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ABSTRACT

Aim To evaluate and compare the efficacy of
combination treatment using 0.025% atropine and
Defocus Incorporated Multiple Segments (DIMS)
spectacle lenses to 0.025% atropine and single vision
(SV) spectacle lenses in slowing myopia progression in
children with myopia.

Methods Randomised controlled trial conducted on
children aged 4—16 years with myopia between —1.00D
and —6.00D and astigmatism <2.00D. Children were
randomly allocated into two groups: 0.025% atropine
and SV spectacle lenses treatment group (group A), and
0.025% atropine and DIMS spectacle lenses treatment
group (group B). Cycloplegic spherical equivalent
refraction (SER) and axial length were measured at
baseline, 6 and 12 months.

Results 102 patients completed the 12-month follow-
up: n=49 in group A, mean age 9.50+2.78 years and
n=53 in group B, mean age 9.90+2.47 years. At 12
months, the mean AL+SD change was 0.18+0.16 mm in
group A and 0.07+0.16 mm in group B (mean difference:
0.11,95% Cl: 0.05 t0 0.17; p<0.001). Mean SER+SD
progression at 12 months was —0.19+0.42D and
—0.09+0.35D in groups A and B, respectively (p=0.13).
39.6% of children in group B had no axial elongation
over 12 months compared with 12.2% of the children in
group A (p=0.002).

Conclusions Combination treatment with 0.025%
atropine and DIMS spectacle lenses is more effective

in controlling axial elongation than 0.025% atropine
with SV lenses. Although not significant, SER differences
between groups were lower in group B. These findings
support a potential additive effect of the two treatments.

INTRODUCTION

Myopia has become a major global public health
problem, recently classified as a disease by the
National Academies of Sciences, Engineering, and
Medicine." According to this report, the increasing
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Defocus Incorporated Multiple Segments
(DIMS) spectacle lenses and atropine have
proven effectiveness as stand-alone treatments
in controlling myopia progression in children.
However, there is a scarcity of evidence of their
efficacy when used in combination. This is the
first randomised controlled trial to assess and
report on the efficacy of 0.025% atropine plus
DIMS spectacle lenses.

WHAT THIS STUDY ADDS

= Children with myopia treated with combination
therapy achieved emmetropic age-matched
axial length growth over 12 months, and
approximately 4 out of 10 children had no axial
elongation over 12 months.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Combination therapy is a promising
intervention for myopia management,
as it appears to be more effective than
monotherapy.

prevalence and severity of this condition worldwide
requires that myopia is recognised as a disease and
that the impact of its complications is taken seri-
ously, such that timely and collaborative measures
may be implemented to ensure its prevention and
management.

Currently, myopia management includes inter-
ventions such as lifestyle changes, pharmacological
treatment, mainly with atropine eye drops, optical
interventions and, more recently, light-based
approaches such as low-level red-light therapy.>™
The application of atropine for myopia manage-
ment is currently ‘off-label’ in Europe, the United
States and many other countries. However, several
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studies have widely documented their efficacy and safety over
the last decades.’ 7 On the contrary, a new generation of spec-
tacle lenses with an optical design specifically intended for
myopia control has been developed in recent years. These spec-
tacle lenses have evidenced stand-alone efficacy in controlling
myopia progression and axial elongation.® ® ° However, there
is limited scientific evidence on their efficacy and safety when
combined with another myopia management intervention.

This is the first randomised controlled trial (RCT) to assess
the efficacy and safety of combined treatment with atropine eye
drops and Defocus Incorporated Multiple Segments (DIMS)
spectacle lenses in Europe and, to the best of our knowledge,
worldwide. Previous retrospective and nonrandomised studies
have published promising effectiveness of combined treatment
with 0.01% atropine and DIMS spectacle lenses, showing less
myopia progression and axial elongation with combination
treatment compared with monotherapy with either atropine or
DIMS spectacle lenses individually.!” ! Nonetheless, atropine
is known to have dose-dependent effectiveness and further-
more the efficacy of atropine at doses of 0.01% has been ques-
tioned, so it is of particular interest to analyse the efficacy of
combined treatment with higher atropine concentrations in a
controlled and randomised setting.” ' The aim of this RCT is
to evaluate and compare the efficacy of combination treatment
using 0.025% atropine and DIMS spectacle lenses compared
with 0.025% atropine and single vision (SV) spectacle lenses in
slowing myopia progression in children with myopia.

MATERIALS AND METHODS

Study design

This is an RCT that included children aged 4-16 years with
myopia with SER between —1.00 and —6.00 dioptres (D) and
astigmatism <2.00D. The study was conducted at the Ophthal-
mology Service of Hospital Clinico San Carlos, Madrid, Spain, a
public metropolitan tertiary referral hospital. Participants in this
study were randomised to receive 0.025% atropine eye drops
and SV spectacle lenses (group A) or 0.025% atropine eye drops
and DIMS spectacle lenses (group B) at an allocation ratio of
1:1 in blocks of six using the automatic randomisation module
of Research Electronic Data Capture. The allocation sequence
was concealed from those assigning participants to intervention
groups until participants were enrolled and allocated to inter-
ventions. The trial is registered in the European Union Clinical
Trials Register (EudraCT number 2021-003373-64 and Clinical-
Trials.gov ID NCT06431841). This study adhered to the tenets
of the Declaration of Helsinki and was approved by the ethics
committee of Hospital Clinico San Carlos (21/522-EC_M).
Written informed consent was obtained from parents or guard-
ians, written assent from those 12 years and older and verbal
consent from all other participants. Participants were unmasked
due to the study design including an active control group.
However, participants and parents/caregivers were unaware of
their group allocation and unaware of which spectacle lenses
(SV, group A or DIMS, group B) they were wearing. Outcome
measurements were performed by clinicians who were unaware
of the treatment each participant was receiving.

Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) age 4-16 years; (2) SER
between —1.00 and —6.00D; (3) astigmatism <2.00D and
anisometropia <1.50D; (4) monocular best-corrected visual
acuity (BCVA) 0.02 logMAR (6/9) or better; (5) myopia progres-
sion of >—0.50D SER in either eye in the preceding year and

(6) acceptance of the study design and written informed consent
and assent if 12 years of age or older. Exclusion criteria were as
follows: (1) strabismus and binocular vision abnormalities; (2)
ocular and systemic abnormalities or baseline condition of the
patient that do not allow the examination to be performed (eg,
mental or psychomotor retardation); (3) prior ocular surgery
and (4) history of myopia control treatments.

Interventions

0.025% atropine eye drops were supplied by the same authorised
compounding pharmacy to ensure uniformity and consistency
in the preparation of all eye drops. The compounding process
is regulated by Spanish legislation (Royal Decree 175/2001),
which establishes the rules for elaborating any compounding
process and the Good Manufacturing Practice. All participants
were asked to instil one drop every night in both eyes. Atropine
eye drops were packaged in 5 mL bottles without preservatives,
and the expiration date of 1 month was labelled on each bottle.
Eye drops were prescribed by electronic health prescription, and
each bottle’s pickup date at the pharmacy could be tracked to
monitor compliance. Atropine and spectacle lens compliance
were also assessed by questionnaire and monitored by telephone
visits at 3-month intervals.

DIMS spectacle lenses (MiYOSMART, HOYA, Japan) consist
of a central optical zone (9.4 mm diameter) for distance prescrip-
tion and a multiple annular focal zone with multiple segments
(33 mm diameter) having a relative positive power (+3.5D). The
diameter of each segment is 1.03 mm.® Single-vision spectacle
lenses were provided by HOYA (Lens 1.67 EYNOA). All lenses
in the study were custom-made and made of plastic material.
Nano-Vista Group donated frames for both groups. All patients
attending the myopia unit where the study was conducted receive
abooklet about myopia and its risk factors such as environmental
and lifestyle factors. The research team did not provide any addi-
tional material or advice on lifestyle changes to the study partic-
ipants, as they would have received this in any case.

Procedures

All participants were followed up according to the same schedule
and examination protocol: baseline visit, 3 months (telephone
visit), 6 months and 12 months after the baseline visit.

At each visit, distant BCVA in the logarithm of the minimum
angle of resolution (logMAR) was assessed using the Early Treat-
ment Diabetic Retinopathy Study chart. Near visual acuity was
evaluated using best-corrected distance refraction with a reduced
logMAR reading chart at 40 cm. Cycloplegic and noncycloplegic
refraction were performed using Huvitz autorefractor and
keratometer (HRK-7000A Huvitz Co., Ltd., Gunpo, Republic of
Korea); cycloplegic refraction was performed according to the
following schedule: three cycles of one eye drop of 1% cyclo-
pentolate (Novartis, Basel, Switzerland) administered to both
eyes Smin apart. Cycloplegic autorefraction was performed
30 min after the last eye drop. Additional eye drops were admin-
istered before cycloplegic refraction if the pupils were not fully
dilated or reacted to light after the complete regimen. Axial
length (AL) was measured with an optical biometer (Lenstar
LS 900, Haag-Streit, Koeniz, Switzerland). The average of five
autorefractors and AL measurements for each eye were used
for analysis. Mesopic and photopic pupil sizes were measured
with the wave-front analyser (KR-1W, Topcon, Tokyo, Japan).
The complete ocular examination included accommodation
and binocular vision assessment, stereopsis, slit lamp exam of
the anterior segment, intraocular pressure, corneal endothelial
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cell density (ECD) with specular microscopy using EM-4000
(Tomey, Nagoya, Japan), fundus examination and optical coher-
ence tomography (OCT) of the macula and optic nerve using
enhanced depth imaging EDI-OCT (Heidelberg Spectralis,
Heidelberg Engineering, Heidelberg, Germany). All participants
initiated both treatments (atropine and SV or DIMS spectacle
lenses) simultaneously, 2 weeks after the baseline visit, to allow
for customised lens fitting.

Outcome variables

Spherical equivalent refraction (SER) and AL under cycloplegia
were measured at baseline and at 6 months and 12 months. The
primary outcomes were myopia progression, which was the
difference between the mean cycloplegic SER at the baseline and
subsequent visits and the change of AL, which was the difference
between the mean AL at the baseline and subsequent visits.

Sample size calculation

To achieve 90% power to detect a difference of 0.50D (0.70D
SD) in myopia progression between the two groups at the 0.05
significance level (two-tailed),’ ® and assuming a dropout rate of
approximately 15%, the minimum number of subjects required
in each group was 49.

Statistical analysis

Descriptive data are presented as the mean and SD for contin-
uous variables and as absolute and relative frequencies for cate-
gorical variables.

Depending on the data distribution, differences between the
two eyes were assessed using either a paired sample t-test or the
Wilcoxon signed-rank test.

Differences between the two groups in demographic and base-
line characteristics were evaluated using an independent sample
t-test or the nonparametric Mann-Whitney U test, as appropriate.

Factors associated with outcomes (AL and SER at 6 or 12
months) were analysed using a linear regression model, adjusted
both in univariate and multivariate analyses for the baseline
value. The results are expressed as beta coefficients with stan-
dard errors, along with the corresponding p-values.

RESULTS

Study participants

A total of 392 children with myopia were examined for eligi-
bility, and subsequently, 111 children were enrolled in the trial.
Participants were randomly allocated to groups A (n=535) and
B (n=56). At the 12-month visit, 9 participants did not attend
the follow-up (figure 1): 6 (10.9%) children from group A and
3 (5.4%) children from group B (p=0.31). 102 subjects success-
fully completed the 12-month visit: 49 (48.03%) children in
group A and 53 (51.96%) children in group B. There was no
significant difference among group demographics. Baseline char-
acteristics are shown in table 1.

Baseline differences between the right and left eyes were not
statistically significant for the primary outcome variables (AL:
p=0.18; SER: p=0.64). Therefore, only the right eye was
considered for statistical analysis.

Primary outcomes: AL and SER changes

As for AL, at 12 months, the mean AL*SD change was
0.18+=0.16 mm in group A and 0.07+0.16 mm in group B (mean
difference: 0.11, 95% CI: 0.05 to 0.17; p<0.001). Group B
showed significantly less axial elongation than group A over
time. Additionally, 21 out of 53 (39.6%) of the children in group

n =392

Assessed for eligibility

Enrolment

Not eligible n= 281

- Did not meet Inclusion
criteria (n=244)

- History of prior myopia
control treatment (n=23)
-Declined participation (n=14)

n=111

Randomised

l l

Allocated to Allocated to
Group A Group B
0.025% Atropine + SV lenses 0.025% Atropine + DIMS lenses
=56

n=55 n=>5

} !

Allocation

B Lost to follow-up (n=6) Lost to follow-up (n=3)
E3 - Loss of contact n=3 - Loss of contact n=1
2 - Difficulty with eye drops n=3 - Difficulty with eye drops n=1
2 - Difficulty with DIMS n=1
2
= | Analysed n=49 | | Analysed n=53 |
<
Figure 1  Consolidated Standards of Reporting Trials of the study.

DIMS, Defocus Incorporated Multiple Segments; SV, single vision.

B had no axial elongation over 12 months compared with 6 out
of 49 (12.2%) of the children in group A (p=0.002). Table 2
shows AL and SER changes at 6 and 12 months.

For SER changes, the mean SER=SD change over 12 months
was —0.19+0.42D and —0.09%=0.35D for groups A and B,
respectively (p=0.13). Changes in AL and SER over time are
shown in figure 2. In addition, the proportion of children
progressing by 0.2 mm or more in AL and 0.5 D or more in SER
over 12 months was also compared between the two groups. For
AL, 40.8% of children in group A progressed by 0.2 mm or more,
as opposed to only 20.8% of children in group B (p=0.027). For
SER, 20.4% of children in group A progressed 0.5D or more
compared with 18.9% of children in group B (p=0.844).

Factors associated with AL and SER progression

At 12 months, the age group (11-15 vyears, p=-0.094,
p=0.025) and group B (B=-0.100, p=0.004) were associated
with reduced axial elongation in the multivariate analysis, indi-
cating that older children and those in group B had slower AL
change (online supplemental table 1). Baseline AL was a highly
significant predictor of AL progression in both the univar-
iate (=0.982, p<0.001) and multivariate models (=1.010,
p<0.001).

For SER, the univariate analysis indicated that Hispanic
ethnicity (B=0.194, p=0.012) and ‘other’ ethnic groups
(B=0.345, p=0.012) were associated with slower myopia
progression at 12 months. Parental myopia (both parents) was
significantly associated with faster SER progression (B=—0.297,
p=0.003). However, all these variables lost significance in the
multivariate model. Baseline SER was a significant predictor of
change in SER (B=1.000, p<0.0019) in both univariate and
multivariate models (online supplemental table 2).

The mean increase in photopic and mesopic pupil size at
12 months was 1.3%1.02mm and 1.4=1.0mm (p=0.70), and
0.8+0.9mm and 0.5+0.84mm (p=0.26) in groups A and
B, respectively. 0.025% atropine eye drops were overall well-
tolerated by children in both groups. Two children in group
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Table 1  Demographic and baseline characteristics of the study participants
Total Group A Group B P value

Gender Female 51 (50.0%) 25 (51.0%) 26 (49.1%) 0.84

Male 51 (50.0%) 24 (49.0%) 27 (50.9%)
Age 9.70+2.62 9.50+2.78 9.90+2.47 0.53
Ethnicity Caucasian 42 (41.2%) 19 (38.8%) 23 (43.4%) Caucasian vs other: 0.17

Hispanic 51 (50.0%) 28 (57.1%) 23 (43.4%)

Arabic 8 (7.8%) 2 (4.1%) 6 (11.3%)

African 1(1.0%) 0(0.0%) 1(1.9%)
Age at myopia onset 7.60+2.61 7.30+2.57 7.80+2.65 0.33
Parental myopia None 42 (43.3%) 20 (42.6%) 22 (44.0%) 0.64

Only one 34 (35.1%) 15 (31.9%) 19 (38.0%)

Both 21 (21.6%) 12 (25.5%) 9 (18.0%)
SER (D) -2.3+1.20 -2.4+1.19 -2.2+1.21 0.14
AL (mm) 24.4+0.88 24.2+0.93 24.6+0.80 0.028
Photopic pupil size (mm) 3.6+0.71 3.5+0.70 3.8+0.70 0.09
Mesopic pupil size (mm) 6.6+0.91 6.3+0.96 6.8+0.82 0.010
Corneal ECD 3021.7+319.95 3022.5+346.58 3020.8+295.14 0.82
10P 16.2+2.21 16.4+1.98 16.0+2.44 0.50
K1 43.1£1.29 43.5+1.32 42.8+1.17 0.008
K2 44.2+1.36 44.6+1.37 43.8+1.23 0.002

AL, axial length; ECD, endothelial cell density; IOP, intraocular pressure; K1, flat keratometry; K2, steep keratometry; SER, spherical equivalent refraction.

A dropped out secondary to atropine adverse effects, and two
children in group B required photochromatic DIMS spectacle
lenses in the 6-month visit as proposed to researchers to alleviate
symptoms. In univariate and multivariate analyses, photopic and
mesopic pupil size were not associated with SER and AL change
at 12 months (online supplemental tables 1 and 2).

DISCUSSION
Children with myopia who received combination treatment
with 0.025% atropine eye drops and DIMS spectacle lenses had
less axial elongation over 12 months than those who received
0.025% atropine and SV spectacle lenses. This is the first RCT to
evaluate the efficacy and safety of combination treatment using
0.025% atropine eye drops and DIMS spectacle lenses.

DIMS spectacle lenses have proven stand-alone efficacy in
controlling SER and AL progression.®® * Lam et al reported a
mean AL progression of 0.11+0.02mm and 0.21+0.02mm at

12 and 24 months, respectively, in Asian children.® McCullough
et al evaluated the effectiveness of DIMS spectacle lenses in
UK children, reporting axial elongation of 0.18+0.20mm
at 12 months."” Present trial results showed an AL change of
0.07=0.16 mm over 12 months in children with myopia using
DIMS spectacle lenses plus 0.025% atropine eye drops. There-
fore, children with combined intervention appear to have less
axial elongation than DIMS spectacle lenses used as mono-
therapy in both Asian and European children with myopia. It
is noteworthy that the mean age=SD of our study participants
in group B was 9.90%2.47 years compared with 10.19+1.46
years and 10.3%+2.4 years in the Asian and European studies,
respectively.®

As for SER change, children with myopia using DIMS spec-
tacle lenses showed a progression of SER of —0.17+0.05D and
—0.36+0.42D over the 1 year in Asian and European popula-
tions, respectively.'’ ' The present study found a SER change of

Table 2 AL and SER changes over 6 and 12 months in groups A and B

Group A (n=49) Group B (n=53) Mean difference, 95% Cl P value
Timelvisit Mean AL+SD (mm)
A, 0.08+0.10 0.02+0.14 0.06 p=0.002*
(Baseline to 6 months) 95% Cl: 0.01 to 0.11
A, 0.10+0.08 0.04+0.07 0.06 p<0.001*
(6 months to 12 months) 95% Cl: 0.03 to 0.09
JA 0.18+0.16 0.07+0.16 0.1 p<0.001*
(Baseline to 12 months) 95% Cl: 0.05 t0 0.17
Timelvisit Mean SER+SD (D)
Ay, —0.06+0.26 0.02+0.21 -0.08 p=0.06
(Baseline to 6 months) 95% Cl: —0.18 t0 0.01
A, ~0.13+0.30 ~0.100.32 -0.03 p=0.46
(6 months to 12 months) 95% Cl: —0.16 to 0.09
A, ~0.19+0.42 ~0.09+0.35 -0.10 p=0.13

(Ba-seline to 12 months)

*Statistically significant difference.
AL, axial length; SER, spherical equivalent refraction.

95% ClI: —0.26 to 0.05
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Figure 2 Changes in AL and SER over 1 year in group A (blue) and group B (red). Al, axial length; SER, spherical equivalent refraction.

—0.19+0.42D and —0.09+0.35D in groups A and B, respec-
tively. Although SER changes between our treatment groups at
6 and 12 months were not statistically significant, combined
therapy appears to have less SER progression than previous
findings with DIMS spectacle lenses alone. Interestingly, and
contrary to expectations, the change in AL and SER found in the
European study was greater than the studies on the Asian popu-
lation.'® ' However, the former was an observational study,
and the latter was an RCT like the current trial.

In the LAMP study, the change in SER at 1 year was
—0.27+0.61D, —0.46=0.45D, —0.59+0.61D and
—0.81+0.53D in the 0.05%, 0.025% and 0.01% atropine
and placebo groups, respectively, with significant differences
between groups (p<0.001).> In addition, the change in AL at 1
year was more significant in the placebo group (0.41+0.22 mm)
than in the 0.05% (0.20=0.25 mm), 0.025% (0.29=0.20 mm)
and 0.01% (0.36%+0.29 mm) atropine groups (p<0.001). Thus,
0.025% atropine concentration significantly reduced myopia
progression compared with placebo. Participants in group A
(0.025% atropine+SV spectacle lenses) had a change in SER
of —0.19+0.42D and AL of 0.18+0.16 mm. Further studies in
non-Asian populations are needed to evaluate and compare the
efficacy of 0.01% and 0.025% atropine for myopia management.

The scientific evidence on combined treatment with atropine
eye drops and DIMS spectacle lenses is scarce. A retrospective
study on Asian children with myopia reported improved effec-
tiveness in controlling myopia progression and axial elongation
in participants who received a combination of 0.01% atropine
and DIMS compared with those who received DIMS or SV
alone, with the authors suggesting a possible additive effect of
the combination treatment.'' In particular, SER and AL change
over 12 months was —0.49+0.66D and 0.28 =0.24 mm, respec-
tively, in the atropine 0.01%+DIMS group. These findings are
greater than those found in the present study, possibly because
the study was conducted in Asian children and they used atropine
concentrations of 0.01% instead of 0.025%. A nonrandomised,
experimenter-masked prospective study in Italy investigated
the effectiveness of 0.01% atropine+DIMS spectacle lenses
in children of European ethnicity.'” At 12 months, the 0.01%

atropine+DIMS group showed a significant reduction in SER
compared with DIMS or atropine alone. For AL change, all
three treatment groups showed significantly less axial elongation
(0.09%£0.11mm in the atropine group, 0.07+0.07 mm in the
DIMS group and 0.06=0.08 mm in the DIMS+atropine group)
than the control group (0.22+0.14 mm). However, the differ-
ences between the three treatment groups were not statistically
significant.

The literature on myopia management often uses the
percentage reduction in progression as an index to describe the
treatment effect.® ' '* However, this index can be misleading,
according to recent reports.'” Considering the percentage reduc-
tions in this study, children in group B had 61.1% less axial elon-
gation and myopia progressed 54.7% slower than those in group
A.

The possible underlying mechanism behind the potential addi-
tive effect of combining atropine eye drops with DIMS spectacle
lenses is currently unknown. However, it is hypothesised that
the increased pupil size resulting from atropine may enhance
the impact of DIMS spectacle lenses. In this sense, other studies
with combination treatment of atropine and orthokeratology
have suggested that pupils may hold the key to why a combined
therapy of atropine and orthokeratology works better than either
treatment alone.'® ' In the present study, we analysed whether
pupil size (photopic and mesopic) was associated with outcomes
for both SER and AL and found no significant association.

Determining the contribution of age-normal physiological
growth to axial elongation in myopic eyes is a complex but
essential issue for evaluating the efficacy of myopia control
interventions. Chamberlain et al suggested that the success of
myopia progression control should be measured by how much
axial elongation can be slowed to match the normal emmetropic
eye growth of a child of the same age.”’ Hence, most myopia
control interventions aim to achieve emmetropic eye growth.
Axial elongation in 9-year-old European children is 0.34 mm/
year (myopes) and 0.19 mm/year (emmetropes).* The Collabo-
rative Longitudinal Evaluation of Ethnicity and Refractive Error
found that emmetropic eyes have an AL progression of 0.16 mm/
year for 6-9-year-olds, 0.08 mm/year for 9-12-year-olds and
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Figure 3 Axial length (AL) growth in groups A and B, plotted in the age-matched myopia control (AMMC) system.? For each age, the mean
annual AL growth value is plotted within the colour-coded zones: ‘green’ corresponds to the physiological AL growth rate; ‘yellow’ corresponds to
a moderately excessive AL growth rate (+25% but less than+50% of the average physiological AL growth rate) and ‘red" reflects a highly excessive
AL growth rate (more than 50% above the physiological AL growth rate). Each point represents the mean AL value for a given age. Note: This study
included children aged 4-16 years, and the AMMC data included children aged 7-16 years; thus, children who did not meet the latter age were

excluded.

0.02mm/ year for 11-14-year-olds.?’ Our study found an axial
elongation of 0.18 mm/year for group A (mean age 9.5 years)
and 0.07 mm/year for group B (mean age 9.9 years). Recently,
the Age-Matched Myopia Control system has developed a
method to compare a patient’s actual annual AL growth rate
with the average physiological AL growth rate of an age-matched
cohort of emmetropic children.”” We use this approach to plot
our findings (figure 3). According to these data, most patients
treated with a combination of 0.025% atropine eye drops and
DIMS spectacle lenses achieve comparable axial elongation to
age-matched emmetropes during the first year of treatment.
This suggests that combined therapy is a promising management
strategy, especially for younger children with increased AL.
Additionally, 39.6% of participants in group B and 12.2% of
participants in group A showed no increase in AL from base-
line to 12 months. Nucci et al reported that 10% of the chil-
dren in the DIMS group, 15% in the atropine group and 18%
in the atropine+DIMS group had no axial elongation over 12
months.'® Similarly, Lam and colleagues found that 14% of chil-
dren wearing DIMS showed no increase in AL over 2 years.® We
can, therefore, conclude that approximately 4 out of 10 children
treated with combination therapy in our RCT did not experi-
ence axial elongation throughout the 12 months of treatment.

Study strengths and limitations

This is the first RCT to evaluate the efficacy of a combination
treatment of 0.025% atropine eye drops and DIMS spectacle
lenses in children with myopia. This study includes different
ethnicities, reflecting the diversity of the world’s major capitals,
particularly in Europe. We evaluated and compared the progres-
sion of SER and AL in different ethnic groups. Although univar-
iate analysis indicated that Hispanic and Arab (North African)

ethnic groups were associated with slower progression of myopia
at 12 months and a trend in AL change compared with Cauca-
sians, multivariate analysis did not confirm these data. Combi-
nation therapy appears to be effective regardless of ethnicity,
which is of particular value for clinical practice. One limitation
of any study that uses atropine eye drops is compliance. Compli-
ance has a direct impact on efficacy, regardless of the treatment
modality.” ** This may affect one and/or both interventions and
atropine eye drops and spectacle lenses. However, we did not
find significant differences regarding compliance between the
two treatment groups.

Finally, these are 12-month results from a 24-month RCT.
It will be very valuable to know the longer-term efficacy of
combined therapy for myopia control.

CONCLUSIONS

Combination treatment with atropine 0.025% and DIMS spec-
tacle lenses is more effective in controlling axial elongation
than atropine 0.025% with SV spectacle lenses. Children with
myopia treated with combination therapy achieved emmetropic
age-matched AL growth over 12 months, suggesting a promising
approach for myopia management.

Author affiliations

'Opthalmology Service, Hospital Clinico Universitario San Carlos, Madrid, Spain
ZOphthalmology, The Health Research Institute of the Hospital Clinico San Carlos,
Madrid, Spain

*Optometry and Vision, Complutense University of Madrid, Madrid, Spain
“Department of Optometry and Visual Sciences, City St George's, University of
London, London, UK

>HOYA Vision Care, Amsterdam, Netherlands

®0phthalmology, Hospital Clinico, Instituto de Investigaciones Ramon Castroviejo,
Universidad Complutense, Madrid, Spain

6

Guemes-Villahoz N, et al. Br J Ophthalmol 2025;0:1-7. doi:10.1136/bjo-2024-326852



Paediatric ophthalmology

Acknowledgements This study is a collaborative research project supported by
HOYA Vision Care. This project has counted on the collaboration of the Clinical Trials
Unit of Hospital Clinico San Carlos (IUCEC) and the Research Methodology Support
Unit (UAMI) belonging to the Instituto de Investigacion Sanitaria San Carlos (IdISSC).
We thank Dr Irene Schiavetti from the University of Genoa, Italy (Department of
Health Sciences) for her support in conducting the statistical analyses, Nano-vision
for donating the frames, Dr Hetel Bhakta for assistance and Prof Hakan Kaymak for
age-matched myopia control (AMMC) support. This study was previously presented
as an abstract at the ARVO 2024 annual meeting,25 19th IMC 2024 conference and
the 27th EVER congress.?®

Contributors Guarantor: NG-V. All authors approved the final version of the
manuscript. Research design: NG-V, RGL and JG-F. Data acquisition and/or research
execution: RB-G, PP-A, ARP, BM-G, PTG, EHG and NGL. Data analysis and/or
interpretation: NG-V, PPA and RS. Manuscript preparation: NG-V and RS. Manuscript
revision: NG-V, RS, ARP, RGL and JG-F.

Funding This is an investigator-initiated study (IIS). This IS was conceived, initiated,
conducted and sponsored under the full responsibility of NG-V, principal investigator
and sponsor of the study. This study is a collaborative research project supported by
HOYA Vision Care. The monofocal lenses and DIMS lenses were provided by HOYA.
Nano-vision donated the frames for the study.

Competing interests Disclosure of interest. The authors report International
Committee of Medical Journal Editors (ICMJE) Disclosure form.

Patient consent for publication Consent obtained from parent(s)/guardian(s)

Ethics approval This study involves human participants and was approved by
Hospital Clinico San Carlos, Madrid, Spain (ethics approval ID 21/522-EC_M).
Participants gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Noemi Guemes-Villahoz http://orcid.org/0000-0002-9289-1212
Paula Talavero Gonzalez http://orcid.org/0009-0008-2767-3201
Paloma Porras-Angel http:/orcid.org/0009-0002-3760-8565
Rafael Bella-Gala http://orcid.org/0000-0003-1469-718X

Alicia Ruiz-Pomeda http://orcid.org/0000-0002-8318-5914
Beatriz Martin-Garcia http://orcid.org/0000-0002-5238-315X
Elena Hernandez-Garcia http://orcid.org/0000-0002-2474-7294
Nunila Gomez de Liafio http://orcid.org/0009-0008-8341-1599
Rakhee Shah http://orcid.org/0000-0002-6134-0936

Julian Garcia-Feijoo http://orcid.org/0000-0002-7772-5718
Rosario Gomez-de-Liafio http://orcid.org/0000-0001-6952-4521

REFERENCES
1 National Academies of Sciences, Engineering and M. Myopia: causes, prevention, and
treatment of an increasingly common disease. National Academies Press, 2024.
2 Jonas JB, Ang M, Cho P, et al. IMI Prevention of Myopia and Its Progression. Invest
Ophthalmol Vis Sci 2021;62:6.

3

4

;]

20

21

22

23

24

25

26

Wildsoet CF, Chia A, Cho P, et al. IMI — Interventions for Controlling Myopia Onset
and Progression Report. Invest Ophthalmol Vis Sci 2019;60:M106.

Tideman JWL, Polling JR, Vingerling JR, et al. Axial length growth and the

risk of developing myopia in European children. Acta Ophthalmol (Copenh)
2018;96:301-9.

Yam JC, Jiang Y, Tang SM, et al. Low-Concentration Atropine for Myopia Progression
(LAMP) Study: A Randomized, Double-Blinded, Placebo-Controlled Trial of 0.05%,
0.025%, and 0.01% Atropine Eye Drops in Myopia Control. Ophthalmology
2019;126:113-24.

Lam CSY, Tang WG, Tse DY-Y, et al. Defocus Incorporated Multiple Segments (DIMS)
spectacle lenses slow myopia progression: a 2-year randomised clinical trial. Br /
Ophthalmol 2020;104:363-8.

Chia A, Chua W-H, Cheung Y-B, et al. Atropine for the treatment of childhood myopia:
safety and efficacy of 0.5%, 0.1%, and 0.01% doses (Atropine for the Treatment of
Myopia 2). Ophthalmology 2012;119:347-54.

Lam CS, Tang WG, Lee PH, et al. Myopia control effect of defocus incorporated
multiple segments (DIMS) spectacle lens in Chinese children: results of a 3-year
follow-up study. Br J Ophthalmol 2022;106:1110-4.

Lam CSY, Tang WC, Zhang HY, et al. Long-term myopia control effect and safety in
children wearing DIMS spectacle lenses for 6 years. Sci Rep 2023;13:5475.

Nucci P, Lembo A, Schiavetti |, et al. A comparison of myopia control in European
children and adolescents with defocus incorporated multiple segments (DIMS)
spectacles, atropine, and combined DIMS/atropine. PLoS One 2023;18:20281816.
Huang Z, Chen XF, He T, et al. Synergistic effects of defocus-incorporated multiple
segments and atropine in slowing the progression of myopia. Sci Rep 2022;12:22311.
Repka MX, Weise KK, Chandler DL, et a/. Low-Dose 0.01% Atropine Eye Drops

vs Placebo for Myopia Control: A Randomized Clinical Trial. JAMA Ophthalmol
2023;141:756-65.

McCullough S, Barr H, Fulton J, et al. 2-Year Multi-Site Observational Study of
MiYOSMART myopia control spectacle lenses in UK children: 1-year results. Investig
Ophthalmol Vis Sci 2023;64:4945.

Brennan NA, Shamp W, Maynes E, et al. Influence of age and race on axial elongation
in myopic children: A systematic review and meta-regression. Optom Vis Sci
2024;101:497-507.

Guo H, Li X, Zhang X, et al. Comparing the effects of highly aspherical lenslets versus
defocus incorporated multiple segment spectacle lenses on myopia control. Sci Rep
2023;13:3048.

Lanca C, Pang CP, Grzybowski A. Corrigendum: Effectiveness of myopia control
interventions: a systematic review of 12 randomized control trials published between
2019 and 2021. Front Public Health 2024;12.

Brennan NA, Toubouti YM, Cheng X, et al. Efficacy in myopia control. Prog Retin Eye
Res 2021;83:100923.

Tan Q, Ng AL, Cheng GP, et al. Combined 0.01% atropine with orthokeratology in
childhood myopia control (AOK) study: A 2-year randomized clinical trial. Cont Lens
Anterior Eye 2023;46:101723.

Wang Z, Wang P, Jiang B, et a/. The efficacy and safety of 0.01% atropine alone or
combined with orthokeratology for children with myopia: A meta-analysis. PLoS One
2023;18:0282286.

Chamberlain P, Lazon de la Jara P, Arumugam B, et a/. Axial length targets for myopia
control. Ophthalmic Physiol Opt 2021;41:523-31.

Mutti DO, Hayes JR, Mitchell GL, et al. Refractive Error, Axial Length, and Relative
Peripheral Refractive Error before and after the Onset of Myopia. Invest Ophthalmol
Vis Sci 2007;48:2510.

Graff B, Lam CSY, Vlasak N, et al. Age-matched analysis of axial length growth in
myopic children wearing defocus incorporated multiple segments spectacle lenses. Br
J Ophthalmol 2024;108:1060-6.

Bullimore MA, Jong M, Brennan NA. Myopia control: Seeing beyond efficacy. Optom
Vis Sci 2024;101:134-42.

Dalal DM, Jethani J. Compliance in usage of low-dose atropine for prevention of
progression of myopia in Indian children. Indian J Ophthalmol 2021;69:2230-1.
Guemes-Villahoz N, Garcia-Feijoo J, Bella-Gala R, et al. Defocus Incorporated
Multiple Segment lenses and 0.025% atropine for myopia control in a European
population: 12-month results of a randomized clinical trial. Invest Ophthalmol Vis Sci
2024,65:2841.

Villahoz NG, Talavero-Gonzalez P, Bella-Gala R. Defocus incorporated multiple
segments lenses and 0.025% atropine for myopia control in European children: 12-
month results of a randomized controlled trial. Acta Ophthalmol 2025.

Guemes-Villahoz N, et al. Br J Ophthalmol 2025;0:1-7. doi:10.1136/bjo-2024-326852


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9289-1212
http://orcid.org/0009-0008-2767-3201
http://orcid.org/0009-0002-3760-8565
http://orcid.org/0000-0003-1469-718X
http://orcid.org/0000-0002-8318-5914
http://orcid.org/0000-0002-5238-315X
http://orcid.org/0000-0002-2474-7294
http://orcid.org/0009-0008-8341-1599
http://orcid.org/0000-0002-6134-0936
http://orcid.org/0000-0002-7772-5718
http://orcid.org/0000-0001-6952-4521
http://dx.doi.org/10.1167/iovs.62.5.6
http://dx.doi.org/10.1167/iovs.62.5.6
http://dx.doi.org/10.1167/iovs.18-25958
http://dx.doi.org/10.1111/aos.13603
http://dx.doi.org/10.1016/j.ophtha.2018.05.029
http://dx.doi.org/10.1136/bjophthalmol-2018-313739
http://dx.doi.org/10.1136/bjophthalmol-2018-313739
http://dx.doi.org/10.1016/j.ophtha.2011.07.031
http://dx.doi.org/10.1136/bjophthalmol-2020-317664
http://dx.doi.org/10.1038/s41598-023-32700-7
http://dx.doi.org/10.1371/journal.pone.0281816
http://dx.doi.org/10.1038/s41598-022-25599-z
http://dx.doi.org/10.1001/jamaophthalmol.2023.2855
http://dx.doi.org/10.1097/OPX.0000000000002176
http://dx.doi.org/10.1038/s41598-023-30157-2
http://dx.doi.org/10.3389/fpubh.2024.1460156
http://dx.doi.org/10.1016/j.preteyeres.2020.100923
http://dx.doi.org/10.1016/j.preteyeres.2020.100923
http://dx.doi.org/10.1016/j.clae.2022.101723
http://dx.doi.org/10.1016/j.clae.2022.101723
http://dx.doi.org/10.1371/journal.pone.0282286
http://dx.doi.org/10.1111/opo.12812
http://dx.doi.org/10.1167/iovs.06-0562
http://dx.doi.org/10.1167/iovs.06-0562
http://dx.doi.org/10.1136/bjo-2023-324508
http://dx.doi.org/10.1136/bjo-2023-324508
http://dx.doi.org/10.1097/OPX.0000000000002119
http://dx.doi.org/10.1097/OPX.0000000000002119
http://dx.doi.org/10.4103/ijo.IJO_3354_20
http://dx.doi.org/10.1111/aos.16930

	Atropine and Spectacle lens Combination Treatment (ASPECT): 12-­month results of a randomised controlled trial for myopia control using a combination of Defocus Incorporated Multiple Segments (DIMS) lenses and 0.025% atropine
	Abstract
	Introduction﻿﻿
	Materials and methods
	Study design
	Inclusion and exclusion criteria
	Interventions
	Procedures
	Outcome variables
	Sample size calculation
	Statistical analysis

	Results
	Study participants
	Primary outcomes: AL and SER changes
	Factors associated with AL and SER progression

	Discussion
	Study strengths and limitations

	Conclusions
	References


