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Purpose: To evaluate the effect of low-concentration (0.01% and 0.05%) atropine
eyedrops on ocular surface characteristics in young adults.

Methods: Twenty-six myopic students aged 18 to 30 years were randomly assigned to
receive either 0.01% or 0.05% atropine once nightly for 14 days, followed by cessation,
with a ≥14-day interval between each administration. Assessments were conducted
one, two, seven, and 14 days after using atropine with corresponding timepoints after
atropine cessation. Tearmeniscus height and first and average noninvasive keratograph
tear filmbreakup time (NIKBUT-first, NIKBUT-average)weremeasuredusingKeratograph
5M, whereas the objective scatter index (OSI) was measured by OQAS II devices; the
ocular surface disease index (OSDI) score was also obtained.

Results: The mean OSI peaked after two days of administration of 0.05% atropine (β =
0.51, P = 0.001), accompanied by significant decreases in NIKBUT-first (β = −7.73, P <
0.001) and NIKBUT-average (β = −8.10, P < 0.001); the OSDI peaked after 14 days (β =
15.41, P < 0.001). The above parameters returned to baseline one week after atropine
discontinuation (all P > 0.05). NIKBUT-first and NIKBUT-average reached their lowest
points after 14days of 0.01%atropine administration (NIKBUT-first:β =−4.46, P=0.005;
NIKBUT-average: β = −4.42, P = 0.001), but those significant changes were diminished
once atropine treatment stopped.

Conclusions: Young adult myopes experienced a significant but temporary impact on
the ocular surface with 0.05% atropine administration, whereas 0.01% atropine had a
minimal effect.

Translational Relevance: The investigation of the ocular surface effects of different
concentrations of atropine may inform evidence-based clinical decisions regarding
myopia control in young adults.

Introduction

The prevalence of myopia has been increasing
globally, particularly in East and Southeast Asia.1–4
High myopia significantly elevates the risk of serious
complications such as glaucoma, macular degenera-
tion, and retinal detachment.5–7 Therefore it is crucial
to implement effective measures for myopia control.
Although the focus of myopia control has primarily
been on children and adolescents, a recent report has
indicated that early adulthood (ages 18–25 years) may
also be a vulnerable period for the onset and progres-

sion of myopia, possibly because of prolonged near-
work hours and limited outdoor activities during this
stage.8–10 Consequently, monitoring myopia progres-
sion in this age group has become necessary, along with
implementing appropriate interventions.

Currently, clinical interventions for myopia
control primarily involve optical and pharmaceuti-
cal approaches. Among these interventions, atropine
eye drops have been considered the most effective
strategy for myopia control. 11–14 A recent meta-
analysis comparing eight atropine concentrations (1%
to 0.01%) demonstrated that 0.05% was considered the
most beneficial concentration in terms of efficacy and
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safety for myopia control in children.15 In addition,
a five-year randomized controlled study (LAMP2)
confirmed that 0.05% atropine could effectively reduce
myopia incidence and myopic shift in children.16
Despite the demonstrated efficacy in halting myopia
development, it is critical to acknowledge the potential
side effects associated with atropine eye drops.

Topical atropine, a nonselective muscarinic antag-
onist, induces cycloplegic effects, pupil dilation,
decreased accommodation amplitude, allergic conjunc-
tivitis, and eyelid dermatitis related to allergy.17–19 A
previous review identified ocular allergy as a risk
factor for dry eye in children and adults.20 Zhao et
al.21 hypothesized that low-concentration atropine
eye drops may lead to dry eye in children. However,
studies have shown no observed dry-eye symptoms
when using 0.01% atropine eye drops for myopia
control in children.22,23 Conversely, higher concen-
trations of atropine (e.g., 0.1% and 0.5%) have been
associated with common adverse effects such as allergic
conjunctivitis and dermatitis in children.23 Neverthe-
less, the effects of different concentrations of atropine
on ocular surface symptoms in older children or young
adults remain unclear.

Advancing age has been acknowledged as a signif-
icant risk factor for dry eye disease,24 with adults
exhibiting more pronounced dry-eye symptoms
compared to pediatric patients experiencing similar
stages of ocular surface damage,25 suggesting height-
ened sensitivity to ocular symptoms in young adults.
Therefore, before implementing atropine eyedrops
for myopia control in young adults, it is necessary to
comprehend their potential impact on ocular surface
characteristics within this demographic. This study
aimed to assess the effects of the application and cessa-
tion of 0.01% and 0.05% atropine eyedrops on the
ocular surface among university students over time.

Methods

Subjects

Twenty-six myopic adults aged 18 to 30 years, with
spherical equivalent refraction ranging from −0.50
diopters (D) to −5.75 D, astigmatism < 1.00 D,
anisometropia < 1.50 D, and best-corrected visual
acuity of 0.00 logMAR or better in each eye, were
enrolled. None of the subjects had a history of contin-
uous use of myopia control treatment for more than
one month, any ocular or systemic conditions that
could affect vision outcomes, or a fluorescein breakup
time less than five seconds. Throughout the experi-

ment, each subject was fully corrected using a trial
frame, whereas the measurements were taken exclu-
sively from the right eye, with the left eye occluded.
This study adhered to the tenets of the Declaration
of Helsinki and received approval from the Ethics
Committee of the Eye Hospital of Wenzhou Medical
University (no. 2022-140-K-109-01). Written informed
consent was obtained from each subject before the
study.

Study Design

Each subject received 0.01% atropine (5 mL-
unit concentration, preservative-free, hospital prepara-
tion) and 0.05% atropine (0.4 mL-unit concentration,
preservative-free, Aier Eye Institute) in random order,
with a minimum interval of 14 days between the two
doses. Each eye drop was administered once nightly
(after 8:00 PM) in both eyes for 14 days, after which
atropine administration was discontinued. Follow-up
assessments were conducted on day 1, day 2, day 7, and
day 14 after initiating atropine and at the correspond-
ing timepoints after its cessation.

Ophthalmic Parameters and Questionnaires

The objective scattering index (OSI) was measured
using an Optical Quality Analysis System (OQAS;
Visiometrics SL, Terrassa, Spain) for a 4.0-mm pupil
diameter. During the measurement, subjects were
instructed to maintain steady fixation without blinking
for 20 seconds. Throughout this period, OQAS contin-
ually captured 40OSI images at intervals of 0.5 seconds
and calculated the mean and standard deviation of
these images for analysis. Keratograph 5M Topogra-
pher inspection (Oculus Optikgerate GmbH, Wetzlar,
Germany) was used to measure tear meniscus height
(TMH), the first and average noninvasive Keratograph
tear film break-up time (NIKBUT-first, NIKBUT-
average), bulbar redness (BR), and meibography. The
degree of meibomian gland dropout, referred to as the
meiboscore (MS), was classified as follows: Grade 0,
no loss of the meibomian gland; Grade 1, loss of less
than one third of the entire gland area; Grade 2, loss
of one third to two thirds of the entire gland area;
and Grade 3, loss of more than two thirds of the total
gland area. The MS for each eye was determined by
summing the scores from both the upper and lower
eyelids and was assessed only at baseline and 14 days
after the application and discontinuation of atropine.26
The severity of subjects’ dry eyes was assessed at each
visit using the Ocular Surface Disease Index (OSDI)
questionnaire.27
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Statistical Analysis

Statistical analysis was conducted using R software
(version 4.1.3). Generalized estimating equations were
used to evaluate the effects of time, concentration, and
the interaction between the two, aswell as the difference
between the two concentrations. In cases where a signif-
icant difference was observed, Bonferroni-corrected
alpha for multiple comparisons was used to identify
significant differences in post hoc pairwise compar-
isons. A P value < 0.05 was considered indicative of
statistical significance.

Results

Twenty-six participants were initially enrolled in
the study. However, one participant discontinued the
use of 0.01% atropine eyedrops on the first day
because of photophobia, whereas three others dropped
out because of relocation to other cities. Conse-
quently, data from the 22 participants who completed
all the experiments were included for analysis. The
demographic and ocular characteristics at baseline are
presented in the Table.

OSI

The mean OSI did not differ significantly between
the two concentrations at baseline (P> 0.05). However,
after two days of using atropine, there were significant
changes in OSI observed for the interaction of time
and concentration (β = 0.40, P = 0.001), as well as
after cessation of atropine after seven days (β = 0.17,
P = 0.04). The use of 0.05% atropine after one day
resulted in a significant increase in OSI (β = 0.40,

Table. Baseline Demographics and Ocular Character-
istics of Participants Who Completed the Experiments

Clinical Value

Age (yr), mean (SD) 22.1 ± 2.4
Sex
Male 10 (45.5%)
Female 12 (54.5%)

Refractive error (SER), D
Right eye, mean (SD) −3.80 ± 1.44
Left eye, mean (SD) −3.50 ± 1.53

IOP (mm Hg)
Right eye, mean (SD) 17.18 ± 1.59
Left eye, mean (SD) 17.23 ± 1.93

IOP, intraocular pressure; SER, spherical equivalent refrac-
tion.

P = 0.01, Fig. a), which peaked after two days (β =
0.51, P = 0.001); the significance of OSI persisted for
two days after discontinuing the use of 0.05% atropine
(β = 0.32, P = 0.004). In contrast, a significant change
in OSI was observed only on the first day after the use
of 0.01% atropine (β = 0.21, P = 0.002). The differ-
ences between the two concentrations remained signif-
icant from two days after usage until seven days after
cessation (all P < 0.05, Fig. a).

The interactions between time and concentrations
in OSI variations (i.e., OSI standard deviations) during
application and cessation were nonsignificant (all P >

0.05). Additionally, significant differences in OSI varia-
tions between the two concentrations were observed
seven days after use (β = 0.11, P = 0.047, Fig. b) and
one day after cessation (β = 0.06, P = 0.04).

NIKBUT-First and NIKBUT-Average

The baseline NIKBUT-first and NIKBUT-average
showed no significant differences at either concen-
tration (P > 0.05). However, there was a significant
interaction between time and concentration in the
NIKBUT-first when atropine was applied for seven
days (β = −4.67, P = 0.007). When using 0.05%
atropine, a significant decrease in NIKBUT-first was
found after one day (β = −3.33, P = 0.03, Fig. c),
reaching its lowest point after two days (β = −7.73,
P < 0.001). However, after discontinuation of 0.05%
atropine, the significance diminished (β = −3.07,
P = 0.14). For 0.01% atropine, significant changes in
NIKBUT-first were observed one day after application
(β = −3.78, P < 0.001), and the changes remained
stable in the following days (pairwise comparisons
between subsequent days, allP> 0.05).Moreover, once
the application of 0.01% atropine stopped, the signifi-
cance diminished (all P > 0.05). To compare the differ-
ences between these two concentrations, a difference
was only evident after two days of application (β =
−4.57, P = 0.004).

After using atropine for two (β = −6.16, P < 0.001)
and seven days (β = −4.81, P = 0.003), the interac-
tion between time and concentrations for NIKBUT-
average became significant. A significant decrease in
NIKBUT-average was found after one day (β = −5.52,
P < 0.001, Fig. d) when using 0.05% atropine, and
the significance reached its lowest point after two
days (β = −8.10, P < 0.001). The significance dimin-
ished two days after stopping 0.05% atropine treatment
(β = −3.00, P = 0.05). With 0.01% atropine, signifi-
cant changes in NIKBUT-average were observed one
(β = −2.97, P < 0.001), seven (β = −3.05, P = 0.007),
and 14 (β = −4.42, P = 0.001) days after application.
The significance disappeared once the application of
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Figure. Changes in ocular surface parameters across time with 0.05% (orange) and 0.01% (blue) atropine use and cessation. (a) Mean
OSI, (b) standard deviation OSI, (c) NIKBUT-first , (d) NIKBUT-average, (e) OSDI, (f ) bulb redness, (g) TMH, and (h) meiboscore. D0 indicates
the baseline measurement, whereas D1/D2/D7/D14 represent one/two/seven and 14 days of applying atropine, and S1/S2/S7/S14 indicate
one/two/seven and 14 days after stopping the use of atropine. The gray line is the boundary between applying atropine and stopping its
use. Error bars: standard errors of the mean. *P < 0.05, for data compared with baseline; ‡P < 0.05 for data compared between the two
concentrations of atropine.
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0.01% atropine stopped. Significant differences existed
between these two concentrations after two (β = −4.94,
P = 0.003) and seven (β = −3.59, P = 0.04) days of
application.

OSDI

The baseline OSDI between the two concentrations
showed no significant differences (P > 0.05). However,
a significant interaction was observed between time
and concentrations in OSDI after one day of atropine
application (β = 7.60, P < 0.001) and two days after
stopping atropine (β = 6.02, P < 0.001). When using
0.05% atropine, the OSDI increased significantly after
one day (β = 8.05, P < 0.001, Fig. e) and reached
its peak after fourteen days (β = 15.41, P < 0.001).
Notably, the significance of OSDI persisted even after
two days (β = 5.62, P = 0.002) of discontinuing the
use of 0.05% atropine. With 0.01% atropine, no differ-
ence was found after application and cessation (all
P > 0.05). To compare the differences between these
two concentrations, therewere differences fromone day
after application (β = 6.44, P = 0.001) to one day after
cessation (β = 9.13, P = 0.002).

BR, TMH, and MS

No significant differences were observed in BR,
TMH, and MS between the two concentrations at
baseline, during application, and cessation (all P >

0.05, Figs. f–h). Furthermore, there were no signifi-
cant interactions between time and concentration for
BR, TMH, andMS during application or cessation (all
P > 0.05).

Discussion

The concentration-dependent effect of atropine has
been demonstrated for both myopia control efficacy
and its side effects.18,28 However, there are limited
studies on the effect of low-concentration atropine on
the ocular surface. This finding revealed that using
0.05% atropine eyedrops had significant effects on the
ocular surface in young adult myopes after the first use,
but these effects gradually disappeared within seven
days of stopping the eyedrops after two weeks of
continuous use. In contrast, 0.01% atropine eye drops
had a negligible effect on the ocular surface.

Temporal changes in the OSI have been recog-
nized as a prospective indicator of real-time variations
in ocular scatter, representing changes in the optical
quality of the tear film.29 The study by Guo et al.30

demonstrated that wearing orthokeratology lenses for
one month led to a significant increase in OSI in
children (from 0.572 ± 0.29 to 1.212 ± 0.97). Similarly,
this study showed that the OSI increased after the
first day of 0.05% atropine eye drops but recovered
gradually within seven days after 14 days of use. Ju31
reported that TMH and NIKBUT decreased signifi-
cantly on the first day after cataract surgery but recov-
ered one month post-surgery, while OSDI increased
throughout the study. Li et al.32 revealed that the secre-
tion of aqueous tears decreased significantly after 14
days of using 0.1% topical benzalkonium chloride and
recovered 14 days after cessation. A similar trend was
observed in this study.

Atropine reduces aqueous production and affects
tear stability by antagonizing muscarinic receptors in
the lacrimal gland. Stern et al.33 showed that the
ocular surface (including the cornea, conjunctiva, and
accessory lacrimal glands), theMeibomian glands, and
the main lacrimal gland were interconnected through
neural reflex loops to maintain the tear system’s
functionality. Previous studies have reported that
anticholinergic agents such as atropine could impede
these neural reflex loops in a rabbit dry-eye model.34–37
This study also revealed that 0.05% atropine had signif-
icant effects on NIKBUT-first, NIKBUT-average, and
OSDI, with the latter exceeding the normal upper limit
of 12. However, 0.01% atropine eyedrops had minimal
impact on ocular surface characteristics. These findings
reveal a concentration-dependent relationship between
atropine and changes in these ocular surface character-
istics, and the effects of 0.05% atropine on these param-
eters were temporary and reversible but require further
investigation for longer-term effects.

Previous studies on the use of 0.05% atropine
for myopia treatment in children did not report any
symptoms of dry eye.16,18,38,39 The difference between
children and young adults may be attributed to age-
related decline in tear production and quality, as
reduced tear secretion in adults could lead to unsta-
ble tear films and increased dry eye risk.40 Several
lifestyle and environmental factors, such as excessive
screen time, air conditioning, pollution, and stress,
can also exacerbate dry eye symptoms in adults by
increasing tear evaporation and reducing blinking.41–43
In addition, adults are more sensitive than children
and can easily recognize and report symptoms like eye
discomfort.

This study has a few limitations. First, the follow-up
period was relatively short, and a longer study period is
necessary to thoroughly evaluate the safety of atropine
eyedrops on the ocular surface. Second, this study did
not include a questionnaire on eye behavior but based
on communication with the subjects, of whom 54%
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(12/22) reported experiencing dry-eye symptoms while
using 0.05% atropine, whereas only 4.5% (1/22) of
subjects reported experiencing dry-eye symptomswhile
using 0.01% atropine. It is also important to consider
factors such as seasonal variation and humidity, which
can affect the ocular surface.44,45 In this study, the
indoor temperature averaged 23.97°C ± 1.4°C, with
a humidity level of approximately 50%. Last, further
studies are needed to assess additional factors, such as
visual performance, to determine the safety of atropine
eye drops in young adults.

Conclusions

In summary, this study found that using 0.05%
atropine eye drops has a significant yet temporary
impact on the tear film in young adults, without affect-
ing other ocular surface parameters, such as bulbar
redness. However, using 0.01% atropine eye drops had
minimal effects. Further studies are needed to deter-
mine the long-term effects of different concentrations
of atropine and to ascertain the efficacy and safety
of low-concentration atropine eye drops in myopia
control in this specific population.
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