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Title: Acute intraocular pressure changes during isometric exercise and recovery: the influence of 1 

exercise type and intensity, and participant´s sex.  2 

Running head: IOP behavior during isometric effort and recovery 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 



2 
 

Abstract 25 

Objectives: To evaluate the intraocular pressure (IOP) behaviour during a 1-minute period of 26 

isometric physical effort and the immediate 1-minute of recovery in the mid-thigh clean pull and 27 

squat exercises at three different intensities.  28 

Methods: Twenty physically active individuals performed the isometric mid-thigh clean pull and 29 

squat exercises at three intensities (0% [low-intensity], 25% [medium-intensity] and 50% [high-30 

intensity] of the maximum isometric force). IOP was semi-continuously measured by rebound 31 

tonometry, and these values were processed to obtain a continuous IOP signal.  32 

Results: There was a statistically significant effect of exercise intensity on IOP (p<0.001, ƞp²=0.416), 33 

observing that IOP increments were positively associated with exercise intensity. The mid-thigh clean 34 

pull and squat exercises did not demonstrate differences (p=0.510), and also, no differences were 35 

observed between men and women (p=0.683). The IOP changes during the isometric physical effort 36 

showed a positive linear behaviour in all conditions (r=0.70 to 0.96). IOP returned to baseline levels 37 

after 8 seconds of recovery.   38 

Conclusions: Our data showed a progressive and instantaneous IOP increment during isometric 39 

exercise, which was positively associated with exercise intensity. IOP changes were independent on 40 

the type of exercise and participant´s sex. After exercise, IOP rapidly (≈ 8 seconds) returned to 41 

baseline levels.  42 

Keywords: strength training; mid-thigh clean pull; squat; glaucoma management; exercise intensity.   43 
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Introduction 46 

Recent recommendations of the Physical Activity Guidelines Advisory Committee highlight that 47 

regular practice of physical exercise promotes a variety of health benefits, including a reduced risk of 48 

cancer and fall-related injuries, as well as an improved bone, cardiovascular and brain health among 49 

others (Piercy et al., 2018). The combination of aerobic and muscle-strengthening exercises has been 50 

generally recommended for individuals with chronic health conditions (Piercy et al., 2018). Within 51 

this range of medical conditions, those related to the eye health have gained attention in the last years 52 

(Wylegala, 2016). Of special note is the role of physical exercise in the management and prevention 53 

of glaucoma, since this ocular condition is the leading cause of irreversible blindness worldwide 54 

(Tham et al., 2014). The reduction and stabilization of intraocular pressure (IOP) are the only proven 55 

strategies for the management of glaucoma (The AGIS Investigators, 2010).  The acute and long-term 56 

adaptations induced by exercise demonstrably modulate IOP levels, whereas the prevailing direction 57 

of these IOP changes depends on exercise and participant´s characteristics (Zhu et al., 2018). 58 

 In relation to the different moderating factors on the impact of physical exercise on IOP, the 59 

type of physical exercise is evidently very relevant. Physical exercise performed without overload 60 

seems to promote an IOP reduction during exercise, as manifested for different physical activities 61 

such as cycling at moderate intensities (Najmanova, Pluhacek, & Botek, 2016) or performing a high 62 

intensity interval training (Vera, Jiménez, Redondo, Cárdenas, et al., 2018). Contrary, the execution 63 

of physical efforts against external resistances (e.g., strength exercise) or sport disciplines such as 64 

yoga have showed to induce an acute IOP increment (Jasien, Jonas, De Moraes, & Ritch, 2015; Rüfer 65 

et al., 2014; Vieira, Oliveira, de Andrade, Bottaro, & Ritch, 2006). In particular, weightlifting training 66 

performed both in a dynamic and isometric manner demonstrably raises IOP levels (Bakke, Hisdal, 67 

& Semb, 2009; Vera, Jiménez, Redondo, Torrejón, et al., 2018). While the IOP changes induced by 68 

dynamic resistance training have been positively associated with the overload used or the level of 69 

effort accumulated (Vera, Jiménez, Redondo, Torrejón, et al., 2018; Vera, Garcia-Ramos, Jiménez, 70 
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& Cárdenas, 2017), previous studies focusing on isometric resistance training have found acute IOP 71 

increments when adopting a squat position without exerting force (Castejon et al., 2010) or when 72 

participants are asked to exert force by squeezing a grip with the right hand (Bakke et al., 2009). Few 73 

studies have focused on the impact of isometric effort on IOP and, importantly, no study has 74 

investigated the influence of exercise intensity on IOP during isometric resistance training conditions, 75 

as well as possible variations between commonly used isometric resistance training exercises. This 76 

information would be of interest to assess the mediating role of exercise intensity and exercise type 77 

during isometric efforts on IOP.  78 

Most studies have focused on the assessment of IOP variations during exercise, however, the 79 

time needed for IOP levels to recover has been scarcely investigated. For example, Najmanova et al. 80 

(Najmanova et al., 2016) found that IOP variations induced by exercise (cycling at moderate intensity 81 

for 30 minutes) lasted ten minutes after the exercise ceased. However, results related to the resistance 82 

training seem to agree that IOP rapidly returns to baseline levels (Vera, Jiménez, Redondo, Torrejón, 83 

et al., 2018). The assessment of IOP during physical effort and recovery periods would allow us to 84 

clarify how IOP behaves during and after physical effort. Additionally, it is broadly-accepted that 85 

there are physiological differences between men and women, with females being commonly under-86 

represented in the sports and exercise medicine research (Costello, Bieuzen, & Bleakley, 2014). 87 

Recent scientific evidence has found a different IOP behavior during high-intensity interval-training 88 

between men and women (Vera, Jiménez, Redondo, Cárdenas, et al., 2018), although, these sex 89 

differences have not yet been tested during resistance training efforts. Therefore, we consider that the 90 

comparison between men and women would help to expand our knowledge in this regard.  91 

In view of the gaps identified in the scientific literature, the present study aimed to: (i) semi-92 

continuously assess the IOP behavior during a period of  1-minute isometric resistance training effort, 93 

as well as during a period of  1-minute after exercise cessation, (ii) to determine the influence of the 94 

type of exercise (mid-thigh clean pull and squat) and the exercise intensity (0%, 25%, and 50% of the 95 
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maximum isometric voluntary strength), and (iii) to explore the possible differences between men 96 

and women. The isometric mid-thigh clean pull and squat exercises were chosen because they are 97 

two exercises commonly used to evaluate and develop the strength of lower-body muscles due to 98 

their similarity with many sport activities (Schoenfeld, 2010; Wang et al., 2016). Based on previous 99 

studies, we hypothesized that (i) IOP would progressively increase during isometric resistance 100 

training conditions, and then gradually recover back to baseline levels following the physical effort 101 

(Bakke et al., 2009; Castejon et al., 2010), (ii) greater exercise intensities would promote a higher 102 

IOP increment, as shown during dynamic strength exercise (Vera, Garcia-Ramos, et al., 2017), 103 

however, the lack of studies comparing between exercises does not allow us to establish a hypothesis 104 

for the possible role of the type of exercise, and (iii) the effect of physical effort on IOP would not 105 

differ between men and women as it has been reported during dynamic resistance training (Vera et 106 

al., 2019). 107 

Methods 108 

Participants and ethical approval 109 

Twenty physically active young adults (10 women and 10 men) participated in this study (see Table 110 

1 for sample characteristics). All participants were free of any systemic or ocular disease, and had at 111 

least two years of recreational experience with resistance training. Additionally, they were asked to 112 

avoid any strenuous exercise two days prior to each testing session, as well as to refrain from alcohol 113 

or caffeine consumption 12 hours before attending to the laboratory. The present study was conducted 114 

in conformity with the Code of Ethics of the World Medical Association (Declaration of Helsinki), 115 

and the experiment was carried out under the guidelines of the university Institutional Review Board 116 

(IRB approval: 546/CEIH/2018).  117 

Procedure 118 
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Participants attended to the laboratory in two occasions separated by a minimum of 48 h. The 119 

first session was used for anthropometrical measures as well as to determine the maximum isometric 120 

strength in mid-thigh clean pull and squat exercises (see below for further details). The second session 121 

consisted of an isometric squat and mid-thigh clean pull protocol against three relative intensities 122 

(0%, 25%, and 50% of the maximum isometric strength) applied in randomized order. The vertical 123 

ground reaction force (VGRF) for the 25% (i.e., medium intensity) and 50% (i.e., high intensity) of 124 

maximum isometric strength was 977.0 ± 147.5 N and 1230.8 ± 260.7 N for the mid-thigh clean pull, 125 

and 975.7 ± 185.4 N and 1239.1 ± 298.0 N for the squat exercise, respectively. Only one trial was 126 

performed for each loading condition (a total of six series) and a rest period of 10 min was imposed 127 

between successive trials. Before the commencement of the main experimental session, we obtained 128 

baseline IOP levels for each participant. Afterwards, participants had to achieve the required exertion 129 

and maintain constant tension during a 1-min period. A computer screen placed in front of the 130 

participants and at eye level allowed them to receive visual feedback of the force-time trace using the 131 

force platform software (BioWare v. 5.3.0.7, Kistler, Switzerland), while an experienced optometrist 132 

simultaneously measured the IOP (see Figure 1 for a schematic illustration). When the isometric 133 

effort ended, participants adopted a standing position without producing any exertion and IOP was 134 

measured during the immediate subsequent 1-min recovery period. Participants were instructed to 135 

avoid the Valsalva maneuver, which has showed to promote an IOP increment (Aykan, Erdurmus, 136 

Yilmaz, & Bilge, 2010).  137 

 138 

Maximal isometric strength assessment and data acquisition 139 

Participants performed a standardized warm-up, which consisted of jogging, self-selected dynamic 140 

stretching and joint mobilization exercises, followed by three sustained contractions for 3-4 s at 20, 141 

40, 60 and 80% of maximal perceived exertion. Subsequently, they performed 2 maximal isometric 142 

efforts lasting 3-5 s. Resting periods between efforts were set to 3 min. Participants were instructed 143 
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to pull or push the bar “as fast and as hard as possible” during the mid-thigh clean pull and squat 144 

protocol, respectively. A rest period of 5 min was given between isometric protocols. The order of 145 

each protocol was randomized between participants.  146 

The isometric mid-thigh clean pull and squat protocols required participants to position 147 

themselves on a force platform inside of a Smith machine (Life Fitness, Victoria, Australia) that 148 

allowed fixation of the bar at any height. During the isometric squat exercise, the bar height was 149 

adjusted to achieve a squatted position with an internal knee angle of approximately 90º (Bazyler, 150 

Beckham, & Sato, 2015), while for the isometric mid-thigh clean pull exercise the bar height was 151 

adjusted to the participants’ second pull position of the power clean with an external knee and hip 152 

angles of approximately 140º (James, Roberts, Haff, Kelly, & Beckman, 2017). The individual knee 153 

and hip angles were independently measured with a hand-held goniometer in order to ensure positions 154 

were replicated in each isometric effort.  155 

The vertical ground reaction force (VGRF) produced was recorded by a force platform (9260 156 

AA, Kistler, Switzerland) on which the participants’ feet were placed during each isometric effort. 157 

The position of the feet was recorded for subsequent efforts. The VGRF was sampled at 50 Hz and 158 

displayed on the screen situated in front of the athletes.   159 

 160 

Intraocular pressure assessment and data processing 161 

A portable rebound tonometer was used to assess IOP (Icare, TiolatOy, INC. Helsinki, 162 

Finland) in the right eye. This instruments has been clinically validated (Pakrou, Gray, Mills, Landers, 163 

& Craig, 2008) and employed in related research (Rüfer et al., 2014; Vera, Jiménez, et al., 2017).
 The 164 

main advantages of the Icare tonometer in comparison to others techniques (e.g., Goldman 165 

applanation tonometry) include: (i) it is portable and hand-held, (ii) it can rapidly measure IOP, (iii) 166 

the procedure is well-tolerated and (iv) measuring does not require the use of topical anaesthesia. The 167 

inherent characteristics of the tonometer and the exercise (static exercise with neutral neck position) 168 

allowed us to semi-continuously measure IOP. This constitutes the main novelty of this investigation, 169 
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since previous studies have commonly tested the short-term effects of physical exercise on IOP in a 170 

simple pre/post design (Rüfer et al., 2014;  Vera, Jiménez, Redondo, Cárdenas, & García-Ramos, 171 

2018; Vera, Jiménez, et al., 2017; Vera, Garcia-Ramos, et al., 2017; Vieira et al., 2006). While 172 

exercising, participants were instructed to fixate on a distant target as consecutive measurements were 173 

taken against the central cornea. Every six measurements, the mean value is displayed, and the 174 

examiner vocalized the IOP value to a research assistant for data logging. During the 1-minute 175 

isometric exercise as well as during the 1-minute recovery period, the examiner acquired IOP values 176 

in a continuous fashion. Due to (i) the tonometer’s inability to acquire IOP measurements at exact 177 

time intervals, (ii) the lack of exact timestamps for the measurements and (iii) the manual logging of 178 

the values, we describe a process to overcome these technical restrictions and obtain a set of equally 179 

distributed values at regular intervals with exact timestamps.  180 

We developed a procedure to obtain a set of equally distributed IOP measurements at regular 181 

intervals, thus overcoming the timestamping and lack of automatic logging restrictions of the rebound 182 

tonometer, described above. We based our method on multi-rate digital signal processing, in 183 

particular sample-rate conversion which is the process of changing the sampling rate of a discrete 184 

sampled signal to obtain a new discrete representation of the underlying continuous signal, in this 185 

case the IOP signal (Crochiere & Rabiner, 1983). IOP is a continuous function, as when IOP values 186 

rise and fall between two pressures, IOP will always take all intermediate values between those two 187 

pressures. In our process we treated the obtained samples as geometric points and create the necessary 188 

new points by polynomially interpolating those values, essentially approximating the source, 189 

continuous IOP signal, and then re-sampling at 15 discrete intervals for the 1-minute period, i.e., 190 

every 4 seconds.  191 

Simply stated, when measuring IOP using the rebound tonometer, we sampled the continuous 192 

IOP function at slightly irregular intervals due to tonometer restrictions. The obtained values are the 193 

values of the IOP function at those moments-in-time. Yet due to the function being continuous we 194 
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can approximate the original IOP function from the sample measurements and then re-sample the 195 

derived function at specific, regular intervals, thus obtaining a fixed set of values at these exact 196 

intervals. The new data points are estimated within the range of the discrete set of sampled data points.  197 

Statistical analysis 198 

Before any statistical analysis, the normal distribution of the data (Shapiro-Wilk test) and the 199 

homogeneity of variances (Levene’s test) were confirmed (p > 0.05). Then, a mixed analysis of 200 

variance (ANOVA) with the type of exercise (mid-thigh clean pull and squat), the exercise intensity 201 

(low, medium, high), the measurement moment (physical effort and recovery), and the point of 202 

measure (15 measurements) as within-participants factors, and with participant´s sex (men and 203 

women) as the only between-participants factor, was performed for IOP. The magnitude of the 204 

differences was reported by the partial eta squared (ƞp²) and Cohen’s d, as appropriate. Statistical 205 

significance was set at an alpha level of 0.05, and post hoc tests were corrected using the Bonferroni 206 

correction.  207 

Results 208 

Our analysis did not reveal statistically significant differences for the type of exercise (F1, 18 = 0.451, 209 

p = 0.510, ƞp² = 0.024) and sex (F1, 18 = 0.173, p = 0.683, ƞp² = 0.010), whereas the exercise intensity 210 

(F2, 36 = 12.822, p < 0.001, ƞp² = 0.416), the measurement moment (F1, 18 = 194.012, p < 0.001, ƞp² = 211 

0.915) and the point of measure (F14, 252 = 9.053, p < 0.001, ƞp² = 0.335) yielded statistical significance. 212 

There were also statistically significant differences for the interactive effects of point of measure x 213 

sex (F14, 252 = 1.966, p = 0.021, ƞp² = 0.098), exercise type x exercise intensity x sex (F2, 36 = 3.653, p 214 

= 0.036, ƞp² = 0.169), type of exercise x measurement moment (F1, 18 = 30.052, p < 0.001, ƞp² = 0.625), 215 

exercise intensity x measurement moment (F2, 36 = 24.604, p < 0.001, ƞp² = 0.578), exercise intensity 216 

x measurement moment x sex (F2, 36 = 3.427, p = 0.043, ƞp² = 0.160), type of exercise x point of measure 217 

(F14, 252 = 2.004, p = 0.018, ƞp² = 0.100), exercise intensity x point of measure (F28, 504 = 1.801, p = 218 
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0.008, ƞp² = 0.091), measurement moment x point of measure (F14, 252 = 14.290, p < 0.001, ƞp² = 0.443). 219 

Post-hoc comparisons for the three exercise intensities showed significant differences between the 220 

high vs low (correct p-value = 0.002, Cohen´s d = 0.925) and the medium vs low (corrected p-value 221 

= 0.001, Cohen´s d = 1.021), whereas no differences were observed when the high and medium 222 

intensities were compared (corrected p-value = 0.340).  Post-hoc comparisons for the three exercise 223 

intensities at each point of measure are depicted in Figure 2. No meaningful differences in IOP values 224 

were observed between men and women (Figure 3).  225 

Discussion  226 

Our data indicate that IOP is sensitive to isometric exercise, in particular exhibits a progressive IOP 227 

increment during effort. These changes were positively associated with exercise intensity, and 228 

independent on the type of exercise (mid-thigh clean pull and squat) and participant´s sex. Although 229 

IOP values at the end of the isometric effort demonstrated increments ranging from 11% to 36%, IOP 230 

returned to baseline levels within the subsequent 8 seconds. These outcomes highlight that isometric 231 

exercise, mainly when highly demanding (against heavy loads or performing high relative force), may 232 

be undesirable for individuals with glaucoma, myopic fundus pathology or keratoconus where abrupt 233 

IOP fluctuations have to be prevented.   234 

 The present outcomes reveal that IOP increased as a function of the level of accumulated 235 

effort during isometric exercise, as we observed a strong positive association between IOP and time 236 

under tension. In this regard, a positive association between IOP levels and the level of accumulated 237 

effort has been recently found during dynamic strength exercise (Vera, Jiménez, Redondo, Torrejón, 238 

et al., 2018). We also found that producing more force during isometric exercise was associated with 239 

greater IOP increments. In our study, the average IOP peak during isometric effort reached increments 240 

up to 9 mmHg, and these changes were higher than those found with dynamic strength exercise (~ 241 

5mmHg) (Vera, Jiménez, Redondo, Torrejón, et al., 2018). In comparison to the previous findings 242 

for isometric exercise, our results seem to indicate greater increments (~ 4 mmHg higher in our study), 243 
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although these differences may be the result of the type of exercise used by Bakke et al., (2009), as 244 

the handgrip exercise involves low muscle mass size. Based on our results, and as recommended in 245 

previous studies, we support the idea that exercise prescription for individuals with glaucoma should 246 

be carefully supervised by experts in physical exercise, and in collaboration with eye care specialists, 247 

since performing strength exercise in a dynamic or isometric manner promotes abrupt IOP variations 248 

that may have detrimental effects on ocular health (De Moraes, Mansouri, Liebmann, & Ritch, 2018).  249 

 The type of exercise has demonstrated to play a role on the IOP changes induced by physical 250 

effort, with more abrupt IOP changes in exercises involving greater muscle mass size or those 251 

exercises where the upper body is involved. For example, Rüfer et al., (2014) and Vera et al., (2017)  252 

have found that for exercises involving similar muscle size in the upper and lower body (butterfly vs. 253 

leg curl machines, and bench press vs. squat), greater IOP changes are obtained during strength 254 

training of the upper body. On the other hand, there is also evidence that exercises of the same body 255 

part, but with different muscle mass sizes (e.g., squat vs. calf raise), promote different IOP responses, 256 

with higher IOP increments in those with greater muscle size.  For the two exercises compared in this 257 

study, we failed to find any difference between them. These results may be due to the similar muscle 258 

mass size and the part of body (lower body) involved in both exercises. We selected these two 259 

exercises as they are commonly prescribed in strength programs due to their transferability to athletic 260 

performance, however, future studies should include exercises involving different muscle mass size 261 

and body parts to explore their possible influence on IOP changes associated with isometric exercise.    262 

One of the main results of this study is the rapid recovery (~ 8 seconds) of IOP after isometric 263 

effort, as demonstrated by the analysis of the IOP behavior on the immediate subsequent 1-minute 264 

period of recovery. These results evidence the transient effects of resistance exercise on IOP, with 265 

greater variations occurring during exercise. The IOP behavior during and after exercise seems to be 266 

exercise-dependent, with low-intensity aerobic exercise (cycling) inducing an IOP reduction that may 267 

last 10 minutes after exercise cessation (Najmanova et al., 2016), whereas resistance training 268 



12 
 

promotes acute IOP increments that quickly return to baseline levels after exercise (Vera et al., 2019). 269 

In view of this, the type of physical effort seems to play an important role on the IOP behavior during 270 

exercise and recovery. To date, most investigations have carried out pre/post designs to assess the 271 

impact of physical exercise on IOP, and thus, it seems plausible to expect that the available scientific 272 

literature has underestimated these effects. In addition, we consider that these IOP peaks associated 273 

with isometric efforts may be also relevant to other daily activities, mainly those that comprise 274 

interchanging gases (e.g., carrying a heavy shopping bag) (Baser, Karahan, Bilgin, & Unsal, 2018). 275 

Our data revealed a significant interaction between the type of exercise and measurement moment, 276 

observing greater IOP increments during the execution of the squat exercise in comparison to the 277 

mid-thigh clean pull, but lower IOP values for the squat in comparison to the mid-thigh clean pull 278 

during the recovery period (see Figure 2). This analysis evidences a more abrupt IOP variation 279 

immediately after ceasing isometric effort in the squat exercise when compared to the mid-thigh clean 280 

pull, which may be due to a physiological mechanism that try to reduce IOP levels by an accentuated 281 

aqueous humour drainage after acute IOP increments. 282 

In addition, when testing for possible differences between sexes, our data did not reveal any 283 

differences between men and women. This finding is in agreement with dynamic strength exercise, 284 

in which no differences were observed between men and women (Vera, Jiménez, Redondo, Torrejón, 285 

et al., 2018). However, studies investigating sex-related differences in other physical-tasks without 286 

the use of external loads have found varying IOP responses between men and women (i.e., treadmill 287 

at 70% of peak oxygen uptake or high-intensity interval-training) (Dane, Koçer, Demirel, Ucok, & 288 

Tan, 2006; Vera, Jiménez, Redondo, Cárdenas, et al., 2018). We can firmly state, though, that both 289 

men and women suffer abrupt IOP changes during isometric effort, which rapidly return to baseline 290 

level after exercise completion. Nevertheless, the analysis of the interactive effects of sex revealed 291 

some differences between men and women. The IOP values obtained during isometric effort were 292 

generally higher for men in comparison to women (5 out of 6 ES; see Figure 2), while in recovery 293 
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women presented higher IOP values (4 out of 6 ESs; see Figure 3). Based on this, isometric effort 294 

promotes a similar IOP response between both sexes, however women seem to present a less 295 

accentuated IOP variation between the periods of isometric effort and recovery.  296 

 The present study is not exempt of limitations that must be acknowledged. First, our results 297 

are safely applicable to healthy young adults, as different findings may be observed for individuals 298 

of other age groups or with chronic health conditions. We encourage future studies to explore these 299 

findings in older population or glaucoma patients that have demonstrated an inefficient regulation of 300 

the aqueous humour dynamics (Gabelt & Kaufman, 2005). Second, the participant´s fitness level has 301 

been shown to be a mediating factor on the IOP changes induced by dynamic strength exercise (Vera, 302 

Jiménez, Redondo, Cárdenas, et al., 2018), however, these effects have not been corroborated with 303 

isometric efforts, and thus, need further research. Third, participants were instructed to prevent the 304 

Valsalva Manoeuver, since it demonstrably increases IOP levels (Aykan et al., 2010). Future studies 305 

should employ this respiration pattern during exercise in order to assess its influence on IOP. Fourth, 306 

both exercises were performed in standing position, however, body and head positions evidently 307 

affect IOP (Jasien et al., 2015; Prata, De Moraes, Kanadani, Ritch, & Paranhos, 2010). We hope that 308 

future studies will investigate the influence of body and head positions during isometric exercise. 309 

Lastly, we used a portable rebound tonometer to semi-continuously assess IOP during effort and 310 

recovery. Notably, a recent development of contact-sensors (SENSIMED Triggerfish, Lausanne, 311 

Switzerland) permits to continuously measure IOP (Mansouri, Weinreb, & Liu, 2015), although this 312 

technology may have several disadvantages for this experimental design. The contact-lens sensor is 313 

programmed to collect 300 data points during 30 seconds at 5 minutes intervals during 24 hours, and 314 

thus, it is not appropriate for the purposes of this study. Also, the contact-lens sensor output signal is 315 

given in arbitrary units for which no conversion into IOP values exists, and this method for IOP 316 

assessment has demonstrated a weak correlation with applanation tonometry (Vitish-Sharma et al., 317 

2018). Further developments of this technology could enhance its usefulness in future investigations.  318 
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Summing up, an abrupt, rapid and progressive IOP increment occurs during isometric exercise, 319 

and this effect is more evident when exercising at greater intensities, with IOP returning to baseline 320 

levels within 8 seconds after the exercise has ceased. The mid-thigh clean pull and squat exercises 321 

induce similar IOP increments, and sex-related differences are inexistent. Our present outcomes 322 

support previous evidence on the detrimental effects of strength exercise when stable IOP levels are 323 

desirable. Our findings may be of interest for the management and prevention of glaucoma via 324 

lifestyle interventions, however, the external validity of these results for glaucoma patients needs to 325 

be addressed in future studies.  326 

 327 
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Figure captions 453 

Figure 1. Photographs of the study procedure during the isometric mid-thigh clean pull (Panel A) 454 
and squat (Panel B) exercises. 455 

 456 

Figure 2. Effects of performing 1-minute of isometric mid-thigh clean pull (panel A) and squat (panel 457 
B) exercises at three different intensities. The recovery values represent the IOP measurements taken 458 
during the immediate subsequent 1-minute recovery period. *, # and $ denote statistically significant 459 
differences for the comparisons high-intensity vs. low-intensity, high-intensity vs. medium-intensity, 460 
and medium-intensity vs. low-intensity, respectively.    461 

 462 

Figure 3. Standardized differences (Cohen´s d effect size) in the intraocular pressure changes 463 
between men and women when performing the isometric mid-thigh clean pull (panel A) and squat 464 
(panel B) exercises at three different intensities. Error bars show the 90% confidence intervals.  465 

 466 
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 468 

 469 

 470 

Table 1. Descriptive (mean ± standard deviation) characteristics of the experimental sample.  471 

 472 

 473 

 474 

 475 

 476 

 477 

 478 

 479 

 480 

 Total sample (n = 20) Men (n = 10) Women (n = 10) 
Age (years) 23.8 ± 3.1 24.2 ± 3.0 23.4 ± 3.2 
Weight (kg) 68.4 ± 7.2 78.4 ± 8.2 58.4 ± 6.2 
Height (cm) 171.5 ± 8.0 180.5 ± 9.8 162.5 ± 6.2 
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