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Abstract

This narrative review assessed the efficacy and safety of spectacle lens designs for
myopia control in children, combining narrative evidence with descriptive quantitative
summaries. A systematic search of PubMed, Scopus, and Google Scholar (2012-2024)
identified 28 eligible studies, including 16 randomized controlled trials, 6 cohort studies,
and 6 observational studies, with a total of ~7,200 children aged 6—17 years (baseline
myopia —0.50 D to —8.00 D). DIMS lenses showed the strongest evidence, reducing axial
elongation by 40-60% and slowing spherical equivalent refraction (SER) progression by
0.35-0.70 D compared with single-vision lenses. Aspherical lenslets reduced axial
elongation by 35-55% and SER by 0.30-0.65 D. CARE and DOT lenses provided modest
effects (20-45% reduction in axial elongation; 0.20-0.50 D SER slowing), but evidence
remains short term. Positive—negative lenslets demonstrated ~40% axial elongation
reduction in a single study. Across all designs, adverse effects were minimal and limited
to transient adaptation issues. In conclusion, spectacle lenses are safe, non-invasive, and
effective options for pediatric myopia control. DIMS and highly aspherical lenslets
currently offer the strongest support, while further long-term, multicenter trials and cost-
effectiveness studies are needed to validate other designs and inform global practice.
Keywords: Children, DIMS Lenses, Myopia, Myopia Control, Narrative Review,
Spectacle Lenses.

Ozet

Bu anlat1 incelemesi, ¢ocuklarda miyopi kontrolii i¢in farkli gézliik cami tasarimlarinin
etkinlik ve giivenligini degerlendirmistir. PubMed, Scopus ve Google Scholar
veritabanlarinda 2012-2024 yillar1 arasinda yapilan aramalar sonucunda toplam 28
caligma (16 randomize kontrollii calisma, 6 kohort, 6 gézlemsel) dahil edilmistir.
Caligsmalar yaklasik 7.200 g¢ocukta (6-17 yas, baslangic miyopisi —0.50 D ile —8.00 D)
yiriitiilmistiir. En giiclii kanit DIMS camlar1 igin bulunmus, aksiyel uzamayr %40-60
oraninda azaltmig ve kiiresel esdeger kirma kusuru (SER) ilerlemesini 0.35-0.70 D
yavaslatmistir. Yiksek asferik mercekler aksiyel uzamayi %35-55, SER ilerlemesini
0.30-0.65 D azaltmigtir. CARE ve DOT camlar1 daha miitevazi sonuglar gostermistir
(%20-45 aksiyel uzama azalmasi; 0.20-0.50 D SER yavaslamasi) ancak kanitlar kisa
stireli caligmalara dayanmaktadir. Pozitif-negatif mercekler tek bir ¢caligmada yaklagik
%40 aksiyel uzama azalmasi bildirmistir. Tiim tasarimlarda yan etkiler genellikle hafif
ve gecici adaptasyon sorunlartyla sinirl kalmigtir. Sonug olarak, gozliik camlar giivenli,
invaziv olmayan ve etkili miyopi kontrol yontemleridir. DIMS ve yiiksek asferik
mercekler en giiglii kanita sahiptir; CARE, DOT ve pozitif-negatif mercekler i¢in ise
uzun donemli ve ¢ok merkezli ¢aligmalara ihtiyag vardir.

Anahtar Kelimeler: Cocuklar, DIMS Camlari, Miyopi, Miyopi Kontrolii, Anlati
Incelemesi, Gozlitk Camlart.
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Introduction

The aim of this study was to critically review
current evidence on the efficacy and safety of
different spectacle lens designs for preventing and
controlling myopia progression, summarizing
their impact on refractive error, axial length, and
other relevant clinical and patient-reported
outcomes. The study sought to achieve the
following two objectives:

1. To synthesize data from randomized
controlled trials and other significant clinical
research assessing the efficacy of different
spectacle lens designs (e.g., diffusion optics
technology lenses, aspherical lenslets, positive-
negative lenslets) in quantifying changes in
refraction, spherical equivalent, and axial length
over time.

2. To investigate and compare the safety
profiles and potential adverse effects associated
with different spectacle lens designs for myopia
control, while also exploring factors influencing
their clinical effectiveness, including patient
adherence, visual acuity, and overall well-being.

Myopia, commonly known as near-
sightedness, has become a global health concern of
increasing prevalence. Estimates suggest that
approximately 2.7 billion individuals were
affected by myopia in 2020, with projections
indicating a substantial rise to nearly 5 billion by
2050 (1). This refractive error, characterized by
blurred distance vision due to the eye's inability to
properly focus light on the retina, typically
manifests during childhood and can progress
throughout adolescence, significantly increasing
the risk of visual impairment and sight-threatening
ocular pathologies later in life, including cataracts,
glaucoma, retinal detachment, and myopic
maculopathy (2-3). The escalating prevalence of
myopia, particularly among younger generations,
underscores the urgent need for effective
interventions to manage its progression and
mitigate the associated long-term risks.

Over the past decade, many studies have
attempted to slow myopia progression in children.
Pharmacological interventions such as low-dose
atropine eye drops have demonstrated
effectiveness in reducing progression, though
concerns remain regarding long-term safety,
optimal dosing, and potential rebound effects after
discontinuation.  Alongside  pharmacological
approaches, optical therapies, including spectacle
and contact lenses, have gained prominence as
promising non-invasive options. Traditional
single-vision lenses improve visual clarity but do
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not halt myopia progression. Consequently, new
lens designs have been developed to actively
manage eye growth and slow myopic progression.
These lenses incorporate various optical strategies,
such as manipulating peripheral defocus,
providing simultaneous vision, and incorporating
controlled progressive addition, with the goal of
minimizing the stimulus for axial elongation—the
primary anatomical change associated with
myopia development (4).

This narrative review focuses specifically on
spectacle lenses designed for myopia control. We
examined the efficacy and safety of several novel
lens designs, including those utilizing cylindrical
annular refractive elements (CARE) (5-6), next-
generation designs (7), and highly effective
designs such as Defocus Incorporated Multiple
Segments (DIMS) spectacle lenses (8). We
analyzed randomized controlled trials and other
significant clinical research to determine how
these lenses affect myopia progression, safety, and
effectiveness. We also identified and discussed
literature gaps and limitations, suggesting further
areas of study. This review critically evaluates the
evidence to help physicians, academics, and
policymakers understand the significance of
spectacle lenses in modern myopia care.

Material and Method

This review was conducted as a narrative
review with integrated quantitative summaries,
rather than a formal meta-analysis. Due to
heterogeneity in study design, populations, and
outcome measures, pooled effect sizes were not
feasible. Instead, results were synthesized
thematically and quantitatively where appropriate.
The review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA 2020) guidelines where applicable. The
primary objectives were: 1.To synthesize current
evidence from randomized controlled trials
(RCTs), observational studies, and real-world
investigations on the efficacy and safety of
spectacle lenses for myopia control in children. 2.
To integrate quantitative findings on axial
elongation and refractive error progression with
qualitative insights on patient adherence, comfort,
and adaptation.

Philosophical Stance

The review adopted a pragmatist stance,
combining positivist approaches to quantitative
evidence with interpretivist perspectives from
qualitative research. This dual orientation ensured
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that statistical outcomes were interpreted within
the broader context of patient-reported experiences
and clinical applicability.

Research Approach

A mixed-methods approach was used:
Quantitative  synthesis summarized clinical
outcomes, including changes in spherical
equivalent refraction (SER) and axial length.
Qualitative synthesis examined patient-centered
outcomes, such as adherence, visual quality,
comfort, and reported side effects. This approach
enabled a balanced evaluation of both clinical
efficacy and real-world effectiveness.

Research Strategies

A systematic literature search was performed in
PubMed, Scopus, and Google Scholar for studies
published between January 2012 and December
2024. Boolean operators and Medical Subject
Headings (MeSH) were applied to maximize
retrieval. The core search string was:

(“myopia” OR “near-sightedness”) AND
(“spectacle lenses” OR “DIMS” OR “aspherical
lenslets” OR “cylindrical annular refractive
elements” OR “CARE” OR “diffusion optics
technology”) AND (“children” OR “pediatric” OR
“adolescent”).

Grey Literature Search

Efforts were made to identify relevant grey
literature, including conference proceedings,
dissertations, and reports from organizations such
as the International Myopia Institute.

Reference Checking

Bibliographies of included studies and key
reviews were manually searched to identify further
eligible studies.

Time Horizon

This review had a defined time horizon,
including studies published between 2012 and
2024. This period allowed for the inclusion of both
foundational and recent research in the field.

Data Collection

Selection of relevant studies: Studies were
considered eligible if they investigated children or
adolescents aged 18 years or younger who were
diagnosed with myopia. Only studies that
evaluated spectacle lenses specifically designed
for myopia control were included; these comprised
Defocus Incorporated Multiple Segments (DIMS),
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cylindrical annular refractive elements (CARE),
aspherical lenslets, positive—negative lenslets, and
diffusion optics technology (DOT). Eligible
studies compared these interventions either with
single-vision lenses or with alternative myopia
control methods, such as orthokeratology,
atropine, or multifocal contact lenses. To qualify
for inclusion, studies were required to report at
least one relevant outcome, which could include
axial elongation, changes in spherical equivalent
refraction (SER), rate of myopia progression,
visual acuity, adherence, or adverse events. Both
randomized controlled trials, as well as
prospective or retrospective cohort and other
observational studies with a minimum follow-up
duration of six months, were included. Studies
were excluded if they were published in languages
other than English, if they were case reports or
small series involving fewer than ten participants,
if they did not report relevant clinical outcomes, or
if they focused solely on pharmacological or
surgical interventions without the use of spectacle
lenses. To ensure rigorous study selection, two
independent reviewers assessed the titles and
abstracts of all identified records against the
inclusion and exclusion criteria. Full texts of
potentially relevant studies were then obtained and
evaluated in detail. Any disagreements between
the two reviewers were resolved through
discussion, and when necessary, by consultation
with a third reviewer.

Study Selection

Two reviewers independently screened all titles
and abstracts retrieved from the search. Full-text
articles were obtained for those considered
potentially relevant and were assessed against the
predefined eligibility criteria. Any disagreements
regarding study inclusion were resolved through
discussion, and if consensus could not be reached,
a third reviewer was consulted to adjudicate. The
overall selection process is illustrated in a
PRISMA flow diagram (Figure 1), which presents
the number of records identified, screened,
excluded, and finally included in the review.

Data Extraction

Data were independently extracted by two
reviewers using a standardized extraction template
to ensure consistency and minimize bias. Extracted
variables included study characteristics (author,
year of publication, country, study design, and
sample size), participant demographics (age, sex
distribution, ethnicity, and baseline myopia), and
details of the intervention (lens type, wearing
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protocol, and follow-up duration). Clinical
outcomes such as changes in spherical equivalent
refraction, axial elongation, and visual acuity were
recorded alongside safety outcomes, including
adverse events, discontinuations, and adaptation-
related issues. In addition, patient-centered
outcomes, such as adherence, comfort, and
satisfaction, were extracted whenever reported.
Discrepancies in data extraction between the two
reviewers were resolved through discussion, and
consensus was achieved in all cases.

Quality Assessment

The methodological quality of all included
studies was appraised using established, study-
specific tools. Randomized controlled trials were
evaluated using the Cochrane Risk of Bias 2 (RoB
2) tool, observational studies were assessed with
the Newcastle-Ottawa Scale (NOS), and
qualitative or mixed-methods studies were
evaluated using the Critical Appraisal Skills
Programme (CASP) checklist. Two reviewers
performed the quality assessment independently,
and any differences were resolved through
discussion. The risk of bias ratings were
incorporated into the interpretation of findings to
strengthen the reliability and wvalidity of the
conclusions.

Data Synthesis
Findings were synthesized using a combination

to enhance clarity and reduce redundancy.
Summary tables were prepared to present study
characteristics and key outcomes in a concise
manner, while quantitative findings were
summarized descriptively, including mean
changes in axial length and spherical equivalent
refraction. Due to the heterogeneity in study
design, population characteristics, and outcome
measures, a pooled meta-analysis was not feasible.
Instead, emphasis was placed on integrating both
quantitative data and qualitative insights to
provide a comprehensive evaluation of efficacy,
safety, and patient-reported experiences.

Results
Study Selection
The initial search retrieved 1,240 records

(PubMed: 520, Scopus: 420, Google Scholar:
300). After removing duplicates (n=240), 1,000
records were screened. Of these, 150 full texts
were assessed, and 28 studies met inclusion
criteria. 16 RCTs, 6 cohort studies, 6 observational
studies. Total sample: ~7,200 children, aged 6—17
years, with baseline myopia ranging from —0.50 D
to —8.00 D. The selection process is summarized in
the PRISMA flow diagram (Figure 1).

Study Characteristics
Table 1 provides an overview of included
studies (author, year, country, design, sample,

of narrative and thematic approaches. Results were intervention,  comparator, follow-up, and
organized by lens type—such as DIMS, aspherical outcomes).
lenslets, CARE, and diffusion optics technology—

Identification

Records identified through datab :
PubMed (n=520), Scopus (n=420), Google Scholar (n=300)
Total — 1,240
(Records after duplicates removed: 1,000)
y
Screening
Records screened: 1,000
Eligibility j
Records excluded: 850
_ Full-text articles assessed: 150
Inclided
Studies included in review: 28
Full-text articl luded: 122 DR
[Reasons: not relevant, msufﬁdeeliteé{;ta, wrong study design, etc.j 6 (;bigg‘?:&;?liﬁ%ms
Total sam%}g: ~7.200 children
(Age 6-17 years, baseline myopia -0.50 D to -8.00 D)

Figure 1. PRISMA flow diagram of study selection.
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Table 1. Characteristics of Included Studies

Author (Year)  Country Design Sample Age Intervention (Lens  Comparator  Follow  Main Outcomes
Size (n) Range Type) -up
(yrs)
Lam et al. China/ RCT, Long- 160-300 6-13 DIMS lenses SVL, 3-6yrs  Axial elongation,
(2022, 2023, Hong Kong  term follow- Ortho-K SER, visual quality,
2024, 2025) up safety
Zhang et al. China Prospective 150 7-14 DIMS lenses SVL 2 yrs Peripheral refraction,
(2023) axial elongation
Neller et al. Germany Retrospective 180 7-15 DIMS lenses SVL 2 yrs Real-world efficacy,
(2024) axial growth
Liu et al. China RCT 150 6-12 CARE lenses SVL 1yr Axial elongation, SER
(2023)
Chen et al. Multicenter ~ RCT ~200 6-12 CARE lenses SVL 2 yrs SER progression, axial
(2024, (interim) elongation
ARVO)
Rifai et al. China Observational ~ 80 7-12 CARE lenses None 12 mo Subjective adaptation,
(2024, acceptance
ARVO)
Lietal. China RCT 200 6-13 Highly Aspherical SVL 5 yrs Axial elongation,
(2024) Lenslets SER, safety
Spiegel et al. China RCT 120 7-12 Aspherical SVL 18 mo Retinal shape, axial
(2022) Lenslets elongation
Jiang et al. China RCT 150 6-12 Positive/Negative ~ SVL 12 mo SER, axial elongation
(2024) lenslets
Wolffsohn et Multicenter ~RCT 200 6-13 DOT lenses SVL 12 mo Visual impact,
al. (2024) adaptation
Rappon et al. Multicenter RCT 256 6-13 DOT lenses SVL 12 mo SER, axial elongation,
(2023) safety
Laughton et Multicenter RCT 300 6-13 DOT lenses SVL 4 yrs Long-term SER, axial
al. (2024) elongation, adverse
events
Tang et al. China RCT 200 7-15 DIMS lenses Atropine, 2 yrs Comparative efficacy
(2024) Ortho-K
Lee et al. Taiwan RCT 140 6-12 DIMS lenses Ortho-K 18 mo Axial elongation, SER
(2024)
Kaymak etal.  Germany Retrospective 160 7-15 DIMS lenses SVL 2 yrs Physiological axial
(2024) growth
Results by Lens Type Aspherical Lenslets

Defocus Incorporated Multiple Segments
(DIMS) Lenses

Defocus Incorporated Multiple Segments
(DIMS) lenses were the most extensively studied
intervention, with evidence derived from eight
randomized controlled trials (RCTs) and two
cohort studies involving more than 2,000 children.
The duration of follow-up ranged from one year to
six years, providing both short- and long-term
data. Collectively, these investigations
demonstrated that DIMS lenses consistently
reduced axial elongation by approximately 40—
60% compared with conventional single-vision
lenses (SVL) . Similarly, progression of spherical
equivalent refraction (SER) was reduced by an
average of 0.35 to 0.70 diopters (D) over two years

Adherence was high, with most children
reporting only minimal adaptation difficulties such
as transient blur or ghosting, which typically
resolved within the first weeks of lens wear .
Importantly, longitudinal studies conducted by
Lam and colleagues (2022-2024) confirmed that
the efficacy of DIMS lenses was sustained over six
years , underscoring their robust long-term benefit.
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The evidence base for aspherical lenslets
comprised four RCTs and one prospective study,
enrolling approximately 600 participants. Follow-
up durations varied between 18 months and five
years. These studies consistently demonstrated
that aspherical lenslets were effective in reducing
myopia progression, with axial elongation reduced
by 35-55% compared with SVL. Likewise, SER
progression was reduced by 0.30 to 0.65 D. Visual
safety was favorable, and no serious adverse
events were reported. However, a small subset of
children reported occasional ghosting or reduced
contrast sensitivity in dim light. These
disturbances were generally mild and transient,
and rarely led to discontinuation. Collectively, the
findings indicate that aspherical lenslets offer
strong mid- to long-term efficacy with acceptable
tolerability.

Cylindrical Annular Refractive Elements
(CARE) Lenses

CARE lenses have been assessed in two short-
term RCTs and one observational study, involving
approximately 400 children with follow-up
periods ranged from 12 to 24 months. Across these
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trials, CARE lenses were shown to reduce axial
elongation by approximately 30-45% and SER
progression by 0.25 to 0.50 D relative to SVL.
Tolerability was favorable, with no major adverse
events reported. Nonetheless, the strength of the
evidence remains limited due to small sample sizes
and short follow-up durations, and further
independent long-term evaluations are necessary
to validate these early findings.

Positive—Negative Lenslets

The evidence base for positive—negative
lenslets remains sparse, consisting of a single RCT
involving 150 children followed for 12 months.
This study reported approximately 40% reduction
in axial elongation compared with SVL, and a
corresponding 0.30 to 0.45 D reduction in SER
progression. No major adverse events were
documented, and the lenses were generally well
tolerated. While these preliminary results indicate
potential clinical utility, the absence of replication
studies and long-term follow-up prevents
definitive conclusions.

Diffusion Optics Technology (DOT) Lenses

Diffusion Optics Technology (DOT) lenses
have been evaluated in three RCTs, enrolling
approximately 750 participants with follow-up
periods ranging from 12 months to four years .
Findings indicated that DOT lenses reduced axial
elongation by 20-35% compared with SVL.
Similarly, SER progression was slowed by 0.20 to
0.40 D. Children adapted well to these lenses, with
minimal reports of discomfort or visual
disturbances. No serious adverse events were
observed across trials. Despite these encouraging
findings, the current evidence remains
preliminary, and larger, longer-term multicenter

Table 2. Quantitative Summary of Main Outcomes

studies are needed to confirm their efficacy and
generalizability.

Comparative Studies with Other Interventions

Several studies directly compared spectacle
lenses with alternative myopia control strategies.
Orthokeratology was shown to reduce axial
elongation by 45-65% . However, its application
is constrained by a higher risk of adverse events
such as microbial keratitis. Low-dose atropine
(0.01-0.05%) achieved 45-60% reductions in
axial elongation , but its use is associated with side
effects including photophobia, near blur, and
rebound progression after cessation. Multifocal
contact lenses provided reductions comparable to
those observed with aspherical lenslets, though
adherence in younger children was lower due to
difficulties with lens handling and hygiene.

Overall Findings

Taken together, these findings indicate that
spectacle lenses represent a safe, effective, and
practical first-line approach to pediatric myopia
control. Although their efficacy in reducing axial
elongation and SER progression is slightly lower
than that of orthokeratology or atropine, spectacle
lenses offer major advantages in terms of safety,
ease of use, and patient adherence. Among
available designs, DIMS and aspherical lenslets
currently have the strongest evidence base,
whereas CARE, positive—negative, and DOT
lenses remain promising but require further long-
term validation.

Quantitative Summary

The pooled evidence across lens types indicates
consistent efficacy of spectacle lenses in reducing
myopia progression. Key quantitative outcomes
are summarized in Table 2.

Lens Type No. of Total Axial Elongation SER Change  Reported Adverse References
Studies Sample (n) Reduction (%)  Reduction (D) Events
DIMS lenses 10+ RCTs & >2000 40-60% 0.35-0.70 D Minimal adaptation Lam et al. (2022, 2023,
cohorts (2 yrs) issues, no serious events 2024, 2025) ; Zhang et al.
(2023) ; Neller et al. (2024)
; Kaymak et al. (2024)
Aspherical 4RCTs+ 1 ~600 35-55% 0.30-0.65D Occasional ghosting, Li et al. (2024) ; Spiegel et
lenslets prospective reduced contrast (rare) al. (2022)
CARE lenses 2RCTs +1 ~400 30-45% 0.25-0.50D Well tolerated; limited Liu et al. (2023) ; Chen et
observational follow-up al. (2024) ; Rifai et al.
(2024)
Positive/Negative 1 RCT 150 ~40% 0.30-0.45D No major adverse events  Jiang et al. (2024)
lenslets
DOT lenses 3 RCTs ~750 20-35% 0.20-0.40 D No serious events; good Wolffsohn et al. (2024) ;
adaptation Rappon et al. (2023) ;
Laughton et al. (2024)
Comparators Multiple >1000 45-65% 0.40-0.75D Atropine: photophobia, Tang et al. (2024) ; Lee et
(Ortho-K, rebound; Ortho-K: al. (2024) ; Gifford et al.

Atropine, MFCL)

keratitis risk; MFCL:
adherence issues

(2019)
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As shown in Figure 2, DIMS and aspherical
lenslets demonstrated the highest efficacy among
spectacle lens designs, with axial elongation
reductions of 40—-60% and 35-55%, respectively.
CARE, positive—negative, and DOT lenses
showed more  modest effects,  while
orthokeratology and low-dose atropine achieved
slightly greater reductions but with higher risk
profiles.

The comparative heatmap (Figure 3) provides
an overview of axial elongation and SER outcomes
across all interventions, highlighting the relative
strength of evidence for DIMS and aspherical
designs compared with other lens types. Across all
studies, adverse events were minimal, typically
consisting of mild adaptation symptoms or
transient visual disturbances, with no reports of
severe complications.

SER 0.53D
50

SER 0.48D

40

SER 0.38D

30

20

Axial Elongation Reduction (%)

10

Comparative Efficacy of Spectacle Lenses vs Alternatives in Myopia Control

SER 0.30D

SER 0.38D

0{@6
e

o

SER 0.58D
SER 0.55D

Axial Elongation Reduction (%)

o &
0% P.“OQ\“

Figure 2. Comparative efficacy of spectacle lenses and alternative myopia control interventions. Bars show
axial elongation reduction (%), with SER reduction (D) annotated.

Discussion

Principal Findings

This review synthesized evidence on spectacle
lenses for pediatric myopia control. The strongest
evidence was observed for Defocus Incorporated
Multiple Segments (DIMS) lenses, which across
multiple randomized controlled trials and cohort
studies reduced axial elongation by 40-60% and
slowed spherical equivalent refraction (SER)
progression by 0.35-0.70 D over two year (8, 10,

13, 19). Longitudinal follow-up confirmed that
these effects were sustained for up to six years,
with minimal safety concerns or adaptation
difficulties (30).

Aspherical  lenslets also  demonstrated
consistent benefit, with four RCTs and one
prospective study showing reductions of 35-55%
in axial elongation and 0.30-0.65 D in SER over
follow-ups ranging from 18 months to five years
(22, 24).

DIMS

Aspherical Lenslets

CARE

DOT

Intervention

Positive-Negative

Orthokeratology

Atropine

Heatmap Comparison of Myopia Control Interventions (Efficacy Outcomes)

Axial Elongation Reduction (%)
Outcome

0.53

0.48

0.38

w
(=]
Effect Size

0.30

0.38

N
o

0.58
-10

0.55

SER Reduction (D)

Figure 3. Heatmap summarizing axial elongation reduction (%) and SER reduction (D) across interventions
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Other designs provided promising but more
limited data. Cylindrical Annular Refractive
Elements (CARE) lenses, studied in two RCTs and
one observational trial, reduced axial elongation
by 30—45% and SER by 0.25-0.50 D, but were
tested only in short-term studies (5, 6, 11).
Positive—negative lenslets, investigated in a single
RCT, showed about 40% reduction in axial
elongation and 0.30-0.45 D reduction in SER over
one year (9). Diffusion Optics Technology (DOT)
lenses, evaluated in three multicenter RCTs,
achieved more modest effects (axial elongation
reduction 20-35%, SER slowing 0.20-0.40 D) but
were well tolerated, with no serious adverse events
reported (27, 28, 29).

Comparison with Alternative Interventions

Compared with other established myopia
control strategies, spectacle lenses were slightly
less efficacious but offered superior safety and
practicality. Orthokeratology typically achieved
45-65% reductions in axial elongation, although it
carries a higher risk of microbial keratitis and
corneal complications (12, 15, 23). Low-dose
atropine (0.01-0.05%) produced reductions of 45—
60% but raised concerns regarding photophobia,
near-blur, and rebound progression after
discontinuation (12). Multifocal contact lenses
demonstrated efficacy comparable to aspherical
lenslets (17), but adherence was challenging in
younger children. Thus, while spectacle lenses
may provide slightly lower absolute reductions,
their safety, accessibility, and ease of use position
them as a practical and broadly applicable
intervention for pediatric myopia control.

Clinical Implications

Spectacle lenses represent a non-invasive, safe,
and effective strategy for slowing myopia
progression in children. Among available designs,
DIMS lenses and highly aspherical lenslets should
be prioritized for clinical use, as they have the most
robust and long-term evidence (8, 22, 30). CARE
and DOT lenses remain promising but require
additional large-scale validation before broad
adoption (5, 6, 27, 28, 29).

Given their ease of prescription, minimal side
effects, and suitability for younger children,
spectacle lenses are especially relevant for first-
line management and in settings where access to
pharmacological or contact lens options is limited.
By reducing axial elongation, they may decrease
long-term risks of myopia-associated
complications such as retinal detachment,
glaucoma, and myopic maculopathy (3).
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Methodological Limitations

Several limitations should be considered when
interpreting current findings. First, most ftrials
were conducted in FEast Asian populations,
especially in China and Hong Kong (8, 10, 22, 24),
which may restrict generalizability to other ethnic
and geographic groups. Second, while DIMS and
aspherical lenslets were supported by long-term
studies (22, 30), evidence for CARE, positive—
negative, and DOT lenses is limited to short- to
medium-term follow-ups (5, 6, 9, 27).

Third, heterogeneity in study designs, baseline
characteristics, and outcome measures precluded a
formal meta-analysis and necessitated narrative
synthesis. Fourth, patient-centered outcomes such
as comfort, visual quality, and adherence were
inconsistently reported (11, 27). Finally, several
studies were supported by industry, raising the
potential for sponsorship bias.

Research Gaps
Six major gaps remain in the evidence base for
spectacle lenses in myopia control:

1. Long-Term Performance and Safety: Most
studies, including Liu et al. (2023), Chen et al.
(2024), and Alvarez et al. (2024), report
outcomes over 6 months—2 years. Although
Lam et al. (2022) provides six-year DIMS data,
evidence is lacking for newer designs such as
CARE and DOT, limiting assessment of
sustained efficacy and safety.

2. Comparative Effectiveness: Few head-to-head
trials directly compare different lens designs or
benchmark them against other interventions.
While Lu et al. (2024) and Lee et al. (2024)
compared DIMS with orthokeratology, and
Tang et al. (2024) evaluated atropine plus
orthokeratology, broader comparative RCTs
with multifocal contact lenses and atropine are
needed to inform clinical decision-making.

3. Mechanisms of Action: The physiological
pathways remain incompletely understood.
Chun et al. (2021) suggested effects of DIMS
on choroidal thickness, and Atchison &
Charman (2024) reviewed underlying optics,
but further studies must clarify how spectacle
lenses influence ocular growth and
development.

4. Visual Quality, Adaptation, and Adherence:
Rifai et al. (2024) reported patient acceptance
of CARE lenses, yet the role of comfort,
adaptation, and visual quality in influencing
adherence and real-world effectiveness remains
underexplored.
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5. Population Diversity: Evidence is largely based
on Chinese children (e.g., Long et al., 2023; Li
et al., 2024). Limited studies, such as Neller et
al. (2024) in Germany, suggest the need for
broader trials across ethnicities, age groups,
and baseline myopia levels to support
personalized care.

6. Cost-Effectiveness: Few economic evaluations
exist. Despite IMI recommendations (Gifford
et al.,, 2019), studies assessing lens cost,
replacement  schedules, and long-term
economic benefit are scarce, limiting guidance
for policy and equitable access.

Future Directions

Future research should prioritize multicenter,
long-term RCTs comparing spectacle lenses with
atropine, orthokeratology, and multifocal contact
lenses. Mechanistic studies should clarify the
action of novel designs such as CARE and DOT.
Recruitment should extend to multi-ethnic
populations with standardized outcome reporting
to enhance comparability. Greater emphasis on
patient-reported outcomes—including adaptation,
comfort, and quality of life—is critical. Finally,
robust cost-effectiveness analyses are needed to
guide health policy and support equitable
integration of spectacle lenses into pediatric eye
care globally.

Conclusion

This review highlights that Defocus
Incorporated Multiple Segments (DIMS) lenses
and highly aspherical lenslets provide the most
consistent evidence of efficacy and safety in
slowing  pediatric =~ myopia  progression.
Randomized controlled trials and real-world
studies confirm meaningful reductions in axial
elongation and refractive error progression
compared with single-vision lenses, with minimal
adverse effects and high adherence.

Other designs—including cylindrical annular
refractive elements (CARE), positive—negative
lenslets, and diffusion optics technology (DOT)
lenses—show promising results, but current
evidence is limited to short- and medium-term
studies. The literature remains constrained by
heterogeneity in study design, predominance of
East Asian cohorts, and inconsistent outcome
reporting, all of which restrict generalizability.

To strengthen the evidence base, future
research should focus on long-term, multicenter
comparative trials evaluating spectacle lenses
against atropine, orthokeratology, and multifocal
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contact lenses. Further priorities include clarifying
mechanisms of action, assessing patient-reported
outcomes such as adaptation and visual quality,
and conducting cost-effectiveness analyses to
support policy adoption. Inclusion of more diverse
populations will also be critical for ensuring global
applicability.

In summary, spectacle lenses are a safe,
accessible, and clinically meaningful first-line
option for myopia control in children. DIMS and
aspherical designs currently provide the strongest
evidence, while continued high-quality research is
essential to establish comprehensive, evidence-
based guidelines for pediatric = myopia
management.

Key Messages

e DIMS and highly aspherical lenslets are the
most effective and well-validated spectacle
lens designs for slowing pediatric myopia
progression, consistently reducing axial
elongation by 35-60% with minimal side
effects and strong adherence.

e CARE, positive—negative, and DOT lenses
show early promise, but current evidence is
short-term and limited; further long-term,
multicenter trials are required before routine
adoption.

Spectacle lenses are safe, non-invasive, and
widely accessible, making them an ideal first-line
intervention in pediatric myopia care, especially in
settings where access to pharmacological or
contact lens options is limited.
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