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Abstract
Aims: To evaluate the efficacy of CARE spectacle lenses in slowing myopia pro-
gression among European children.
Methods: In a 2-year randomised, parallel-group, double-masked, multicentre 
clinical trial, 234 European children aged 6–13 years were enrolled. All participants 
were myopic, with a cycloplegic spherical equivalent refractive error (SE) between 
−0.75 D and −5.00 D, astigmatism ≤1.50 D, anisometropia ≤1.00 D and myopia 
progression of at least 0.50 D in the previous year. The treatment group received 
MyoCare spectacle lenses with cylinder annular refractive elements (CARE), the 
control group single-vision lenses (SVL). Axial length (AL) and SE were measured at 
baseline, 6 and 12 months. Wearability questionnaires were administered at 1 week 
and 3 months. Central and peripheral visual acuity (VA) was recorded at dispensing 
and after 3 months. Generalised linear models estimated changes in SE and AL, 
adjusting for lens type, age and baseline measurements.
Results: After 12 months, children wearing CARE lenses showed less myopia pro-
gression, with a difference in SE and AL progression (compared to SVL) of −0.21 D 
(CI: 0.10 to 0.32 D) and 0.14 mm (CI: −0.17 to −0.10 mm), respectively. Central VA did 
not decrease with CARE lenses. Peripheral VA decreased by 0.10 and 0.09 logMAR 
in the nasal and temporal zones, respectively. Analysis of fast progressors indicated 
that 39.7% of SVL wearing eyes progressed by ≤−0.50 D/year compared to 21.1% 
with CARE (p < 0.01). For AL, 56.0% of SVL children had an elongation ≥0.20 mm 
compared to 21.3% with CARE (p < 0.01).
Conclusions: In European children, myopia progression was significantly slower 
with CARE lenses compared with SVL after 1 year of lens wear. Further monitoring 
will provide a comprehensive evaluation of long-term efficacy.

K E Y W O R D S
children, Europe, myopia control, ophthalmic lens

INTRO DUC TIO N

With a high prevalence worldwide, the associated health, 
economic and social consequences of myopia have a sig-
nificant global impact.1 Although in the long term, high 

levels of myopia can lead to ocular complications such 
as myopic macular degeneration, retinal detachment, 
cataracts and glaucoma; notably, evidence suggests that 
at any level, the burden of myopia is considerable with 
each dioptre increase in myopia substantially increasing 
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the potential adverse consequences.2 This highlights the 
importance of early intervention, and it is crucial that ef-
forts are taken to mitigate the risk of the eye reaching 
higher levels of myopia. Various approaches exist to slow 
the progression of myopia, including atropine, orthokera-
tology (ortho-K), low-level red-light therapy, specialised 
contact and spectacle lenses, as well as combination 
treatments.3

With respect to spectacle lenses, several lens designs 
incorporating multiple segments that are considered to 
impose simultaneous defocus at the retina have been de-
veloped. In randomised clinical trials, lenses incorporat-
ing designs such as the Defocus-incorporated multiple 
segments (DIMS – Hoya®, MiyoSmart®, hoyav​ision.​com) 
and highly and slightly aspherical lenslets (HALT and 
SALT – Essilor®, Stellest™, essil​or.​com) were found to be 
effective in slowing myopic eye growth.4–6 Additionally, 
alternative strategies exist such as diffusion optics tech-
nology (DOT™—Sight Glass Vision Inc., sight​glass​vision.​
com) spectacles which are theorised to influence pro-
gression by reducing contrast across the retina.7 A more 
recent spectacle lens design has been developed that 
incorporates cylindrical annular refractive elements 
(MyoCare®, henceforth referred to as CARE, Zeiss Vision 
Care, zeiss.​com). The lens features a central optical zone 
that corrects for myopia and is encircled by a treatment 
zone featuring numerous micro-cylinders arranged in 
concentric circles. These annular cylindrical refractive 
elements are 0.5 mm wide and alternate with annular 
zones of equal width that possess the same refractive 
properties as the distance-correcting optic. The cylindri-
cal annuli have a power of +9.2 D and 0.0 D in the radial 
and circumferential direction, respectively, yielding an 
average cylindrical power of +4.6 D. The cylindrical com-
ponents are non-coaxial and create a caustic-like annu-
lar point spread function (PSF) at the plane of focus. The 
alternating cylindrical elements in conjunction with the 
clear zones are considered to induce simultaneous defo-
cus at the retina.

Importantly, given the higher prevalence of myopia in 
Asia,8 the majority of studies examining the effectiveness 
of the various myopia management strategies were con-
ducted in that region with children of Chinese ethnicity.3 
However, the question exists whether the effectiveness of 
these treatments, determined based on studies conducted 
in Asia, could be extended and applied to European chil-
dren with myopia,9,10 given the variation in behavioural, 
environmental, epidemiological and genetic differences 
between children in Asian countries and Europe.11

This trial analysed the efficacy of CARE lenses (MyoCare®) 
in a randomised, parallel-group, double-masked, multi-
centre clinical trial involving European children with my-
opia. The objective was to determine the rate of myopia 
progression in terms of the change in spherical equivalent 
refractive error (SE) and axial length (AL) in European chil-
dren wearing CARE myopia control spectacles when com-
pared with single-vision spectacle lenses.

MATE R IAL S AN D M ETHO DS

European myopic children aged 6–13 years were enrolled 
in a prospective, multicentre, randomised, double-blind 
controlled clinical trial. The multicentre trial involved 
six ophthalmology clinics across five cities in Spain and 
Portugal: Novovision (Madrid, Spain), ICQO (Bilbao, Spain), 
CPO (Lisbon, Portugal), Miranza (Seville, Spain), Novovision 
(Murcia, Spain) and IMO (Madrid, Spain). Ethical approval 
for the trial was obtained from the Hospital Clínico San 
Carlos Ethics Committee (June 2022, Approval code 
22/384-EC_P) and the clinical trial was registered at clini​
caltr​ials.​gov (NCT05919654). All trial procedures adhered to 
the tenets of the Declaration of Helsinki for experimenta-
tion on humans. Before conducting any study procedures, 
written informed consent was obtained from all parents 
or legal guardians prior to randomisation and written as-
sent was obtained from children 12 years of age or older. 
The parents/guardians also agreed for the child to wear the 
spectacles during the whole day, without removal for near 
tasks.

Inclusion criteria were European children 6–13 years of 
age, best-corrected monocular and binocular visual acuity 
(BCVA) of 0.00 logMAR or better, cycloplegic SE between 
−0.75 D and −5.00 D in both eyes, astigmatism of −1.50 D 
or less, anisometropia of 1.00 D or less. Additionally, chil-
dren should have had myopia progression of at least 0.50 D 
in the year preceding enrolment in the trial. Children were 
excluded from the trial if there was ocular pathology, a his-
tory of eye surgery, any previous myopia control treatment, 
contraindications for using cycloplegic or anaesthetic eye 
drops or any other drug allergies.

Trial intervention

A total of 318 children were found to be eligible. After screen-
ing, 234 were included and randomly assigned either to the 
intervention or control groups. Children in the control group 

Key points

•	 This is the first trial from a European population 
confirming that spectacle lenses with cylinder 
annular refractive elements slow myopia when 
compared with single vision lenses.

•	 The impact on vision when looking through the 
treatment zone of lenses with cylinder annular 
refractive elements was minimal.

•	 Lenses with cylinder annular refractive elements 
may serve as an effective method to reduce the 
risk of fast myopic progression and future risks 
associated with higher levels of myopia.
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wore single vision lenses (ClearView, ZEISS Vision Care, zeiss.​
com) (SVL) while children in the intervention group wore 
CARE lenses (Zeiss MyoCare®, ZEISS Vision Care, zeiss.​com). 
The CARE lens design features two main components: (a) a 
central circular zone with a diameter of 7 mm that corrects 
the distance refractive error and (b) a treatment zone that 
surrounds this central area and extends to the edge of the 
lens. This treatment zone includes cylindrical annular refrac-
tive elements (CARE) alternating with zones that correct for 
the distance refractive error. The cylindrical microstructures 
have a nominal power of +9.2 D, resulting in an average ad-
ditional surface power of +4.6 D.12 Figure 1 shows a sche-
matic illustration of the CARE spectacle lens.

Trial procedures

Children enrolled in the trial were randomised to wear ei-
ther CARE spectacle lenses or SVL. They were examined at 
baseline, dispensing, 3 months, 6 months and thereafter at 
6-monthly intervals. At baseline, children underwent visual 
acuity (VA) assessment, cycloplegic autorefraction and AL 
measurement. At the dispensing visit, measurement of dis-
tance VA with the allocated lenses was conducted for cen-
tral and peripheral (20°) vision using the Freiburg Acuity 
Test (micha​elbach.​de/​fract/​​). Additionally, questionnaires on 
wearability were administered. A telephone questionnaire 
was conducted at 1 week and 3 months; AL measurements, 
central and peripheral VA and wearability assessments were 
conducted. Thereafter, children were examined at 6-monthly 
intervals. A detailed description of the study procedures has 

been provided elsewhere.13 At each visit, both uncorrected 
and best-corrected VA was measured monocularly and bin-
ocularly using Early Treatment of Diabetic Retinopathy Study 
(ETDRS) charts. Wearability questionnaires consisted of a 
series of questions that children, with the assistance of their 
parents, were asked to rate on a Likert scale from 1 to 10. The 
questions related to their distance vision, near vision, vision 
while walking or doing sports and vision when going up and 
down stairs. Additionally, they were asked to rate their visual 
experience at the end of the day.

One week after the dispensing visit, participants were 
asked about the time it took to adapt to the lenses. They 
were given four options, namely: (a) <3 h, (b) 1 day, (c) 
3 days or (d) I have not yet adapted.

The primary outcome measures were the change in 
cycloplegic SE and AL after 6 months. Cycloplegic SE 
was measured using a wavefront-based autorefractor (i. 
Profiler; Carl Zeiss Vision, zeiss.​com). Children were cyclo-
pleged using two drops of 1% tropicamide, administered 
5 min apart, and measurements were taken 30 min after 
the first drop of tropicamide was instilled. An average of 
three measurements was considered as the final value. 
Axial length was calculated as the mean of five measure-
ments obtained using the biometer IOLMaster 700 (Carl 
Zeiss Meditec AG, Jena, zeiss.​com).

Sample size and statistical analysis

The sample size was calculated based on a mean annual 
progression of 0.50 D in this population with the SVL 

F I G U R E  1   Schematic illustration of the features in the cylindrical annular refractive elements (CARE) spectacle lens.
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(control group),14,15 and a 50% reduction in myopia 
progression with CARE at a significance level of 5% and 
statistical power of 80%. Given a standard deviation for the 
refractive error progression of 0.65 D,14,15 it was determined 
that a sample size of 106 participants per group would be 
necessary, resulting in a total of 212 participants for the 
study. Considering 10% potential dropouts, a total of 234 
children were enrolled in the clinical trial.

Descriptive statistics were used to summarise the base-
line characteristics of the study population such as age 
and gender, as well as the AL and SE at baseline and after 
12 months. Continuous variables were presented as means 
and standard deviations, or medians and interquartile 
ranges [Q1, Q3] if the variable did not follow a normal distri-
bution, as determined by the Shapiro–Wilk test. Categorical 
variables were presented as frequencies and percentages. 
Baseline characteristics of the children in the two groups 
were compared using either independent t-tests or Mann–
Whitney U-tests for continuous variables that did or did not 
follow a normal distribution, respectively, with chi-squared 
tests being used for categorical variables.

The primary outcome of the trial was the change in AL 
and SE during the first 12 months of intervention (interim 
analysis). Generalised linear models (GLM) were employed 
to estimate changes in SE and AL from baseline, adjusted 
for lens type (CARE or SVL), qualitative variables such as sex, 
testing site and parental myopia (zero, one or two myopic 
parents). Additionally, quantitative variables included age 
and baseline SE or AL at the time of inclusion in the study.

No data imputation was performed; the models were 
built using data from children without missing values for 
any of the model variables. Adjusted values (obtained from 
the GLMs) of the SE and AL change at 12 months were com-
pared between the two study groups (using independent 
t-tests) to determine the efficacy of the treatment lenses. 
A significance level of 5% was used for all statistical tests.

To identify factors affecting fast myopia progression 
(defined as a spherical equivalent (SE) progression ex-
ceeding −0.50 D after 12 months as well as AL elongation 
>0.20 mm), univariate and multivariate binary logistic re-
gression models were conducted. Factors considered in-
clude the trial groups, categorical variables such as gender 
and parental myopia as well as continuous variables such 
as age, SE, baseline AL and reported age of myopia onset. 
To evaluate the strength and direction of association, the 
adjusted odds ratio (OR) for rapid progression and its 95% 
confidence interval were calculated for each associated 
factor. Analyses were conducted using the STATA v.17 soft-
ware package (stata.​com).

R ESULTS

A total of 234 children were enrolled in the trial and ran-
domised to either SVL or CARE lenses. Of these, 226 chil-
dren completed the 12-month visit (117 and 109 wearing 
the SVL and CARE lenses, respectively).

Figure  2 presents the participant flow during the first 
12 months. Eight subjects failed to complete the study. 
Of these, six were wearing CARE lenses (four participants 
were lost to follow up and two participants were lost due 
to non-adaptation to the spectacles). The remaining two 
discontinued subjects wore SVL (one participant was lost 
to follow up and the other moved to another country).

Table 1 presents the baseline characteristics. The mean 
age of the children enrolled in the trial was 10.0 ± 1.9 years 
and there were no significant differences between the 
groups for any of the baseline characteristics. Mean baseline 
cycloplegic SE was −2.12 ± 0.94 D with SVL and −2.28 ± 0.94 
D with CARE, and baseline AL was 24.17 ± 0.75 mm with 
SVL and 24.34 ± 0.68 mm with CARE (p = 0.12 and 0.07, re-
spectively). There were more females than males across 
both groups and the majority of children had one or both 
parents myopic. There were no significant differences be-
tween the groups for sex or parental myopia. Additionally, 
across sites, there were no significant differences in the 
number of children randomised to SVL and CARE groups.

When queried on indoor/outdoor time, 46% of the chil-
dren reported spending <1.6 h per day outdoors and 78% 
reported engaging in near-vision activities for more than 
2 h daily after school. Additionally, 37% of the children re-
ported using digital devices for over 50% of the time during 
near-vision activities.

Efficacy after 6 and 12 months of lens wear: 
Change in spherical equivalent refractive 
error and axial length

The observed change in SE from baseline to 6 months 
was −0.23 ± 0.30 D in the SVL group. In comparison, the 
change in SE was significantly reduced at −0.07 ± 0.34 
D in the CARE group. Similarly, the observed change in 
AL from baseline to 6 months was 0.11 ± 0.10 mm and 
0.02 ± 0.10 mm in the SVL group and CARE group, respec-
tively (Table 2). Overall, the difference between the groups 
was significant (0.16 D difference in SE and −0.09 mm dif-
ference in AL).

The SE progression from baseline to 12 months was 
−0.41 ± 0.41 D and −0.20 ± 0.41 D in the SVL and the CARE 
group, respectively. In terms of AL, the respective change 
from baseline was 0.23 ± 0.15 mm and 0.09 ± 0.14 mm 
(Table 2). Overall, the difference between the groups was 
significant (0.21 D difference in SE and −0.13 mm difference 
in AL).

After adjusting for confounders (lens, age, gender, 
baseline values, testing site and parental myopia), the esti-
mated values for both the 6-month and 12-month visits are 
shown in Figure 3. The mean difference in SE progression 
between the CARE and SVL groups after 12 months of wear 
was 0.21 D (95% confidence interval [CI]: 0.10–0.32 D) and 
for AL was 0.14 mm (95% confidence interval [CI]: −0.17 to 
−0.10 mm) with the CARE wearing eyes showing slower my-
opic progression.

http://stata.com
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Wearability and vision between groups

Table 3 summarises the subjective responses to various as-
pects of lens wear, collected 1-week post dispensing and 
after 3 months of wear.

At the 1-week visit, children wearing SVL reported higher 
ratings for distance vision, near vision, vision while going 
up and down stairs and for overall vision, and significant 
differences with the CARE lens were observed. However, at 
the 3-month visit, there were no significant differences in 
the subjective ratings between the two lenses, except for 
near vision.

When queried about the time taken to adapt to the 
lenses, significant differences were observed between the 
two groups. Considering the SVL group, 53.8% of children 
reported adapting in less than 3 h, 30.8% within 1 day, 14.5% 

took 3 days, while only 0.9% had not adapted after 1 week. 
In comparison, the time to adaptation was greater with the 
CARE group, with only 15.7% of children reporting having 
adapted in 3 h, 28.7% within 1 day, 38.9% required 3 days and 
16.7% had not adapted at the 1-week visit (p < 0.01).

Regarding VA, at the dispensing visit, VA was signifi-
cantly different between groups. However, these differ-
ences were not clinically relevant when children looked 
through the clear zone. The mean values for distance VA 
were −0.00 ± 0.04 and 0.02 ± 0.06 (p < 0.01) for the SVL 
and CARE lenses, respectively. No significant differences 
were observed for near VA, with values of 0.01 ± 0.06 
and 0.01 ± 0.04 for the SVL and CARE lenses, respectively 
(p = 0.12). The differences between groups when children 
looked through the treatment zone were significant, and 
some were also clinically relevant. When looking through 

F I G U R E  2   Study Flowchart. CARE, cylindrical annular refractive elements spectacle lens; SVL, single vision lens; t, time.
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(n=115) 
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(N=119)

t = 0
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Visual Acuity (n=118)
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the nasal zone, VA was 0.01 ± 0.05 with SVL and 0.10 ± 0.08 
with CARE (p < 0.01). Looking through the temporal zone, 
the reported VA was 0.01 ± 0.05 and 0.09 ± 0.07 with SVL 
and CARE, respectively (p < 0.01). At the 3-month visits, 
significant differences were only observed when chil-
dren looked through the treatment zone. For the SVL 
and CARE lenses, the mean values for distance VA were 
−0.01 ± 0.07 and −0.01 ± 0.06, respectively (p = 0.38). 
The respective values for near VA at the 3-month visit 
were 0.01 ± 0.04 and 0.02 ± 0.06 (p = 0.07). With respect 
to peripheral VA for the SVL and CARE lenses, VA was 

0.02 ± 0.07 and 0.12 ± 0.10 through the nasal zone and 
0.02 ± 0.06 and 0.11 ± 0.10 through the temporal zone 
(both p < 0.01), respectively.

Fast progressors over 12 months

With regard to fast progressors (≤−0.50 D progression over 
12 months), there were significant differences between 
the two groups. Among the SVL group, 46 of 117 individu-
als (39.3%) experienced fast progression, compared with 

T A B L E  1   Baseline variables and factors by group.

Total CARE SVL p-Value

No. of eyes 234 115 119

Age (year)

Median [Q1, Q3] 10 [9, 12] 10 [9, 12] 10 [9, 11] 0.07

Gender

Male 103 (44.0%) 51 (44.3%) 52 (43.7%)

Female 131 (56.0%) 64 (55.7%) 67 (56.3%) 0.92

AL (mm)

Mean ± SD 24.26 ± 0.72 24.34 ± 0.68 24.17 ± 0.75 0.07

SE (D)

Median [Q1, Q3] −2.01 [−2.77, −1.47] −2.17 [−2.89, −1.50] −1.90 [−2.58, −1.43] 0.12

Reported age of myopia onset (year)

Median [Q1, Q3] 8 [6, 9] 8 [6, 9] 8 [7, 9] 0.78

Number of myopia parents

One parent 127 (54.5%) 62 (54.4%) 65 (54.6%)

Both parents 57 (24.5%) 28 (24.6%) 29 (24.4%)

None 49 (21.0%) 24 (21.0%) 25 (21.0%) 0.10

Reported outdoor time

High (>2.7 h/day) 35 (15.0%) 16 (14.0%) 19 (16.0%)

Moderate (1.6–2.7 h/day) 90 (38.6%) 46 (40.4%) 44 (37.0%)

Low (<1.6 h/day) 108 (46.4%) 52 (45.6%) 56 (47.0%) 0.84

Reported time in near-vision activities

High (>3 h/day) 82 (35.2%) 42 (36.9%) 40 (33.6%)

Moderate (2–3 h/day) 100 (42.9%) 47 (41.2%) 53 (44.4%)

Low (<2 h/day) 51 (21.9%) 25 (21.9%) 26 (22.0%) 0.85

Reported % of time in near-vision activities with digital devices

High (>50%) 86 (36.9%) 40 (35.1%) 46 (38.6%)

Moderate (25%–50%) 96 (41.2%) 47 (41.2%) 49 (41.2%)

Low (<25%) 51 (21.9%) 27 (23.7%) 24 (20.2%) 0.77

Site

Madrid (Novovisión) 57 (24.4%) 27 (23.5%) 30 (25.2%)

Bilbao (ICQO) 19 (8.1%) 12 (10.4%) 7 (5.9%)

Lisboa (CPO) 34 (14.5%) 11 (9.6%) 23 (19.3%)

Sevilla (Miranza) 31 (13.2%) 15 (13.0%) 16 (13.4%)

Murcia (Novovisión) 50 (21.4%) 27 (23.5%) 23 (19.3%)

Madrid (IMO) 43 (18.4%) 23 (20.0%) 20 (16.8%) 0.29

Abbreviations: AL, axial length; mm: millimetres; CARE, cylindrical annular refractive elements spectacle lens; D, dioptres; SE, spherical equivalent; SVL, single vision lens.
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23 of 109 individuals (21.1%) in the CARE group (p < 0.01). 
Similarly, for fast axial elongation, that is, ≥0.20 mm over 
12 months, there were significant differences with 70 of 117 
SVL participants (59.8%) demonstrating fast axial elonga-
tion as compared with 23 of 108 individuals (21.3%) in the 
CARE group (p < 0.01).

Univariate and multivariate analysis of factors influenc-
ing fast progression indicated baseline SE to be a signifi-
cant predictor of fast progression in the SVL group. Fast 
progressors in the SVL group had a more myopic baseline 
SE than the non-fast progressors (p = 0.02; OR = 0.41; CI 95%: 
0.23, 0.75). On the contrary, fast progressors in the CARE 
group tended to have a less myopic baseline SE than the 
non-fast progressors (p = 0.08; OR = 2.58; CI 95%: 1.21, 5.47).

D ISCUSSIO N

The results from this study are notable as it is the first trial 
to report the effectiveness of a spectacle lens with multi-
ple segments or microstructures for myopia control in a 
European population. The results also confirm the previ-
ous findings of reduced myopia progression with the CARE 
lenses in a Chinese population and indicate that the lens 
is efficacious across ethnicity/race.14 In the current trial, a 
difference in SE of 0.21 D and AL of 0.14 mm was observed 
with CARE lenses compared with SVL. In comparison, in the 
Asian population, the progression differences were 0.31 D 
and 0.13 mm, respectively.16

Other spectacle lenses are available that incorporate 
multiple segments or features across the treatment zone. 
Relevant among those with demonstrated efficacy are 
DIMS, HALs and DOT lenses.17 However, with the exception 
of the DOT lenses where data are available from a mostly 
Caucasian population, the other lenses were primarily 
tested in Asian cohorts.

With respect to the DIMS lens, a trial conducted in Hong 
Kong reported differences in adjusted SE of 0.27 D and AL 
of 0.22 mm between DIMS and SVL, with slower progres-
sion being observed in DIMS wearers.18 A more recent 
randomised double-blind trial conducted in China noted 
that DIMS produced a reduced mean difference in myopia 
progression and axial elongation of 0.28 D and 0.13 mm, 
respectively.19 Additionally, a 1-year observational study 
of DIMS in a European population (65% white) observed 
a 12-month change in SER and AL of −0.36 ± 0.42 D and 
0.18 ± 0.20 mm, respectively, but there was no comparative 
control group.20 The results from the current study appear 
similar, with a difference in myopia progression of 0.21 D 
and axial elongation of 0.13 mm. It should also be noted 
that the myopia progression was slower in the European 
population compared with Asian eyes.21

With regard to HAL spectacle lenses, to date there have 
been no data reporting efficacy of these lenses for a non-
Chinese population. After 1 year of lens wear in a Chinese 
population, the change from baseline in SE (adjusted) with 
HAL and SVL was −0.30 D and −0.79 D, respectively. The T
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adjusted AL change was 0.14 mm with HAL, compared with 
a 0.35 mm change in the SVL group.22

With DOT lenses following 12 months of lens wear, the 
adjusted SE change was −0.14 D, compared with an SVL 
change of −0.54 D. The adjusted AL change with DOT and 
SVL was 0.15 mm and 0.30 mm, respectively.23 This study 
was conducted across 14 sites in North America, and the 
sample comprised 74% Caucasians, 19% African American 
and 7% of other ethnicities. The data observed with DOT 
lenses appear similar to that observed with CARE lenses, 
especially with respect to the AL difference between DOT 
and SVL.

Considering the cylindrical annular refractive ele-
ments, light along the power meridian is brought to a 
focus as a line image perpendicular to the meridian in 

front of the retina, whereas light along the axis meridian 
falls at or near the retinal plane. It is considered that the 
myopic defocus imposed by the rays focusing in front 
of the retina is responsible for slowing myopia progres-
sion, which is similar to the concept proposed for other 
lenses with defocus incorporated features such as DIMS 
or HAL.24,25

Despite these design principles, the precise mechanism 
by which myopia-control spectacle lenses slow myopia 
progression remains unclear. In a study conducted in Asia, 
two CARE lenses with varying power were assessed. While 
there were some differences between the groups having 
the CARE elements, with the 9.2 D power being more ef-
ficacious than the 7.6 D version, the differences were not 
significant.16 However, in contrast to these results observed 

F I G U R E  3   (a) Spherical equivalent refractive error progression over time; (b) Axial length progression over time. Study lens: Cylindrical annular 
refractive elements spectacle lens (MyoCare); Control, single vision lens (SVL).
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with CARE lenses, a previous trial comparing HAL lenslets 
with slightly aspherical lenslets (SAL) found HAL to be 
more efficacious.22 It is also of interest to observe that the 
effective power of the annular elements would be much 
higher at the pupil plane (approximately 10.5 D or greater) 
depending on the distance from the spectacle plane to the 
pupil plane. Therefore, it remains to be confirmed whether 
the power of the defocusing features plays a role. However, 
in a recent study, Schaeffel and Swiatczak reported that the 
image degradation produced by DIMS, HAL or CARE spec-
tacle lenses was similar and only around 0.5 D.26 Further 
investigations27–29 have indicated that CARE lenses can ei-
ther enhance or diminish contrast depending on the spa-
tial frequency and eccentricity.28 Gawne et al. reported that 
both CARE and other lenses may exhibit spatial frequency 
filtering properties, with CARE lenses reducing high spatial 
frequencies.30 The precise mechanism underlying these 
lenses should be explored further.

When considering myopia management options, it is 
essential to look beyond efficacy alone, and include other 
aspects such as safety, vision quality and comfort. Of the 
various myopia control options, spectacle lenses are con-
sidered to be the safest choice, with no significant differ-
ences between the various designs.31 The results with the 
CARE lens indicated no decrement in VA when looking 
through the central zone, although when viewing through 
the periphery, a decrease in VA of 0.10 and 0.09 logMAR 
was found when looking through the nasal and temporal 
zones, respectively. Regarding this reduction in peripheral 
VA, it is speculated that the blur from the annuli may re-
duce contrast. This effect is similar to that observed with 
DIMS lenses, where the induced blur can lead to a decrease 
in contrast sensitivity.32 Subjective responses to lens wear 
were good, with most children reporting adaptation within 
3 days.

Similar results have been reported for other myopia 
control spectacles. For example, with DIMS, central VA 
was not affected when compared to SVL; however, mid-
peripheral near VA decreased by approximately 0.06 log-
MAR.32,33 Similar values of best-corrected VA were found 
with HAL lenses and SVL. Furthermore, 90% of children 
adapted to HAL within 3 days, compared with 100% of 
SVL wearers.22 Viewing through the peripheral treatment 
zone of DOT lenses did not produce a significant impact 
on distance or near high-contrast VA. However, for low-
contrast measures, all lenses reduced distance and near 
VA.34

In addition, it was noted in the present study that CARE 
lenses significantly reduced the prevalence of fast progres-
sors, with only 20% of children experiencing fast progres-
sion of their myopia in the CARE group compared with 60% 
in the SVL group. A more myopic baseline SE was associated 
with faster myopia progression in the SVL wearers, but not 
in the CARE group. Based on these results, it appears that 
CARE may serve as an effective method of reducing the risk 
of fast progression, while minimising the associated risks in 
adulthood.T
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The current trial suffered from some limitations. 
Although it was conducted on a double-blind basis, with 
most parents and investigators unaware of the lens assign-
ment, it was possible to deduce the nature of the lens as 
the features of the CARE lens are visible when the lens is 
viewed obliquely or with back-lit illumination. However, 
the investigators remained blinded as children were re-
quired to attend their follow-up visits without their glasses. 
To ensure the blinding of investigators, VA measurements 
were performed by eye care professionals at locations 
where the lenses were cut, edged and fitted.

In conclusion, CARE lenses were shown to be effective in 
slowing the progression of myopia in a European popula-
tion, with a slower change in SE and axial elongation com-
pared with those wearing SVL. However, it is important to 
note that the effect was not uniform across all participants. 
It is likely that some participants may have experienced 
greater benefit than others. The study will continue to 
monitor the children for up to 3 years of lens wear to pro-
vide a more comprehensive evaluation of the long-term 
efficacy of CARE spectacle lens in myopia management.
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