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摘要
目的:研究原发性开角型青光眼患者有氧运动前后脉络膜
厚度的变化。
方法:研究选取 17 例正常受试者(对照组)及 17 例原发性
开角型青光眼患者(试验组)进行有氧运动(慢跑),运动
前后依次记录脉络膜厚度(ChT),眼压( IOP)及平均动脉
压数值(MAP)。
结果:1)运动后对照组及试验组 ChT 及 IOP 均出现显著
性降低,其中,试验组运动后 ChT 及 IOP 降低幅度更为显
著。 2)运动后对照组及试验组 MAP 均出现显著性升高,
而对照组 MAP 升高幅度更为明显。 3)受试者工作曲线分
析提示:对照组与试验组运动前后 ChT 变化量及 IOP 变化
量曲线下面积分别为 0. 75 及 0. 281。
结论:有氧运动所诱导的交感神经活性升高可能是运动后
ChT 及 IOP 降低,MAP 升高的主要原因。 而 POAG 患者自
主神经功能紊乱是导致运动后 ChT,IOP 及 MAP 与正常人
存在不同反应性的主要因素。
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Abstract
誗AIM: To determine if aerobic exercise results in changes
in choroidal thickness (ChT) responses in subjects with

primary open-angle glaucoma (POAG) .
誗METHODS: The study included 17 normal participants
and 17 POAG patients (34 eyes) and subjected them to
aerobic exercise in the form of jogging. During exercise,
ChT, intraocular pressure ( IOP ), and mean arterial
pressure (MAP) were recorded sequentially.
誗RESULTS: ChT and IOP significantly decreased in both
groups after exercise, and the significant disparate
response was found in the control and POAG group (P<
0郾 05) . MAP increased significantly in both groups after
exercise, and the increase was more significant in the
control group than that in the POAG group. The values for
area under the curve (AUC) of the ChT variations and IOP
were 0. 75 and 0. 281, respectively.
誗 CONCLUSION: Activation of the sympathetic nerve
induced by aerobic exercise might be the underlying
mechanism for the decrease in ChT and IOP and the
increase in MAP in both groups. The disparate responses
to jogging observed in ChT, IOP, and MAP values
between the groups might be because of the autonomic
nervous system dysfunction in POAG patients.
誗KEYWORDS: choroidal thickness; primary open angle
glaucoma; autonomic nervous system
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INTRODUCTION

T he choroid is a primary vascular structure, which has
many essential functions in the eye[1] . It acts as the heat

sink[2] and delivers blood and nutrients to the outer retinas.
Active changes in the choroidal thickness ( ChT), which
moves the retina forward and backward to bring the
photoreceptors into the focal correct position, were observed in
laboratory test conducted in chickens and mammals[3-5] .
Choroid are principally under neurogenic control and are thus
not autonomously regulated ( unlike the retinal vascular
network) . The diurnal rhythm of the ChT, was also observed
similar to the fluctuation pattern of IOP[6] . Following
autonomic denervation, obvious rhythmic disorders were found
in both the ChT and IOP[7] . The responses have been
observed in the IOP measurements of normal subjects and
POAG patients following exercise[8-12] . The main objective of
the current work was to evaluate the possible effects of aerobic
exercise on the ChT, mean arterial pressure ( MAP) and
ocular perfusion pressure ( OPP) in normal participants and
patients with POAG.
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SUBJECTS AND METHODS
Subjects摇 A total of 34 participants ( normal subjects and
patients with POAG, 17 in each group) were enrolled in this
study from July 2012 to December 2014. All the participants
had undergone ophthalmic examinations including best -
corrected visual acuity ( BCVA ), refractive error ( RE,
dioptometry ), axial length ( AL, A - scan ), anterior
segment examination ( slit lamp microscopy and
gonioscopy), ocular fundus examination (direct and indirect
ophthalmoscopes ), IOP ( Goldmann applanation
tonometer), central corneal thickness ( CCT, Cirrus FD -
OCT, Zeiss Meditec, Dublin, CA, USA), visual field test
( Humphrey Visual Field Analyzer, Swedish Interactive
Thresholding Algorithm standard 24 - 2, Carl Zeiss Inc. ,
Dublin, CA, USA), and retinal nerve fiber layer thickness
assessment ( RNFLT, Cirrus FD - OCT, Zeiss Meditec,
Dublin, CA, USA) at the Tongji Hospital, Wuhan, Hubei
Province, China. For the participants, either one of the eyes
was selected randomly.
The subjects with POAG were included if they had an
established diagnosis made by a glaucoma specialist based on
glaucomatous optic disc damage and an abnormal visual field
(VF) test result consisting of a pattern SD <5% , glaucoma
hemifield test results outside normal limits, or both. At least
two consecutive abnormal VF examinations were required,
with the most recent test having been performed within 12mo
of the enrollment. The subjects with POAG were not
prevented from using anti-glaucoma drops prior to the study
exercises because of medical and ethical principles.
The normal subjects enrolled in this study had an IOP <21
mmHg and normal ophthalmoscopic appearance of the optic
nerve (cup-to-disc ratio <0. 5 in both eyes, cup-to-disc
ratio asymmetry <0. 2, absence of hemorrhage, and localized
or diffuse rim thinning) .
Other inclusion criteria for all the subjects included:1) over
18y old; 2) there aren蒺t received any medication that affects
the circulatory system for at least one month before the study
commenced; 3) no caffeine intake.
The following conditions were the study exclusion criteria: 1)
BCVA <20 / 40 ( to ensure that the subjects had good central
fixation); 2) RE <-6. 0 D (high myopia level); 3) serious
cataract and other ocular diseases that would make the test
difficult; 4) other eye diseases such as age-related macular
degeneration, retinal detachment, or had undergone any
previous eye operations; 5) other ocular diseases or systemic
diseases such as hypertension, diabetes, or a family history of
these conditions.
The study protocol was reviewed by the local Ethical
Committee of Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology ( IRBID:
20120703) and was registered in the Clinical Trial Registry
( registration number: ChiCTR - ONRC - 11001673 ) .
Written inform consents were obtained from all the
participants, and the Declaration of Helsinki was strictly
followed throughout the study.
Study Design摇 The exercises were performed during the same

period of the day (10 a. m. -12 p. m. ) and after fasting for a
minimum of 4h.
The systolic blood pressure ( SBP), diastolic blood pressure
(DBP), and heart rate ( HR ) were measured using an
electronic sphygmomanometer. The ocular axial length (AL,
IOL - Master, Carl Zeiss Meditec, Inc. , German), CCT,
IOP, RE ( Refractometer, Topcon, Medical System, Inc. ,
Japan), oxygen saturation (pulse oximeter), and ChT (optic
coherence tomography, OCT, Spectralis, Heidelberg,
German) were measured after the participants had filled out
the International Physical Activity Questionnaire ( IPAQ )
while sitting down 5min (calm time).
During the 20min jogging exercise on the treadmill, the
subjects were instructed to keep a steady pace at a 60-70%
HRmax% in a thermoneutral environment. The HR and oxygen
saturation were repeatedly measured every 4min using a pulse
oximeter to ensure sufficient oxygen supply and evaluate the
workload of the physical exercise.
After 20min of aerobic exercise, the ChT ( in 30s), IOP,
HR, BP were measured in sequence. The data recorded were
stored for later statistical analysis.
Measurement Indicators
IPAQ score 摇 The IPAQ was used to assess the physical
activity performed under a comprehensive set of conditions
that simulated daily living including the following: 1) leisure
time physical activity; 2 ) domestic and gardening ( yard)
activities; 3 ) work - related physical activity; 4 )
transportation-related physical activity. The specific types of
activity that were assessed included walking, moderate -
intensity, and vigorous-intensity activities[13] .
Maximum HRmax%摇
HRmax% = 100伊(HR during exercise-HRrest) / (HRmax-HRrest) (1)
HRmax = 220 - age (2)
HRduring exercise is defined as the maximum HR value during
exercise.
MAP and OPP 摇 The ocular blood flow mainly depends on
the OPP[14-15] . The calculation of MAP and OPP were
performed as follows:

OPP= 2
3 MAP-IAP (3)

MAP=DPP+ 1
3 (SBP-DBP) (4)

Examination Techniques
Enhanced depth imaging ( EDI) -OCT 摇 The enhanced
depth imaging (EDI)-OCT was used, and this was performed
at 870 nm wavelength, 7 um axial resolution, and 40000 A-
scans / s high-speed Fourier frequency.
In the darkroom, the participants who did not have pupillary
dilation fixed their heads stably on the holder and an inverted
image representation of the fundus was acquired to bring the
choroidal layer approximate to the zero-delay line, by moving
the device close enough to the eye.
The images were stacked at 100 frames for the B-scan using
the automatic real-time and eye tracking features. The score
used for the quality bar was >25 for the imageacquisition.
The selections were made 1毅 apart in the same direction
between the twelve 30毅-spaced lines radiating from the fovea,
and the 30毅 region of the fovea was set as the center
(parafoveal region, Figure 1) .
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Figure 1 摇 Image of choroid profile captured using spectral
domain-optic coherence tomography.

Table 1摇 Difference in choroidal thickness between groups pre-
and post-exercise
Parameters Control group POAG group aP
ChT (pre-exercise) 218. 39 依 68. 67 231. 44 依 62. 40 0. 578
ChT (post-exercise) 210. 84 依 68. 72 228. 32 依 63. 33 0. 460
bP <0. 001 0. 02

a Independent sample t-test. bPaired t-test. P<0. 05 were significant
differences. POAG: Primary open angle glaucoma.

Image J software
For the analysis, the choroid was defined as the layer
extending from the retinal pigment epithelium (RPE) to the
choroid-sclera hyper-reflective borderline in the profile of the
image acquired.
The distortion in the image due to the different curvatures in
myopic eyes may produce a systematic error during the
statistical analysis. Therefore, the ChT ( in the fovea and
parafoveal regions), which was perpendicular to the RPE was
calculated manually in that plane using the Image J software
version 1. 45S ( National Institutes of Health, NIH,
Bethesda, MD, USA) as previously mentioned[16] .
Statistical Analysis
The statistical program for the social sciences (SPSS) software
package version 16. 0 ( SPSS Inc. , Chicago, IL, USA) was
used for the analyses. The K-S test for normality evaluation
and Levene蒺s test for the equality variances were adopted.
After the data had satisfied the above criteria,the paired t-test
was used to assess the intra-group differences in the assessed
parameters including ChT, IOP, MAP and OPP before and
after aerobic exercise. The analysis of variance ( ANOVA)
test was adopted to compare the inter - group differences of
these assessed parameters while the boxplot was adopted to
observe their variations after the exercise. The receiver
operator characteristic (ROC) curve was generated to evaluate
the predictor variables of the ChT and IOP. P < 0. 05 was
considered statistically significant.
RESULTS
Descriptive Analysis 摇 A total of 34 participants ( controls
and patients with POAG, 17 each) were enrolled in this
study. There was no statistically significant difference in age,
RE, AL, IPAQ score, and between the two groups ( P >
0郾 05). All the ChT, IOP, and OPP data obeyed the
Gaussian distribution and homogeneity of variances. ( The
results of the K-S and Levene蒺s tests were not shown).
ChT Analysis Showed Differences between Both Groups
during Aerobic Exercise 摇 Table 1 shows that there was no

significant difference in the ChT between the two groups pre-
or post - exercise; however, an immediate decrease was
observed in both groups during the exercise session (paired t-
test, P<0郾 05). The ANOVA showed that the variation in the
ChT during the exercise was more considerable in the control
than it was in the POAG group (F = 6. 071, P = 0. 02). The
boxplot of the variations of the ChT is shown in Figure 2A.
IOP, MAP, and OPP Analysis Showed Differences
between Both Groups after Aerobic Exercise 摇 Figure 3
shows that the IOP, MAP, and OPP changed significantly in
both groups after the aerobic exercise. The ANOVA showed
that the decrease in the IOP after exercise was more significant
in the POAG than it was in the control group (F=7. 127, P=
0. 012). The MAP increased more significantly in the control
than it did in the POAG group after exercise (F=7. 776, P=
0. 009 ). There was no significant difference in the OPP
increase observed after the aerobic exercise between both
groups (F = 1. 295, P = 0. 264). The boxplot of the IOP,
MAP, and OPP are shown in Figure 2B, 2D.
Correlation Analysis of ChT and IOP in Control Group
before and after Exercise 摇 There was no significant
correlation between the ChT and IOP of the control group
either pre- or post-exercise ( r=0. 034, P>0. 05).
ROC Curve Analysis of ChT and IOP in Both Groups
after Aerobic Exercise摇 Figure 4 shows that the variation in
the area under the curve (AUC) values of the ChT and IOP
after exercise was 0. 75 and 0. 281, respectively for the
subjects with POAG.
DISCUSSION
The IPAQ score and HRmax% were adopted as critical
parameters to be determined because the exercise intensity and
physical activity[8,11] are significant factors that influence the
IOP response to exercise. For instance, athletes show a lower
baseline IOP than the sedentary subjects and a greater
decrease occurs in the IOP during running than that during
walking and jogging. The oxygen saturation was also measured
during the jogging exercise to ensure that the aerobic exercise
was performed correctly during the entire process.
The result showed a significant decrease in the ChT after
aerobic exercise for normal group and this change is likely
accompanied by choroidal blood flow regulation[17] . The
choroid is simultaneously innervated by the sympathetic and
parasympathetic nerve[18] . The nonvascular contractive cell of
choroid is innervated by the sympathetic nerve that arises from
the superior cervical ganglion. This nonvascular contractile
cell participates in the regulation of the IOP or the
intermediate-term regulation of ChT[19] . The study also found
that the sympathetic out flow was augmented during dynamic
exercise even when the exercise intensity was low to
moderate[20-21] . In our study, the exercise intensity we
adopted was moderate for all participant ( mean 63% ) .
Therefore, activation of the sympathetic nerve may have
contributed to the decrease in the ChT following the
aerobic exercise.
The underlying mechanism of IOP reduction following aerobic
exercise is still uncertain[13] . Similar to the results of Natsis
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Figure 2摇 Disparate response of ChT, IOP, MAP after exercise in both groups摇 aP<0. 05, ANOVA. A: Choroidal thickness (ChT) was
decreased after exercise more obviously in the control than in the POAG group; B: Intraocular pressure (IOP) was decreased more significantly after
exercise in the POAG than in the control group; C: Mean arterial pressure (MAP) increased more significantly in the control than in the POAG group
after exercise; D: Ocular perfusion pressure (OPP) did not differ significantly between both groups after aerobic exercise.

Figure 3摇 Intraocular pressure (IOP), mean arterial pressure
(MAP ) and ocular perfusion pressure ( OPP ) changed
significantly in both groups after aerobic exercise 摇 A:Control
group; B:POAG group. aP<0. 05, paired t-test.

et al[11], we also observed a decrease in the IOP for both the
control and POAG groups following the jogging exercise in our
study. The dynamic equilibrium of the IOP depends on a

Figure 4摇 Area under the curve (AUC) of choroidal thickness
(ChT) and intraocular pressure ( IOP) showed variations of
0. 75 and 0. 281, respectively for subjects with primary open-
angle glaucoma (POAG) .

sufficient outflow of aqueous humor through the uvea - scleral
pathway. This process can be simulated by adrenergic receptor
agonist (琢-2 receptor), which achieve reasonably good results
for IOP decrease[22] . There is evidence showing that the increase

706

Int Eye Sci, Vol. 17, No. 4, Apr. 2017摇 摇 http: / / ies. ijo. cn
Tel:029鄄82245172摇 85263940摇 摇 Email:IJO. 2000@163. com



in the IOP is accompanied by an intensive decrease in the
norepinephrine nerve fiber activity in uvea - sclera tissues[23] .
Therefore, from the results of our study, activation of the
sympathetic nerve may also be the mechanism responsible for the
decrease in the IOP following aerobic exercise.
The ANOVA test showed that a greater decrease of ChT in the
control than in the POAG group (F=6. 071, P = 0. 02) after
aerobic exercise. But a more significant decrease in the IOP
was observed in the POAG than in the control group after the
exercise. The increase in the OPP after the jogging exercise
was not significantly different in both groups. As mentioned
above, the normal task performed by the ChT, IOP, and MAP
were greatly dependent on the regulation of the autonomic
nervous system[24-28] . In 2009, the dysfunction of the
autonomic nervous system in patients with POAG was reported
by Clark and Mapstone[29] . In that study, parasympathetic
and sympathetic neuropathies were observed in 37. 3% of
subjects and 6% of patients, respectively. Since then, the
dysfunction of the autonomic nervous system has been
investigated by numerous researchers. Based on our results, we
postulated that the differences in the fluctuation of the ChT,
IOP, and MAP in the subjects with POAG after the exercise
might be because of the autonomic nervous system dysfunction.
However, this result was inconsistent with previous studies,
which showed that the submacular ChT did not change
significantly following cardiac exercise stress testing[30] . The
distinct measuring range of the ChT and the different mode of
exercise adopted in this study may explain this discrepancy.
In our study, the AUC of the ChT was 0. 75, which was
significantly higher than that of the IOP ( 0. 281 ) in
predicting the POAG disease status during the performance of
the aerobic exercise. We propose that the decreased value in
IOP may have resulted from the administration of the anti -
glaucoma drops before the exercise in the patients with
POAG. The variation of the ChT could be adopted as a marker
for anticipating the aggravation of POAG disease after a
moderate jogging exercise.
During the WDT, the expansion of the ChT was thought to be
responsible for the IOP elevation[31] . The diurnal pattern was
shown to exhibit turbulence in both the ChT and IOP following
cervical sympathetic trunk resectioning[7] . The ChT and IOP
are not closely associated in our study, which were similar to
the results obtained by Hong et al[32] . A number of factors
should be considered when attempting to interpret these
findings. Firstly, a minimum ChT fluctuation requires a
diurnal IOP rhythm amplitude of 12 mmHg[6], the 5 mmHg
decrease observed in the IOP in our study may not be
sufficient. Secondly, the 25% OPP elevation in this study
may not have been sufficient to induce any significant
variations in the ChT after jogging, which required at least a
67% change of OPP in the isometric exercise[33] . Finally, the
patients with glaucoma in our study were administered anti -
glaucoma drops ( prostanoid in 10 subjects, carbonic
anhydrase inhibitor in three, and alpha -2 agonist in two),
and the drug - induced decrease in IOP may have also

influenced the extent of its decreased following exercise.
Therefore, the correlation between the ChT and IOP still
needs to be clarified in future studies.
It is important to consider some of the limitations encountered
in this study. Firstly, only 34 participants were enrolled and,
therefore, the small sample statistical analysis tool was used
(non - randomized controlled trial ) . The expansion of the
sample size will be necessary for future studies. Secondly, the
subjects with glaucoma were administered the anti -glaucoma
drops during the study period, and the subsequent reduction
in the IOP may have influenced the extent of IOP decrease
after the exercise.
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