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Abstract
Background: To study the effects of aerobic exercise (AE) on tear secretion and tear film stability in dry eye patients.

Methods: This study consisted of two parts, each part included 3 groups, namely dry eye without AE group, dry eye
with AE group and pre-clinical dry eye with AE group. In part 1, we studied the variations of Schirmer | test and six tear
compositions before and after AE (34 eyes in each group). In part 2, we studied the variations of tear meniscus height,
first and average non-invasive tear breakup time (F-NITBUT and A-NITBUT), lipid layer thickness, number of incom-
plete and complete blinks, partial blink rate (PBR) and visual acuity before and after AE (30 eyes in each group).

Results: In dry eye with AE group, Schirmer | test at 0 min after AE increased significantly compared to baseline
(P<0.001), the oxidative stress marker 8-hydroxy-2’-deoxyguanosine after AE decreased significantly compared

to baseline (P=0.035, P=0.045), F-NITBUT and A-NITBUT after AE prolonged significantly compared to baseline
(P<0.001, P=0.007, P=0.036; P<0.001, P=0.001, P=0.044), number of incomplete blinks and PBR at 10 min after AE
decreased significantly compared to baseline (P<0.001; P<0.001) while number of complete blinks increased signifi-
cantly (P<0.001). Besides, significant differences were also found between dry eye with AE group and dry eye without
AE group at all above corresponding time point (P<0.05).

treatment for dry eye.

Conclusion: AE promotes tear secretion and improves tear film stability in dry eye patients. AE may be a potential

Trial registration: Chinese Clinical Trial Registry, ChiCTR2000038673. Registered 27 September 2020,
Keywords: Dry eye, Aerobic exercise, Schirmer | test, Tear film stability, Non-invasive tear breakup time, Blinking

Background

Dry eye is a multifactorial ocular surface disease char-
acterized by a loss of homeostasis of the tear film. The
main pathophysiological mechanisms include tear film
instability, hyperosmolarity and ocular surface inflam-
mation and damage [1]. Dry eye has a significant impact
on vision function and quality of life. Dry eye prevalence
ranges from 5 to 50% globally, it increases with age [2]
and the widespread use of visual display terminals [3].
Currently, drug therapy is the main treatment for dry eye.
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Drug therapy restores the microenvironment of the ocu-
lar surface by promoting tear secretion and anti-inflam-
matory treatment [4]. However, due to the complex
etiology and poor consistency between signs and symp-
toms [5], the drugs have limited effects [6]. For moder-
ate and severe dry eyes, drug treatment can only relieve
some of the symptoms while it is not suitable for long-
term use. Therefore, more new non-drug treatment strat-
egies need to be explored.

Aerobic exercise (AE) is an effective treatment for
many systemic diseases especially chronic diseases [7].
Currently, animal studies have shown that 8 weeks of
AE increases tear secretion in diabetic mice [8]. A large
population study found that lack of exercise was closely

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-7002-8231
http://www.chictr.org.cn/showproj.aspx?proj=57282
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-021-02230-9&domain=pdf

Sun et al. BMC Ophthalmology (2022) 22:9

related to increased susceptibility to dry eye [3]. Ten
weeks of exercise improves the subjective symptoms of
dry eye patients [9]. The aim of this study was to deter-
mine the specific effects and possible mechanisms of
AE on tear secretion and tear film stability.

Methods

Subjects

This research was implemented in accordance with
the requirements of the Declaration of Helsinki and
the protocol was approved by the Ethics Commit-
tee of the Second Affiliated Hospital of Army Medi-
cal University. The clinical trial registration number is
ChiCTR2000038673.

All subjects were 18—30vyears old and agreed to par-
ticipate in this study and signed an informed consent.
The diagnostic criteria for dry eye and pre-clinical dry
eye were as follows: Symptoms and positive result of
non-invasive tear breakup time constitute the diagnosis
of dry eye. The screening Ocular Surface Disease Index
(OSDI) confirmed that a patient might have dry eye and
triggered diagnostic testing of non-invasive tear breakup
time. Positive result were OSDI score>13 and aver-
age non-invasive tear breakup time (A-NITBUT)<10s
according to the Tear Film and Ocular Surface Society
Dry Eye Workshop II (DEWS II) [10]. Symptomatic
patients without demonstrable clinical signs were dif-
ferentiated into pre-clinical dry eye [1]. Subjects were
excluded if they had neuropathic pain, allergic conjunc-
tivitis, Sjogren’s syndrome, lacrimal obstruction or other
diseases. Subjects were also excluded if they had dry eye
treatment or used contact lenses within 1 month, if they
had a history of eye trauma or surgery within 1 year or
subjects with serious systemic diseases who were not
suitable for strenuous exercise.

Table 1 Comparison of basic information
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Study design

The test was divided into two parts in order to avoid the
possible influences of Schirmer I test on the subsequent
measurements of signs associated with dry eye. Each part
included 3 groups, namely dry eye without AE group,
dry eye with AE group and pre-clinical dry eye with AE
group. In part 1, we studied the variations of Schirmer
I test and six tear compositions before and at 0, 30 min
after AE. The tear compositions tested included dry
eye diagnostic factor lactoferrin [11] and matrix met-
alloproteinase-9 (MMP-9) [12], dry eye inflammation
marker IL-6 [13], oxidative stress marker 8-hydroxy-
2'-deoxyguanosine (8-OHdG) [14], (O-acyl)-w-hydroxy
fatty acids (OAHFA) which is closely related to tear
film stability [15], and Mucin 5 subtype AC (MUC5AC)
which is considered to be the most abundant secretory
mucin in human tears [16]. In part 2, we studied the
variations of signs associated with dry eye before and at
10, 20, 40min after AE including tear meniscus height
(TMH), first non-invasive tear breakup time (F-NIT-
BUT), A-NITBUT, tear film lipid layer thickness (LLT),
incomplete and complete blinks and partial blink rate
(PBR), and the variations of visual acuity before and at
0, 30, 60min after AE. The number of subjects in each
group are reported in Table 1. During the test period, all
the subjects were exposed to the same environment, and
they were required to fast because eating have an effect
on tear secretion [17].

AE protocol

The venue was outdoors, the ambient temperature was
25-27°C while the humidity was 50-60% during the test.
The measuring time was between 18:00 and 19:00. The
AE protocol was defined as jogging for 30 min. According
to the 6-20 Rating of Perceived Exertion Scale, the target
heart rate was set to 64—76% of the maximum heart rate

Dry eye without AE Dry eye with AE Pre-clinical
dry eye with
AE
Part 1 NO. subjects (eyes) 17 (34) 17 (34) 17 (34)
Male (eyes): Female (eyes) 12 (24):5(10) 12 (24):5(10) 12 (24):5(10)
Age (years) 22.0(21.0,235) 22.0(21.0,24.0) 21.0(21.0,233)
OSDI score 25.0(194,32.2) 22.7(16.0,32.2) 16.7 (7.3,21.3)°
Part 2 NO. subjects (eyes) 15 (30) 15 (30) 15 (30)
Male (eyes): Female (eyes) 10 (20): 5 (10) 12 (24):3 (6) 12 (24):3 (6)
Age (years) 21.0(21.0,23.0) 220(21.0,233) 21.0(21.0,23.0)
OSDl score 22.9(20.5,32.5) 25.0(20.0,45.0) 13.6 (5.0, 25.0)°

2 There were significant differences compared with the other groups (P <0.05)
OSDI the ocular surface disease index
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in order to achieve moderate exercise intensity [18]. The
maximum heart rate was defined as 220 minus age [18].

Testitems

OSsDI

The Ocular Surface Disease Index (OSDI) questionnaire
was used to quantify the subjective symptoms of dry eye
[10]. The full questionnaire is available as a supplemen-
tary file (online supplementary file 1). The symptoms and
environmental triggers for dry eye in the past week were
assessed. OSDI score > 13 was considered positive. The
score range was 0—100. The higher the score, the more
severe the symptoms.

Schirmer | test

The researcher wore gloves and placed the Schirmer test
strip (35mm; DSA Exports, India, without fluorescent
agent) at the outer 1/3 of the lateral eyelid margin with-
out using anesthetics. Both eyes were tested simultane-
ously and the eyes remained closed during the procedure.
The strip was removed after 5min and the length of wet-
ted part up to the indentation line was recorded. Each
test was carried out in a quiet and dark environment.

Analysis of tear compositions

Schirmer test strips were used to collect the tears. The
test strips were stored in a refrigerator at —80°C, and
placed in a refrigerator at 2—4°C overnight before testing.
Amount of PBS buffer to be added to each strip was cal-
culated by multiplying the wetted length of the Schirmer
test strip (Schirmer test reading + about 5mm of the
head of strip without scale) by 100 ul. After homogeniz-
ing, the samples were centrifuged at 2—4°C for 15min
(2000rpm). In total, 10ul of the supernatant was col-
lected for analysis after precipitation. Six compositions of
the tear were determined using ELISA kit (Jiangsu Meim-
ian, China). The absorbance was measured at 450nm
with a multifunctional microplate reader (Labsystems
Multiskan MS, Finland).

Measurements of signs associated with dry eye

Keratograph 5 M (OCULUS, Wetzlar, Germany) was used
to measure TMH, F-NITBUT and A-NITBUT. Images
with unclear boundaries of the tear meniscus were
deleted to avoid affecting image analysis. The F-NITBUT
defined as the time in each measurement between the
last complete blink and the first perturbation or irregu-
larity of the rings of the Placido disc reflected on the cor-
neal surface. The A-NITBUT defined as the average of
all tear film breakups occurring in the measured period
in each measurement. The measurement was performed
twice by the same ophthalmologist and the mean was
taken. LipiView LVI-1001 (TearScience, Inc., Morrisville,
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North Carolina) was used to measure LLT and shot 20s
video which automatically recorded incomplete and total
blinking [19]. Number of complete blinks (number of
total blinks minus incomplete blinks) and PBR (number
of incomplete blinks / total blinks) were obtained using
simple calculation.

Visual acuity
ETDRS chart was used to measure the best corrected
visual acuity.

Statistical analysis

Statistical analyses were performed with SPSS version
20.0 software package (IBM Corp., Armonk, NY, USA).
Data was expressed as median (25% interquartile, 75%
interquartile) or mean =+ standard deviation. The Mann-
Whitney U test was applied to compare the age and OSDI
score between two groups. The Schirmer I test, tear com-
positions, signs associated with dry eye and visual acu-
ity at different time points were compared using two-way
repeated measures analysis of variance. Bonferroni cor-
rection was used for multiple comparisons. The level of
significance was set at P<0.05.

Sample size

The sample size was calculated using PASS software (ver-
sion 15.0, NCSS, LLC). According to the results of the
A-NITBUT in preliminary experiment, the sample size
was estimated by adopting the significance level (a) as
0.05, the desired power (1-p) as 0.85, the autocorrelation
coefficient as 0.7 and the standard deviation of the pop-
ulation of 5.1. The estimated sample size was at least 29
eyes in each group.

Results

Age and Sex distribution and OSDI score of each part
were mentioned in Table 1. The heart rate of all subjects
reached the target and none of those subjects experi-
enced any discomfort or pain during the examination.

Changes of tear volume and tear compositions
before and after AE
Tear volume was evaluated using Schirmer I test. In dry
eye with AE group, tear volume at O min after AE was sig-
nificantly increased compared to baseline (P<0.001), and
was significantly higher than dry eye without AE group
(P<0.001). Tear volume decreased significantly at 30 min
after AE compared to Omin after AE (P<0.001) (Fig. 1).
In dry eye with AE group, 8-OHdG were significantly
decreased in 2 measurements after AE compared to baseline
(P=0.035, P=0.045), and were significantly lower than dry
eye without AE group (P=0.005, P=0.018). There were no
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Fig. 1 Comparison of tear volume before (baseline) and after AE. Group 1: Dry eye without AE, Group 2: Dry eye with AE, Group 3: Pre-clinical dry

significant changes in the other tear compositions before and
after AE (P>0.05) (Table 2).

Changes in signs associated with dry eye before and after
AE

In dry eye with AE group, F-NITBUT and A-NIT-
BUT were significantly prolonged in 3 measurements
after AE compared to baseline (P<0.001, P=0.007,
P=0.036; P<0.001, P=0.001, P=0.044), and were
significantly longer than dry eye without AE group
(P<0.001, P=0.004, P=0.004; P<0.001, P=0.001,
P=0.005). The number of incomplete blinks and PBR
were significantly decreased at 10 min after AE com-
pared to baseline, 20 and 40 min after AE (P<0.001,
P=0.013, P=0.022; P<0.001, P=0.002, P<0.001),
and were significantly lower than dry eye without AE
group (P<0.001; P<0.001), while the number of com-
plete blinks was significantly increased (P<0.001,
P=0.002, P<0.001), and was significantly higher than
dry eye without AE group (P= 0.001). TMH, LLT and
number of total blinks had no significant difference
before and after AE (P> 0.05) (Table 3).

Changes in visual acuity before and after AE

Visual acuity in dry eye with AE group improved sig-
nificantly at 0 and 30 min after AE compared to baseline
(P=0.017, P=0.021) (Table 4).

Discussion

Studies of the effects of AE on dry eye mainly focused
on the improvement of subjective symptoms in dry eye
patients and the tear secretion in mice. In this study, AE
promotes tear secretion and decreases the level of oxida-
tive stress marker in tears and improves tear film stability
in dry eye patients.

There was an increase in tear secretion at 30 min after
AE in dry eye patients. AE excites the sympathetic nerves
but inhibits the parasympathetic nerves. Parasympa-
thetic nerves dominates the lacrimal gland which secrete
tears [20]. The immediate impact of stimulation to the
lacrimal gland by sympathetic excitement was likely to
be limited. The sympathetic nerves in lacrimal gland are
mainly located around the lacrimal gland acinar blood
vessels [21], they can cause vasodilation and increase the
secretion of electrolytes and water [22]. This might be the
main cause of increased tear secretion in dry eye patients
after AE. The lack of significant change in tear secretion
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Table 2 Comparison of tear compositions before (baseline) and after AE
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Group Time Pvalue
Baseline 0 min 30min Group xTime  Group Time main effect
main
effect
Lactoferrin 1 1100841602 11351+£1228  11469£1304  land2 0840 0656 0068
/ml
(ug/mi) 2 111631514 1157241546 11488+1306 54143 0535 0038 0706
3 1200441692 12024+1650 1184641626
MMP-9 i 107116416635 10582817000 10590317275 1and2 0156 0.165 0072
L
(/L) 2 106560£157.43 98420415156  99936+17143 5,143 065 0041 0097
3 97662417887  94023£19027  959.15%17121
IL-6 1 19634205 19494187 19514202 land2 0221 0.185 0.107
ng/L
(ng/L) 2 19524201 18504196 1896+2.16 vand3 0286 0,069 0377
3 1842:+1.82 1844207 1860230
8-0HdG (ng/L) 1 1051741077 10567+£1095 1056241124  land2 0016 / /
b b
2 1054341074 98001174  9823+1303° 5. 13 (1m0 0929 0031
3 993241284 9565+1108 100,164 12.20
OAHFA 1 3672144058 36666+£3539 3711243289 land2 0704 0842 0904
/ml
(pg/mi) 2 3651344350 3697143853 36575+3682 5,043 0918 0879 079
3 3627743543 3669514008 3682814266
MUCSAC i 9265+8.10 93504821 93834822 Tand2 0945 0741 0736
/L
(/L) 2 9354817 9365924 94344824 yand3 0412 0019 0490
3 98.89+981 9535+7.78 96.26+813

Group 1: Dry eye without AE, Group 2: Dry eye with AE, Group 3: Pre-clinical dry eye with AE

? There was a significant difference compared with baseline (P <0.05)
b There was a significant difference compared with Group 1 (P<0.05)

MMP-9 matrix metalloproteinase-9, 8-OHdG 8-hydroxy-2'-deoxyguanosine, OAHFA (O-acyl)-w-hydroxy fatty acids, MUC5AC Mucin 5 subtype AC

in pre-clinical dry eye patients might be due to the lim-
ited effect of AE on secretory function of healthy lacri-
mal glands. This suggested that dry eye patients are more
likely to benefit from AE.

Oxidative stress plays an important role in pathogen-
esis of dry eye and may be a potential treatment target
for dry eye [23]. This study found that the oxidative stress
marker 8-OHdG was significantly reduced after AE in
dry eye patients. This was similar to the results in ani-
mal experiments that AE reduces 8-OHdG in tears of
diabetic mice (with decreased tear secretion) [8]. There-
fore, AE reduces the oxidative stress response on ocular
surface. There were no significant changes in the other 5
tear compositions before and after AE, which might be
related to short study period, long-term exercise could
be different. Furthermore, the Schirmer I test without
anesthetic mainly reflected the secretion of reflex tear,
although the method of tear collection were consistent
before and after AE, it was still possible to influence the
results by diluting the basal tears.

In 2017, DEWS II emphasized the importance of tear
film instability in the latest definition of dry eye [1]. The
most commonly used tear film stability test clinically is

tear breakup time. In dry eye patients, F-NITBUT and
A-NITBUT were significantly longer after AE com-
pared to baseline. This might be due to the changes of
blinking parameters. Blinking is a fast eyelid movement
and plays an important role in the dynamic balance
of the ocular surface and tear film [24]. Blinking can
effectively promote tear secretion, and replenish the
tear film with tear from the inferior tear meniscus [25].
Blinking also makes the lipid layer to be evenly distrib-
uted on ocular surface. The lipid layer secreted by the
meibomian gland prevent evaporation of tear and stabi-
lize the tear film [26]. When the blinking is incomplete,
the orbicularis muscle and the muscle of Riolan apply
less squeezing force, resulting in insufficient driving
force required for meibum secretion [27]. Moreover,
the lipid layer becomes unevenly distributed on ocular
surface thus affecting tear film stability. Clinical stud-
ies showed that the number of incomplete blinks was
negatively associated with tear breakup time in dry eye
patients [28]. In this study, the number of incomplete
blinks and PBR at 10min after AE decreased signifi-
cantly compared to baseline, while the number of com-
plete blinks increased significantly. This was helpful
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Table 3 Comparison of signs associated with dry eye before (baseline) and after AE
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Group Time

Pvalue

Baseline 10 min 20 min 40 min Group x Time Group Time main effect
main
effect
TMH (mm) 1 031£007  03040.09 0.30£0.07 0.30£0.06 Tand2 0984 0.784 0.630
2 032+£0.13  031%0.11 031+£0.13 0.30£0.09 2and3 0404 0.866 0537
3 031£009  030+£007 0.30£0.09 032£0.11
F-NIT 1 552+£197  536+168 544+154 544+135 Tand2 <0.001 / /
BUTF-NITBUT b b b
© 2 544+£188° 10804535 7.9443.88° 7.87 £4.24° 2and3 0036 / /
3 10.16£4.07 10.77+£566  9.50+548 9.64+£5.05
A-NIT 1 7494236  791+204 7914+2.18 783+1.39 Tand2 0.001 / /
BUTA-NITBUT b b b
© 2 773£163°  1294£465% 11.04£441°%° 1034£483"° 5 143 0003 / /
3 1437+£342 1467+£556 1370541 13.73£548
LLT 1 4823+1666 5033+£1870 491041510 46.17£1618 Tand2 0363 0.946 0.117
nm
(nm) 2 5237+£2205 4827+£1885 501741755 4523+£1640 5,043 0424 0.003 0.086
3 6343+£20.71 5693+£21.00 574341817 5927+£1527
Number of incom- 1 433+£306  443+£357 4174303 4304341 Tand2 0033 / /
lete blinks bed
P 2 430341 1.60+£145°¢ 3174225 347 4£3.20° 2and3 <0001 / /
3 277+£183 2774203 280+1.97 237+£1.99
Number of com- 1 400£295  457+236 460£1.96 450£258 Tand2 <0.001 / /
lete blinks bed
P 2 380+£283  790+487°¢ 4934259 470+£277 2and3 <0001 / /
3 433£240  4.13+£291 387+273 3.60+2.14
Number of total 1 8334+490  9.00+422 8.77+£4.08 8.80+4.56 Tand2 0690 0.754 0.353
blinks
2 810+£516  95045.22 8.10£349 8.17£4.50 2and3 0325 0,035 0.106
3 710+£364  690+3.88 6.67£4.37 597+332
PBR 1 052+023  047+£0.22 045+0.17 049+0.25 Tand2 0.002 / /
bed
2 0524023  018+0.16°° 037+£024 041£0.29 2and3 0008 / /
3 041+£024 0404027 0.37+0.24 0.37+0.28

Group 1: Dry eye without AE, Group 2: Dry eye with AE, Group 3: Pre-clinical dry eye with AE

? There was a significant difference compared with baseline (P <0.05)

b There was a significant difference compared with Group 1 (P<0.05)

€ There was a significant difference compared with Group 3 (P<0.05)

94 There were significant differences compared with the other time point (P < 0.05)

TMH tear meniscus height, F-NITBUT first non-invasive tear breakup time, A-NITBUT average non-invasive tear breakup time, LLT lipid layer thickness, PBR partial blink

rate

Table 4 Comparison of visual acuity before (baseline) and after AE

Group Time Pvalue
Baseline Omin 30min 60 min Group x Time Group main Time
effect main
effect
1 834493 83.6+9.1 834+94 836194 1and2 0.034 / /
2 83.24+95 84.4+96° 84.5+94° 839492 2and 3 0038 / /
3 83.7+63 83.5+63 834+57 840+56

Group 1: Dry eye without AE, Group 2: Dry eye with AE, Group 3: Pre-clinical dry eye with AE

@ There was a significant difference compared with baseline (P<0.05)
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with tear secretion and more even distribution of tear
film on ocular surface thus prolonging the tear breakup
time and improving the stability of tear film.

In addition, visual acuity in dry eye patients improved
after AE and maintained at least 30min after AE. An
intact and regular tear film is an important factor for
high-quality retinal images. Dry eye patients with desta-
bilized tear film show higher values of higher-order aber-
rations. This leads to excessive diopter variation before
and after blinking causing visual fluctuation [29]. We
speculated that the improvement of visual acuity in dry
eye patients after AE was related to the change of higher-
order aberration caused by the improvement of tear film
stability. But to determine the effect of AE on visual acu-
ity, higher-order aberration should be included in the
observation, and influencing factors such as accommoda-
tive function and retinal function should be excluded.

There were also some limitations to this study. First, com-
pared to the condition of constant temperature and humid-
ity, the outdoor complex environment inevitably had an
impact on results. However, the experiment reflected the
true effects of outdoor exercise on dry eye in most people.
Secondly, the age of study subjects were much younger
than the average age of most dry eye patients, it is neces-
sary to expand the sample size and rationalize the ratio of
age and sex to obtain more comprehensive and reliable
results. In addition, it is worth noting that it may be diffi-
cult and dangerous to apply AE in older adults. Finally, this
study only observed the impact of AE just once on dry eye.
Further observation is needed for the benefits of long-term
regular AE on dry eye.

Conclusion

In conclusion, this study showed that AE increases
Schirmer I test, decreases the 8-OHdG in tears, increases
E-NITBUT, A-NITBUT, the number of complete blinks,
and decreases the number of incomplete blinks and PBR.
This indicates AE promotes tear secretion and decreases
the level of oxidative stress marker in tears and improves
tear film stability in dry eye patients.

Abbreviations

AE: Aerobic exercise; TMH: Tear meniscus height; F-NITBUT: First non-invasive
tear breakup time; A-NITBUT: Average non-invasive tear breakup time; LLT:
Lipid layer thickness; PBR: Partial blink rate; DEWS II: Dry Eye Workshop II; OSDI:
The ocular surface disease index; 8-OHdG: 8-hydroxy-2'-deoxyguanosine;
OAHFA: (O-acyl)-w-hydroxy fatty acids; MUC5AC: Mucin 5 subtype AC.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512886-021-02230-9.

Additional file 1. Ocular Surface Disease Index (OSDI). The OSDI is the
most widely used guestionnaire for dry eye clinical trials.

Page 7 of 8

Acknowledgements

The authors would like to thank all participants and patients for their coopera-
tion in the study and the reviewers for their valuable comments. The technical
help provided by Mr. Xiangwei Xiong and Mr. Pai Liu is also acknowledged.

Authors’ contributions

RY designed the study and supervised the experiment. CSand MY per-
formed the experiments and C S performed data acquisition and analysis. All
authors (CS,YH, XFC,HZ WF MYandRY) were involved in participating in
drafting or revising the manuscript. All authors reviewed and approved the
final manuscript.

Funding

This study was supported by the Scientific and Technological Innovation
Capability Promotion Project of Army Medical University (No. 2019XLC3017).
The funding body had no role in the design or conduct of this research.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The research was implemented in accordance with the requirements of the
Declaration of Helsinki. All participants provided written informed consent
before entering the study. Approval for the present study was obtained from
the Ethics Committee of the Second Affiliated Hospital of Army Medical
University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 22 December 2020 Accepted: 23 December 2021
Published online: 04 January 2022

References

1. Craig JP, Nichols KK, Akpek EK, Caffery B, Dua HS, Joo CK, et al.

TFOS DEWS Il definition and classification report. Ocul Surf.
2017;15(3):276-83.

2. Stapleton F, Alves M, Bunya VY, Jalbert |, Lekhanont K, Malet F, et al. TFOS
DEWS Il epidemiology report. Ocul Surf. 2017;15(3):334-65.

3. Hanyuda A, Sawada N, Uchino M, Kawashima M, Yuki K, Tsubota K; et al.
Physical inactivity, prolonged sedentary behaviors, and use of visual
display terminals as potential risk factors for dry eye disease: JPHC-NEXT
study. Ocul Surf. 2020;18(1):56-63.

4. Zhang X,QuY,He X, Ou S, Bu J, et al. Dry eye management: targeting the
ocular surface microenvironment. Int J Mol Sci. 2017;18(7):1398.

5. Novack GD, Asbell P, Barabino S, Bergamini MVW, Ciolino JB,

Foulks GN, et al. TFOS DEWS i clinical trial design report. Ocul Surf.
2017;15(3):629-49.

6. Markoulli M, Hui A. Emerging targets of inflammation and tear secretion

in dry eye disease. Drug Discov Today. 2019;24(8):1427-32.

MacKay-Lyons M, Billinger SA, Eng JJ, Dromerick A, Giacomantonio N,

Hafer-Macko C, et al. Aerobic exercise recommendations to optimize

best practices in care after stroke: AEROBICS 2019 update. Phys Ther.

2020;100(1):149-56.

8. Sano K, Kawashima M, Ito A, Inaba T, Morimoto K, Watanabe M, et al.
Aerobic exercise increases tear secretion in type 2 diabetic mice. Invest
Ophthalmol Vis Sci. 2014;55(7):4287-94.

9. Sano K, Kawashima M, Takechi S, Mimura M, Tsubota K. Exercise program
improved subjective dry eye symptoms for office workers. Clin Ophthal-
mol. 2018;12:307-11.

~


https://doi.org/10.1186/s12886-021-02230-9
https://doi.org/10.1186/s12886-021-02230-9

Sun et al. BMC Ophthalmology

20.

21

22.

23.

24.
25.

26.

27.

28.

29.

(2022) 22:9

Wolffsohn JS, Arita R, Chalmers R, Djalilian A, Dogru M, Dumbleton
K, et al. TFOS DEWS Il diagnostic methodology report. Ocul Surf.
2017;15(3):539-74.

. Sonobe H, Ogawa Y, Yamada K, Shimizu E, Uchino Y, Kamoi M, et al. A

novel and innovative paper-based analytical device for assessing tear
lactoferrin of dry eye patients. Ocul Surf. 2019;17(1):160-6.

Messmer EM, von Lindenfels V, Garbe A, Kampik A. Matrix metalloprotein-
ase 9 testing in dry eye disease using a commercially available point-of-
care immunoassay. Ophthalmology. 2016;123(11):2300-8.

Roda M, Corazza |, Bacchi Reggiani ML, Pellegrini M, Taroni L, Giannaccare
G, et al. Dry eye disease and tear cytokine levels-a meta-analysis. Int J Mol
Sci. 2020;21(9):3111.

Seen S, Tong L. Dry eye disease and oxidative stress. Acta Ophthalmol.
2018;96(4):e412-20.

Lam SM, Tong L, Yong SS, Li B, Chaurasia SS, Shui G, et al. Meibum lipid
composition in Asians with dry eye disease. PLoS One. 2011;6(10):e24339.
Guzman-Aranguez A, Arglieso P. Structure and biological roles of mucin-
type O-glycans at the ocular surface. Ocul Surf. 2010;8(1):8-17.
Pramanik T, Ghising R. Salivation induced better lacrimal gland function
in dry eyes. Nepal Med Coll J. 2009;11(4):258-60.

Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM,
et al. American College of Sports Medicine position stand. Quantity

and quality of exercise for developing and maintaining cardiorespira-
tory, musculoskeletal, and neuromotor fitness in apparently healthy
adults: guidance for prescribing exercise. Med Sci Sports Exerc.
2011;43(7):1334-59.

Kim JS, Lee H, Choi S, Kim EK, Seo KY, Kim Tl. Assessment of the tear

film lipid layer thickness after cataract surgery. Semin Ophthalmol.
2018;33(2):231-6.

Dartt DA. Neural regulation of lacrimal gland secretory processes: rel-
evance in dry eye diseases. Prog Retin Eye Res. 2009;28(3):155-77.
Matsumoto Y, Tanabe T, Ueda S, Kawata M. Immunohistochemical and
enzymehistochemical studies of peptidergic, aminergic and cholinergic
innervation of the lacrimal gland of the monkey (Macaca fuscata). J
Auton Nerv Syst. 1992;37(3):207-14.

Botelho SY, Martinez EV, Pholpramool C, Prooyen HC, Janssen JT, De Palau
A. Modification of stimulated lacrimal gland flow by sympathetic nerve
impulses in rabbit. Am J Phys. 1976;230(1):80-4.

Heidari M, Noorizadeh F, Wu K, Inomata T, Mashaghi A. Dry eye disease:
emerging approaches to disease analysis and therapy. J Clin Med.
2019;8(9):1439.

Bron AJ, de Paiva CS, Chauhan SK, Bonini S, Gabison EE, Jain S, et al. TFOS
DEWS Il pathophysiology report. Ocul Surf. 2017;15(3):438-510.

Palakuru JR, Wang J, Aquavella JV. Effect of blinking on tear dynamics.
Invest Ophthalmol Vis Sci. 2007;48(7):3032-7.

Georgiev GA, Yokoi N, Ivanova S, Tonchev V, Nencheva Y, Krastev R. Sur-
face relaxations as a tool to distinguish the dynamic interfacial properties
of films formed by normal and diseased meibomian lipids. Soft Matter.
2014;10(30):5579-88.

Knop E, Knop N, Millar T, Obata H, Sullivan DA. The international work-
shop on meibomian gland dysfunction: report of the subcommittee on
anatomy, physiology, and pathophysiology of the meibomian gland.
Invest Ophthalmol Vis Sci. 2011;52(4):1938-78.

JieY, Sella R, Feng J, Gomez ML, Afshari NA. Evaluation of incom-

plete blinking as a measurement of dry eye disease. Ocul Surf.
2019;17(3):440-6.

Denoyer A, Rabut G, Baudouin C. Tear film aberration dynamics and
vision-related quality of life in patients with dry eye disease. Ophthalmol-
0gy.2012;119(9):1811-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Effects of aerobic exercise on tear secretion and tear film stability in dry eye patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Background
	Methods
	Subjects
	Study design
	AE protocol
	Test items
	OSDI
	Schirmer I test

	Analysis of tear compositions
	Measurements of signs associated with dry eye
	Visual acuity
	Statistical analysis
	Sample size

	Results
	Changes of tear volume and tear compositions before and after AE
	Changes in signs associated with dry eye before and after AE
	Changes in visual acuity before and after AE

	Discussion
	Conclusion
	Acknowledgements
	References


