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Purpose: To identify factors influencing good adherence when using different myopia management solutions, including low-dose
atropine, defocus spectacle lenses (DIMS), defocus contact lenses, photobiomodulation with low-intensity red light, and combined
approaches.

Design: Retrospective, observational, single-center chart review.

Patients and Methods: This single center retrospective study analyzed clinical and demographic data of myopic patients younger than 17
years. Exclusion criteria were presence of systemic and ocular pathologies, significant refractive (other than myopia) or binocular vision
disorders, and follow-up less than 6 months. Data on age, sex, cycloplegic refraction, myopic progression, type of myopia control treatment,
and patient-reported adherence to treatment (categorized as good, fair, poor) was obtained from the medical charts.

Results: We analyzed 177 Caucasian pediatric patients (49.2% female; mean age 11.1 + 2.78 years); 84.2% reported good adherence
to treatment, 6.8% reported moderate adherence, and 9.0% reported poor adherence. In multivariate logistic regression analysis, DIMS
spectacle lenses showed the strongest association with adherence (OR = 21.17, p = 0.003), followed by the combined use of DIMS
spectacle lenses and atropine (OR = 4.02, p = 0.038). Higher myopia progression in spherical equivalent (SE) (OR = 0.31, p = 0.002),
and older age (OR 0.78, p = 0.05) were significantly associated with lower adherence.

Conclusion: These findings suggest that younger age and lower myopia progression are associated with better adherence to treatment.
Among treatment options, DIMS spectacle lenses alone or combined with atropine, were the strongest predictors of adherence, while
other approaches showed no significant associations. This favors optical-based strategies when adherence is a concern and calls for
enhanced counseling strategies in adolescents.

Plain Language Summary:

® Several treatments aim to control myopia progression in children, but they only work if adherence is correctly followed over time.
We wanted to learn which options are easier to stick with and which factors influence day-to-day use.

® This study reviewed records from one Milan hospital for myopic children who used at least one option for myopia control for >6
months: low-dose atropine, defocus spectacle lenses, myopia-control soft contact lenses, low-level red-light therapy, or combina-
tions. During last visit, children and families reported how consistently they used the treatment.

® QOverall, 84% reported good adherence (> 75%). The highest adherence was seen with defocus spectacles (95.7%) and defocus soft
contact lenses (95.0%), followed by defocus glasses + atropine (90.5%) and defocus glasses + contact lenses (81.0%); in contrast,
atropine alone (66.7%) and red-light therapy (40.0%) showed lower adherence.

Older adolescents struggled more, whereas lower myopia progression was linked to better adherence.

® [n everyday practice, optical options — especially defocus glasses, alone or with atropine — may be the most practical choices when
sticking with treatment is a concern. Simple routines and tailored counselling are particularly important for adolescents to support
long-term, everyday use. Our findings come from one center and rely on self-reports, so results may not apply to all settings.
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Introduction
Myopia is the most common refractive error, with prevalence ranging from ~25% in children and adolescents in Western
Countries' to over 90% in Taiwan university students.® Its incidence, progressively increasing worldwide, is reaching
epidemic proportions.> A systematic review and meta-analysis with projection modeling estimated that by 2050, half of
the world’s population (4.8 billion people) will be myopic, and of these, approximately 1 billion people will have high
myopia.* Myopia and high myopia are associated, with increased ocular morbidity,” higher rate of visual impairment,”
relevant individual and societal economic burden,®’ and decreased quality of life.®

Pharmacological, optical, and environmental strategies for management of myopic progression are increasingly
supported by a growing body of literature.”'° These include low-dose atropine,''"'> defocus spectacle lenses (eg

13:14 orthokeratology,'>'® defocus contact lenses,'”'®

Defocus Incorporated Multiple Segments), photo biomodulation
with low-intensity red light.'>** To understand the clinical benefit of these myopia management solutions, myopia
control treatments need to be adopted for several years until myopia is stable Consequently, long-term adherence emerges
as the key determinant of effectiveness in routine practice. However, treatment nonadherence is a significant public
health concern in patients with chronic conditions, especially in pediatric populations, with nonadherence rates reported
to be around 50% of children®' and 65-90% of adolescents.?

At present, little is known about treatment adherence in myopia control, with limited and heterogeneous data on
spectacles, contact lens, and pharmacological interventions. Adherence is frequently cited but seldom predefined as an
outcome, and is typically assessed indirectly (eg, discontinuation, hours worn). A recent Cochrane living systematic
review and meta-analysis® found quantitative data on adherence to myopia control treatment in 25 randomized clinical
trials and reported percentages of always or mostly- compliant ranging from 72% to 97% for spectacles, from 31% to
100% for contact lens, and from 79% to 99% for pharmacological interventions.

Existing adherence studies are largely trial-based, heterogeneous, and short-term, with limited real-world
pediatric evidence and scarce objective measurement. We designed a retrospective study in a pediatric myopic
population with a primary aim of comparing adherence of different myopia control strategies and investigating
factors affecting patients’ adherence in a real-life setting, providing complementary estimates and practice-level
barriers not captured in trials, where adherence is often inflated by protocolized follow-up, eligibility restrictions,

and close monitoring.

Materials and Methods

Study Design

A retrospective chart review was conducted to analyze adherence to myopia control treatments among pediatric patients.
This study was conducted in accordance with the ethical standards in the 1964 Declaration of Helsinki and its subsequent
amendments. At the time of their visits, patients (or their legal guardians) provided consent for the use of their
anonymized clinical data for research purposes. Given the retrospective nature of the study and the use of anonymized
data, additional informed consent was not required. The study protocol was approved by the Human Subjects Ethics
Committee of the University of Milan. Electronic records from University Eye Clinic, San Giuseppe Hospital of Milan
were reviewed, after approval, for Caucasian children aged between 4 and 17 years, with myopia in at least one eye
(defined as cycloplegic spherical equivalent (SE) <-0.5 diopters (D),%* who had completed at least 6 months of follow-up,
with their most recent visit occurring between 01/01/2024 and 01/06/2024. No maximum treatment duration was
prespecified.

Exclusion criteria included presence of ocular diseases, astigmatism >3.00 D, anisometropia >3.00D, amblyopia,
strabismus and binocular vision abnormalities, systemic or genetic diseases, cognitive disabilities (meaning difficulty in
understanding or cooperating) and allergy to cycloplegic drugs.

Prior to commencing myopia control, all patients attending the University Eye Clinic undergo a full baseline
ophthalmological assessment including symptoms and history, visual acuity with their current spectacles (if any are

worn), orthoptic testing, refraction (including cycloplegic autorefraction) and dilated fundoscopy.
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Population

Parents and/or carers of suitable patients were provided with verbal information on myopia control options including low
dose atropine, myopia control spectacles, defocus contact lenses, red light treatment and combination treatment (myopia
control spectacles and atropine or myopia control spectacles and contact lenses). Counseling covered indications and
expected benefits, risks/side effects, wear or dosing targets, handling/safety, and the follow-up schedule. Education was
delivered as usual care and was not protocolized or recorded verbatim for this study. Options are discussed with patients,
parents/carers and clinicians based on the patient’s age, history of myopia progression and previous history of myopia
management. Patients and their parents/carers made an informed choice for their preferred myopia control method or opt
for their children to continue wearing single vision lenses. Their choice of myopia control treatment determined which
group they were assigned to. At initiation, families received pragmatic, modality-specific schedules covering dosing/wear
targets and follow-up. Recommendations were: 1 drop in each eye nightly (7/7 nights) for low dose atropine; full-time
wear during waking hours for myopia-control defocus spectacles and/or soft contact lenses; two 3-minute sessions/day on
5 days/week for red-light therapy. For children prescribed both defocus spectacles and soft contact lenses, daily
adherence was defined using a single combined item: the day counted as adherent if either modality was worn for the
recommended waking hours (no summation/double counting). Routine recommended follow-up was annual for all
modalities. Red-light therapy followed a different schedule with visits at 1 week, 1 month, 3 months, and 6 months,
then every 6 months thereafter, as suggested by the manufacturer. For comparability with other modalities, adherence for
red-light therapy was analyzed at the 6-month visit; interim reviews were arranged as clinically indicated (eg, accelerated
progression, side-effects, fitting/handling issues).

Data Collection

Data collected included baseline age, sex, family history of myopia, baseline cycloplegic SE, type of optical correction
and/or myopia control treatment, time from treatment initiation, previous treatment with low-dose atropine, follow-up
duration, final cycloplegic SE, and adherence classification. In daily clinical practice, the issue of “proper adherence to
prescribed therapy” is not always specified, and this has become an increasingly frequent subject of study in recent years.
As per our usual care, cycloplegia was achieved by instilling two drops of Cyclopentolate 10 mg/mL 5 minutes apart.
After a 30-minute wait from the second instillation and the verification of pupillary dilation, the measurement of
objective refraction was performed using a portable autorefractometer (0.25D steps, average of 3 readings).

As part of routine care, treatment adherence was assessed at follow-up visits during history taking via a structured
interview supported by a dedicated questionnaire (Figure 1), with the patient and parents participating together. The
questionnaire was previously developed in alignment with our clinic’s workflow constraints and it explores simulta-
neously implementation and persistence, using a 30-day recall with harmonized response formats to reduce burden and
improve comparability.

Because no universally accepted thresholds exist for categorizing adherence, we pre-specified pragmatic bands for
interpretability in routine care as poor (less than 50% of days for medications and treatment sessions, or less than 50% of
total waking hours for optical corrections), moderate (50% to 75% for all parameters), or good (greater than 75%) —
consistent with literature that similarly stratifies adherence into ordinal categories.>> For inferential analyses we modeled
“good” (=75%) vs other, which also addresses a binary compliant/non-compliant framing.

Statistical Analysis
Statistical analysis was performed using R version 4.1.3 (2022-03-10). Since this was a retrospective study, the sample
size was determined by the number of eligible patients available in the database over the study period. No formal power
calculation was performed. Participants missing any core variable were excluded. Imputation was not performed; tables
display the final sample sizes.

Adherence was assessed at the patient level (rather than per eye), consistent with binocular optical wear and patient-
level administration of other myopia-control therapies.
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Structured Interview on Adherence to Myopia Progression Treatments (English translation)

1. Is the patient currently using a therapeutic strategy for myopia progression control? Which one?

a. Low-dose atropine eye drops Yes No
b. Spectacles with peripheral defocus lenses Yes No
c. Contact lenses with peripheral defocus Yes No
d. Red-light therapy Yes No

2. If the patient is using low-dose atropine eye drops, in the past 30 days, how many days were the drops not administered?
a. Not administered for up to 7 days out of 30
b. Not administered for 8-15 days out of 30
c. Not administered for more than 15 days out of 30

3. If the patient is using spectacles with peripheral defocus lenses, in the past 30 days, considering only waking hours,
for what percentage of this time were the spectacles not worn?

a. Not worn for less than 25% of the time

b. Not worn for more than 25% but less than 50% of the time

c. Not worn for more than 50% of the time

4. If the patient is using contact lenses with peripheral defocus, in the past 30 days, considering only waking hours,
for what percentage of this time were the lenses not worn?

a. Not worn for less than 25% of the time

b. Not worn for more than 25% but less than 50% of the time

c. Not worn for more than 50% of the time

5. If the patient is using both spectacles with peripheral defocus lenses and contact lenses with peripheral defocus, in the past 30 days,
considering only waking hours, for what percentage of this time were neither the spectacles nor the contact lenses worn?

a. Not worn for less than 25% of the time

b. Not worn for more than 25% but less than 50% of the time

c. Not worn for more than 50% of the time

6. If the patient is undergoing red-light therapy (2 sessions per day, 5 days per week), in the past 4 weeks,

considering only the 5 scheduled treatment days per week, on how many days per week were the 2 sessions not completed correctly?
a. Not completed correctly for up to 1 day per week
b. Not completed correctly for 2 days per week
c. Not completed correctly for 3 or more days per week

Figure | English translation of the structured interview used, in our daily clinical practice, to assess reported adherence to myopia control treatments, jointly interviewing
patients and parents.

Data distribution was assessed by Shapiro—Wilk and continuous variables were expressed as mean + standard
deviation. Categorical variables were expressed as frequency with percentages.

Spearman correlation coefficient, along with Bland-Altman analysis, was used to analyze the correlation grade of
baseline cycloplegic SE between right and left eye to confirm interchangeability, as myopia progression was considered
a contextual factor potentially associated with adherence and analyzed as a determinant/covariate.

Both univariate and multivariate logistic regression analyses were conducted to explore the associations between age,
sex, family history of myopia, type of optical correction and/or myopia control treatment, previous treatment with low-
dose atropine, treatment duration, baseline cycloplegic SE, myopic progression (D/year, annualized), and good adherence
to treatment. Univariate screening used a liberal threshold (p < 0.10) to retain candidate predictors; those meeting this
criterion entered the multivariable model, where statistical significance was set at p < 0.05.

Results
This retrospective analysis included 177 pediatric patients, 49.2% females, with a mean age of 11.142.78 years (Table 1).
The correlation analysis between the right and left eye measurements demonstrated a strong relationship (rho: 0.83;
p<0.001), suggesting that one eye could potentially serve as a proxy for the other. These data are confirmed by the Bland-
Altman analysis, which showed a mean difference of 0.08D and limits of agreement ranging from —1.86D to 2.02D,
indicating that the differences between the two eyes are generally small and within an acceptable range of variability.
Cycloplegic outcomes were summarized using the right eye as the patient-level value.
Different myopia control strategies were adopted with a mean treatment duration of 1.1+0.41 years, with an
interquartile range of 0.9-1.1 years. Atropine eye drops were used by 42 patients, with 28 of them (66.7%)
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Table | Demographic and Cycloplegic Data

Variable Value

Age (years) (mean, SD) 1.1 +2.78

Gender (n°, %) Female 87 (49.2%)
Male 90 (50.8%)

Family history of myopia (n°, %) | None 37 (20.9%)

One parent | 75 (42.4%)

Two parents | 65 (36.7%)

Baseline cycloplegic SE (D) -38 %219
Final cycloplegic SE (D) —4.1 +230
Myopia progression in SE (D) —0.3 £ 0.47

Notes: Descriptive characteristics of the cohort.
Abbreviations: SE, spherical equivalent; SD, standard deviation; D,
diopters.

demonstrating good adherence. Defocus spectacle lenses were the most frequently used strategy, adopted by 47
patients, of whom 45 (95.7%) had good adherence to treatment. A combined approach of defocus spectacle lenses
and atropine was followed by 42 patients, with good adherence observed in 38 (90.5%) of them. Defocus contact
lenses were used by 20 patients, with 19 (95.0%) adhering well to the treatment. Additionally, a combination of
defocus spectacle lenses and defocus contact lenses was chosen by 21 patients, with good adherence recorded in 17
(81.0%). Finally, red light therapy was the least commonly used approach, adopted by 5 patients, of whom only 2
(40.0%) showed good adherence (Table 2).

Age was found to be marginally associated with adherence to treatment, suggesting that younger individuals may
have better adherence (OR = 0.78, 95% CI: 0.61-1.00, p = 0.05); no significant associations were observed for sex,
family history of myopia, previous treatment, or baseline cycloplegic SE.

Among treatment modalities, DIMS spectacle lenses were strongly associated with increased adherence compared to
atropine (OR = 21.17, 95% CI: 2.84-157.66, p = 0.003), as was the combined treatment with DIMS spectacle lenses and
atropine (OR = 4.02, 95% CI: 1.08-15.02, p = 0.038). Defocus contact lenses also showed a positive association, though
with borderline significance (OR = 9.59, 95% CI: 1.00-92.02, p = 0.05). Other treatment modalities, including the
combination of DIMS spectacle lenses with defocus contact lenses and red-light treatment, were not significantly

associated with good adherence, with wide CIs reflecting small sample sizes. Treatment duration showed a negative

Table 2 Adherence Among Different Treatments

Treatment Good Moderate Poor
Adherence | Adherence Adherence
Atropine (n= 42) 28 (66.7%) 3(7.1%) 11 (26.2%)
DIMS spectacles lenses (n= 47) 45 (95.7%) 1 (2.1%) 1 (2.1%)
Combined treatment: DIMS spectacles lenses + atropine (n = 42) 38 (90.5%) 3 (7.1%) 1 (2.4%)
Defocus contact lenses (n = 20) 19 (95.0%) 1 (5.0%) 0 (0.0%)
Combined treatment: DIMS spectacles lenses + defocus contact lenses (n =21) | 17 (81.0%) 3 (14.3%) | (4.8%)
Red light treatment (N = 5) 2 (40.0%) 1 (20.0%) 2 (40.0%)
Total (n = 177) 149 (84.2%) | 12 (6.8%) 16 (9.0%)

Notes: Descriptive percentages of adherence calculated within each treatment group. Values are n (%).
Abbreviation: DIMS, Defocus Incorporated Multiple Segments.
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Table 3 Logistic Regression Analysis of Factor Associated with “Good” Adherence to Treatment

Variable Category Univariate Multivariate

OR (95% CI); p-Value OR (95% CI); p-Value
Age 0.86 (0.73-1.00); 0.06 0.78 (0.61-1.00); 0.05
Sex Male vs female 0.88 (0.39-1.97); 0.75

Family history of myopia

None

Ref.

One parent

0.84 (0.30-2.41); 0.75

Two parents

.38 (0.44—4.34); 0.58

Type of therapy

Atropine

Ref.

Ref.

DIMS spectacle lenses

11.25 (2.38-53.26); 0.002

21.17 (2.84-157.66); 0.003

Combined treatment: DIMS spectacle lenses + atropine

475 (1.41-15.99); 0.012

4.02 (1.08-15.02); 0.038

Defocus contact lenses

9.50 (1.15-78.42); 0.037

9.59 (1.00-92.02); 0.05

Combined treatment: DIMS spectacle lenses + defocus contact lenses

2.13 (0.60-7.52); 0.24

3.03 (0.59-15.67); 0.19

Red light treatment

0.33 (0.05-2.23); 0.26

0.32 (0.03-3.37); 0.34

Previous treatment

141 (0.50-3.99); 0.52

Treatment duration

0.66 (0.51-0.86); 0.002

0.74 (0.51-1.06); 0.10

Baseline cycloplegic SE

1.01 (0.84-1.21); 0.96

Myopia progression in SE OD

031 (0.14-0.72); 0.006

0.16 (0.05-0.51); 0.002

Notes: Factors associated with good adherence (275%) to myopia-control treatment; comparisons are vs the other categories. “Ref.” indicates the reference category.
Abbreviations: Cl, confidence interval; D, diopters; DIMS, Defocus Incorporated Multiple Segments; OR, odds ratio; SE, spherical equivalent.

correlation with “good” adherence to treatment in univariate analysis (OR 0.66; 95% CI 0.51-0.86; p<0.01), but this lost
significance in multivariate model (OR 0.74; 95% CI 0.51-1.06; p=0.10). Finally, higher myopia progression in SE was
significantly linked to lower adherence (OR = 0.31, 95% CI: 0.05-0.51, p = 0.002). (Table 3)

Discussion

This retrospective study explored factors influencing adherence to various myopia control solutions in a pediatric population.
Our findings reveal that while overall adherence rates were high (87.4%), several variables significantly impacted adherence,
including patient age, type of therapy, and degree of myopia progression. These real-world adherence patterns broadly align
with, but also refine, RCT-based estimates. In the Cochrane living review, “always/mostly adherent” ranged 72-97% for
spectacles, 31-100% for contact lenses, and 79-99% for pharmacologic treatments.*

In our cohort, DIMS spectacles (95.7%) and defocus contact lenses (95.0%) fall near the upper RCT spectrum, whereas
atropine (66.7%) is lower than many trial reports. Combined regimens (DIMS-+atropine 90.5%; DIMS+CL 81.0%) remain
high but more variable, while red-light (40.0%) is comparatively low. Differences likely reflect routine-care conditions — less
intensive monitoring and broader eligibility — versus the closer follow-up typical of trials. Notably, DIMS spectacles — alone
(OR 21.17; 95.7%) or combined with atropine (OR 4.02; 90.5%) — and defocus contact lenses (OR 9.59; 95.0%) showed the
strongest associations with higher adherence, underscoring their pragmatic advantages in real-world use.

One of the key findings was the negative association between age and adherence, with older children showing lower
adherence rates. This aligns with previous studies suggesting that increased autonomy and reduced parental oversight in
older pediatric patients lead to poorer adherence to chronic treatments.”**® These results highlight the need for age-
specific strategies, such as targeted education and motivational interventions for adolescents.

Adherence to chronic treatments remains a complex challenge across various medical disciplines, often impacting the
effectiveness of therapeutic interventions.”” Once a patient accepts the treatment recommendation, adherence involves

4112  rees Clinical Ophthalmology 2025:19



Lembo et al

several key steps: obtaining the prescribed therapy, correctly applying or following the treatment protocol, adhering to the
recommended schedule, and maintaining persistent use over time.”®
In ophthalmology, adherence difficulties are well-documented, particularly in conditions requiring long-term manage-

2829 and dry eye disease,’” where patients frequently struggle with complex treatment regimens,

ment such as glaucoma
the peculiar nature of early disease stages, and poor perception of the treatment effect.

Pediatric populations present unique challenges regarding adherence, influenced by developmental, cognitive, and psycho-
social factors.?*? In children, treatment adherence often depends heavily on parental involvement and supervision,®’ but as
children grow older and seck greater autonomy, maintaining consistent treatment routines can become increasingly difficult, also
because of the challenges in shared decision-making.*® Additionally, the child’s understanding of the condition, motivation, and
the perceived impact of the treatment on their daily life play crucial roles in treatment adherence.>'

In this specific context, it is important to note that while myopia is primarily considered a simple refractive error it is
increasingly recognized as a chronic disease with sight-threatening sequelae, and recent consensus reports recommend
classifying it as a disease,’? underscoring the need for sustained control therapy. Treatments mainly focus on slowing
myopia progression to reduce the risk of potential future complications.>

The type of myopia control treatment also influenced adherence. Patients using DIMS spectacle lenses and contact
lenses had higher odds of good adherence compared to those on low-dose atropine, likely due to the ease of integrating
optical corrections into daily routines, serving both refractive and myopia control purposes. Combination therapies,
especially DIMS spectacle lenses with low-dose atropine, further improved adherence, suggesting that multimodal
approaches may enhance patient engagement.

Our findings have relevant clinical implications. Improving treatment adherence requires simplifying treatment
regimens, integrating therapies, and providing targeted education both to patients and caregivers. During a pediatric
clinical evaluation, it is useful to discuss with the caregivers the reason for choosing a certain therapy, and especially to
discuss with the relatives regarding the cost/benefit ratio of a medical or optical treatment. This is particularly important
for older children who perceived myopia management solutions as burdensome.

This study has several limitations, including its retrospective design, reliance on self-reported adherence (subject to
recall and social desirability biases; recall bias may have been partially mitigated through cross-informant corroboration
during joint parent—child interviews), cross-sectional assessment of adherence (precluding causal inference), single-
center setting, an exclusively Caucasian sample, and imbalance across treatment groups — particularly the red-light
subgroup (n=5) — limiting generalizability of the results. Treatment allocation was preference-based and non-randomized,
which may introduce selection bias and confounding by indication. The study’s limited follow-up may lead to under-
estimation of long-term determinants of adherence, including treatment effects on the physical, psychological, and
environmental dimensions of patients’ and parents’ quality of life.*® In addition, differences in treatment duration were
not controlled for and may have introduced residual confounding. Nevertheless, our structured 30-day recall interview
captured early signals related to both implementation and persistence.>”

Additionally, because of the study design, factors like socio-economic status, affordability and availability, health
literacy, and quality of life impacts, all of which could influence adherence, were not assessed.

Despite these limitations, this is the first study to offer valuable insights into real-world adherence patterns in
pediatric myopia control, helping to address the current evidence gap. Future prospective studies with diverse populations
and objective adherence measures are needed to confirm these findings and develop optimized intervention strategies.

Conclusion

Adherence to myopia control treatments is multifactorial, influenced by patient age, treatment type, and disease
progression. Tailored strategies focusing on simplifying regimens, enhancing education, and implementing age-
appropriate interventions are essential to improve long-term adherence and optimize myopia control outcomes.
Actionable steps include teach-back counseling, a short routine-based plan, shared reminders, simplification of dosing/
wear targets, early cost/access checks, and structured follow-up with recall — measures aligned with age-specific needs to
sustain long-term adherence.
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