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ABSTRACT 

Physiological and biochemical changes that occur during exercise are profound. This study was done to known the 

effect of exercise on Intraocular pressure (IOP). IOP was measured before and after exercise in 35 male subjects with 

no ocular abnormality with ages ranging from 18-25 years by using Schiotz tonometer. Measurements were taken 

between 2-4 pm in supine position. The results obtained were compared between before and after exercise of the 

subjects. The IOP showed a statistically significant fall following exhausting exercise. The mean IOP significantly 

decreased (p<0.05), immediately and after 5 minutes of isotonic exercise when compared to the IOP recorded before 

exercise. The mean IOP was not significantly (p>0.05) decreased after 10 minutes of isotonic exercise. The mean IOP 

differences between before and immediately, before and 5 minutes of exercise were also statistically significant 

(p<0.05).This study suggests that physical exercise causes significant attenuation in IOP. Knowledge of the normal 

level of IOP in subjects who perform regular exercise may help glaucoma screeners. Since the pressure lowering 

effect of isotonic exercise was more significant, it might prove useful to glaucomatous patients. There is a scope for 

further research relating to IOP, exercise and hormonal levels in plasma. 
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INTRODUCTION 

Intraocular Pressure (IOP) is the Lateral pressure 

maintained inside the eyeball and exerted by the 

intraocular contents especially aqueous humour and 

Vitreous humour etc. Intraocular pressure (IOP) is 

known to be sensitive to many of the physiological 

variables in the body system, these includes age, sex 

(Martin 1992), body position, diurnal variations, 

pregnancy and exercise. Exercise when performed 

regularly has beneficial effect on the various systems of 

the body, like physical, metabolic and psychological 

changes in an individual, and changes in vascular 

pressure, serum osmolarity, hormone levels, decrease in 

blood pH, and increase in blood lactate. Virtually all 

tissues and systems of human body have been shown to 

be responsive to programmes of exercise and the eye is 

no exception. In recent years it has been noted that IOP 

is a dynamic function and is subjected to many 

influences both acutely and over the long term (Qureshi  

et al., 1996). IOP is also known to be responsive to short 

term and long-term exercise. Decreased IOP has been 

reported by previous studies with exercise (Qureshi 

1996; Chatterjee 1997; Bengtssan 1972).Though 

lowering effect of IOP has been reported by previous 

studies but amount of decrease varies from study to 

study. Very few studies have been done to show the 

changes in IOP during exercise in Indian subjects. This 

study was done to known the effect of dynamic exercise 

on IOP. Therefore Aim of the study is to determine the 

relationship between the isotonic exercise and IOP in the 

normal Indian males, and to know whether a significant, 

difference in IOP lowering effect exists between before 

and after isotonic exercises. 

 

 

MATERIALS AND METHODS 

Present study was conducted on male students studying 

in J.S.S. Medical College, Mysore. Thirty five Young 

healthy male students were selected randomly and they 

formed the study group. The study groups were of age 

ranging between 18-25 years. Almost all the subjects of 

this study came from a comparable socioeconomic 

background. Before the start of the study the protocol 

was approved by the ethical clearance committee of 

J.S.S. Medical College, S.S.Nagar, Mysore .Oral 

informed consent was obtained from all the subjects 

before the study. 

 

Inclusion Criteria 

Included  35 male subjects of age between 18-25 years. 
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Exclusion Criteria 

 Male subjects less than 18 years and more than 25 

years were excluded from the study. 

 Any history of smoking hypertension, ocular 

diseases (glaucoma etc) use of ocular medications, 

refractive errors, systemic disease deemed to have 

ocular complications such as diabetes, thyroid 

disorders or any psychiatric disorders and eye 

surgery with in last 3 months were also excluded. 

 Subjects with cardiac diseases, Respiratory diseases, 

and physical deformity in legs were also excluded. 

The subjects were made familiarized with the setup and 

detailed instructions and demonstrations were given to 

our satisfaction. Subjects were made to relax 

comfortably in the supine posture for 10 minutes. After 

10 minutes IOP was recorded in all the subjects before 

and after exercise by using Schiotz tonometer.  

The study was done on each subject in whom four IOP 

recordings were taken. First reading was taken before 

exercise; second, third and fourth readings were taken 

immediately after exercise, after five minutes (min) and 

after 10 mins of performance of isotonic exercise 

respectively. Before recording the IOP the following 

parameters were recorded age, height and weight. The 

exercise testing was performed in the normal room 

temperature with bright light. All the readings of the 

study group were taken in the afternoon hours between 

2-4 pm to maintain constancy of testing and to prevent 

any diurnal variation in IOP, which could possibly affect 

the results. 

Isotonic Exercise 

Harvard step test is used for isotonic exercise. It is made 

up of two-step and each step of 18 inches height and 18-

22 inches wide arranged in such a way that the subject 

goes up and down during the procedure till exhaustion. 

The observer calls the rhythm, at the signal “start” 

stopwatch is started, metronome is turned on. The 

subject places one foot on the platform and later the 

other, and immediately steps down, bringing down first 

the same foot which he placed up first. At exactly 2 

seconds intervals the signal “up” is given and rhythm is 

maintained by giving the following count up, -2, -3, -4, 

up, 2-3-4. The subjects should „lead-off‟ with same foot 

each time and not try to alternate the foot. However one 

or two changes of „lead off‟ during the test are 

immaterial. He must not touch anything with his hands 

but may move his arms freely. The subject is exercised 

at the rate of 30 times a minute till the subject gets 

exhausts. When they are no longer able to do the 

exercise they were instructed to inform. At the same 

time IOP was recorded immediately, at 5 minutes and at 

10 minutes after exercise in supine position by using 

Schiotz tonometer after anesthetization of cornea by 4% 

Topical Xylocain.  

 

RESULTS 

Physical Characteristics 

The age of the study group ranged from 18-25 years, 

with mean age of 18.86 ± 0.564. The height of study 

group ranged from 150-180cms with a mean height of 

160.87± 8.98cms,The weight of the study group ranged 

from 43-78cms with a mean weight of 58.77 ± 9.22 Kgs. 

Intraocular Pressure: IOP decreased after exercise in 

both the eyes. There was no statistical difference in the 

IOP of right and left eyes hence analysis is done for the 

right eye only. 

IOP in Right Eye: The mean IOP recorded before 

exercise was 17.22±2.72mm Hg. The mean IOP 

measured immediately after exercise was 11.49 ± 2.07, 

after 5 minutes was 13.79±2.68mm Hg and after 10 

minutes of exercise was 17.16 ±2.6mm Hg (Table 1). 

When IOP was compared between before exercise and 

after exercise it was found that there was reduction in 

IOP immediately and 5 minutes after exercise with a 

mean difference of 5.73 and 3.43mm Hg and this 

reduction was statistically significant. (p>0.05), but after 

10min of exercise the reduction in IOP was statistically 

not significant (Table 2 and Fig. 1).The mean IOP 

significantly decreased (p<0.05), immediately and after 

5 minutes of isotonic exercise when compared to the 

IOP recorded before exercise. The mean IOP difference 

between before and immediately, before and 5 minutes 

of exercise were also statistically significant (p<0.05). 

 

Table 1: Mean IOPs with Standard Deviation of study group before and after isotonic exercise in Right Eye. 

Timing of IOP recording Mean ± S.D (mm Hg) 

Before exercise 17.22 ± 2.72 

 

After  exercise 

Immediately after exercise 11.49 ± 2.07 

5 min after exercise 13.79 ± 2.68 

10 min after exercise 17.16 ± 2.60 
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Table 2: Mean Difference of IOPs between before and after isotonic exercise in Right eye. 

               Comparison in study group     Mean difference      

         (mmHg) 

      Inference 

Before exercise  Vs  Immediately after exercise 5.73 S * 

Before exercise  Vs  5 min after exercise                           3.43                             S * 

Before exercise  Vs  10min after exercise 6.66 NS 

NS: Not significant (p>0.05)      

S: Significant * (p <0.05)       

Vs: (Versus) Difference between before and after exercise 
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Figure 1: Comparison of Mean IOPs before and after isotonic exercise in Right Eye 

 

DISCUSSION  

This study suggests that physical exercise causes 

significant attenuation in IOP. These results are 

consistent with other studies. (Leighton and Phillips 

1970; McDaniel et al., 1983; Avunduk 1999)
. 

Numerous physiological changes that occur with 

exercise have been implicated as possible mechanisms 

in the ocular hypotensive response to exercise. It is well 

documented that levels of blood lactate, plasma 

osmoloarity   and   blood pH changes with exercise 

(Marcus and Edelhauser 1974; Michael and Linn 

Goldberg 1987). Intense exercise causes tissues to resort 

to anaerobic respiration, the end products of which are 

energy in the form of adenosine triphosphate and lactic 

acid due to the hydrogenation of pyruvic acid. As lactic 

acid enters the general circulation blood lactate levels 

rise, which causes an increase in blood osmolarity and a 

reduction in pH. The increased lactate levels cause an 

out flux of water from the eye which is responsible for 
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fall in IOP with exercise (Buckingham
 

1986). 

Stimulation of the sympathetic nervous system in 

anticipation of and during the stress of exercise is well 

documented and causes the release of large quantities of 

epinephrine and nor epinephrine from adrenal medulla 

(Richards and Drance 1967). Many studies reported that 

epinephrine reduces IOP by lowering outflow resistance 

and by lowering the rate of aqueous formation. 

(Richards and Drance 1967). Epinephrine produces 

many of its effect by stimulating the synthesis of cyclic 

adnosine monophosphate (cAMP). cAMP regulated the 

activity of the protein kinases, these in turn 

phosphorylate and thereby activate or inhibit key 

enzymes that control intracellular metabolic path ways 

(Sutherland  et al 1965). It has been shown that 

activation of cAMP decreases IOP by decreasing in 

aqueous humor production
 
(Sears and Mead 1983). 

All these date support the concept that, decreased IOP 

could be due to increased out flow facility and decreased 

aqueous humour production. Most evidence suggests a 

role of increase lactate levels, in the reduction of IOP. 

Hormones like epinephrine, nor epinephrine, 

vasopressin, insulin, glucocorticoids, mineral corticoid, 

corticotrophin and growth hormone appear to increase 

aqueous out flow facility and decrease aqueous humour 

production. 

However, the actual mechanism for reduction in IOP is 

not clearly known, since exercise produces so many 

changes in the body‟s general physiology, hence a 

systemic investigation to elucidate such factors may 

prove fruitful area for ophthalmic research. Since the 

pressure lowering effect of isotonic exercise was more 

significant, it might prove useful to glaucomatous 

patients. 

 

 

 

 

 

 

 

 

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge Prof. 

Dr.S.A.Nafees, Prof. Dr.S.M.Nataraj for their helpful 

guidance and suggestions. 

 

 

 

REFERENCES 

Avunduk AM, Yilmaz B,Sachin N,Kapicioglu 

Z,Dayanir V (1999). The comparison of IOP reduction 

after isometric and isotonic exercise in normal 

individuals. Ophthalmologica 213 (5).290-294. 

Bengtssan L (1972). Factors affecting the distribution of 

intraocular pressure in a population. Acta 

ophthalmologica 50 (1) 33-46. 

Buckingham T, Young R (1986). The rise and fall of 

IOP: The influence of Physiological factors. Ophthalmic 

and Physiological. Optics  6 (1) 95-99. 

Chatterjee BM. Editor Agarwal LP (1997) .Hand 

book of Ophthalmology 6
th

 Ed. CBS publications New 

Delhi. 

Leighton DA, Phillips CI (1970). Effect of moderate 

exercise on ocular Tension. British Journal of 
Ophthalmology 54 (9) 599-605 

Marcus DF. Edelhauser HF (1974). Effects of a 

sustained Muscular contraction on human intraocular 

pressure. Clinical Science and Molecular Medicine 47 

(3) 249-257. 

Martin XD (1992). Normal intraocular pressure in man. 

Ophthalmologica 205 (2) 57-63 

McDaniel DR, Tribbey CL, Tobias GS (1983). Effect 

of Moderate Exercise on Intraocular  pressure. American 
Journal of Optometry and Physiological Optics 60 (3) 

155-157. 

Michael S Passo Linn Goldberg (1987). Exercise 

Conditioning and IOP American Journal of          

Ophthalmology 103 (6)754 – 757 

Qureshi IA (1996). Effect of exercise on IOP in 

physically fit subjects. Clinical and experimental 
Pharmacology and Physiology 23 (8) 648-654 

Qureshi  I A Xi XR, Huang YB and Wu XD 
(1996).Magnitude of decrease in intraocular pressure 

depends upon intensity of exercise. Korean Journal of 

Ophthalmology 10 (2)109-115. 

Richards JSF and Drance SM (1967). The effect of 

2% epinephrine on aqueous dynamics in the human eye. 

Canadian Journal of Ophthalmology 2  259-265. 

Sears ML and Mead A (1983). A major pathway for 

the regulation of IOP. International Ophthalmology  6 

201-212. 

Sutherland EW, Oyel and Butcher RW (1965). The 

action of epinephrine and the role of adenyl cyclase 

system in hormone action. Recent Progress in Hormone 

Research 21 623-646. 


