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ABSTRACT 
Purpose:  To investigate prevalence of strabismus and related factors in Mashhad, Iran. 
Study Design:  Cross sectional study. 
Place and Duration of Study:  Khatam-al-Anbia Hospital affiliated with Mashhad University of Medical Sciences. 
Methods:  Using multistage cluster sampling, participants were selected. All participants underwent detailed 
ocular examinations. A unilateral cover test was performed with the prism bar to achieve binocular alignment. 
Deviation magnitude was determined by considering the best refractive correction. Fixation targets were chosen 
as single letters one line above the best-corrected visual acuity on the distance and near chart. 
Results:  This study included 5054 participants with a mean age of 35.35±19.4 years. Strabismus was detected 
in 110 participants (2.17%) including 26 (0.51%) with esodeviation, 74 (1.46%) with exodeviation and 10 (0.19%) 
with vertical deviation. The prevalence rates for strabismus, exotropia and esotropia were 2.38%, 1.64%, and 
0.56% in females and 2.00%, 1.31%, and 0.51% in males respectively. The results did not indicate a significant 
gender difference in terms of strabismus prevalence (p>0.05). Among the deviated eyes, there were 25.5% with 
hyperopia, 39.1% with myopia and 35.5% with emmetropia. Anisometropia and amblyopia rates were 2.79% and 
2.55%, respectively. The results did not reveal a significant correlation between strabismus prevalence, exotropia 
and esotropia and age (p=0.56). The familial strabismus prevalence was 5.45%. 
Conclusion:  Exotropia was more prevalent form of strabismus. Myopia was the dominant refractive error 
associated with deviated eyes. Tropia showed no age-related association. 
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INTRODUCTION 
Amblyopia is most often caused by strabismus, 
followed by refractive disorders. Visual disturbances 
like tropia can have different outcomes such as loss of 
self-confidence, educational dropout, lack of social 
and personality development and missing job 
opportunities.1 Therefore, determination of prevalence 
of strabismus is essential for public health as well as 
for characterizing the extent of disorder to apply 
appropriate curative and preventive plans in order to 
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prepare screening and health infrastructures. 
Prevalence of tropia differs in various ethnicities and 
countries, ranging from at least 0.80% to a peak of 
4.3% in different studies.2 Studies have reported 
prevalence rates of 1.2% and 2.3% in Shahroud and 
Tehran, respectively.3 The esotropia/exotropia ratio is 
one of the most critical issues about strabismus. 
Prevalence of strabismus subtypes varies remarkably 
among different ethnic categories. For instance, a high 
percentage of esotropia has been identified in Western 
countries like Sweden,4 Non-Hispanic White 
Americans5 and Australia.6 In contrast, exotropia is the 
dominant strabismus subtype in Asian countries.7 
Moreover, several genetic and environmental factors 
including anisometropia,8 intraventricular bleeding, 
cerebral palsy,9 maternal cigarette smoking during 
pregnancy,9 have shown correlations with strabismus. 
This study examines strabismus prevalence and its 
subtypes and determine the effects of some associated 
factors like refractive error, age, and gender. 

 
METHODS 
The study participants were selected using multistage 
cluster sampling in Mashhad, Iran's second-largest city 
(Figure 1). 

 

 
 

Figure 1:  Age distribution of Mashhad population. 

 
 A research ethics committee authorized this study 
at Khatam-al-Anbia Hospital affiliated with Mashhad 
University of Medical Sciences Throughout the 
process, all procedures were guided by the principles 
of Declaration of Helsinki. Prior to the examination, 
parental and participant consent forms were signed. 
Demographic information was obtained from all the 
participants. The patients were given a phone call 
invitation to take part in the research. All the 
participants were referred to Khatam-al-Anbia 
Hospital, affiliated with Mashhad University of 
Medical Sciences, for detailed examinations, including 
visual acuity, measurement of the angle of esotropia, 
exotropia or vertical deviation, refraction and anterior 

and posterior segment evaluation. We conducted dry 
and cycloplegic refraction in every patient. Patient’s or 
parent’s unwilling to cooperate, suffering from other 
ocular anomalies and systemic diseases related to 
ocular vision and trauma to the brain or eyes were 
excluded. A Topcon auto-refractometer was used if 
possible, for auto-refraction (KR-800; Topcon, Tokyo, 
Japan). Every participant underwent retinoscopy with 
a HEINE Beta 200 retinoscope. The results were 
rechecked subjectively in the next step to achieve the 
best vision sphere and cylinder (magnitude and axis). 
Prism and alternating-cover tests were conducted at 
6m and 40cm with an accommodative target to 
determine angular deviations. Deviation was recorded 
with spectacle corrections on. Cover test and 
Hirschberg light reflex tests were used to assess ocular 
alignment. Presence of strabismus and its type 
(exotropia, esotropia and vertical deviation) was 
recorded, and amount of strabismus (prism diopters) 
were also measured. The best-corrected visual acuity 
was determined using a tumbling E chart for 
individuals below seven years old and the standard 
Snellen E chart for adults at a 6 m and 40 cm distance. 
Afterwards, unilateral cover test with prism bar was 
done to achieve binocular alignment at near and far 
fixation distance. The deviation magnitude was 
recorded for each participant separately. Detecting the 
magnitude of deviation was performed through best 
addition lenses in presbyopic individuals. The fixation 
target was chosen as single letter one line above best-
corrected visual acuity at distance and near vision 
chart. Finally, cycloplegic refraction was performed 
using cyclopentolate 1% eye drops for all participants. 
Three drops of this agent were administered at five-
minute intervals. Thirty minutes after the last 
instillation, auto refraction was repeated under 
cycloplegic conditions. Strabismus was described as a 
constant deviation of the eye at close or distant 
fixation measured by cover test and was categorized as 
esotropia, exotropia or vertical tropia. Myopia and 
hyperopia were defined as spherical equivalent 
(spherical part of the refractive error + 1/2 value of the 
cylindrical part) lower than −0.5 D and more than 
+0.5D, respectively. Unilateral amblyopia was 
identified as at least two-line difference between the 
eyes, with the best-corrected visual acuity lower than 
20/30 in the worse eye. In comparison, bilateral 
amblyopia was defined as the best-corrected visual 
acuity lower than 20/40 in both eyes without any 
pathology. At least 1.00D difference of the spherical 



Shahram Bamdad, et al 

36 Pak J Ophthalmol. 2024, Vol. 40 (1): 34-39 

refraction equivalent between the two eyes was 
described as anisometropia. 
 Data were analyzed using SPSS21 software (SPSS 
Inc., Chicago, Illinois, USA). The normality of the 
data was assessed using Kolmogorov–Smirnov test, 
which showed normal distribution of the quantitative 
data. Multiple logistic regression was used to assess 
correlation between strabismus and factors as age, 
gender, and refractive error. P-values less than 0.05 
were considered statistically significant. 

 
RESULTS 
Out of 5054 participants under investigation, 2744 
(54.29%) were male, and 2310 (45.71%) were female. 
Mean age of the participants was 35.35±19.4 years 
(range: 6 months to 85 years). We conducted dry and 
cycloplegic refraction in all participants. The means of 
cycloplegic and non-cycloplegic spherical equivalents 
were 0.89±0.92 and −0.47 ± 1.32 D, respectively. 
Additionally, prevalence of strabismus was 2.17%. 
Among the 110 individuals with strabismus, 26 
(0.51%) had esotropia, 74 (1.46%) had exotropia, and 
10 (0.19%) had vertical strabismus. Results revealed 
no significant difference between genders regarding 
prevalence of strabismus (p>0.05). Strabismus group 
included 55 males (50.00%) and 55 females (50.00%). 
Prevalence rates of strabismus, exotropia and esotropia 
are presented in Table 1. 
 Myopia was the most common type of refractive 
error related to strabismus. Myopia, hyperopia and 

 
Table 1:  The prevalence of strabismus by its subtypes and gender. 
 

 Total % 
(95% CI) 

Male % 
(95% CI) 

Female % 
(95% CI) 

Strabismus 2.17 
(1.55 to 2.66)  

2.00 
(1.28 to 2.77) 

2.38 
(2.41 to 3.11) 

Exotropia  1.46% 
(0.98 to 1.89) 

1.31 
(0.96 to 1.65) 

1.64 
(1.03 to 2.31) 

Esotropia 0.51% 
(0.20 to 0.84) 

0.51% 
(0.21 to 0.79) 

0.56 
(0.22 to 0.75) 

 

CI, confidence interval. 

 
emmetropia were detected in 39.1%, 25.5%, and 
35.5% of the deviated eyes. In addition, the prevalence 
of amblyopia was 2.55%. The results showed a 
considerably higher prevalence of amblyopia 
instrabismic participants (p=0.013). Accordingly, five 
strabismic (4.54%) and 124 non-strabismic (2.50%) 
participants had amblyopia. Moreover, 141 patients 

(2.79%) had anisometropia. Prevalence of 
anisometropia was higher in strabismic patients 
(20.9%) than in non-strabismic ones. Furthermore, the 
participants were divided into seven groups based on 
age. Prevalence of strabismus, exotropia and esotropia 
demonstrated no significant correlations with age (All 
p>0.05, Figure 2). 
 

 
 

Figure 2:  Prevalence of strabismus in different age groups. 

 
 Besides, six out of the 110 participants with 
strabismus (5.45%) had a positive family history. 

 
DISCUSSION 
This study aimed to investigate prevalence of 
strabismus and its correlation with some related factors 
in Mashhad, Iran. Prevalence of strabismus was 
2.17%, similar to the results of some other studies.20 
Prevalence of strabismus is found to vary in different 
populations. A higher prevalence of strabismus has 
been reported in western and white people compared 
to Asian countries such as China and India.10 Some 
extensive studies have also shown the effect of 
ethnicity on prevalence of strabismus.10 This trend 
might be associated with differences in the 
esotropia/exotropia ratio. Prevalence of strabismus in 
different parts of the world are shown in Table 2.11-20 
Some studies have indicated a higher prevalence of 
exotropia in Asian countries and a higher prevalence 
of esotropia in western countries.15-21 
 Exotropia was the most common strabismus 
subtype in the present study. Ethnic differences may 
result from such factors as orbital shape, refractive 
errors and muscle insertion.4 Distribution of 
strabismus subtypes can be affected by the type of 
refractive errors, esotropia and exotropia being more 
correlated to hyperopia and myopia, respectively. 
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Table 2:  The prevalence rates of strabismus in different parts of the world. 
 

Country/Area Age range Strabismus Exotropia Esotropia 
China10 6-72 months 0.80% 0.67% 0.10% 
Iran (Shiraz)11 6-21 years 3.1% 2.1% 0.9% 
USA5 
Asia 
Non-Hispanic Whites 

 
6-72 months 
6-72 months 

 
3.5% 
3.2% 

 
2.1% 
0.8% 

 
1.4% 
2.3% 

Japan12 6-12 years 1.0% 0.6% 0.2% 
Sweden 4 4-15 years 3.5% 0.7% 2.8% 
USA13 
White Americans 
African Americans 

 
6-71 months 
6-71 months 

 
3.3% 
2.1% 

 
1.8% 
1.0% 

 
1.5% 
1.0% 

USA14 
Hispanics 
African Americans 

 
6-72 months 
6-72 months 

 
2.4% 
2.5% 

 
1.5% 
1.4% 

 
0.9% 
1.1% 

Japan15 6-11 years 1.28% 0.69% 0.28% 
Australia16 6 years 2.8% 0.8% 1.4% 
Iran (Shahroud)17 6 years 1.2% - - 
Korea18 5-18 years 1.6% 1.3% 0.3% 
Singapore19 6-72 months 0.8% 0.7% 0.1% 
Iran (7 cities)20 7 years 1.7% 1.3% 0.4% 
Iran (rural areas)2 ≤ 1 year 4.3% 3.9% 0.4% 

 
Sincesotropic individuals need more accommodation 
compared to exotropia to compensate for hyperopia, 
higher prevalence of esotropia compared to exotropia 
in western populations can be due to the higher 
prevalence of hyperopia in these countries.22 
 Furthermore, some studies have indicated that 
prevalence of myopia increased from 10.4% in 1993 to 
34.2% in 2016 in the world. This trend might have led 
to an increase in the exotropia/esotropia ratio in the 
past decade.21Thus, the type and amount of refractive 
error could be the main etiologic factor for strabismus. 
On the other hand, Chew et al, disclosed that the 
prevalence of strabismus subtypes could be affected by 
independent factors such as maternal smoking during 
pregnancy and maternal age.9Some studies have 
reported a significant difference between males and 
females. Faghihi et al, mentioned that the higher 
prevalence of hyperopia in females was the reason for 
the higher prevalence of strabismus in this gender.11 
However, numerous studies have demonstrated no 
significant difference between the two genders in this 
respect.2 The present study also revealed no 
considerable difference between the two genders 
regarding prevalence of strabismus. The inter-gender 
differences reported in some studies might result from 
the genetic, ethnic and morphologic differences in the 
study populations and environmental factors. Some 
studies have shown a negative correlation between 
prevalence of strabismus and age, while another 
research indicated a positive correlation between 
prevalence of strabismus and age.14 However, the 

current study findings demonstrated no significant 
correlation between strabismus and age. Other studies 
performed on the subjects aged 1–6 years13 and 3–93 
years,2 also showed no significant correlation between 
prevalence of strabismus and age. The discrepancy 
among the results might be attributed to genetic and 
environmental differences.5 
 Strabismus is one of the most common causes of 
amblyopia. Therefore, programs have been considered 
for early childhood screening. Nonetheless, absence of 
screening programs has resulted in higher prevalence 
of amblyopia in some other countries. Different 
prevalence rates of anisometropia among studies could 
be due to varying methods of investigation, definitions 
and population characteristics. The prevalence of 
anisometropia was 2.79% in Mashhad. In the current 
research, the prevalence of the family history of 
strabismus was 5.45%. Even though the inheritance 
pattern has not been characterized accurately, most 
studies have agreed on multifactorial inheritance.23 
 Although in our study, no correlation was found 
between age and prevalence of strabismus, it is 
common for strabismus to be mistaken for a childhood 
disorder. It is possible for strabismus to develop in 
childhood and remain untreated until puberty. 
Strabismus in children has different causes than adults. 
In adults, there can be myogenic disorders, increased 
blindness rates and Cranial nerve palsy.24 Additionally, 
socioeconomic status may affect the ability of patients 
to receive strabismus therapy. In our study, 1.83 
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percent of children under 10 had strabismus. Patients 
with 50 to 60 years of age were most likely to have 
strabismus, and patients over 60 years had the fewest 
referrals and the lowest rates of strabismus. This may 
be due to age-related issues and reduced mobility, 
making it difficult for them to come for examination. 
 Lack of information about history of treatment, 
including strabismus surgery or orthopthic training, 
was a major limitation of our study. We could not find 
record of number patients who underwent strabismic 
surgery. Strabismus surgery rates might be different in 
different races/ethnicities. This different rate of 
strabismus surgery might have cultural and economic 
reasons as well. 
 It also was reported that the most common 
strabismus and strabismus surgery was for horizontal 
strabismus.25 As no report has been found in the 
Mashhad race, so it is not possible to make an accurate 
prediction. 
 As it is evident that some cases of strabismus and 
amblyopia had been treated, the prevalence of these 
conditions could have been underestimated. 
Participants in this study were enrolled based on the 
magnitude of tropia detected on the unilateral cover 
test and Hirschberg test. Therefore, individuals with 
microtropia might have been missed and the total 
prevalence of strabismus might have been 
underestimated. 

 
CONCLUSION 
The study findings indicated that prevalence of 
strabismus was 2.17% in the population of Mashhad. 
The most common subtype of strabismus was 
exotropia. Additionally, myopia was the leading 
refractive error associated with deviated eyes among 
strabismic individuals. Finally, tropia showed no 
significant association with age. 
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