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Purpose: To evaluate the effect of 0.01% atropine eye drops on the ocular surface in 
children for the control of myopia.
Methods: A total of 72 participants were recruited for this prospective study. Prior to and 
after 1, 3, and 6 months of 0.01% atropine administration, an ocular surface disease index 
(OSDI) questionnaire was obtained, Keratograph 5M was used for the measurement of the 
tear meniscus height (TMH), noninvasive keratographic tear film break-up time (NK-BUT, 
the first keratographic break-up time, [NK-BUTfirst] and the average keratographic break-up 
time, [NK-BUTave]), bulbar redness (BR), meiboscore (MS), and anterior segment optical 
coherence tomography (AS-OCT) was used to calculate the inferior tear meniscus area 
(TMA).
Results: After using the 0.01% atropine eye drops for 1 month, 9 subjects complained of 
discomfort immediately after administration, but this quickly subsided, and 1 subject was 
temporarily dazzled. All the ocular surface symptoms were mild and occurred rarely. After 3 
months, these complaints no longer occurred. Compared with the baseline values, the OSDI 
scores (0.08 ± 0.28), values of TMH (0.23 ± 0.04 mm), TMA (0.0420 ± 0.0444 mm2), NK- 
BUTfirst (9.39 ± 5.25 s), NK-BUTave (10.49 ± 4.94 s), BR (0.63 ± 0.37), and MS (0.89 ± 0.70) did 
not change significantly after 6 months of 0.01% atropine eye drop administration (P > 0.05).
Conclusion: In this 6-month prospective study, no side effects were observed on the ocular 
surface after using 0.01% atropine in children.
Keywords: 0.01% atropine eye drops, ocular surface, children, myopia control

Introduction
Myopia has emerged as an important cause of correctable visual impairment and 
preventable blindness in the world, especially in East Asia.1–3 Among urban 
Chinese adolescents, the prevalence of myopia was 78.4% among the 15-year- 
olds in Southern China in 2003,4 and 95.5% among the University students in 
Shanghai.5 It has been estimated that myopia will affect nearly 5 billion people by 
the year 2050 and become a major public health challenge.6

Currently, no effective treatments exist for myopia as its pathogenesis is not 
fully understood.7 Current efforts are focused on how to reduce the progression of 
myopia. At present, atropine eye drops, orthokeratology, peripheral defocus mod-
ifying contact lenses, pirenzepine, and progressive addition lenses for spectacles 
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have demonstrated various efficacies at decreasing the rate 
of axial length extension.8 The use of 0.01% atropine is 
growing rapidly, and becoming the most common strategy 
for myopia control in children of Asian countries.9 Even 
though the National Medical Products Administration in 
China has not formally approved low-concentration atro-
pine eye drops for the control of myopia in children, its 
use is popular in mainland China via foreign procurement 
or prepared in the hospitals.10

Previous studies have reported some common compli-
cations with the topical application of different concentra-
tions of atropine eye drops, such as dilated pupils, 
photophobia, blurred vision, myopic rebound after drug 
withdrawal, allergic conjunctivitis, allergy-related derma-
titis of the eyelids, and abnormal accommodation.11–14 It is 
worth noting that 1% atropine eye drops can be used to 
make dry eye animal models quickly,15 and a high inci-
dence (97.5%) of dry eye was reported in young children 
with allergic conjunctivitis in southwest China.16 

Therefore, when considering long-term use of eye drops 
in young children,12 safety is as important as efficacy, and 
it is necessary to be cautious about its possible influence 
on their ocular surfaces. However, to our knowledge, no 
studies have investigated the effects of atropine eye drops 
on the ocular surface, especially on the tear film and 
meibomian gland.

The aim of this prospective study was to evaluate the 
effect of 0.01% atropine eye drops on the ocular surface in 
children, including the tear film and meibomian glands.

Methods
This prospective study was performed from April 2019 
until May 2020 at the Department of Ophthalmology, Eye 
and ENT hospital, Fudan University, Shanghai, China. 
This study was performed in accordance with the tenets 
of the Declaration of Helsinki and was approved by the 
Medical Ethics Committee of the Eye and ENT Hospital, 
Fudan University, Shanghai, China. Written informed con-
sent was obtained from all the subjects and their parents 
after the study was explained to them.

Participants
Participants were included in the study if they met the 
following inclusion criteria: 1) aged between 7 and 
12 years old; 2) dilated optometry showing spherical 
equivalent (SE) between −6.00 DS and +0.50 DS; 3) 
keratometry 41–46 D; 4) astigmatism ≤1.50 DC; 5) ani-
sometropia ≤1.50 DS; 6) intraocular pressure (IOP) 

between 10 and 21 mm Hg; 7) no history of atropine use 
1 month prior to the study; 8) agreement to be enrolled in 
the study by both participants and their parents via 
informed consent.

Participants were excluded if they had: 1) a history of 
systemic or ocular disease that required treatment, includ-
ing keratitis, ocular allergic disease, any other ocular sur-
face disease, glaucoma, active or chronic uveitis, or 
previous ocular surgery or injury; 2) allergy to atropine; 
3) history of using atropine eyedrops, orthokeratology, or 
any method to prevent or control myopia 1 month prior to 
the study; 4) unreasonable expectations of either partici-
pants or their parents.

Ophthalmologic Examination
After recruitment, the participants underwent a complete 
ophthalmic examination. All participants were examined 
by the same experienced examiner, who was blinded for 
the usage duration, prior to and after 1, 3, and 6 months of 
0.01% atropine administration every night (0,4 mL: 
0.04 mg, SINQI Pharmaceutical Co., Ltd., Shenyang, 
China). At each visit, the following was done: an ocular 
surface disease index (OSDI) questionnaire was used for 
assessing the participants’ ocular surface symptoms and 
severity of dry eye, uncorrected visual acuity measurement 
(UCVA; E-charts at a distance of 5 m), slit-lamp examina-
tion (type YZ5E, 66 Vision Tech. Co., China), noncontact 
IOP tonometry (Full Auto Tonometer TX-F, Canon, 
Japan), refraction (NIDEK RT-5100), keratometry 
(WAM-5500), axial length measurement (ZEISS IOL 
Master), Keratograph 5M Topographer inspection 
(Oculus Optikgerate GmbH, Wetzlar, Germany), and AS- 
OCT (CASIA SS-1000; Tomey Corporation, Nagoya, 
Japan; software version 6H.4).

Keratograph 5M inspection included noninvasive tear 
meniscus height (TMH), noninvasive keratographic tear 
film break-up time (NK-BUT, the first keratographic 
break-up time, [NK-BUTfirst] and the average kerato-
graphic break-up time, [NK-BUTave]), bulbar redness 
(BR) measurements, and meibography. The degree of 
meibomian gland dropout, defined as the meiboscore 
(MS),17 was graded as: Grade 0—no loss of the meibo-
mian gland; Grade 1—loss of <1/3 of the whole gland 
area; Grade 2—loss of 1/3–2/3 of the whole gland area; 
and Grade 3—loss of >2/3 of the whole gland area. The 
MS of each eye was calculated as the sum of the scores 
from both the upper and lower eyelids.
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AS-OCT was used to calculate the inferior tear menis-
cus area (TMA). The participants were asked to blink 
before the examination, look straight at a fixation target 
and maintain spontaneous blinking during the examina-
tion. Using the anterior segment three-dimensional scan-
ning pattern, a vertical cross-sectional image of the central 
cornea could be selected. The eyelid-meniscus junction, 
the meniscus-eye junction, and the eye-eyelid junction 
were marked manually.18 The programmed calipers mea-
sured the value of TMA as the area of the zone surrounded 
by a closed contour approximated by a spline curve pas-
sing through the three points above.

Statistical Analysis
The statistical analysis was performed on a commercially 
available statistical software package (SPSS for Mac, ver-
sion 23.0). Statistically, no significant differences were 
found between the right and left eyes for any parameters; 
therefore, only the data from the right eye were used for 
further statistical analysis.

The categorical variables were expressed as frequen-
cies and constituent ratios. The continuous variables were 
expressed as means and standard deviations (SD). 
Statistical comparisons between baseline and different 
time points were made with the nonparametric Friedman 
test. A P-value <0.05 was defined as statistically 
significant.

Results
Seventy-two participants (72 eyes), aged between 7 and 12 
were enrolled in this study. The demographic and ophthal-
mic characteristics of the participants at baseline are 
shown in Table 1. Among the 72 participants, 1 person 
left the study after 1 month, and 6 people left after 
3 months, because they started to use orthokeratology 
lenses in addition to 0.01% atropine eye drops to slow 
down the progression of myopia.

The ocular surface symptoms of the participants are 
shown in Table 2. All the symptoms were mild and rarely 
occurred. The feeling of a dry eye mainly appeared in the 
morning or after school. After using 0.01% atropine eye 
drops for 1 month, 9 subjects (12.5%) complained of 
discomfort immediately after administration, including 
soreness and mild tingling, but this subsided after a few 
seconds, and 1 subject (1.39%) was temporarily dazzled 
after administration. After 3 months, the participants no 
longer had these complaints; however, 1 participant did 
develop a stye.

Compared with the baseline values, the OSDI 
scores (P = 0.089), values of TMH (P = 0.294) and 
TMA (P = 0.459), NK-BUTfirst (P = 0.355) and 
NK-BUTave (P = 0.336), BR (P = 0.057), and MS 
(P = 1.000) did not change significantly after 6 months 
of administering 0.01% atropine drops (Table 3).

Discussion
To our knowledge, this is the first prospective study to 
evaluate the effect of 0.01% atropine eye drops on the 
ocular surface. Our results showed that after 6 months of 
0.01% atropine use, the subjective parameter, ie, the OSDI 
questionnaire, and the objective parameters including 
TMH, TMA, NK-BUT, BR, and MS did not change 
significantly.

The OSDI is a valid and reliable method for evaluating 
the severity of dry eye disease, even in children.19,20 In 

Table 1 Demographics and Ophthalmic Characteristics of the 
Participants

Participants

No 72

Sex (n,%) Male 40 (55.56%)

Female 32 (44.44%)

Age 9.49 ± 1.61

AL (mm) 24.38 ± 0.84

K (D) 43.24 ± 1.37
ACD (mm) 3.77 ± 0.18

CCT (μm) 547.76 ± 30.79

IOP (mmHg) 15.28 ± 2.62
UCVA LOGMAR 0.40 ± 0.26

SE (DS) −2.03 ± 1.21

Note: The continuous variables were expressed as means and standard deviations 
(SD). 
Abbreviations: AL, axial Length; K, keratometry; ACD, anterior chamber depth; 
CCT, central cornea thickness; IOP, intraocular pressure; UCVA, uncorrected visual 
acuity; SE, spherical equivalent.

Table 2 Symptoms Prior to and After Using 0.01% Atropine

Baseline 1 Month 3 Months 6 Months

No 72 72 71 65

Dry eye (n, %) 4 (5.56%) 2 (2.78%) 2 (2.82%) 1 (1.54%)

Itching (n, %) 1 (1.39%) 2 (2.78%) 2 (2.82%) 1 (1.54%)

Pink eye (n, %) 1(1.39%) 0 0 0

Discomfort* (n, %) 0 9 (12.5%) 0 0

Dazzled (n, %) 0 1 (1.39%) 0 0

Stye (n, %) 0 0 1 (1.41%) 0

Note: *Discomfort including soreness and mild tinglings.
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addition, the noninvasive Keratograph 5M and AS-OCT 
were used in the present study, so as to overcome any 
coordination difficulties in the young participants and to 
make the results more precise, considering the tear 
volume, evaporation and meibomian gland.

Atropine mainly acts on M-type cholinergic receptors, 
leading to increased levels of acetylcholine at the β2 
receptor level,21 which reduces tonic accommodation of 
the ciliary muscle and effectively decreases initial near 
work-induced transient myopia. Atropine at concentrations 
higher than 0.01% has also been shown to slow down 
myopic progression, but the clinical use of higher doses 
of atropine may be limited due to side effects such as 
vision-related glare, photophobia, and blurred vision.11–14 

The safety of atropine has been studied, but only according 
to the presenting symptoms. Allergic conjunctivitis and 
dermatitis were the most common adverse effects in the 
0.10.5% atropine groups, but these effects were no longer 
prevalent in the 0.01% atropine group at a 2-year follow 
up.13 When low-concentration atropine was used, includ-
ing 0.05%, 0.025%, and 0.01%, vision-related quality of 
life was similar to those receiving placebo, and no adverse 
events related to the atropine use were observed.22 In 
another study, no serious complications were noted com-
pared with the placebo group after using 0.01% atropine 
for 14 days in a study of the Chinese population.23 In 
accordance with previous studies, no allergy was 
observed, and our results showed that after 1 month of 
atropine administration, nine subjects (12.5%) complained 
of discomfort, mainly soreness and mild tingling, immedi-
ately after administration, but this subsided after a few 
seconds, and 1 subject (1.39%) was dazzled, although 
these symptoms were mild. However, these symptoms no 
longer occurred when followed up at 3 and 6 months.

Atropine’s action is related to pharmacological antag-
onism of the muscarinic receptors in the lacrimal gland, 
which causes a significant decrease in aqueous produc-
tion, with an evident modification of tear stability. It has 
been described that the ocular surface (cornea, conjunc-
tiva, and accessory lacrimal glands), meibomian glands, 
and the main lacrimal gland are interconnected by neural 
reflex loops that maintain an integrated “functional 
unit.”24 The neural reflex loops are involved in maintain-
ing the normal tear physiology and can be blocked by 
atropine.25 Multiple topical administrations of 1% atro-
pine significantly reduced the tear volume after 24 hours 
in an animal model.26 Our results showed that after 
administration of 0.01% atropine for 6 months, there 
were no significant changes in the indices for aqueous 
production and tear stability. This might be related to the 
low concentration of atropine in the eye drops, and 
because the eye drops were only used once at night. In 
addition, we only observed the participants for 6 months, 
and it is possible that those parameters would change 
over a longer duration. Further studies are needed to 
examine the effects of 0.01% atropine eye drops over 
a longer time course.

Our study had a few limitations. First, our study 
used 0.01% atropine eye drops, although other concen-
trations such as 0.5%, 0.1%, 0.05%, and 0.025% are 
also used clinically. Further studies on these atropine 
concentrations are required to determine what effect 
they may have on the ocular surface after long-term 
usage. Second, we observed the participants for 
6 months, while 0.01% of atropine eye drops might be 
administered for 2–5 years. A longer study period is 
required to evaluate the ocular surface safety of 0.01% 
atropine over this time frame.

Table 3 Comparisons of the Ocular Surface Parameters Between Baseline and Different Timepoints

Baseline 1 Month 3 Months 6 Months P

No 72 72 71 65
OSDI 0.08 ± 0.28 0.11 ± 0.32 0.06 ± 0.23 0.02 ± 0.12 0.089

TMH (mm) 0.23 ± 0.04 0.24 ± 0.04 0.23 ± 0.04 0.23 ± 0.04 0.294

TMA (mm2) 0.0420 ± 0.0444 0.0385 ± 0.0174 0.0376 ± 0.0146 0.0381 ± 0.0145 0.459
NK-BUTfirst (s) 9.39 ± 5.25 9.66 ± 4.73 8.61 ± 4.16 10.22 ± 3.89 0.355

NK-BUTave (s) 10.49 ± 4.94 11.04 ± 4.36 10.10 ± 3.50 11.12 ± 3.20 0.336

BR 0.63 ± 0.37 0.53 ± 0.27 0.55 ± 0.34 0.49 ± 0.27 0.057
MS 0.89 ± 0.70 0.89 ± 0.70 0.88 ± 0.70 0.85 ± 0.62 1.000

Notes: The continuous variables were expressed as means and standard deviations (SD). Statistical comparisons between baseline and different time points were made with 
nonparametric Friedman test. 
Abbreviations: OSDI, ocular surface disease index; TMH, tear meniscus height; TMA, tear meniscus area; NK-BUTfirst, noninvasive first keratographic break-up time; NK- 
BUTave, noninvasive average keratographic break-up time; BR, bulbar redness; MS, meiboscore.
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Conclusions
The results from this 6-month prospective study show that 
the use of 0.01% atropine in children causes no effects on 
the ocular surface that could increase the risk of dry eye. 
Further studies investigating different atropine concentra-
tions administered for longer periods of time are required 
to provide scientific promotion for the usage of low- 
concentration atropine eye drops, and prevention and con-
trol of myopia effectively and safely.

Abbreviations
OSDI, ocular surface disease index; TMH, tear meniscus 
height; TMA, tear meniscus area; NK-BUT, noninvasive 
keratographic tear film break-up time; BR, bulbar redness; 
MS, meiboscore; AS-OCT, anterior segment optical coher-
ence tomography; SD, standard deviations; IOP, intraocu-
lar pressure; AL, axial Length; K, keratometry; ACD, 
anterior chamber depth; CCT, central cornea thickness; 
UCVA, uncorrected visual acuity; SE, spherical 
equivalent.
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