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Purpose: The aim of this study was to investigate the differences in anterior segment ocular parameters in 

anisometropia >1 D.

Methods: This study included 202 eyes of 101 subjects ranging from 10 to 40 years of age with anisometro-

pia of 1 D or more. The subjects were divided into groups according to anisomyopia, anisoastigmatism, and 

anisohypermetropia. After providing informed consent, each patient underwent a detailed ophthalmological 

examination including cycloplegic refraction, best-corrected visual acuity, cover test, axial length (AL) mea-

surement using A-scan ultrasound biometer, keratometry, anterior chamber depth, and central corneal thick-

ness measurement. For each participant, the eye with greater refractive error was compared to the fellow eye 

via paired t-tests. Correlations between parameters were studied using the Pearson correlation coefficient.

Results: The average age of subjects was 21.7 ± 9.3 years. Of 101 subjects, 31 had anisomyopia; 42 had aniso-

hypermetropia; and 28 had anisoastigmatism. A predisposition toward greater myopia in right eyes was noted in 

anisomyopia (24 of 31 subjects, 77%). The inter-ocular acuity difference was significant in all three groups (p < 0.01). 

As the degree of anisometropia increased, there was significant positive correlation in the difference in AL in 

myopes (r = 0.863, p < 0.01) and hypermetropes (r = 0.669, p < 0.01) and the difference in corneal curvature 

in anisoastigmatism (r = 0.564, p = 0.002) and hypermetropes (r = 0.376, p = 0.014). A significant positive cor-

relation was also present between the anterior chamber depth difference and refractive difference in hyper-

metropes (r = 0.359, p = 0.020).

Conclusions: This study showed that anisomyopia is correlated only with anterior chamber differences. Aniso-

hypermetropia is correlated with AL differences as well as corneal curvature difference and anterior chamber  

depth difference. The amount of anisoastigmatism correlates only with corneal curvature difference. 
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Anisometropia, an inter-ocular difference in refraction, 
is an important condition as it can lead to significant visual 

problems including impaired stereopsis amblyopia and 
strabismus [1-3]. Although there is no defined value, an in-
ter-ocular difference of 1 diopter (D) or more is accepted 
as the threshold for anisometropia by most authors [4-6]. 
Anisometropia may be broadly characterized as myopic, 
hypermetropic, and astigmatic. It represents unequal eye 
growth or a stretch within the visual system, which has 
presumably received the same visual input. Examination 
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of the two eyes from the same subject allows for greater 
control of confounding variables like genetic and environ-
mental influences. Therefore, anisometropia is of great use 
in refractive error research. 

Ocular biometric and topographic parameters are import-
ant measures in different fields of ophthalmology. Corneal 
thickness is an important parameter for planning refractive 
surgeries as it guides the depth of stromal ablation [7]. Cen-
tral corneal thickness (CCT) and anterior chamber depth 
(ACD) are used in glaucoma risk prediction [8,9]. ACD, 
corneal curvature (K), and axial length (AL) are required 
for calculating the power of intraocular lenses in various 
theoretical biometric formulas [10,11]. Hence, an under-
standing of these parameters is clinically helpful for oph-
thalmologists, and anisometropia provides a good model.

Refractive error results from the difference in refractive 
power according to the curved surface of the cornea and 
crystalline lens, as well as the axial changes associated 
with AL, ACD, lens thickness, and vitreous chamber depth 
[12,13]. Many prior studies have reported a correlation be-
tween the refractive error and ocular parameters. Olsen et 
al. [14] reported that ocular refraction is correlated with 
corneal power, lens power, and the AL. Wong et al. [15] re-
ported that vitreous chamber depth was the most import-
ant determinant of refraction in adults over 40 years of 
age. However, the mechanism associated with the develop-
ment of anisometropia has not been well-defined in most 
studies. Moreover, most studies have focused on myopic 
anisometropia and how it correlates with ocular parameters, 
and hypermetropic and astigmatic anisometropia and their 
correlations have not been well-studied. This study aimed 
to determine whether the eyes of anisometropic patients 
have different ocular parameters, such as AL, K, ACD, and 
CCT, and how they correlate with the anisometropia. Later-
ality, visual acuity and prevalence of amblyopia in different 
types of anisometropia were also investigated.

Materials and Methods

This prospective cross-sectional study was performed 
from November 2013 to April 2015. The study protocol 
was approved by the institutional ethics committee (IEC-
HR/13) of University College of Medical Sciences, Delhi. 
Written and informed consent was obtained from adult pa-
tients and parents or legal guardians of minor patients pri-

or to enrollment. 
The study included 202 eyes of 101 subjects ranging 

from 10 to 40 years of age with anisometropia of 1 D or 
more. After informed consent, a detailed ophthalmological 
examination was performed including cycloplegic refrac-
tion; best-corrected visual acuity (BCVA), AL, K, ACD, 
and CCT measurement. To induce pupil dilatation, three 
drops of 0.8% tropicamide were instilled 10 minutes apart 
and autorefraction was performed. The mean of three suc-
cessful measurements was used for analysis. The cyclople-
gic spherical equivalent (spherical component +1 / 2 cylin-
der component) was used to calculate refractive error. An 
inter-ocular difference of 1.00 D or more in cycloplegic 
spherical equivalent was considered anisometropia. Am-
blyopia was defined as visual acuity of 20 / 30 or worse, or 
a difference of two or more lines on Snellen’s chart be-
tween the eyes.

Subjects with any of the following ocular pathologies 
were excluded from the study: corneal opacity, cataract, 
nystagmus, history of previous ocular surgery, retinal pa-
thology, and those who were not sufficiently cooperative 
for ocular examinations.

To assess BCVA, patients were retested 3 days after cy-
cloplegic refraction. In order to calculate and compare vi-
sual acuity, Snellen acuity was converted to logarithm of 
the minimal angle of resolution (logMAR). In addition, the 
eye with greater refractive error was also recorded to com-
pare the laterality.

AL was measured using an A-scan biometer (APPAS-
CAN 2000; Appasamy Associates, Chennai, India). Hori-
zontal and vertical Ks were measured using a Bausch and 
Lomb keratometer (Rochester, NY, USA). ACD was mea-
sured by Haag Streit optical pachymeter using depth mea-
suring devices I and II which were mounted on Haag Streit 
slit lamp (BQ900; Haag Streit, Koeniz, Switzerland). CCT 
was measured by ultrasound pachymeter. The average of 
three sets of measurements was calculated and recorded 
for each parameter. 

For each participant, the eye with greater refractive error 
was compared to the fellow eye via paired  t-tests using 
SPSS ver. 19.0 (IBM Corp., Armonk, NY, USA) with p < 
0.05 considered significant. Correlations between parame-
ters were studied using the Pearson correlation coefficient 
and simple linear regression.
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Results

The average age of 101 subjects was 21.7 ± 9.3 years 
(range, 10 to 40 years). There were 59 females and 42 
males. All subjects had anisometropia of 1 D or more, with 
31 subjects having anisomyopia, 42 having anisohyper-
metropia, and 28 having anisoastigmatism. The demo-
graphic profile and the mean degree of anisometropia in 
the three groups are presented in Table 1. The male : fe-
male ratio was 2 : 3 in anisomyopic and anisohyperme-
tropic subjects; however, there were more females (71.42%) 
than males (28.57%) with astigmatic anisometropia. The 
mean anisometropia was 3.11 ± 1.7 D in myopia, 2 ± 0.99 D 
in astigmatism, and 3.68 ± 1.85 D in hypermetropia.

In anisomyopia, the right eye was more myopic in most 
subjects (24 of 31, 77%). This difference in laterality was 
not found in the meridional and hypermetropic groups 
(Table 1).

The mean BCVA (logMAR) of each eye in the three 
anisometropia groups is shown in Table 2. The inter-ocular 
acuity difference was significant in all groups (p < 0.01). 
Anisohypermetropes had the worst visual acuity in the af-
fected eye when compared to anisomyopes and anisoastig-
matic subjects.

Table 2. Mean BCVA (logMAR) of eyes in different cases of anisometropia

Anisometropia Mean BCVA worse eye (logMAR) Mean BCVA fellow eye (logMAR) Inter-ocular acuity difference
Myopic 0.351 ± 0.361 0.114 ± 0.190              0.237 (p < 0.01)*

Astigmatic 0.341 ± 0.238 0.040 ± 0.091 0.301 ± 0.246 (p < 0.01)*

Hypermetropic 0.941 ± 0.432 0.068 ± 0.164 0.872 ± 0.452 (p < 0.01)*

Values are presented as mean ± standard deviation.
BCVA = best-corrected visual acuity; logMAR = logarithm of the minimal angle of resolution.
*p < 0.05 is considered significant.

Table 1. Demographic profile of participants in the three anisometropia groups 

Variable Anisomyopia (n = 31) Anisoastigmatism (n = 28) Anisohypermetropia (n = 42)
Mean age (yr) 20.09 ± 9.71 23.75 ± 10.41 21.52 ± 7.89
Sex

Male 14 (45.16) 8 (28.57) 20 (47.61)
Female 17 (54.83) 20 (71.42) 22 (52.38)

Worse eye
Right 24 (77) 16 (57) 21 (50)
Left 7 (23) 12 (42) 21 (50)

Mean anisometropia (D) 3.11 ± 1.7 2 ± 0.9 3.68 ± 1.8
Values are presented as mean ± standard deviation or number (%).
D = diopter.
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Fig. 1. (A) The correlation between the degree of anisomyopia 
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The inter-ocular acuity difference was found to be linear-
ly correlated with the degree of anisometropia (Fig. 1A-1C).

The ocular component values of AL, K, ACD, and CCT 
are presented in Table 3.

As the degree of anisometropia increased, there was a 
significant positive correlation in the difference in AL 
length in myopes (r = 0.863, p < 0.01) and hypermetropes (r 
= 0.669, p < 0.01) (Fig. 2A and 2B) and the difference in K 
in astigmatism (r = 0.564, p = 0.002) (Fig. 3) and hyper-
metropes (r = 0.376, p = 0.014). A significant positive cor-
relation was also present between the ACD difference and 
refractive difference in hypermetropes (r = 0.359, p = 0.020).

Ta
bl

e 
3.

 M
ea

n 
A

L,
 K

, A
C

D
, a

nd
 C

CT
 o

f e
ye

s 

A
ni

so
m

et
ro

pi
a

M
ea

n 
A

L 
W

E 
(m

m
)

M
ea

n 
A

L 
B

E
(m

m
)

p-
va

lu
e

M
ea

n 
K

W
E 

(D
)

M
ea

n 
K

 B
E 

(D
)

p-
va

lu
e

M
ea

n 
A

C
D

 
W

E 
(m

m
)

M
ea

n 
A

C
D

 
B

E 
(m

m
)

p-
va

lu
e

M
ea

n 
C

C
T 

W
E 

(μ
m

)
M

ea
n 

C
C

T 
B

E 
(μ

m
)

p-
va

lu
e

M
yo

pi
c

25
.7

 ±
 1

.3
24

.1
1 

± 
1.

2
<0

.0
1*

44
.1

3 
± 

1.
6

44
.6

5 
± 

2.
2

0.
13

4
3.

12
 ±

 0
.4

3.
02

 ±
 0

.3
8

 0
.0

01
*

58
2.

9 
± 

72
.9

58
3.

8 
± 

73
.3

0.
79

3
A

st
ig

m
at

ic
22

.7
6 

± 
1.

12
22

.7
8 

± 
0.

8
0.

86
9

44
.1

1 
± 

1.
3

44
.3

6 
± 

1.
3

0.
14

3
2.

66
 ±

 0
.3

2.
71

 ±
 0

.3
3

0.
12

3
58

2.
6 

± 
63

.3
57

6.
6 

± 
55

.3
0.

16
9

H
yp

er
m

et
ro

pi
c

20
.9

7 
± 

1.
20

22
.1

1 
± 

1.
0

<0
.0

1*
43

.1
8 

± 
1.

8
43

.4
7 

± 
1.

7
 0

.0
09

*
2.

67
 ±

 0
.4

2.
73

 ±
 0

.4
4

 0
.0

13
*

57
8 

± 
56

.2
57

6 
± 

60
.2

0.
16

9

Va
lu

es
 a

re
 p

re
se

nt
ed

 a
s m

ea
n 

± 
st

an
da

rd
 d

ev
ia

tio
n.

A
L 

= 
ax

ia
l l

en
gt

h;
 K

 =
 c

or
ne

al
 c

ur
va

tu
re

; A
C

D
 =

 a
nt

er
io

r c
ha

m
be

r d
ep

th
; C

CT
 =

 c
en

tra
l c

or
ne

al
 th

ic
kn

es
s; 

W
E 

= 
w

or
se

 e
ye

; B
E 

= 
be

tte
r e

ye
.

* p 
< 

0.
05

 is
 c

on
sid

er
ed

 si
gn

ifi
ca

nt
.

0        1        2        3        4        5        6

Degree of anisoastigmatism (D)

Y = 0.338X – 0.001
R2 = 0.317

K 
dif

fe
re

nc
e

3.0
2.5
2.0
1.5
1.0
0.5
0.0

Fig. 3. The correlation between corneal curvature (K) difference 
and refractive difference between fellow eyes in anisoastigma-
tism.

0        1        2        3        4        5        6        7

Degree of anisomyopia (D)

Y = 0.532X – 0.553
R2 = 0.744

Ax
ial

 le
ng

th
 d

iffe
re

nc
e

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

–0.5

0            2            4            6            8            10
Degree of anisohypermetropia (D)

Y = 0.293X + 0.11
R2 = 0.448

Ax
ial

 le
ng

th
 d

iffe
re

nc
e

3.0
2.5
2.0
1.5
1.0
0.5
0.0

Fig. 2. The linear correlation between the difference in axial 
length and degree of anisometropia between fellow eyes aniso-
myopia (A) and anisohypermetropia (B).

A

B



169

N Singh, et al. Ocular Parameters in Anisometropia

Of 101 anisometropic subjects, 69 (68.31%) had amblyopia. 
Eleven of these 69 amblyopic subjects (15.9%) had myopic 
anisometropia; 18 (26.08%) had meridional anisometropia; 
and 40 (57.97%) had hypermetropic anisometropia.

Discussion

In this study, we evaluated the anterior segment ocular 
parameters of subjects with anisometropia. In addition, we 
compared visual acuity, sex, laterality, and the presence of 
amblyopia in different types of anisometropia. We found a 
tendency for right eyes to have more spherical myopia 
when compared to left eyes (77% of anisomyopic subjects 
had greater refractive error in the right eye). This differ-
ence in laterality was not found in hypermetropic and 
astigmatic anisometropia. This finding is similar to that of 
a study in Hong Kong children, which reported a tendency 
for right eye laterality in myopic subjects [16]. Similarly, 
right eye laterality in myopic subjects with anisometropia 
>2.5 D was also reported by Linke et al. [17].

In this study, hypermetropic anisometropes had the 
worst BCVA, followed by astigmatic and myopic subjects 
(Table 2). The inter-ocular acuity difference between fel-
low eyes was found to be linearly correlated with the 
amount of anisometropia (Fig. 1A-1C). The mean inter-oc-
ular acuity difference was statistically significant in all 
three types of anisometropia (p < 0.01). Thus, visual acuity 
appears to deteriorate with increasing anisometropia, and 
hypermetropic anisometropes were the most severely af-
fected.

Similar results were reported by Weakley [18] in their 
study of visual function in anisometropes. They found a 
significant increase in the inter-ocular acuity difference in 
the presence of myopia, hypermetropia, and astigmatic 
anisometropia. They also found hypermetropic subjects to 
have the worst acuity. Studies by Dobson et al. [19], Levi et 
al. [20], and Chen et al. [21] reported similar associations 
between poor visual acuity and anisometropia.

When comparing the mean ocular parameters in the 
three groups, we found a significant difference in AL and 
ACD in both anisomyopia and anisohypermetropia. The 
more myopic eyes of anisomyopic patients were signifi-
cantly longer (p < 0.01), while the more hypermetropic 
eyes were significantly shorter (p < 0.01) than fellow eyes. 
The anterior chamber of the more myopic eyes in cases of 

anisomyopia was significantly deeper than in fellow eyes 
(p = 0.001). However, when we tried to correlate the re-
fractive difference with ACD difference between pair of 
eyes in anisomyopia, we did not find any significant cor-
relation (r = –0.48, p = 0.799). These results are similar to 
those of previous studies [15,22] which reported no cor-
relation of anisomyopia with ACD. Both these studies, 
however, found a positive correlation between anisomyo-
pia and vitreous chamber depth, measured indirectly by 
A-scan, which we were not able to calculate in our study. 
Thus, our results support the theory of deeper ACD in my-
opia [22,23]. However, we found that ACD in myopes does 
not vary proportionately with the amount of refractive er-
ror. Our results further support the theory that the differ-
ence in refractive error between the eyes of anisomyopic 
patients is predominantly axial in nature and is determined 
by the difference in length of the posterior segment. 

 Our findings were in agreement with studies on aniso-
myopia by Tekin et al. [24], Kim et al. [25], and Logan et 
al. [26] who found more myopic eyes to be longer and the 
degree of anisometropia to be correlated with AL differ-
ence. Thus, our study supports the hypothesis that axial 
elongation, rather than K, is the major contributing factor 
in myopia [27,28]. Our study also found a linear correlation 
between axial difference and refractive difference between 
pairs of eyes.

Anisohypermetropia, on the other hand, was found to be 
multifactorial, as there was a significant correlation be-
tween the refractive difference and AL, K, and ACD dif-
ference between fellow eyes. Like myopia, hypermetropia 
is also axial in nature; however, K plays a significant role 
in hypermetropia unlike in myopia. Similar findings were 
reported by Strang et al. [29] in a study of hypermetropic 
subjects. They found a weak but statistically significant 
correlation between mean K and refractive error, with cor-
neas getting flatter as hypermetropia increased. Similar to 
our study, Demircan et al. [30] found a statistically signifi-
cant difference in K, ACD and AL between fellow eyes in 
hyperopic anisometropic amblyopia. However, Yuksel et 
al. [31] found no significant difference among anterior seg-
ment ocular parameters in hyperopic anisometropic am-
blyopes, although their study included normal subjects as 
controls. This may account for the differences in the re-
sults. 

Anisoastigmatism correlated with K difference only (r = 
0.564, p = 0.002). A similar correlation was reported by 
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Huynh et al. [5], who found a correlation between the re-
fractive difference and K difference between pairs of eyes.

In short, our study showed that while anisomyopia is cor-
related with AL difference only (r = 0.863, p < 0.01), aniso-
hypermetropia is correlated with AL difference (r = 0.669, 
p <0.01) as well as K difference (r = 0.376, p = 0.014) and 
AC depth difference (r = 0.359, p = 0.020). The amount of 
anisoastigmatism correlated only with K difference (r = 0.564, 
p = 0.002). Anisometropic eyes provide us with the chance 
to understand biometric change in eyeballs with different 
refractive statuses in the same person. Such information is 
helpful for calculating the intraocular lens power in cata-
ract surgery, planning refractive surgery and understanding 
the risk factors for glaucoma in eyes of different refractive 
power.

A high percentage of anisometropic subjects (68.31%) in 
our study had amblyopia. The reported prevalence of am-
blyopia in anisometropia varied from 25% to 60% in pre-
vious studies [32]. The higher frequency of amblyopia in 
our study may be due to selection bias, as ours was a small 
hospital-based study, while others were population-based. 
Moreover, our study included more patients with hyper-
metropic anisometropia (41%) and higher degrees (>3 D) of 
anisometropia (47.5% of patients), both of which have 
greater odds of developing amblyopia. 

Our study was limited by a small number of subjects. 
Furthermore, a hospital-based population is more likely to 
have severe disabilities. We did not have a control group of 
normal children and adults. A similar population-based 
study on a larger group of subjects is needed to confirm 
these results. Our findings suggest that anisometropia has 
an impact on anterior segment ocular parameters, but this 
will need to be confirmed by further histopathological 
studies.
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