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Abstract
Objective: The study aimed to investigate the association among the depth of
amblyopia, the magnitude of anisometropia, age, sex and laterality. Methods: A
retrospective review of 13,146 patients was performed and 64 patients with
unilateral anisometropic amblyopia were investigated between January 2013
and May 2015 in Hakkari Government Hospital Eye Clinic during my
obligatory duty as an ophthalmologist. The depth of amblyopia, the magnitude
of refractive error and anisometropia, age, laterality and gender of the patients
were statistically analyzed. Results: Age was positively correlated with the
cylindrical values of myopic amblyopic patients whereas such correlation was
not observed in hyperopia (rho: 0.666; p < 0.01; Correlation is significant at
the 0.01 level, 2-tailed). The amblyopia depth was significantly more common
in the left eye compared to the right eye in severe and moderate amblyopia
groups. In astigmatism, cylindrical powers of amblyopic eyes were statistically
correlated with logMAR visual acuities of amblyopic eyes. The spherical
powers of amblyopic eyes were statistically correlated with logMAR visual
acuity of amblyopic eyes in myopia and in hyperopia. Also in hyperopia,
cylindrical powers of healthy eyes were statistically correlated with cylindrical
powers of amblyopic eyes (rho: 0.763; p < 0.01). This result may indicate the
tendency of making amblyopia in both eyes of hyperopia patients.
Conclusion: Refractive disorder difference of 0.75 diopter (D) astigmatism or
1.5 D of spherical refractive disorder difference was enough for amblyopia
development. The same amount of anisohyperopia and anisoastigmatism
leads to deeper amblyopia compared to the same amount of anisomyopia. The
vision per D values of refractive disorders were approaching to each other
above 4 D of spherical equivalents. The deeper amblyopia was significantly
more common in the left eye compared to the right eye. The hyperopia seems
to change slowly whereas the astigmatism and the myopia behave like a factor
that varies as time goes by.
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1. Introduction
The Greek words amblyos means dull, and opia means vision. Amblyopia refers
to the decrease in best-corrected visual acuity in an eye having no organic
pathology [1] and has to be treated within the sensitive period for visual
development [2]. Amblyopia is associated with complete or partial lack of clear
visual input to one eye (stimulus deprivation amblyopia or unilateral/anisometropic refractive amblyopia), or less often to both eyes (bilateral refractive
amblyopia) or to conflicting visual inputs to the two eyes (strabismic amblyopia)
[3]. Anisometropia is one of the main causes of amblyopia [4]. The difference in
refractive error between two eyes produces abnormal binocular interaction and
motivates inhibition of the eye with greater refractive error, resulting in a
reduction in its visual acuity.
The cumulative incidence of amblyopia is estimated to be between 2% and 4%
in children aged up to 15 years old [3]. Anisometropia, the asymmetry of
refraction between fellow eyes, is an underdiagnosed cause of amblyopia because
it is not readily apparent to parents or the child. As a result, it often goes
undetected until the child is older [5]. If anisometropia is left untreated, it
becomes a well-known amblyogenic factor [6].
Weakley found that the incidence and the depth of amblyopia were associated
with the type and the magnitude of anisometropia. The risk of amblyopia is high
in anisometropia if it is more than 2.00 D in myopia, more than 1.00 D in
hyperopia and more than 1.50 D in astigmatism [7]. Younger children with
anisometropia were found to have lower prevalence and depth of amblyopia in
comparison to older children [8] whereas accompanying esotropia augmentates
the depth of amblyopia [9].
In unilateral anisometropic amblyopia, the reduction of visual acuity in only
one eye may not have a great impact on most of these children’s daily life. This
may result late presentation of patients to the hospital. Physicians may have
trouble in evaluating possible least best corrected visual acuities and impairment scores of amblyopic patients. Clinicians can predict the patients’ least
possible best corrected visual acuity in unilateral refractive amblyopia. We
investigated the best corrected visual acuities and depth of amblyopias,
comparing it with such factors including age, sex, type, laterality and amount
of refractive error in the previously untreated anisometropic amblyopia
patients.
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2. Methods
A retrospective review of 13,146 patients was performed which were between
2013 January and 2015 May in Hakkari Government Hospital Eye Clinic during
my obligatory duty as an ophthalmologist. 134 patients had bilateral refractive
amblyopia and 64 subjects were included into the study with the diagnosis of
unilateral anisometropic refractive amblyopia without any treatment before.
Unilateral refractive anisometropic amblyopia was secondary to refractive error
differences between eyes. Anisometropic amblyopia develops when unequal
refractive error in the two eyes causes the image on one retina to be chronically
more defocused than the fellow eye. This form of amblyopia may occur in
combination with strabismus but none of our patients had any deviation in their
eyes.
All subjects had a comprehensive eye examination for visual acuity test for
distance by Snellen chart, cycloplegic refraction and cover test for near and
distance. Instillation of 1% cyclopentolate three times at a 10-minute intervals
were performed, cycloplegia was considered completed as the neutralizing power
of the retinoscopy was same at near and far. Cycloplegic refraction was
performed by auto-kerato-refractometer (Topcon®, KR800) after 45 minutes
time. Full refractive correction was prescribed and visual acuities were noted at
the first visit and three weeks after the prescription. Patients were diagnosed
with amblyopia whether if their inter-ocular visual acuity differences were 1 and
more Snellen lines and amblyopia was classified mild, moderate and severe
according to the both refraction values and visual acuities. All individuals were
orthotropic and all of them had healthy ocular structures except two of them had
bilateral tilted disk. None of the patients had any degenerative changes on
fundus examination or any other ocular pathology such as cataract formation,
glaucomatous cupping or peripapiller atrophy. Based on the amount of refractive
error, we classified each refractive error as mild (myopia: −0.50 D to −3 D;
hyperopia: +0.50 D to +3 D; astigmatism: 0.50 D to 1 D), moderate (myopia: −3 D
to 6 D; hyperopia: +3 D to +6 D; astigmatism: 1 D to 2 D), or severe (myopia: −6
D and over; hyperopia: +6 D and over; astigmatism: 2 D and over) Depending
upon the axis of cylindrical component, astigmatism was classified as with the
rule (axis 61 - 119), against the rule (axis 0 - 29 and 151 - 180), or oblique (axis
30 - 60 and 120 - 150). Based on the best corrected visual acuity of the amblyopic
eye, amblyopia was classified as mild amblyopia (8/10 to 9/10), moderate
amblyopia (4/10 to 6/10) or severe amblyopia (worse than 4/10). Associations
between the depth of amblyopia and the age and/or gender of the subjects, the
laterality of the amblyopic eyes, the type and the magnitude of the refractive
error of the amblyopic eyes and the magnitude of anisometropia were
statistically analyzed. Astigmatisms of patients were transformed to minus
cylinder to facilitate the statistical analysis. Data were analyzed using SPSS 20
software. Shapiro-Wilk test was applied to determine the normality of the
variables. We used non-parametric tests because our values were non-normal in
distribution. Chi-square test, two-sided Spearman’s correlation and one-way
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ANOVA tests were performed. A p-value of less than 0.05 was considered as
statistically significant. Informed consent was obtained from all patients and
ethics approval was granted by the local ethics committee. The research adhered
to the tenets of the Declaration of Helsinki.

3. Results
The study included 64 patients with unilateral anisometropic amblyopia. The
number of females (70.3%, n = 45) was bigger than the number of males (29.7%,
n = 19). The mean age of patients was 21.33 ± 9.27 ranging from 5 to 46. The
median age was 14 years old. Of all subjects, 31.2% were diagnosed with severe
amblyopia, 59.4% with moderate amblyopia and 9.4% with mild amblyopia
according to the visual acuities. For all three types of refractive error, mild
refractive error was found in 34.4% of eyes, moderate error was found in 39% of
eyes and high refractive error was found in 26.6% of eyes. The amblyopia
frequency was 38 (59.4%) in the left eye and 26 (40.6%) in the right eye. The
deeper amblyopia was significantly more common in the left eye compared to
the right eye (Pearson Chi-Square, 2-sided p < 0.05) This statistically result was
evident in moderate and severe amblyopia according to both the refractive state
and visual acuity. But there was not any statistically correlation for the depth of
amblyopia between gender or type of refractive error.
The astigmatism was found to be the most common type of refractive error,
comprising 53.1% of the amblyopic eyes followed by hyperopia 25% and myopia
21.9%. Against the rule astigmatism was found in majority of the eyes with
astigmatism (67.2%, n = 43 versus 17.2%, n = 11 with the rule and 15.6%, n = 10
oblique); however, severity of amblyopia was not statistically correlated with the
type of refractive error or type of astigmatism.
In astigmatism, cylindrical powers of amblyopic eyes were statistically
correlated with logMAR visual acuities of amblyopic eyes (rho: 0.652; p < 0.01).
Spherical equivalents of amblyopic eyes were statistically correlated with
logMAR visual acuities of amblyopic eyes in astigmatism (rho: 0.370; p < 0.05).
The differences of spherical eqivalents between amblyopic eyes and healthy eyes
were statistically correlated with the differece of logMAR visual acuities of
amblyopic eyes and healthy eyes (rho: 0.362; p < 0.05). The differences of
cylindrical powers between healthy and amblyopic eyes were statistically
correlated with the difference of logMAR visual acuities of amblyopic and
healthy eyes (rho: 0.607; p < 0.01).
Of the amblyopic eyes with myopia, hyperopia and astigmatism, 75%, 42.9%,
33.3%, respectively, were found to have severe amblyopia. The magnitude of
cylindrical power was found to be correlated with the age of patients in myopia.
(rho: 0.666; p < 0.01) As the spherical powers of amblyopic eyes were increased
logMAR visual acuities of amblyopic myopic eyes were increased statistically in
myopia. (rho: 0.612; p < 0.01) The differences of spherical equivalents and
spherical powers between healthy and amblyopic eyes were statistically
correlated with logMAR visual acuity differences of amblyopic eyes and healthy
OALib Journal
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eyes in myopia respectively (rho: 0.732; p < 0.01; rho: 0.723; p < 0.01).
In hyperopia, spherical powers of amblyopic eyes were statistically correlated
with logMAR visual acuities of amblyopic eyes (rho: 0.860; p < 0.01). Also in
hyperopia, cylindrical powers of healthy eyes were statistically correlated with
cylindrical powers of amblyopic eyes (rho: 0.763; p < 0.01). The differences of
spherical powers between healthy and amblyopic eyes were statistically
correlated with the differences of logMAR visual acuities of amblyopic eyes and
healthy eyes (rho: 0.771; p < 0.01). The statistical results are shown in Table 1.
The inter-ocular visual acuity differences per inter-ocular spherical equivalent
differences of the amblyopic eyes were documented as vision per D values for
myopia, hyperopia and astigmatism. Refractive disorders of myopia, hyperopia
and astigmatism make a mean of 0.081 vision/D, 0.111 vision/D and 0.167
vision/D as follows. In the 0 - 1 D interval the vision per D was 0.881 for
hyperopia, 0.812 for astigmatism and 0.343 for myopia. In the 1 - 2 D interval
the vision per D was 0.387 for hyperopia, 0.304 for astigmatism and 0.214 for
myopia. In the 2 - 3 D interval vision per D was 0.235 for hyperopia, 0.230 for
astigmatism and 0.170 for myopia. Vision per D values above 4 D and over were
as 0.120 for myopia, 0.118 for hyperopia and 0.105 for astigmatism. The
correlation graphs are seen in Figures 1(a)-(d).

4. Discussion
Anisometropia is a disorder of the visual system characterized by decrease in the
best corrected visual acuity in one or both eyes with no ocular pathology [1].
According to Woodruff et al. [10] the children with anisometropic amblyopia
Table 1. The statistical results.
Correlations in myopia

Correlations in hyperopia

Correlations in astigmatism

Spearman’s rho Correlation Coefficient Sig.
(2-tailed) N

Spearman’s rho Correlation Coefficient Sig.
(2-tailed) N

Spearman’s rho Correlation Coefficient Sig.
(2-tailed) N

Age-Amblyopic Eye
Cylindrical Power

0.666(**)
0.009
14

Spherical power of
amblyopic-LogMAR visual
acuity of amblyopic eye

0.860(**)
0.000
16

Amblyopic eye Cylindrical
Power-LogMAR visual acuity of
amblyopic eye

0.652(**)
0.000
34

Spherical power of amblyopic
eye-LogMAR visual acuity of
amblyopic eye

0.612(*)
0.020
14

Cylindrical power of healthy
eye-Cylindrical power of
amblyopic eye

0.763(**)
0.001
16

Spherical equivalent of
amblyopic eye-LogMAR visual
acuity of amblyopic eye

0.370(*)
0.031
34

Spherical equivalent of
amblyopic eye-LogMAR visual
acuity of amblyopic eye

0.615(*)
0.019
14

Difference of spherical power
between healthy and amblyopic eyes-LogMAR visual acuity
of amblyopic eye

0.771(**)
0.000
16

Difference of sqherical
equivalents between healthy and
amblyopic eyes-LogMAR visual
acuity of amblyopic eye

0.362(*)
0.036
34

Difference of sqherical
equivalents between healthy and
amblyopic eyes-LogMAR visual
acuity of amblyopic eye

0.732(**)
0.003
14

-

-

Difference of cylindrical powers
between healthy and amblyopic
eyes-LogMAR visual acuity of
amblyopic eye

0.607(**)
0.000
34

Difference of spherical power
between healthy and amblyopic
eyes-LogMAR visual acuity of
amblyopic eye

0.723(**)
0.003
14

-

-

-

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
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Figure 1. The correlation graphs.

are typically diagnosed later in comparison to other types of amblyopia because
they lack of noticeable abnormalities in contrast to children with strabismus who
are easily recognized. Anisometropic amblyopic patients apply to the hospital
earlier than that of strabismic and mixed amblyopic children. Neither sex nor
race affects the age of presentation according to them [10]. In the present study,
the mean presentation age of the anisometropic children was 13.7 years old and
the median age was 14 years old in the 5 - 18 age group which was even older
than the previous studies. Results showed us that our amblyopia detection age
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was bigger than that of Woodruff et al. [10]. We speculated this to the health
care insufficiency of the city, which is in a geographically and socioeconomically difficult area.
The cumulative incidence of amblyopia is estimated to be between 2% and 4%
in children aged up to 15 years old [3]. We found an incidence of 1% for
refractive amblyopia in total patient population. For the age groups 5 to 17 our
estimated incidence of anisometropic amblyopia was 1.8%, which seemed
similar to the estimated values.
The most important factor in determining the depth of anisometropic
amblyopia was thought to be the magnitude of anisometropia. The depth of
anisometropia may vary according to the anisometropia magnitude. Ingram and
Walker [9] found that patients having astigmatism of +1.50 or more D in either
eye were significantly associated with anisometropia. Spherical equivalent of the
refractive error of 3.5 dioptres or more, or anisometropia of 1.0 dioptres or more
were risk factors for developing amblyopia according to Latvala et al. [11].
According to Ingram et al. [9] astigmatism of +1.50 or more D in either eye was
significantly associated with anisometropia and bilateral hypermetropia of +2.00
or more D and/or +1.50 D or more of astigmatism in either eye was evaluated as
abnormal. Kutschke et al. [12] informed that patients with anisometropia of
myopic and compound astigmatism and mixed astigmatism had poorer visual
outcomes. Dolezalova [13] concluded that when the refractory difference was
higher than 1 D, there was already a direct relationship between the levels of
anisometropia and the depth of amblyopia was particularly marked when the
difference was higher than 2 D. In our study, refractive disorder difference of
0.75 D astigmatism between eyes or 1.5 D of underlying spherical refractive
disorder difference was enough for developing amblyopia.
Rutstein and Corliss [14] concluded that as the degree of anisometropia increased, the depth of amblyopia became greater. Rutstein and colleagues [14]
found that the depth of amblyopia increased along with the increase in hypermetropic anisometropia. Our results in hyperopia showed that the spherical
powers of the amblyopic eyes were more strongly correlated with visual acuities
than the differences of the spherical powers between amblyopic and healthy eyes.
(rho: 0.732; rho: 0.723; p < 0.01). Whereas in myopia, the differences of spherical
equivalents and the differences of spherical powers between healthy and
amblyopic eyes were more strongly correlated with logMAR visual acuities of the
amblyopic eyes compared to spherical powers and spherical equivalents of the
amblyopic myopic eyes respectively (rho: 0.732; rho: 0.723; rho: 0.612; rho:
0.615; p < 0.01). In astigmatism, cylindrical power of the amblyopic eye and the
difference of cylindrical powers between eyes were more strongly correlated with
logMAR visual acuities of the amblyopic eyes than the spherical equivalents and
difference of spherical equivalents between eyes in astigmatic amblyopic eyes
respectively (rho: 0.652; rho: 0.607; p < 0.001; rho: 0.370; rho: 0.362; p < 0.05). So
we can conclude in astigmatic amblyopia that the astigmatic value and the interocular astigmatic value differences are more strongly correlated with amblyopic
OALib Journal
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visual acuities than astigmatic spherical equivalents. The correlation co-efficients
between visual acuities and refractive values were as follows: hyperopia (rho:
0.860; p < 0.01); astigmatism (rho: 0.652; p < 0.01) and myopia (rho: 0.612; p <
0.05). According our results, hyperopia was superior than astigmatism and
astigmatism was superior than myopia in amblyopia development. However, refractive disorders of myopia, hyperopia and astigmatism make a mean of 0.081
vision/D, 0.111 vision/D and 0.167 vision/D as follows. According to the mean
vision per D values, astigmatism is superior to hyperopia and myopia in
amblyopia development.
A meta-analysis by Weale [15] demonstrates that the prevalence of
anisometropia in patients without amblyopia increases linearly, approximately
1%, for each 7-year period and its distribution reveals a juvenile rise and a later,
post-presbyopic one. A trend for increasing anisometropia with age is also
supported by studies of Bourne and colleagues [16]. In our study, we notified
that as the age of the patient increased both the spherical and cylindrical values
increased statistically in myopia and astigmatism (p < 0.05). But such spherical
or cylindrical changes were not determined in the hyperopia group. We did not
observe the patients for years because it was very difficult. But we analyzed the
current data and speculated about it. So we speculated that the hyperopia to be
such a factor determined at birth and to be affected much less from
environmental factors such as age. However, the astigmatism and the myopia
behave like a factor that varies as time goes by.
Bourne and colleagues [16] also notified that against-the-rule astigmatism and
oblique astigmatism increased with age. We notified that ATR (67.2%) was the
most common astigmatism type seen in amblyopic eyes in the comparison to
other types such as WTR (17.2%) and oblique (15.6%). ATR and oblique
astigmatism increased with age but it was not statistically significant. However,
the age of the myopic patients were statistically correlated with the cylindrical
powers of amblyopic myopic patients (rho: 0.666; p < 0.01). We observed astigmatism accompanying myopia or hyperopia as a deepening factor for amblyopia
depth.
When considered entirely, refractive disorders of myopia, hyperopia and astigmatism make a mean of 0.081 vision/D, 0.111 vision/D and 0.167 vision/D
vision per D values according to the spherical equivalent values. So amblyogenic
effect of refractive disorder is the biggest in astigmatism, then in hyperopia and
then in myopia as follows. In the 0 - 1 D interval the vision per D values showed
0.8 s values for hyperopia and astigmatism and 0.3 s values for myopia. In the 2 3 D interval vision per D values showed 0.2 s values which come closer to each
other. The vision per D values of refractive disorders were approaching to each
other above 4 D of spherical equivalents. The effect of refractive disorder for the
development of amblyopia was the greatest for hyperopia and astigmatism
compared to myopia between the 0 and 2 D interval and it was decreasing and
becoming similar when it became 4 D and over. It seems that the same amount
of anisohyperopia and anisoastigmatism leads to deeper amblyopia compared to
OALib Journal
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the same amount of anisomyopia. Astigmatism seems to have an influence on
anisometropic amblyopia more effectively compared to hyperopia and myopia
according to the vision per D values. But the vision per D values becomes closer
above the 4 D and over values in myopia, hyperopia and astigmatism.
Amblyopia is a common visual disorder and individuals with this condition
may experience visual, functional, emotional and social difficulties. Refractive
correction alone is often effective and this should represent the first step in
evaluating visual acuity of amblyopic eyes. Standard treatment methods may
lead to improved visual acuity in most patients. The visual improvement directly
attributable to additional therapy (typically patching or atropine) is part of a
wider debate that constitutes a clinically significant improvement in visual
acuity.

References
[1]

von Noorden, G.K.C. and Campos, E.C. (2001) Binocular Vision and Ocular Motility: Theory and Management of Strabismus. 6th Edition, Mosby, St. Louis, 246-247.

[2]

Powell, C., Porooshani, H., Bohorquez, M.C. and Richardson, S. (2005) Screening
for Amblyopia in Childhood. The Cochrane Database of Systematic Reviews, 20,
CD005020.

[3]

West, S. and Amblyopia, W.C. (2011) Clinical Evidence.

[4]

Wang, Y., Liang, Y.B., Sun, L.P., Duan, X.R., Yuan, R.Z., Wong, T.Y., et al. (2011)
Prevalence and Causes of Amblyopia in a Rural Adult Population of Chinese the
Handan Eye Study. Ophthalmology, 118, 279-283.
https://doi.org/10.1016/j.ophtha.2010.05.026

[5]

Attebo, K., Mitchell, P., Cumming, R., Smith, W., Jolly, N. and Sparkes, R. (1998)
Prevalence and Causes of Amblyopia in an Adult Population. Ophthalmology, 105,
154-159. https://doi.org/10.1016/S0161-6420(98)91862-0

[6]

Donahue, S.P. (2006) Relationship between Anisometropia, Patient Age, and the
Development of Amblyopia. American Journal of Ophthalmology, 142, 132-140.
https://doi.org/10.1016/j.ajo.2006.02.040

[7]

Weakley Jr., D.R. (2001) The Association between Nonstrabismic Anisometropia,
Amblyopia, and Subnormal Binocularity. Ophthalmology, 108, 163-171.
https://doi.org/10.1016/S0161-6420(00)00425-5

[8]

Donahue, S.P. (2005) The Relationship between Anisometropia, Patient Age, and
the Development of Amblyopia. Transactions of the American Ophthalmological
Society, 103, 313-336.

[9]

Ingram, R.M. and Walker, C. (1979) Refraction as a Means of Predicting Squint or
Amblyopia in Preschool Siblings of Children Known to have These Defects. British
Journal of Ophthalmology, 63, 238-242. https://doi.org/10.1136/bjo.63.4.238

[10] Woodruff, G., Hiscox, F., Thompson, J.R. and Smith, L.K. (1994) The Presentation
of Children with Amblyopia. Eye, 8, 623-626. https://doi.org/10.1038/eye.1994.156
[11] Latvala, M.L., Paloheimo, M. and Karma, A. (1996) Screening of Amblyopic Children and Long-Term Follow-Up. Acta Ophthalmologica, 74, 488-492.
https://doi.org/10.1111/j.1600-0420.1996.tb00605.x
[12] Kutschke, P.J., Scott, W.E. and Keech, R.V. (1991) Anisometropic Amblyopia.
Ophthalmology, 98, 258-263. https://doi.org/10.1016/S0161-6420(91)32307-8
[13] Dolezalova, V. (1998) Relation of Anisometropia and the Extent of Amblyopia.

OALib Journal

9/10

Ş. Istek

Ceska a slovenska oftalmologie: Casopis Ceske oftalmologicke spolecnosti a Slovenske oftalmologicke spolecnosti, 54, 127-130.
[14] Rutstein, R.P. and Corliss, D. (1999) Relationship between Anisometropia, Amblyopia, and Binocularity. Optometry and Vision Science, 76, 229-233.
https://doi.org/10.1097/00006324-199904000-00026
[15] Weale, R.A. (2002) On the Age-Related Prevalence of Anisometropia. Ophthalmic
Research, 34, 389-392. https://doi.org/10.1159/000067040
[16] Bourne, R.R., Dineen, B.P., Ali, S.M., Noorul Huq, D.M. and Johnson, G.J. (2004)
Prevalence of Refractive Error in Bangladeshi Adults: Results of the National
Blindness and Low Vision Survey of Bangladesh. Ophthalmology, 111, 1150-1160.
https://doi.org/10.1016/j.ophtha.2003.09.046

Submit or recommend next manuscript to OALib Journal and we will provide best service for you:







Publication frequency: Monthly
9 subject areas of science, technology and medicine
Fair and rigorous peer-review system
Fast publication process
Article promotion in various social networking sites (LinkedIn, Facebook, Twitter,
etc.)
Maximum dissemination of your research work

Submit Your Paper Online: Click Here to Submit
Or Contact service@oalib.com
OALib Journal

10/10

