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Abbreviations: IOP, intra-ocular pressure; BP, blood pressure 

Introduction
Myopia occurs in approximately 41.6% of adults in the United 

States,1 and the associated costs of examination and treatment per 
annum between 1999 and 2002 were estimated to be between $3.9 
and $7.2 billion.2 It is likely that this number has now increased 
significantly. When considering the high prevalence and associated 
costs, together with ocular conditions such as glaucoma, cataract 
and retinal detachment that are associated with myopia,2 it is clearly 
important to find preventative or therapeutic modalities that may slow 
or stop the development and progression of this refractive condition. 

A number of studies have suggested that participation in physical 
endeavors may have a limiting effect on myopia development and 
progression.3–7 For example, Jones et al.3 compared eventual myopes 
(as determined by parental surveys) and non-myopes within a 
group of third grade children (around 9 years of age), noting that 
the mean amount of sports and outdoor activities performed by the 
future myopes and non-myopes was 7.98 hours per week and 11.65 
hours per week, respectively (p<0.0001). In addition, Deere et al.7 
compared physical activity and refractive error in children and found 

that myopes spent significantly less time undertaking moderate to 
vigorous physical activity when compared with non-myopic children. 
Similarly, Jacobsen et al.6 noted that the mean amount of physical 
activity undertaken by groups of myopic and non-myopic students was 
51 and 60 min/day, respectively (p=0.05). These authors suggested 
that the protective effect of 1 hour of physical activity was equivalent 
to the detrimental effect of 3 hours of studying. 

However, the mechanism underlying this negative association is 
unclear. One possibility is that physical exercise could affect refractive 
development, either through a change in the accommodative response 
or IOP. For example, Read and Collins8 observed a significant 
decrease in axial length (P<0.0001) and IOP (P<0.0001) following 
dynamic exercise (10 minutes on a bicycle ergometer). In addition, 
a significant positive association was found between the changes in 
axial length and IOP (P<0.0001).

The effect of exercise on IOP has been well studied.8–24 Although 
the majority of studies agree that dynamic exercise produces a 
decrease in IOP,8–13 no consensus was found for the effect of isometric 
exercise (i.e., static strength training where the joint angle and muscle 
length do not change during the contraction). Previous reports have 
observed either a significant increase,14–19 decrease11,20 or no change 
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Abstract

Introduction: Several studies have demonstrated that an increase in the number of hours 
children spend outdoors is associated with reduced myopia progression One suggestion 
is that physical exercise could affect refractive development, either through a change in 
the accommodative response or IOP. This study evaluated the effect of both isotonic and 
isometric exercise on these ocular parameters. 

Methods: 20 young, healthy subjects participated in 3 trials. In the first trial, subjects spent 
10 minutes exercising on a stair climbing machine while in the second session, they were 
required to maintain an unsupported squat position for a continuous 2 minute period. In a 
control condition, subjects watched television in a seated position for 10 minutes. Before 
and immediately after each trial, the following parameters were measured: (i) systolic and 
diastolic BP, (ii) heart rate, (iii) distance refractive state, (iv) accommodative response to 3, 
4 and 5D stimuli and (v) IOP. In a second study, IOP was assessed both before and during 
(while the subject was still in the squatting position) 1 minute of isotonic exercise in 14 
young, healthy subjects.

Results: A significant increase of 32 mmHg in systolic BP was observed following the stair 
climbing exercise while significant increases in heart rate were recorded following both 
the stair climbing and squatting trials. However, no significant changes in IOP, distance 
refractive state or accommodative response were noted following any of the 3 conditions. 
In the second study, mean IOP before and during the squatting exercise was 14.6 and 19.1 
mm Hg, respectively (p < 0.0001).

Conclusion: Brief periods of exercise do not produce significant changes in refractive state, 
accommodation or IOP. Although a significant change in IOP was observed during the 
course of isometric exercise, this effect dissipated rapidly. While a cumulative effect may 
exist following longer or multiple exercise sessions, there is no support for the proposal that 
physical exercise will alter refractive state development or progression.

Keywords: exercise, refractive state, accommodation, intra-ocular pressure, myopia, 
glaucoma 
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in IOP21–24 following isometric exercise. As noted earlier, increased 
IOP has also been associated with axial growth, with scleral creep 
possibly resulting from an inability to resist these intra-ocular forces. 
As an alternative hypothesis, sustained accommodation may lead to 
increased IOP and ultimately axial elongation.25–42 It is also of interest 
that improved physical fitness is associated with lower baseline IOP 
as well as decreased exercise-induced reduction in IOP.11 Accordingly, 
the aim of the present study was to evaluate the effect of both dynamic 
and isometric exercise on a range of ocular parameters, including 
refractive state, accommodation, and IOP. 

Methods
20 healthy subjects (4 male, 16 female) between 22 and 28 years 

of age (mean age=24 years) participated in the first study. The gender 
imbalance reflects the composition of the student body at the SUNY 
College of Optometry. Any subject with a history of cardiovascular 
disease, high BP or having been advised not to undertake strenuous 
exercise was excluded. Subjects provided written consent to 
participate after a full explanation of the study objectives and risks 
involved. The protocol was approved by the Institutional Review 
Board at the SUNY College of Optometry. 

Each subjects participated in 3 trials, namely: aerobic exercise, 
isotonic exercise, and a control condition. The trial order was 
randomized, and each trial was separated by a 10 minute rest period. 
In the aerobic exercise trial, subjects spent 10 minutes exercising 
on a stair climbing machine, namely the Phoenix Denise Austin 
99120 Mini Stepper Plus (Phoenix Health & Fitness, Inc., Rancho 
Cucamonga, CA), while watching television at a viewing distance 
of 3 meters. Subjects were instructed to keep moving and exercise 
as rigorously as they could on the stair climber throughout the 10 
minute period. For the isotonic exercise trial, subjects maintained an 
unsupported static squat position with knees flexed to a 90° angle for 
a continuous 2 minute period while watching television at 3 meters. 
In the control condition, subjects watched television at 3 meters while 
seated for a 10 minutes. For all 3 trials, subjects watched clips of a 
movie of their choice.

Before and immediately after each trial, the following parameters 
were measured: heart rate, systemic and diastolic BP, IOP, distance 
refractive state, and the accommodative response to 3, 4 and 5D stimuli. 
For all trials these parameters were measured in the order indicated 
above (although heart rate and BP were measured simultaneously). All 
ocular measurements were taken from the right eye only. These same 
measurements were repeated immediately after each trial. Given that 
it took approximately 3 minutes to complete all measurements, the 
accommodative findings were recorded approximately 1-2 minutes 
after the exercise period was concluded. 

Heart rate and BP were assessed using an automatic Omron 
HEM-432CN2 digital BP monitor (Omron Healthcare, Bannockburn, 
IL) positioned on the subject’s right arm. All measurements were 
recorded while subjects were seated. Both distance refractive state 
and accommodation to 3D, 4D, and 5D stimuli were measured 
objectively using a Grand Seiko WAM-5500 auto refractor (Grand 
Seiko, Hiroshima, Japan). Subjects were instructed to fixate the 
lowest line they could read correctly on a Snellen acuity chart (under 
binocular viewing conditions) at viewing distances of 6 m, 33 cm, 
25 cm, and 20 cm. 20 readings were recorded from the right eye at 
approximately 0.5s intervals over a 10 second period. These readings 
were converted to spherical equivalent (i.e., sphere + ½ cylinder 
power) and subsequently averaged to obtain the mean refractive 
state. The accommodative response was quantified as the difference 
between the refractive findings for the distance and near conditions.

IOP was assessed with a handheld Tonopen tonometer (Reichert 
Technologies, Depew, NY). One drop of 0.5% proparacaine 
hydrochloride was instilled in the subject’s right eye prior to the 
IOP assessment. Measurements were taken approximately 30s 
following instillation of the topical anesthetic agent. The tonometer 
takes 10 measurements and averages them to give both a mean 
IOP measurement as well as a confidence interval for the findings. 
Values having confidence intervals below 90% were rejected and re-
measured. In a second study, IOP was assessed both before and during 
the isotonic exercise trial. 14 healthy subjects between 23 and 28 
years of age (mean age=24 years) participated. The isotonic exercise 
(maintained an unsupported static squat position) and method of 
measuring IOP was identical to that described above. However, IOP 
was measured both before and after 1 minute of isotonic exercise (i.e., 
while the subject was still in the squatting position).

Results
Measurements obtained before and following a 10 minute 

period of aerobic exercise are shown in (Table 1). A significant 
increase in systolic BP (t=10.28;df=17; p< 0.0001) and heart rate 
(t=9.93;df=17;p<0.0001) was observed following the aerobic exercise 
trial. No significant change in any of the other parameters measured 
was found. With regard to the isotonic exercise trial, a significant 
increase in heart rate (t=4.41; df=17; p=0.05) was observed. No 
significant change in any of the other parameters measured was found. 
Additionally, no significant changes were recorded following the 
control condition. In the second study, mean IOP before and during 
the squatting exercise was 14.6 mm Hg (SD=2.31) and 19.1 mm 
Hg (SD=2.93), respectively. This difference was significant (t=5.70; 
df=13; p<0.0001).

Table 1 Pre- and post-task measurements following either: (i) a 10 minute period of exercise on a stair climbing machine (stairs), a 2 minute period maintaining 
an unsupported squat position (squats), and a 10 minute control period of watching television while seated (TV). Figures in parentheses indicate 1 SEM

Pre-stairs Post stairs p= Pre-
squats

Post 
squats p= Pre-TV Post- TV p=

Systolic BP (mm Hg) 110.8 (2.89) 143.2 (3.12) <0.0001 114.4 
(3.35)

119.2 
(2.92) 0.17 110.9 

(3.54)
108.4 
(2.47) 0.23

Diastolic BP (mm Hg) 67.2 (2.08) 73.2 (3.1) 0.09 67.7 (2.11) 68.7 (2.60) 0.68 69.4 (2.71) 70.4 (2.47) 0.49

Heart Rate (beats per minute 64.4 (2.71) 104.2 (4.11) <0.0001 72.9 (3.22) 82.7 (4.04) 0.05 74.6 (3.32) 70.3 (2.44) 0.14

Distance refractive error (D) -0.1 (0.16) -0.1 (0.15) 0.34 -0.1 (0.16) -0.1 (0.16) 0.47 -0.2 (0.17) -0.1 (0.15) 0.25

IOP (mm Hg) 16.8 (0.98) 16.4 (0.77) 0.45 17.4 (0.85) 16.6 (0.90) 0.17 16.3 (0.95) 17.8 (0.96) 0.1

Accom. response to 3D stimulus (D) 2.1 (0.16) 2.1 (0.15) 0.4 2.1 (0.17) 2.0 (0.13) 0.98 2.0 (0.17) 2.0 (0.14) 0.43

Accom. response to 4D stimulus (D) 3.0 (0.16) 2.9 (0.16) 0.51 2.7 (0.137) 3.0 (0.15) 0.28 2.9 (0.19) 3.1 (0.14) 0.1

Accom. response to 5D stimulus (D) 3.9 (0.18) 3.9 (0.16) 0.73 3.9 (0.17) 4.0 (0.14) 0.21 3.7 (0.18) 4.0 (0.17) 0.13
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Discussion
This study found that brief periods of exercise do not produce 

significant changes in refractive state or accommodation. These 
results are consistent with the findings of Woods and Thomson,26 
who demonstrated that 20 minute periods of cycling, jogging or stair 
running did not result in a significant change in visual acuity, refractive 
state, dark focus, amplitude of accommodation or pupil size. In the 
present investigation, both the aerobic exercise and isotonic exercise 
trials produced significant increases in heart rate, indicating that the 
exercises were sufficiently demanding to produce systemic changes. 
However, it is possible that the duration of the task, while being long 
enough to alter heart rate, was too short to affect the refractive state 
of the eye. Additionally, it took approximately 3 minutes to complete 
all of the measurements. For all subjects, heart rate, BP and IOP were 
recorded first, followed by the refractive measurements. Therefore, 
any changes in the power of the eye may have dissipated by the time 
the optical parameters were quantified (approximately 2 minutes after 
the exercise period was concluded). It would be valuable to repeat the 
study and record both accommodation and refractive state as close to 
the end of the exercise period as possible.

While a significant change in IOP was observed during the course 
of isometric exercise, this change dissipated rapidly following 
completion. These findings are in line with previous studies that 
observed a significant increase in IOP during isometric exercise, 
which decreased back to baseline22–23 or even below baseline within a 
minute following the exercise.14–19 Movaffafhy et al.14 and Riva et al.15 
observed that an increase in blood volume within the large choroidal 
vessels could explain the increase in IOP during squatting. In addition, 
noted that isometric exercises cause an increase in mean perfusion 
pressure, which induces a rise in choroidal vascular resistance. This 
limits the increase in choroidal blood flow. Thus, choroidal blood flow 
may have a regulatory effect that can minimize IOP fluctuations during 
and/or following exercise. Although the effect of isometric exercise 
on IOP dissipates rapidly after exercise is completed, the significant 
spike in IOP during isometric exercise suggests that patients with 
glaucoma should avoid isometric exercises such as squatting and 
weight lifting.

While a cumulative effect may occur following longer or multiple 
exercise sessions, these data do not support the proposal that 
increased physical exercise will alter the development or progression 
of refractive error. A number of recent studies have suggested that it is 
the time spent outdoors rather than physical activity, which may have 
a greater protective effect on myopia development.34–38 For example, 
Rose et al.35 found that although there were significant protective 
associations of increased outdoor activity with the reduced myopia 
progression in children between 6 and 12 years of age, there was no 
association between the performance of indoor sports and myopia. 
The authors suggested that the level of light intensity experienced 
outdoors, rather than the physical activity, is the factor that retards 
myopia progression.

Support for this proposal comes from Cohen et al.43 who examined 
both myopia development and retinal dopamine concentrations in 
chickens raised in low (50 lux), medium (500 lux) or high (15,000 
lux) light levels for 90 days. They found that low light levels were 
associated with decreased concentrations of retinal dopamine and 
myopia development. Accordingly, refractive development may be 
associated with the release of retinal dopamine, a hormone whose 
concentration is regulated by the intensity of ambient light.

Further, exposure to bright light has been found to suppress 

deprivation myopia in many animal models, including chickens,38,44–49 
tree shrews,44–47 and monkeys.45 These findings also imply a protective 
effect of light exposure on myopia development. Sherwin et al.37 
measured conjunctival auto fluorescence (UVAF), a biomarker of 
outdoor light exposure, in humans and found that prevalence of 
myopia decreased with increased UVAF, thereby indicating a 
protective association between increased UVAF and myopia.50 
Accordingly, there is strong evidence to support the proposal that 
refractive development is retarded by light exposure. 

Summary
Both the results of the present study and others do not support 

that proposal that physical exercise will retard the development or 
progression of myopia. Rather, prolonged light exposure seems to be a 
more likely mechanism for altering refractive development. However, 
the short duration of the exercise trials used here, both in terms of 
the length of each session and the lack of multiple trials does weaken 
the validity of the findings. Further studies using a larger number of 
subjects performing exercise trials that are both longer in duration 
and repeated on multiple occasions would be valuable to confirm the 
effect of physical exercise on the eye. Longitudinal studies on the 
effect of light exposure on myopia progression may be more valuable 
in determining the mechanism by which outdoor activity reduces 
myopia progression. 

Acknowledgments
None.

Conflicts of interest
Author declares that there is no conflict of interest.

References
1. Vitale S, Sperduto RD, Ferris FL. Increased prevalence of myopia in 

the United States between 1971-1972 and 1999-2004. Arch Ophthalmol. 
2009;127(12):1632–1639.

2. Vitale S, Cotch MF, Sperduto R, et al. Costs of refractive correction 
of distance vision impairment in the United States, 1999-2002. 
Ophthalmology. 2006;113(12):2163–2170.

3. Jones LA, Sinnott LT, Mutti DO, et al. Parental history of myopia, sports 
and outdoor activities, and future myopia. Invest Ophthalmol Vis Sci. 
2007;48(8):3524–2532.

4. Parssinen O, Lyyra AL. Myopia and myopic progression among 
schoolchildren: a three-year follow-up study. Invest Ophthalmol Vis Sci. 
1993;34(9):2794–2802.

5. Mutti DO, Mitchel GL, Moeschberger ML, et al. Parental myopia, 
near work, school achievement, and children’s refractive state. Invest 
Ophthalmol Vis Sci. 2002;43(12):3633–3640.

6. Jacobsen N, Jensen H, Goldschmidt E. Does the level of physical 
activity in university students influence development and progression of 
myopia?--a 2-year prospective cohort study. Invest Ophthalmol Vis Sci. 
2008;49(4):1322–1327.

7. Deere K, Williams C, Leary S, et al. Myopia and later physical activity in 
adolescence: a prospective study. Br J Sports Med. 2001;43(7):542−544.

8. Read SA, Collins MJ. The short-term influence of exercise on axial length 
and intraocular pressure. Eye (Lond). 2011;25(6):767–774.

9.  Harris A, Malinovsky V, Martin B. Correlates of acute exercise-induced 
ocular hypotension. Invest Ophthalmol Vis Sci. 1994;35(11):3852–3857.

10. Natsis K, Asouhidou I, Nousios G, et al. Aerobic exercise and intraocular 

https://doi.org/10.15406/aovs.2015.02.00047
http://www.ncbi.nlm.nih.gov/pubmed/20008719
http://www.ncbi.nlm.nih.gov/pubmed/20008719
http://www.ncbi.nlm.nih.gov/pubmed/20008719
http://www.ncbi.nlm.nih.gov/pubmed/16996610
http://www.ncbi.nlm.nih.gov/pubmed/16996610
http://www.ncbi.nlm.nih.gov/pubmed/16996610
http://www.ncbi.nlm.nih.gov/pubmed/17652719
http://www.ncbi.nlm.nih.gov/pubmed/17652719
http://www.ncbi.nlm.nih.gov/pubmed/17652719
http://www.ncbi.nlm.nih.gov/pubmed/8344801
http://www.ncbi.nlm.nih.gov/pubmed/8344801
http://www.ncbi.nlm.nih.gov/pubmed/8344801
http://www.ncbi.nlm.nih.gov/pubmed/12454029
http://www.ncbi.nlm.nih.gov/pubmed/12454029
http://www.ncbi.nlm.nih.gov/pubmed/12454029
http://www.ncbi.nlm.nih.gov/pubmed/18385044
http://www.ncbi.nlm.nih.gov/pubmed/18385044
http://www.ncbi.nlm.nih.gov/pubmed/18385044
http://www.ncbi.nlm.nih.gov/pubmed/18385044
http://www.ncbi.nlm.nih.gov/pubmed/19581405
http://www.ncbi.nlm.nih.gov/pubmed/19581405
http://www.ncbi.nlm.nih.gov/pubmed/21423141
http://www.ncbi.nlm.nih.gov/pubmed/21423141
http://www.ncbi.nlm.nih.gov/pubmed/7928182
http://www.ncbi.nlm.nih.gov/pubmed/7928182
http://www.ncbi.nlm.nih.gov/pubmed/19678955


The effect of dynamic and isometric exercise on refractive state, accommodation and intra-ocular pressure 103
Copyright:

©2015 Huang et al.

Citation: Huang R, Rosenfield M. The effect of dynamic and isometric exercise on refractive state, accommodation and intra-ocular pressure. Adv Ophthalmol 
Vis Syst. 2015;2(3):100‒103. DOI: 10.15406/aovs.2015.02.00047

pressure in normotensive and glaucoma patients. BMC Ophthalmol. 
2009;9:6.

11. Risner D, Ehrlich R, Kheradiya NS, et al. Effects of exercise on intraocular 
pressure and ocular blood flow: a review. J Glaucoma. 2009;18(6):429–
436.

12. Farooqui MEA, Pai SR, Blindiya RS, et al. Impact of exercise on intraocular 
pressure in relation to body mass index. IJBAR. 2012;3(1):21–25.

13. Price EL, Gray LS, Humphries L, et al. Effect of exercise on 
intraocular pressure and pulsatile ocular blood flow in a young normal 
population. Optom Vis Sci. 2003;80(6):460–466.

14. Movaffaghy A, Chamot SR, Petrig BL, et al. Blood flow in the human optic 
nerve head during isometric exercise. Exp Eye Res 1998;67(5):561–568.

15. Riva CE, Titze P, Hero M, Movaffaghy A, et al. Choroidal blood flow 
during isometric exercises. Invest Ophthalmol Vis Sci. 1997;38(11):2338–
2343.

16. Jandrasits K, Polak K, Luksch A, et al. Effects of atropine and propranolol 
on retinal vessel diameters during isometric exercise. Ophthalmic Res. 
2001;33(4):185–190.

17. Polska E, Simader C, Weigert G, et al. Regulation of choroidal blood 
flow during combined changes in intraocular pressure and arterial blood 
pressure. Invest Ophthalmol Vis Sci. 2007;48(8):3768–3774.

18. Bakke EF, Hisdal J, Semb SO. Intraocular pressure increases in parallel 
with systemic blood pressure during isometric exercise. Invest Ophthalmol 
Vis Sci. 2009;50(2):760–764.

19. Castejon H, Chiquet C, Savy O, et al. Effect of acute increase in blood 
pressure on intraocular pressure in pigs and humans. Invest Ophthalmol Vis 
Sci. 2010;51(3):1599–1605.

20. Lanigan LP, Clark CV, Hill DW. Intraocular pressure responses to systemic 
autonomic stimulation. Eye (Lond). 1989;3(Pt 4):477–483.

21. Marcus DF, Edelhauser HF, Maksud MG, et al. Effects of a sustained 
muscular contraction on human intraocular pressure. Clin Sci Mol Med. 
1974;47(3):249–257.

22. Polska E, Luksch A, Schering J, et al. Propranolol and atropine do not 
alter choroidal blood flow regulation during isometric exercise in healthy 
humans. Microvasc Res. 2003;65(1):39–44.

23. Wimpissinger B, Resch H, Berisha F, et al. Effects of isometric exercise 
on subfoveal choroidal blood flow in smokers and nonsmokers. Invest 
Ophthalmol Vis Sci. 2003;44(11):4859–4863.

24. Robinson F, Riva CE, Grunwald JE, et al. Retinal blood flow autoregulation 
in response to an acute increase in blood pressure. Invest Ophthalmol Vis 
Sci. 1986;27(5):722–726.

25. Rosenfield M. Accommodation and myopia. In: Rosenfield M & Gilmartin 
B, editors. Myopia and Nearwork. Butterworth-Heinemann, Oxford, USA; 
1998. p. 91–116.

26. Woods RL, Thomson WD. Effects of exercise on aspects of visual function. 
Ophthalmic Physiol Opt. 1995;15(1):5–12.

27. Prata TS, De Moraes CGV, Kanadani FN, et al. Posture-induced intraocular 
pressure changes: considerations regarding body position in glaucoma 
patients. Surv Ophthalmol. 2010;55(5):445–453.

28. Malihi M, Sit AJ. Effect of head and body position on intraocular pressure. 
Ophthalmology. 2012;119(5):989–991.

29. Longo A, Geiser MH, Riva CE. Posture changes and subfoveal choroidal 
blood flow. Invest Ophthalmol Vis Sci. 2004;45(2):546–551.

30. Anderson DR, Grant WM. The influence of position on intraocular 
pressure. Invest Ophthalmol. 1973;12(3):204–212.

31. Chiquet C, Custaud MA, Le Traon AP, et al. Changes in intraocular 
pressure during prolonged (7-day) head-down tilt bedrest. J Glaucoma. 
2003;12(3):204–208.

32. Hirooka K, Shiraga F. Relationship between postural change of the 
intraocular pressure and visual field loss in primary open-angle glaucoma. 
J Glaucoma. 2003;12(4):379–382.

33. Krieglstein G, Langham ME. Influence of body position on the 
intraocular pressure of normal and glaucomatous eyes. Ophthalmologica. 
1975;171(2):132–145.

34. Guggenheim JA, Northstone K, McMahon G, et al. Time outdoors 
and physical activity as predictors of incident myopia in childhood: a 
prospective cohort study. Invest Ophthalmol Vis Sci. 2012;53(6):2856–
2865.

35. Rose KA, Morgan IG, Ip J, et al. Outdoor activity reduces the prevalence of 
myopia in children. Ophthalmology. 2008;115(8):1279–1285.

36. Dirani M, Tong L, Gazzard G, Zhang X, et al. Outdoor activity and myopia 
in Singapore teenage children. Br J Ophthalmol. 2009;93(8):997–1000.

37. Sherwin JC, Hewitt AW, Coronea MT, et al. The association between 
time spent outdoors and myopia using a novel biomarker of outdoor light 
exposure. Invest Ophthalmol Vis Sci. 2012;53(8):4363–4370.

38. Ashby R, Ohlendorf A, Schaeffel F. The effect of ambient illuminance on 
the development of deprivation myopia in chicks. Invest Ophthalmol Vis 
Sci. 2009;50(11):5348–5354.

39. Minckler DS, Baerveldt G, Heuer DK, et al. Clinical evaluation of the 
Oculab Tono-Pen. Am J Ophthalmol. 1987;104(2):168–173.

40. Kooner KS, Cooksey JC, Barron JB, et al. Tonometry comparison: 
Goldmann versus Tono-Pen. Ann Ophthalmol. 1992;24(1):29–36.

41. Geyer O, Mayron Y, Loewenstein A, et al. Tono-Pen tonometry in normal 
and in post-keratoplasty eyes. Br J Ophthalmol. 1992;76(9):538–540.

42. Yan L, Huibin L, Xuemin L. Accommodation-induced intraocular 
pressure changes in progressing myopes and emmetropes. Eye (Lond). 
2014;28(11):1334–1340.

43. Cohen Y, Peleg E, Belkin M, et al. Ambient illuminance, retinal dopamine 
release and refractive development in chicks. Exp Eye Res. 2012;103:33–
40.

44. Siegwart JT, Ward AH, Norton TT. Moderately Elevated Fluorescent 
Light Levels Slow Form Deprivation and Minus Lens-Induced Myopia 
Development in Tree Shrews. Invest Ophthalmol Vis Sci. 2012;53:3457.

45. Smith EL, Hung LF, Huang J. Protective effects of high ambient lighting 
on the development of form-deprivation myopia in rhesus monkeys. Invest 
Ophthalmol Vis Sci. 2012;53(1):421–428.

46. Ashby RS, Schaeffel F. The effect of bright light on lens compensation in 
chicks. Invest Ophthalmol Vis Sci. 2010;51(10): 5247–5253.

47. Norton TT, Siegwart JT. Light levels, refractive development, and myopia-
-a speculative review. Exp Eye Res. 2013;114:48–57.

48. Karouta C, Ashby RS. Correlation between light levels and the development 
of deprivation myopia. Invest Ophthalmol Vis Sci. 2014;56(1):299–309.

49. Lan W, Feldkaemper M, Schaeffel F. Intermittent Episodes of bright light 
suppress myopia in the chicken more than continuous bright light. PLoS 
One. 2014;9(10):e110906.

50. Krist D, Cursiefen C, Junemann A. [Transitory intrathoracic and 
-abdominal pressure elevation in the history of 64 patients with normal 
pressure glaucoma]. Klin Monbl Augenheilkd. 2001;218(4):209–213.

https://doi.org/10.15406/aovs.2015.02.00047
http://www.ncbi.nlm.nih.gov/pubmed/19678955
http://www.ncbi.nlm.nih.gov/pubmed/19678955
http://www.ncbi.nlm.nih.gov/pubmed/19680049
http://www.ncbi.nlm.nih.gov/pubmed/19680049
http://www.ncbi.nlm.nih.gov/pubmed/19680049
http://www.ssjournals.com/index.php/ijbar/article/view/107
http://www.ssjournals.com/index.php/ijbar/article/view/107
http://www.ncbi.nlm.nih.gov/pubmed/12808407
http://www.ncbi.nlm.nih.gov/pubmed/12808407
http://www.ncbi.nlm.nih.gov/pubmed/12808407
http://www.ncbi.nlm.nih.gov/pubmed/9878218
http://www.ncbi.nlm.nih.gov/pubmed/9878218
http://www.ncbi.nlm.nih.gov/pubmed/9344357
http://www.ncbi.nlm.nih.gov/pubmed/9344357
http://www.ncbi.nlm.nih.gov/pubmed/9344357
http://www.ncbi.nlm.nih.gov/pubmed/11464069
http://www.ncbi.nlm.nih.gov/pubmed/11464069
http://www.ncbi.nlm.nih.gov/pubmed/11464069
http://www.ncbi.nlm.nih.gov/pubmed/17652750
http://www.ncbi.nlm.nih.gov/pubmed/17652750
http://www.ncbi.nlm.nih.gov/pubmed/17652750
http://www.ncbi.nlm.nih.gov/pubmed/18836162
http://www.ncbi.nlm.nih.gov/pubmed/18836162
http://www.ncbi.nlm.nih.gov/pubmed/18836162
http://www.ncbi.nlm.nih.gov/pubmed/19850831
http://www.ncbi.nlm.nih.gov/pubmed/19850831
http://www.ncbi.nlm.nih.gov/pubmed/19850831
http://www.ncbi.nlm.nih.gov/pubmed/2606224
http://www.ncbi.nlm.nih.gov/pubmed/2606224
http://www.ncbi.nlm.nih.gov/pubmed/4418651
http://www.ncbi.nlm.nih.gov/pubmed/4418651
http://www.ncbi.nlm.nih.gov/pubmed/4418651
http://www.ncbi.nlm.nih.gov/pubmed/12535870
http://www.ncbi.nlm.nih.gov/pubmed/12535870
http://www.ncbi.nlm.nih.gov/pubmed/12535870
http://www.ncbi.nlm.nih.gov/pubmed/14578409
http://www.ncbi.nlm.nih.gov/pubmed/14578409
http://www.ncbi.nlm.nih.gov/pubmed/14578409
http://www.ncbi.nlm.nih.gov/pubmed/3700021
http://www.ncbi.nlm.nih.gov/pubmed/3700021
http://www.ncbi.nlm.nih.gov/pubmed/3700021
http://www.ncbi.nlm.nih.gov/pubmed/7724220
http://www.ncbi.nlm.nih.gov/pubmed/7724220
http://www.ncbi.nlm.nih.gov/pubmed/20637484
http://www.ncbi.nlm.nih.gov/pubmed/20637484
http://www.ncbi.nlm.nih.gov/pubmed/20637484
http://www.ncbi.nlm.nih.gov/pubmed/22341914
http://www.ncbi.nlm.nih.gov/pubmed/22341914
http://www.ncbi.nlm.nih.gov/pubmed/14744897
http://www.ncbi.nlm.nih.gov/pubmed/14744897
http://www.ncbi.nlm.nih.gov/pubmed/4692261
http://www.ncbi.nlm.nih.gov/pubmed/4692261
http://www.ncbi.nlm.nih.gov/pubmed/12782836
http://www.ncbi.nlm.nih.gov/pubmed/12782836
http://www.ncbi.nlm.nih.gov/pubmed/12782836
http://www.ncbi.nlm.nih.gov/pubmed/12897586
http://www.ncbi.nlm.nih.gov/pubmed/12897586
http://www.ncbi.nlm.nih.gov/pubmed/12897586
http://www.ncbi.nlm.nih.gov/pubmed/1153173
http://www.ncbi.nlm.nih.gov/pubmed/1153173
http://www.ncbi.nlm.nih.gov/pubmed/1153173
http://www.ncbi.nlm.nih.gov/pubmed/22491403
http://www.ncbi.nlm.nih.gov/pubmed/22491403
http://www.ncbi.nlm.nih.gov/pubmed/22491403
http://www.ncbi.nlm.nih.gov/pubmed/22491403
http://www.ncbi.nlm.nih.gov/pubmed/18294691
http://www.ncbi.nlm.nih.gov/pubmed/18294691
http://www.ncbi.nlm.nih.gov/pubmed/19211608
http://www.ncbi.nlm.nih.gov/pubmed/19211608
http://www.ncbi.nlm.nih.gov/pubmed/22669720
http://www.ncbi.nlm.nih.gov/pubmed/22669720
http://www.ncbi.nlm.nih.gov/pubmed/22669720
http://www.ncbi.nlm.nih.gov/pubmed/19516016
http://www.ncbi.nlm.nih.gov/pubmed/19516016
http://www.ncbi.nlm.nih.gov/pubmed/19516016
http://www.ncbi.nlm.nih.gov/pubmed/3618714
http://www.ncbi.nlm.nih.gov/pubmed/3618714
http://www.ncbi.nlm.nih.gov/pubmed/1543324
http://www.ncbi.nlm.nih.gov/pubmed/1543324
http://www.ncbi.nlm.nih.gov/pubmed/1420058/
http://www.ncbi.nlm.nih.gov/pubmed/1420058/
http://www.ncbi.nlm.nih.gov/pubmed/25190534
http://www.ncbi.nlm.nih.gov/pubmed/25190534
http://www.ncbi.nlm.nih.gov/pubmed/25190534
http://www.ncbi.nlm.nih.gov/pubmed/22960317
http://www.ncbi.nlm.nih.gov/pubmed/22960317
http://www.ncbi.nlm.nih.gov/pubmed/22960317
http://researchingmyopia.blogspot.in/2012/05/moderately-elevated-fluorescent-light.html
http://researchingmyopia.blogspot.in/2012/05/moderately-elevated-fluorescent-light.html
http://researchingmyopia.blogspot.in/2012/05/moderately-elevated-fluorescent-light.html
http://www.ncbi.nlm.nih.gov/pubmed/22169102
http://www.ncbi.nlm.nih.gov/pubmed/22169102
http://www.ncbi.nlm.nih.gov/pubmed/22169102
http://www.ncbi.nlm.nih.gov/pubmed/20445123
http://www.ncbi.nlm.nih.gov/pubmed/20445123
http://www.ncbi.nlm.nih.gov/pubmed/23680160
http://www.ncbi.nlm.nih.gov/pubmed/23680160
http://www.ncbi.nlm.nih.gov/pubmed/25491298
http://www.ncbi.nlm.nih.gov/pubmed/25491298
http://www.ncbi.nlm.nih.gov/pubmed/25360635
http://www.ncbi.nlm.nih.gov/pubmed/25360635
http://www.ncbi.nlm.nih.gov/pubmed/25360635
http://www.ncbi.nlm.nih.gov/pubmed/11392264
http://www.ncbi.nlm.nih.gov/pubmed/11392264
http://www.ncbi.nlm.nih.gov/pubmed/11392264

	Title
	Abstract 
	Keywords
	Abbreviations
	Introduction 
	Methods 
	Results 
	Discussion 
	Summary 
	Acknowledgments 
	Conflicts of interest 
	References 
	Table 1

