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ABSTRACT
Purpose: To determine the prevalence of anisometropia and the associated demographic and 
biometric risk factors in children.
Methods: This cross-sectional study was conducted on the elementary school children of 
Shahroud, east of Iran, in 2015. All rural students were recruited, while multistage cluster sampling 
was used to select the students in urban areas. All children underwent optometric examinations 
including the measurement of uncorrected and corrected visual acuity, autorefraction, and sub
jective refraction with cycloplegia. Biometric components were measured using the Allegro 
Biograph. Myopia and hyperopia were defined as a spherical equivalent ≤−0.5 and ≥ +2.00 diopter, 
respectively. Students with a history of ocular trauma or lack of cycloplegic refraction at least in one 
eye were excluded from the study.
Results: Of 6624 selected children, 5620 participated in the study. After applying the exclusion 
criteria, the data of 5357 students (boys: 52.8%, n = 2834) were analyzed. The mean age of the 
subjects was 9.2 ± 1.7 years (range: 6–12 years). The prevalence of anisometropia ≥ 1 D was 1.1% 
(95% CI: 0.8 to 1.4) in all children, 1.0% (95% CI: 0.7–1.3) in boys, 1.3% (95% CI: 0.8–1.7) in girls, 1.1% 
(95% CI: 0.8–1.4) in urban children, and 1.4% (95% CI: 0.5–2.3) in rural children. The prevalence of 
anisometropia was 8.8% (95% CI: 5.3–12.2) in myopic and 5.7% (95% CI: 2.8–8.5) in hyperopic 
children. Axial length asymmetry (OR = 40.9; 95%CI: 10.2–164.1), myopia (OR = 17.9; 95% CI: 9.4– 
33.9), and hyperopia (OR = 10.1; 95% CI: (5.1–19.7) were associated with anisometropia in multiple 
logistic regression model. More anisometropia was associated with more severe amblyopia. The 
odds of amblyopia (OR = 82.3: 38.2-177-3) and strabismus (OR = 17.6: 5.5–56.4) were significantly 
higher in anisometropic children. The prevalence of amblyopia was 21.7% in children with myopic 
anisometropia ≥ 3D, 66.7% in children with hyperopic anisometropia ≥ 3D, and 100% in cases with 
antimetropia ≥ 3D.
Conclusion: The prevalence of anisometropia was low in Iranian school children. However, a high 
percentage of anisometropic students had amblyopia and strabismus. Axial length was the most 
important biometric component associated with anisometropia.

KEYWORDS 
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Introduction

Refractive anisometropia is a common vision dis
order in which aniseikonia impairs binocular 
vision. It has been shown that each one-diopter of 
anisometropia is associated with 1% difference in 
the retinal image size. Reduced stereopsis is com
mon in the presence of anisometropia and affects 
binocular vision.1,2

Amblyopia development secondary to anisome
tropia is a major concern if amblyopia is not trea
ted during childhood.3,4 Amblyopia is one of the 
most important causes of visual impairment in 

children, which is mainly associated with 
anisometropia1,4,5 with about 50% of the cases of 
amblyopia attributed to anisometropia.5–8 

Strabismus is another consequence of anisometro
pia, especially in children.8 The most important age 
for diagnosis and correction of anisometropia is the 
age when amblyopia develops8; however, this dis
order is associated with academic achievement and 
vision quality of school-age children and students 
due to binocular vision defects.9 Several epidemio
logical studies have determined the prevalence of 
anisometropia in children and adults across the 
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world.5,10–20 Different prevalence rates have been 
reported for this binocular vision disorder depend
ing on the definition. The reported prevalence var
ies between 1 and 10% in children according to 
a spherical equivalent (SE) equal to or worse than 
one diopter.5,11–21 Its demographic and environ
mental risk factors have also been 
investigated.12,22,23 Axial length is considered as 
the most important biometric component related 
to anisometropia24 with changes in the biometric 
structures of the fellow eyes resulting in different 
refractions. However, recent studies have shown 
that other biometric components are also involved 
in the development of anisometropia.25,26

This study was conducted to determine the pre
valence of anisometropia and the associated demo
graphic and biometric risk factors in children.

Methods

Data from the first phase of Shahroud 
Schoolchildren Eye Cohort Study were used in 
this study. This cross-sectional study was con
ducted in the rural and urban populations of 
Shahroud, northeast of Iran, in 2015. The metho
dological details of this study and the examinations 
conducted have been published elsewhere.27 All 
children living in rural areas were selected due to 
their small population, while multistage cluster 
sampling was applied in urban areas. Each class
room was considered a cluster. There were 473 
clusters in the urban areas of Shahroud, of which 
200 clusters were selected using systematic random 
sampling. After selecting the clusters, the children's 
parents were asked to sign informed consent forms 
containing study details and objectives.

The children’s demographic characteristics and 
past medical history were collected through inter
views with parents. Optometric examinations and 
imaging studies were performed.

Non-cycloplegic auto refraction was performed 
for all children using the Nidek ARK-510A auto 
refractokeratometer. In children wearing specta
cles, spectacle-corrected visual acuity was mea
sured and lensometry was performed. 
Uncorrected visual acuity was measured using the 
Nidek CP-770 chart projector at three meters and 
the autorefraction data were refined with Heine 

Beta retinoscope (HEINE Optotechnik, 
Herrsching, Germany). Subjective refraction was 
performed in students whose visual acuity was 
less than 20/20. After subjective refraction and in 
the final stage of the examinations, cycloplegic 
refraction was measured at least 30 minutes after 
instilling cyclopentolate 1% drops twice, 5 minutes 
apart, using retinoscopy and auto refractometry. 
The Allegro Biograph (WaveLight AG, Erlangen, 
Germany) was used to measure biometric compo
nents (axial length, anterior chamber depth, central 
corneal thickness, lens thickness, corneal white to 
white diameter) in all participants.

After applying the best optical correction, unilat
eral and alternate cover tests were done to determine 
the presence of strabismus. Near and distance cover 
tests were performed at 40 cm and 3 meters, respec
tively. Only the students with manifest strabismus 
were evaluated in this study. Stereoacuity was eval
uated using the Stereo Fly Test (Stereo Optical 
Company Inc., Chicago, USA) at a distance of 40  
cm according to the standard test procedure under 
normal lighting conditions. Subjects with a history 
of ocular trauma or lack of cycloplegic refraction at 
least in one eye were excluded from the study.

Anisometropia was defined based on the cyclo
plegic autorefraction SE difference between the 
fellow eyes. Spherical and cylindrical anisometro
pia were defined based the difference between 
sphere and cylinder power values of fellow eyes, 
respectively. The prevalence of spherical and 
cylindrical anisometropia equal to or greater than 
1.00 D was reported.18,21

To show the severity of anisometropia, its pre
valence was also reported based on cut points equal 
to or worse than 2 and 3 D.

Myopia and hyperopia were defined as SE ≤−0.5 
D and SE ≥ +2.00 D, respectively.28,29 Amblyopia 
was defined as a best-corrected visual acuity of 20/ 
30 or worse in one eye or a difference of at least two 
lines of best-corrected visual acuity between the 
fellow eyes.30–32 The severity of amblyopia was 
categorized as; mild (a visual acuity (VA) of 6/9 
to 6/12 or 0.2 to 0.3 logMAR), moderate (a VA of 6/ 
12 to 6/36 or 0.31 to 0.8 logMAR), and severe (a VA 
worse than 6/36 or 0.81 logMAR); If the VA of both 
eyes was reduced, the VA of the worse eye was 
considered for amblyopia classification.33 

Asymmetry of biometric components was 
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considered as the absolute value of difference 
between fellow eyes.12,26

Statistical analysis

The cluster sampling and design effects were 
considered for standard error calculation. 
Moreover, sampling weight was applied using 
post standardization. Anisometropia, spherical 
anisometropia, and cylindrical anisometropia 
were reported as mean and standard deviation. 
Anisometropia ≥ 1 D was used to calculate its 
prevalence as well as its association with study 
variables. The prevalence of anisometropia was 
presented as percentage and 95% confidence 
intervals (CI) based on its type (myopic anisome
tropia, hyperopic anisometropia, antimetropia) 
and severity. The prevalence of amblyopia was 
also reported by the type and severity of ani
sometropia. The mean asymmetry of biometric 
components was compared between anisometro
pic and non-anisometropic subjects. Simple and 
multiple logistic regression analysis were applied 
to investigate the association of risks factors with 
anisometropia.

Ethical considerations

This study was approved by the Ethics Committee 
of Shahroud University of Medical Sciences. The 
study adhered to the tenets of the Helsinki 
Declaration at all stages. Written informed consent 
was obtained from the parents. In addition, verbal 
assent was obtained from schoolchildren prior to 
each procedure.

Results

A total of 6624 children were selected, of whom 
5620 participated in the study. After applying the 
exclusion criteria, the data of 5357 children were 
analyzed, of whom 2834 (52.8%) were boys. The 
mean age of the subjects was 9.7 ± 1.7 years (range: 
6–12 years). The prevalence of strabismus in this 
study was 0.5% (28 schoolchildren). Of these, 21 
students had exotropia, 6 students had esotropia, 
and one had DVD. There were also 21 and 7 
students with intermittent heterotropia and con
stant heterotropia, respectively.

Table 1 presents the mean values of anisometro
pia, spherical anisometropia, and cylindrical ani
sometropia as well as the prevalence of 
anisometropia in children by age, sex, and place 
of residence.

The mean, median, and interquartile range of 
anisometropia was 0.18 (95% CI: 0.17–0.19), 0.13, 
and 0.25 D, respectively. There was no significant 
difference in mean anisometropia between boys 
and girls (p = .60). The mean anisometropia was 
0.16 D in 6-year-olds, 0.19 D in 11-year-olds, and 
0.18 D in 12-year-olds, indicating no significant 
difference between age groups (p = .24). No signif
icant difference was found in mean anisometropia 
between rural and urban students (p = .76). The 
mean spherical anisometropia and cylindrical ani
sometropia was the same [0.18 D, 95% CI: 0.18– 
0.19]. The prevalence of anisoastigmatism was 
1.8% (95% CI: 1.4–2.2) according to anisosphere 
equal to or worse than one diopter.

The prevalence of anisometropia based on the 
cut point of ≥ 1 D was 1.1% (95% CI: 0.8–1.4) in all 
participants; 1.0% in boys, and 1.3% in girls, 

Table 1. Mean and 95% confidence intervals (CI) of anisometropia, anisospherical and anisocylindrical and prevalence of anisome
tropia by age, sex and residence places.

Independent variables Anisometropia (D) Anisospherical (D) Anisocylindrical (D) Anisometropia ≥1D
n Mean (95%CI) Mean (95%CI) Mean (95%CI) % (95%CI)

Total 5357 0.18 (0.17–0.19) 0.18 (0.18–0.19) 0.18 (0.18–0.19) 1.12 (0.84–1.41)
Sex Boy 2834 0.18 (0.17–0.19) 0.18 (0.17–0.19) 0.18 (0.17–0.19) 0.99 (0.65–1.34)

Girl 2523 0.18 (0.17–0.19) 0.19 (0.17–0.20) 0.19 (0.18–0.20) 1.27 (0.82–1.72)
Place of residence Urban 4311 0.18 (0.17–0.19) 0.18 (0.18–0.19) 0.18 (0.18–0.19) 1.09 (0.79–1.39)

Rural 1046 0.18 (0.16–0.21) 0.19 (0.16–0.21) 0.19 (0.17–0.21) 1.43 (0.53–2.34)
Age 6 218 0.16 (0.13–0.19) 0.17 (0.15–0.20) 0.15 (0.13–0.18) 0.58 (0.08–3.94)*

7 812 0.16 (0.15–0.18) 0.18 (0.16–0.19) 0.19 (0.18–0.20) 0.42 (0.14–1.28)*
8 970 0.18 (0.16–0.21) 0.19 (0.17–0.21) 0.19 (0.17–0.20) 1.20 (0.47–1.93)
9 1019 0.18 (0.17–0.19) 0.18 (0.17–0.20) 0.19 (0.18–0.21) 0.93 (0.37–1.49)

10 847 0.18 (0.15–0.20) 0.17 (0.15–0.20) 0.17 (0.16–0.19) 1.15 (0.50–1.81)
11 885 0.19 (0.17–0.21) 0.20 (0.17–0.22) 0.17 (0.16–0.19) 1.81 (0.96–2.66)
12 606 0.18 (0.16–0.20) 0.18 (0.16–0.21) 0.20 (0.18–0.22) 1.37 (0.33–2.40)

D: diopter; *The confidence intervals were calculated by binomial distribution.
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indicating no significant difference between gender 
and anisometropia prevalence (p = .33). The lowest 
and highest prevalence of anisometropia was seen 
in 6-year-olds and 11-year-olds, respectively. No 
significant difference was found in the prevalence 
of anisometropia between urban and rural students 
(p = .48). The prevalence of anisometropia ≥ 2 
D and ≥ 3 D was 0.3% (95% CI: 0.2–0.4) and 0.2% 
(95% CI: 0.1–0.3), respectively. Table 2 shows the 
prevalence of anisometropia by its type and by the 
severity of anisometropia. As seen in Table 2, the 
prevalence of myopic anisometropia, hyperopic 
anisometropia, and antimetropia was 0.3% (95% 
CI: 0.2–0.5), 0.5% (95% CI: 0.3–0.7), and 0.3% 
(95% CI: 0.1–0.4), respectively. In all severities of 
anisometropia, the highest and lowest prevalences 
were related to hyperopic anisometropia and anti
metropia, respectively.

The prevalence of amblyopia was 0.4% (95% CI: 
0.2–0.6) and 24.6% (95% CI: 13.6–35.6) in non- 
anisometropic and anisometropic children, respec
tively (Odds ratio = 82.3; 95% CI: 38.2–177.3: 
p < .001).

Examining the association between the severity 
of anisometropia and the severity of amblyopia 
showed that the average anisometropia was 0.2 ±  
0.2 D in children without amblyopia, 1.2 ± 1.5 D in 
those with mild amblyopia, 2.9 ± 2.9 D in those 
with moderate amblyopia, and 11.6 D in those 
with severe amblyopia (p < .001). Table 3 shows 

the severity of amblyopia by the severity of 
anisometropia.

Overall, the prevalence of amblyopia was 23.6% 
in children with myopic anisometropia, 29.6% in 
children with hyperopic anisometropia, and 16.0% 
in those with antimetropia.

The prevalence of amblyopia was 21.7% in chil
dren with myopic anisometropia ≥ 3D, 66.7% in 
children with hyperopic anisometropia ≥ 3D, and 
100% in cases with antimetropia ≥ 3D, respectively.

The mean anisometropia was 0.18 (95% CI: 
0.17–0.18) and 0.63 (95% CI: 0.15–1.10) diopter 
in children with and without strabismus, respec
tively (p = .066, by independent samples t-test). 
The prevalences of strabismus were 0.4% (95% CI: 
0.2–0.6) and 6.2% (95% CI: 0–12.8) in non- 
anisometropic and anisometropic children, respec
tively (Odds Ratio: 17.6; 95%CI: 5.5–56.4; p < .001).

The prevalence of esotropia was 0% in anisome
tropic cases. However, the prevalence of exotropia 
was 6.7%, 0%, 12.5% in children with anisometro
pia between 1 and 2 D, 2 to 3 D, and more than 3 D, 
respectively.

Anisometropia also significantly increased the 
odds of reduced stereopsis worse than 100 seconds 
of arc (Odds ratio = 29.7: 95% CI: 8.570–103.7).

Examining the association between anisometro
pia with amblyopia and strabismus through 
a multiple logistic regression model showed that 
the odds of amblyopia was 75.7 (95% CI: 162.0– 

Table 2. The prevalence (% (95% confidence intervals)) of different types of anisometropia according to the severity of anisometropia 
in schoolchildren.

Anisometropia

Anisometropia severity (Diopter)

Proportion Total prevalence≥1 to < 2 ≥2 to < 3 ≥3

Types Myopic 29.1 (14.5–43.7) 36.2 (1.1–71.3) 32.6 (1.0–66.2) 30.5 (17.7–43.3) 0.3 (0.2–0.5)
Hyperopic 45.1 (30.1–60.2) 57.5 (21.9–93.1) 40.4 (4.4–76.4) 46.0 (33.6–58.4) 0.5 (0.3–0.7)
Antimetropia 25.8 (12.7–38.9) 6.3 (6.5–19.1) 26.9 (5.8–59.7) 23.5 (13.1–33.9) 0.3 (0.1–0.4)

Proportion 73.5 (62.3–84.8) 12.5 (4.0–21.1) 13.9 (4.8–23.0) 100

Table 3. The prevalence of amblyopia severity according to the severity and type of anisometropia.

Ansiometropia

Amblyopia [% (95% (Confidence Intervals)]

No Grade 1* Grade 2** Grade 3***

Severity 0 to < 1 99.6 (99.4–99.9) 0.4 (0.2–0.6) 0.0 0.0
≥1 to < 2 diopter 87.7 (77.7–97.6) 9.8 (1.0–18.6) 2.6 (2.4–7.5) 0.0
≥2 to < 3 diopter 57.5 (22.8–92.2) 42.5 (7.8–77.2) 0.0 0.0

≥3 diopter 26.9 (5.0–58.9) 53.9 (18.5–89.3) 13.5 (11.2–38.1) 5.7 (5.6–17.0)
Type Myopic anisometropia 76.4 (56.7–96.1) 21.04 (1.8–40.3) 0.0 2.6 (2.6–7.7)

Hyperopic anisometropia 70.4 (53.1–87.7) 21.5 (6.2–36.7) 8.2 (2.7–19.0) 0.0
Antimetropia 84.1 (63.8–104.3) 16.0 (4.3–36.2) 0.0 0.0

*Defined as a visual acuity of 0.2 to 0.3 logMAR, **Defined as a visual acuity 0.31 to 0.8 logMAR, ***Defined as a visual acuity worse than 0.81 logMAR.
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35.4, p < .001) higher in anisometropic children 
after adjusting for the effect of strabismus.

Table 4 presents the mean asymmetry of bio
metric components in children with and without 
anisometropia ≥ 1.00 D. The asymmetry in axial 
length, central corneal thickness, anterior chamber 
depth, and keratometry were significantly higher in 
anisometropic children compared to those without 
anisometropia (independent samples t-tests). 
Figure 1 shows the mean anisometropia according 
to quartiles of axial length asymmetry. The mean 
anisometropia increased with the increase in the 
average axial length asymmetry.

(p < .001; ANOVA test).
According to the multiple logistic regression 

analysis, axial length asymmetry, myopia and 

hyperopia were significantly associated with ani
sometropia equal to or greater than 1.00 
D (Table 5).

Discussion

This study was conducted to evaluate the preva
lence of anisometropia and its associated demo
graphic and biometric risks factors. The 
prevalence of anisometropia ≥ 1D was 1.1%. 
Various definitions of anisometropia have been 
used, which makes it difficult to compare the 
results with other studies. Table 6 presents the 
results of other studies using similar definitions 
for anisometropia (SE ≥ 1 D).

Table 4. Mean and 95% confidence intervals of asymmetry in ocular biometry components in 
anisometropic and non-anisometropic children.

Ocular biometrics

Two-eye differences [Mean (95%CI)]

p-valueNon-anisometropic Anisometropic

Axial length (mm) 0.09 (0.08–0.09) 0.63 (0.52–0.74) <0.001
Central corneal thickness (micron) 4.44 (4.33–4.55) 6.86 (5.35–8.37) <0.001
Corneal white to white (mm) 0.14 (0.13–0.14) 0.13 (0.10–0.17) 0.688
Lens thickness (mm) 0.04 (0.04–0.04) 0.04 (0.03–0.06) 0.897
Anterior chamber depth (mm) 0.04 (0.04–0.04) 0.06 (0.04–0.07) 0.011
Mean-keratometry (diopter) 0.21 (0.21–0.22) 0.29 (0.20–0.37) 0.055

Figure 1. Mean and 95% confidence intervals of anisometropia according to quartiles of axial length asymmetry.
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The highest prevalence of anisometropia was 
reported in the US, Brazil, and Saudi Arabia (9.8– 
20%).6,7,10,23,34,44,45 The prevalence of anisometro
pia was lower in the present study, even when 
compared with other studies in similar age groups 
from Iran, which could be due to ethnic and racial 
differences.12,18,21,26,36,42,46 Although the preva
lence of anisometropia was low in the present 
study, 24.6% and 6.2% of the children had amblyo
pia and strabismus respectively, which are impor
tant disorders and can cause visual and social 
problems. Previous studies also found an associa
tion between anisometropia with amblyopia and 
strabismus.5,8,21,47 Although not confirmed, it is 
hypothesized that anisometropia causes 
amblyopia.8 However, recent studies have shown 

the increasing contribution of strabismus to 
amblyopia, indicating the success of amblyopia 
screening programs and correction of 
anisometropia.36,48

Anisometropia was not different between boys 
and girls. It first appears that there are inter-gender 
differences in biometric parameters, especially axial 
length; however, the results of multiple regression 
analysis, after adjusting for asymmetry of other 
biometric components, showed again that it was 
an independent finding.49 Previous studies found 
no association between anisometropia and 
gender10,12,16,21,34 although a few studies found 
higher anisometropia in females.15,16,44

The cohort effect in our study showed that ani
sometropia did not change significantly over time; 

Table 5. The association of anisometropia (≥1 diopter) with other independent variables in simple and multiple logistic regression 
models.

Simple logistic regression Multiple logistic regression

Independent variables Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value

Residence place (rural/urban) 1.3 (0.7–2.7) 0.435
Sex (female/male) 1.3 (0.8–2.1) 0.322
Age (year) 1.2 (1.0–1.4) 0.022

Asymmetry of ocular biometrics Axial length >0.07 mm* 52.1 (13.0–209.2) <0.001 40.9 (10.2–164.1) <0.001
Central corneal thickness (micron) 1.1 (1.0–1.1) 0.194
Corneal white to white (mm) 0.9 (0.4–2.0) 0.717
Lens thickness (mm) 0.8 (0.0–22.6) 0.906
Anterior chamber depth >0.03 mm* 16.4 (4.1–65.7) <0.001
Mean Keratometry (Diopter) 7.1 (2.1–24.0) 0.002

Refractive errors Emmetropia 1 1
Myopia 20.6 (11.0–38.6) <0.001 17.9 (9.4–33.9) <0.001
Hyperopia 12.8 (6.8–24.3) <0.001 10.1 (5.1–19.7) <0.001

*Median value; CI: Confidence Intervals.

Table 6. Summary of studies on the prevalence of anisometropia (≥1 diopter) in different 
countries in children.

First author Country Age(year) Sample size prevalence

Deng34 USA 5 395 1.27
Slaveykov35 Bulgaria 3–6 596 1.34
Fotouhi36 Iran 6–17 3481 1.5
O’Donoghue37 Irland 6–7 389 8.5
O’Donoghue37 Irland 12–13 661 9.4
Jiménez38 Africa 6–8 48 2.1
Jamali39 Iran 6 815 2.2
Yekta21 Iran 7–15 1872 2.58
Ostadimoghaddam18 Iran 6–15 639 2.7
Jiménez38 Africa 12–16 156 3.2
Gupta40 India 4–12 310 3.5
Jiménez38 Africa 6–16 315 3.5
Aldebasi6 Saudi Arabia 6–13 5176 3.6
Tong41 Singapore 7–9 1979 3.6
Hashemi12 Iran 5–15 808 3.8
Rajavi42 Iran 7–12 2410 3.9
Lee43 Taiwan 9 23114 5.3
Jiménez38 Africa 9–11 111 5.4
Deng34 USA 12–15 312 5.77
Flitcroft24 Ireland 6–7 362 6.9
Hu13 China 4–18 6364 7
Ferraz23 Brazil >1 7654 13.2
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in fact, we observed that anisometropia was not 
different in children with ages between 6 to 12  
years old. The literature is inconsistent in this 
regard.23,34 However, due to the limited age range 
of the participants in the present study, this finding 
was expected.

The highest prevalence of anisometropia was 
seen in myopic individuals compared to emmetro
pic and hyperopic subjects. This finding was con
sistent with previous studies.5,50–52 A possible 
reason for the higher prevalence of anisomyopia 
compared to anisohyperopia is the natural differ
ence in the etiology of these two refractive errors.8

Based on all anisometropia cut points, anisohy
peropic cases had a higher prevalence of amblyopia 
compared to anisomyopic children. This is an 
expected finding as in anisohyperopia the less 
hyperopic eye is preferred for both near and far 
distances, while in anisomyopia each eye is pre
ferred for one particular distance (the more myopic 
eye for near and the less myopic eye for far). 
A notable finding of the present study is the sig
nificant prevalence of amblyopia in anisomyopia 
above 2 D, so that the prevalence of amblyopia 
increased sharply from 12.5% in anisomyopia of 1 
to 2 D to 41.3% in anisomyopia of 2 to 3 D, and 
58.7% in anisomyopia of more than 3 D. This find
ing is clinically important and indicates the impor
tance of correction in cases with anisomyopia 
above 2 D.53

Axial length asymmetry had a significant rela
tionship with anisometropia. Moreover, an 
increase in axial length asymmetry was associated 
with an increase in the severity of anisometropia. 
Few studies have been conducted in this regard so 
far14,19,26,37,41 and axial length has been found to 
be associated with anisometropia in children and 
adults. A study conducted in the adult population 
of Shahroud showed that in addition to axial 
length asymmetry, keratometry asymmetry also 
played a role in anisometropia.26 Although the 
mean keratometry asymmetry was higher in ani
sometropic eyes in the present study, the associa
tion was not significant in the final model. It 
seems that since the cornea is changing in chil
dren and biometric components are compensat
ing for other factors in the process of 
emmetropization,48 the non-significant associa
tion between keratometry asymmetry and 

anisometropia can be attributed to its compensa
tion by other factors, especially axial length.26 

Tong et al.41 and Huynh et al.14 did not find 
a correlation between keratometry asymmetry 
and anisometropia while Hu et al.13 reported 
a significant relationship.13,14,41 The age range of 
the participants of these studies underlines the 
role of compensation in this process. The partici
pants were above 40 years old in the study by Hu 
et al.13 while Tong et al.19,41 and Huynh et al.14 

studied children and students. Therefore, since 
axial length changes more than corneal curvature 
in children, it may be responsible for a higher 
percentage of refractive error compared to corneal 
power.

The highest prevalence of strabismus (exotropia) 
was observed in children with anisometropia equal 
to and above 3 D, which indicates a direct associa
tion between the severity of anisometropia and the 
odds of strabismus. In explaining this association, 
it should be said that high anisometropia severely 
disrupts sensory fusion and weakens the fusional 
control of deviation.54 On the other hand, 
a significant association was found between ani
sometropia and amblyopia after adjusting for the 
effect of strabismus. Therefore, it can be concluded 
that the nature of amblyopia in cases with strabis
mus is mainly anisometropic in our study popula
tion. Since the strabismic cases in the present study 
were only of exotropia type and exotropia is usually 
intermittent or alternating in nature, therefore the 
underlying mechanism of amblyopia in these cases 
is anisometropia.

Stereopsis was significantly reduced in anisome
tropic children. This finding was expected, and 
several studies reported a similar result since ani
sometropia has a direct effect on binocular 
vision.9,55 Considering the fact that sensory fusion 
is affected in anisometropia due to aniseikonia,54 

all binocular vision components are expected to be 
affected, which should receive attention in amblyo
pia treatment.

Conclusion

The present study provides a comprehensive 
description of anisometropia in Shahroud students. 
Although the prevalence of anisometropia was not 
high in the present study, the results showed 
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a considerably higher risk of amblyopia and stra
bismus in anisometropic eyes. Axial length was the 
most important biometric factor in anisometropia.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

Shahroud School Children Eye Cohort Study is funded by the 
Noor Ophthalmology Research Center and Shahroud 
University of Medical Sciences [Grant Number: 960351].

ORCID

Hassan Hashemi MD http://orcid.org/0000-0002-6086- 
1537
Mehdi Khabazkhoob PhD http://orcid.org/0000-0003- 
0801-8793
Carla Lança PhD http://orcid.org/0000-0001-9918-787X
Mohammad Hassan Emamian MD, PhD http://orcid.org/ 
0000-0002-1994-1105
Akbar Fotouhi MD, PhD http://orcid.org/0000-0002- 
6438-6833

References

1. Levi DM, McKee SP, Movshon JA. deficits in anisome
tropia. Vision Res. 2011;51(1):48–57. doi:10.1016/j. 
visres.2010.09.029.

2. Dadeya S, Anand K, Shibal F. The effect of anisome
tropia on binocular visual function. Indian 
J Ophthalmol. 2001;49:261–263.

3. Brown SA, Weih LM, Fu CL, et al. Prevalence of 
amblyopia and associated refractive errors in an adult 
population in Victoria, Australia. Ophthalmic 
Epidemiol. 2000;7(4):249–258. doi:10.1076/0928-6586 
(200012)741-YFT249.

4. Lee CE, Lee YC, Lee SY. Factors influencing the pre
valence of amblyopia in children with anisometropia. 
Korean J Ophthalmol. 2010;24(4):225–229. doi:10.3341/ 
kjo.2010.24.4.225.

5. Afsari S, Rose KA, Gole GA, et al. Prevalence of ani
sometropia and its association with refractive error and 
amblyopia in preschool children. Br J Ophthalmol. 
2013;97(9):1095–1099. doi:10.1136/bjophthalmol- 
2012-302637.

6. Aldebasi YH. Prevalence of correctable visual impair
ment in primary school children in Qassim Province, 
Saudi Arabia. J Optom. 2014;7(3):168–176. doi:10.1016/ 
j.optom.2014.02.001.

7. Alrahili NHR, Jadidy ES, Alahmadi BSH, et al. 
Prevalence of uncorrected refractive errors among chil
dren aged 3-10 years in Western Saudi Arabia. Saudi 
Med J. 2017;38(8):804–810. doi:10.15537/smj.2017.8. 
20412.

8. Barrett BT, Bradley A, Candy TR. The relationship 
between anisometropia and amblyopia. Prog Retin Eye 
Res. 2013;36:120–158. doi:10.1016/j.preteyeres.2013.05. 
001.

9. Birch EE, Castaneda YS, Cheng-Patel CS, et al. 
Associations of eye-related quality of life with 
vision, visuomotor function, and self-perception in 
children with strabismus and anisometropia. Invest 
Ophthalmol Vis Sci. 2020;61:22.

10. Borchert M, Tarczy-Hornoch K, Cotter SA, Liu N, 
Azen SP, Varma R. Anisometropia in hispanic and 
African American infants and young children. 
Ophthalmology. 2010;117(1):148–153.e141. doi:10. 
1016/j.ophtha.2009.06.008.

11. Hashemi H, Jamali A, Nabovati P, et al. 
Anisometropia profile in elderly population: Tehran 
geriatric eye study. J Binocul Vis Ocul Motil. 2022;72 
(3):161–168.

12. Hashemi H, Khabazkhoob M, Yekta A, et al. Prevalence 
and risk factors for anisometropia in the Tehran eye 
study, Iran. Ophthalmic Epidemiol. 2011;18(3):122–128. 
doi:10.3109/09286586.2011.574333.

13. Hu YY, Wu JF, Lu TL, et al. Prevalence and associations 
of anisometropia in children. Invest Ophthalmol Vis Sci. 
2016;57(3):979–988. doi:10.1167/iovs.15-18647.

14. Huynh SC, Wang XY, Ip J, et al. Prevalence and asso
ciations of anisometropia and aniso-astigmatism in 
a population based sample of 6 year old children. Br 
J Ophthalmol. 2006;90(5):597–601. doi:10.1136/bjo. 
2005.083154.

15. Linke SJ, Richard G, Katz T. Prevalence and associa
tions of anisometropia with spherical ametropia, 
cylindrical power, age, and sex in refractive surgery 
candidates. Invest Ophthalmol Vis Sci. 2011;52 
(10):7538–7547. doi:10.1167/iovs.11-7620.

16. Mohammadi E, Hashemi H, Khabazkhoob M, et al. The 
prevalence of anisometropia and its associated factors 
in an adult population from Shahroud, Iran. Clin Exp 
Optom. 2013;96(5):455–459. doi:10.1111/cxo.12045.

17. Nunes AF, Batista M, Monteiro P. Prevalence of ani
sometropia in children and adolescents. F1000Res. 
2021;10:1101. doi:10.12688/f1000research.73657.4.

18. Ostadimoghaddam H, Fotouhi A, Hashemi H, et al. 
The prevalence of anisometropia in population base 
study. Strabismus. 2012;20(4):152–157. doi:10.3109/ 
09273972.2012.680229.

19. Tong L, Saw SM, Chia KS, et al. Anisometropia in 
Singapore school children. Am J Ophthalmol. 2004;137 
(3):474–479. doi:10.1016/j.ajo.2003.10.028.

20. Xu Z, Wu Z, Wen Y, et al. Prevalence of anisometropia 
and associated factors in Shandong school-aged 

8 H. HASHEMI ET AL.

https://doi.org/10.1016/j.visres.2010.09.029
https://doi.org/10.1016/j.visres.2010.09.029
https://doi.org/10.1076/0928-6586(200012)741-YFT249
https://doi.org/10.1076/0928-6586(200012)741-YFT249
https://doi.org/10.3341/kjo.2010.24.4.225
https://doi.org/10.3341/kjo.2010.24.4.225
https://doi.org/10.1136/bjophthalmol-2012-302637
https://doi.org/10.1136/bjophthalmol-2012-302637
https://doi.org/10.1016/j.optom.2014.02.001
https://doi.org/10.1016/j.optom.2014.02.001
https://doi.org/10.15537/smj.2017.8.20412
https://doi.org/10.15537/smj.2017.8.20412
https://doi.org/10.1016/j.preteyeres.2013.05.001
https://doi.org/10.1016/j.preteyeres.2013.05.001
https://doi.org/10.1016/j.ophtha.2009.06.008
https://doi.org/10.1016/j.ophtha.2009.06.008
https://doi.org/10.3109/09286586.2011.574333
https://doi.org/10.1167/iovs.15-18647
https://doi.org/10.1136/bjo.2005.083154
https://doi.org/10.1136/bjo.2005.083154
https://doi.org/10.1167/iovs.11-7620
https://doi.org/10.1111/cxo.12045
https://doi.org/10.12688/f1000research.73657.4
https://doi.org/10.3109/09273972.2012.680229
https://doi.org/10.3109/09273972.2012.680229
https://doi.org/10.1016/j.ajo.2003.10.028


children. Front Public Health. 2022;10:1072574. doi:10. 
3389/fpubh.2022.1072574.

21. Yekta A, Fotouhi A, Hashemi H, et al. The prevalence 
of anisometropia, amblyopia and strabismus in school
children of Shiraz, Iran. Strabismus. 2010;18 
(3):104–110. doi:10.3109/09273972.2010.502957.

22. Hashemi H, Rezvan F, Beiranvand A, et al. Prevalence 
of refractive errors among high school students in 
Western Iran. J Ophthalmic Vis Res. 2014;9(2):232–239.

23. Ferraz FH, Corrente JE, Opromolla P, et al. Refractive 
errors in a Brazilian population: age and sex 
distribution. Ophthalmic Physiol Opt. 2015;35 
(1):19–27. doi:10.1111/opo.12164.

24. Flitcroft I, Mccullough S, Saunders K. What can ani
sometropia tell us about eye growth? Br J Ophthalmol. 
2021;105(9):1211–1215. doi:10.1136/bjophthalmol- 
2020-316406.

25. Cass K, Tromans C. A biometric investigation of ocular 
components in amblyopia. Ophthalmic Physiol Opt. 
2008;28(5):429–440. doi:10.1111/j.1475-1313.2008. 
00585.x.

26. Hashemi H, Khabazkhoob M, Emamian MH, et al. All 
biometric components are important in anisometropia, 
not just axial length. Br J Ophthalmol. 2013;97 
(12):1586–1591. doi:10.1136/bjophthalmol-2013- 
303939.

27. Emamian MH, Hashemi H, Khabazkhoob M, et al. 
Cohort profile: Shahroud Schoolchildren Eye Cohort 
Study (SSCECS). Int J Epidemiol. 2019;48(1):27–27f. 
doi:10.1093/ije/dyy250.

28. Negrel AD, Maul E, Pokharel GP, et al. Refractive error 
study in children: sampling and measurement methods 
for a multi-country survey. Am J Ophthalmol. 2000;129 
(4):421–426. doi:10.1016/S0002-9394(99)00455-9.

29. Hashemi H, Khabazkhoob M, Fayaz M, et al. Refractive 
errors and their associated factors in schoolchildren: 
a structural equation modeling. Ophthalmic 
Epidemiol. 2023;30(1):46–56. doi:10.1080/09286586. 
2022.2048397.

30. Faghihi M, Hashemi H, Nabovati P, et al. The preva
lence of amblyopia and its determinants in a 
population-based study. Strabismus. 2017;25 
(4):176–183. doi:10.1080/09273972.2017.1391849.

31. Hashemi H, Nabovati P, Pakzad R, et al. Prevalence of 
amblyopia and its determinants in a rural population: a 
population-based cross-sectional study. Strabismus. 
2021;29(1):10–18. doi:10.1080/09273972.2020.1871375.

32. Hashemi H, Yekta A, Jafarzadehpur E, et al. The pre
valence of strabismus in 7-year-old schoolchildren in 
Iran. Strabismus. 2015;23(1):1–7. doi:10.3109/ 
09273972.2014.999795.

33. Williams C. Amblyopia. BMJ Clin Evid. 2009;2009:0709.
34. Deng L, Gwiazda JE. Anisometropia in children from 

infancy to 15 years. Invest Ophthalmol Vis Sci. 2012;53 
(7):3782–3787. doi:10.1167/iovs.11-8727.

35. Slaveykov K, Trifonova K. Refraction in preschool chil
dren in Kazanlak, Bulgaria. Folia Med (Plovdiv). 
2020;62(2):345–351. doi:10.3897/folmed.62.e47463.

36. Fotouhi A, KhabazKhoob M, Hashemi H, et al. 
Importance of including Refractive error tests in 
school children’s vision screening. Arch Iran Med. 
2011;14:250–253.

37. O’Donoghue L, McClelland JF, Logan NS, et al. 
Profile of anisometropia and aniso-astigmatism in 
children: prevalence and association with age, ocular 
biometric measures, and refractive status. Invest 
Ophthalmol Vis Sci. 2013;54(1):602–608. doi:10. 
1167/iovs.12-11066.

38. Jiménez R, Soler M, Anera RG, et al. Ametropias in 
school-age children in Fada N′ Gourma (Burkina Faso, 
Africa). Optom Vision Sci. 2012;89(1):33–37. doi:10. 
1097/OPX.0b013e318238b3dd.

39. Jamali P, Fotouhi A, Hashemi H, et al. Refractive errors 
and amblyopia in children entering school: Shahrood, 
Iran. Optom Vision Sci. 2009;86(4):364–369. doi:10. 
1097/OPX.0b013e3181993f42.

40. Gupta M, Gupta Y. A survey on refractive error and 
strabismus among children in a school at Aligarh. 
Indian J Public Health. 2000;44:90–93.

41. Tong L, Chan YH, Gazzard G, et al. Longitudinal study 
of anisometropia in Singaporean school children. Invest 
Ophthalmol Vis Sci. 2006;47(8):3247–3252. doi:10. 
1167/iovs.05-0906.

42. Rajavi Z, Sabbaghi H, Baghini AS, et al. Prevalence of 
amblyopia and refractive errors among primary school 
children. J Ophthalmic Vis Res. 2015;10(4):408–416. 
doi:10.4103/2008-322X.176909.

43. Lee C-W, Fang S-Y, Tsai D-C, Hejtmancik JF, et al. 
Prevalence and association of refractive anisometropia 
with near work habits among young schoolchildren: the 
evidence from a population-based study. PLoS One. 
2017;12(3):e0173519. doi:10.1371/journal.pone. 
0173519.

44. Garcia CA, Dantas Ede A, Souza AB, et al. 
Epidemiologic study of anisometropia in students of 
Natal, Brazil. Arq Bras Oftalmol. 2005;68(1):75–77. 
doi:10.1590/S0004-27492005000100013.

45. Schellini SA, Durkin SR, Hoyama E, et al. Prevalence of 
refractive errors in a Brazilian population: the Botucatu 
eye study. Ophthalmic Epidemiol. 2009;16(2):90–97. 
doi:10.1080/09286580902737524.

46. Yekta A, Fotouhi A, Hashemi H, et al. Prevalence of 
refractive errors among schoolchildren in Shiraz, Iran. 
Clin Exp Ophthalmol. 2010;38(3):242–248. doi:10.1111/ 
j.1442-9071.2010.02247.x.

47. Zhang M-Z, Saw S-M, Hong R-Z, et al. Refractive errors 
in Singapore and Xiamen, China—a comparative study 
in school children aged 6 to 7 years. Optom Vis Sci. 
2000;77(6):302–308. doi:10.1097/00006324-200006000- 
00010.

STRABISMUS 9

https://doi.org/10.3389/fpubh.2022.1072574
https://doi.org/10.3389/fpubh.2022.1072574
https://doi.org/10.3109/09273972.2010.502957
https://doi.org/10.1111/opo.12164
https://doi.org/10.1136/bjophthalmol-2020-316406
https://doi.org/10.1136/bjophthalmol-2020-316406
https://doi.org/10.1111/j.1475-1313.2008.00585.x
https://doi.org/10.1111/j.1475-1313.2008.00585.x
https://doi.org/10.1136/bjophthalmol-2013-303939
https://doi.org/10.1136/bjophthalmol-2013-303939
https://doi.org/10.1093/ije/dyy250
https://doi.org/10.1016/S0002-9394(99)00455-9
https://doi.org/10.1080/09286586.2022.2048397
https://doi.org/10.1080/09286586.2022.2048397
https://doi.org/10.1080/09273972.2017.1391849
https://doi.org/10.1080/09273972.2020.1871375
https://doi.org/10.3109/09273972.2014.999795
https://doi.org/10.3109/09273972.2014.999795
https://doi.org/10.1167/iovs.11-8727
https://doi.org/10.3897/folmed.62.e47463
https://doi.org/10.1167/iovs.12-11066
https://doi.org/10.1167/iovs.12-11066
https://doi.org/10.1097/OPX.0b013e318238b3dd
https://doi.org/10.1097/OPX.0b013e318238b3dd
https://doi.org/10.1097/OPX.0b013e3181993f42
https://doi.org/10.1097/OPX.0b013e3181993f42
https://doi.org/10.1167/iovs.05-0906
https://doi.org/10.1167/iovs.05-0906
https://doi.org/10.4103/2008-322X.176909
https://doi.org/10.1371/journal.pone.0173519
https://doi.org/10.1371/journal.pone.0173519
https://doi.org/10.1590/S0004-27492005000100013
https://doi.org/10.1080/09286580902737524
https://doi.org/10.1111/j.1442-9071.2010.02247.x
https://doi.org/10.1111/j.1442-9071.2010.02247.x
https://doi.org/10.1097/00006324-200006000-00010
https://doi.org/10.1097/00006324-200006000-00010


48. Birch EE, Kelly KR, Wang J. Recent advances in screen
ing and treatment for amblyopia. Ophthalmol Ther. 
2021;10(4):815–830. doi:10.1007/s40123-021-00394-7.

49. Dayi O, Bulut E, Karadag M, et al. Ocular biometry 
characteristics and its relationship with age, gender, sphe
rical equivalent in Turkish children. Niger J Clin Pract. 
2022;25(5):569–575. doi:10.4103/njcp.njcp_1277_21.

50. Attebo K, Ivers RQ, Mitchell P. Refractive errors in an 
older population. Ophthalmology. 1999;106 
(6):1066–1072. doi:10.1016/S0161-6420(99)90251-8.

51. Qin X-J, Margrain TH, To CH, et al. Anisometropia is 
independently associated with both spherical and 
cylindrical ametropia. Invest Ophthalmol Vis Sci. 
2005;46(11):4024–4031. doi:10.1167/iovs.05-0120.

52. Guzowski M, Fraser-Bell S, Rochtchina E, et al. 
Asymmetric refraction in an older population: the 
blue mountains eye study. Am J Ophthalmol. 2003;136 
(3):551–553. doi:10.1016/S0002-9394(03)00246-0.

53. Gawecki M. Threshold values of myopic anisometropia 
causing loss of stereopsis. J Ophthalmol. 
2019;2019:2654170. doi:10.1155/2019/2654170.

54. South J, Gao T, Collins A, et al. Aniseikonia and anisome
tropia: implications for suppression and amblyopia. Clin 
Exp Optom. 2019;102(6):556–565. doi:10.1111/cxo.12881.

55. Jeon HS, Choi DG. Stereopsis and fusion in anisome
tropia according to the presence of amblyopia. Graefes 
Arch Clin Exp Ophthalmol. 2017;255(12):2487–2492. 
doi:10.1007/s00417-017-3798-3.

10 H. HASHEMI ET AL.

https://doi.org/10.1007/s40123-021-00394-7
https://doi.org/10.4103/njcp.njcp_1277_21
https://doi.org/10.1016/S0161-6420(99)90251-8
https://doi.org/10.1167/iovs.05-0120
https://doi.org/10.1016/S0002-9394(03)00246-0
https://doi.org/10.1155/2019/2654170
https://doi.org/10.1111/cxo.12881
https://doi.org/10.1007/s00417-017-3798-3

	Abstract
	Introduction
	Methods
	Statistical analysis
	Ethical considerations

	Results
	Discussion
	Conclusion
	Disclosure statement
	Funding
	ORCID
	References

