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Purpose: To evaluate refractive risk factors for unilateral and bilateral amblyopia.

Methods: In October 2019, 1126 preschool and primary school 1st grade students in Kozlu district of Zonguldak province underwent
eye screening with a pediatric autorefractometer in a school environment. 125 children who were above the threshold values
determined for refractive errors or for whom measurements could not be taken due to patient compliance were referred to us for
eye examination. The referred children underwent a comprehensive eye examination. Amblyopia risk factors were analyzed with
a logistic regression model.

Results: Of the 125 referred children 106 were examined comprehensively. Of those 99 were analyzed. A total of 30 amblyopic
children were identified (Unilateral amblyopia n=20, bilateral amblyopia n=10). The prevalence of amblyopia was found to be 2.6%.
In regression analysis, presence of <2 D and 2-4 D hyperopia were found to be isolated risk factors for amblyopia (p<0.05).
Astigmatism was a risk factor unilateral and bilateral amblyopia in univariate analysis (p=0.001, p=0.001 respectively). Incrementing
values of anisometropia did not influence the development of amblyopia. However, the incidence rate of amblyopia increased in the
incrementing diopters of anisometropia (11.4% at 0.5 D and below, 25.9% at 0.5-1 D range, 54.5% at 1-2 D range, 100% for 2 D and
above). Myopia association with amblyopia was not statistically significant.

Conclusion: We found lower than the generally accepted threshold values of hypermetropia, astigmatism and anisometropia to be risk
factors for amblyopia. Our data can help shape threshold values and screening policies for refractive errors. More population-based
studies are needed in different regions of our country in order to make guidelines consisting of optimal threshold values that can be
used in amblyopia screening programs.
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Introduction

Amblyopia is the most important cause of monocular visual impairment in children and is characterized by asymmetrical
development of visual function in the absence of organic abnormalities. Strabismus and refractive errors are two well-
known risk factors for amblyopia in children.” The incidence of amblyopia varies between societies, but it varies
between 1% and 5% in the world.> ® Population-based reports from various regions of Turkiye have shown that the
prevalence of amblyopia is between 1.1% and 5.5%.”'! Visual impairment due to amblyopia continues throughout life
and results in a more profound visual impairment if not treated promptly.'?

Identification of refractive risk factors is essential to identify children who are expected to benefit from treatment and
to assist in screening programs. PlusoptiX (PlusoptiX, Nuremberg, Germany) is an infrared-powered photoscanner
primarily used for screening refractive errors in the pediatric population and was first introduced to the market in
1995. It performs this screening without requiring cycloplegia.'® It can measure binocular spherocylindrical refractive
values between —7 and +5 diopters. At higher values, it alerts as HYP for hyperopia and MYO for high myopia. PlusotiX
has set threshold referral values for the screening program, ranging from sensitive to specific, depending on the user.'*
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The absence of standardized threshold values continues to challenge amblyopia screening strategies. For example,
recently published guidelines by French Strabismus Society provide evidence-based recommendations on refractive error

cut-off values that may serve as a useful reference framework for screening programs.?

Methods

The study included preschool and first-grade primary school children aged 36 to 84 months in Kozlu district of
Zonguldak province. All children underwent eye screening with a pediatric autorefractometer in a school environment.
The students referred as a result of the screening were examined in the Eye Diseases Clinic of the Health Application and
Research Center of the Faculty of Medicine of Biilent Ecevit University. The study was conducted in accordance with the
principles of the Declaration of Helsinki and was approved by the Biilent Ecevit University Clinical Studies Ethics
Committee in 2019. Informed consent and assent were obtained from the parents and guardians of the children. The
screening program was conducted in 25 different schools in October 2019 and a total of 1126 children were screened
with the PlusoptiX SI12R (PlusoptiX S12R Nuremberg, Germany). The refractive thresholds used in this study were
intentionally set to favor high sensitivity for amblyopia risk detection in preschool children. The criteria of hyperopia >
+2.50 D, astigmatism > +1.50 D, and anisometropia > 1.00 D correspond to lower refractive cut-offs within the Plusoptix
screening range and are closer to the more sensitive ROC settings (ROC 1-2). The referral criteria for Plusoptix are
presented in Table 1. This approach was chosen to minimize the risk of false-negative results, ensuring that children with
clinically significant refractive errors are not missed during screening.

Children for whom the device could not obtain measurements, who were above the threshold value, or for whom
measurements could not be performed due to patient compliance underwent a comprehensive eye examination in our
clinic (Figure 1). Of the 125 children referred as a result of the screening conducted between November 2019 and
February 2020, 106 children were evaluated for amblyopia.

Best corrected visual acuity (BCVA), anterior segment and posterior segment examinations were recorded for all
referred children. Snellen chart was used for literate children and Lea symbols were used for those who could not read
and write. Cover test and alternating cover test were applied to each child for near fixation and far fixation. Eye
movements in all directions were evaluated. Cycloplegic retinoscopy was performed 35 minutes after 1% cyclopentolate
instillation. Children with low visual acuity for age were prescribed the necessary eyeglass lenses and called for a repeat
visual examination 4-6 weeks later.

Children with no eye pathology other than amblyopia, strabismus and refractive error and participants with complete
file examination findings were included in the study. Patients who were not within the appropriate age range (<36
months, >84 months), whose vision could not be assessed and who had undergone any eye surgery were excluded from
the study.

Amblyopia was defined according to best-corrected visual acuity (BCVA) and interocular differences, using age-
adjusted criteria. Unilateral amblyopia was defined as an interocular difference of at least two lines in BCVA between the
two eyes, in the absence of any structural ocular pathology sufficient to account for the reduced vision. Bilateral
amblyopia was defined based on age-specific BCVA thresholds reflecting expected visual development. For children
aged 36—47 months, bilateral amblyopia was diagnosed when BCVA was worse than 20/50 (0.4 logMAR) in both eyes.
For children aged 48—72 months, the threshold was BCVA worse than 20/30 (0.18 logMAR) in both eyes, consistent with

improved visual acuity expected in older preschool children. The definitions are consistent with pediatric vision

Table | Referral Criteria Threshold Values for Plusoptix by Age

Age (months) | Astigmatism (D) | Myopia (D) | Hyperopia (D) | Anisometropia (D)

36-72 21.5 21.5 225 2|

72-300 21.5 20.75 225 2|

Abbreviation: D, diopters.
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Figure | Patient who could not take measurements with Plusoptix (top left), Patient who was detected to have high hyperopia (top right), Patient who was above the
threshold value (bottom left), Patient who could not take measurements due to poor compliance (bottom right).

screening recommendations and amblyopia preferred practice pattern guidelines issued by AAPOS (American

Association for Pediatric Ophthalmology and Strabismus).'®

Classification of Risk Factors

Refractive errors were classified as <0.5 D, >0.5 D-<2 D, >2 D for myopia, <2 D, >2 D-<4 D, >4 D for hyperopia, <1 D,>1 D-<2
D, >2 D for astigmatism, and <0.5 D, >0.5 D-<1 D, >1 D-<2 D, > 2 D for anisometropia. For the evaluation of unilateral

amblyopia, the values of the poor eye with higher refractive errors were used for analysis, while for bilateral amblyopia, the

spherical and cylindrical values of the good eye with lower refractive errors were used. The objective of the analysis was to

determine the lowest refractive error thresholds associated with amblyopia by evaluating the relationship between increasing

Clinical Ophthalmology 2026:20

https:



Kuguk et al

levels of hyperopia, astigmatism, and anisometropia and the presence of amblyopia. Strabismus examination was classified as
strabismus present or no strabismus.

Statistical Analysis

Statistical analysis was performed using SPSS 22.0 program. Significance level was considered as p<0.05. Mann
Whitney U-test was used for pairwise comparisons of nonparametric independent groups and Chi-square test was used
for comparisons of categorical variables. Fisher’s exact test was used for analysis of probability tables for small sample
sizes. Risk factors for amblyopia were analyzed with a logistic regression model.

Results

Of 1126 students screened, 125 (11.1%) were referred based on PlusoptiX thresholds. Of these, 106 (84.8%) attended our
clinic. Seven children were excluded: one with down syndrome, one with cerebral palsy, one with autism, one with twin-
to-twin transfusion syndrome whose vision could not be assessed, one with marfan syndrome and pseudophakic eyes,
and two outside the eligible age range. One child with optic nerve myelination was retained, as reduced acuity was
attributed to high refractive error rather than the structural anomaly. Among 99 children meeting inclusion criteria,
20 had unilateral amblyopia and 10 had bilateral amblyopia. Assuming all non-referred children were non-amblyopic,
estimated prevalence was 2.6% (30/1126). Risk factor analyses were conducted among the 99 examined children.

Of the children included in the study, 54% (n=53) were boys and 46% (n=46) were girls. The mean age was 5 years 6
months (65.5 + 10.3 months; range: 3 years 1 month to 6 years 11 months). Age distribution was: 3648 months (n=6),
48-60 months (n=20), 60-72 months (n=43), and 72-84 months (n=30). All refractive measurements were obtained
under cycloplegia using 1% cyclopentolate.

The incidence of anisometropia (>1 D) was 2.5% (28/1126) in our cohort. Descriptive statistics for age and
cycloplegic refractive parameters in the children studied are shown in Table 2. Twenty-five children with amblyopia
had hyperopia, and the mean spherical equivalent of these patients was 3.44 + 2.1 D. The mean spherical equivalent of 51
patients with hyperopia and no amblyopia was 1.86 £ 1.09 D. The relationship between hyperopia and unilateral
amblyopia was found to be significant (p = 0.026). Receiver operating characteristic (ROC) curve analysis using
univariate predictors yielded an area under the curve of 80% and 57%, respectively (AUC 0.725 p=0.02). The optimal
threshold sensitivity for unilateral amblyopia modeled by our data was 1.81 D hyperopia (Figure 2).

Five of the patients with amblyopia had myopia. The mean spherical equivalent of these patients was —5.10 diopters.
The mean spherical equivalent of the 18 patients with myopia and no amblyopia was —1.54 diopters. The relationship
between myopia and unilateral amblyopia was not found to be statistically significant (p>0.05).

The mean cylindrical value of 30 cases with unilateral amblyopia was measured as 2.63 + 1.13 D. The mean
cylindrical power of 69 cases without amblyopia was measured as 1.28 = 0.79 D. The relationship between astigmatism
and unilateral amblyopia was found to be statistically significant (p=0.02). Receiver operating characteristic (ROC) curve

Table 2 Descriptive Statistics for Age and Cycloplegic
Refractive Parameters Among Examined Children

Parameter Mean * SD | Range

Age (months) 65.5 + 10.3 37.0 to 83.0
Anisometropia (D) 0.69 + 0.75 0.00 to 3.50
Worse eye spherical (D) | 1.29 +2.90 —16.25 to +7.75

Worse eye cylinder (D) 1.41 £0.92 0.00 to 4.50

Better eye spherical (D) | 1.02 £ 240 | —13.25 to +7.12

Better eye cylinder (D) 0.97 + 0.75 0.00 to 3.50

Abbreviations: D, diopters; SD, Standard deviation.
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Figure 2 ROC curve for the sensitivity and specificity values of spherical and cylindrical (cut-off) measurements in distinguishing individuals with and without unilateral
amblyopia.

analysis using univariate predictors yielded an area under the curve of 76% and 35%, respectively (AUC 0.696,
p=0.006). The optimal threshold sensitivity modeled by our data was 0.88 D of astigmatism (Figure 2). In terms of
astigmatism axes, among amblyopic children, 2 had an oblique axis, while 27 had an orthogonal axis. Among non-
amblyopic children, 8 had an oblique axis, and 52 had an orthogonal axis. We found no evidence of association between
astigmatism axis (oblique vs orthogonal) and amblyopia.

The mean anisometropia value of 30 cases with unilateral amblyopia was 1.30 £1.01 D. The mean anisometropia
value of 69 cases without amblyopia was calculated as 0.42 + 0.38 D. The relationship between anisometropia and
unilateral amblyopia was found to be statistically significant (p=0.00). The condition that has the greatest effect on
amblyopia was found to be anisometropia. With anisometropia, the probability of unilateral amblyopia increases by 8.9
times. With hyperopia, the probability of unilateral amblyopia increases by 6.2 times compared to the probability of not
having amblyopia. With astigmatism, the probability of unilateral amblyopia increases by 2.4 times compared to the
probability of not having amblyopia (Table 3).

Table 3 Risk Relationship Between Unilateral Amblyopia and Anisometropia, Hyperopia and Astigmatism

B Standard Error | Wald | Standard Deviation P Odds Ratio 95%

Lower Limit | Upper Limit

Anisometropia | 2.193 0.600 13.359 | 0.000* 8.965 2.765 29.062
Hyperopia 1.829 0.820 4.972 | 0.026* 6.231 1.248 31110
Astigmatism 0.910 0.391 5.424 | 0.020%* 2.485 I.155 5.345
Constant —4.352 0.892 23.822 | 0.000%* 0.013

Notes: *p<0.05. B: Unstandardized Regression Coefficient.
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Hyperopia was present in 7 children with bilateral amblyopia. The mean spherical equivalent of these cases was 3.55
D. The relationship between hyperopia and bilateral amblyopia was not found to be statistically significant (p=0.084)
(Table 4). The mean cylindrical value of 10 cases with bilateral amblyopia was 2.00 D. The mean cylindrical power of 89
cases without bilateral amblyopia was measured as 0.86 D. The relationship between astigmatism and bilateral amblyopia
was found to be statistically significant (p=0.001).

Strabismus was present in a total of 7 children. Strabismus was detected in only 2 of the cases with unilateral or
bilateral amblyopia (2 esotropia). No amblyopia was observed in the other 5 strabismus cases (3 esotropia, 1 exotropia, 1
superior oblique palsy). There was no child with a history of strabismus surgery.

In the multiple regression analysis, <2 D hyperopia, 2-4 D hyperopia and <1 D astigmatism, 1-2 D and >2
D astigmatism were found to be risk factors for unilateral amblyopia (p<0.05). The number of patients with hyperopia
over 4 diopters was not sufficient for statistical calculation. It was seen that myopia values were not associated with
amblyopia. When the increasing value of anisometropia in any range was evaluated separately, the relationship between
anisometropia and the formation of amblyopia was not found to be statistically significant. It was found that the rate of
amblyopia increased in increasing anisometropia value ranges (11.4% in the range of 0.5 D and below, 25.9% in the
range of 0.5-1 D, 54.5% in the range of 1-2 D, and 100% for 2 D and above) (Table 5).

Table 4 The Relationship Between Bilateral Amblyopia and Hyperopia

Hyperopia N | Mean | Standard Deviation U P
Bilateral Amblyopia | No | 67 1.77 1.15 141,000 | 0.084
Yes | 7 3.55 2.62

Note: U: Mann—Whitney U-test statistic.

Table 5 Logistic Regression Analysis for Unilateral Amblyopia Risk Factors

Number | Unilateral Amblyopia | p value | Odds Ratio | 95% Confidence Interval
n % Upper Lower
Anisometropia (D) | <0.5 44 5 I'1.4% 0.067
0.5-1 27 7 25.9% 0.998 0.000 0.000
1-2 22 12 54.5% 0.998 0.000 0.000
2 6 6 100.0% 0.998 0.000 0.000
Hyperopia (D) <2 36 6 16.7% 0.008*
24 28 9 32.1% 0.002%*
24 12 10 83.3% - 0.020 0.002 0.240
No hyperopia 23 5 21.7% 0.105 0.189 0.025 1.419
Myopia (D) <0.5 3 | 33.3% 0.334
0.5-2 12 0 0.0% 0.998 0.000 0.000
>2 8 4 50.0% 0.998 0.000 0.000
No miyopia 76 25 32.9% 0.065 0.081 0.006 1.170
(Continued)
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Table 5 (Continued).

Number | Unilateral Amblyopia | p value | Odds Ratio | 95% Confidence Interval
n % Upper Lower
Astigmatism (D) <l 29 6 20.7% 0.010%*
1-2 43 9 20.9% 0.020* 0.072 0.008 0.662
>2 27 15 55.6% 0.003* 0.050 0.007 0.358

Abbreviation: D, diopters.

Discussion

Considering that visual impairment due to refractive errors can lead to decreased school success and social problems in
children, it is important to perform screenings for the preschool age group with valid and reliable methods to diagnose
and treat refractive errors early. Determining the risk factors for these screenings and determining the threshold values of
these risk factors are important for community screening.

The use of multivariate analysis in our study allowed us to independently assess the contribution of these risk factors
to amblyopia, despite the frequent coexistence of different refractive errors. All children with unilateral amblyopia
(100%) had significant refractive errors (2.0 D > hyperopia, 1.0 D > astigmatism, 0.5 D > anisometropia). The refractive
errors reported in 87% of amblyopic children in the Vision In Preschoolers (VIP) study and in 85% of amblyopic children
in the Multi-Ethnic Pediatric Eye Disease Study (MEPEDS) study were within these ranges.'”'® Dirani et al reported that
85% of amblyopic Chinese children in Singapore had refractive errors within these ranges.'’

The relationship between hyperopia and unilateral amblyopia was found to be statistically significant, while no
significant relationship was found with bilateral amblyopia. We found that the risk of developing unilateral amblyopia
was 6.2 times higher in children with hyperopia. In the regression analysis, we found statistically significant results for
<2 D and 24 D hyperopia values. In the VIP study, it was reported that the risk of unilateral amblyopia in hyperopia
increased by 1.8 times for the 2-3 D range and 4.3 times for 4 D and above. In the same study, it was reported that the
risk of bilateral amblyopia increased by 2.8 times for the 3—4 D range and 5 times for 5 D and above. Since the number of
children with hyperopia over 4 D was small in our study, statistical calculations could not be made for bilateral
amblyopia. In the Sidney Pediatric Eye Disease Study (SPEDS), hyperopia of over 3 D was detected in 55% of
amblyopic children and hyperopia of over 6 D was detected in 18%.%°

In our study, a statistically significant relationship was observed between astigmatism and both unilateral and bilateral
amblyopia, and the risk of developing unilateral amblyopia was found to be 2.4 times higher in children with
astigmatism. The SPEDS study reported that astigmatism of 1 D and above increased the risk of amblyopia by 5.7
times. The VIP study reported that astigmatism increased the risk of developing unilateral amblyopia by 2.2 times for the
1-2 D range, 2.8 times for the 2-3 D range, and 1.9 times for 3 D and above. The MEPEDS and Baltimore Pediatric Eye
Disease Study (BPEDS) evaluated 6504 children aged 30—72 months, and reported that astigmatism increased amblyopia
by 2.3 times for the 1-2 D range, and 17.6 times for 2 D and above.”'

The relationship between anisometropia and unilateral amblyopia was found to be statistically significant, and
anisometropia was shown to increase unilateral amblyopia by 8.9 times. When anisometropia ranges were evaluated
separately, no statistically significant results were obtained in the logistic regression analysis. However, it was found that
the rate of amblyopia increased in increasing value ranges (11.4% for 0.5 D and below, 25.9% for 0.5-1 D, 54.5% for
1-2 D, 100% for 2 D and above). In the VIP study, anisometropia was reported to be a major risk factor, and it was
reported that the risk of unilateral amblyopia increased by 1.7 times for 0.5-1 D range, 4.3 times for 1-2 D range, and 9.2
times for 2 D and above. Weakley reported in 361 patients that amblyopia was 13 times more common in children with
anisometropia ranging from 1.00 D to 2.00 D than in children with anisometropia ranging from 0.00 D to 1.00 D.*
However, he showed that cylindrical hyperopia or cylindrical myopic anisometropia greater than 1.5 D, myopic
anisometropia greater than 2 D, and hyperopic anisometropia greater than 1 D were significantly associated with
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amblyopia. Many studies have reported that amblyopia associated with anisometropia due to hyperopia is more common
and severe than that seen in anisometropia due to myopia.23*27 In contrast to the older child population targeted by our
study, Steltman et al found anisometropia greater than 15 D in only 5 of 601 children with a mean age of 14.5 months in
the Early Glasses Study.?®

Strabismus is not as common as ametropia, but it is one of the important risk factors for amblyopia. In our study, no
relationship was found between amblyopia and strabismus, but the number of patients with strabismus (n=7) was not
sufficient for statistics. PlusoptiX has reduced sensitivity for small-angle and intermittent deviations. However, these
carry lower amblyopia risk than constant large-angle strabismus, minimizing the impact on prevalence estimates while
limiting conclusions about strabismus-amblyopia associations.

In the VIP study, esotropia (n=91) and exotropia (n=49) were evaluated separately and it was reported that the risk of
unilateral amblyopia increased 7.8 times for esotropia and 3.1 times for exotropia. In the SPEDS study, the risk of
amblyopia increased 9.3 times for esotropia and 7.6 times for exotropia, and strabismus was reported in 37% (n=10) of
amblyopic children. In the MEPEDS and BPEDS studies, it was reported that esotropia was associated with amblyopia,
but exotropia was not statistically significant. This study showed that esotropia caused a 9-fold and exotropia a 1.2-fold
increase in risk.

No increased risk was found for unilateral or bilateral amblyopia in myopic children. The SPEDS study evaluated
1422 children aged 30—72 months, and although not statistically significant, it was reported that the risk of amblyopia in
children with 0.5 D or more myopia increased by 2.2 times. The VIP study included 3869 children aged 3—5 years, and
compared to children without myopia (<0.5 D), it was found that myopia between 0.5 and 2 D increased the risk of
unilateral amblyopia by 1.7 times, and myopia of 2 D or more increased the risk of unilateral amblyopia by 4.1 times.

The prevalence of amblyopia was found to be 2.6% in our study. In population-based studies from various regions
in our country, the prevalence of amblyopia was found to be 1.1% in a study conducted by Turach et al with 23,810
school students.” Caga et al reported the prevalence of amblyopia as 2.6% in a study conducted on 20,062 children
aged 6-14.® In another study conducted by Ergin with 2386 participants, the prevalence was found to be 1.21%."
Other large-scale studies reported SPEDS as 1.9%, BPEDS as 1.8% and MEPEDS as 2.1%. In a study conducted in
Sweden, which is notable for its low rate, Kvarnstrom et al reported the prevalence of amblyopia in 10-year-old
children as 0.3%.%°

Demographic characteristics such as age and gender were not found to be associated with amblyopia. Amblyopia
rates may differ in studies comparing urban and rural populations, but the children in our study were predominantly from
urban schools and preschool education areas. The MEPEDS and BPEDS studies reported that lack of health insurance
reduced children’s access to early interventions with glasses, resulting in bilaterally reduced visual acuity. They also
reported a 2-fold increased risk of unilateral amblyopia in Hispanics. The VIP study found significant results in terms of
demographic characteristics, but reported a 1.4-fold increased risk of unilateral amblyopia in Hispanics.

There are some limitations to our study. In our study, children who were deemed risky and could not be measured
were referred to our clinic. There may be children who passed the screening but had refractive error amblyopia below the
threshold values. Considering the high specificity values shown in screening studies of the Plusoptix device, we think that
this will not change our statistical results. The children who participated in the screening were children who received
preschool education or primary school 1st grade students. Considering that the entire population cannot access preschool
education due to the socioeconomic differences in our region and that the amblyopia rate may be different in the urban
and rural population, our cohort may not represent the entire population. Another shortcoming of our study is that our
amblyopia prevalence may have been affected by the fact that children with glasses were not referred to our clinic during
the school screening. In addition, children with small-angle tropia who were not detected by the photo scanner may not
have been referred to us.

Supporting the results of other previously reported population-based studies, the results obtained in our study are
lower than the generally accepted threshold values for amblyopia. In addition, our results emphasize the importance of
correcting refractive errors in the treatment of children with amblyopia. Early treatment of refractive errors can prevent
amblyopia. The effectiveness of screening methods performed with pediatric autorefractometers increases as the screen-
ing age decreases.
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In our study, risk factors for unilateral and bilateral amblyopia were evaluated in preschool children and first grade
primary school students. Our data may help shape threshold values and screening policies for refractive errors. More
population-based studies are needed in different regions to create guidelines consisting of ideal threshold values that can
be used in amblyopia screening programs.

Conclusion

In this school-based screening of 1126 Turkish preschoolers, amblyopia prevalence was 2.6%, with refractive errors
present in all affected children. Anisometropia, hyperopia, and astigmatism were independently associated with amblyo-
pia risk, with a ROC analysis suggesting potentially lower screening thresholds than conventional guidelines. However,
as referral criteria were based solely on refractive parameters, these findings apply primarily to refractive amblyopia;
strabismic amblyopia was likely underascertained. Prospective population-based studies examining the full refractive
error spectrum are needed before these thresholds can inform screening policy. Early detection of significant refractive
errors remains essential for amblyopia prevention in preschool populations.
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