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ABSTRACT

Introduction: Orthokeratology (OK) and low-
concentration atropine are recommended
approaches for controlling myopia. However,
children with younger age and lower myopia
are more likely to experience rapid axial pro-
gression during OK or atropine monotreatment.
This study aimed to assess the efficacy of OK
combined with low-concentration atropine for
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myopia control in children over 24 months and
to determine whether the effect was sustainable.
Methods: In this retrospective study, we
reviewed medical records of baseline and fol-
low-up visits from children (7-14 years) apply-
ing OK for myopia control. Sixty-eight children
receiving monoorthokeratology treatment (OK
group) and 68 children who received 0.01%
atropine in combination with orthokeratology
simultaneously (AOK group) were included. A
series of ophthalmic tests at baseline were con-
ducted, and axial length (AL) was measured
every 6 months. The comparison of AL change
at different visits between the two groups was
performed by repeated measures multivariate
analyses of variance (RM-MANOVA).

Results: There were no significant differences
in baseline characters between the two groups
(p > 0.05). The AL significantly increased over
time in both groups (all p <0.05), and the
2-year change in AOK was 0.16 mm (36%) lower
than in OK (0.28 £ 0.22mm  versus
0.44 £ 0.34 mm, p =0.001). Compared with
OK group, the significant suppression of AL
elongation in the AOK group was observed in
0-6, 6-12, and 12-18 month periods (suppres-
sion rate: 62.5%, 33.3%, 38.5%, respectively,
p < 0.05), while there was no significant differ-
ence in the 18-24 month period (p = 0.105).
The multiple regression analysis showed an
interaction between age and treatment effect
(interaction coefficient = 0.06, p = 0.040), indi-
cating one year age decrease approximately
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associated with 0.06 mm increased retardation
in AL elongation in the AOK group.
Conclusion: The add-on effect of 0.01% atro-
pine in OK wearers only occurred within
1.5 years, and younger children benefited more
from the combination treatment.

Keywords: Orthokeratology; Low-
concentration atropine; Axial length; Myopia

Key Summary Points

Why carry out this study?

Children with younger age and lower
degree of myopia are more likely to
experience rapid axial progression during
orthokeratology (OK) or atropine
monotreatment.

We conducted this study to assess whether
there is an add-on effect of 0.01% atropine
in OK wearers for children’s myopia
control and if the effect is sustainable.

What was learned from the study?

We confirmed that axial elongation over 2
years might be distinctly suppressed by
the combination of OK and 0.01%
atropine, but the add-on effect of 0.01%
atropine in OK wearers only occurred
within 1.5 years of treatment.

We found that children of a younger age
would benefit more from the OK lenses
and 0.01% atropine combination therapy.

INTRODUCTION

Myopia, featured by images of distant objects
coming into focus in front of the retina and
blurred distance vision, has become a widely
acknowledged global public health concern,
especially in East Asia [1, 2]. A recent study
estimated that 30% of the world population is
currently myopic, and this number is expected
to significantly increase by 2050, roughly

affecting half of the worldwide population, 10%
of whom will be affected by high myopia [3].
Furthermore, myopia, particularly high myopia,
elevates the risk of sight-threatening ocular
complications, such as retinal detachment and
myopic maculopathy [4]. Therefore, various
potential pharmaceutical and optical treat-
ments with different effects are warranted to
retard childhood myopia progression.

A network meta-analysis has compared the
effectiveness of 16 optical and pharmaceutical
myopia control methods. Certain specially
designed contact lenses and pharmacologic
muscarinic antagonists were reported to be the
moderate and most effective approach [5]. For
example, orthokeratology (OK), a rigid gas-per-
meable contact lens with a reverse geometry
design worn overnight, can improve daytime
uncortected visual acuity by reshaping the cor-
neal contour and slow eye enlargement by
36%-52% [6-8]. As for pharmaceutical inter-
ventions, a network meta-analysis of eight
atropine concentrations demonstrated that
higher dose atropine (1%, 0.5%) can effectively
slow down myopia progression [9]. Neverthe-
less, atropine-related side effects, such as pho-
tophobia, blurred near vision, and rebound
phenomenon after withdrawn atropine, were
also dose-related [10] and may lead to poor
tolerance and high dropout rate in long-term
use of higher dose atropine. Hence, low con-
centration atropine (0.01%), seems tolerable
and well accepted in clinical use, since it could
suppress myopia progression with less rebound
effect when medication is cessation [11].

However, the control effect of OK and low
concentration atropine showed significant
variation between individuals. Children with
younger age [12], and lower initial refractive
error [6] were more likely to experience rapid
axial progression during OK treatment. Mean-
while, post hoc analysis of the Low-Concentra-
tion Atropine for Myopia Progression (LAMP)
study found that poor atropine response is
associated with younger age, suggesting altering
concentration or combining other treatments
in poor responders [13]. Since different mecha-
nisms regulate OK and atropine, a combination
of the two treatments might be more effective.
Several studies have investigated the
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effectiveness of the combined therapy. Two
randomized control trials (RCT) conducted by
Kinoshita et al. [14] and Tan etal. [15], and a
retrospective study authored by Chen et al. [16]
indicated that the combination of OK and low
concentration atropine was more effective for
slowing axial elongation than OK alone.
Meanwhile, attenuation of the effect was
observed in these studies. Kinoahita and his
team found that the AL change was not signif-
icantly smaller in the combination group over
the 2nd year [14]. In their study, Tan et al. also
reported that a significant between group dif-
ference was not found in the second half year
[15]. Due to this attenuation phenomenon, it
remains unclear that how long the add-on
myopia suppression effect would last in AOK
therapy.

This retrospective study used clinical data to
investigate the short-term and long-term com-
bination effect of low concentration atropine
and OK in Chinese myopic children over a
period of 24 months and to determine whether
the combined effect is sustainable over time.

METHODS

Participants

The baseline and 2-year follow-up medical
records of children who visited Shanghai Eye
Disease Prevention and Treatment Center for
vision correction using OK lenses between
September 2017 and March 2021 were reviewed.
Children who met the following criteria were
enrolled in this retrospective study: (1) age
between 7-14 years, (2) without keratoconus,
binocular vision problems and other ocular
diseases, aside from refractive error, (3)
intraocular pressure (IOP) <21 mmHg, (4)
astigmatism (axes 180 + 30) no more than 1.50
D, (5) best-corrected visual acuity equal or less
than 0.00 logMAR unit in both eyes, (6) no
history of OK or contact lenses, and (7) dis-
continued lens wearing or atropine use less than
a total of 30 days during the 2 years. A total of
136 children were included, 68 of whom had
chosen to use 0.01% atropine ophthalmic
solution while wearing OK lenses. Children

using atropine simultaneously with OK lenses
were included in the combination therapy
group (AOK group), and those only wearing OK
lenses were placed in the monotherapy group
(OK group).

The study was approved by the Institutional
Ethics Committee of Shanghai General Hospi-
tal, Shanghai Jiao Tong University (No.
[2021]089) and adhered to the tenets of the
Declaration of Helsinki. In this study, only the
clinical data of patients were retrospectively
collected, and the requirement for informed
consent was waived.

Orthokeratology Lenses

The orthokeratology lenses, Euclid overnight
OK lenses (Euclid Systems Corporation, Hern-
don, USA), were made of Boston EQUALENS II
(oprifocon A) with an oxygen permeability
coefficient of 127 x 107" (cm*mLO0,)/
(smL-mmHg), a diameter of 10.6-11.0 mm, an
optical center thickness of 0.21-0.23 mm, a
wetting angle of 36° and a four anti-arc inner
surface geometry. The subjects in both groups
were provided with clear instructions regarding
wearing and maintaining lenses and were
instructed to wear their OK lenses on both eyes
every night for at least 7 consecutive hours.

Atropine Ophthalmic Solution

The children’s parents purchased the 0.01%
atropine ophthalmic solution at Fudan Univer-
sity Eye and Ear, Nose and Throat (ENT)
Hospital. The 0.01% solution was obtained by
diluting atropine sulfate injection of 0.05%
(Hubei Xinghua Pharmaceutical, Wubhan,
China) with sodium hyaluronate eye drops
0.3% (Santen Pharmaceutical) at a ratio of 1:4 in
a sterile manner. Children in the combination
group were instructed to instill the 0.01% atro-
pine eye drop into both eyes once daily at night,
at least 10 min before inserting the OK lenses.

Measurements

At the first visit, all participants underwent
comprehensive ophthalmic testing, including
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cycloplegic refraction, axial length (AL) mea-
surement, and corneal topography. The follow-
up visits measuring AL were scheduled every
6 months. The AL was evaluated using an IOL-
Master (Carl Zeiss Jena GmbH, Jena, Germany).
All measurements were non-contacting. Three
measurements were taken at each visit, and the
average of the three was used as a representative
value.

Return Visits and Compliance

Children were examined on days 1, 7, and 30
after beginning OK or AOK treatment, and then
every 3 months thereafter. Corneal integrity,
corneal topography, and visual acuity were
examined at every follow-up visit. If corneal
staining was observed, OK lenses were asked to
be ceased for 2 days for low lever staining (grade
1 Efron Grading Scale), and 5-7 days for more
intense staining (grade 2 and grade 3 Efron
Grading Scale). Then subjects should return for
examination following doctor’s suggestion and
resume lens wearing until their corneal were
completely recovered. Subjects were also
examined whenever an abnormal symptom
occurred. When visual disturbances associated
with atropine use, for example, photophobia
and blurred near vision, occurred in the AOK
group, wearing sunglasses or using atropine
early every night would be suggested to relieve
these symptoms and ensure compliance. In
addition, the reason for discontinuation of OK
lenses or atropine, such as fever, conjunctivitis,
photophobia, travel, and exams, would be
inquired about and recorded in detail at each
follow-up (including duration and reason for
discontinuation).

Statistical Analyses

Only data from children who completed S visits
were included in the data analysis. All statistical
analyses were performed using software R
(V4.1.3). The normality of numeric variables
was confirmed by the Shapiro-Wilk test. The
sex ratio was compared using the chi-squared
test. Age, spherical equivalent refraction (SER),
AL, flattest Kkeratometry (FK), steepest

keratometry (SK), average keratometry reading
(AVE), central corneal thickness (CCT), and
non-contact tonometer (NCT) at enrollment
were compared between the two treatment
groups using independent group t test. As the
primary outcome, changes in AL over time in
different groups were compared using repeated
measures multivariate analyses of variance
(RM-MANOVA), controlling for baseline factors
with Bonferroni-adjusted pairwise comparisons
(where necessary). A paired t test was used to
compare AL changes in each group. The asso-
ciation between the changes in AL over 2 years
and the baseline factors was analyzed by Pear-
son’s correlation and multiple linear regression
analysis. A p value < 0.05 was considered sta-
tistically significant.

RESULTS

A total of 136 right eyes were included in the
data analysis since right and left eyes were
highly correlated. As shown in Table 1, baseline
characteristics, such as age (9.90 £ 1.59 versus
10.00 £+ 1.57, p = 0.713), sex (girls 58.8% versus
58.8%, p = 1.000), spherical equivalent refrac-
tion (SER) (—3.68 + 1.25 versus —3.25 + 1.26,
p =0.052), AL (25.10 + 0.87 versus
25.00 £ 0.85, p =0.472), or AVE (42.59 £+ 1.37
versus 42.60 + 1.17, p = 0.953) did not signifi-
cantly differ between the AOK and OK group.

Figure 1 shows the time courses of changes
in AL between the AOK and OK groups. AL
changed over time (all p < 0.05), showing an
increase in both study groups (Table 2). How-
ever, AL change was significantly different
between the two study groups at 6-, 12-, 18- and
24-month visits (all p < 0.05), and there was a
significant interaction between therapy and
treatment time (p = 0.010) controlling for ini-
tial age and SER. During the study period, the
cumulative axial elongation was significantly
retarded by 0.05 mm, 0.09 mm, 0.14 mm, and
0.16 mm, at 6-, 12-, 18-, and 24-month visits,
respectively, in the AOK group compared with
the OK group, which indicated 63%, 45%, 42%,
and 36% myopia control effectiveness at dif-
ferent visits, respectively (Table 2).
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Table 1 Bascline characteristics of patients in the AOK
group and the OK group

AOK group OK group p value
(N = 68) (V= 68)
Age, year  9.90 £ 1.59 10.00 £ 1.57 0.713*
Sex, no. (%) 1.000?
Male 28 (41.2) 28 (41.2)
Female 40 (58.8) 40 (58.8)
SER, D —3.68 £ 1.25 —325 £+ 126 0.052*
AL, mm  25.10 £ 0.87 25.00 £ 0.85 0.472*
FK, D 4195 + 1.29 42.06 £ 1.16 0.614*
SK, D 4325 + 1.56 43.14 £ 123 0.649"
AVE, D 4259 £+ 1.37 42.60 + 1.17 0.953*
CCT, um 54953 £ 25.64  549.47 + 29.01 0.990*
NCT, 16.06 £ 2.29 1593 £ 2.28 0.725*
mmHg

Data are presented as mean =+ standard deviation, unless
otherwise indicated

AOK combination therapy group, OK monotherapy group,
SER spherical equivalent refraction, D diopter, AL axial
length, mm millimeter, FK flattest keratometry, SK
steepest keratometry, AVE average kerotometry, CcCcT
central corneal thickness, w# micrometer, NC7 non-
contact tonometer, 7272Hg millimeter of mercury
*Independent group ¢ test

*Chi-squared test

Table 3 and Fig. 2 compared the increment
in AL over a 6-monthly period. The change in
AL was significantly smaller in the AOK group
compared with the OK group at the first, sec-
ond, and third 6-monthly period (all p < 0.05),
with 0.05 mm, 0.04 mm, and 0.05 mm between
group differences, respectively. However, there
was no difference in axial elongation between
the two groups over the fourth 6-monthly per-
iod (difference = 0.03 mm, p = 0.105).

Pearson correlation analysis indicated that
2-year AL elongation was associated with SER at
enrollment among the AOK group and was
correlated with initial age, SER, and AL in the
OK group (Table 4). As shown in Table 5,

multiple regression analysis revealed that 2-year
AL change had a negative relationship with
initial age and AOK treatment, a positive rela-
tionship with SER at baseline, and the interac-
tion between initial age and treatment when
controlling for other factors. In addition, the AL
increment of AOK group was modified by par-
ticipants’ age (p = 0.040), which means that as
age increased (no more than 14 years), the dif-
ference in 2-year AL elongation between AOK
and OK decreased by approximately 0.06 mm.
However, the interaction between initial SER
and treatment was not significant in this
regression analysis.

Next, we stratified the subjects according to
the age at enrollment based on average
(< 10years old wversus > 10years old) and
compared the change in AL between the com-
bination and monotherapy groups. As shown in
Fig. 3, children < 10 years old (37 subjects in
the AOK group and 37 subjects in the OK group)
in the AOK group experienced a statistically
significant reduction in axial elongation com-
pared with the OK group (AOK: 0.30 mm versus
OK: 0.54 mm), while there was no significant
difference in 2-year AL change among chil-
dren > 10 years old (31 subjects in AOK group
and 31 subjects in OK group) between the two
treatments (AOK: 0.26 mm versus OK:
0.33 mm). Baseline characteristics and 2-year AL
elongation among children of different ages
and SER were compared in the sensitivity anal-
ysis (see Supplementary Material Table S1).

DISCUSSION

In this retrospective study, we found that a
combination of OK and 0.01% atropine had a
stronger suppression effect on axial elongation
than OK alone; yet the significant suppression
effect was observed only for the first 1.5 years.
Besides, we also found that combination ther-
apy applied in younger children could achieve
more benefit.

In this study, a 2-year increase in AL was
0.44 mm in OK treatment, which is approxi-
mately 37% slower than the 0.70 mm enlarge-
ment of a spectacle control group in our
previous study [17]. Yet, considering that part of
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Fig. 1 Time course of changes in AL in the AOK group and the OK group. Error bars represent the standard error. AL

axial length, /OK combination therapy group, OK monotherapy group

Table 2 AL clongation at different times in the AOK
group and the OK group

AOK group OK group p value

6 month  0.03 (0.00, 0.06

12 month 0.11 (0.07, 0.15

) 0.08 (0.05,0.11) 0.020°
) 0.0 (0.15, 0.25) 0.005"
18 month  0.19 (0.15, 0.24) 0.33 (0.26, 0.40) 0.002°
) 0.44 (0.36, 0.53)
< 0.001*

24 month 0.28 (0.23, 0.34 0.001*

p value < 0.001*

AOK combination therapy group, OK monotherapy group
Data are presented as mean (95% confidence interval)
*Repeated measures multivariate analyses of variance
(RM-MANOVA) controlling for initial age and spherical
equivalent refraction (SER) with Bonferroni-adjusted
pairwise comparisons

*Paired # test

the observation time (2019-2021) included a
lockdown period caused by the coronavirus
disease 2019 (COVID-19) epidemic in Shanghai,
China, participants spent more time online and
less time engaging in outdoor activities, which

might have affected accelerated myopic pro-
gression in the present study [18]. Hence, the AL
change observed in this study was larger than
the wvalue (approximately 0.31-0.39 mm)
observed in other studies [6-8]. Meanwhile, in
the combination therapy group, participants
had an average of 0.28 mm axial elongation,
indicating a 60% control effect compared with
the spectacle group (0.70 mm) and an addi-
tional 23% retardation by add-on of nightly-use
atropine. As shown in this study, the 1-year
reduction rate in the AOK group was 45%
(0.09 mm) compared with OK alone, which was
similar to other 1-year adjunctive effects of
atropine reported by Tan et al. (AOK 0.07 mm
versus OK 0.16 mm) [15], Kinoshita et al. (AOK
0.09 mm versus OK 0.19 mm) [19], and Zhao
etal. (AOK 0.14 mm versus OK 0.29 mm) [20].
The current result confirmed that adding atro-
pine to OK wearers may distinctly suppress
juvenile myopia progression compared with OK
monotherapy.

The mechanism of orthokeratology and
atropine in preventing myopia progression
remains unclear. The possible explanation for
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Table 3 Six-monthly change in AL at different times in the AOK group and the OK group

AOK group OK group p value
Difference between 6-month and baseline visits 0.03 (0.00, 0.06) 0.08 (0.05, 0.11) 0.020°
Difference between 12-month and 6-month visits 0.08 (0.06, 0.10) 0.12 (0.10, 0.15) 0.013*
Difference between 18-month and 12-month visits 0.08 (0.06, 0.11) 0.13 (0.09, 0.17) 0.043*
Difference between 24-month and 18-month visits 0.09 (0.07, 0.10) 0.12 (0.09, 0.15) 0.105*

Data are presented as mean (95% confidence interval)

AL axial length, AOK combination therapy group, OK monotherapy group

*Paired # test
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Fig. 2 Bar plot of changes in AL over different 6-monthly
period in the AOK group and the OK group. Error bars
represent the standard error. AL axial length, /OK com-
bination therapy group, OK monotherapy group

OK lenses is the peripheral myopic defocus of
the retina after redistributing corneal epithe-
lium, which might reduce the rapid develop-
ment of myopia [21, 22]. The antimuscarinic
antagonist, atropine, reduces axial growth in
myopia by regulating muscarinic receptors,
which directly or indirectly stretches the sclera
[23, 24]. OK lenses and low concentration
atropine appear to have different mechanisms
of myopia prevention, giving independent

control effects of around 40% [6-8] and 20%
[10, 11], respectively. Therefore, a combined
effect of approximately 60% might be expected
when used simultaneously. Our finding of a
60% total reduction compared with the specta-
cle was also consistent with the decrease rate.
However, researchers also noticed that pupil
diameter might participate in the combination
mechanism. First, Chen et al. showed that large
pupil diameters facilitated the effect of OK to
slow axial growth [25]. Besides, studies of low
concentration atropine had reported increased
photopic and mesopic pupil size during treat-
ment [11]. Tan etal. also observed pupil dila-
tion in patients using AOK treatment [15].
Hence, we speculated that adding 0.01% atro-
pine might increase the suppression of axial
elongation by OK lenses through its mydriatic
effect. Recently, new evidence has demon-
strated that atropine could also alter peripheral
refraction; furthermore, such change may also
act on the control effect of the AOK treatment
[26, 27]. Since pupil diameter and peripheral
refraction were not measured in the current
study, future investigation and discussion are
required to determine whether the simple
superposition of atropine and OK lenses or the
synergistic effect through pupil dilation and
peripheral refraction induced prominent myo-
pia control.

Although the AL suppression effect of AOK
therapy was obviously superior to OK
monotherapy, when comparing axial elonga-
tion over different 6-monthly periods, unlike
the other three periods, there was no difference
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Table 4 Correlation analysis of various variables associated with 2-year AL change in different treatment group

Total AOK group OK group

Correlation* p value Correlation* p value Correlation* p value
Age, year —0.32 < 0.001 —0.21 0.092 —0.44 < 0.001
SER, D 0.32 < 0.001 0.25 0.038 0.33 0.006
AL, mm —0.35 < 0.001 —0.16 0.188 0.49 < 0.001
NCT, mmHg —0.09 0.302 -0.13 0.309 —0.06 0.628
CCT, um 0.07 0.418 0.20 0.103 0.00 0.995
FK, D 0.18 0.038 0.12 0.330 0.22 0.069
SK, D 0.14 0.107 0.08 0.536 0.24 0.051
AVE, D 0.16 0.063 0.09 0.477 0.24 0.052

AOK combination therapy group, OK monotherapy group, SER spherical equivalent refraction, D diopter, AL axial length,
mm millimeter, NCT non-contact tonometer, zmHg millimetre of mercury, CCT central corneal thickness, pm
micrometer, FK flattest keratometry, SK steepest keratometry, AVE average kerotometry

*Pearson correlation coefficient

Table 5 Multiple regression analysis of factors associated with 2-year axial elongation

Variable Coefficient p value
Treatment 0.004*
OK 0
AOK —0.84 (—1.41, —0.27)
Age, year —0.08 (—0.12, —0.04) < 0.001*
SER, D 0.05 (0.01, 0.11) 0.029*
Treatment* age 0.040*
OK* age 0
AOK" age 0.06 (0.00, 0.12)
Treatment*.SER 0.565
OK* SER 0
AOK* SER —0.02 (—0.10, 0.05)

AOK combination therapy group, OK monotherapy group, SER spherical equivalent refraction, D diopter

*Independent group ¢ test
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between groups at 18-24 month, which means
the combination effect was not sustainable.
Other studies reported similar phenomena. For
example, a 1-year RCT found that the additive
effect of atropine only occurred in the first
6 months [15]. Meanwhile, the 2-year RCT in
Japan also stated a significant difference
between the two treatment groups in the first
year, but not in the second year [14]. In their
study, Chen et al. added nightly atropine to first
year fast progressors and concluded that 3-year
cumulative axial elongation was equal between
the two groups, even though there was a sig-
nificant reduction in the combined group dur-
ing the second year in another similar study
[16, 28]. One explanation was that the mus-
carinic receptors might be exhausted after a
long time of binding with atropine, causing a
reduction in efficacy [28]. From the regression
model and stratified analysis of older children,
we hypothesized that the combined effect of

atropine and OK would decrease as age
increased and might not be significant in chil-
dren older than 10. Considering there may be
differences in baseline age characteristics
between this study and other studies mentioned
above, this may be another reason for the dif-
ferentiation in attenuate time among different
studies. Thus, the application and duration of
combination therapy in clinical practice should
also consider children’s age. However, to find
the exact attenuate time, more frequent follow-
up and longer observation time research are
warranted.

Previous studies have found that children of
younger ages were more likely to experience
more significant axial elongation in OK lenses
and low concentration atropine treatment
[6, 11-13, 29, 30]. In this study, correlation
analysis and multiple regression showed that
the efficacy of combination therapy was inter-
acted with age, indicating younger children
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would benefit more from adding atropine to OK
use in myopia control, which was consistent
with a previous RCT [14]. Although the absolute
value of axial increase in the AOK group among
younger children is more extensive than the
mean value of all participants, the add-on effect
of atropine was 44% (AOK 0.30 mm versus OK
0.54 mm), which was higher than the reduction
rate in the whole study population (control
efficacy 36%). Meanwhile, the difference in AL
elongation between the AOK and OK group was
more significant in younger children with low
myopia (AOK 0.26 mm versus OK 0.66 mm,
control efficacy 61%, see Supplementary Mate-
rial Table S1). However, OK monotherapy and
AOK therapy could achieve nearly the same
myopia retardation effect (AOK 0.26 mm versus
OK 0.33 mm) in children older than 10. Chil-
dren of different ages show various reactions to
OK lenses combined with atropine, which
might be due to different refractive develop-
ment at different times. A longitudinal cohort
reported that axial increment in children with
persistent myopia slows from 0.44 mm at
8 years to 0.16 mm at 12 years [31], making it
difficult to detect a significant reduction
between AOK and OK in older juveniles.
Therefore, we suggested that the combination
of atropine and OK lenses be utilized in younger
children to achieve better myopia control.

The present study has some limitations. First,
although the two groups were well matched and
comparable at baseline, the study design was
retrospective in nature and was subject to bias.
Only participants completing all follow-up vis-
its were included in the data analysis, which
might induce selection bias in this study. Sec-
ond, although other researchers mentioned the
hypothesis that pupil enlargement by atropine
might facilitate the effect of OK lenses, we did
not measure pupil diameters in follow-up visits
in this study, which thus might not be able to
clarify the potential mechanism of the combi-
nation of OK and low concentration atropine in
slowing axial growth. We also did not measure
the peripheral refraction in this study. In our
future perspective research, we plan to measure
theses values. Third, we did not measure and
analyze the environmental factors, such as the
amount of time spent on near-working and

outdoor activities, as well as genetic parameters
like parental myopia, which might affect the
progression of myopia. Future studies should
take into consideration the environmental
factors.

CONCLUSIONS

During the 2-year study period, the add-on
effect of 0.01% atropine in preventing axial
elongation among OK wearers only occurred in
the first 1.5 years. Younger children would gain
more myopia suppression benefits from the
atropine and OK combined therapy. However, a
larger perspective study is warranted to deter-
mine whether the rebound effect exists after
discontinuing atropine and the exact mecha-
nism of the combined effect.
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