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Abstract
Objectives A variety of factors are known to mediate on the intraocular pressure (IOP) response to resistance training. How-
ever, the influence of the body position adopted during resistance training on IOP remain unknown. The objective of this 
study was to determine the IOP response to the bench press exercise at three levels of intensity when performed in supine 
and seated positions.
Methods Twenty-three physically active healthy young adults (10 men and 13 women) performed 6 sets of 10 repetitions 
against the 10-RM (repetition maximum) load during the bench press exercise against three levels of intensity (high intensity: 
10-RM load; medium intensity: 50% of the 10-RM load; and control: no external load) and while adopting two different 
body positions (supine and seated). A rebound tonometer was employed to measure IOP in baseline conditions (after 60 s 
in the corresponding body position), after each of the 10 repetitions, and after 10 s of recovery.
Results The body position adopted during the execution of the bench press exercise significantly affected the changes in 
IOP (p < 0.001, ηp

2 = 0.83), with the seated position providing lower increases in IOP levels compared to the supine position. 
There was an association between IOP and exercise intensity, with greater IOP values in the more physically demanding 
conditions (p < 0.001, ηp

2 = 0.80).
Conclusions The use of seated positions, instead of supine positions, for the execution of resistance training should be pri-
oritized for maintaining more stable IOP levels. This set of findings incorporates novel insights into the mediating factors 
on the IOP response to resistance training. In future studies, the inclusion of glaucoma patients would allow to assess the 
generalizability of these findings.

Key messages

Exercise type (endurance or resistance), individual's fitness level and breathing pattern modulate the IOP response

to physical effort.

Greater IOP increments were observed when the bench press was performed in the supine compared to the seated

position.

There was an association between IOP and exercise intensity, with greater IOP values in the more physically

demanding conditions.

IOP increased progressively over the course of the set and returned to baseline values immediately after the 

cessation of the effort.
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Introduction

The health benefits of physical exercise practice are irref-
utable, including risk reductions of at least 20–30% for 
more than 25 chronic medical conditions and premature 
mortality [1, 2]. Nevertheless, generic physical activity 
guidelines should not be used when working with clinical 
populations. Exercise prescription should be individual-
ized based on underlying medical condition and functional 
status for optimal patient care [3].

Glaucoma is the leading cause of irreversible blindness 
worldwide [4]. As a result, public health strategies are 
being discussed to minimize the negative consequences 
of glaucoma, although the possibility to adopt different 
public health strategies vary significantly across coun-
tries [5]. Remarkably, the reduction and stabilization of 
intraocular pressure (IOP) are the only strategy that has 
proven to be beneficial for the prevention and manage-
ment of glaucoma, with all the possible interventions (i.e., 
surgery, pharmacological treatment, or lifestyle) aiming to 
reduce and stabilize IOP levels [6–9]. In this regard, the 
effects of a lifestyle factor such as the physical exercise 
on IOP control have been extensively explored in recent 
years, with different types of physical exercise showing 
either a positive (i.e., IOP reduction) or negative (i.e., 
IOP increase) effect for the prevention and management 
of glaucoma [10].

Endurance-type exercises (e.g., running or cycling) 
performed at low to moderate intensities cause an IOP 
reduction [11, 12], whereas resistance-type exercises (e.g., 
weightlifting) provoke an acute IOP rise which is accen-
tuated at higher training intensities (i.e., using heavier 
loads and performing repetitions closer to muscular fail-
ure) [13–15]. In non-exercise contexts, there is scientific 
evidence that IOP values are greater in when adopting a 
horizontal position compared to the seated and upright 
positions [16–20]. Specifically, Vera and colleagues [21] 
found that the IOP response to reading at a close distance 
(30 cm) is dependent on body position, observing greater 
IOP values in the supine compared to a seated position. 
Remarkably, a number of resistance training exercises 
(e.g., bench press) can be performed while adopting dif-
ferent body positions (e.g., standing, sitting, lying down), 
but the differences in the IOP behavior when the same 
exercise is performed adopting different positions have 
never been examined.

In order to address the gaps found in scientific litera-
ture, we designed an experimental study to compare the 
impact of performing ten repetitions of the bench press 
exercise in supine and seated positions on IOP levels. 
Complementarily, these possible differences were deter-
mined for three exercise intensities, namely a control 

condition (no physical effort), medium-intensity condition 
(half of the 10-repetition maximum (RM) load), and high-
intensity condition (10-RM load). Based on the accumu-
lated scientific evidence in non-physical activities [16–21], 
we hypothesized greater IOP values when executing the 
bench press in a supine compared to a seated position. We 
also hypothesized that the IOP values will be higher for the 
more physically demanding exercise conditions [13, 14] 
and there will be a cumulative and progressive IOP rise as 
a function of accumulated physical effort [22].

Methods

Participants

An a priori sample size calculation was performed using the 
GPower 3.1 software. This software has been widely used 
in research studies and supports sample size and power cal-
culation for various statistical methods (F, t, χ2, z, and exact 
tests) [23, 24]. For this analysis, we assumed an effect size 
of 0.20, alpha of 0.05, and power of 0.90, which projected 
a necessary sample size of 23 participants. At this point, 23 
physically active individuals (10 men and 13 women) were 
recruited to participate in this study (age = 24.7 ± 4.8 years, 
body mass = 71.2 ± 12.4 kg and body height = 1.73 ± 0.09 m; 
data presented as mean ± SD). All participants were of Cau-
casian ethnicity and non-smokers. They were free of any 
systemic or ocular disease, were not taking any medication, 
and had no family history of glaucoma. The study followed 
the guidelines of the World Medical Association (Decla-
ration of Helsinki) and was approved by the Institutional 
Review Board. Written informed consent was obtained from 
all participants before the initiation of the study.

Intraocular pressure assessment

A rebound tonometer (Icare IC200, TiolatOy, INC. Helsinki, 
Finland) was used to measure IOP from the right eye. This 
new model has shown an acceptable level of reproducibility 
in the sitting and supine positions and a high agreement with 
Goldman applanation tonometry [25, 26]. The IC200 tonom-
eter permits to accurately measure IOP when the subject is 
sitting, standing, or lying in a supine position due to its free 
angle measurement addition, and incorporates a light sig-
nal to minimize position-related errors. Also, this handheld 
tonometer has several advantages in practical terms (e.g., 
easy and rapid measurement, well-tolerated procedure, and 
does not require topical anesthesia or fluorescein), which 
makes this device a highly valuable tool for measuring IOP 
in applied settings. Following the manufacturer recommen-
dation, IOP measurements were taken with the probe placed 
at a distance of 5 to 8 mm from the central cornea while the 
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subject fixated on a distant target. IOP measurement was 
conducted by the same examiner (PL).

Testing procedures

The first session was used to determine in a randomized 
order the 10-RM load (i.e., the load with which participants 
can perform a maximum of 10 repetitions) during the bench 
press exercise performed in both supine and seated positions. 
The session began with a warm-up consisting of jogging 
and upper-body dynamic stretching exercises. Subsequently, 
participants performed the first set against the 50% of their 
self-perceived 10-RM load. Participants were told to stop the 
set after 5 repetitions when they or an experienced strength 
and conditioning researcher identified that more than 10 rep-
etitions could be performed. The load was then incremented 
in agreement between the participant and the researcher and 
a new set was performed after 3 min of passive rest. Par-
ticipants needed between 3 and 6 sets to reach their 10-RM 
load. The 10-RM load was 39.04 ± 18.05 kg in the supine 
position and 53.57 ± 21.31 kg in the seated position.

The second session allowed us to test our hypotheses 
and consisted of 6 sets of the bench press exercise (2 posi-
tions (supine and seated) and 3 exercise intensities (control, 
medium intensity, and high intensity)). The 10-RM load 
and the 50% of the 10-RM load were used for the high- 
and medium-intensity conditions, respectively. In the con-
trol condition, participants simulated the same movement 
without using any additional load. The order of the sets was 
randomized and they were separated by 10 min of passive 
rest. Participants were asked to adopt the corresponding 

body position, and the baseline measurement was taken 
after maintaining this position for 60 s. During the exercise 
set, IOP was assessed immediately after performing each 
repetition (a total of 10 measurements) in a relaxed position 
(elbows fully extended). Lastly, IOP was measured after 10 s 
of passive rest (recovery measurement).

The supine bench press was performed with an Olympic 
free-weight barbell and weight disks (Fig. 1 panel A). The 
seated bench press was performed using a functional elec-
tromechanical dynamometer (FEMD) (Fig. 1 panel B) [27]. 
This FEMD (Dynasystem, Model Research, Granada, Spain) 
allows to perform a wide variety of movements and it can 
deliver a wide variety of stimuli (i.e., isokinetic, isotonic, 
elastic, isometric, inertial, eccentric, and vibration). The 
control core of this device permits to precisely regulate both 
force and angular velocity through a 2000-W electric motor. 
The user applies forces on a rope that winds on a roller, thus 
controlling and measuring both force and linear velocity. 
A load cell detects the tension applied to the rope and the 
resulting signal goes to an analog-to-digital converter with 
12-bit resolution. Displacement and speed data are collected 
with a 2500-ppr encoder attached to the roller. Data from the 
different sensors are obtained at a frequency of 1 kHz [28].

Experimental design

A cross-over study was designed to examine the influence 
of the body position adopted during upper-body dynamic 
resistance training on IOP values. The 10-RM loads dur-
ing the bench press exercise performed in supine and seated 
positions were determined in the first testing session. In the 

Fig. 1  Photographs of the data 
collection. Panels A and B show 
the supine and seated bench 
press conditions, respectively
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second session, participants randomly performed 6 exercise 
sets (3 exercise intensities (control, medium intensity, and 
high intensity) × 2 body positions (supine and seated)) and 
the IOP was measured before exercise, after each of the 10 
repetitions, and after 10 s of recovery (12 IOP measurements 
for each experimental condition). The six exercise sets were 
performed in a randomized order in order to minimize the 
possible effects of fatigue on the findings of the present study, 
and environmental conditions were kept constant during the 
course of the experiment (∼ 22 °C and ∼ 60% humidity).

Statistical analyses

Firstly, the normal distribution of the data (Shapiro–Wilk 
test) and the homogeneity of variances (Levene’s test) were 
checked. Also, a two-way repeated measures ANOVA (2 × 3: 
body position (supine and seated) and exercise intensity (con-
trol, medium intensity, and high intensity)) was performed 
to assess if baseline IOP measurements were comparable.

For the main analysis, we performed a repeated measures 
ANOVA for IOP (2 × 3 × 12), considering the body posi-
tion (supine and seated), exercise intensity (control, medium 
intensity, and high intensity), and point of measure (baseline, 
repetitions 1–10, and recovery (a total of 12 measurements)) 
as within-participant factors. Multiple comparisons were 
performed, and they were corrected with the Holm–Bonfer-
roni procedure. The magnitude of the changes was reported 
as Cohen’s d effect size (d) and partial eta squared (ηp

2) for T 
and F tests, respectively. An alpha value of 0.05 was consid-
ered as statistically significant. The JASP statistics package 
(version 0.16.2) was used for statistical analyses.

Results

The normal distribution of the data and the homogeneity of 
variances were confirmed (all p-values > 0.05). The analysis 
of baseline IOP values showed statistically significant dif-
ferences for the main factor “body position” (F1,22 = 47.85, 
p < 0.001, ηp

2 = 0.69), with greater values in the supine than 
in the seated position. However, no differences were reached 
for the main factor “exercise intensity” or the interaction 

“body position × exercise intensity” (F2,44 = 2.67, p = 0.081; 
F2,44 = 1.38, p = 0.262; respectively).

The analysis of IOP showed statistically signifi-
cant differences for the main effects of “body position” 
(F1,22 = 107.50, p < 0.001, ηp

2 = 0.83), “exercise inten-
sity” (F2,44 = 85.29, p < 0.001, ηp

2 = 0.80), and “point of 
measure” (F2,44 = 38.34, p < 0.001, ηp

2 = 0.64). Also, there 
were statistically significant differences for the interac-
tions “body position × exercise intensity” (F2,44 = 29.44, 
p < 0.001, ηp

2 = 0.57), “body position × point of meas-
ure” (F11,242 = 8.45, p = 0.004, ηp

2 = 0.11), “exercise 
intensity × point of measure” (F22,484 = 13.48, < 0.001, 
ηp

2 = 0.38), and “body position × exercise intensity × point 
of measure” (F22,484 = 2.34, < 0.001, ηp

2 = 0.10) (Fig. 2). 
Post hoc analyses revealed greater IOP values in the high-
intensity condition in comparison to the medium-intensity 
and control conditions (corrected p-value < 0.001, Cohen’s 
d = 1.17; and corrected p-value < 0.001, Cohen’s d = 2.72, 
respectively), as well as for the medium-intensity condi-
tion when compared to the control condition (corrected 
p-value < 0.001, Cohen’s d = 1.54). Complementarily, we 
calculated the IOP change associated with exercise perfor-
mance in supine and seated positions (Fig. 3).

Fig. 2  Intraocular pressure 
behavior in supine (panel A) 
and seated (panel B) posi-
tions for the control, medium-
intensity, and high-intensity 
conditions. Error bars show the 
standard error

Fig. 3  Changes in intraocular pressure levels between the medium- 
and high-intensity conditions with respect to the control condition 
during the bench press performed in supine and seated positions. 
Error bars show the standard error of the difference
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Discussion

This study was designed to examine the influence of the body 
position adopted during the execution of the bench press 
exercise on IOP. Our data revealed a mediating effect of the 
body position on IOP behavior, obtaining greater IOP incre-
ments when the bench press was performed in the supine 
compared to the seated position. Additionally, and in agree-
ment with previous studies, (i) IOP increased progressively 
over the course of the set [22], (ii) IOP increments were posi-
tively associated with exercise intensity [13, 14], and (iii) IOP 
returned to baseline values immediately after the cessation 
of the effort [29, 30]. Based on the current results, perform-
ing the dynamic bench press to or near to muscular failure, 
and especially while adopting a supine position, should be 
discouraged in individuals who need to minimize IOP incre-
ments. These findings may have important applications for 
exercise prescription in glaucoma patients or those at risk.

This is the first study that has explored during virtually 
the same exercise, bilateral upper-body push, the effect of the 
body position adopted during the execution of the exercise 
on IOP levels. Our preliminary hypothesis was confirmed 
because the supine bench press exercise caused greater IOP 
increments than the seated bench press exercise. As displayed 
in Fig. 2, the IOP peaks in the supine and seated positions 
were of approximately 26 and 20 mmHg, respectively, which 
evidence the possible clinical relevance of these differences. 
To our knowledge, this is the first investigation assessing the 
impact of the body position adopted during resistance train-
ing on IOP, although these results agree with previous stud-
ies using non-physical activities [16–21]. In line with previ-
ous studies [19–21], the baseline IOP differences between 
the seated and supine positions ranged from 1 to 3 mmHg. 
However, during the execution of the bench press exercise, 
the IOP differences between the supine and seated positions 
are greater during the physical effort in comparison to base-
line conditions (average difference during 10 repetitions 
of ~ 5.5 mmHg vs. ~ 3 mmHg in baseline conditions). Based 
on the present outcomes, it is reasonable to prioritize the 
adoption of standing/seated positions instead of lying down 
for the execution of the bench press exercise when maintain-
ing stable IOP levels is desired or necessary [31, 32].

Our data corroborate previous findings about the factors 
mediating the IOP response to resistance training. First, the 
execution of highly demanding physical effort is known to 
provoke an acute and transient IOP rise, which these changes 
being positively associated with the accumulated level of 
effort [22, 33]. In the current study, there was a linear IOP 
rise during exercise performance in the medium- and high-
intensity conditions and while adopting both the seated and 
supine positions (coefficients of correlation (Pearson’s r) 

ranging from 0.75 to 0.93). Second, greater intensities (i.e., 
loads lifted) in resistance training are linked to more abrupt 
IOP increments [13–15, 22, 34–37], which is also observed 
in the present study. Lastly, these IOP effects have demon-
strated to be transient, namely, IOP values return to base-
line levels after a few seconds of exercise cessation [14, 29, 
30, 33]. Here, we found that 10 s of passive recovery were 
enough to reach baseline IOP levels. This set of results sup-
ports that those studies designed to capture IOP changes as 
a function of exercise with a post-exercise measurement may 
underestimate the impact of exercise on IOP levels.

The physiological mechanisms responsible for the medi-
ating effects of body position on the IOP response to resist-
ance training cannot be ruled out from this investigation; 
however, there are several plausible explanations to these 
findings. The execution of highly demanding resistance 
training is accompanied by the Valsalva maneuver, which 
permits to enhance trunk stability [38]. Nevertheless, the 
hemodynamic changes linked to the Valsalva maneuver are 
also dependent on the body position adopted, with these dif-
ferences being attributed to differences in intrathoracic blood 
volume and venous return [39]. In addition, the adoption of 
recumbent positions has been associated with an increased 
episcleral venous pressure and ocular tissues congestion, 
including the choroid (i.e., the most vascularized ocular tis-
sue) [16, 18, 40]. All these factors may have contributed to 
the differences in the IOP response to dynamic resistance 
training in the seated and supine positions.

Limitations and future research

The findings of this study reveal that performing 10 rep-
etitions of the bench press exercise leading to muscular 
failure caused greater IOP rises when performed in supine 
compared to seated position. Nevertheless, there are differ-
ent factors that may limit the validity of these results, and 
they must be listed. First, several factors such as individu-
als’ fitness level [34, 41–43], type of exercise [30, 36], or 
participants’ sex [14, 44] have demonstrated to influence 
the IOP response to exercise, and thus, the results of this 
study should be interpreted with caution in this regard. Sec-
ond, the experimental sample was formed by healthy young 
adults, and the physical capacity and physiological respon-
siveness to exercise in other populations (e.g., elderly sub-
jects with chronic conditions) may be different [45]. Third, 
ocular hemodynamics in glaucoma patients after postural 
change is known to be altered [46], which support that fur-
ther studies are needed to determine the IOP responsiveness 
to resistance training while adopting different body posi-
tions in glaucoma patients. Lastly, this work is limited to the 
acute effects of resistance training on IOP, and future studies 
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should be designed to determine the long-term effects of 
exercise practice on glaucoma prevention and management.

Conclusions

The differences in IOP values between the supine and seated 
positions are accentuated during effort. There was a progres-
sive IOP rise in both body positions, exercise intensity was 
positively associated with the magnitude of the IOP increment, 
and IOP returned to baseline levels immediately after exercise 
cessation. This set of findings support previous evidence on 
the IOP response to highly demanding resistance training, and 
incorporate novel insights into the mediating role of the body 
position adopted during the execution of resistance training 
exercises on IOP levels. Our results suggest that the adoption 
of a seated/standing position (instead of a supine/prone posi-
tion) should be prioritized for maintaining more stable IOP 
levels, and may help to the management and prevention of 
glaucoma. The external validity of these results for glaucoma 
patients needs to be tested in future studies.
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