IOP values and avoid
IOP peaks during exercise because these are the two most impor-
tant factors for the management of glaucoma.9

Numerous studies have found acute IOP changes during or im-
mediately after the performance of different physical efforts.10–15

For example, resistance training against heavy loads acutely increases
IOP values,16 whereas running at different intensities seems to

decrease IOP.11,12 The impact of resistance training on IOP has
been tested for dynamic and isometric exercises, being the IOP in-
crements generally higher for the isometric exercises.14,17 The re-
sults of previous studies suggest that performing resistance training
against heavy loads and mainly the execution of isometric exercises
should be discouraged for individuals at high risk of glaucoma onset
or progression.

It is known that the changes in IOP during resistance training
depend on several factors such as the magnitude of the load, par-
ticipants' fitness level and sex, and the type of exercise.13,18,19

Vera et al.18 reported a positive association between the IOP rise
and the load lifted during the dynamic bench press and back squat
exercises. Regarding the exercise type, there is evidence suggest-
ing that dynamic resistance training exercises involving larger mus-
cle mass and the upper-body promote greater IOP rises compared
with exercises involving smaller muscle groups and the lower body,
respectively.13 Studies comparing the acute changes of IOP be-
tween men and women have reported contradictory results. Although
women exhibited a greater IOP reduction during a high-intensity inter-
val training protocol,11 the changes in IOP values during the execution
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of four different dynamic resistance training exercises (back squat,
military press, biceps curl, and calf raise) were comparable for men
and women.13 In addition, it is unknown whether the type of exer-
cise and participants' sex may modulate the IOP behavior during
different isometric exercises. Therefore, it would be important to
assess the IOP responses to isometric exercises that involve differ-
ent amounts of muscle size and body parts in men and women.

To address the limitations previously mentioned, the IOP of
healthy men and women was semicontinuously measured for
2 minutes during four isometric exercises (military press, biceps
curl, leg extensions, and calf raises) performed against two loading
conditions. Therefore, the main objective of the present study was
to elucidate whether the IOP behavior during a 2-minute isometric
effort is affected by (1) the magnitude of the load, (2) the type of
exercise, and (3) the participant's sex. Based on previous findings,
we hypothesized that (1) the use of greater loads would promote a
higher IOP rise,18 (2) exercises performed with the upper-body in-
volving large muscle groups would lead to greater IOP values,13

and (3) the lack of studies comparing the differences between men
and women on the IOP responses to isometric exercises did not allow
us to formulate any specific hypothesis.

METHODS

Participants

Twenty-eight physically active collegiate students took part in
this study (Table 1). All participants had at least 2 years of resis-
tance training experience and were familiar with the exercises used
in this study. We excluded participants with any physical limitation
that could compromise tested performance, as well as those with a
history of any ocular or cardiovascular disease or surgery. Partici-
pants were not taking any medication that could affect eyes physi-
ology, andwomenwere not assessed during themenstruation phase.
The study followed the guidelines of the Declaration of Helsinki and
was approved by the institutional review board (approval 438/CEIH/
2017). All participants included in this study signed an informed
consent form.

Experimental Design

We used a repeated-measures design to explore the cummulative
effect of four isometric exercises on IOP. Participants attended to

the laboratory on two occasions separated by 48 to 72 hours, which
were scheduled at the same time of the day (±1 hour) to avoid the
influence of circadian variations on physical performance.20

Testing Procedure

In the first session, they read and signed the consent form and
filled in the demographic questionnaire. Participants were also
instructed how to perform the different isometric exercises, and
the maximal load that participants could hold for approximately
2 minutes was determined. The second session consisted of eight
sets (four exercises [military press, biceps curl, leg extensions,
and calf raise] � two loads [heavy load, load that could be hold
for 2 minutes; light load, no additional load was applied]). Each
set was separated by 10 minutes of passive rest. The order of the
exercises and loads was randomized. Intraocular pressure was
measured before exercise, during the 2 minutes of isometric effort
(continuos measurement), and after 10 seconds of recovery. Both ex-
perimental sessions were conducted under controlled environmental
conditions (�22 and �60% humidity), and participants were not
allowed to drink or eat during the experiment.

Isometric Exercises

Themaximum load that participants could hold for approximately
2 minutes in an isometric condition was determined in the first test-
ing session for all exercises (military press, biceps curl, leg exten-
sion, and calf raise). After a warm-up consisting of 5 minutes
of jogging and joint mobility exercises, an incremental loading
test was performed to determine the maximum load. The initial
load corresponded to the 75% of the load that participants be-
lieved that they could hold for 2 minutes. This load was progres-
sively increased in agreement between the participant and an
experienced researcher. To minimize fatigue, participants were
instructed to stop the exercise when they or the researcher perceived
that the applied load could be hold for more than 2 minutes. Three
minuteswas implementedbetweensuccessive sets.Theaverage±stan-
dard deviation number of sets needed to reach the maximum load was
2.4 ± 1.2 for themilitary press, 1.8 ± 1.5 for the biceps curl, 2.8 ± 1.6
for the leg extension, and 2.5 ± 1.5 for the calf raise. The maximum
load was determined at the same positions that were used for the
measurement of IOP during session 2: (1) military press, partici-
pants seated with the back supported by a bench reclined 5° with
respect to the vertical direction and the elbows flexed with the
hands positioned at the height of the chin; (2) biceps curl, upright
position with elbows flexed at 90°; (3) leg extension, participants
seated with the back supported by a bench reclined 15° with re-
spect to the vertical direction and the knees fully extended;
and (4) calf raise, upright position with hips, knees, and ankles
fully extended. All exercises were performed bilaterally, and par-
ticipants were asked to maintain a constant breathing pattern dur-
ing exercise.

Intraocular Pressure Assessment

An Icare rebound tonometer (Icare; Tiolat Oy, Inc., Helsinki,
Finland) was used to assess IOP at the different time points. The
main advantages of this apparatus include that it is portable and
handheld, allows a rapid acquisition of IOP measures, is very well
tolerated by patients, and does not require the use of topical anes-
thesia.21 Following the manufacturer's instructions, participants
were instructed to look at a distant target while performing the iso-
metric exercise, and IOP was continuously measured against the

TABLE 1.Mean ± standard deviation of anthropometrical
characteristics and isometric exercise loads of all the participants
included in this study

Anthropometrical
characteristics

Total sample
(N = 28) Men (n = 14)

Women
(n = 14)

Age (y) 22.4 ± 2.1 21.8 ± 2.1 23.0 ± 2.1

Height (cm) 172.4 ± 6.8 176.9 ± 5.6 167.8 ± 4.6

Body mass (kg) 67.6 ± 11.1 77.1 ± 5.7 58.2 ± 5.7

Loads applied

Military press (kg) 14.9 ± 3.4 17.6 ± 1.8 12.2 ± 2.4

Biceps curl (kg) 10.0 ± 3.0 11.8 ± 2.4 8.2 ± 2.4

Leg extensions (kg) 22.6 ± 5.2 26.5 ± 3.3 18.6 ± 3.7

Calf raises (kg) 48.8 ± 12.1 55.4 ± 13.0 41.7 ± 5.5
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