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5. ABSTRACT/RESUMEN

Introduction: Glaucoma is the leading cause of irreversible blindness worldwide, and the only 
proven effective treatment is the reduction and stabilization of intraocular pressure (IOP). However, 
modifiable lifestyle factors, such as physical activity, may play a complementary role in its management. 
Evidence suggests that different types of exercise can modulate both intraocular pressure and ocular 
perfusion pressure (OPP), although the mechanisms involved and the specific response in patients with 
primary open-angle glaucoma (POAG) have not been fully clarified. In the absence of evidence-based 
specific guidelines, this thesis explores the impact of physical exercise as a complementary strategy to 
pharmacological treatment for glaucoma. 

Objective: To provide evidence-based guidelines on the most effective training strategies to im-
prove physical fitness without compromising—and potentially improving—ocular health in patients 
with primary open-angle glaucoma. Specifically, the aims are: (i) to synthesize existing evidence and 
generate practical recommendations for exercise and eye care professionals; (ii) to analyze the acute 
responses of intraocular pressure and ocular perfusion pressure during low-intensity endurance exercise; 
(iii) to assess the influence of dynamic resistance exercise on intraocular and ocular perfusion pressure; 
and (iv) to study the response of intraocular and ocular perfusion pressure to isometric resistance exer-
cises considering the intensity of the effort. 
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Methods: To address these objectives, the thesis comprises four studies: a narrative literature 
review and three randomized crossover experimental studies. The first phase consisted of a patient-cen-
tered clinical review, synthesizing available evidence on the effects of physical exercise on intraocular 
pressure. In the endurance exercise study, 21 POAG patients and 17 controls performed 400-meter 
walking trials at different paces (slow/fast), with and without external loads, to assess their impact on 
IOP and OPP. In the dynamic resistance study, IOP and OPP responses were measured during leg exten-
sion and biceps curl exercises performed at low and moderate intensities in 26 POAG patients and 18 
controls. The isometric resistance study included 25 POAG patients and 19 controls, analyzing IOP and 
OPP behavior during isometric contractions of the biceps curl and mid-thigh pull at different intensities. 

Results: The review demonstrated that low-to-moderate intensity endurance exercise can acutely 
reduce IOP, whereas resistance exercises tend to increase it. POAG patients showed stable IOP behav-
ior while walking at both slow and fast paces, while OPP increased after walking, particularly at faster 
speeds. Our data showed a progressive increase in IOP throughout the sets of leg extension and biceps 
curl exercises performed at moderate intensity, with POAG patients exhibiting a significantly smaller 
IOP rise compared to controls, and no significant differences in OPP. Isometric resistance exercises 
caused a progressive IOP increase that returned rapidly to baseline post-exercise, along with a slight 
post-exercise increase in OPP. The IOP increase during the mid-thigh pull at moderate intensity was 
significantly lower in POAG patients compared to the control group. 

Conclusion: The findings of this thesis support the use of physical exercise as a safe and po-
tentially beneficial complementary strategy in the management of glaucoma. Low-intensity endurance 
exercise appears to be particularly safe, while resistance training—especially isometric—should be 
carefully prescribed based on intensity and individual patient profiles. This thesis provides a valuable 
scientific foundation for the development of clinical guidelines for exercise prescription in patients with 
glaucoma. 
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Introducción: El glaucoma es la principal causa de ceguera irreversible a nivel mundial y su úni-
co tratamiento eficaz demostrado consiste en la reducción y estabilización de la presión intraocular. Sin 
embargo, existen factores modificables del estilo de vida, como la actividad física, que podrían desem-
peñar un papel coadyuvante en su manejo. La evidencia sugiere que distintos tipos de ejercicio pueden 
modular la presión intraocular y la presión de perfusión ocular, aunque los mecanismos involucrados 
y la respuesta específica en pacientes con glaucoma de ángulo abierto primario no han sido completa-
mente aclarados. Ante la falta de guías específicas basadas en evidencia, esta tesis explora el impacto del 
ejercicio físico como estrategia complementaria al tratamiento farmacológico del glaucoma. 

Objetivo: Proporcionar directrices basadas en la evidencia científica sobre las estrategias de en-
trenamiento más eficaces para aumentar la condición física sin comprometer o incluso mejorando la 
salud ocular en pacientes con glaucoma primario de ángulo abierto. Específicamente, se pretende: i) sin-
tetizar la evidencia existente y generar recomendaciones prácticas para profesionales del deporte y de la 
salud visual; ii) analizar las respuestas agudas de la presión intraocular y la presión de perfusión ocular 
durante el ejercicio aeróbico de baja intensidad; iii) evaluar la influencia del ejercicio de fuerza dinámico 
sobre la presión intraocular y la presión de perfusión ocular; y iv) estudiar la presión intraocular y la 
presión de perfusión ocular a ejercicios de fuerza isométricos considerando la intensidad del esfuerzo. 

Metodología: Para responder al objetivo, la tesis se compone de cuatro estudios: una revisión nar-
rativa de la literatura y tres estudios experimentales con diseño cruzado y aleatorizado. La primera fase 
consistió en una revisión clínica centrada en el paciente, sintetizando la evidencia disponible sobre los 
efectos del ejercicio físico sobre la presión intraocular. En el estudio de ejercicio aeróbico, 21 pacientes 
con glaucoma primario de ángulo abierto y 17 controles realizaron caminatas de 400 m a diferentes rit-
mos (lento/rápido), con y sin cargas externas, analizando su efecto en la presión intraocular y la presión 
de perfusión ocular. En el estudio de fuerza dinámica, se midió la respuesta de la presión intraocular y 
la presión de perfusión ocular durante ejercicios de extensión de piernas y curl de bíceps realizados a 
intensidades baja y moderada con 26 pacientes con glaucoma primario de ángulo abierto y 18 controles. 
El estudio de fuerza isométrica contó con 25 pacientes con glaucoma primario de ángulo abierto y 19 
controles, analizando el comportamiento de la presión intraocular y la presión de perfusión ocular du-
rante contracciones isométricas de curl de bíceps y tirón de muslo medio a distintas intensidades.  

Resultados: La revisión evidenció que el ejercicio aeróbico a intensidades baja-moderada puede 
reducir agudamente la presión intraocular, mientras que los ejercicios de fuerza tienden a aumentarla. 
Los pacientes con glaucoma primario de ángulo abierto muestran un comportamiento estable de la 
presión intraocular al caminar a velocidades lentas y rápidas, mientras que se observa un aumento de la 
presión de perfusión ocular después de la caminata, siendo mayor al caminar a un ritmo rápido. Nuestros 
datos muestran un aumento progresivo de la presión intraocular a lo largo de las series de extensión de 
piernas y curl de bíceps a intensidad moderada, destacando un incremento menor en los pacientes con 
glaucoma primario de ángulo abierto en comparación con los controles, mientras que no se encuentran 
diferencias en la presión de perfusión ocular. Los ejercicios de fuerza isométrica provocaron un aumen-
to progresivo de la presión intraocular volviendo rápidamente a los valores basales tras el ejercicio, 
mientras que provocaron un leve aumento de la presión de perfusión ocular después del ejercicio. El 
aumento de la presión intraocular fue significativamente menor en los pacientes con glaucoma primario 
de ángulo abierto durante el ejercicio de tirón de muslo medio a intensidad moderada en comparación 
con el grupo control.  

Conclusión: Los hallazgos de esta tesis respaldan el uso de ejercicio físico como una estrate-
gia segura y potencialmente beneficiosa en el tratamiento complementario del glaucoma. El ejercicio 
aeróbico de baja intensidad representa una opción segura, mientras que el ejercicio de fuerza, espe-
cialmente el isométrico, debe ser cuidadosamente dosificado en función de la intensidad y el perfil del 
paciente. Esta tesis ofrece una base científica útil para el desarrollo de guías clínicas de prescripción de 
ejercicio físico adaptadas a pacientes con glaucoma. 
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6. INTRODUCTION AND KEY CONCEPTS

In recent years, the evolution of sports science has had a significant impact on contemporary 
society. An increasing proportion of the population engages in physical activity with objectives ranging 
from aesthetic enhancement, improved performance and quality of life. Notably, this latter goal gener-
ates a great benefit in global public health, and reinforces the relevance of physical activity within the 
national public health policies (Volf et al. 2022). Research on the role of physical activity and different 
pathologies focuses the attention of sports scientists, physicians, physiotherapists, and/or nutritionists 
(Bull 2018). Multidisciplinary research among these professionals is essential to effectively promote 
physical activity as an adjuvant strategy for both the prevention and management chronic diseases (Hall 
et al. 2012). 

The overwhelming evidence supports the use of physical activity to reduce the risk for premature 
mortality and chronic disease (Warburton and Bredin 2017). Regular physical exercise is associated with 
a reduced risk of cardiovascular disease and cancer, as well as improvements in musculoskeletal health 
brain-related function (neurological condition, mental health and cognitive function). In the cardiovas-
cular domain, exercise improves endothelial function, reduces blood pressure, enhances lipid profiles, 
and promotes insulin sensitivity (Green et al. 2017). In the context of cancer, physical activity modulates 
systemic inflammation, boosts immune surveillance, and regulates hormone levels (Pedersen and Saltin 
2015). Regarding musculoskeletal health, resistance exercises are effective in preserving bone mineral 
density and muscle mass, thereby decreasing the risk of osteoporosis and sarcopenia associated with 
frailty and falls in older adults (Hurley et al. 2011; Indrakumar and Silva 2024). Additionally, regular 
physical activity has profound benefits for brain health, including enhanced cerebral blood flow, neuro-
genesis, and synaptic plasticity, reducing the risk of neurodegenerative diseases and improving mood 
and psychological well-being (Paillard et al. 2015; Gallaway et al. 2017). Therefore, recent guidelines 
have spread a common message promoting the regular participation in moderate-to-vigorous physical 
activities (Bull et al. 2020). However, it is important to establish a dose–response relationship between 
physical activity and health outcomes, which may vary depending on the specific disease (Warburton 
and Bredin 2017).  

Within the broader context of chronic diseases, ocular health may also benefit from regular phys-
ical exercise by contributing to the reduction of frailty in affected populations. Glaucoma, as the leading 
cause of irreversible blindness worldwide and a significant public health concern, warrants particular 
attention from the scientific community (Weinreb et al. 2014). Accumulated evidence indicates that 
glaucoma negatively impacts both psychological well-being and participation in daily physical activity 
(Ramulu et al. 2012; Huang et al. 2020). Notably, certain frailty indices incorporate the presence of glau-
coma as a key marker in assessing individual vulnerability (McMonnies 2016). Despite being frequently 
recommended, physical exercise lacks specific evidence-based guidelines for glaucoma patients, whose 
vulnerability highlights the need to promote safe and lifelong activity to counteract inactivity (Risner et 
al. 2009; Loprinzi et al. 2013).  
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Chasing Glaucoma

Glaucoma is a chronic optic neuropathy characterized by progressive degeneration of retinal gan-
glion cells, leading to structural and functional damage to the optic nerve and, ultimately, irreversible 
vision loss. Recent estimates project that, by 2040, the number of people suffering from glaucoma will 
reach 111.8 million worldwide, highlighting the pressing need for effective strategies for the prevention, 
early diagnosis, and management of this condition (Tham et al. 2014). While glaucoma encompasses 
a range of subtypes, including primary open-angle glaucoma (POAG) and angle-closure glaucoma, 
they share common features such as optic nerve damage and associated visual field defects (Prum et al. 
2016). POAG is the most prevalent form of glaucoma and is associated with several high-risk factors, 
including advanced age, ocular hypertension, myopia, African or Latino ethnicity, and a family history 
of glaucoma (Prum et al. 2016).

Glaucoma progression is usually slowly, remaining asymptomatic until the disease severity is 
important, with a huge percentage of patients being unaware of their diagnosis and treatment (Kang 
and Tanna 2021). Evidence suggests that up to 30–50% of retinal ganglion cells may degenerate before 
glaucomatous defects become detectable through conventional visual field assessments (Weinreb et al. 
2014). When the disease progresses the visual field loss swift from blurred areas to dark or foggy vision 
to total loss of light perception (Pickett et al. 1985). Topical medications and laser trabeculoplasty con-
stitute the first-line treatment options; nevertheless, in cases of inadequate response, incisional surgical 
interventions may be considered. Due to the substantial risk of adverse events associated with these pro-
cedures, they are generally reserved for patients at high risk of symptomatic disease progression, high-
lighting the need to explore alternative or complementary therapeutic strategies (Weinreb et al. 2014).

	  The pathophysiology of glaucoma involves progressive enlargement of the optic cup due to 
damage to the lamina cribrosa and the loss of retinal ganglion cell axons (Figures 1 & 2) (Kang and Tan-
na 2021). This is provoked by the intraocular pressure (IOP) increase, reducing the metabolic transport 
of retinal ganglion cells axons, resulting in apoptosis and determining the optic nerve damage. The IOP 
increase is determined by the accumulation of aqueous humour due to malfunction of aqueous humour 
outflow (Figure 3). Although much attention is focus on IOP control, insufficient optic nerve perfusion 
has been implicated as a contributing factor in the onset and progression of glaucoma (Leske 2009). A 
reduction in ocular perfusion pressure (OPP) levels has been identified as a risk factor for glaucoma. For 
clarity, essential terms and definitions related to glaucoma are summarized in Table 1. 

Apart from medical treatment, lifestyle habits including caffeine intake, mental stress or physical 
activity have a significant role in IOP and OPP (Hecht et al. 2017). Specifically, higher levels of physical 
activity have been shown to contribute to better control of IOP and OPP, potentially reducing the prev-
alence of glaucoma (Vera et al. 2020a). However, most existing studies have been conducted in healthy 
individuals, limiting their applicability to clinical populations such as POAG patients. Furthermore, the 
physiological mechanisms underlying exercise-induced changes in IOP and OPP remain partially under-
stood and appear to be influenced by multiple factors, including exercise type, intensity, and individual 
fitness level (Gracitelli et al. 2020; Vera et al. 2020f). A review of how IOP and OPP levels could be 
modified by physical activity will appear throughout the studies of this thesis.

Although exercise is commonly recommended for patients with glaucoma, specific evidence-based 
guidelines have yet to be established (Risner et al. 2009). Given the vulnerability of these individuals, 
the promotion of safe and effective forms of physical activity across their lifespan is important to avoid 
physical inactivity or unfavourable activity-related beliefs (Loprinzi et al. 2013). This doctoral thesis 
aims to integrate physical activity as an adjuvant to pharmacological treatment, aiming to enhance dis-
ease management and patient quality of life through an interdisciplinary approach.



Table 1. Key concepts for glaucoma



Figure 1. Glaucomatous optic disc cupping. Adapted from Kang and Tanna 2021.

Figure 2. Healthy optic disc. Adapted from Kang and Tanna 2021.

Figure 3. Arqueous humor outflow. Adapted from Kang and Tanna 2021.
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7. OBJECTIVES/OBJETIVOS

General objective:

To provide research-based guidelines on the most effective training strategies to increase fitness 
without compromising or even improving ocular health in POAG patients.

In order to comply with the general objective, this doctoral thesis has been organized into four 
studies based on the following specific objectives:

Study I: Evidence-Based Exercise Recommendations for the Reduction and Stabilization of Intraocular 
Pressure: A Practical Guide for Eye Care and Sport Specialists.

Objective 1:	 to synthesize current evidence on the effects of physical exercise on IOP and 
their implications for glaucoma prevention and management.

Objective 2:	 to provide research-based guidelines to assist eye care specialists and sports 
science professionals in designing and implementing exercise strategies tailored to the 
needs of glaucoma patients or individuals at risk.
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Study II: Intraocular pressure and ocular perfusion pressure responses during low-intensity endurance 
exercise in primary-open angle glaucoma patients vs. age- and sex-matched controls: Influence of walk-
ing pace and external load.

Objective 3:	 to assess the IOP and OPP acute responses to low-intensity endurance ex-
ercise (400-m walking) when performed at two different walking paces with and without 
carrying external loads.

Objective 4:	 to compare the IOP and OPP acute responses to low-intensity endurance exer-
cise (400-m walking) between POAG patients and age- and sex-matched controls.

Study III: Acute intraocular pressure responses changes during dynamic resistance training in primary 
open-angle glaucoma patients and age-matched controls.

Objective 5:	 to assess the IOP and OPP responses to dynamic lower- and upper-body re-
sistance exercises.

Objective 6:	 to compare the IOP and OPP responses between POAG patients and age-
matched controls.

Objective 7:	 to compare the IOP and OPP responses between lower- and upper-body exer-
cises (leg extension vs. biceps curl).
Objective 8:	 to compare the IOP and OPP responses when leg extension and biceps curl 
exercises are performed at low and moderate intensities.

Study IV: Acute intraocular pressure changes during isometric exercise in primary-open angle glauco-
ma patients: The influence of exercise type and intensity.

Objective 9:	 to assess the effects of the type of isometric resistance exercise (mid-thigh 
pull and biceps curl) in POAG patients and age- and sex-matched controls.

Objective 10: to compare the intensity effects (low vs. moderate) on the IOP and OPP 
response during exercise and recovery in POAG patients and age- and sex-matched controls.
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Objetivo general: 

Proporcionar directrices basadas en la evidencia científica sobre las estrategias de entrenamiento 
más eficaces para aumentar la condición física sin comprometer o incluso mejorando la salud ocular en 
pacientes con glaucoma primario de ángulo abierto. 

Con el propósito de dar cumplimiento al objetivo general, esta tesis doctoral se ha organizado en 
cuatro estudios basados en los siguientes objetivos específicos: 

Estudio I: Recomendaciones de ejercicio basadas en la evidencia para la reducción y estabilización 
de la presión intraocular: una guía práctica para especialistas en salud ocular y ciencias del deporte.

Objectivo 1:	 Sintetizar la evidencia actual sobre los efectos del ejercicio físico en la presión 
intraocular y sus implicaciones para la prevención y el manejo del glaucoma. 

Objectivo 2:	 Proporcionar directrices basadas en la investigación que ayuden a los espe-
cialistas en salud ocular y a los profesionales de las ciencias del deporte a diseñar e imple-
mentar estrategias de ejercicio adaptadas a las necesidades de personas con glaucoma o en 
riesgo de desarrollarlo.  

Estudio II: Respuestas de la presión intraocular y la presión de perfusión ocular durante ejercicio de 
resistencia de baja intensidad en pacientes con glaucoma de ángulo abierto primario vs. controles em-
parejados por edad y sexo: influencia del ritmo de marcha y la carga externa.

Objectivo 3:	 Evaluar las respuestas agudas de la presión intraocular y de la presión de per-
fusión ocular al ejercicio de resistencia de baja intensidad (caminata de 400 m) realizado a 
dos ritmos de marcha diferentes, con y sin carga externa. 

Objectivo 4:	 Comparar las respuestas agudas de la presión intraocular y la presión de per-
fusión ocular al ejercicio de resistencia de baja intensidad (caminata de 400 m) entre paci-
entes con glaucoma primario de ángulo abierto y controles emparejados por edad y sexo.

Estudio III: Cambios agudos en la presión intraocular durante el entrenamiento de fuerza dinámico en 
pacientes con glaucoma de ángulo abierto primario y controles emparejados por edad.

Objectivo 5:	 Evaluar las respuestas de la presión intraocular y la presión de perfusión oc-
ular a ejercicios dinámicos de fuerza del tren inferior y superior.

Objectivo 6:	 Comparar las respuestas de la presión intraocular y la presión de perfusión 
ocular entre pacientes con glaucoma primario de ángulo abierto y controles emparejados 
por edad.
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Objectivo 7:	 Comparar las respuestas de la presión intraocular y la presión de perfusión 
ocular entre ejercicios del tren inferior y superior (extensión de piernas vs. curl de bíceps). 

Objectivo 8:	 Comparar las respuestas de la presión intraocular y la presión de perfusión 
ocular cuando los ejercicios de extensión de piernas y curl de bíceps se realizan a inten-
sidades baja y moderada.

Estudio IV: Cambios agudos en la presión intraocular durante el ejercicio isométrico en pacientes con 
glaucoma de ángulo abierto primario: influencia del tipo e intensidad del ejercicio.

Objectivo 9:	 Evaluar los efectos del ejercicio de fuerza isométrico (tirón de muslo medio y 
curl de bíceps) en pacientes con glaucoma primario de ángulo abierto y controles empare-
jados por edad y sexo.

Objetivo 10: Comparar los efectos de la intensidad (baja vs. moderada) sobre la respuesta 
de la presión intraocular y la presión de perfusión ocular durante el ejercicio y la recu-
peración en pacientes con glaucoma primario de ángulo abierto y controles emparejados 
por edad y sexo.
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Evidence-based exercise recommendations for reduction and stabilization of 
intraocular pressure: A practical guide for eye care and sport specialists
Jesús Vera, María Dolores Morenas-Aguilar, Amador García-Ramos

Brief overview

The principal goal of glaucoma management 
is to reduce and stabilize IOP, as it remains 
the only proven strategy to slow disease 

progression and preserve vision (Boland et al. 
2013). Advances in pharmacological and surgical 
interventions, such as topical medications, selec-
tive laser trabeculoplasty, and minimally invasive 
glaucoma surgeries have substantially improved 
the standard of care for glaucoma patients (Con-
lon et al. 2017), with topical therapy and selective 
laser trabeculoplasty considered as the first-line 
treatment options (Gazzard et al. 2019). Howev-
er, the increasing prevalence of glaucoma under-
scores the need for complementary approaches 
that extend beyond conventional treatments to 
address modifiable risk factors.

Recent years have witnessed growing inter-
est in the potential influence of environmental and 
lifestyle factors, such as diet and physical activity, 
on the pathogenesis and progression of glaucoma 
(Elhusseiny and Aref 2025). Research suggests 
that modifiable behaviours may offer an adjunc-
tive therapeutic benefit by providing neuroprotec-
tion to retinal ganglion cells and contributing to 
overall ocular health (Hecht et al. 2017). Among 
these factors, physical exercise has emerged 
as a promising area of investigation due to its 

well-documented systemic health benefits and its 
potential role in reducing IOP (Zhu et al. 2018; 
Perez et al. 2019; Fahmideh et al. 2022).

The regular practice of physical exercise 
is associated with numerous health benefits, in-
cluding reduced risks of cardiovascular disease, 
cancer, osteoporosis, and fall-related injuries, as 
well as enhanced mental and cognitive function 
(Piercy et al. 2018). These positive effects extend 
to ocular health, with observational and retro-
spective studies indicating that individuals who 
engage in regular physical activity are less likely 
to develop glaucoma or experience its progression 
(Williams 2009; Yokota et al. 2016; Meier et al. 
2018; Anderson 2019; Lee et al. 2019; Kawakami 
et al. 2020; Pan et al. 2020). Lee and colleagues 
(Lee et al. 2019) examined the link between phys-
ical activity levels and the rate of visual field loss 
in 141 patients with suspected or diagnosed glau-
coma. They found that increased walking, more 
time spent in moderate-to-vigorous physical ac-
tivity, and reduced sedentary behavior were asso-
ciated with slower rates of visual field loss. This 
relationship may be mediated by the ability of 
physical exercise to induce short-term reductions 



34

Physical activity as an adjuvant strategy to pharmacological treatment of glaucoma

in IOP, improve ocular blood flow, and exert neu-
roprotective effects on retinal ganglion cells (Zhu 
et al. 2018).

Despite these promising findings, the 
clinical application of exercise as an adjunctive 
strategy for glaucoma management remains un-
derexplored. Notably, exercise prescription for 
glaucoma patients or at-risk individuals must be 
tailored to their specific health conditions to max-
imize benefits and minimize risks (Gildea et al. 
2024). Collaboration between sports scientists 
and eye care professionals is essential to develop 
evidence-based, individualized exercise regimens 
that address the unique needs of this population 
(Pedersen and Saltin 2006). However, no random-
ized controlled trials have yet systematically eval-
uated the long-term impact of structured physical 
exercise programs on glaucoma prevention or dis-
ease progression, leaving a significant gap in the 
literature.

The acute effects of physical exercise on 
IOP have been extensively studied, with evi-
dence suggesting that various factors, such as 
exercise intensity, duration, type, and individual 
fitness levels, mediate the IOP response (Zhu et 
al. 2018). Understanding these variables is crucial 
for developing practical guidelines on exercise 
prescription for glaucoma patients. This clinical 
review aims to synthesize current evidence on 
the effects of physical exercise on IOP and their 
implications for glaucoma prevention and man-
agement. The primary objective is to provide re-
search-based guidelines to assist eye care special-
ists and sports science professionals in designing 
and implementing exercise strategies tailored to 
the needs of glaucoma patients or individuals at 
risk. By bridging the gap between ocular health 
and exercise science, this review seeks to clarify 
how physical activity can serve as a complemen-

tary approach to conventional glaucoma treat-
ments, ultimately enhancing patient outcomes and 
quality of life.

The articles included in this review were 
identified through comprehensive searches of 
electronic databases, including PubMed, Ebsco-
Host (MEDLINE, SportDis-cus, CINAHL Plus), 
PROQuest, Cochrane Library, and Embase. The 
search spanned from the inception of each data-
base to September 2024 and was guided by an 
information specialist with training in systematic 
reviews. Search strategies were carefully designed 
to capture relevant studies investigating the rela-
tionship between physical exercise and glaucoma, 
with particular emphasis on IOP modulation and 
neuroprotection. By critically appraising and syn-
thesizing these studies, this review aims to pro-
vide actionable insights for advancing glaucoma 
care and research.

FACTORS AFFECTING THE IOP 		
	         RESPONSE TO EXERCISE

Exercise Type and Intensity

Exercises can generally be categorized 
into endurance-oriented and resistance-oriented 
types, yet the specific outcomes of these activities 
can vary significantly based on their implemen-
tation (Kenney et al. 2022). Endurance exercises 
performed at low-to-moderate intensities, which 
are targeted to enhance the aerobic system, have 
shown promise for glaucoma prevention and 
management, with studies linking such activities 
to acute reductions in IOP (Risner et al. 2009; 
Roddy et al. 2014). Activities like walking, jog-
ging, or cycling at low intensities typically yield 
short-term IOP reductions ranging between ~2 to 
5 mmHg, with these effects persisting for few-
er than 20 min post-exercise (Najmanova et al. 
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2016; Janicijevic et al. 2022). Longitudinal obser-
vations and retrospective studies reinforce these 
findings, suggesting that regular engagement in 
such activities reduces the likelihood of glauco-
ma onset and progression (Williams 2009; Yoko-
ta et al. 2016; Meier et al. 2018; Anderson 2019; 
Lee et al. 2019; Kawakami et al. 2020; Pan et al. 
2020). Furthermore, a non-controlled prospective 
study conducted by Agrawal (2015) demonstrated 
that open-angle glaucoma patients using topical 
anti-glaucoma medications experienced greater 
IOP reductions when advised to perform 30 min 
of daily low-intensity exercise for a month com-
pared to those who did not exercise (Agrawal 
2015). However, due to limitations inherent to ob-
servational and retrospective designs, causal re-
lationships remain speculative, underscoring the 
need for controlled clinical trials to validate these 
results.

High-intensity endurance exercises, tai-
lored to enhance anaerobic capacity, present a 
more nuanced picture. For example, studies ex-
amining the immediate effects of high-intensity 
interval training (HIIT) protocols have identified 
acute reductions in IOP during exercise, with 
outcomes varying based on the recovery periods 
between sprints. Less physically demanding HIIT 
protocols, characterized by longer recovery inter-
vals, demonstrated a progressive IOP decrease, 
whereas more strenuous protocols exhibited a 
U-shaped response, negating the beneficial effects 
(Vera et al. 2019b). Another investigation found 
that maximal cycling sprints caused IOP reduc-
tions when performed against lighter resistances, 
but heavier loads triggered IOP increases (Vera et 
al. 2017b). These findings highlight the potential 
of HIIT as an efficient exercise modality for IOP 
reduction, provided that protocols are designed 
to avoid excessive physical strain. Additionally, 
HIIT offers time-efficient strategies for individ-

uals with busy lifestyles, making it a promising 
option for integrating physical activity into glau-
coma prevention programs. Future studies should 
explore how variations in intensity, duration, and 
recovery time influence IOP responses to ensure 
optimal protocol design.

In contrast, resistance-based exercises, 
particularly those performed at moderate-to-high 
intensities, consistently induce acute IOP eleva-
tions (Hackett et al. 2024). Research indicates a 
direct relationship between resistance training in-
tensity — defined by the load lifted — and IOP 
levels. Additionally, exercises completed closer 
to failure result in more pronounced IOP increas-
es (Vera et al. 2019a, d, c, 2020a, f). As a result, 
highly demanding resistance training (e.g., heavy 
lifting and sets to failure) may be counterproduc-
tive for IOP reduction in the short term. Exercises 
such as bench press and leg press exercises can 
cause acute IOP increases, with the magnitude of 
the change being positively correlated with the 
load used (Vera et al. 2017a; Vaghefi et al. 2021). 
In addition, larger muscle mass involvement and 
breath-holding strategies during exercise exac-
erbates this effect (Vieira et al. 2006). However, 
most studies found transient IOP decreases after 
resistance exercises (Hackett et al. 2024).

Nevertheless, resistance-based exercis-
es contribute significantly to the management of 
chronic conditions and overall health improvement 
(Hurley et al. 2011). Incorporating multi-compo-
nent training programs — including endurance, 
resistance, and balance exercises — could provide 
comprehensive health benefits while minimizing 
risks (Bull et al. 2020). The intensity of these 
programs should remain low to moderate, with 
careful attention given to maintaining a steady 
respiratory pattern during exercise to avoid IOP 
spikes. These programs may also enhance adher-
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ence and long-term outcomes for individuals at 
risk of glaucoma. Further research should inves-
tigate whether modifications in resistance training 
protocols, such as lower resistance levels or fewer 
repetitions, could mitigate IOP elevations while 
maintaining overall health benefits.

The integration of personalized exercise 
plans, tailored to an individual’s physical capac-
ity and health status, could maximize the bene-
fits of physical activity for glaucoma prevention 
and management (Zhu et al. 2018; Gildea et al. 
2024). Collaboration between eye care specialists 
and exercise professionals is essential to design 
and implement these programs effectively. Future 
research should also prioritize longitudinal and 
randomized controlled trials to better understand 
the interplay between various exercise modalities 
and IOP dynamics, ultimately refining exercise 
recommendations for glaucoma patients.

Body Position

IOP has demonstrated sensitivity to the 
body position adopted in a variety of non-exer-
cised contexts (i.e., sleeping, reading) (Prata et al. 
2010). For instance, a heightened IOP response 
has been observed when individuals are in a re-
cumbent position with neck flexion compared to 
when they are seated with their neck in a neutral 
position (Malihi and Sit 2012). Similarly, reading 
while lying in a supine position results in a higher 
IOP than when reading while sitting upright (Vera 
et al. 2020g). These findings suggest that even mi-
nor changes in body position can have a notable 
impact on IOP.

During exercise, the body frequently adopts 
various positions depending on the type of activity 
being performed. For example, in exercises such 
as yoga or CrossFit, head-down positions are of-

ten required to execute specific movements, while 
some resistance training exercises, such as the 
bench press, are typically performed in a supine 
or seated position. These different postures could 
lead to varying effects on IOP (Prata et al. 2010). 
Notably, certain exercises that involve head-down 
positions, such as those commonly practiced in 
yoga, have been shown to cause significant in-
creases in IOP (Baskaran et al. 2006; Bertschinger 
et al. 2007; Jasien et al. 2015). For glaucoma pa-
tients or those at risk, it is important to avoid some 
yoga positions (e.g., Adho Mukha Svanasana and 
Uttanasana) since they cause an acute IOP rise 
(Jasien et al. 2015). These findings are of particu-
lar concern for individuals with glaucoma or those 
at risk of developing the condition, as sustained or 
excessive increases in IOP could potentially exac-
erbate disease progression.

For resistance-based exercises, research 
from our group has demonstrated that IOP re-
sponses can differ based on body position. Specif-
ically, we found that performing the bench press 
in a supine position leads to greater IOP increases 
compared to performing the exercise in a seated 
position (Lara et al. 2023). This difference high-
lights how even slight changes in body posture 
during exercise can influence IOP levels, which 
may have implications for exercise prescription 
in individuals with or at risk for glaucoma. While 
the supine position is common for certain resis-
tance exercises, its impact on IOP suggests that 
adopting alternative positions, such as sitting or 
standing, may be beneficial in maintaining stable 
IOP levels.

Taken together, the current evidence indi-
cates that body positions involving head-down or 
supine postures should be avoided, when possi-
ble, by individuals at risk for glaucoma onset or 
progression. These positions appear to exacerbate 
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IOP rises, which may increase the risk of dam-
age to the optic nerve in susceptible individuals. 
However, further research is needed to better un-
derstand the long-term effects of these positions 
on IOP and their potential role in the progression 
of glaucoma. Future studies should focus on ex-
amining the cumulative impact of different body 
positions across various types of exercise and 
assessing whether specific postures can be mod-
ified or avoided to mitigate the risk of IOP spikes 
during physical activity. This knowledge will be 
crucial in developing exercise recommendations 
tailored to individuals with glaucoma or those at 
heightened risk of the condition.

Breathing Pattern

The breathing pattern adopted during exer-
cise plays a crucial role in both physical perfor-
mance and the physiological responses to exer-
cise. Proper breathing techniques are essential for 
maintaining stability, optimizing energy delivery, 
and minimizing the strain on the cardiovascular 
system. For example, the Valsalva maneuver, in 
which an individual exhales forcefully with a 
closed airway, is commonly used in high-inten-
sity exercises such as powerlifting. This maneu-
ver enhances trunk stability and allows for greater 
force production during demanding physical ef-
forts. However, while the Valsalva maneuver can 
enhance performance, it may also have detrimen-
tal effects on hemodynamic function, including 
significant increases in blood pressure and intra-
thoracic pressure (Ikeda et al. 2009; Blazek et al. 
2019). 

Regarding IOP, there has been limited re-
search investigating the specific impact of breath-
ing patterns during exercise. However, recent 
studies suggest that the pattern of breathing can 
modulate IOP responses. In particular, restricted 

breathing or compromised gas exchange during 
exercise appears to result in higher IOP levels. 
Two studies, one involving dynamic resistance 
training and the other examining isometric resis-
tance exercises, demonstrated that, when gas ex-
change is hindered, such as through the Valsalva 
maneuver, greater increases in IOP are observed 
(Vera et al. 2020d, 2021b). This suggests that IOP 
increases are linked to alterations in breathing that 
impair normal respiration, potentially contribut-
ing to higher IOP during intense exercise.

In addition, the eruption of the COVID-19 
pandemic and the use of face masks to reduce its 
transmission led to assess the effects of wearing 
face masks on IOP. In this regard, Janicijevic and 
colleagues (2021) (Janicijevic et al. 2021) investi-
gated the short-term effects of using surgical and 
FFP2/N95 masks on IOP levels during low-in-
tensity endurance exercise in POAG patients. 
Although the magnitude of the increase was rel-
atively small, this finding suggests that restricted 
airflow from wearing masks could influence IOP, 
particularly during exercise. This highlights the 
importance of considering breathing dynamics 
and the potential for mask-induced airflow restric-
tion when assessing exercise safety for individu-
als with glaucoma or those at risk.

Additionally, research on high-altitude ex-
posure, where oxygen levels are lower and breath-
ing patterns naturally change, has provided further 
insight into the relationship between breathing and 
IOP. Numerous studies have investigated the ef-
fects of high-altitude exposure on IOP, and, while 
most agree that high-altitude conditions result in 
a statistically significant increase in IOP, these 
changes are generally considered clinically insig-
nificant in healthy individuals (Bayer et al. 2004; 
Ersanli et al. 2006; Somner et al. 2007; Bosch et 
al. 2010; Willmann et al. 2017; Najmanová et al. 
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2019; Yang et al. 2019; Wu et al. 2020). However, 
this effect may be more pronounced in individuals 
with glaucoma, where even small increases in IOP 
could pose a risk to optic nerve health (De Moraes 
et al. 2011).

In the context of airflow restriction as a per-
formance enhancement tool, certain studies have 
explored the use of specialized masks designed 
to limit airflow during exercise, simulating the 
effects of high-altitude training (Barbieri et al. 
2020). These masks are thought to improve physi-
cal performance by increasing the body’s efficien-
cy in oxygen utilization. However, recent research 
on the effects of airflow restriction masks has 
shown that they can counteract the IOP-lowering 
effects typically observed during low-intensity 
endurance exercise (Vera et al. 2021a). The study 
found that the use of airflow restriction masks re-
sulted in higher IOP during exercise, highlighting 
that any manipulation of normal breathing, wheth-
er through masks or other means, may negatively 
affect IOP regulation.

Taken together, these findings suggest that 
the manipulation of breathing patterns — wheth-
er through the Valsalva maneuver, face masks, or 
other interventions that restrict airflow — can lead 
to an increase in IOP during exercise. To mini-
mize the risk of exacerbating IOP in individuals 
with glaucoma or those at risk, it is important to 
avoid such alterations in breathing during phys-
ical activity. Exercise supervision by qualified 
sports specialists is highly recommended to en-
sure that an appropriate breathing pattern is main-
tained throughout exercise, thereby preventing 
potential adverse effects on IOP and overall eye 
health. Further research is needed to investigate 
the long-term effects of altered breathing patterns 
on IOP and to develop specific guidelines for 
managing breathing during exercise, particularly 

for individuals with glaucoma or those predis-
posed to elevated IOP. Studies should also explore 
the potential impact of different types of breath-
ing techniques (e.g., diaphragmatic versus chest 
breathing) on IOP regulation during exercise to 
better inform exercise prescriptions and safety 
recommendations for this population.

Cognitive Requirements

In many settings, physical and cognitive 
demands occur simultaneously, such as in occu-
pational environments, military operations, and 
team sports. These activities require individuals to 
not only perform physically challenging tasks but 
also to engage in complex cognitive processes like 
decision making, strategic thinking, and problem 
solving (Loprinzi et al. 2013; Young et al. 2015). 
The combined demands of physical and mental 
exertion can result in an additive or even syner-
gistic effect on IOP. For example, studies have 
shown that increasing mental demands during 
physical tasks, such as cycling or basketball free-
throw shooting, causes a significant rise in IOP 
(Vera et al. 2018a; Zaher et al. 2024). These find-
ings suggest that cognitive stress during exercise 
may exacerbate the IOP response, which could be 
particularly concerning for individuals with or at 
risk of glaucoma.

	 If reducing IOP is a therapeutic goal, men-
tal stress should be minimized during physical 
activity. This highlights the importance of inves-
tigating the role of psychological factors in glau-
coma prevention and management. Mental stress 
has been shown to trigger a range of physiological 
changes, including elevated IOP, which could un-
dermine the benefits of exercise that typically help 
to lower IOP (Zaher et al. 2024). For individuals 
with glaucoma, stress reduction becomes a criti-
cal aspect of managing the condition and prevent-
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ing its progression. Physical activities promoting 
benefits for physical status and mental well-being 
should be considered (e.g., yoga, Tai Chi, Pilates, 
etc.). These practices have been shown to im-
prove both physical and mental health, promoting 
relaxation, reducing stress, and enhancing overall 
quality of life (Büssing et al. 2012). Recent stud-
ies have also suggested its potential benefits on 
the management of glaucoma (Dada et al. 2018, 
2021, 2022). A recent meta-analysis (Zaher et al. 
2024) found that various relaxation techniques 
(i.e., meditation, yoga, autogenic relaxation exer-
cises, etc.) cause significant IOP reductions in the 
long term.

	 One of the major challenges in manag-
ing chronic conditions like glaucoma is ensuring 
long-term adherence to exercise regimens. In the 
context of exercise prescription, especially for 
individuals with chronic conditions, maintaining 
adherence is a key factor in achieving therapeu-
tic benefits. Exercise adherence enables glaucoma 
patients to meet their physical activity guidelines, 
which is associated with a lower risk of develop-
ing glaucoma (Meier et al. 2018; Lee et al. 2019). 
Evidence from sports science and psychology has 
consistently shown that the enjoyment and plea-
sure derived from physical activity are critical 
determinants of adherence to exercise programs 
(Kwan and Bryan 2010; Ekkekakis et al. 2011). 
If an exercise routine is perceived as enjoyable, 
individuals are more likely to stick with it, which 
is essential for improving long-term health out-
comes. This is especially important for glauco-
ma patients, who may need to adopt exercise as 
a regular part of their lifestyle to manage IOP and 
reduce disease progression. Eye care providers 
and fitness professionals can work together to 
recommend activities that are both beneficial for 
IOP regulation and enjoyable for the individual, 
ensuring that the patient remains motivated and 
committed to long-term exercise participation.

Fitness Level

The IOP responsiveness to physical efforts 
seems to be mediated by fitness level, with physi-
cally fitter individuals showing a more stable IOP 
behavior during exercise performance. Indeed, 
this finding has been observed for different phys-
ical activities, including maximal treadmill run-
ning, all-out cycling sprints, resistance exercises 
and low-intensity endurance exercises (Vera et al. 
2017b, 2018b, 2020b; García-Ramos et al. 2018; 
Janicijevic et al. 2022). These observations sug-
gest that a higher baseline fitness level may confer 
a protective effect against exercise-induced IOP 
fluctuations.

This evidence aligns with the gradual pro-
gression models recommended by the American 
College of Sports Medicine for exercise prescrip-
tion (Garber et al. 2011; Medicine 2013). These 
guidelines emphasize the importance of tailoring 
exercise programs to an individual’s initial train-
ing status to minimize exercise-related compli-
cations, such as significant IOP fluctuations. For 
example, Vera and colleagues (Vera et al. 2020b) 
found that less fit individuals (relative maximal 
oxygen uptake: 43.4 ± 1.2 mL min−1 kg−1) ex-
hibited a greater IOP rise (effect size = 0.95) after 
completing a treadmill test in comparison to indi-
viduals with higher fitness levels (relative maxi-
mal oxygen uptake: 57.1 ± 1.7 mL min−1 kg−1). 
Such fluctuations have been identified as a crit-
ical risk factor for glaucoma onset and progres-
sion (Gordon et al. 2007; De Moraes et al. 2011). 
This underscores the necessity of a measured and 
progressive approach to physical training in glau-
coma patients or those at risk of developing the 
condition.

For individuals with lower baseline fitness 
levels, initial exercise programs should prioritize 
low-intensity activities with gradual increments 
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in intensity and duration. This approach can help 
build endurance and strength without inducing 
abrupt changes in IOP. For example, unfit individ-
uals might begin with light walking or stretching 
exercises before progressing to moderate-inten-
sity activities such as brisk walking or cycling. 
Fitness professionals and healthcare providers 
should collaborate to ensure that exercise plans 
for glaucoma patients or at-risk individuals are 
both safe and effective. Regular assessments of 
physical fitness and IOP behavior during exercise 
can provide valuable insights for tailoring these 
programs. Additionally, promoting adherence to 
these tailored plans through education and consis-
tent support is crucial for maximizing long-term 
benefits. Future research should aim to further 
clarify the relationship between fitness levels, 
IOP responsiveness, and glaucoma progression. 
Studies exploring the optimal rate of progression 
in exercise programs for individuals with varying 
fitness levels could provide critical insights, en-
hancing the precision of exercise prescriptions for 
this population. Moreover, randomized controlled 
trials could help establish definitive guidelines for 
integrating fitness considerations into glaucoma 
prevention and management strategies.

Nutritional Ergogenic Aids

Performance during sporting activities can 
be significantly influenced by well-chosen nutri-
tion strategies. Adequate nutrition plays a vital 
role in supporting athletes’ physical capacity, re-
covery, and overall performance. In recent years, 
dietary supplements have become increasingly 
popular as a convenient and practical alternative 
to help athletes meet their nutritional needs, es-
pecially when certain nutrients or compounds 
may be challenging to obtain through food alone 
(Thomas et al. 2016; Maughan et al. 2018). How-

ever, it is important to note that not all supplements 
are without risks. Some have been associated with 
harmful health effects, ranging from minor issues 
like gastrointestinal discomfort to more serious 
adverse events affecting various organ systems. 
These adverse effects can occur across all age 
groups, from amateur athletes to elite compet-
itors, underscoring the need for careful consid-
eration when incorporating supplements into an 
athlete’s regimen (Palmer et al. 2003). For glauco-
ma patients, certain nutrients have demonstrated 
benefits, such as lowering IOP or improving optic 
nerve blood flow (Perez et al. 2019; Fahmideh et 
al. 2022). In fact, nutritional supplementation can 
serve as a complementary strategy for managing 
glaucoma and other eye conditions; however, it is 
also essential to acknowledge that some supple-
ments may have undesirable effects and should be 
prescribed by qualified professionals.

	 Among the most popular and extensive-
ly studied dietary supplements is caffeine, wide-
ly recognized for its potential to enhance both 
physical and cognitive performance. Caffeine is 
known to stimulate the central nervous system, 
leading to increased alertness, reduced fatigue, 
and improved focus, all of which are beneficial 
during exercise and competition (McLellan et al. 
2016). Given these performance-enhancing ef-
fects, caffeine has been incorporated into various 
pre-exercise and during-exercise supplementation 
strategies. The effects of caffeine on IOP have 
been widely studied in non-sport contexts, with 
research focusing on its impact on IOP in both 
healthy individuals and those with conditions like 
glaucoma (Li et al. 2011; Hecht et al. 2017; Vera 
et al. 2019e; Fahmideh et al. 2022). In the context 
of exercise, however, there is a relative paucity 
of research exploring how caffeine influences IOP 
during physical activity. One study, for instance, 
examined the impact of caffeine intake (~4 mg/
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kg) on IOP responses during low-intensity endur-
ance exercise, specifically 30 min of cycling. The 
study found that caffeine intake appeared to coun-
teract the IOP-lowering effects typically observed 
during low-intensity exercise. While exercise can 
generally reduce IOP by enhancing ocular perfu-
sion and reducing systemic vascular resistance, 
caffeine seems to reverse this effect in the short 
term, leading to an increase in IOP during phys-
ical activity (Li et al. 2011). This suggests that 
caffeine ingestion may disrupt the typical IOP re-
duction that is often seen with endurance exercise. 
In the short term, this indicates a potential neg-
ative effect on IOP stabilization, particularly for 
individuals who are susceptible to elevated IOP or 
those with glaucoma.

	 Despite these short-term effects, the long-
term impact of caffeine consumption on IOP is 
less clear. Evidence from studies on chronic caf-
feine consumption suggests that regular intake 
may lead to a modest increase in baseline IOP 
levels. However, this increase in IOP is generally 
not associated with an increased risk of develop-
ing glaucoma, especially in individuals without a 
predisposition to the disease (Rang et al. 2008). 
Some studies suggest that, over time, the body 
may adapt to regular caffeine intake, potentially 
mitigating its acute impact on IOP (Fahmideh et 
al. 2022). Furthermore, animal models of glauco-
ma have provided some surprising insights into 
the potential neuroprotective effects of caffeine. 
Research has shown that caffeine may reduce neu-
roinflammation and protect retinal ganglion cells 
from degeneration, both of which are key factors 
in glaucoma progression (Madeira et al. 2016). 
These findings indicate that caffeine may have a 
protective role in maintaining retinal health and 
may even reduce the damage caused by elevat-
ed IOP in some contexts, though more research is 
needed to confirm these effects in humans.

	 Although caffeine is one of the most 
widely studied ergogenic aids in terms of its im-
pact on physical and cognitive performance, there 
remains a significant gap in our understanding of 
its long-term effects on IOP, particularly during 
exercise. The current body of research, while in-
formative, does not provide conclusive evidence 
on how regular caffeine consumption influences 
IOP over extended periods. Additionally, it re-
mains unclear whether the short-term rise in IOP 
observed after caffeine intake is clinically signifi-
cant for individuals with glaucoma or those at risk 
of developing the condition. As the relationship 
between caffeine and IOP is still not fully under-
stood, further research is necessary to explore 
both the short- and long-term effects of caffeine 
and other nutritional supplements on IOP levels, 
ocular health, and retinal function.

	 Interestingly, nitric oxide supplements 
have been proposed to improve muscle perfor-
mance and training adaptations. Research indi-
cates that dietary nitric oxide supplementation 
improves peak power during isokinetic resistance 
training (Gonzalez et al. 2023). Additionally, ni-
tric oxide plays a vital role in maintaining IOP ho-
meostasis, with disruptions in its signalling linked 
to glaucoma and related conditions (Reina-Torres 
et al. 2021). This compound has also been identi-
fied as a promising strategy for reducing IOP in 
glaucoma patients by enhancing outflow through 
the conventional outflow pathway (Cavet et al. 
2014; Aliancy et al. 2017). Furthermore, nitric 
oxide supports ocular blood flow and regulates 
vascular tension, potentially offering protection 
for the optic nerve (Erdinest et al. 2021). These 
findings suggest that nitric oxide supplementation 
could be a valuable adjunct in glaucoma treat-
ment, particularly by targeting the conventional 
outflow pathway (Han et al. 2021).
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In addition to caffeine and nitric oxide, 
other nutritional ergogenic aids, such as creatine, 
beta-alanine, and branched-chain amino acids 
(BCAAs), are commonly used to improve athletic 
performance. However, their effects on IOP and 
ocular health remain largely unexplored. For the 
rest of the substances, future studies should aim 
to investigate the impact of these supplements on 
IOP during different types of exercise, particular-
ly those that may increase IOP levels, such as re-
sistance training and HIIT. By expanding our un-
derstanding of how various dietary supplements 
influence IOP and retinal function, we can provide 
evidence-based recommendations for athletes, 
particularly those with eye conditions like glauco-
ma, ensuring that supplementation strategies sup-
port both performance and long-term eye health.

Specific Training Devices

Swimming and aquatic exercise have 
shown to offer numerous health benefits (Omar et 
al. 2021; Kwok et al. 2022). The resistance of wa-
ter reduces the stress on joints and muscles, which 
makes swimming an accessible and effective form 
of exercise for older adults (Reichert et al. 2020; 
Chen et al. 2024). Therefore, this physical activity 
is a very interesting for glaucoma patients or those 
at risk. However, one factor that requires consid-
eration when swimming is the use of swimming 
goggles. Studies have shown that wearing swim-
ming goggles can lead to a small, but statistically 
significant, rise in IOP (Morgan et al. 2008; Pau-
la et al. 2016; Jiménez et al. 2020; Zhang et al. 
2022). While the increase in IOP is modest, it may 
still be relevant for individuals with glaucoma or 
those seeking to maintain stable IOP levels. How-
ever, the frequent use of swimming goggles was 
not associated with an increased risk of glaucoma 
over time in adults (Franchina et al. 2015).

	 Interestingly, the rise in IOP associated 
with swimming goggles may be linked to the de-
sign of the goggles and how they fit on the face. 
The pressure exerted by the goggles on the eyes 
and surrounding tissues, particularly the ocular 
and periocular areas, can cause temporary chang-
es in IOP (Morgan et al. 2008). This effect is 
thought to be due to the compression of the ocu-
lar structures, which might impede normal ocular 
drainage and increase the pressure within the eye 
(Paula et al. 2016). It is hypothesized that the an-
atomical characteristics of the face and head, as 
well as the specific design of the goggles, may in-
fluence how much pressure is applied to the eye. 
As shown by Zhang and colleagues (Zhang et al. 
2022), the use of wider frames in swimming gog-
gles causes smaller IOP elevation in comparison 
to smaller frames. 

In response to these concerns, researchers 
have proposed that redesigning swimming gog-
gles to reduce the compressive forces on the eyes 
and surrounding tissues could be a valuable al-
ternative. Innovations in goggle design, such as 
using softer materials or incorporating adjustable 
pressure mechanisms, could help minimize the 
potential IOP increases associated with their use 
(Jiménez et al. 2020). While there is no definitive 
consensus on the optimal design, advancements 
in goggle technology could provide a solution for 
individuals with glaucoma who wish to engage in 
swimming without negatively affecting their IOP.

Blood flow restriction (BFR) training, 
which involves the application of cuffs or wraps 
to limit blood flow to the working muscles during 
exercise, has gained attention in recent years for 
its potential to enhance athletic performance and 
improve muscle strength in a more efficient man-
ner (Patterson et al. 2019). This approach allows 
individuals to achieve similar gains in muscle 
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mass and strength as traditional high-load resis-
tance training, but with the added benefit of us-
ing lower weights, which can reduce the strain on 
joints and tissues. BFR is also seen as a promis-
ing strategy for individuals in fragile populations, 
such as older adults or those with joint issues, as it 
minimizes the risk of injury associated with heavy 
lifting (Loenneke et al. 2012; Centner et al. 2019).

However, the effects of BFR on IOP have 
not been extensively studied. To address this gap 
in knowledge, our research group has conducted 
two studies to investigate the impact of BFR on 
IOP levels. In our first study, we found that ap-
plying bilateral blood flow restriction to the upper 
and lower extremities at 60% and 40% of the par-
ticipants’ predicted arterial occlusion pressure did 
not result in significant changes in IOP during rest 
(Vera et al. 2020c). This suggests that, at least un-
der resting conditions, BFR may not significantly 
affect IOP levels, offering some reassurance for 
individuals concerned about the potential impact 
of this training method on ocular health.

In a follow-up study published in 2023, 
we further explored the acute effects of combin-
ing resistance training with blood flow restriction 
on IOP. We observed that applying BFR at 40% 
pressure during resistance exercises led to similar 
IOP responses compared to exercises performed 
without blood flow restriction (Gene et al. 2023). 
This indicates that low-intensity BFR combined 
with light-load resistance training may be a safe 
and effective approach for inducing muscle adap-
tations typically associated with high-load exer-
cises, without causing harmful changes in IOP.

These findings are particularly important 
for individuals with glaucoma, as they suggest 
that BFR could be a viable alternative to tradi-
tional high-load resistance training. By combin-
ing BFR with light resistance training, individ-

uals may achieve similar strength and muscle 
endurance benefits, while avoiding the potentially 
harmful effects of heavy lifting on IOP. Given the 
limited research on the subject, further studies are 
needed to explore the long-term effects of BFR on 
IOP, especially in individuals with glaucoma or 
those at risk. Nevertheless, current evidence sug-
gests that BFR could be incorporated into exercise 
regimens for glaucoma patients as a means of im-
proving physical performance without negatively 
impacting ocular health.

LIMITATIONS AND 			    	
		      FUTURE RESEARCH

The available scientific evidence about the 
association between physical activity and IOP is 
mainly based on results from non-clinical popu-
lations. While these studies provide insights into 
the general effects of exercise on IOP, the unique 
pathophysiology of glaucoma means that findings 
from non-glaucoma individuals should be inter-
preted cautiously (Weinreb et al. 2014). Glaucoma 
patients are particularly vulnerable to IOP fluctu-
ations, which may lead to optic nerve damage and 
retinal ganglion cell loss (De Moraes et al. 2011). 
Therefore, it is crucial to prioritize research that 
specifically involves glaucoma patients to better 
understand how different types of exercise impact 
IOP and glaucoma progression.

When possible, researchers should priori-
tize the inclusion of glaucoma patients for their 
studies. Also, the primary goal of an exercise in-
tervention is to promote long-term benefits on the 
underlying condition (i.e., glaucoma). Thus, more 
longitudinal studies are required to shed light 
on the link between exercise practice and glau-
coma prevention and management (Meier et al. 
2018). The design of well-powered randomized 
controlled trials with a sufficient period of fol-
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low-up aiming to test the effects of physical ex-
ercise interventions on glaucoma prevention and 
management would be very relevant (Lee et al. 
2019). The main goal of this report is to provide 
an evidence-based guide for exercise prescription 
in subjects who need to maintain IOP levels as 
low as possible. Nevertheless, exercise prescrip-
tion should be individualized considering risk fac-
tors, medical history, musculoskeletal limitations, 
functional ability, tolerance, and personal prefer-
ences (Izquierdo et al. 2021).

While the focus of this report is on exer-
cise interventions, it is important to acknowledge 
that glaucoma management extends beyond phys-
ical activity. Modifiable lifestyle factors such as 
diet, mental stress, sleep hygiene, and smoking 
cessation all influence IOP and overall eye health 
(Hecht et al. 2017; Fahmideh et al. 2022). Health-
care providers should consider these factors when 
developing comprehensive treatment plans for 
glaucoma patients. For example, dietary changes 
could improve ocular blood flow, while stress re-
duction techniques, such as meditation and yoga, 
may help mitigate IOP increases associated with 
mental stress.

Given the multifactorial nature of glauco-
ma management, future research should explore 
the potential of multi-component lifestyle inter-
ventions that combine exercise with other behav-
ioral modifications (Fahmideh et al. 2022). This 
approach could offer a more holistic solution for 
preventing glaucoma progression and improving 
patient outcomes. By investigating the combined 
effects of exercise, diet, and mental health strate-
gies, researchers may identify synergistic benefits 
that enhance the management of IOP and protect 
against optic nerve damage. In addition, glauco-
ma types such as pigmentary glaucoma should 
be carefully considered. There is evidence that 

dynamic exercise may cause significant IOP ele-
vation in these cases due to exercise-induced iris 
concavity, which enhances mechanical rubbing of 
the iris against the zonular bundles and results in 
pigment release (Jensen et al. 1995; Haargaard et 
al. 2001).

In summary, while the existing evidence on 
exercise and IOP is promising, further research is 
needed to understand the long-term effects of ex-
ercise in glaucoma patients. Future studies should 
prioritize the inclusion of glaucoma patients, in-
vestigate the effectiveness of different exercise 
modalities, and consider other modifiable lifestyle 
factors that contribute to IOP management. Such 
research will be vital in developing individual-
ized, evidence-based recommendations for glau-
coma prevention and management, ultimately im-
proving the quality of life and visual outcomes for 
patients with this condition.

A PRACTICAL GUIDE FOR EXER-
CISE PRESCRIPTION IN GLAUCO-
MA PATIENTS OR THOSE AT RISK

There is robust and irrefutable evidence 
supporting the regular practice of physical exer-
cise as an essential component in reducing pre-
mature mortality and the prevalence of numerous 
chronic conditions, including cardiovascular dis-
eases, diabetes, and obesity (Pedersen and Saltin 
2015; Warburton and Bredin 2017). Regular phys-
ical activity has been widely recognized for its 
broad spectrum of health benefits, both for general 
well-being and the management of specific med-
ical conditions. As a result, various international 
organizations, such as the World Health Organi-
zation and the American Heart Association, have 
proposed general physical activity guidelines to 
promote public health. These recommendations 
typically suggest a threshold of 150 min per 
week of moderate to vigorous physical activity or 
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10,000 steps per day for both healthy individuals 
and those with clinical conditions (Piercy et al. 
2018; Bull et al. 2020).

However, while these threshold-centered 
recommendations have been widely adopted, 
there is growing recognition that they may not 
fully capture the nuanced relationship between 
physical activity and health outcomes, especially 
for individuals with specific health conditions like 
glaucoma. Specifically, there is a well-established 
dose–response relationship between physical 
activity and health status, where incremental in-
creases in physical activity can lead to progressive 
improvements in health, particularly for those 
who are least active (Warburton and Bredin 2017; 
Stens et al. 2023). For example, individuals who 
are sedentary or engage in low levels of physical 
activity tend to experience the greatest health ben-
efits from even small increments in physical activ-
ity, such as moving from no exercise to engaging 
in light physical activity.

Exercise prescription must be tailored to 
the individual’s specific health needs and con-
dition. For patients with glaucoma, for instance, 
the primary focus of exercise-based interventions 
should be on managing IOP, as it is a critical factor 
in the prevention and management of the disease. 
Exercise recommendations for glaucoma patients 
should consider the effects of different types of 
physical activity on IOP and how they can be op-
timally leveraged to achieve the best possible out-
comes for disease control. Figure 4 provides an 
evidence-based summary of key exercise-related 
factors that eye care providers and sports special-
ists should consider when prescribing exercise 
for individuals with glaucoma. These factors in-
clude the type, intensity, duration, and frequency 
of exercise, all of which can influence IOP levels. 
By using this approach, clinicians can ensure that 
their exercise prescriptions are not only safe but 
also effective in managing IOP and preventing 
glaucoma progression.

Furthermore, while the general public can 
benefit from a one-size-fits-all approach to phys-
ical activity, individuals with chronic conditions 
like glaucoma may require more individualized 
exercise recommendations. These recommenda-
tions should be based on factors such as the pa-
tient’s current IOP levels, physical fitness, and any 
other comorbidities they may have. An individu-
alized approach would help maximize the bene-
fits of exercise for glaucoma management while 
minimizing any potential risks or adverse effects. 
Ultimately, a well-tailored exercise prescription, 
when combined with other therapeutic strategies, 
can significantly enhance the quality of life for in-
dividuals with glaucoma and improve long-term 
outcomes.

CONCLUSIONS

Physical exercise is one of the most import-
ant modifiable glaucoma risk factors, and exercise 
prescription must be considered by eye care pro-
viders and sport specialists when providing guid-
ance and counselling for this population. There 
is a dose–response relationship between exercise 
practice and health status, highlighting that small 
increases in exercise practice provide significant 
health benefits (i.e., every step counts). A pro-
gressive involvement with physical activities that 
promote participation and adherence seems to be 
a good strategy for older adults with chronic con-
ditions.

Exercise should be considered as medicine, 
and the prescription of physical activity should 
therefore be based on the subject’s characteris-
tics (i.e., medical history, musculoskeletal limita-
tions, personal preferences, etc.) and controlled 
like any other medical treatment. We encourage 
the research community to design randomized 
controlled trials to assess the long-term effects 
of exercise and multicomponent interventions on 
glaucoma prevention and management.
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Figure 4. Schematic illustration of the experimental design of study 2. 6-MWT = six-minute walk test, NLC = non-load 
carriage, LC = load carriage
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Intraocular pressure and ocular perfusion pressure responses during low-intensity endur-
ance exercise in primary-open angle glaucoma patients vs. age- and sex-matched controls: 
Influence of walking pace and external load

María Dolores Morenas-Aguilar, Cristina González Hernández, Sara Chacón-Ventura, Santiago Or-
tiz-Perez, Juan Francisco Ramos-López, Amador García-Ramos, Jesús Vera 

Brief overview

Within the range of modifiable lifestyle 
interventions, physical exercise has 
been suggested as a promising adju-

vant strategy for glaucoma prevention and man-
agement (Zhu et al. 2018). Observational stud-
ies have shown a lower glaucoma incidence and 
progression in physically active individuals with 
higher endurance capacity being related to lower 
IOP and higher OPP values (Yip et al. 2011; Mei-
er et al. 2018; Lee et al. 2019). Specifically, the 
execution of low to moderate intensity endurance 
exercise causes an acute reduction of IOP levels 
in healthy and clinical populations (Najmanova 
et al. 2016; Vera et al. 2020e). Endurance exer-
cises like walking, jogging, and cycling are high-
ly recommended for glaucoma management and 
prevention (Hamilton-Maxwell and Feeney 2012; 
Najmanová et al. 2019; Janicijevic et al. 2022). 
However, factors such as intensity and fitness lev-
el must be carefully considered when prescribing 
exercise for glaucoma patients or those at risk, as 
they can influence IOP and OPP levels (Vera et al. 
2019f, 2020b; Vaghefi et al. 2021; Janicijevic et 
al. 2022). 

To date, most studies about the impact of 
physical exercise on IOP and OPP have been car-
ried out in healthy individuals, and the scientif-
ic community agrees that the external validity of 

these results in glaucoma patients should be con-
firmed (Tribble et al. 2021; Fahmideh et al. 2022). 
It is well-known that the outflow facility of the 
eye is altered in glaucoma patients, and therapeu-
tic interventions are targeted to regulate this func-
tion (Brubaker 2003; Stamer and Acott 2012). In 
fact, untreated POAG patients have demonstrat-
ed an elevated outflow resistance to provocative 
tests, with these tests being associated with the 
effectiveness of eye drops and surgeries on the 
outflow system (Susanna et al. 2017; Lele et al. 
2024). Also, comparative studies between POAG 
and healthy subjects have revealed that there 
are some differences in their regulatory capacity 
during the execution of physical activities (Port-
mann et al. 2011; Jasien et al. 2015; Yuan et al. 
2021). Therefore, the IOP and OPP responses to 
exercise seem to be dependent on the outflow re-
sistance in POAG eyes, and exercise prescription 
aiming to reduce IOP levels should be based on 
results from glaucoma patients who might have an 
altered outflow function. 

Based on the previously mentioned factors 
that are known to mediate on the IOP response 
to exercise, we considered of interest to design 
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a randomized clinical trial with the following 
objectives: (i) to assess the IOP and OPP acute 
responses to low-intensity endurance exercise 
(400-m walking) when performed at two different 
walking paces with and without carrying external 
loads, and (ii) to compare these results between 
POAG patients and age- and sex-matched con-
trols. We hypothesized that low-intensity endur-
ance exercise will cause a moderate IOP reduction 
(Janicijevic et al. 2021, 2022), although the use 
of external loads and faster walking paces could 
counteract the IOP-lowering effect (Vera et al. 
2019f). The hypothesis about the comparison be-
tween the POAG and control groups, the medi-
ating role of walking pace and the OPP response 
cannot be formulated due to the lack of related 
studies. 

METHODS

Experimental design

A cross-sectional study was designed to 
determine the impact of endurance exercise (i.e., 
400-m walking) on the IOP and OPP responses 
(see Figure 5 for a schematic illustration of the 
study design). Participants completed four walk-
ing conditions, combining two different paces 
(slow and fast) with and two loading conditions 
(with and without external loads). The four con-
ditions were randomly performed in a single ses-
sion, with two subsequent conditions separated by 
10 minutes of passive rest (Janicijevic et al. 2021).

Participants

Thirty-eight participants were recruited, 
including 21 POAG patients (9 men, 12 wom-
en: [age = 71.1 ± 6.5 years, body mass = 73.8 
± 12.0 kg, height = 167.8 ± 12.0 cm]) from the 
Glaucoma Unit at Virgen de las Nieves Univer-
sity Hospital (Granada, Spain) and 17 age- and 
sex-matched healthy controls (7 men, 10 women: 
[age = 69.2 ± 5.9 years, body mass = 73.7 ± 13.7 
kg, height = 163.8 ± 9.6 cm]). The sample size 
was determined by an a-priori power analysis us-
ing the G*Power 3.1 software (Faul et al. 2007) 
based on an analysis of variance (ANOVA) with 
within- and between-participant factors. Assum-
ing an effect size (f) of 0.2, an α-level of 0.05, 
and a power of 0.90 (Janicijevic et al. 2021), the 
required sample size was determined to be 34 par-
ticipants (17 POAG, 17 controls). POAG patients 
were screened according to the following inclu-
sion criteria: (a) POAG diagnosis based on objec-
tive criteria such as glaucomatous alterations of 
the optic nerve head and visual field defects com-
patible with glaucoma, (b) have a sufficient level 
of mobility to perform low to moderate physical 
activity, c) be free of other injuries or diseases that 
prevent exercise performance, d) receive medical 
treatment with prostaglandin analogs or a combi-
nation of prostaglandin analog and beta-blockers, 
and e) have no history of any surgical intervention 
for the treatment of glaucoma. Inclusion criteria 
for control group was as follows: (a) be free of 
any systemic or ocular disease, (b) have a suffi-
cient level of mobility to perform low to moderate 
physical activity, c) be free of other injuries or dis-
eases that discourage exercise performance, and 
d) be between 60 and 80 years old. Participants 
were instructed to refrain from caffeine intake 
and strenuous exercise before testing. This study 
followed the tenets of the Declaration of Helsinki 
and was approved by the local Ethical Committee 
of Biomedical Research (IRB approval: 1961-N-
22). 
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Figure 5. Schematic illustration of the experimental design of study 2. 6-MWT= six-minute walk test, NLC= non-load carriage, 
LC= load carriage

Procedures

Upon arrival, participants were informed 
about the experimental procedures and signed 
the consent form to participate in the study. Af-
ter 5 minutes of passive rest, IOP and blood pres-
sure were measured. Afterwards, a standardized 
warm-up, consisting of 5 minutes of joint mobil-
ity and dynamic stretching, along with 5 minutes 
of comfortable-paced load carriage walking (the 
pace they usually use to walk down the street). 
The external load was subjectively determined 
during warm-up to ensure a low-to-moderate ef-
fort level for the 400-m walk. Participants tested 
different weights during 4 laps of 40 m. If they 
felt unable to complete 10 laps, the weight was re-
duced; otherwise, it was maintained or increased. 
After 3 minutes of rest, a six-minute walk test (6-

MWT) was carried out in a 20-m-long corridor, 
walking back and forth at maximal effort to cover 
the greatest distance possible (Kervio et al. 2003). 
A researcher accompanied participants to ensure 
maximal effort and safety. The researcher simply 
followed the participant’s pace and encouraged 
them to complete the maximum possible distance. 
The distance covered during the 6-MWT was re-
corded. Subsequently, the following equation was 
used to determine the duration of each 40-m lap 
during the fast-walking pace protocols: Lap dura-
tion (s) = 360 s x 400 m / 6-MWT distance / 10. 
This lap duration was multiplied by 0.6 to deter-
mine the duration of each 40-m lap to be complet-
ed during the slow-walking pace protocols.
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	 Afterwards, participants rested for 5 min-
utes before the start of the 400-m walking proto-
cols. The 400-m walking protocol was performed 
completing 10 laps of 40 m, walking 20 m in a 
straight line, turning around 180º, and comeback 
20 m to the starting line (Janicijevic et al. 2021). 
Participants were accompanied always by the 
same researcher to set the pace of 100% or 60% 
of the 6-MWT, while another researcher remained 
at the starting line to conduct IOP and blood pres-
sure measurements. A brief pause (5-7 seconds) 
was made every 2 laps (80 m) to measure IOP 
while participants remained in a standing position 
(holding the weight in the load carriage condi-
tions) (Janicijevic et al. 2021). For load carriage 
conditions, participants were carrying an identi-
cal kettlebell in each hand weighing 2.5, 4, 5 or 8 
kg (POAG [men: 5.7 ± 1.9 kg; women: 3.3 ± 0.8 
kg], controls [men: 6.1 ± 1.8 kg; women: 3.7 ± 0.6 
kg]). 

	 IOP measurements were performed in the 
affected eye for POAG patients and in a random-
ly chosen eye for controls. When POAG patients 
had both eyes affected, the more severely affected 
eye, as indicated in clinical reports, was select-
ed for measurements. IOP measurements were 
taken before-exercise, during the 400-m walking 
test (80 m, 160 m, 240, 320 m, 400 m), and after 
1 and 5 minutes of passive recovery from each 
walking test by the same experienced researcher. 
A portable rebound tonometer (Icare ic200, ICare 
Finland Oy, Helsinki, Finland) was used to mea-
sure IOP (Salim et al. 2013). The mean of six rap-
id consecutive IOP measurements taken against 
the central cornea while the participants fixated 
on a distant target was considered. Blood pres-
sure was measured with an automatic digital wrist 
blood pressure monitor (M3 Intellisense, Omron, 
Hoofddorp, The Netherlands) (Hoffmann et al. 

2019) before-exercise, and after 1 and 5 minutes 
of passive recovery. OPP was calculated from the 
IOP and BP values using the following equation: 
OPP = 2/3 of the mean arterial BP – IOP; where 
mean arterial pressure = diastolic BP + 1/3 (sys-
tolic BP – diastolic BP) (Costa et al. 2014).

Statistical analysis

Descriptive data are presented as means ± 

standard deviation. The normal distribution of the 

data was checked with the Shapiro-Wilk test, and 

the homogeneity of variances with the Levene’s 

test (p > 0.05). For the analysis of IOP changes, a 

repeated measures analysis of variance was carried 

out with the walking pace (fast, slow), load (load 

carriage, non-load carriage) and point of measure 

(pre-exercise, after 80, 160, 240, 320, and 400 m 

of walking, and after 1 and 5 min of passive re-

covery) as the within-participant factors, whereas 

the group (POAG, control) was considered as the 

only between-participant factor. For the analysis 

of OPP, data were submitted to a repeated mea-

sures analysis of variance with the walking pace 

(fast, slow), external load (load carriage, non-

load carriage) and point of measure (pre-exercise, 

and after 1and 5 min of passive recovery) as the 

within-participant factors, and the group (POAG, 

control) as the only between-participant factor. 

The  Greenhouse-Geisser  correction was used 

when sphericity was violated, and the Holm–Bon-

ferroni procedure was applied when performing 

pairwise comparisons. Statistical significance was 

set at p ≤ 0.05. The magnitude of the differences 

was reported by the Cohen’s d effect size (d) and 

partial eta squared (ƞ2
p) for T and F tests, respec-

tively. All statistical analyses were performed us-

ing the JASP   package (version 0.18.3).
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RESULTS 

First, we checked the between-group differ-
ences for baseline IOP and OPP assessments, and 
fitness level (i.e., 6-MWT). No statistically signif-
icant differences were found for baseline IOP (t 
= -1.32, p = 0.197, d = -0.43), OPP (t = -1.53, p 
= 0.135, d = -0.52), or fitness level (t = 0.83, p = 
0.414, d = 0.27) between the POAG and control 
groups.

The 4-way ANOVA applied for the analysis 
of IOP changes revealed statistical significance for 
the main effects of load (F = 9.70, p = 0.004, ƞ2

p 
= 0.21) and point of measure (F = 7.69, p < 0.001, 
ƞ2

p = 0.17). However, the main effect of walking 
pace (F = 0.20, p = 0.658, ƞ2

p = 0.01) and group 
(F = 0.98, p = 0.330, ƞ2

p = 0.03) did not reach sta-
tistical significance. The interaction effects load × 
group (F = 6.13, p = 0.018, ƞ2

p = 0.14) and load × 
point of measure (F = 9.90, p < 0.001, ƞ2

p = 0.21) 
showed statistical significance, whereas the rest of 
the interactions did not reach statistically signifi-
cant differences (p > 0.05).

Two separate ANOVAs for each experi-
mental group (i.e., POAG and controls) were car-
ried out. For POAG patients, there were not statis-
tically significant differences for any of the three 
main effects (walking pace: F = 0.01, p = 0.953; 
load: F = 0.16, p = 0.690; and point of measure: 
F = 1.96, p = 0.136), and statistical significance 
was only reached for the interaction load × point 
of measure (F = 4.36, p < 0.001, ƞ2

p = 0.18). Re-
garding the control group, we obtained statistical-
ly significant differences for the main effects of 
load (F = 24.62, p < 0.001, ƞ2

p = 0.59) and point 
of measure (F = 7.65, p < 0.001, ƞ2

p = 0.31), and 
the interaction load × point of measure (F = 6.25, 
p < 0.001, ƞ2

p = 0.27). The main effect of walking 
pace (F = 0.20, p = 0.658) and the rest of interac-
tions (all p-values > 0.05) did not reach statistical 
significance. Post-hoc analyses showed a signif-
icant IOP rise during the execution of the walk-
ing test in the control group, with higher IOP val-

ues obtained in the measurements taken at 160m 
(mean difference = 2.1 ± 2.7; corrected p-value = 
0.002, d = 0.97), 240 m (mean difference = 1.9 ± 
3.2; corrected p-value = 0.006, d = 0.89), 320m 
(mean difference = 1.9 ± 2.9; corrected p-value 
= 0.007, d = 0.87) and 400m (mean difference = 
1.8 ± 3.2; corrected p-value = 0.026, d = 0.78) in 
comparison to the before-exercise IOP measure-
ment (Figure 6). 

The analysis of OPP changes revealed sta-
tistically significant differences for the main ef-
fects of walking pace (F = 4.15, p = 0.049, ƞ2

p = 
0.11) and point of measure (F = 13.50, p < 0.001, 
ƞ2

p = 0.28), whereas the factors external load (F = 
0.04, p = 0.863) and group (F = 1.27, p = 0.268) 
did not reach statistical significance. For its part, 
any of the interactions showed statistical signifi-
cance (all p-values > 0.152). As shown in Figure 
7, there was an OPP increase after exercise (be-
fore-exercise vs. 1 min of passive recovery: mean 
difference = 2.3 ± 5.5; p < 0.001, d = 0.78), with 
OPP values recovering pre-exercise levels after 5 
min of passive recovery (before-exercise compar-
ison: mean difference = 0.2 ± 5.4; p = 0.741; 1 
min of passive recovery: mean difference = -2.1 
± 5.1; p < 0.001, d = 0.72). Also, higher OPP val-
ues were obtained in the fast in comparison to the 
slow walking pace, however, OPP was indepen-
dent of the external load used or the group (i.e., 
POAG vs. controls). 

DISCUSSION 

This study aimed to assess the IOP and OPP 

acute responses to low-intensity endurance exer-

cise at two different walking paces with and with-

out carrying external loads in POAG patients and 

age- and sex-matched controls. We found a stable 

IOP behavior during the execution of low-intensi-

ty endurance exercise in POAG patients whereas 

a moderate IOP increase was found in the control 
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group. IOP levels were higher when holding exter-

nal loads during the walking test, but the walking 

pace used did not significantly affect the IOP be-

havior. Regarding OPP, both groups experienced 

an OPP increase after exercise, although these 

changes returned to pre-exercise levels within 5 

minutes of passive recovery. Taken together, this 

study supports the use of low-intensity endurance 

exercise, preferably limiting the use of external 

loads, as a safe training strategy for POAG pa-

tients.

In agreement with recent findings, we 

found a stable IOP behaviour during the execu-

tion of low-intensity endurance exercise in POAG 

patients (Janicijevic et al. 2021). This finding sup-

ports the idea that endurance exercise could be a 

desirable choice to improve fitness level in POAG 

patients, since fitness level has been negatively 

associated with glaucoma progression (Lee et al. 

2019). Remarkably, physical exercise is known 

to promote numerous health benefits, but exer-

cise must be carefully prescribed to maximize its 

positive effects (Warburton and Bredin 2016). Re-

garding walking pace, it has been negatively asso-

ciated with the risk of a wide range of important 

health conditions, with a brisk walking pace pro-

moting the better health outcomes (Celis-Morales 

et al. 2019). Our results show that IOP levels in 

POAG patients are stable regardless of the walk-

ing pace. Specifically, POAG patients exhibited 

a very similar IOP behaviour during the 400-m 

walking test in the slow- and fast-pace conditions 

performed without the use of external loads (i.e., 

mean difference of 0.12 mmHg). Thus, POAG pa-

tients should be advised to walk at fast velocities 

to maximize its protective effect on glaucoma pro-

gression and other health conditions.
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Figure 6. Effects of walking at two different paces with and without carrying external loads on intraocular pressure. The spe-
cific experimental condition is depicted above each panel. Error bars represent the 95% confidence intervals. * denotes statisti-
cally significant differences (p < 0.05) in comparison to the pre-exercise measurement for the control group

Figure 7. Effects of walking at two different paces with and without carrying external loads on ocular perfusion pressure in 
the primary open-angle glaucoma (POAG; Panel A) and control (Panel B) groups. Error bars represent the 95% confidence 
intervals. *denotes statistically significant differences (p < 0.05) between two points of measure
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We found a heightened IOP response with 
the use of external loads during the walking test 
in both groups. Although these differences were 
higher for the control (i.e., mean difference of 
1.44 mmHg) than the POAG (i.e., mean differ-
ence of 0.41 mmHg) group, the rise observed in 
this study is clinically modest. This set of find-
ings are in accordance with Vera et al. (2019) and 
Baser et al. (2018), who found a significant IOP 
rise when holding weights (Baser et al. 2018; Vera 
et al. 2019f), and these effects have been linked 
to the increase in intraabdominal and intracra-
nial pressure (Dickerman et al. 1999; Ece et al. 
2015). As depicted in Figure 3, the IOP behaviour 
during the walking protocols with load carriage 
was less stable than in the non-load carriage con-
ditions for the POAG and control groups (i.e., an 
average 19% higher variability [17% and 21% for 
the POAG and control groups, respectively] in the 
load-carriage in comparison to the non-load car-
riage conditions). The scientific evidence agrees 
that IOP increments and fluctuations should be 
avoided as much as possible for the optimal pre-
vention and management of glaucoma (De Mo-
raes et al. 2011). Therefore, the use of external 
loads during low-intensity endurance exercise 
seems to have a detrimental effect on IOP levels, 
and when possible, it should be discouraged in 
glaucoma patients or those at risk.  

Studies conducted in healthy young individ-
uals have consistently reported an IOP-lowering 
effect of low-intensity endurance exercise (Ham-
ilton-Maxwell and Feeney 2012; Najmanova et al. 
2016; Vera et al. 2020e, 2021a; Janicijevic et al. 
2022). Here, we found that controls experienced a 
moderate IOP increase during the 400-m walking 
test, whereas POAG patients maintained stable 
IOP levels during the execution of the exercise 
protocol. For controls, these discrepancies be-
tween our experimental sample (elderly subjects: 

age = 69.2 ± 5.9 years) and healthy young adults 
can be explained by the differences in fitness level, 
which has demonstrated to be an important modu-
lator of the IOP behaviour during exercise (Janici-
jevic et al. 2022). Also, aqueous humour outflow 
facility is reduced with ageing (Tan et al. 2006), 
and thus, the regulatory IOP functioning between 
young and elderly people cannot be compared. 
Somewhat surprisingly, POAG patients showed a 
more stable IOP behaviour performing the walk-
ing protocol than age- and sex-matched controls, 
who also have a similar fitness level. However, 
this result could be attributed to the effectiveness 
of the eye drops used to regulate the altered out-
flow facility in this cohort (i.e., all POAG patients 
included in this study were under treatment with 
prostaglandin analogs or a combination of pros-
taglandin analog and beta-blockers), modulating 
the effects of physical activity on IOP. It is well-
known that all active first-line drugs are effec-
tive in reducing and stabilizing IOP levels, with 
prostaglandins being the most efficacious drugs 
(Stewart et al. 2008; Li et al. 2016). Future stud-
ies are required to investigate the IOP behavior 
during low-intensity endurance exercise in un-
treated POAG patients or those with a different 
treatment option (e.g., laser or incisional surgical 
procedures). 

Although the elevation of IOP is recog-
nized as the main risk factor for glaucoma de-
velopment, vascular factors also play a key role 
on glaucoma pathogenesis (Cherecheanu et al. 
2013). Remarkably, individuals with lower OPP 
levels seem to have a higher risk to develop glau-
coma and a faster disease progression (Zhu et al. 
2018). We found that low-intensity endurance 
exercise induced an OPP increment in POAG pa-
tients and healthy controls (average increment for 
POAG = 2.39 mmHg and controls = 2.29 mmHg) 
with this increment being heightened in the fast 
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pace (average increment = 3.17 mmHg) in com-
parison to the slow-pace condition (average incre-
ment = 1.51 mmHg). In line with these findings, 
recent investigations have found an acute increase 
in ocular blood flow after performing endurance 
exercise in POAG patients (Gracitelli et al. 2020; 
Ma et al. 2022). In addition, evidence from a cor-
relational study revealed that physically active 
individuals have a lower risk of having low OPP, 
suggesting the potential benefits of physical ex-
ercise for reducing the risk of POAG (Yip et al. 
2011). Summing up, endurance exercise causes a 
transient OPP increase in elderly subjects, includ-
ing POAG patients and healthy controls, which 
support the positive effect of physical exercise on 
glaucoma prevention and management. Therefore, 
eye care providers (i.e., optometrists and ophthal-
mologists) and sport science specialists should 
encourage their glaucoma patients or those at risk 
to perform endurance exercises such as walking, 
and preferably using a fast-walking pace, due to 
its positive effects on ocular blood flow. 

The current study provides valuable in-
sights into the most appropriate exercise-based 
strategies for glaucoma management, showing 
that low-intensity endurance exercise is a safe and 
desirable option to improve fitness level in POAG 
patients. However, these results must be interpret-
ed taking into account the following limitations. 
First, we chose a low-intensity endurance exer-
cise (i.e., 400-m walking task) and our findings 
cannot be extrapolated to other types of exercises. 
Numerous investigations indicate that resistance 
training promotes important health benefits (Ash-
ton et al. 2020; Maestroni et al. 2020), and thus, 
its effects on glaucoma prevention and manage-
ment are worthy of further investigation. Second, 
fitness level has demonstrated to be an important 

modulator of the IOP and OPP response to exer-
cise (Janicijevic et al. 2022). Future studies with 
larger samples should assess the mediating effect 
of fitness level on the current findings. Third, as 
previously discussed, our experimental sample 
was formed by pharmacologically treated POAG 
patients, and it is known that the functioning of 
aqueous humour outflow system is dependent on 
the type of medication and glaucoma type (Bru-
baker 2003; Stamer and Acott 2012). Therefore, 
the external validity of the current outcomes in 
other types of glaucoma or different treatment 
options should be investigated. Fourth, the in-
dividual loading percentage and blood pressure 
measurements lacked precision, as the weight for 
load carriage conditions was determined based on 
their subjective performance capacity. Lastly, this 
study examines only the acute effects of exercise 
on IOP and OPP. The development of randomized 
clinical trials is needed to determine the long-term 
effects of different supervised exercise programs 
on glaucoma prevention and management.  

CONCLUSION 

The IOP behavior when walking at slow 

and fast velocities is mostly stable in POAG pa-

tients. However, the incorporation of carrying ex-

ternal loads during walking was associated with 

higher IOP levels, and although the rise is clini-

cally modest, it should be discouraged in POAG 

patients. Also, there is a moderate OPP rise after 

walking, and interestingly, this effect was height-

ened when using a fast-walking pace. These find-

ings suggest that low-intensity endurance exercise 

is a safe exercise strategy that can be used to im-

prove fitness level in POAG patients. 
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Brief overview

Resistance training provides a range of 
performance and health benefits for both 
athletes and clinical populations. Athletes 

typically engage in resistance training to enhance 
performance or prevent injuries, while healthy 
adults and those with medical conditions use it to 
improve functional capacity (Hackett et al. 2024). 
Regular resistance training has been shown to 
effectively manage and prevent various chron-
ic conditions (e.g., arthritis, diabetes, and heart 
disease) by slowing disease progression and en-
hancing quality of life through the maintenance of 
muscle quality (Hurley et al. 2011; Lizama-Pérez 
et al. 2023). Additionally, resistance training re-
duces the risk of fall-related injuries and neurode-
generative disorders, while also promoting bone, 
cardiovascular, and mental health (Piercy et al. 
2018). Resistance training may help reduce the 
risk of frailty commonly observed in older adults 
with hypertension, glaucoma, or diabetes. Addi-
tionally, it may slow physical and cognitive de-
cline, reduce disability, and lower mortality risk 
(McMonnies 2016). However, an individualized 
exercise prescription is essential, tailored to the 
patient’s condition and underlying medical issues. 

Concerns about eye health have grown sig-
nificantly in recent years, especially in relation to 
lifestyle habits (Vera et al. 2020h). Indeed, due 
to the considerable incidence of glaucoma and 

its social, economic and health impact (Tham et 
al. 2014), the research community is focused on 
determining the most valid and feasible strategies 
for the prevention and management of glaucoma. 
Regular physical exercise has been shown to pos-
itively affect ocular health, reducing the risk of 
various eye diseases (Meier et al. 2018). Observa-
tional studies have reported lower IOP and high-
er OPP values in individuals with greater fitness 
levels (Yip et al. 2011; Meier et al. 2018; Lee et 
al. 2019). 

	 Overall, physical exercise has been pro-
posed as a feasible strategy for preventing and 
managing glaucoma alongside medical treatment 
(Zhu et al. 2018). Among the various factors influ-
encing the IOP responsiveness to physical exer-
cise, the type of exercise performed is particularly 
relevant (Vera et al. 2019d). While low to moder-
ate intensity endurance exercises tend to reduce 
IOP (Najmanova et al. 2016; Vera et al. 2019e), 
resistance exercises, particularly when executed 
with high levels of effort (e.g., heavy loads and 
close proximity to failure) cause an acute rise in 
IOP (Vera et al. 2017a, 2019d, 2020h). This in-
crease is further exacerbated by breath-holding 
and the Valsalva maneuver during high-intensity 



resistance exercises (Vera et al. 2019f). Addition-
ally, exercises involving larger muscle groups 
(e.g., squats) result in greater IOP changes than 
those targeting smaller muscle groups (e.g., biceps 
curls) (Vera et al. 2020h; Hackett et al. 2024). Of 
the few studies comparing upper- and lower-body 
exercises, two found squats produced greater IOP 
fluctuations compared to biceps curl and military 
press (Vera et al. 2019c, 2020h). To date, most 
studies have been conducted on healthy individu-
als, but glaucoma patients, who have an impaired 
outflow facility (Portmann et al. 2011; Yuan et al. 
2021), may experience different IOP responses 
(Brubaker 2003; Stamer and Acott 2012). Further 
studies are needed to explore IOP changes during 
resistance exercises in glaucoma patients.

Elevated IOP is the primary risk factor for 
glaucoma, but vascular factors also play a crucial 
role in its pathogenesis (Cherecheanu et al. 2013). 
Higher OPP has been associated with a lower in-
cidence of glaucoma and slower disease progres-
sion (Yip et al. 2011). While endurance and resis-
tance exercises generally increase OPP (Zhu et al. 
2018), resistance exercise sets performed to fail-
ure have demonstrated to reduce OPP in healthy 
individuals (Vera et al. 2019c). The relationship 
between physical exercise and OPP is complex, 
influenced by the autoregulatory mechanisms that 
regulate blood flow (Zhang et al. 2012). In glau-
coma patients, the altered outflow facility may 
contribute to differences in blood flow regulation 
during certain resistance exercises compared to 
healthy individuals (Portmann et al. 2011). Al-
though few studies have investigated blood flow 
responses to isometric exercise in POAG patients 
(Gugleta et al. 2003; Pournaras et al. 2004; Port-
mann et al. 2011), dynamic resistance exercises 
remain unexplored. Thus, further research on re-
sistance exercise prescriptions to improve OPP in 
POAG patients with impaired outflow resistance 
is warranted.

The primary objective of this study was 
to assess the IOP and OPP responses to dynam-
ic lower- and upper-body resistance exercises. To 
ensure participant safety and proper technical ex-
ecution while minimizing the risk of injury, we 
selected monoarticular exercises, such as leg ex-
tensions and biceps curls, instead of compound 
exercises like squats. Additionally, the second-
ary objectives included: (i) comparing IOP and 
OPP responses between POAG patients and age-
matched controls, (ii) comparing IOP and OPP re-
sponses between lower- and upper-body exercises 
(leg extension vs. biceps curl) and (iii) compar-
ing IOP and OPP responses when the exercises 
are performed at low and moderate intensities. 
We hypothesized that moderate-intensity dynam-
ic resistance exercise would result in a moderate 
increase in IOP (Hackett et al. 2024). While the 
results of the comparison between the POAG and 
control groups are uncertain due to the lack of re-
lated studies, however, the altered mechanism of 
regulation of aqueous humor in POAG patients 
may lead to a greater increase compared to control 
individuals (Stamer and Acott 2012). 

METHODS

Experimental design

A cross-sectional design was used to inves-
tigate the influence of dynamic biceps curl and leg 
extension exercises on IOP behaviour at low and 
moderate intensities in POAG patients and sex-
matched controls. Participants attended two days 
to the laboratory, with both sessions being separat-
ed by at least 48 hours. In order to avoid circadian 
fluctuations, participants were tested at the same 
time of the day (± 2h). In the first session, the 15 
repetitions maximum (RM) load in the biceps 
curl and leg extension exercises was determined. 
In the second session, participants randomly per-



formed 1 set of 10 repetitions of each exercise at 
low intensity (0.5 kg bar for biceps curl and 5 kg 
for leg extension) and moderate intensity (15RM). 
IOP was measured at baseline (upon arrival), after 
each of the 10 repetitions, and after 1 and 5 min-
utes of passive recovery. Additionally, blood pres-
sure was measured at baseline, immediately after 
exercise cessation, and after 5 minutes of passive 
recovery. All participants were tested under sim-
ilar environmental conditions (approximately 
22°C and 60% humidity) and were not allowed to 
drink or eat during the assessment. 

Participants

The required sample size was determined by 
an a-priori power analysis using the G*Power 3.1 
software (Faul et al. 2007), considering an ANO-
VA with within- and between-participant factors. 
For this analysis, we have considered an effect 
size (Cohen´s f) of 0.2, which corresponds to ap-
proximately 40% of the magnitude of the change 
found for IOP levels during aerobic exercise in 
POAG patients (Janicijevic et al. 2021), an α-lev-
el of 0.05 and a power of 0.80. This calculation 
projected that the required number of participants 
to ensure the detection of significant differences 
was 36 subjects (18 POAG and 18 controls). For 
this study, 26 POAG patients (age = 68.9 ± 8.1 
years, body mass = 71.9 ± 12.2 kg, height = 165.7 
± 10.4 cm) and 18 healthy older adults (age = 69.6 
± 5.9 years, body mass = 73.3 ± 12.9 kg, height 
= 162.9 ± 9.4 cm) were recruited. The POAG 
group was formed by 13 men and 13 women re-
cruited from the Unit of Glaucoma at Virgen de 
las Nieves University Hospital (Granada, Spain), 
whereas the control group was formed by 6 men 
and 12 women. All participants were of Caucasian 
race. For POAG patients’ recruitment, the disease 
diagnosis was based on objective criteria such as 
glaucomatous optic nerve head changes and visu-

al field defects consistent with glaucoma, and all 
patients were medically treated with prostaglan-
din analogues or a combination of prostaglandin 
analogue and beta-blockers. In addition, the inclu-
sion criteria for all participants were as follows: 
(a) have a sufficient level of mobility to perform 
low to moderate intensity physical activity; (b) 
be free of other underlying diseases that could be 
negatively affected by exercise; (c) absence of any 
surgical intervention for glaucoma treatment; and 
(d) be between 60 and 80 years old. Participants 
were instructed to avoid caffeine, alcohol, and 
strenuous exercise before testing. This study was 
conducted in accordance with the Code of Ethics 
of the World Medical Association (Declaration of 
Helsinki) and was approved by the Institutional 
Review Board (IRB approval: 1961-N-22).

Procedures

A schematic overview of the study protocol 
is depicted in Figure 8. The first session (familiar-
ization session) was used to determine the 15RM 
(i.e., the load at which participants can perform 
a maximum of 15 repetitions) for the biceps curl 
(free weights) and leg extension (leg extension 
machine) exercises. At the beginning of the ses-
sion, participants’ age, body mass, and height were 
obtained. After that, participants performed a gen-
eral warm-up of full-body mobility and practiced 
the exercises with elastic bands, a light bar and the 
leg extension machine. The 15RM load for biceps 
curls and leg extension was determined through 
an incremental loading test. The weight in the sets 
of each exercise was progressively incremented 
until the 15RM load was reached. The set was 
stopped when an experienced strength and con-
ditioning coach identified that participants could 
perform more than 15 repetitions. Three minutes 
of passive rest were implemented between sets. 
The order of the exercises was randomized. 
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	 In the second session (experimental 
session), IOP was assessed at baseline and then 
participants conducted the same warm-up as the 
described for the first session. After that, partici-
pants performed one set of 10 repetitions against 
the 15RM load and one set of 10 repetitions with a 
light bar (0.5 kg) for biceps curl and leg extension 
with 10 minutes of rest between exercises. The 
IOP was measured immediately after each repe-
tition at the resting position to avoid the influence 
of active effort as Vera et al. previously report-
ed (Vera et al. 2020h). Participants were asked to 
maintain a normal breathing pattern during both 
exercises.

IOP was measured using a portable re-
bound tonometer (Icare IC200, Tiolat Oy, Helsin-
ki, Finland). Participants were instructed to fixate 
on a distant target while six consecutive measure-

ments were taken against the central cornea. The 
average of these six measurements was used for 
further analysis. Blood pressure was measured us-
ing a wrist digital automatic monitor (RS6 HEM-
6221, Omron, Kyoto, Japan), which has been vali-
dated for blood pressure assessment (Takahashi et 
al. 2013). OPP was estimated from the assessment 
of IOP and blood pressure (OPP = [95/140 × mean 
arterial pressure] – IOP).

STATISTICAL ANALYSIS

Descriptive data are presented as means ± 
standard deviation. The normal distribution of the 
data was checked with the Shapiro-Wilk test, and 
the homogeneity of variances with the Levene’s 
test (p > 0.05). For the analysis of IOP changes, 
a repeated measures analysis of variance was 

Figure 8. A schematic illustration of the study 3 procedures in both experimental sessions.
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carried out with the intensity (low, moderate), 
exercise (biceps curl, leg extension) and point of 
measure (baseline, after each repetition, and af-
ter 1 and 5 min of passive recovery) as the with-
in-participant factors, whereas the group (POAG, 
control) was considered as the only between-par-
ticipant factor. For the analysis of OPP changes, 
data were submitted to another repeated measures 
analysis of variance with the intensity (low, mod-
erate), exercise (biceps curl, leg extension) and 
point of measure (baseline, immediately after 
exercise cessation and after 5 min of passive re-
covery) as the within-participant factors, and the 
group (POAG, control) as the only between-par-
ticipant factor. The Holm–Bonferroni procedure 
was applied when performing pairwise compari-
sons. Statistical significance was set at p ≤ 0.05. 
The magnitude of the differences was reported 
by the by the Cohen’s d effect size (d) and partial 
eta squared (ƞ2

p) for T and F tests, respectively. 
All statistical analyses were performed using the 
JASP statistics package (version 0.18.3).

RESULTS

First, we checked the between-group differ-
ences for baseline IOP and OPP assessments and 
fitness level (i.e., biceps curl and leg extension 
15RM). There were not statistically significance 
differences for baseline IOP (POAG = 17.3 ± 4.4 
mmHg, control = 16.6 ± 3.2 mmHg; t = -0.625, 
p = 0.535, d = 0.19), OPP (POAG = 53.8 ± 9.8 
mmHg, control = 49.9 ± 8.0 mmHg; t = -1.41, p 
= 0.165, d = 0.43), biceps curl 15RM (POAG = 
11.7 ± 4.6 kg control = 10.1 ± 2.8 kg; t = -1.290, 
p = 0.204, d = 0.395) and leg extension 15RM 
(POAG = 21.1 ± 12.9 kg, control = 21.7 ± 11.9 
kg; t = 0.157, p = 0.876, d = 0.048) between the 
POAG and control groups.

The 4-way ANOVA applied for the IOP 

changes revealed statistical significance for the 
main effects of intensity (F = 49.1, p < 0.001, ƞ2

p 

= 0.54), point of measure (F = 23.3, p < 0.001, ƞ2
p 

= 0.36), and group (F = 4.2, p = 0.048, ƞ2
p = 0.09). 

However, the main effect of exercise did not reach 
statistical significance (F = 0.9, p = 0.339, ƞ2

p = 
0.02). The interaction effects point of measure × 
group (F = 4.9, p < 0.001, ƞ2

p = 0.11), exercise × 
intensity (F = 39.8, p < 0.001, ƞ2

p = 0.49), inten-
sity × point of measure (F = 10.8, p < 0.001, ƞ2

p = 
0.20), and exercise × intensity × point of measure 
(F = 4.7, p < 0.001, ƞ2

p = 0.10) showed statistical 
significance, whereas the rest of interactions did 
not reach statistically significant differences (p 
> 0.184 in all cases). Post-hoc analyses revealed 
higher IOP increments in the moderate- in com-
parison to the low-intensity condition (corrected 
p-value < 0.001, Cohen’s d = 0.38), and POAG 
patients experienced a lower IOP increase when 
compared with the control group (corrected p-val-
ue = 0.048, Cohen’s d = 0.52). Also, there was 
a linear IOP rise during exercise execution, with 
IOP returning to baseline levels immediately after 
completing the exercise (Figure 9). 

Complementarily, four separate ANOVAs 
for both exercises (leg extension and biceps curl) 
and intensities (low and moderate) were carried 
out to explore the differences between the POAG 
and control groups (see Figure 9). For the biceps 
curl exercise, POAG patients tended towards 
showing a more stable IOP response than con-
trols in the moderate-intensity condition (F = 4.0, 
p = 0.052, ƞ2

p = 0.09), but the differences in the 
low-intensity condition were statistically and clin-
ically insignificant (F = 2.0, p = 0.162, ƞ2

p = 0.05). 
When considering the leg extension exercise, con-
trols showed greater IOP increments than POAG 
patients during the execution of the 10 exercise 
repetitions in both exercise intensities (low-inten-
sity: F = 4.6, p = 0.038, ƞ2

p = 0.10; and moder-
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ate-intensity: F = 4.6, p = 0.037, ƞ2
p = 0.10). How-

ever, these differences were only evident during 
the execution of the training set, with IOP levels 
rapidly returning to baseline levels after exercise 
cessation (see Figure 9). 

Regarding OPP, there were not statistically 
significant differences for the main effects of ex-
ercise (F = 0.6, p = 0.431), intensity (F = 2.1, p = 
0.152), point of measure (F = 0.2, p = 0.700), and 
group (F = 0.1, p = 0.722). Also, all interactions 
were far from reaching statistical significance (all 
p-values > 0.195). 

DISCUSSION

This study aimed to assess the IOP and OPP 
responses to dynamic resistance exercise (leg ex-
tension and biceps curl) in POAG patients and 
age-matched controls. We found a progressive 
IOP increase throughout the sets of leg extension 
and biceps curl exercises when performed at mod-
erate intensity. However, IOP returned to baseline 
levels immediately after exercise cessation. Re-
markably, POAG patients showed a smaller IOP 
increase compared to the control group. The mag-
nitude of these differences between groups was 
higher in the more physically demanding condi-
tions, observing a heightened IOP increment for 
the control group in comparison to the POAG 
patients during the 10 exercise repetitions in the 
moderate-intensity conditions of the leg exten-
sion (POAG = 0.3 ± 0.6 mmHg vs. control = 2.3 
± 0.7 mmHg) and biceps curl (POAG = 1.4 ± 0.6 
mmHg vs. control = 3.4 ± 0.8 mmHg) exercises.  
No changes in OPP were observed across any ex-
ercise or intensity in either group. Taken together, 
this study supports the use of low- to moderate-in-
tensity leg extension and biceps curl exercises as 
a safe training strategy for POAG patients under-
going eye drops treatment. 
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Figure 9. Effects of leg extension and biceps curl exercises at two intensities on intraocular pressure in the primary open-angle 
glaucoma (POAG) and control groups. The specific experimental condition is depicted above each panel (panel A = leg ex-
tension exercise at low-intensity, panel B = biceps curl exercise at low intensity, panel C = leg extension exercise at moderate 
intensity, and panel D = biceps curl exercise at moderate intensity). Error bars represent the 95% confidence intervals. Bold font 
has been used to highlight statistically significant effects (p<0.05). IOP = intraocular pressure; Rep = repetition; After = mea-
surement taken after completing the set (within 1 minute); Recovery = measurement taken after 5 minutes of completing the set
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In line with previous studies, we found an 
acute increase in IOP levels during the execution 
of dynamic resistance exercises (Hackett et al. 
2024). Although repeated IOP increases could po-
tentially harm retinal function, the rise observed 
in this study was clinically modest, reaching 0.8 
± 0.6 mmHg for POAG patients and 2.8 ± 0.7 
mmHg for the control group at moderate intensity 
and, -0.3 ± 0.4 mmHg for POAG patients and 1.2 
± 0.3 mmHg for the control group at low intensity. 
However, other studies have found a greater IOP 
elevation (up to 28 mmHg) during dynamic and 
isometric resistance exercises (Vera et al. 2021b; 
Hackett et al. 2024). This may be explained by the 
different physiological responses associated with 
the exercise intensity (i.e., breathing pattern). In 
fact, performing high intensity resistance exercis-
es (i.e., near to failure) tends to alter the normal 
breathing pattern, leading to the Valsalva manoeu-
vre or breath-holding strategies, which can exac-
erbate IOP changes (McCARTNEY 1999; Vera et 
al. 2019c). In contrast, low- to moderate-intensity 
exercises tend to promote a steady breathing pat-
tern, allowing to maintain an stable IOP behaviour 
(Vera et al. 2021b). In the present study, partici-
pants were advised to avoid the Valsalva manoeu-
vre; however, it was not objectively monitored, 
and the possibility of unintentional breath-hold-
ing cannot be ruled out. Nonetheless, we hypoth-
esized that performing leg extensions and biceps 
curls at higher intensities would require greater 
physical effort, resulting in a more pronounced 
increase in IOP. Therefore, exercise intensity and 
the associated breathing pattern should be careful-
ly considered by trainers and eye care specialists 
in the prevention and management of glaucoma. 
While high-intensity resistance exercises result 
in significant IOP increments (Vera et al. 2019c, 
2020a), moderate-intensity exercise appear to be 
effective for improving fitness level without com-

promising eye health. Future studies using the 
biceps curl and leg extension exercises at higher 
intensities should be performed to explore its im-
pact on IOP levels.

Additionally, previous results have shown 
that accumulated repetitions lead to greater IOP 
levels (corrected p-value < 0.001, Cohen’s d = 
0.43) (Vera et al. 2020h). Beyond exercise intensi-
ty, longer set durations increase effort, resulting in 
a pronounced impact on IOP (Hackett et al. 2024). 
To minimize undesirable IOP alterations, per-
forming only half of the maximum possible repe-
titions (medium level of effort) should be recom-
mended for POAG patients or those at risk. In the 
present study, a brief rest period (1 minute) was 
sufficient for IOP to return to baseline levels. Re-
cent research has also indicated that even signif-
icant IOP elevations from resistance training are 
transient, with recovery occurring in a short time 
(Vera et al. 2019d). Thus, incorporating intra-set 
rests may be an alternative to prevent continuous 
IOP elevation. Moreover, unlike previous studies 
comparing various resistance exercises, we did 
not observe significant differences between leg 
extension and biceps curl exercises. In general, 
exercises that recruit larger muscle masses (e.g., 
squat) lead to greater IOP increases compared to 
those involving smaller muscle groups (e.g., bi-
ceps curl) (Vera et al. 2019c, 2020h; Hackett et al. 
2024). However, when comparing exercises with 
similar muscle mass recruitment (e.g., biceps curl 
vs. calf raise), upper-body exercises tend to pro-
voke a higher IOP increase (Vera et al. 2019c). In 
this study, we found a greater IOP increase during 
biceps curl compared to leg extension at moderate 
intensity (2.2% for POAG patients and 9.3% for 
controls).

	 Overall, during resistance exercise in 
healthy adults, IOP acutely rises, with varying de-
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grees of fluctuation (Hackett et al. 2024). In line 
with these findings, the present results showed 
an IOP elevation with low- to moderate-intensi-
ty dynamic exercises in POAG patients and age-
matched controls. Contrary to our hypothesis, a 
lower IOP increase was found in POAG patients 
in comparison to the control group. Also, great-
er differences between groups appear in the more 
physically demanding conditions when IOP tends 
to increase sharply (Vera et al. 2019c). This result 
may be attributed to the effectiveness of eye drops 
used to regulate the altered outflow facility in this 
cohort, as all POAG patients in the study were 
treated with prostaglandin analogues or a combi-
nation of prostaglandin analogues and beta-block-
ers. The IOP increase in POAG patients at both in-
tensities was minimal (< 1 mmHg), supporting the 
combined use of medication and physical training 
(Vera et al. 2021b). Moreover, although the sam-
ple size of the POAG group was relatively small, 
we explored the potential effect of eye drop treat-
ment (prostaglandin analogues vs. a combination 
of prostaglandin analogues and beta-blockers) on 
the IOP response to dynamic resistance training. 
This analysis revealed that the IOP changes in 
POAG patients were independent of the eye drop 
treatment (p = 0.902). Therefore, it appears that 
glaucoma patients treated with eye drops could 
benefit from a higher training intensity without 
suffering from instability of IOP values. 

Regarding vascular factors, physical ex-
ercise has been linked with higher OPP values 
(Zhu et al. 2018), which may reduce the risk of 
glaucoma development and progression (Yip et al. 
2011). Isometric exercises have shown increased 
blood flow and OPP levels in glaucoma patients 
(Gugleta et al. 2003; Portmann et al. 2011). How-
ever, we found no significant differences in OPP 
levels after low- to moderate-intensity dynamic 
resistance exercises. High-effort exercises, in con-

trast, have been shown to cause an acute OPP re-
duction (Vera et al. 2019c), highlighting the com-
plex relationship between physical exercise and 
OPP regulation. The medication regimen of the 
POAG patients in this study may have influenced 
their altered outflow facility response, permitting 
them an effective regulation of OPP levels during 
exercise.  

This study provides new exercise strategies 
for managing glaucoma, showing that low- to 
moderate-intensity dynamic resistance exercise 
could be a feasible option for enhancing muscle 
strength in POAG patients with controlled IOP 
levels. However, these results should be inter-
preted cautiously due to the following limitations. 
Although leg extension and biceps curl are com-
monly included in resistance training programs, 
our findings should not be generalized to other 
types of exercises, as IOP and OPP responses 
could vary. Additionally, while participants were 
instructed to maintain steady breathing, breathing 
patterns are known to be important modulators 
of the IOP response to resistance exercises (Vera 
et al. 2020d, 2021b). Furthermore, the use of eye 
drops appears to influence the IOP response to ex-
ercise in POAG patients; therefore, other types of 
glaucoma or different medications may affect the 
functioning of the aqueous humour outflow sys-
tem (Stamer and Acott 2012). Thus, the external 
validity of these findings should be explored in 
other types of glaucoma or with different treat-
ment regimens. Also, some studies have observed 
that IOP and OPP responses to exercise are influ-
enced by sex and fitness level (Vera et al. 2019d; 
Janicijevic et al. 2022). Future studies with a larg-
er sample size should further explore these rela-
tionships in the context of the current findings. 
Lastly, randomized clinical trials are needed to 
assess the long-term effects of dynamic resistance 
training on glaucoma management.
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CONCLUSION

IOP shows a slight (clinically irrelevant) 
increase during dynamic sets of leg extension 
and biceps curl exercises executed at low to mod-
erate intensities in POAG patients. However, 
age-matched controls experienced a heightened 
IOP rise during resistance exercise. This finding 
could be associated with the effectiveness of the 
eye drop treatment (prostaglandin analogues or a 
combination of prostaglandin analogues and be-
ta-blockers) for regulating the IOP behaviour in 
POAG patients. Additionally, OPP remains stable 
after dynamic resistance exercises in both groups. 
Moderate-intensity dynamic resistance training 
seems to be a safe training strategy, and thus it 
should be considered for trainers and eye care 
specialists working with POAG patients treated 
with eye drops.
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Acute intraocular pressure changes during isometric exercise in primary-open angle glau-
coma patients: The influence of exercise type and intensity

María Dolores Morenas-Aguilar, Cristina González Hernández, Daniel Marcos-Frutos, George Kou-
lieris, Juan Francisco Ramos-López, Amador García-Ramos, Jesús Vera

Brief overview

Regular physical exercise promotes differ-
ent health benefits, including enhanced 
functional capacity in clinical popula-

tions (Izquierdo et al. 2021). In this regard, ob-
servational and retrospective studies suggest that 
individuals who engage in regular physical ac-
tivity have a lower risk of developing glaucoma 
or experiencing its progression (Yip et al. 2011; 
Meier et al. 2018; Lee et al. 2019). Specifically, 
resistance training appears to influence ocular 
physiology, with these effects depending on both 
individual and exercise-specific characteristics 
(Wylęgała 2016). 

While research highlights exercise’s po-
tential benefits for glaucoma, detailed guidelines 
remain lacking. Different exercise parameters in-
fluence IOP, with resistance training performed 
against relative heavy loads causing acute IOP 
rises (Vieira et al. 2006; Rüfer et al. 2014; Vera et 
al. 2019c, 2020a), and isometric exercises causing 
greater IOP spikes than dynamic exercises (Bakke 
et al. 2009; Vera et al. 2019a, 2020f, 2023). Re-
markably, isometric training is widely used in old-
er adults to manage musculoskeletal conditions 
and hypertension with lower fatigue levels (Inder 
et al. 2016; Lum and Barbosa 2019; Hansford et 
al. 2021). 

The multiple mechanisms contributing to 
IOP elevation during resistance exercise include 
vascular, mechanical, and neural factors. Several 
studies have reported that acute increases in sys-
temic arterial and venous pressures during exer-
tion can cause vascular engorgement and choroi-
dal volume expansion, elevating IOP (Bakke et 
al. 2009; Vaghefi et al. 2021)six repetitions using 
75% of maximal load (6RM. Increased episcleral 
venous pressure reduces aqueous humor outflow, 
further contributing to IOP elevation (Vaghefi et 
al. 2021)six repetitions using 75% of maximal 
load (6RM. Mechanical factors, such as the Val-
salva maneuver and sustained muscle contraction, 
increase intrathoracic and intra-abdominal pres-
sures, transmitting pressure to the orbital vascula-
ture and impeding venous return, which results in 
transient IOP spikes (Vera et al. 2019c). Changes 
in the Schlemm’s canal have also been linked to 
alterations in autonomic nervous system activity 
(Sun et al. 2020). Specifically, isometric exertion, 
such as holding a weight, can reduce the anterior 
chamber angle, thereby increasing resistance to 
aqueous humor outflow and leading to elevated 
IOP (Vera et al. 2019f). These findings highlight 
the complex interplay between vascular, mechan-
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ical, and neural factors during resistance exercise, 
underscoring the multifactorial mechanisms un-
derlying exercise-induced IOP changes.

Vascular factors also play a role in glauco-
ma, as compromised optic nerve blood flow reg-
ulation increases disease risk (McMonnies 2016). 
Based on the observed effects of isometric efforts 
on IOP and blood pressure (Bakke et al. 2009; In-
der et al. 2016; Vera et al. 2019a, 2020f, 2023; 
Hansford et al. 2021), elevated IOP combined with 
reduced blood pressure can lower OPP, accelerat-
ing disease progression (Yip et al. 2011). Howev-
er, glaucoma patients have demonstrated to have 
an altered mechanism of IOP regulation (Galam-
bos et al. 2006; Stamer and Acott 2012), and thus, 
the effects observed on healthy subjects may not 
be generalizable to glaucoma patients. POAG 
patients often exhibit impaired IOP homeostasis 
due to trabecular meshwork dysfunction and ab-
normal episcleral venous responses (Stamer and 
Acott 2012; Acott et al. 2014). Furthermore, op-
tic nerve head susceptibility to vascular dysreg-
ulation increases the risk of damage during IOP 
fluctuations (McMonnies 2016). Anti-glaucoma 
medications may attenuate exercise-induced IOP 
increases by reducing aqueous humor production 
(e.g., beta-blockers, alpha-agonists, carbonic an-
hydrase inhibitors) or enhancing outflow (e.g., 
prostaglandin analogs, rho-kinase inhibitors) 
(Casson 2022). Despite this, no study has direct-
ly assessed whether these medications modify 
the IOP or OPP response to resistance exercise in 
glaucoma patients. Understanding the interplay 
between exercise-induced IOP changes, glaucoma 
pathophysiology, and medication effects remains 
a critical gap in the current literature.

Most studies focus on healthy individuals, 
leaving gaps in understanding glaucoma patients’ 
responses. The exercises selected to explore these 

gaps were mid-thigh pull and biceps curl as used 
in previous studies (Vera et al. 2019d, 2020f). 
This study aims to assess (i) the effects of the 
type of isometric resistance exercise (mid-thigh 
pull and biceps curl), and (ii) the intensity effects 
(low vs. moderate) on the IOP and OPP response 
during exercise and recovery in POAG patients 
and age- and sex-matched controls. We hypoth-
esize that isometric resistance exercise will cause 
an increase in IOP and OPP values, with greater 
effects in exercises engaging larger muscle groups 
and performed at higher intensities, and in POAG 
patients.

METHODS

Experimental design

A cross-sectional study design was used 
to examine the influence of isometric mid-thigh 
pull and biceps curl exercises on IOP and OPP 
behaviour at two intensities in POAG patients 
and sex- and age- match controls (Figure 10). 
Participants visited the laboratory twice, 48 hours 
apart, for familiarization with the procedures and 
assessment sessions. Isometric peak force (IPF) 
for the mid-thigh pull and biceps curl was mea-
sured using a functional electromechanical dyna-
mometer (FEMD) (MyoQuality, Model Research, 
Granada, Spain) to objectively estimate exercise 
intensity (Table 1). Participants performed one set 
of each exercise at low (light bar) and high inten-
sity (50% of IPF). IOP was assessed at baseline 
(upon arrival), during exercise, and after 1 and 5 
minutes of passive recovery. Additionally, blood 
pressure was measured at baseline, and after 1 
and 5 minutes of passive recovery. The order of 
exercises and intensity levels was randomized us-
ing an Excel spreadsheet. All assessments were 
conducted under standardized environmental con-
ditions (~22°C, 60% humidity), and participants 
were instructed to refrain from eating or drinking 
during the session.
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Participants

The required sample size was determined 

through an a-priori power analysis using the 

G*Power 3.1 software based on an analysis of 

variance (ANOVA) with both within- and be-

tween-participant factors. The analysis assumed 

an effect size (f) of 0.2, an α-level of 0.05 and a 

power of 0.80 (Janicijevic et al. 2021). This cal-

culation indicated that 36 participants (18 POAG 

and 18 controls) were needed to detect significant 

differences. A total of 25 POAG patients and 19 

age-matched Caucasian controls participated in 

this study (Table 2). The POAG group (14 men, 

11 women) included patients with a confirmed di-

agnosis based on glaucomatous optic nerve head 

changes and visual field defects consistent with 

glaucoma. All were undergoing treatment with 

eye drops, either prostaglandin analogs alone or 

in combination with beta-blockers. Participants 

were recruited from the Glaucoma Unit at Vir-

gen de las Nieves University Hospital (Granada, 

Spain). The control group consisted of 7 healthy 

men and 12 healthy women. Inclusion criteria for 

all participants were: (a) sufficient mobility to 

engage in low to moderate physical activity; (b) 

absence of underlying conditions that could be 

adversely affected by exercise; (c) no history of 

surgical intervention for glaucoma; and (d) age 

between 60 and 80 years. This study was conduct-

ed in accordance with the Code of Ethics of the 

World Medical Association (Declaration of Hel-

sinki) and was approved by the Institutional Re-

view Board (1961-N-22).

Procedures

The familiarization session focused on 

learning the proper execution of the mid-thigh 

pull and biceps curl using the FEMD. At the start, 

participants’ age, body mass, and height were re-

corded. They then completed a general warm-up 

consisting of full-body mobility exercises and 

practiced the movements using elastic bands and 

light bars. Next, participants performed a progres-

sive warm-up, consisting of three 6-second sets at 

40%, 60%, and 80% of their self-perceived maxi-

mum effort for both exercises, with 1-minute rest 

intervals between sets. This was followed by two 

6-second sets at maximal effort, with a 3-minute 

rest between attempts. The highest peak force of 

each exercise was recorded as IPF. Participants 

were encouraged to exert maximum effort from 

the start to the end of each 6-second trial.

The second visit (assessment session) be-

gan with baseline measurements of IOP and blood 

pressure. Participants then completed a general 

warm-up followed by a specific warm-up, con-

sisting of three 6-second sets at 40%, 60%, and 

80% of their IPF for both the mid-thigh pull and 

biceps curl exercises, with 1-minute rest intervals 

between sets. After a 5-minute rest, participants 

performed one 30-second set of each exercise 

(mid-thigh pull and biceps curl) using a light bar 

(0.1 kg), followed by one set at 50% of their IPF. 

IOP was measured before exercise, during the 

30-second exertion period of each exercise, and 

at 1- and 5-minutes post-exercise. Blood pressure 

was recorded before exercise, and again at 1- and 

5-minutes post-exercise. A 10-minute rest period 

was maintained between conditions.
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TABLE 1. Descriptive (mean ± standard deviation) and statistical (p-value and effect size) of 

anthropometrical and isometric exercise characteristics of all participants included in this study. 

Sample characteristics POAG Control p-value (ES b) 

Sample size 25 19  

Age (years) 70.4 ± 6.8 69.2 ± 6.0 0.541 (0.19) 

Weight (kg) 74.3 ± 13.3 74.7 ± 13.9 0.914 (0.03) 

Height (cm) 165.9 ± 10.5 163.9 ± 10.1 0.532 (0.19) 

Baseline IOP (mmHg) 16.9 ± 4.2 16.4 ± 3.2 0.681 (0.13) 

Baseline OPP (mmHg) 53.7 ± 9.3 50.3 ± 8.0 0.897 (0.04) 

MTP a 100% IPF (kg) 77.1 ± 32.7 75.2 ± 29.0 0.844 (0.06) 

Biceps curl 100% IPF (kg) 23.9 ± 10.1 22.0 ± 9.5 0.547 (0.19) 
a MTP: mid-thigh pull, b ES = effect size.  

Figure 10. A schematic illustration of the study 4 procedures.

Table 2. Descriptive (mean ± standard deviation) and statistical (p-value and effect size) of anthropometrical and isometric 
exercise characteristics of all participants included in this study.
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IOP was measured using a portable rebound 
tonometer (Icare IC200, Tiolat Oy, Helsinki, Fin-
land), which has demonstrated to provide valid 
and reliable results (Pakrou et al. 2008). Partici-
pants were instructed to fixate on a distant target 
while six measurements were taken against the 
central cornea during baseline and post exercise 
assessments. The average of six measurements 
was used for further analysis. During the iso-
metric exercise IOP was continuously measured 
during the 30-second exertion period. The eval-
uator vocalized the measurements for a research 
assistant to record the data. The Icare tonometer 
does not acquire IOP measurements at perfectly 
regular intervals, and manual logging introduces 
uncertainty in the exact time stamps. To overcome 
these limitations, we devised a data processing 
approach to generate a set of equally spaced IOP 
values with precise time stamps. Specifically, we 
re-sample the manually obtained IOP values over a 
30-second period using polynomial interpolation. 
Given the recorded IOP measurements, we fit a 
polynomial function that passes through the avail-
able data points. This function is then evaluated at 
regular intervals to estimate missing values, en-
suring a uniform time distribution over a 30-sec-
ond interval. The polynomial degree is chosen to 
balance accuracy and stability, minimising poten-
tial overfitting or oscillations, enhancing temporal 
resolution while preserving the trend of IOP fluc-
tuations. A similar approach has been conducted 
in previous investigations assessing IOP changes 
during isometric efforts (Vera et al. 2019a, 2020f, 
2021b). Blood pressure was measured using a 
wrist digital automatic monitor (RS6 HEM-6221, 
Omron, Kyoto, Japan). OPP was estimated from 
the assessment of IOP and blood pressure (OPP = 
[95/140 × mean arterial pressure] – IOP).

STATISTICAL ANALYSIS

Descriptive data are presented as means 
± standard deviation. The normal distribution 
of the data was checked with the Shapiro-Wilk 
test, and the homogeneity of variances with the 
Levene’s test (p > 0.05). For the analysis of IOP 
changes, a repeated measures analysis of vari-
ance was carried out with the exercise intensity 
(high, low), exercise (mid-thigh pull, biceps curl) 
and point of measure (before-exercise, 10 points 
during the effort, and after 1 and 5 min of pas-
sive recovery) as the within-participant factors, 
whereas the group (POAG, control) was consid-
ered as the only between-participant factor. For 
the analysis of OPP changes, data were submitted 
to another repeated measures analysis of variance 
with the exercise intensity (high, low), amount of 
exercise (mid-thigh pull, biceps curl) and point 
of measure (before-exercise, after 1 and 5 min of 
passive recovery) as the within-participant fac-
tors, and the group (POAG, control) as the only 
between-participant factor. The Holm–Bonferroni 
procedure was applied when performing pairwise 
comparisons. Statistical significance was set at p 
≤ 0.05. The magnitude of the differences was re-
ported by the Cohen’s d effect size (d) and partial 
eta squared (ƞ2

p) for T and F tests, respectively. 
All statistical analyses were performed using the 
JASP statistics package (version 0.18.3).
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RESULTS

First, we found no significant be-
tween-group differences for baseline IOP and OPP 
assessments and fitness level (i.e., biceps curl and 
mid-thigh pull IPF) (Table 2).

The 4-way ANOVA applied for the IOP 
changes revealed statistical significance for the 
main effects of intensity (F = 103.6, p < 0.001, ƞ2

p 
= 0.71) and point of measure (F = 65.2, p < 0.001, 
ƞ2

p = 0.61). However, the main effect of exercise 
(F = 0.6, p = 0.455, ƞ2

p= 0.01) and group (F = 
1.4, p = 0.238, ƞ2

p= 0.03) did not reach statisti-
cal significance. The interaction effect intensity × 
point of measure (F = 32.0, p < 0.001, ƞ2

p= 0.43), 
showed statistical significance, whereas the rest of 
interactions did not reach statistically significant 
differences (p > 0.060 in all cases). Post-hoc anal-
yses revealed higher IOP increments in the high- 
in comparison to the low-intensity condition (cor-
rected p-value < 0.001, Cohen’s d = 0.52). Also, 
there was a linear IOP rise during exercise execu-
tion, with IOP returning to baseline levels imme-
diately after completing the exercise (Figure 11).

Complementarily, four separate ANOVAs 
for both exercises (mid-thigh pull and biceps curl) 
and intensities (low and high) were carried out to 
explore the differences between the POAG and 
control groups (see Figure 11). For the low-in-
tensity conditions, both groups tended to show a 
stable IOP response during exercise execution. 
For high-intensity, both groups experienced a lin-
ear increase during the effort, reaching higher IOP 
levels in control group in comparison to POAG 
patients in the mid-thigh pull exercise (point of 
measure × group: F = 2.5, p = 0.048, ƞ2

p= 0.06). 
Independent sample t-tests were performed to ex-
plore point of measure × group interaction, how-
ever no differences were found between groups in 
any point of measure (all p-values > 0.052).

Regarding OPP, statistically significant dif-
ferences were found for the main effect of point of 
measure (F = 3.3, p = 0.048, ƞ2

p= 0.07), whereas 
the rest of main effects did not reach statistically 
significant differences (all p-values > 0.181). Also, 
all interactions did not reach statistically signifi-
cant differences (all p-values > 0.063). Post-hoc 
analyses revealed a slight increase in OPP after 
the exercise (corrected p-value < 0.095, Cohen’s 
d = -0.11), returning to baseline levels after 5 min-
utes of recovery (Figure 12). 
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Figure 11. Effects of mid-thigh pull and biceps curl exercises at two intensities on intraocular pressure in the primary open-

angle glaucoma (POAG) and control groups. Error bars represent the 95% confidence intervals. Bold font has been used to 

highlight statistically significant effects (p<0.05). IOP= intraocular pressure; After= measurement taken after completing the 

set (within 1 minute); Recovery= measuresment taken after 5 minutes of completing the set.
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Figure 12. Effects of mid-thigh pull and biceps curl exercises at two intensities on 
ocular perfusion pressure in the primary open-angle glaucoma (POAG) and control 
groups. After = measurement taken after completing the set (within 1 minute); Re-
covery = measurement taken after 5 minutes of completing the set
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DISCUSSION

This study aimed to evaluate IOP and OPP 
responses to isometric resistance exercises (mid-
thigh pull and biceps curl) in POAG patients and 
age-matched controls. We observed a progressive 
increase in IOP throughout both exercises, with 
greater increments at high intensity. However, 
IOP quickly returned to baseline after exercise 
cessation. Notably, POAG patients exhibited a 
smaller IOP increase during the mid-thigh pull at 
high intensity compared to controls (POAG: 2.6 
± 0.8 mmHg vs. control: 5.1 ± 0.9 mmHg). There 
was a slight OPP increase post-exercise, but no 
differences were observed after 5 minutes of re-
covery. Overall, these exercises could be cautious-
ly incorporated into training programs for POAG 
patients, ensuring IOP levels are carefully moni-
tored to prevent undesirable IOP fluctuations.

	 Consistent with previous reports, our 
findings indicate an acute increase in IOP during 
isometric resistance exercises (Hackett et al. 
2024). At high intensity, the IOP rise was nota-
ble, reaching 3.0 ± 0.6 mmHg for POAG patients 
and 4.7 ± 0.7 mmHg in the control group. The 
results support the notion that isometric effort 
provokes transient IOP elevations, particularly at 
high intensities and toward the end of each set, 
likely due to mechanical strain (e.g., Valsalva-like 
maneuvers), vascular engorgement, and poten-
tial reductions in anterior chamber angle width 
(Vera et al. 2019f, a). Additionally, prior studies 
have reported IOP elevations of 7–9 mmHg with 
longer effort durations (1–2 minutes) and higher 
intensities (80% 1RM), with even greater increas-
es when the Valsalva maneuver was performed 
(Vera et al. 2019d, 2021b). It is well established 
that high-intensity exercises can lead to altered 

breathing patterns, resulting in acute IOP spikes, 
whereas low- to moderate-intensity exercises tend 
to promote steady breathing, helping maintain sta-
ble IOP levels (Vera et al. 2019c, 2021b). Howev-
er, an unintentional Valsalva maneuver may have 
occurred during the execution of the mid-thigh 
pull and biceps curl at high intensity, likely due to 
the challenge of maintaining trunk stability (Ikeda 
et al. 2009). Therefore, trainers and eye care spe-
cialists should carefully assess exercise intensity 
and associated breathing patterns when consider-
ing physical activity for glaucoma prevention and 
management.

	 Additionally, IOP levels peaked toward 
the end of the set, as previously observed with 
longer set durations and accumulated repetitions 
(Hackett et al. 2024). It appears advisable to re-
duce exercise duration during isometric efforts to 
avoid undesirable IOP elevations in POAG pa-
tients or those at risk. Moreover, the significant 
rise in IOP during exercise seems to be tempo-
rary, returning to baseline levels within 1 minute 
of passive rest. This finding aligns with previous 
studies that show a rapid decrease in IOP immedi-
ately after exercise cessation (8-10 seconds of rest) 
(Vera et al. 2019d, 2020f). Mechanistically, this 
drop likely reflects a release of intrathoracic and 
intra-abdominal pressure (via Valsalva release), 
normalization of episcleral venous pressure, and 
autonomic regulation favouring parasympathetic 
tone. As suggested by Vaghefi et al. (2021)six rep-
etitions using 75% of maximal load (6RM, stim-
ulation of the sympathetic-parasympathetic axis 
during and after exertion may transiently enhance 
trabecular meshwork outflow, facilitating a rapid 
drop in IOP. This recovery dynamic suggests that 
the eye’s fluid regulation system is highly reac-
tive to acute hemodynamic and autonomic chang-
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es, even in the context of glaucoma, particularly 
when pharmacologically supported. Furthermore, 
exercises involving larger muscle groups tend 
to provoke higher IOP levels compared to those 
involving smaller muscle groups (Hackett et al. 
2024). Contrary to our hypothesis, we found no 
significant differences between mid-thigh pull 
and biceps curl exercises. Similar results, show-
ing no significant difference in IOP based on 
muscle mass recruitment during isometric efforts, 
have been reported in previous research (Vera et 
al. 2020f). However, during dynamic resistance 
exercises, higher IOP values were observed with 
squats compared to biceps curl (Vera et al. 2020d). 
It is plausible that the amount of muscle mass re-
cruited is more relevant when dynamic exercises 
are performed.

	 Overall, most studies conducted with 
healthy adults have shown a significant increase in 
IOP during resistance training exercises (Hackett 
et al. 2024). In line with this, both POAG patients 
and the control group experienced comparable 
IOP elevations across both intensities and exer-
cises. However, a slight difference was observed 
during the mid-thigh pull exercise at high intensi-
ty, with the control group reaching higher IOP lev-
els than the POAG patients. A novel contribution 
of this study is the attenuated IOP rise observed in 
POAG patients, especially during the mid-thigh 
pull at high intensity, compared to healthy con-
trols. This suggests a potential protective effect of 
anti-glaucoma medications during physical exer-
tion. The most plausible mechanism involves the 
modulation of aqueous humor dynamics. Specif-
ically, medications such as prostaglandin analogs 
increase uveoscleral outflow, while beta-blockers 
and carbonic anhydrase inhibitors reduce aque-
ous production (Casson 2022). When combined 

with sympathetic activation during exercise, these 
medications may buffer the transient rise in IOP 
by maintaining outflow facility or suppressing 
production at a time when venous return and epis-
cleral pressure are elevated. Although the sample 
size of the POAG group was relatively small, we 
examined whether the anti-glaucoma medications 
influenced the IOP response. The analysis showed 
that IOP changes in POAG patients were not af-
fected by the treatment type (p = 0.957). In either 
case, the IOP increase in both groups exceeded 2 
mmHg, which could be considered of relevance 
for preventing ocular damage (Vera et al. 2021b). 
Therefore, it would be advisable to adjust exer-
cise intensity and selection based on individual 
responses. Additionally, evidence suggests that a 
gradual approach to resistance training may help 
mitigate potential ocular risks associated with 
acute IOP increases caused by intense physical 
exertion (Vera et al. 2018b). 

	 In addition to IOP values, ocular perfu-
sion and blood flow play an important role on 
glaucoma pathogenesis (Cherecheanu et al. 2013). 
In line with previous research using isometric 
exercises with glaucoma patients (Gugleta et al. 
2003; Portmann et al. 2011), we found a slight 
increase in OPP after the exercise regardless of 
the experimental group. Portmann and colleagues 
(Portmann et al. 2011) suggested that glaucoma 
patients have a less active regulatory capacity, but 
our results do not support this statement due to the 
similar OPP behavior found in POAG patients and 
healthy controls. Based on the current findings, 
the positive effects of increased OPP levels can be 
achieved through low- to high-intensity isomet-
ric resistance training in both healthy and clinical 
populations. Therefore, eye care and sports pro-
fessionals should consider these exercises and in-
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tensities as safe and effective alternatives when rec-
ommending physical activity for glaucoma patients 
or individuals at risk.

This study has certain limitations that should 
be acknowledged. First, our experimental sample in-
cluded only POAG patients treated with eye drops, 
and thus, the applicability of these findings to other 
types of glaucoma or treatments requires further ex-
ploration (Stamer and Acott 2012). Second, while 
we tested two isometric exercises commonly used 
in resistance training, additional exercises should be 
evaluated to strengthen the current findings (Vera et 
al. 2020f). Third, breathing patterns were not objec-
tively monitored, which may have introduced unde-
sirable variations (Vera et al. 2021b). Fourth, the in-
fluence of physical fitness on IOP changes induced 
by isometric exercises should be investigated (Vera 
et al. 2017b, 2020b). Finally, randomized clinical 
trials are necessary to assess the long-term impact 
of isometric exercises on glaucoma progression.

CONCLUSION

IOP shows a significant increase during iso-
metric sets of mid-thigh pull and biceps curl exercis-
es at high intensity in both POAG patients and age-
matched controls. Also, a slight increase has been 
found at low intensity for both groups. To prevent 
uncontrolled IOP elevation, it is advisable to adjust 
the intensity and exercise selection based on indi-
vidual responses. Additionally, moderate increases 
in OPP are observed after isometric resistance ex-
ercises in both groups. These findings suggest that 
isometric exercise can be considered a viable option 
to improve fitness levels in POAG patients, if exer-
cise intensity is individually adjusted according to 
individual responses. 
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9. CONCLUSIONS/CONCLUSIONES

This doctoral thesis has been organized into four studies, and the following conclusions can be derived 
from them:

Study I: Evidence-Based Exercise Recommendations for the Reduction and Stabilization of Intraocular 
Pressure: A Practical Guide for Eye Care and Sport Specialists.

	 Conclusion 1: physical exercise is an important modifiable factor in glaucoma manage-
ment that should be considered by healthcare providers. Exercise should be prescribed and 
monitored like any other medical treatment, with consideration for the individual’s unique 
characteristics and preferences.

Conclusion 2: small increases in physical activity can provide significant health 
benefits, and a gradual progressive approach is recommended to minimize exercise-in-
duced IOP fluctuations. Endurance exercises at low-to-moderate intensities can acutely re-
duce IOP and HIIT response depends on the specific protocol parameters, while resistance 
exercises at moderate-to-high intensities consistently increase IOP.

Study II: Intraocular pressure and ocular perfusion pressure responses during low-intensity endurance 
exercise in primary-open angle glaucoma patients vs. age- and sex-matched controls: Influence of walk-
ing pace and external load.

Conclusion 3: the IOP behaviour is mostly stable when walking at slow and fast velocities. 
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However, the incorporation of carrying external loads during walking was associated with 
higher IOP levels, and although the rise is clinically modest, it should be discouraged in 
POAG patients. There is a moderate OPP rise after walking for POAG patients and control 
group, and interestingly, this effect was heightened when using a fast-walking pace.   

Conclusion 4: POAG patients had a better IOP regulation during walking compared to the 
control group, with greater differences with the incorporation of carrying external loads. 
OPP showed a similar behaviour for POAG patients and control group. These findings 
suggest that low-intensity endurance exercise is a safe exercise strategy that can be used to 
improve fitness level in POAG patients, avoiding the use of external loads.

Study III: Acute intraocular pressure responses changes during dynamic resistance training in primary 
open-angle glaucoma patients and age-matched controls.

Conclusion 5: the dynamic sets of leg extension and biceps curl reveals an increase in 
IOP levels returning to baseline levels immediately after exercise cessation whereas OPP 
remains stable.

Conclusion 6: IOP shows a slight (clinically irrelevant) increase during dynamic sets of 
leg extension and biceps curl exercises in POAG patients, whereas age-matched controls 
experienced a higher IOP rise. Additionally, OPP remains stable after dynamic resistance 
exercises in both groups.

Conclusion 7: the choice of exercises between upper and lower body seems not to be rele-
vant comparing leg extension and biceps curl.

Conclusion 8: the magnitude of IOP increase was higher in the more physically demanding 
conditions, however, the use of low- to moderate-intensity leg extension and biceps curl 
exercises seems to be a safe training strategy for POAG patients undergoing eye drops 
treatment. 

Study IV: Acute intraocular pressure changes during isometric exercise in primary-open angle glauco-
ma patients: The influence of exercise type and intensity.

Conclusion 9: isometric sets of mid-thigh pull and biceps curl exercises reveals an increase 
in IOP levels, returning to baseline levels immediately after completing the exercise for 
both groups. Additionally, moderate increases in OPP are observed after isometric resis-
tance exercises in both groups. The choice of exercises between upper and lower body 
seems not to be relevant. 

Conclusion 10: IOP shows a significant increase during isometric sets of mid-thigh pull 
and biceps curl exercises at moderate intensity while a slight increase has been found at 
low intensity for both groups. An OPP elevation response occurs regardless of the intensity. 
These findings suggest that isometric exercise can be considered a viable option to improve 
fitness levels in POAG patients, if exercise intensity is individually adjusted according to 
individual responses.
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Esta tesis doctoral se ha organizado en cuatro estudios y se han extraído las siguientes conclusiones:

Estudio I: Recomendaciones de ejercicio basadas en la evidencia para la reducción y estabilización 
de la presión intraocular: una guía práctica para especialistas en salud ocular y ciencias del deporte.

	 Conclusión 1: el ejercicio físico es un factor modificable importante en el manejo del 
glaucoma que debe ser considerado por los profesionales de la salud. El ejercicio debe 
prescribirse y monitorearse como cualquier otro tratamiento médico, teniendo en cuenta las 
características y preferencias individuales.

Conclusión 2: pequeños aumentos en la actividad física pueden proporcionar beneficios 
significativos para la salud, se recomienda un enfoque progresivo y gradual para minimizar 
las fluctuaciones de la presión intraocular inducidas por el ejercicio. Los ejercicios de resis-
tencia a intensidades bajas y moderadas pueden reducir agudamente la presión intraocular, 
mientras que la respuesta a los HIIT depende de los parámetros específicos del protocolo. 
En contraste, los ejercicios de fuerza a intensidades moderadas y altas aumentan la presión 
intraocular de manera consistente.

Estudio II: Respuestas de la presión intraocular y la presión de perfusión ocular durante ejercicio de 
resistencia de baja intensidad en pacientes con glaucoma primario de ángulo abierto vs. controles em-
parejados por edad y sexo: influencia del ritmo de marcha y la carga externa.

Conclusión 3: el comportamiento de la presión intraocular se mantiene mayormente es-
table al caminar a velocidades lentas y rápidas. Sin embargo, la incorporación de carga 
externa durante la caminata se asoció con niveles más altos de presión intraocular y, aunque 
el aumento es clínicamente modesto, debería desaconsejarse en pacientes con glaucoma 
primario de ángulo abierto. Se observó un aumento moderado en la presión de perfusión 
ocular después de caminar tanto en pacientes con glaucoma primario de ángulo abierto 
como en el grupo control, y, de manera interesante, este efecto fue más pronunciado al 
caminar a un ritmo rápido.

Conclusión 4: los pacientes con glaucoma primario de ángulo abierto mostraron una me-
jor regulación de la presión intraocular durante la caminata en comparación con el grupo 
control, con diferencias más notables cuando se incorporó carga externa. La presión de 
perfusión ocular mostró un comportamiento similar en ambos grupos. Estos hallazgos sugi-
eren que el ejercicio de resistencia de baja intensidad es una estrategia segura para mejorar 
el nivel de condición física en pacientes con glaucoma primario de ángulo abierto, siempre 
que se evite el uso de cargas externas.
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Estudio III: Cambios agudos en la presión intraocular durante el entrenamiento de fuerza dinámico en 
pacientes con glaucoma primario de ángulo abierto y controles emparejados por edad.

Conclusión 5: la realización de series dinámicas de extensión de piernas y curl de bíceps 
provoca un aumento en los niveles de presión intraocular, que regresa a los valores basales 
inmediatamente después de la finalización del ejercicio, mientras que la presión de per-
fusión ocular se mantiene estable.

Conclusión 6: la presión intraocular muestra un leve aumento (clínicamente irrelevante) 
durante las series dinámicas de extensión de piernas y curl de bíceps en pacientes con glau-
coma primario de ángulo abierto, mientras que el grupo control experimentó un aumento 
mayor de la presión intraocular. Además, la presión de perfusión ocular se mantiene estable 
después del ejercicio de fuerza dinámica en ambos grupos.

Conclusión 7: la elección entre ejercicios del tren superior e inferior parece no ser rele-
vante al comparar la extensión de piernas y el curl de bíceps.

Conclusión 8: la magnitud del aumento de la presión intraocular fue mayor en las condi-
ciones más exigentes físicamente; sin embargo, el uso de ejercicios de extensión de piernas 
y curl de bíceps a intensidades bajas y moderadas parece ser una estrategia de entrenamien-
to segura para pacientes con glaucoma primario de ángulo abierto que están en tratamiento 
con colirio. 

Estudio IV: Cambios agudos en la presión intraocular durante el ejercicio isométrico en pacientes con 
glaucoma primario de ángulo abierto: influencia del tipo e intensidad del ejercicio.

Conclusión 9: la realización de series isométricas de tirón de muslo medio y curl de bíceps 
provoca un aumento en los niveles de presión intraocular, que regresa a los valores basales 
inmediatamente después de completar el ejercicio en ambos grupos. Además, se obser-
varon aumentos moderados en la presión de perfusión ocular después de los ejercicios de 
fuerza isométricos en ambos grupos. La elección entre ejercicios del tren superior e inferior 
parece no ser relevante. 

Conclusión 10: l a presión intraocular muestra un aumento significativo durante las series 
isométricas de tirón de muslo medio y curl de bíceps a intensidad moderada, mientras que 
a intensidad baja se observó un aumento leve en ambos grupos. La respuesta de elevación 
de la presión de perfusión ocular ocurre independientemente de la intensidad del ejercicio. 
Estos hallazgos sugieren que el ejercicio isométrico puede considerarse una opción viable 
para mejorar el nivel de condición física en pacientes con glaucoma primario de ángulo 
abierto, siempre que la intensidad del ejercicio se ajuste de manera individual según las 
respuestas de cada persona.
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10. FUTURE RESEARCH

The findings of this doctoral thesis support physical exercise as an adjuvant strategy to pharmacological 

treatment of glaucoma. Endurance and resistance exercises performed at low to moderate intensities 

seems to be a feasible training option for glaucoma patients. However, longitudinal studies need to be 

addresses to explore long-term adaptations on ocular health parameters. In addition, these longitudinal 

studies could analyse the effect of improved physical fitness on IOP and OPP responses since some 

studies have shown positive results in more physically active individuals.

	 In order to address these gaps, a clinical trial has been registered to conduct a structured phys-

ical training program to assess the impact on glaucoma progression. The clinical trial will be used to 

determine the chronic effects of a concurrent training program in comparison to no training prescribed 

(control group). The participants will be pharmacological treated POAG patients. There will be 4 pre-in-

tervention sessions and 4 post-intervention sessions (3 physical assessment and 1 clinical assessment). 

The study protocol for experimental group will consist of 48 training sessions performed during a 24-

week period. The concurrent training sessions will consist of 30 minutes of lower and upper-body en-

durance low-intensity exercise (arm and leg cycling) and 30 minutes of lower and upper-body resistance 

exercises (i.e. leg extension, inclined bench press and seated row) at a moderate level of effort. 



94

11. ACKNOWLEDGEMENTS

Llevo tiempo pensando en lo que quería escribir llegado este punto. Las personas que me conocen 
saben que es complicado para mí plasmar o transmitir mis sentimientos. Sin embargo, “es de bien nacido 
ser agradecido” y, por tanto, al llegar al final de esta etapa tan importante, he de agradecer profunda-
mente a todas las personas que, de una forma u otra, han formado parte de este camino y han hecho 
posible la realización de esta tesis. Afortunadamente, durante este tiempo, he tenido la suerte de estar 
rodeada de personas que me han potenciado, me han cuidado, se han preocupado por mí y también me 
han levantado en los momentos en los que mi vuelo no subía. GRACIAS. 

En primer lugar, me gustaría agradecer a mis directores, ya que el trabajo que he presentado hoy 
no sería posible sin su guía y conocimiento compartido.  

A Amador, porque seguramente sin saberlo fuiste la primera persona que me acercó al mundo de 
la investigación a través de tus créditos de docencia FPU, con el proyecto de entrenamiento de fuerza y 
fatiga de tu compañero Antonio.  Ahí, a pesar del gran esfuerzo que llevaba el estudio, fue donde empecé 
a mostrar interés por este mundo, no solo por el conocimiento adquirido sino también por la calidad 
humana que mostrabais. Además, unos años más tarde, cuando me entraron las dudas existenciales 
mientras trabajaba de entrenadora personal en Almuñécar, atendiste a mi teléfono a pesar de conocernos 
mínimamente y estar a más de 10000 km de distancia. Gracias por tu guía y tu atención incasable a todas 
horas, tu capacidad de resolución de problemas y tu ánimo en todos estos años. Gracias, Amador, por 



95

inspirarme y guiarme desde tus inicios en la carrera investigadora hasta el día de hoy que cerramos la 
etapa director-doctorando. 

A Jesús Vera, por aventurarse a enseñar a una entrenadora y científica del deporte el mundo la 
“física y las ciencias del espacio”. Habría sido curioso contar con un título de Doctora en física y cien-
cias del espacio, pero al final no lo veremos. Gracias, Jesús, principalmente por enseñarme que es eso 
llamado “Glaucoma” y, también, todos los procedimientos estadísticos, metodológicos, revisiones y 
funcionamiento de instrumentos, que he necesitado a lo largo de este tiempo para poder culminar este 
trabajo. 

A mi compi Cristina, porque sin su ayuda esta tesis no habría sido posible. Gracias por acom-
pañarme día tras día durante la intensa maratón de toma de datos que duró más de 10 meses. Por 
compartir escapadas al desayuno, cafés despertadores en medio de la toma de datos, y muchas risas y 
experiencias de la mano de nuestros participantes.  

A Sara, por estar dispuesta a ofrecer siempre su ayuda, y salvarnos en momentos de agobio. Por 
tus ganas de aprender y tu curiosidad. Aunque odies al Atleti tanto como yo odio al Madrid y tengamos 
nuestros piques futboleros, siempre es bueno tener cerca a una persona como tú en este laboratorio. 

A mi team plebeyos, Sergio y Dani Marcos, por vuestro apoyo constante, ayuda desinteresada y 
resolución de problemas. También por nuestras barbacoas improvisadas, debates aleatorios y risas con-
stantes. Sergio, es un orgullo compartir trabajo y amistad con alguien tan bueno como tú, personal y pro-
fesionalmente. Desde que te conocí como compañero de máster sabía que eras una persona especial, y 
por suerte me lo has ido demostrando día a día tanto en tu papel como compañero, amigo y, podría decir 
también, mentor. Eres un gran ejemplo a seguir y estoy muy orgullosa de todo lo que estás consiguiendo 
y de lo que, estoy segura, conseguirás en el futuro. Dani, gracias por todos los planes que a lo largo de 
este tiempo hemos ido sacando. Especialmente por la aventura finlandesa en nuestra búsqueda de nue-
vos conocimientos, lugares y experiencias. También por tus clases de halterofilia, aunque no me fuera 
demasiado bien personalmente, es de admirar tu capacidad para proponer y compartir tu conocimiento 
con el resto. Gracias por tu paciencia y apoyo tanto dentro como fuera del trabajo. Sé que me llevaré un 
gran amigo con el que siempre podré quedar a comer hamburguesas. 

A Teresa Zwierko, por su ayuda e interés en el proyecto durante su estancia en Granada, y por 
su invitación a su ciudad y a su laboratorio en Szczecin. Por acogerme y procurar que me sienta como 
en casa. 

A Lola, Manuel, Marian, Mercedes, Miguel, Paqui y un largo etcétera. En definitiva, a todas 
las personas que han invertido su tiempo como conejillo de indias para que esta tesis fuera una realidad. 
Por compartir su cariño, sus experiencias y como no sus regalos en forma de chocolate.  



96

Mi sitio en la universidad no se entendería sin mi grupo IDAFISAD, y por supuesto sin Luja e 
Ignacio. Mis profesores de Balonmano y unos apasionados del entrenamiento de fuerza. Gracias por 
darme la oportunidad de redefinir mi camino trabajando con Amador y Jesús, porque sin vuestra dis-
posición y vuestras ganas de hacer mejores al resto, esta tesis no habría tenido mi nombre. Luja, eres 
un líder brillante que busca hacer brillar a los demás. Tu autenticidad y tu perspectiva de grupo hacen 
del nuestro una familia de la que todos quedan maravillados. Gracias por dejarme formar parte de ella e 
impulsarme hacia mis objetivos. A mis compañeros, Darío, Antonio Riego, Daniel Jiménez, Gustavo 
e Indya por vuestra colaboración y compañía diaria compartiendo dudas, debates y memes. 

Especialmente, en este grupo quiero destacar la labor y la ayuda de Daniel Jerez y Ángela Ro-
dríguez. En este proceso puedo decir que han sido mis padrinos y una fuente de apoyo constante cuando 
no les tocaba. Daniel, seguramente la primera tesis que vi en mi vida fue la tuya, cuando todavía estaba 
decidiendo si iniciar o no el camino de la investigación. Desde mi llegada al grupo has sido mi mayor 
apoyo y una enciclopedia abierta de par en par en la que poder consultar día tras día. Gracias por las tar-
des interminables de trabajo del inicio, porque a tu lado siempre era más ameno. Por los 5 cafés y/o co-
ca-colas diarias que tomábamos, aunque menos mal que no seguimos por ese camino, si no la operación 
verano solo con el snack de ejercicio estaría complicada. Gracias por dar siempre sin esperar nada a 
cambio. Eres una bomba que potencia a todas las personas de tu alrededor. Gracias por tu sabiduría, tu 
cercanía, tu empatía y tu amistad. Y desde la distancia, Ángela, preocupada siempre de intentar que no 
caigamos en errores de principiantes. Siempre atenta a todas las oportunidades a las que podemos optar 
los más jóvenes, y tendiendo una mano a nuestras mil dudas. Gracias por animarme y acompañarme en 
muchos de mis primeros pasos en esta carrera investigadora y así darme la autonomía necesaria para 
poder recorrerla con seguridad. 

Para terminar con mi familia académica, no se me puede olvidar que al otro lado del charco cuen-
to con una familia gracias a Pedro Delgado. Gracias por, sin apenas conocerme, invitarme a tu casa, 
Temuco, para darme la oportunidad de crecer personalmente y tener una de las mejores experiencias de 
mi vida. Y, además, tras 2 años, volverme a acoger, aportando a mi proceso de tesis conocimiento científ-
ico, roles de gestión y lo más importante, calidad humana por encima todo. Mi supervisor de estancia 
internacional se ha convertido en mi hermano mayor, y sus padres, su hija, sus tíos y primos en los míos 
propios. Gracias por enseñarme a hablar 2 horas sin decir una verdad. 

En esta estancia no puedo olvidarme de Ricardo, gracias por preocuparte de mi bienestar y procu-
rar que nunca me faltara nada tan lejos de casa. 

Ahora me toca agradecer a las personas que son la parte esencial de mi vida desde siempre, y 
algunas que, aunque derivan del ámbito investigador se han hecho esenciales y sé que siempre estarán 
ahí para mí. 



97

A mis lumis de patrulla, mis amigas de siempre, Alba, Estefanía, Laura, Macarena, Mari 
Ángeles y Piedad. Porque seguro que son las personas a las que más tiempo les he privado de mi com-
pañía durante estos años, porque no leo el grupo de WhatsApp, y porque siempre me cuesta mantenerlas 
informadas del día a día de mi vida. Pero siempre están ahí para celebrar mis éxitos y animarme en mis 
fracasos. Porque una escapada a Malta, unas cañas, un café o una conversación de 5 minutos con ellas 
renueva mi energía al instante. Gracias por nunca desaparecer de mi vida, aunque yo me encuentre au-
sente en la vuestra. 

A mis amigos de la Universidad, los viaipi, porque siempre inventamos la forma de encontrarnos 
en Granada, en alguna feria o en alguna casa rural, aun estando separados por tantos km. La facultad de 
ciencias del deporte siempre será nuestra unión y esta tesis lo plasmará para la historia. 

A mis amigos de Granada, Ali, Manu, María, Marta y Pablo. Los que siempre sacan un hueco 
por muy liados que estén. Mis grandes compañeros de cervezas, pádel y partidos del Granada femenino. 
Ali, siempre espontánea y preparada para cualquier plan. Que se preparen en el pádel que vamos hacia 
arriba como un torpedo aunque los calentamientos de nuestras clases digan lo contrario. Manu, siempre 
alegre y amenizando las quedadas de grupo, y por supuesto proveyéndonos de entradas del Granada. 
María, siempre dispuesta a sacrificarse por el bien común. Gracias por estar siempre atenta y preocu-
pada por todas mis cosas. Por escucharme y brindarme el tiempo que no tienes para asegurarte de que 
estoy bien. Eres una luz que brilla en todas las personas de tu alrededor. Estoy segura de que, si Alexia te 
conociera, sería fan tuya. Marta, siempre sacando una sonrisa a los demás contando tus movidas diarias 
o comentando partidos de fútbol. Pablillo, siempre planeando alguna locura como ese Sevilla on tour o 
San Juan. Por cada evento avengers y por estar disponible fuera el día que fuera. Gracias por haberme 
brindado este grupo de amigos. Siempre nos quedará Alhamar 30.  

A mi gran descubrimiento de Granada, a mi mejor amigo, Aitor. La mejor forma de describir 
nuestra relación es que siempre que alguien te busca o quiere saber de ti me pregunta a mí. Nuestras tesis 
siempre estarán ligadas por la ayuda mutua que nos hemos brindado cuando no teníamos a nadie más. 
Sin embargo, el mayor lazo de unión de estas recae en el paracaídas que ponemos a disposición del otro 
para que nuestro vuelo no baje de la altura necesaria para seguir nuestro camino. Un paracaídas lleno 
de entrenamiento en parejas, picnic en las mesas del laboratorio, miradores, películas, grazie mille y 
escapadas a la playa con nevera, sombrilla y helado. Gracias por aparecer en el IMUDS y quedarte fuera 
de él. Mi amigo favorito se llama Aitor y mi carpeta favorita de fotos siempre se llamará ‘Planes Aitor’. 

A Claudia, por pasar de ser mi compi en el ‘uniclub’ de rugby a confiar en mí para apoyar los 
pasos de su brillante futuro. Gracias por las escapadas a esquiar y los terceros tiempos siempre curiosos. 

Al Balonmano, en general, por darme la oportunidad de conocer a tanta gente buena y seguir 
desarrollándome como persona y entrenadora. Porque, aunque en ocasiones me dé quebraderos de cabe-
za y disgustos también le da alegría a mi corazón. Gracias a mis compañeros David, Elena, Josema, 



98

Juanan y Rafa por facilitarme el día a día al compaginar entrenamiento y universidad. Especialmente a 
Josema, por confiar en mí y ayudarme en mi desarrollo profesional dejándome hacer y deshacer desde 
mi inicio en el club. A David y a Elena por ser mis llaveros esta temporada apagando fuegos a los cuáles 
no podía llegar. A Manolo Ortega por animarme a creer en mí misma y cambiar de perspectiva con 
respecto a la tesis. Fue un gran impulso nuestra conversación en aquel viaje a Carboneras con nuestra 
banda. A mis amigas de Almuñécar, Carmen y Elena, por compartir conmigo su afición por nuestro 
deporte y sacar siempre un hueco para hablar de la vida. A todos y todas las jugadoras que se han puesto 
en mis manos a lo largo de estos años, en especial a mis palomas. Gracias balonmano, me matas y me 
das la vida. 

A Reich, por su disposición para darle color, marketing y alegría a esta tesis. Gracias por tu pa-
ciencia e imaginación para cerrar esta etapa. 

Por último, porque siempre lo bueno se deja para el final, y porque si lo hubiera puesto antes quizá 
no habría terminado de leer esta sección. Mi familia, la que te toca en un sorteo que nadie sabe cómo 
funciona.  

A mis abuelos, Juana, Lola, Pepe y Tomás, porque ojalá estuvieran aquí para escucharme en este 
día, a pesar de que alguno no sabía ni escribir, siempre han sido ejemplo de trabajo y superación. Porque 
son los que primero me enseñaron a ganar un jornal en las olivas, a conducir un coche, a cocinar, a saber 
la importancia de los estudios y a buscar mi propia autonomía. 

A mis primos y primas, especialmente a mi primo Alfonso por cuidarme desde siempre y ser mi 
acompañante a los eventos deportivos. Mi sueño de poder ver unos juegos olímpicos se cumplió gracias 
a ti con París 2024. Y a mi prima Alba, mi hermana de otra madre, por dar siempre un paso adelante 
por mí para procurar que nunca me haga daño. Gracias por alegrarte de mis éxitos más que de los tuyos.  

A mis tíos y tías, gracias por siempre tenderme una mano, un techo o un empujón para salir ad-
elante. A mi tía Ana, por enseñarme el valor del esfuerzo, la autonomía, y a hacer tortilla de patatas. A mi 
tía Encarna, por ser siempre un ejemplo de lo lejos que puedan llegar las mujeres de nuestra familia. A 
mi tío Juan Antonio y mi tía Sonsoles por sacarme siempre de los apuros con Hacienda. A mi tío Celso, 
por ser el primero en impulsarme a perder el miedo a presentar en público y por trasmitirme su amor por 
las motos. A mi tía Maribel, por ser una segunda madre para mí, no existe mejor persona que tú en esta 
vida. A mi tía Juani, por ser el mayor apoyo en los momentos de dificultad, por ponerle calma y razón 
a los problemas, y por ser siempre mi mayor fondo de armario.  

A mis hermanos, Jose y Tomás, por ser mis mayores fans. Aunque seáis un desastre y tenga que 
estar pendiente de vosotros siendo la pequeña. Aunque a veces (muchas) nos hayamos llevado como 
el perro y el gato, siempre me habéis cuidado y procurado lo mejor para mí, ayudándome en las mani-
festaciones en contra de las manoletinas, con tardes de juegos y miles de horas de películas. Gracias por 



99

estar siempre ahí y ser el impulso que a veces no sabía que necesitaba. A mi sobrina, Araceli, por ser la 
ilusión de mi vida. 

A mis padres, Angelines y Pepe, por ser los promotores de mis éxitos, porque sin vosotros no 
podría haber entrado a esta facultad con la simple preocupación de estudiar. Por ser siempre vuestra pri-
oridad. Por dármelo todo hasta lo que no teníais para que no me faltara de nada. Por aguantarme en mi 
rebeldía y en mi malhumor, porque nunca tendré un mayor error y arrepentimiento de las veces que os 
he hablado mal o tratado peor. Papá, por enseñarme que el trabajo no se puede negociar si realmente se 
quieren conseguir objetivos y por regalarme tu capacidad para arreglar cosas. Por llevarme y recogerme 
de cualquier parte y en cualquier momento. Mamá, por ser la persona más fuerte que conozco. Por estar 
pendiente y buscar solución a todos mis problemas. Por dar sin esperar nada a cambio. Por enseñarme el 
verdadero si me caigo me levanto. Aunque lo diga menos de lo que debería, os quiero mucho. 

Gracias a la Tesis, por darme el empujón que necesitaba, por recordarme que la actividad física 
cambia la vida de las personas. Porque sin ella y sin los participantes con los que he podido interactuar, 
quizá seguiría enfrascada en mi rutina sin darme cuenta del empujón que necesitaba darle a mi madre. 
Porque esa cadena de empujones nos llevó a dar el primer paso para que se levantara de su caída. Porque 
hace 5 años caímos tan bajo que no sabíamos si levantaríamos el vuelo, pero ahí estamos volando de 
nuevo por encima de la tormenta. Porque el orgullo que siento al ver a mi madre con sus fingerprints, 
haciendo kayak, o volviendo a conducir apareció a raíz de esta tesis y de la magia de la actividad física. 
Gracias Tesis por devolverme a mi madre y enseñarme que no importa lo bajo de la caída si no la ca-
pacidad de reaprender a volar. 



100

12. REFERENCES

Acott TS, Kelley MJ, Keller KE, et al (2014) Intraocular pressure homeostasis: maintaining balance in 
a high-pressure environment. J Ocul Pharmacol Ther 30:94–101

Agrawal A (2015) A prospective study to compare safety and efficacy of various anti-glaucoma agents 
and evaluate the effect of aerobic exercise on intra-ocular pressure in newly diagnosed primary 
open angle glaucoma patients in a tertiary care hospital. Value Heal 18:A415

Aliancy J, Stamer WD, Wirostko B (2017) A review of nitric oxide for the treatment of glaucomatous 
disease. Ophthalmol Ther 6:221–232

Anderson AJ (2019) Exercise and glaucoma: Positive steps toward finding another modifiable risk 
factor to prevent vision loss. Ophthalmology 126:965–966. https://doi.org/10.1016/j.oph-
tha.2018.12.035

Ashton RE, Tew GA, Aning JJ, et al (2020) Effects of short-term, medium-term and long-term resis-
tance exercise training on cardiometabolic health outcomes in adults: systematic review with me-
ta-analysis. Br J Sports Med 54:341–348

Bakke EF, Hisdal J, Semb SO (2009) Intraocular pressure increases in parallel with systemic blood 
pressure during isometric exercise. Invest Ophthalmol Vis Sci 50:760–764

Barbieri JF, Gáspari AF, Teodoro CL, et al (2020) The effect of an airflow restriction mask (ARM) on 
metabolic, ventilatory, and electromyographic responses to continuous cycling exercise. PLoS 
One 15:e0237010. https://doi.org/10.1371/journal.pone.0237010

Baser G, Karahan E, Bilgin S, Unsal U (2018) Evaluation of the effect of daily activities on intraocular 
pressure in healthy people: is the 20 mmHg border safe? Int Ophthalmol 38:1963–1967

Baskaran M, Raman K, Ramani KK, et al (2006) Intraocular Pressure Changes and Ocular Biometry 
during Sirsasana (Headstand Posture) in Yoga Practitioners. Ophthalmology 113:1327–1332. 
https://doi.org/10.1016/j.ophtha.2006.02.063

Bayer A, Yumuşak E, Şahin ÖF, Uysal Y (2004) Intraocular pressure measured at ground level and 
10,000 feet. Aviat Sp Environ Med 75:543–545

Bertschinger DR, Mendrinos E, Dosso A (2007) Yoga can be dangerous-glaucomatous visual field de-
fect worsening due to postural yoga [2]. Br J Ophthalmol 91:1413–1414. https://doi.org/10.1136/
bjo.2007.114546

Blazek D, Stastny P, Maszczyk A, et al (2019) Systematic review of intra-abdominal and intrathoracic 
pressures initiated by the Valsalva manoeuvre during high-intensity resistance exercises. Biol 
Sport 36:373–386. https://doi.org/10.5114/biolsport.2019.88759



101

Physical activity as an adjuvant strategy to pharmacological treatment of glaucoma

Boland M V, Ervin A-M, Friedman DS, et al (2013) Comparative Effectiveness of Treatments for 
Open-Angle Glaucoma: A Systematic Review for the U.S. Preventive Services Task Force. Ann 
Intern Med 158:271–279. https://doi.org/10.7326/0003-4819-158-4-201302190-00008

Bosch MM, Barthelmes D, Merz TM, et al (2010) Intraocular pressure during a very high altitude 
climb. Investig Ophthalmol Vis Sci 51:1609–1613. https://doi.org/10.1167/iovs.09-4306

Brubaker RF (2003) Targeting outflow facility in glaucoma management. Surv Ophthalmol 48:17–20. 
https://doi.org/10.1016/S0039-6257(03)00003-1

Bull FC, Al-Ansari SS, Biddle S, et al (2020) World Health Organization 2020 guidelines on physi-
cal activity and sedentary behaviour. Br J Sports Med 54:1451–1462. https://doi.org/10.1136/
bjsports-2020-102955

Büssing A, Michalsen A, Khalsa SBS, et al (2012) Effects of yoga on mental and physical health: 
A short summary of reviews. Evidence-based Complement Altern Med 2012:. https://doi.
org/10.1155/2012/165410

Casson RJ (2022) Medical therapy for glaucoma: A review. Clin Experiment Ophthalmol 50:198–212

Cavet ME, Vittitow JL, Impagnatiello F, et al (2014) Nitric oxide (NO): an emerging target for the 
treatment of glaucoma. Invest Ophthalmol Vis Sci 55:5005–5015

Celis-Morales CA, Gray S, Petermann F, et al (2019) Walking pace is associated with lower risk of all-
cause and cause-specific mortality. Med Sci Sports Exerc 51:472–480

Centner C, Wiegel P, Gollhofer A, König D (2019) Effects of Blood Flow Restriction Training on 
Muscular Strength and Hypertrophy in Older Individuals: A Systematic Review and Meta-Analy-
sis. Sport Med 49:95–108. https://doi.org/10.1007/s40279-018-0994-1

Chen Y, Lan Y, Zhao A, et al (2024) High-intensity interval swimming improves cardiovascular en-
durance, while aquatic resistance training enhances muscular strength in older adults. Sci Rep 
14:25241

Cherecheanu AP, Garhofer G, Schmidl D, et al (2013) Ocular perfusion pressure and ocular blood flow 
in glaucoma. Curr Opin Pharmacol 13:36–42

Conlon R, Saheb H, Ahmed IIK (2017) Glaucoma treatment trends: a review. Can J Ophthalmol 
52:114–124. https://doi.org/https://doi.org/10.1016/j.jcjo.2016.07.013

Costa VP, Harris A, Anderson D, et al (2014) Ocular perfusion pressure in glaucoma. Acta Ophthalmol 
92:e252–e266

Dada T, Bhai N, Midha N, et al (2021) Effect of Mindfulness Meditation on Intraocular Pressure and 
Trabecular Meshwork Gene Expression: A Randomized Controlled Trial. Am J Ophthalmol 
223:308–321. https://doi.org/10.1016/j.ajo.2020.10.012

Dada T, Mittal D, Mohanty K, et al (2018) Mindfulness meditation reduces intraocular pressure, low-
ers stress biomarkers and modulates gene expression in Glaucoma: A randomized controlled trial. 
J Glaucoma 27:1061–1067. https://doi.org/10.1097/IJG.0000000000001088

Dada T, Mondal S, Midha N, et al (2022) Effect of Mindfulness-Based Stress Reduction on Intraocular 
Pressure in Patients With Ocular Hypertension: A Randomized Control Trial. Am J Ophthalmol 
239:66–73. https://doi.org/10.1016/j.ajo.2022.01.017

De Moraes CG V, Juthani VJ, Liebmann JM, et al (2011) Risk factors for visual field progression in 
treated glaucoma. Arch Ophthalmol 129:562–568

Dickerman RD, Smith GH, Langham-Roof L, et al (1999) Intra-ocular pressure changes during maxi-



102

Physical activity as an adjuvant strategy to pharmacological treatment of glaucoma

mal isometric contraction: does this reflect intra-cranial pressure or retinal venous pressure? Neu-
rol Res 21:243–246

Ece I, Vatansev C, Kucukkartallar T, et al (2015) The increase of intra‐abdominal pressure can affect 
intraocular pressure. Biomed Res Int 2015:986895

Ekkekakis P, Parfitt G, Petruzzello SJ (2011) The pleasure and displeasure people feel when they exer-
cise at different intensities: decennial update and progress towards a tripartite rationale for exer-
cise intensity prescription. Sport Med 41:641–671

Elhusseiny AM, Aref AA (2025) Lifestyle modifications and environmental risk factors for glaucoma. 
Curr Opin Ophthalmol 36:115–121

Erdinest N, London N, Ovadia H, Levinger N (2021) Nitric oxide interaction with the eye. Vision 5:29

Ersanli D, Yildiz S, Sonmez M, et al (2006) Intraocular pressure at a simulated altitude of 9000 m with 
and without 100% oxygen. Aviat Sp Environ Med 77:704–706

Fahmideh F, Marchesi N, Barbieri A, et al (2022) Non-drug interventions in glaucoma: Putative 
roles for lifestyle, diet and nutritional supplements. Surv Ophthalmol 67:675–696. https://doi.
org/10.1016/j.survophthal.2021.09.002

Faul F, Erdfelder E, Lang A-G, Buchner A (2007) G*Power 3: a flexible statistical power analysis pro-
gram for the social, behavioral, and biomedical sciences. Behav Res Methods 39:175–91. https://
doi.org/10.3758/BF03193146

Franchina M, Yazar S, Booth L, et al (2015) Swimming goggle wear is not associated with an in-
creased prevalence of glaucoma. Br J Ophthalmol 99:255–257. https://doi.org/10.1136/bjophthal-
mol-2014-305498

Galambos P, Vafiadis J, Vilchez SE, et al (2006) Compromised autoregulatory control of ocular hemo-
dynamics in glaucoma patients after postural change. Ophthalmology 113:1832–1836

Garber CE, Blissmer B, Deschenes MR, et al (2011) Quantity and quality of exercise for developing 
and maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy 
adults: guidance for prescribing exercise

García-Ramos A, Cárdenas D, De Moraes CG, et al (2018) Effect of a short-term cycle ergometer 
sprint training against heavy and light resistances on intraocular pressure responses

Gazzard G, Konstantakopoulou E, Garway-Heath D, et al (2019) Selective laser trabeculoplasty versus 
eye drops for first-line treatment of ocular hypertension and glaucoma (LiGHT): a multicentre 
randomised controlled trial. Lancet 393:1505–1516

Gene J, Colado JC, Perez-Castilla A, et al (2023) Acute intraocular pressure responses to resistance 
training in combination with blood flow restriction. Res Q Exerc Sport 94:1110–1116

Gildea D, Doyle A, O’Connor J (2024) The effect of exercise on intraocular pressure and glaucoma. J 
Glaucoma 33:381–386

Gonzalez AM, Townsend JR, Pinzone AG, Hoffman JR (2023) Supplementation with nitric oxide pre-
cursors for strength performance: A review of the current literature. Nutrients 15:660

Gordon MO, Stud OHT, Grp EPS (2007) Validated prediction model for the development of primary 
open-angle glaucoma in individuals with ocular hypertension. Ophthalmology 114:10–19. https://
doi.org/10.1016/j.ophtha.2006.08.031 WE  - Science Citation Index Expanded (SCI-EXPAND-
ED) WE  - Conference Proceedings Citation Index - Science (CPCI-S)

Gracitelli CPB, De Faria NVL, Almeida I, et al (2020) Exercise-induced changes in ocular blood flow 



103

Physical activity as an adjuvant strategy to pharmacological treatment of glaucoma

parameters in primary open-angle glaucoma patients. Ophthalmic Res 63:309–313

Gugleta K, Orgül S, Hasler PW, et al (2003) Choroidal vascular reaction to hand-grip stress in subjects 
with vasospasm and its relevance in glaucoma. Invest Ophthalmol Vis Sci 44:1573–1580

Haargaard B, Jensen PK, Kessing S V, Nissen OI (2001) Exercise and iris concavity in healthy eyes. 
Acta Ophthalmol Scand 79:277–282

Hackett DA, Li J, Wang B, et al (2024) Acute Effects of Resistance Exercise on Intraocular Pressure in 
Healthy Adults: A Systematic Review. J Strength Cond Res 38:394–404

Hall KL, Vogel AL, Stipelman BA, et al (2012) A four-phase model of transdisciplinary team-based 
research: goals, team processes, and strategies. Transl Behav Med 2:415–430. https://doi.
org/10.1007/s13142-012-0167-y

Hamilton-Maxwell KE, Feeney L (2012) Walking for a short distance at a brisk pace reduces intraocu-
lar pressure by a clinically significant amount. J Glaucoma 21:421–425

Han B, Song M, Li L, et al (2021) The application of nitric oxide for ocular hypertension treatment. 
Molecules 26:7306

Hansford HJ, Parmenter BJ, McLeod KA, et al (2021) The effectiveness and safety of isometric resis-
tance training for adults with high blood pressure: a systematic review and meta-analysis. Hyper-
tens Res 44:1373–1384

Hecht I, Achiron A, Man V, Burgansky-Eliash Z (2017) Modifiable factors in the management of glau-
coma: a systematic review of current evidence. Graefe’s Arch Clin Exp Ophthalmol 255:789–
796. https://doi.org/10.1007/s00417-016-3518-4

Hoffmann U, Drey M, Thrun J-M, et al (2019) The role of wrist monitors to measure blood pressure in 
older adults. Aging Clin Exp Res 31:1227–1231

Huang W, Gao K, Liu Y, et al (2020) The adverse impact of glaucoma on psychological function and 
daily physical activity. J Ophthalmol 2020:9606420

Hurley BF, Hanson ED, Sheaff AK (2011) Strength training as a countermeasure to aging muscle and 
chronic disease. Sport Med 41:289–306

Ikeda ER, Borg A, Brown D, et al (2009) The valsalva maneuver revisited: The influence of vol-
untary breathing on isometric muscle strength. J Strength Cond Res 23:127–132. https://doi.
org/10.1519/JSC.0b013e31818eb256

Inder JD, Carlson DJ, Dieberg G, et al (2016) Isometric exercise training for blood pressure manage-
ment: a systematic review and meta-analysis to optimize benefit. Hypertens Res 39:88–94

Izquierdo M, Merchant RA, Morley JE, et al (2021) International Exercise Recommendations in Old-
er Adults (ICFSR): Expert Consensus Guidelines. J Nutr Heal AGING 25:824–853. https://doi.
org/10.1007/s12603-021-1665-8

Janicijevic D, Redondo B, Jiménez R, et al (2022) The intraocular pressure lowering-effect of low-in-
tensity aerobic exercise is greater in fitter individuals: a cluster analysis. Res Sport Med 00:1–12. 
https://doi.org/10.1080/15438627.2022.2079987

Janicijevic D, Redondo B, Jiménez R, et al (2021) Intraocular pressure responses to walking with 
surgical and FFP2/N95 face masks in primary open-angle glaucoma patients. Graefe’s Arch Clin 
Exp Ophthalmol 259:2373–2378. https://doi.org/10.1007/s00417-021-05159-3

Jasien J V., Jonas JB, Gustavo De Moraes C, Ritch R (2015) Intraocular pressure rise in subjects with 
and without glaucoma during four common yoga positions. PLoS One 10:1–16. https://doi.



104

Physical activity as an adjuvant strategy to pharmacological treatment of glaucoma

org/10.1371/journal.pone.0144505

Jensen PK, Nissen O, Kessing SV (1995) Exercise and reversed pupillary block in pigmentary glauco-
ma. Am J Ophthalmol 120:110–112

Jiménez R, Molina R, García JA, et al (2020) Wearing Swimming Goggles Reduces Central Corne-
al Thickness and Anterior Chamber Angle, and Increases Intraocular Pressure. Curr Eye Res 
45:535–541. https://doi.org/10.1080/02713683.2019.1662056

Kang JM, Tanna AP (2021) Glaucoma. Med Clin North Am 105:493–510. https://doi.org/https://doi.
org/10.1016/j.mcna.2021.01.004

Kawakami R, Sawada SS, Kato K, et al (2020) A Prospective Cohort Study of Muscular and Perfor-
mance Fitness and Risk of Hearing Loss: The Niigata Wellness Study. J Phys Act Heal 17:1171–
1178. https://doi.org/10.1016/j.amjmed.2020.06.021

Kenney WL, Wilmore JH, Costill DL (2022) Physiology of sport and exercise. Human kinetics

Kervio G, Carre F, Ville NS (2003) Reliability and intensity of the six-minute walk test in healthy el-
derly subjects. Med Sci Sport Exerc 35:169–174

Kwan BM, Bryan A (2010) In‐task and post‐task affective response to exercise: Translating exercise 
intentions into behaviour. Br J Health Psychol 15:115–131

Kwok MMY, Ng SSM, Man SS, So BCL (2022) The effect of aquatic High Intensity Interval Training 
on cardiometabolic and physical health markers in women: A systematic review and meta-analy-
sis. J Exerc Sci Fit 20:113–127

Lara PM, Redondo B, Jerez-Mayorga D, et al (2023) Influence of the body positions adopted for re-
sistance training on intraocular pressure: a comparison between the supine and seated positions. 
Graefe’s Arch Clin Exp Ophthalmol 261:1971–1978. https://doi.org/10.1007/s00417-023-06009-
0

Lee MJ, Wang J, Friedman DS, et al (2019) Greater Physical Activity Is Associated with Slower 
Visual Field Loss in Glaucoma. Ophthalmology 126:958–964. https://doi.org/10.1016/j.oph-
tha.2018.10.012

Lele A, Pal S, Goel U (2024) The Water Drinking Provocation Test- an aid to decision making in 
the management of OHT and POAG. Eur J Ophthalmol 11206721241248216. https://doi.
org/10.1177/11206721241248215

Li M, Wang M, Guo W, et al (2011) The effect of caffeine on intraocular pressure: A systematic review 
and meta-analysis. Graefe’s Arch Clin Exp Ophthalmol 249:435–442. https://doi.org/10.1007/
s00417-010-1455-1

Li T, Lindsley K, Rouse B, et al (2016) Comparative effectiveness of first-line medications for primary 
open-angle glaucoma: a systematic review and network meta-analysis. Ophthalmology 123:129–
140

Lizama-Pérez R, Chirosa-Ríos LJ, Contreras-Díaz G, et al (2023) Effect of sit-to-stand-based training 
on muscle quality in sedentary adults: a randomized controlled trial. PeerJ 11:e15665

Loenneke JP, Wilson JM, Marín PJ, et al (2012) Low intensity blood flow restriction training: A me-
ta-analysis. Eur J Appl Physiol 112:1849–1859. https://doi.org/10.1007/s00421-011-2167-x

Loprinzi PD, Herod SM, Cardinal BJ, Noakes TD (2013) Physical activity and the brain: A review of 
this dynamic, bi-directional relationship. Brain Res 1539:95–104. https://doi.org/10.1016/j.brain-
res.2013.10.004



105

Physical activity as an adjuvant strategy to pharmacological treatment of glaucoma

Lum D, Barbosa TM (2019) Brief review: effects of isometric strength training on strength and dy-
namic performance. Int J Sports Med 40:363–375

Ma Q-Y, Zhou J, Xue Y-X, et al (2022) Analysis of aerobic exercise influence on intraocular pressure 
and ocular perfusion pressure in patients with primary open-angle glaucoma: A randomized clini-
cal trial. Indian J Ophthalmol 70:4228–4234

Madeira MH, Boia R, Elvas F, et al (2016) Selective A2A receptor antagonist prevents microg-
lia-mediated neuroinflammation and protects retinal ganglion cells from high intraocular pres-
sure-induced transient ischemic injury. Transl Res 169:112–128. https://doi.org/10.1016/j.
trsl.2015.11.005

Maestroni L, Read P, Bishop C, et al (2020) The benefits of strength training on musculoskeletal sys-
tem health: practical applications for interdisciplinary care. Sport Med 50:1431–1450

Malihi M, Sit A (2012) Effect of head and body position on intraocular pressure. Ophthalmology 
119:987–991

Maughan RJ, Burke LM, Dvorak J, et al (2018) IOC consensus statement: Dietary supplements 
and the high-performance athlete. Br J Sports Med 52:439–455. https://doi.org/10.1136/
bjsports-2018-099027

McCARTNEY N (1999) Acute responses to resistance training and safety. Med Sci Sports Exerc 
31:31–37

McLellan TM, Caldwell JA, Lieberman HR (2016) A review of caffeine’s effects on cognitive, physi-
cal and occupational performance. Neurosci Biobehav Rev 71:294–312. https://doi.org/10.1016/j.
neubiorev.2016.09.001

McMonnies CW (2016) Intraocular pressure and glaucoma: is physical exercise beneficial or a risk? J 
Optom 9:139–147

Medicine AC of S (2013) ACSM’s guidelines for exercise testing and prescription. Lippincott williams 
& wilkins

Meier NF, Lee D-C, Sui X, Blair SN (2018) Physical Activity, Cardiorespiratory Fitness, 
and Incident Glaucoma. Med Sci Sports Exerc 50:2253–2258. https://doi.org/10.1249/
MSS.0000000000001692

Morgan WH, Cunneen TS, Balaratnasingam C, Yu DY (2008) Wearing swimming goggles can elevate 
intraocular pressure. Br J Ophthalmol 92:1218–1221. https://doi.org/10.1136/bjo.2007.136754

Najmanova E, Pluhacek F, Botek M (2016) Intraocular pressure response to moderate exercise during 
30-min recovery. Optom Vis Sci 93:281–285

Najmanová E, Pluháček F, Botek M, et al (2019) Intraocular pressure response to short-term extreme 
normobaric hypoxia exposure. Front Endocrinol (Lausanne) 10:1–7. https://doi.org/10.3389/fen-
do.2018.00785

Omar JS, Jaradat N, Qadoumi M, Qadoumi AN (2021) Regular swimming exercise improves metabol-
ic syndrome risk factors: a quasi-experimental study. BMC Sports Sci Med Rehabil 13:1–7

Pakrou N, Gray T, Mills R, et al (2008) Clinical comparison of the Icare tonometer and Goldmann ap-
planation tonometry. J Glaucoma 17:43–47. https://doi.org/10.1097/IJG.0b013e318133fb32

Palmer ME, Haller C, McKinney PE, et al (2003) Adverse events associated with dietary supplements: 
An observational study. Lancet 361:101–106. https://doi.org/10.1016/S0140-6736(03)12227-1

Pan X, Xu K, Wang X, et al (2020) Evening exercise is associated with lower odds of visual field 



106

Physical activity as an adjuvant strategy to pharmacological treatment of glaucoma

progression in Chinese patients with primary open angle glaucoma. Eye Vis 7:5–12. https://doi.
org/10.1186/s40662-020-0175-9

Patterson SD, Hughes L, Warmington S, et al (2019) Blood flow restriction exercise: considerations of 
methodology, application, and safety. Front Physiol 10:533

Paula APB, Paula JS, Silva MJL, et al (2016) Effects of swimming goggles wearing on intraocular 
pressure, ocular perfusion pressure, and ocular pulse amplitude. J Glaucoma 25:860–864. https://
doi.org/10.1097/IJG.0000000000000482

Pedersen BK, Saltin B (2006) Evidence for prescribing exercise as therapy in chronic disease. Scand J 
Med Sci Sports 16 Suppl 1:3–63. https://doi.org/10.1111/j.1600-0838.2006.00520.x

Pedersen BK, Saltin B (2015) Exercise as medicine–evidence for prescribing exercise as therapy in 26 
different chronic diseases. Scand J Med Sci Sports 25:1–72

Perez CI, Singh K, Lin S (2019) Relationship of lifestyle, exercise, and nutrition with glaucoma. Curr 
Opin Ophthalmol 30:82–88

Pickett JE, Terry SA, O’Connor PS, O’Hara M (1985) Early loss of central visual acuity in glaucoma. 
Ophthalmology 92:891–896

Piercy KL, Troiano RP, Ballard RM, et al (2018) The Physical Activity Guidelines for Americans. 
JAMA 9762:1–9. https://doi.org/10.1001/jama.2018.14854

Portmann N, Gugleta K, Kochkorov A, et al (2011) Choroidal blood flow response to isometric ex-
ercise in glaucoma patients and patients with ocular hypertension. Investig Ophthalmol Vis Sci 
52:7068–7073. https://doi.org/10.1167/iovs.11-7758

Pournaras CJ, Riva CE, Bresson-Dumont H, et al (2004) Regulation of optic nerve head blood flow in 
normal tension glaucoma patients. Eur J Ophthalmol 14:226–235

Prata TS, De Moraes CG V, Kanadani FN, et al (2010) Posture-induced intraocular pressure changes: 
Considerations regarding body position in glaucoma patients. Surv Ophthalmol 55:445–453. 
https://doi.org/10.1016/j.survophthal.2009.12.002

Prum BE, Lim MC, Mansberger SL, et al (2016) Primary open-angle glaucoma suspect preferred 
practice pattern® guidelines. Ophthalmology 123:P112–P151. https://doi.org/10.1016/j.oph-
tha.2015.10.055

Ramulu PY, Maul E, Hochberg C, et al (2012) Real-world assessment of physical activity in glaucoma 
using an accelerometer. Ophthalmology 119:1159–1166

Rang JH, Willett WC, Rosner BA, et al (2008) Caffeine consumption and the risk of primary open-an-
gle glaucoma: A prospective cohort study. Investig Ophthalmol Vis Sci 49:1924–1931. https://
doi.org/10.1167/iovs.07-1425

Reichert T, Costa RR, Barroso BM, et al (2020) Long-term effects of three water-based training pro-
grams on resting blood pressure in older women. J Aging Phys Act 28:962–970

Reina-Torres E, De Ieso ML, Pasquale LR, et al (2021) The vital role for nitric oxide in intraocular 
pressure homeostasis. Prog Retin Eye Res 83:100922

Risner D, Ehrlich R, Kheradiya NS, et al (2009) Effects of exercise on intraocular pressure and ocular 
blood flow: a review. J Glaucoma 18:429–436

Roddy G, Curnier D, Ellemberg D (2014) Reductions in intraocular pressure after acute aerobic exer-
cise: a meta-analysis. Clin J Sport Med 24:364–372



107

Physical activity as an adjuvant strategy to pharmacological treatment of glaucoma

Rüfer F, Schiller J, Klettner A, et al (2014) Comparison of the influence of aerobic and resistance ex-
ercise of the upper and lower limb on intraocular pressure. Acta Ophthalmol 92:249–252. https://
doi.org/10.1111/aos.12051

Salim S, Du H, Wan J (2013) Comparison of intraocular pressure measurements and assessment of 
intraobserver and interobserver reproducibility with the portable ICare rebound tonometer and 
Goldmann applanation tonometer in glaucoma patients. J Glaucoma 22:325–329

Somner JEA, Morris DS, Scott KM, et al (2007) What happens to intraocular pressure at high altitude? 
Investig Ophthalmol Vis Sci 48:1622–1626. https://doi.org/10.1167/iovs.06-1238

Stamer WD, Acott TS (2012) Current understanding of conventional outflow dysfunction in glaucoma. 
Curr Opin Ophthalmol 23:135–143. https://doi.org/10.1097/ICU.0b013e32834ff23e

Stens NA, Bakker EA, Mañas A, et al (2023) Relationship of daily step counts to all-cause mortality 
and cardiovascular events. J Am Coll Cardiol 82:1483–1494

Stewart WC, Konstas AGP, Nelson LA, Kruft B (2008) Meta-analysis of 24-hour intraocular pressure 
studies evaluating the efficacy of glaucoma medicines. Ophthalmology 115:1117–1122

Sun L, Chen W, Chen Z, et al (2020) Dual effect of the Valsalva maneuver on autonomic nervous sys-
tem activity, intraocular pressure, Schlemm’s canal, and iridocorneal angle morphology. BMC 
Ophthalmol 20:1–11

Susanna R, Clement C, Goldberg I, Hatanaka M (2017) Applications of the water drinking test in glau-
coma management. Clin Exp Ophthalmol 45:625–631. https://doi.org/10.1111/ceo.12925

Takahashi H, Yoshika M, Yokoi T (2013) Validation of Omron RS8, RS6, and RS3 home blood pres-
sure monitoring devices, in accordance with the European Society of Hypertension International 
Protocol revision 2010. Vasc Health Risk Manag 265–272

Tan JCH, Peters DM, Kaufman PL (2006) Recent developments in understanding the pathophysiology 
of elevated intraocular pressure. Curr Opin Ophthalmol 17:168–174

Tham YC, Li X, Wong TY, et al (2014) Global prevalence of glaucoma and projections of glaucoma 
burden through 2040: A systematic review and meta-analysis. Ophthalmology 121:2081–2090. 
https://doi.org/10.1016/j.ophtha.2014.05.013

Thomas DT, Burke LM, Erdman KA (2016) Nutrition and Athletic Performance. Med Sci Sports Ex-
erc 48:543–568. https://doi.org/10.1249/MSS.0000000000000852

Tribble JR, Hui F, Jöe M, et al (2021) Targeting diet and exercise for neuroprotection and neurorecov-
ery in glaucoma. Cells 10:1–20. https://doi.org/10.3390/cells10020295

Vaghefi E, Shon C, Reading S, et al (2021) Intraocular pressure fluctuation during resistance exercise. 
BMJ Open Ophthalmol 6:1–8. https://doi.org/10.1136/bmjophth-2021-000723

Vera J, Garcia-Ramos A, Jiménez R, Cárdenas D (2017a) The acute effect of strength exercises at dif-
ferent intensities on intraocular pressure. Graefe ’ s Arch Clin Exp Ophthalmol 255:2211–2217. 
https://doi.org/10.1007/s00417-017-3735-5

Vera J, Jimenez R, Garcia JA, et al (2018a) Baseline Intraocular Pressure Is Associated With Subjec-
tive Sensitivity to Physical Exertion in Young Males. Res Q Exerc Sport 89:25–37. https://doi.or
g/10.1080/02701367.2017.1407491

Vera J, Jiménez R, Redondo B, et al (2019a) Investigating the immediate and cumulative effects of 
isometric squat exercise for different weight loads on intraocular pressure: a pilot study. Sports 
Health 11:247–253



108

Physical activity as an adjuvant strategy to pharmacological treatment of glaucoma

Vera J, Jiménez R, Redondo B, et al (2018b) Fitness level modulates intraocular pressure responses to 
strength exercises. Curr Eye Res 43:740–746. https://doi.org/10.1080/02713683.2018.1431289

Vera J, Jiménez R, Redondo B, et al (2017b) Intraocular pressure responses to maximal cycling sprints 
against different resistances: the influence of fitness level. J Glaucoma 26:881–887

Vera J, Jiménez R, Redondo B, et al (2019b) Acute intraocular pressure responses to high-intensity 
interval-training protocols in men and women. J Sports Sci 37:803–809

Vera J, Jiménez R, Redondo B, et al (2020a) Impact of resistance training sets performed until muscu-
lar failure with different loads on intraocular pressure and ocular perfusion pressure. Eur J Oph-
thalmol 30:1342–1348

Vera J, Jiménez R, Redondo B, et al (2019c) Effect of the level of effort during resistance training on 
intraocular pressure. Eur J Sport Sci 19:394–401. https://doi.org/10.1080/17461391.2018.150595
9

Vera J, Jiménez R, Redondo B, et al (2021a) Effects of Wearing the Elevation Training Mask during 
Low-intensity Cycling Exercise on Intraocular Pressure. J Glaucoma 30:E193–E197. https://doi.
org/10.1097/IJG.0000000000001807

Vera J, Jiménez R, Redondo B, et al (2020b) Effect of a maximal treadmill test on intraocular pressure 
and ocular perfusion pressure: The mediating role of fitness level. Eur J Ophthalmol 30:506–512. 
https://doi.org/10.1177/1120672119832840

Vera J, Jiménez R, Redondo B, García-Ramos A (2020c) Effects of blood flow restriction at different 
intensities on IOP and ocular perfusion pressure. Optom Vis Sci 97:293–299

Vera J, Perez-Castilla A, Redondo B, et al (2020d) Influence of the breathing pattern during resistance 
training on intraocular pressure. Eur J Sport Sci 20:157–165. https://doi.org/10.1080/17461391.2
019.1617354

Vera J, Raimundo J, García-Durán B, et al (2019d) Acute intraocular pressure changes during isomet-
ric exercise and recovery: The influence of exercise type and intensity, and participant´s sex. J 
Sports Sci. https://doi.org/https://doi.org/10.1080/02640414.2019.1626072

Vera J, Redondo B, Bardón A, et al (2020e) Effects of caffeine consumption on intraocular pressure 
during low-intensity endurance exercise: A placebo-controlled, double-blind, balanced cross-
over study. Clin Experiment Ophthalmol 48:602–609. https://doi.org/https://doi.org/10.1111/
ceo.13755

Vera J, Redondo B, Koulieris G-A, et al (2020f) Intraocular pressure responses to four different iso-
metric exercises in men and women. Optom Vis Sci 97:648–653

Vera J, Redondo B, Koulieris G-A, et al (2023) Effect of wearing different types of face masks during 
dynamic and isometric resistance training on intraocular pressure. Clin Exp Optom 106:503–508

Vera J, Redondo B, Molina R, et al (2020g) Acute Intraocular Pressure Responses to Reading: The 
Influence of Body Position. J Glaucoma. https://doi.org/10.1097/IJG.0000000000001510

Vera J, Redondo B, Molina R, et al (2019e) Effects of caffeine on intraocular pressure are subject to 
tolerance: a comparative study between low and high caffeine consumers. Psychopharmacology 
(Berl) 236:. https://doi.org/10.1007/s00213-018-5114-2

Vera J, Redondo B, Molina R, et al (2019f) Influence of holding weights of different magnitudes on in-
traocular pressure and anterior eye biometrics. Graefe’s Arch Clin Exp Ophthalmol 257:. https://
doi.org/10.1007/s00417-019-04406-y



109

Physical activity as an adjuvant strategy to pharmacological treatment of glaucoma

Vera J, Redondo B, Perez-Castilla A, et al (2021b) The intraocular pressure response to lower-body 
and upper-body isometric exercises is affected by the breathing pattern. Eur J Sport Sci 21:879–
886. https://doi.org/10.1080/17461391.2020.1790670

Vera J, Redondo B, Perez-Castilla A, et al (2020h) Intraocular pressure increases during dynamic re-
sistance training exercises according to the exercise phase in healthy young adults. Graefe’s Arch 
Clin Exp Ophthalmol 258:1795–1801. https://doi.org/10.1007/s00417-020-04736-2

Vieira G, Oliveira H, de Andrade D, et al (2006) Intraocular pressure variation during weight lifting. 
Arch Ophthalmol 124:1251–1254. https://doi.org/10.1001/archopht.126.2.287-b

Warburton DER, Bredin SSD (2017) Health benefits of physical activity: a systematic review of cur-
rent systematic reviews. Curr Opin Cardiol 32:541–556

Warburton DER, Bredin SSD (2016) Reflections on physical activity and health: what should we rec-
ommend? Can J Cardiol 32:495–504

Weinreb RN, Aung T, Medeiros FA (2014) The Pathophysiology and Treatment of Glaucoma: A Re-
view. JAMA 311:1901–1911. https://doi.org/10.1001/jama.2014.3192

Williams PT (2009) Relationship of Incident Glaucoma versus Physical Activity and Fitness Male 
Runners. Med Sci Sport Exerc 41:1566–1572. https://doi.org/10.1249/MSS.0b013e31819e420f.
Relationship

Willmann G, Schommer K, Schultheiss M, et al (2017) Effect of high altitude exposure on intraocular 
pressure using Goldmann applanation tonometry. High Alt Med Biol 18:114–120

Wu Y, Da CRQ, Liu J, Yan X (2020) Intraocular pressure and axial length changes during altitude 
acclimatization from Beijing to Lhasa. PLoS One 15:1–8. https://doi.org/10.1371/journal.
pone.0228267

Wylęgała A (2016) The effects of physical exercises on ocular physiology. J Glaucoma 25:e843–e849. 
https://doi.org/10.1097/IJG.0000000000000454

Yang Y, Xie Y, Sun Y, et al (2019) Intraocular Pressure Changes of Healthy Lowlanders at Differ-
ent Altitude Levels: A Systematic Review and Meta-Analysis. Front Physiol 10:. https://doi.
org/10.3389/fphys.2019.01366

Yip JLY, Broadway DC, Luben R, et al (2011) Physical activity and Ocular perfusion pressure: The 
EPIC-Norfolk eye study. Investig Ophthalmol Vis Sci 52:8186–8192. https://doi.org/10.1167/
iovs.11-8267

Yokota S, Takihara Y, Kimura K, et al (2016) The relationship between self-reported habitual exer-
cise and visual field defect progression: A retrospective cohort study. BMC Ophthalmol 16:1–4. 
https://doi.org/10.1186/s12886-016-0326-x

Young M, Brookhuis K, Wickens C, Hancock P (2015) State of science: mental workload in ergonom-
ics. Ergonomics 58:1–17

Yuan Y, Lin T., Gao K, et al (2021) Aerobic exercise reduces intraocular pressure and expands 
Schlemm’s canal dimensions in healthy and primary open-angle glaucoma eyes Ye. Indian J 
Ophthalmol 69:1127–1134. https://doi.org/10.4103/ijo.IJO

Zaher O, Kuchtaruk AA, McGinnis ES, et al (2024) Effect of various relaxation techniques on the 
intraocular pressure of patients with glaucoma: Systematic review and meta-analysis. Can J Oph-
thalmol 59:e343–e349

Zhang X, Wang H, Nie Y, Li W (2022) Short-term effects of two types of goggles on intraocular pres-



110

sure and anterior eye segment biometrics. BMC Ophthalmol 22:1–6. https://doi.org/10.1186/
s12886-022-02308-y

Zhang Y, Nateras OSE, Peng Q, et al (2012) Blood flow MRI of the human retina/choroid during rest 
and isometric exercise. Invest Ophthalmol Vis Sci 53:4299–4305

Zhu MM, Lai JSM, Choy BNK, et al (2018) Physical exercise and glaucoma: a review on the roles of 
physical exercise on intraocular pressure control, ocular blood flow regulation, neuroprotection 
and glaucoma-related mental health. Acta Ophthalmol 96:e676–e691. https://doi.org/https://doi.
org/10.1111/aos.13661

 



111







115

DICTAMEN ÚNICO EN LA COMUNIDAD AUTÓNOMA DE ANDALUCÍA 

D. ANTONIO SALMERÓN GARCÍA, EN CALIDAD DE SECRETARIO DEL COMITÉ DE ÉTICA DE LA INVESTIGACIÓN
BIOMÉDICA DE LA PROVINCIA DE  GRANADA (CEI/CEIM GRANADA)

C E R T I F I C A:

Que este Comité ha evaluado la propuesta del promotor/investigador: Amador García Ramos,  para realizar el 
estudio titulado:

TÍTULO DEL ESTUDIO: EFECTOS DE UN PROGRAMA DE ENTRENAMIENTO FÍSICO DE 24 SEMANAS EN EL 
MANEJO DEL GLAUCOMA PRIMARIO DE ÁNGULO ABIERTO
Código protocolo: PID2021-127505NA-I00
Código Portal de Ética:  1961-N-22
Investigador Principal: Amador García Ramos 
Centro:  Universidad de Granada

  
Versión de los documentos:

Protocolo Versión:      2     de fecha       13/12/2022

HIP Versión:     1     de fecha        08/11/2022

CI Versión:    1     de fecha        08/11/2022

Y considera que:

• Se cumplen los  requisitos  necesarios  de idoneidad del  protocolo  en relación con los  objetivos  del
estudio y se ajusta a los principios éticos aplicables a este tipo de estudios.

• La capacidad del investigador y los medios disponibles son apropiados para llevar a cabo el proyecto.
• El protocolo del estudio contempla de forma adecuada toda la legislación aplicable.
• Que los aspectos económicos involucrados en el proyecto no interfieren con respecto a los postulados

éticos.
Por lo que este Comité ha acordado emitir DICTAMEN FAVORABLE para la realización de dicho estudio,

para lo cual  corresponde a la Dirección del Centro/os   correspondiente/s   determinar si  la capacidad y los
medios disponibles son apropiados para llevarlo a  cabo.

En el  caso de que su estudio requiera acceso y uso de la  información santiaria contenida en los  sitemas de
información del sSstema Sanitario Público de Andalucia, tendran que estar a lo establecido en la Resolución Conjunta
1/2021 de fecha 04/12/2021, de la Secretaría General de Investigación, Desarrollo e Innovación en Salud de la Consejería
de Salud y Familias y de la Dirección Gerencia del SAS, por la que se aprueban las Instrucciones para la ordenación de
acceso  y  uso  de  la  información  sanitaria  contenida  en  los  sitemas  de  información  del  Sistema  Sanitario  Público  de
Andalucía con fines de investigación e innovación por la entidades dependientes de la Consejería de Salud y Familias.

Lo que firmo en Granada 

CCóóddiiggoo:: 6hWMS648PFIRMAhOGS/HClB4aub10+ FFeecchhaa 27/12/2022
FFiirrmmaaddoo  PPoorr ANTONIO SALMERON GARCIA

UUrrll  DDee  VVeerriiffiiccaacciióónn https://ws050.juntadeandalucia.es/verificarFirma/ PPáággiinnaa 1/3

ANNEXE 2



116



117





119

ANNEXE 3

1

Fecha del CVA 09/05/2025
Parte A. DATOS PERSONALES

Nombre Maria Dolores 
Apellidos Morenas Aguilar
Sexo Mujer Fecha de Nacimiento 08/12/1995
DNI/NIE/Pasaporte
URL Web
Dirección Email mdmorenas@ugr.es
Open Researcher and Contributor ID (ORCID) 0000-0003-0924-3255

 
A.2. Situación profesional anterior (incluye interrupciones en la carrera investigadora -
indicar meses totales, según texto convocatoria-)

Periodo Puesto / Institución / País
2023 - 2024 Personal Investigador / Universidad de Granada / España
2023 - 2023 Personal Investigador / Universidad de Granada / España
2022 - 2023 Personal Investigador / Universidad de Granada / España

A.3. Formación académica
Grado/Master/Tesis Universidad / País Año

Máster Universitario en Investigación en
Actividad física y deporte

Universidad de Granada 2020

Optimización del Entrenamiento y
Readaptación Físico-Deportiva

Instituto de posgrado Fundación
San Pablo Andalucía y ESYDE /
España

2018

Graduado o Graduada en Ciencias de la
Actividad Física y Deporte

Universidad de Granada 2017

Parte C. LISTADO DE APORTACIONES MÁS RELEVANTES 

C.1. Publicaciones más importantes en libros y revistas con “peer review” y
conferencias
AC: Autor de correspondencia; (nº x / nº y): posición firma solicitante / total autores. Si aplica,
indique el número de citaciones

1 Artículo científico.  (1/7) Morenas-Aguilar; González-Hernández; Marcos-Frutos;
Miras-Moreno; López-Gómez; García-Ramos; Vera.  2025.  Acute intraocular pressure
responses changes during dynamic resistance training in primary open‑angle glaucoma
patients and age‑matched controls.  Graefe's Archive for Clinical and Experimental
Ophthalmology. Springer.

2 Artículo científico.  (1/9) Morenas-Aguilar (AC); Miras-Moreno; Chacón-Ventura; et al;
García-Ramos.  2025.  Highly branched cyclic dextrin supplementation and resistance
training: A randomized double-blinded crossover trial examining mechanical, metabolic, and
perceptual responses. Clinical Nutrition ESPEN. Elsevier. 65, pp.305-314.

3 Artículo científico. Vera; (2/3) Morenas-Aguilar; García-Ramos.  2025. Evidence-Based
Exercise Recommendations for the Reduction and Stabilization of Intraocular Pressure: A
Practical Guide for Eye Care and Sport Specialists. Applied sciences. MDPI. 15-1396.

4 Artículo científico.  Zwierko; Tapia; Vera; Redondo; (5/6) Morenas-Aguilar;
García-Ramos.  2024.  Enhancing reactive agility in soccer: The impact of stroboscopic
eyewear during warm‐up across fatigued and non‐fatigued conditions. European Journal of
Sport Science. Wiley. 24-12, pp.1798-1808.



120



121





123


