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This study aimed to determine the prevalence and risk factors associated with amblyopia among preschool
and school-going children aged 3-12 years.

Methodology

A cross-sectional, observational study was conducted on 1,683 preschool and school-going children in
western India. They were divided into three groups (group A: 3-5 years, group B: 6-9 years, and group C: 10-
12 years). All participants underwent comprehensive ophthalmological evaluations to identify ocular causes
of amblyopia such as refractive errors, strabismus, and stimulus deprivation. Non-ocular risk factors were
assessed through detailed parental questionnaires addressing prenatal, perinatal, and postnatal histories.

Results

Of the children screened, 5.88% (n = 99) were diagnosed with refractive errors, and 1.66% (n = 28) were
diagnosed with amblyopia. Among amblyopic children, refractive amblyopia was the most prevalent at
71.43% (n = 20, p < 0.0001), followed by strabismic amblyopia (21.43%, n = 6) and stimulus deprivation
amblyopia (7.14%, n = 2). Astigmatism was found to be most amblyogenic in cases of both unilateral and
bilateral amblyopia, though hypermetropic amblyopic children formed the majority of the refractive
amblyopia population. The majority of children had moderately severe amblyopia across all age groups.
Significant non-ocular risk factors included pre-obese maternal body mass index at conception (p < 0.001)
and low birth weight (p < 0.001). Although preterm birth also emerged as a major risk factor, the results were
not significant (p = 0.063).

Conclusions

Amblyopia in children can be attributed to both modifiable ocular and non-ocular risk factors. It is one of
the most common reversible causes of childhood blindness. Early identification and intervention are
essential for optimal visual outcomes, highlighting the importance of initiating amblyopia screening
programs starting at preschool ages.
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Introduction

Amblyopia, often referred to as “lazy eye,” is a visual disorder characterized by a unilateral and, less
commonly, bilateral reduction of best-corrected visual acuity that is not attributable solely to any apparent
structural abnormality of the eye or visual pathway [1,2]. It remains a significant pediatric concern due to its
potential to persist into adulthood if not adequately addressed during childhood. Global prevalence rates of
amblyopia vary widely, affecting between 0.2% and 6.2% of children worldwide, underscoring its relevance
across diverse populations [3].

The etiology of amblyopia is multifactorial, encompassing both ocular and non-ocular risk factors. Ocular
contributors include strabismus, sensory deprivation in the form of cataract and central corneal opacities,
anisometropia, and high refractive errors, which disrupt normal visual development, leading to amblyopia
[3-5]. Additionally, congenital nasolacrimal duct obstruction is recognized for its role in inducing amblyopia
through prolonged epiphora and intermittent discharge, which result in visual blur [6]. Non-ocular risk
factors extend beyond the eye itself, including prematurity, developmental delays, being small for
gestational age, or having a first-degree relative with amblyopia. Environmental influences, such as
maternal substance use during pregnancy, have also been linked to an increased risk of developing
amblyopia or strabismus [7].
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The imperative for early detection and intervention cannot be overstated. The success of amblyopia
treatment is contingent upon several factors, including the cause, the age at which the amblyogenic stimulus
began, the age of beginning amblyopia therapy, the type of amblyopia therapy chosen, the severity and
duration of the condition, previous interventions, adherence to treatment, and the presence of coexisting
pathologies [8]. Despite this knowledge, there remains a significant gap in the literature concerning the
comprehensive identification of both ocular and non-ocular risk factors for amblyopia, particularly in the
Indian subcontinent.

This study aims to fill this gap by elucidating the prevalence and a broad spectrum of risk factors associated
with amblyopia among children aged 3-12 years in the western part of Rajasthan. By doing so, it seeks to
underline the critical need for systematic screening and comprehensive ophthalmological evaluations,
aiming to enhance early detection rates and improve visual outcomes for affected children.

Materials And Methods

This prospective, observational study was performed in various schools of Rajasthan, from January 2021 to
December 2021, targeting preschool and school-going children, covering both government and private
schools. Approval was granted by the Institutional Ethics Committee, All India Institute of Medical Sciences,
Jodhpur (AIIMS Jodhpur) (reference number: AIIMS/IEC/2021/3361). The protocol adhered to the principles
of the Declaration of Helsinki.

After obtaining permission from the district health administration, schools were randomly selected for
participation. Written informed consent was secured from all participants’ parents or guardians before any
assessment. All children aged 3-12 years who underwent comprehensive ophthalmological screening and
whose parents gave consent were included in the study. Any child with an organic eye disease or
uncooperative behavior during examination was excluded from the study. The children participating in the
study were divided into three age groups. Group A included children aged 3-5 years, group B included
children aged 6-9 years, and group C included children aged 10-12 years.

Comprehensive eye examinations were conducted in the school premises by a team of trained
ophthalmologists and an optometrist. All children were assessed for uncorrected and best-corrected visual
acuity, ocular alignment, ocular motility, intraocular pressure (IOP), and any abnormality of anterior or
posterior segments, including adnexal tissues. Visual acuity testing methods were age-appropriate, utilizing
Tumbling E and pictorial vision charts for younger children and Snellen’s charts for older children.
Cycloplegic refraction was performed using 1% cyclopentolate eye drops instilled three times per eye, with
retinoscopy performed 25 minutes after the last instillation in all children. Detailed squint evaluation was
performed in cases of ocular misalignment. IOP was measured digitally in all children. Anterior segment
examination was done using a direct ophthalmoscope, and the posterior segment was examined using an
indirect ophthalmoscope. All children diagnosed with refractive errors were prescribed glasses and asked to
follow up in the outpatient department (OPD) of the Ophthalmology Department of AIIMS Jodhpur. Children
with amblyopia and other ocular anomalies were also similarly called to OPD for further testing and treated
accordingly.

Standard definitions for various refractive errors and subtypes of amblyopia were used. Refractive errors
were classified as myopia, hypermetropia, and astigmatism. These were further categorized as mild,
moderate, or severe based on specific criteria. Myopia was classified as mild (<3.0 D), moderate (3.25-6.0 D),
and severe (>6.0 D); hypermetropia as mild (<2.0 D), moderate (2.25-5.0 D), and severe (>5.0 D); and
astigmatism as mild (<1.0 D), moderate (1.0-2.0 D), and severe (>2.0 D) [9-11].

Amblyopia was defined as a difference in the best-corrected visual acuity between the two eyes of 2 or more
Snellen lines/equivalent measure on the pictorial or Tumbling E chart in children aged less than four years,
in the absence of any organic lesion that could result in a decrease in vision. In cases of bilateral amblyopia,
it was defined as a best-corrected visual acuity of less than 6/12 bilaterally on the Snellen’s chart/equivalent
measure on the pictorial or Tumbling E chart in children aged less than four years, in the absence of any
organic lesion that could result in a decrease in vision. Amblyopia severity was defined based on visual
acuity in the affected eye: mild (6/9 to 6/12), moderate (6/12 to 6/36), and severe (worse than 6/36) [2].

Amblyopia was further categorized as refractive, strabismic, and stimulus deprivation amblyopia [12,153].
Refractive/ametropic amblyopia was diagnosed when hypermetropia was >4.00 D, myopia >6.00 D, and
astigmatism >2.50 D bilaterally with no related strabismus or ocular pathology. Anisometropic amblyopia
was diagnosed when there was 1.00 D or more in spherical equivalent for hypermetropia, 3.00 D or more for
myopia, and 1.50 D or greater difference in astigmatism in any meridian between the two eyes. Strabismic
amblyopia was defined as amblyopia in the presence of heterotropia at a distance and/or near, or a history of
strabismus surgery, and in the absence of refractive error significant to cause heterotropia. All cases with
significant anisometropia potentially able to cause heterotropia were included under refractive amblyopia.
Deprivation amblyopia included patients with known documented cases of sensory deprivation (cataract,
ptosis, or other media opacities) with no primary heterotropias or refractive errors that could be causally
related to amblyopia.
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A detailed proforma was used to collect data on each child’s birth history, maternal health factors,
environmental exposures during pregnancy, intranatal and postnatal complications, presence of any ocular
pathology, and family history of amblyopia. Preterm birth was defined as a gestation period less than 37
weeks. Low birth weight was categorized as a birth weight under 2,500 g, whereas normal birth weight
ranged from 2,500 g to 4,000 g. The body mass index (BMI) of the mother was calculated using the following
standard formula: weight in kilograms divided by the square of height in meters, with categories for

underweight (<18.5 kg/m%) and overweight (>25 kg/m?).

Data were entered into Microsoft Excel and analyzed using SPSS version 25 (IBM Corp., Armonk, NY, USA).
Descriptive statistics, such as counts and percentages, were used for nominal variables and analyzed using
chi-square or Fisher’s exact tests. Ordinal variables were described using medians and interquartile ranges,
and analyzed using the Mann-Whitney U test. Statistical significance was set at a p-value less than 0.05.

Results

A total of 1,683 children participated in the study and were categorized into three groups. Group A
comprised 307 children, group B included 547 children, and group C had 829 children. The mean age of the
participants was 8.92 # 2.20 years. The cohort demonstrated a male predominance, with males constituting
63.81% (n = 1,074) and females 36.19% (n = 609) (Table I).

Gender Frequency of amblyopia (n = 28) Total (n = 1,683) P-value
Male 15 (13.96%) 1,074 (63.81%)

0.320
Female 13 (21.35%) 609 (36.19%)

TABLE 1: Gender distribution of the total population and amblyopic children.

Refractive errors were identified in 5.88% (n = 99) of the children, with the highest prevalence in group C at
6.27% (n = 52), followed by group B at 5.85% (n = 32), and group A at 4.88% (n = 15). However, the difference
was insignificant among the three groups (p = 0.316) (Table 2).

Age groups Frequency of refractive error (n = 99) Total (n = 1,683) P-value
3-5 years 15 (4.88%) 307 (18.24%)

6-9 years 32 (5.85%) 547 (32.50%) 0.316
10-12 years 52 (6.27%) 829 (49.26%)

TABLE 2: Age-wise prevalence of refractive errors.

Myopia was the most common refractive error in our study, accounting for 45.45% (n = 45), followed by
hypermetropia (40.40%) and astigmatism (14.14%). Astigmatism was most prevalent in the younger age
group, and its frequency decreased with increasing age (Table 5).

Types of refractive errors (n = 99) 3-5years (n = 15) 6-9 years (n = 32) 10-12 years (n = 52) P-value
Myopia (n = 45; 45.45%) 6 (40%) 17 (53.12%) 22 (42.31%)

Hypermetropia (n = 40; 40.40%) 5(33.3%) 11(34.4%) 24 (46.16%) 0.334
Astigmatism (n = 14; 14.14%) 4 (26.7%) 4(12.5%) 6 (11.5)

TABLE 3: Distribution of different refractive errors among all three age groups.

The prevalence of amblyopia was 1.66% (n = 28), with no significant gender preference (p = 0.32) (Table ).
The prevalence of amblyopia across the groups was also statistically insignificant (p = 0.95), with group A at
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1.63% (n = 5), group B at 1.83% (n = 10), and group C at 1.57% (n = 13) (Table 4).

Age groups Prevalence of amblyopia (n = 28; 1.66%) Total P-value
3-5 years 5(1.63%) 307 (100%)

6-9 years 10 (1.83%) 547 (100%) 0.950
10-12 years 13 (1.57%) 829 (100%)

TABLE 4: Prevalence of amblyopia in different age groups.

In our study, unilateral amblyopia was more common than bilateral amblyopia, as seen in 57.4% (n = 16) of
the children compared to 42.86% (n = 12) of bilateral amblyopia; however, the difference was statistically
insignificant (p = 0.45) (Table 5).

Laterality of amblyopia Unilateral Bilateral Total P-value

Number of children 16 (57.4%) 12 (42.86%) 28 0.446

TABLE 5: Laterality of amblyopia.

While evaluating the subtypes of amblyopia, refractive amblyopia was the most common subtype,
accounting for 71.43% (n = 20) of cases (p < 0.001), followed by strabismic amblyopia at 21.43% (n = 6), and
deprivation amblyopia at 7.14% (n = 2) (Table 6).

Type of amblyopia (n = 28) Number of children P-value
Refractive 20

Strabismic 6 <0.001
Stimulus deprivation 2

TABLE 6: Types of amblyopia.

In refractive amblyopia, anisometropia was a notable risk factor in 40% (n = 8) of amblyopic children (p =
0.308). However, there was no significant correlation between the severity of anisometropia and the depth
of amblyopia (p = 0.196). Others had ametropic amblyopia, with hypermetropia constituting the maximum
number of cases at 6 (30%), followed by equal incidence of myopia and astigmatism at 15% each (Tables 7, 8).

Type of refractive amblyopia (n = 20) Number of children P-value
Hypermetropia 6 (30%)
Myopia 3 (15%)

0.308
Astigmatism 3 (15%)
Anisometropia 8 (40%)

TABLE 7: Types of refractive amblyopia.
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Severity of anisometropia in amblyopic children (n = 8) Number of children P-value
Mild 1

Moderate 2 0.196
Severe 5

TABLE 8: Severity of amblyopia.

In cases with strabismic amblyopia (nine children), there was no significant difference between the type of
deviation causing amblyopia (p = 0.097) (Table 9).

Type of strabismus in amblyopic children (n =9) Number of children (n =9) P-value
Esotropia 4 (45.5%)

Exotropia 5 (55.5%) 0.097
Vertical deviation 0 (0%)

TABLE 9: Type of strabismus in strabismic amblyopic children.

In our study, moderate amblyopia was the most frequent in almost all age groups. There was no significant
correlation of severity of amblyopia with age, with p-values of 0.44 and 0.64 in the right eye and the left eye,
respectively. Eight children had severe amblyopia involving the right eye, and nine children had severe
amblyopia in the left eye, with a few cases having severe bilateral amblyopia (Table 10).

Severity of amblyopia 3-5 years 6-9 years 10-12 years Total P-value
Mild 0 (0%) 0 (0%) 2 (25%) 2 (10%)

Right eye Moderate 2 (50%) 4 (50%) 4 (50%) 10 (50%) 0.436
Severe 2 (50%) 4 (50%) 2 (25%) 8 (40%)
Mild 0 (0%) 0 (0%) 1(9.10%) 1(4.76%)

Left eye Moderate 4 (80%) 2 (40%) 5 (45.45%) 11 (52.38%) 0.639
Severe 1(20%) 3 (60%) 5 (45.45%) 9 (42.86%)

TABLE 10: Severity of amblyopia in various age groups.

However, astigmatism was found to be most amblyogenic in both cases of unilateral and bilateral amblyopia
(Table 11).
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Refractive error Frequency (n = 1,683) Unilateral amblyopia Bilateral amblyopia P-value
Emmetropia 1,589 0 (0%) 0 (0%)
Mild myopia 24 0 (0%) 0 (0%)
Moderate myopia 10 0 (0%) 0 (0%)
Severe myopia 10 2 (20%) 3 (30%)
Right eye Mild hypermetropia 11 4 (36.36%) 0 (0%) 0.670
Severe hypermetropia 29 3 (10.34%) 5(17.24%)
Mild astigmatism 0 0 (0%) 0 (0%)
Moderate astigmatism 10 4 (40%) 1 (10%)
Severe astigmatism 6 3 (50%) 2 (33.3%)
Emmetropia 1,583 0 (0%) 0 (0%)
Mild myopia 23 0 (0%) 0 (0%)
Moderate myopia 15 3 (33.3%) 0 (0%)
Severe myopia 7 1(14.3%) 3 (42.86%)
Left eye 0.556
Mild hypermetropia 8 0 (0%) 0 (0%)
Severe hypermetropia 33 1(3.03%) 5(15.15%)
Moderate astigmatism 9 2 (22.22%) 1 (11.11%)
Severe astigmatism 5 2 (40%) 2 (40%)

TABLE 11: Types and severity of refractive errors causing amblyopia.

Various non-ocular risk factors that have been shown in some studies to be amblyogenic were also studied,
including demographic details of the mother at conception and the infant at birth. The mean age of mothers
at conception was 22.30 * 4.30 years, with a mean weight of 55.60 + 6.41 kg and a mean height of 153.76 +

10.82 cm. The average BMI was 24.39 * 4.46 kg/mz. A highly significant association between amblyopia and
mothers' BMI was seen (p < 0.001). Most of the children with amblyopia had mothers with BMI in the pre-

obese/overweight category at the time of conception (25-29.9 kg/mz). Preterm infants were more susceptible
to developing amblyopia, though the results were not statistically significant. Low birth weight was also
significantly associated with increased risk of amblyopia in later life (p < 0.001). On evaluating postnatal
complications, the odds of amblyopia were much lower in all complication groups compared to the no
complications group (Table 12).
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Non-ocular risk factors Frequency of children Relative risk/Odds ratio P-value
<18.5 1(3.57%)
18.5-24.9 11 (39.29%)

Maternal BMI (kg,mz) 25-29.9 14 (50%) Not analyzed <0.001
30-34.5 2 (7.14%)
>35 0 (0%)
VLBW (<1,500 g) 2 (7.14%) 0.20/0.196
LBW (<2,500 g) 16 (57.14%) 1.60/1.624

Birth weight <0.001
Normal 10 (35.71%) 1.00/1.000
Overweight 0 (0%) 0.00/0.000
No complications 20 (71.43%) 1.00/1.00
Birth asphyxia 1(3.57%) 0.05/0.048

Postnatal complications <0.001
Respiratory distress 5(17.86%) 0.25/0.241
Neonatal jaundice 2 (7.14%) 0.10/0.096
Moderately preterm 10 (35.71%)

Gestational age Late preterm 4 (14.29%) Not analyzed 0.063
Term 14 (50%)

TABLE 12: Non-ocular risk factors of amblyopia.

BMI: body mass index; VLBW: very low birth weight; LBW: low birth weight

Discussion

Amblyopia is one of the most common causes of reversible childhood blindness. Early detection and
intervention in the form of just refractive correction alone can successfully treat a large part of the
amblyopic population. In our study, which involved screening 1,683 children, amblyopia was detected in
1.66% of cases. This prevalence is consistent with findings from studies conducted by Kalikiyavi et al. and
Gupta et al., where similar prevalence rates were observed [5,14]. However, studies by Murthy et al. and
Anjaneyulu et al. reported higher rates at 4.4% and 6.6%, respectively [15,16]. Generally, the prevalence of
amblyopia reported in the literature ranges from 0.8% to 3%, with variations likely due to differences in age
ranges assessed and the diversity of study populations.

In our research, refractive amblyopia was identified as the most common ocular cause, affecting 71.43% of
amblyopic children, followed by strabismus and deprivation amblyopia. These findings align with the
MEPEDS study, which reported refractive amblyopia in 78% of cases [17]. Moreover, strabismic amblyopia
may be detected and treated earlier due to the visible deviation of the eyes. Anisometropia was a notable risk
factor in our study, present in 40% of the children with amblyopia. This finding is consistent with studies by
Mocanu et al., Ganekal et al., and Pascual et al., all of which highlighted anisometropic amblyopia as a
prevalent refractive risk factor [18-20].

Strabismus was observed in 21.43% of amblyopic cases in our study. Although not the most prevalent cause,
it remains a significant risk factor for amblyopia, particularly noted in studies involving multiethnic groups
such as African Americans and Hispanics [17]. Our study showed severe astigmatism to be the most common
type of refractive error causing unilateral and bilateral amblyopia (50% in the right eye and 40% in the left
eye for unilateral amblyopia, and 33.33% in the right eye and 40% in the left eye for bilateral amblyopia).
Studies by Ganekal et al and Hendler et al. echoed similar findings [19,21]. Pascual et al. reported that
hyperopia >2 D, astigmatism >1 D, and anisometropia >0.5 D are significant risk factors for refractive
amblyopia [20].

Regarding the severity of amblyopia, the majority of affected eyes in our study exhibited moderate
amblyopia in approximately half of the patients across all age groups. Severe amblyopia was more commonly
seen across older age groups compared to the 3-5-year age group, signifying an increasing probability of
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amblyopia with age if left untreated. This trend of increasing severity of amblyopia mirrored the study by
Donahue, who showed a similar relationship between patient age and amblyopia [22]. However, this
distribution of severity contrasts with the study by Sapkota et al., which found a predominance of mild to
moderate amblyopia in 60% of cases [23]. Ganekal et al. also showed a higher percentage of moderate
amblyopia [19]. This could be attributed to the higher prevalence of refractive amblyopia than strabismic
amblyopia in our study, which causes less severe amblyopia compared to strabismic amblyopia.

Significant associations with amblyopia were also found concerning low birth weight (p < 0.001), similar to
the findings by Robaei et al, who underscored the links between these factors and amblyopia [24]. Maternal
BMI before conception also showed a significant correlation with amblyopia, particularly within the pre-

obese range (25-29.9 kg/mZ), a finding echoed by Mocanu et al. [18]. Amblyopia is a neurodevelopmental
disorder. Maternal obesity can lead to various antenatal and perinatal complications, which can further
affect the neural development of these babies. However, this is just a speculation, and the exact mechanisms
need to be determined by further studies.

Contrary to expectations, postnatal complications appeared to be associated with a lower risk of amblyopia.
This suggests that factors such as increased medical attention in complicated births may reduce amblyopia
risk, as such children were more likely to receive early interventions. However, the literature is quite scarce
regarding these. A study by Pan et al. did find a significant correlation of amblyopia with children who had
APGAR scores less than 7 [25].

Our study had several limitations, including potential inaccuracies in the parental reporting of factors such
as the mother’s preconception weight and smoking history or a family history of amblyopia. These could
have caused a potential recall bias. Additionally, the study’s population size and the exclusion of children
unable to complete visual acuity testing or absent on screening day may have introduced selection bias. The
absence of some children during follow-up appointments also potentially affected the robustness of our
findings. Moreover, the study was conducted among healthy children going to normal schools only. It
excluded children with severe ischemic insult, which could have modified the relationship of amblyopia with
perinatal complications. Being a cross-sectional study, the exact causality of non-ocular risk factors could
not be determined. However, our study is one of the very few studies that have studied the prevalence of
amblyopia in the preschool age group and helped children gain access to early treatment options. Such early
interventions are instrumental in building a healthy future not only for such children but also for our
country.

Conclusions

This study provides valuable insights into the prevalence and risk factors associated with amblyopia among
children aged 3-12 years in western Rajasthan. The prevalence of amblyopia was determined to be 1.66%,
which aligns with existing research, suggesting consistency across different geographic and demographic
settings. The study highlights refractive amblyopia as the most prevalent cause, with significant
contributions from anisometropia and strabismus. We also identified several key non-ocular risk factors,
including maternal pre-pregnancy BMI, preterm birth, and low birth weight, which showed strong
associations with the development of amblyopia. These findings underscore the multifactorial nature of
amblyopia, involving a complex interplay between genetic predisposition and environmental influences.
Given the implications of these findings, it is imperative to incorporate routine amblyopia screening into
pediatric care, particularly for populations at higher risk, to ensure timely diagnosis and effective
management. This approach will aid in minimizing the long-term consequences of amblyopia and help
children achieve their full visual and developmental potential. Early identification and intervention are
crucial for optimal visual outcomes, emphasizing the need for preschool-based amblyopia screening
programs.
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