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Abstract
Introduction: Amblyopia is a condition characterized by decreased visual acuity in one 
or both eyes. This condition frequently occurs in children because at this stage, there is 
a critical period of visual development. Delayed treatment can lead to decreased or even 
permanent vision loss. Purpose: To determine the prevalence of refractive amblyopia in 
children and evaluate the effectiveness of spectacle correction on visual improvement 
in children aged 6-18 years diagnosed with refractive amblyopia. Methods: This was an 
observational analytic study with a retrospective cohort approach. The study included 
29 subjects aged 6–18 years with refractive amblyopia. Visual acuity was assessed 
in subjects who met the inclusion criteria. Eyeglasses were prescribed and visual 
development was monitored. Best-corrected visual acuity (BCVA) was re-evaluated 
after one and six months of wearing glasses. Results: A total of 15,387 pediatric patients 
were screened, of whom 144 (0.94%) were diagnosed with refractive amblyopia. Twenty-
nine subjects met the inclusion criteria. Significant improvements in visual acuity were 
observed at one month (P = 0.045) and six months (P = 0.002) after spectacle use. At one 
month, 37.5% of eyes improved by one line, while at six months, 31.8% showed similar 
improvement. The difference in effectiveness between one and six months was not 
statistically significant (P = 0.484). Conclusions: Spectacle correction alone is effective 
in improving visual acuity in children with refractive amblyopia.
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Introduction
Refractive errors are conditions caused by abnormalities in the eye’s 

refractive power or axial length, leading to blurred vision. If left uncorrected, 

these conditions can lead to amblyopia.[1],[2] Amblyopia, or lazy eyes, is defined 

as reduced visual acuity caused by disrupted visual cortex development during 

early life.[3] The early stages of life represent a critical period due to the ongoing 

development of the visual system.[4],[5] Disruptions during this period may 

cause the retinas of both eyes to generate unequal action potentials, leading to 

impaired neural interaction due to asymmetrical visual input.[6] Delayed therapy 

may lead the visual cortex to choose the dominant eye, resulting in decreased 

visual function in the less dominant eye.[7] This condition may affect one or both 

eyes.[4] Amblyopia is classified into several types, including refractive amblyopia, 

strabismic amblyopia, and deprivation amblyopia.[7] Risk factors for amblyopia 

include uncorrected refractive errors, anisometropia, and strabismus.[8] Additional 

risk factors include premature birth and a maternal history of smoking during 

pregnancy.[9]

Amblyopia is one of the leading causes of vision loss in children worldwide, 

with a prevalence ranging from approximately 1% to 6%.[10],[11] Amblyopia affects 

approximately 1.36% of the global population. Amblyopia affects approximately 

1.36% of the global population. However, one study conducted in Jakarta, 

Indonesia, reported a higher prevalence of 2.7% among school-aged children, 
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with all identified cases attributed to uncorrected 
refractive errors. Similar patterns have also been 
observed in studies from India and Singapore, where 
refractive amblyopia was found to be the most common 
form.[12] Comprehensive data on amblyopia prevalence in 
Indonesia remain limited due to the lack of centralized, 
systematic reporting.

Amblyopia is diagnosed when visual acuity in one or 
both eyes is determined to be less than 1.0 by standardized 
clinical evaluation.[6] Amblyopia in children is generally 
challenging to detect, as they have no prior reference for 
normal vision and therefore may not express any visual 
complaints. As a result, the condition is often discovered 
incidentally during routine visual examinations.[13] 
Delayed and inadequate treatment of amblyopia may 
lead to decreased visual acuity and, in severe cases, 
permanent vision loss.[14] According to data from the 
World Health Organization (WHO), approximately 1.3% 
to 3.6% of children diagnosed with amblyopia experience 
vision loss.[15] Spectacle correction is one of the treatment 
modalities aimed at improving visual acuity.[7]

Previous studies[16],[17] have demonstrated the 
effectiveness of spectacle correction in improving visual 
acuity in children with amblyopia. However, most of this 
evidence is restricted to the pediatric age group of 7 to 
10 years and focuses primarily on short-term outcomes.
Visual improvement has been shown to occur within the 
first 4 to 12 weeks of spectacle use, after which a plateau 
is commonly reported, leaving uncertainty regarding the 
potential benefits beyond this early treatment window. 
Meanwhile, emerging evidence of neuroplasticity in 
older children and adolescents suggests that visual 
improvement may still be achievable beyond the 
traditionally defined critical period.[18] Despite this, 
data on the prevalence of refractive amblyopia and the 
effectiveness of spectacle correction across a broader 
pediatric age range remain limited. Therefore, the present 
study addresses this gap by evaluating the prevalence 
of refractive amblyopia and assessing visual acuity 
improvement following spectacle correction in children 
with refractive amblyopia, providing further insight into 
the therapeutic potential of optical correction beyond 
previously studied age boundaries.

Methods
Selection of subjects

This analytic observational study employed a 
retrospective cohort design. The study population 
comprised children aged 6 to 18 years diagnosed with 
refractive amblyopia who attended the Ophthalmology 
Clinic at Husada Utama Hospital, Surabaya, East Java, 
Indonesia, between December 2021 and December 2024. 
Other amblyopia subtypes, including strabismic and 
deprivation amblyopia, were not included in this study.

Participants were recruited using a nonprobability 
sampling method, and secondary data were obtained 
from medical records. Subjects were eligible if they 
were newly diagnosed with refractive amblyopia 
during the study period and were prescribed spectacle 
correction for the first time. The  one month follow-up 
visit was considered the initial assessment following the 
commencement of spectacle use.

Additional inclusion criteria included continuous 
spectacle wear with documented follow-up data at 
both one and six months, normal fundus examination 
findings, and no history of prior amblyopia treatment. 
Exclusion criteria were the presence of other ocular 
pathologies, such as cataract, ptosis, or glaucoma, as well 
as incomplete or illegible medical records.

The study protocol was approved by the Ethics 
Committee of Husada Utama Hospital Surabaya (09/KEP-
RSHU/V/2024). All data were fully anonymized prior to 
analysis, and visual acuity outcomes were assessed for all 
included participants.

Refractive examination
Assessment of visual acuity was performed using 

a standard Snellen chart positioned at a distance of 6 
meters under consistent lighting conditions. Each subject 
underwent monocular testing to determine uncorrected 
visual acuity, followed by a refraction. Initial refractive 
measurements were obtained with an autorefractor to 
estimate spherical and cylindrical errors, which served as 
a reference for manual refinement with trial lenses.

Best-corrected visual acuity (BCVA) was determined 
by subjective refraction with trial lenses. The final 
prescription for spectacle correction was based on the 
refined subjective findings, ensuring optimal correction 
for each individual.

According to the prescription, subjects were 
instructed to wear the spectacles consistently, and 
scheduled clinical evaluations were conducted at one 
and six months post-correction. At each visit, BCVA was 
reassessed to monitor progress.

Definition
Refractive amblyopia was defined operationally as 

reduced BCVA in one or both eyes, in the absence of any 
identifiable structural ocular abnormalities, where the 
decreased vision was attributable solely to uncorrected 
refractive error. In this study, amblyopia was diagnosed 
when BCVA was less than 1.0 on the Snellen chart, as 
documented in standardized clinical assessments in the 
medical records.[6]

Improvement in visual acuity was defined as a gain of 
at least one Snellen line in BCVA from baseline, prior to 
spectacle correction, representing a clinically meaningful 
response to optical treatment.



  48

Vision Science and Eye Health Journal Salwadiva, Boengas, Marzuki

Statistical analysis
Normality of the data was assessed using the Shapiro–

Wilk test, which indicated that the data were not normally 
distributed. Therefore, the Wilcoxon signed-rank test was 
used to compare visual acuity before spectacle correction 
and at the one and six months follow-up visits. A P-value 
of less than 0.05 was considered statistically significant. 
All analyses were performed using Jamovi version 2.3.3.8.

Results
Among the total of 15,387 recorded cases, 594 

subjects were identified as having refractive errors. Of 
the 594 subjects identified with refractive errors, 144 
were diagnosed with refractive amblyopia, yielding a 
prevalence of 0.94% in the study population.

Table 1 summarizes the demographic and clinical 
characteristics of the study participants at baseline. 
A total of 29 patients who met the inclusion criteria 
were enrolled in the study. The mean age of the study 
participants was eight years, with an age range of 6 to 
18 years. Based on sex distribution, the study population 
comprised 14 male subjects (48.3%) and 15 female 
subjects (51.7%). Regarding amblyopia laterality, 10 eyes 
(34%) were affected unilaterally, while 19 eyes (66%) 
demonstrated bilateral involvement.

Visual acuity improved after one month of spectacle 
correction, with a shift toward higher acuity levels 
compared to baseline (Figure 1). A greater proportion 
of eyes achieved visual acuity of 1.0 and 0.8 at the one-
month follow-up. This improvement was statistically 
significant (p = 0.045). At six months, a further shift 
toward better visual acuity was observed compared 

to baseline (Figure 2), with more eyes reaching visual 
acuity of 1.0. The improvement at six months was also 
statistically significant (p = 0.002).

Visual acuity improved following spectacle correction 
at both follow-up periods (Figure 3). At one month, 
more than half of the eyes demonstrated some degree 
of improvement (58.4%), most commonly an increase 
of one Snellen line. At six months, a similar distribution 
of visual acuity changes was noted, with the majority 
of eyes showing stable or mild improvement (63.6%). 
Higher degrees of improvement were observed in a small 
proportion of eyes at both follow-up points. The reduced 
number of participants at the six months follow-up was 
due to attrition.

The comparison of spectacle correction effectiveness 
between the one and six months follow-up periods 
showed no substantial difference. Visual acuity 
improvement was observed in 16 eyes (72.7%) after one 
month of spectacle use, while 6 eyes (27.3%) showed no 
improvement. Similarly, at the six months follow-up, 
14 eyes (63.6%) demonstrated improvement, whereas 8 
eyes (36.4%) showed no improvement. Statistical analysis 

Table 1. Demographic and characteristics of study participants.

Variable Amblyopia (N = 29)
Age med (min, max)
8 (6, 18)
Age n (%)
6 years 5 (17.2)
7 years 5 (17.2)
8 years 7 (24.1)
9 years 4 (13.8)
10 years 3 (10.3)
12 years 3 (10.3)
13 years 1 (3.4)
18 years 1 (3.4)
Gender n (%)
Male 14 (48.3)
Female 15 (51.7)
Eye n (%)
Unilateral 10 (34)
Bilateral 19 (66)

Figure 1. Comparison of visual acuity between baseline and one-month 
follow-up (N = 48).

Figure 2. Comparison of visual acuity between baseline and six-month 
follow-up (N = 22).

Figure 3. Visual acuity improvement at one and six months of follow-up.
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revealed a p-value of 0.484, indicating that the difference 
in effectiveness between the one and six months therapy 
durations was not statistically significant (p > 0.05).

Discussion
The prevalence of refractive amblyopia in this study 

was 0.94%, with 144 cases identified among 15,387 
pediatric patients seen at the ophthalmology clinic of 
Husada Utama Hospital, Surabaya, East Java, Indonesia,  
between December 2021 and December 2024. The 
prevalence of refractive amblyopia in this study was 
0.94%, which is slightly lower than global estimates of 
overall amblyopia. For comparison, a systematic review 
reported a worldwide pooled prevalence of 1.36% (95% CI: 
1.27–1.46%), while another meta-analysis of 60 studies 
(1.8 million subjects) found a pooled prevalence of 1.44% 
(95% CI: 1.17–1.78%). However, these figures encompass 
all types of amblyopia. The lower prevalence observed 
in our study may be attributed to the exclusive focus on 
refractive amblyopia. Notably, our finding aligns with 
the generally lower rates of amblyopia reported in Asian 
populations (1.09%) compared with those in Europe or 
North America.[19],[20]

The average age of children diagnosed with refractive 
amblyopia in this study was eight years, with an age 
range of 6 to 18 years. This is consistent with a previous 
study that reported a median age of eight years (range: 
5–18 years), with the majority of cases (58.7%) occurring 
in children older than seven years.[21] A similar statement 
was supported by another study, which indicated that 
children aged seven to eight years are particularly 
vulnerable to amblyopia due to the ongoing visual 
development during this critical period.[7]

Another characteristic examined in this study was 
gender. In this cohort, a slightly higher prevalence of 
refractive amblyopia was observed in females (51.7%) 
than in males (48.3%). These findings are not consistent 
with previous research, which reported that males are 
more susceptible to refractive amblyopia. However, 
overall, the difference in prevalence between males and 
females was not statistically significant.[22]

Amblyopia may occur in one eye (unilateral) or both 
eyes (bilateral). The results of this study[13] showed 
that ten pediatric patients had unilateral amblyopia, 
while 19 had bilateral amblyopia. These findings are 
consistent with a previous study, which reported that 
among 40 subjects, five had unilateral amblyopia and 35 
had bilateral amblyopia. Another study[23] conducted in 
Shanghai found that among 223 children with amblyopia, 
129 had unilateral and 94 had bilateral amblyopia. 
Unilateral amblyopia may result from unequal retinal 
image formation, leading to blurred vision in one eye, 
whereas bilateral amblyopia occurs when both eyes 
exhibit reduced visual acuity.[6]

Visual acuity improved at both one and six months 
following spectacle correction in children with refractive 
amblyopia. The significant changes observed (P = 0.045 
at one month; P = 0.002 at six months) indicate that early 
optical treatment alone can lead to meaningful gains 
in visual function. These findings are consistent with 
previous prospective studies demonstrating the efficacy 
of spectacle correction in improving vision in amblyopic 
children. One large multicenter study involving children 
aged three to less than ten years with bilateral refractive 
amblyopia reported an average improvement of 3.9 lines 
in binocular visual acuity after one year of spectacle wear, 
with 74% of children achieving 20/25 or better.[24] These 
prior findings support the present study’s conclusion that 
optical correction alone, even in the absence of occlusion 
therapy, can result in clinically meaningful improvement 
in visual acuity during the early phase of amblyopia 
treatment.[25] Although these studies are dated, they 
remain foundational in amblyopia management and are 
frequently cited due to the scarcity of more recent large-
scale prospective trials focusing exclusively on optical 
treatment.

The comparison of visual acuity outcomes in school-
aged children with refractive amblyopia after one and six 
months of spectacle correction showed no statistically 
significant difference (P = 0.484). Visual improvement 
during the first month tended to be significant, likely 
due to the brain's high responsiveness to new visual 
stimuli provided by refractive correction. Over time, 
improvements tended to plateau, possibly due to 
cortical adaptation to the newly corrected vision. This 
phenomenon is supported by previous research, which 
reported that the greatest improvements in visual acuity 
with spectacle correction typically occur within the first 
4–12 weeks, after which the progress tends to plateau.[17] 

Amblyopia management is typically performed in 
a stepwise manner, with full-time spectacle correction 
as the initial treatment modality, particularly in newly 
diagnosed and treatment-naive patients. Occlusion 
therapy is generally reserved as a second-line 
intervention when adequate visual improvement is not 
achieved with optical correction alone. In the present 
study, all participants were diagnosed with refractive 
amblyopia for the first time and had no prior history of 
amblyopia treatment; therefore, spectacle correction was 
intentionally used as the sole therapeutic intervention 
during the observation period. This approach allowed the 
assessment of visual acuity improvement attributable 
exclusively to optical correction, without the confounding 
effects of occlusion therapy. The absence of occlusion 
therapy should thus be interpreted as a deliberate design 
choice rather than a limitation, reflecting real-world 
clinical practice in the initial management of refractive 
amblyopia.[26]

This study was conducted in a clinical setting that 
reflects real-world practice, enhancing its external 
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validity and relevance to primary eye care services. 
However, several limitations should be acknowledged. 
First, the number of participants differed between the 
one and six months evaluations due to the absence of 
15 subjects who did not return for the latter follow-
up. Second, spectacle correction compliance was not 
consistently monitored and may have varied among 
patients, potentially influencing visual outcomes. Lastly, 
as a retrospective study, the research was limited by 
incomplete or inconsistent documentation and the lack 
of control over variables during data collection.

Given the variability in spectacle compliance among 
participants and the notable loss to follow-up at six 
months, future interventions should emphasize parental 
education and engagement to improve treatment 
adherence and follow-up attendance, ultimately 
optimizing visual outcomes in children with refractive 
amblyopia.

Conclusions
The results of this study indicate that spectacle therapy 

alone led to a statistically significant improvement in 
visual acuity in children with refractive amblyopia at 
both one and six months of treatment. The majority of 
patients experienced improvements of ≥1 to ≥ 2 lines in 
visual acuity.
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