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Visual problems, cerebral visual impairment, 
refractive errors, strabismus, color vision 
and visual field defects are more commonly 
encountered in preterm infants than in term 
infants in long-term ophthalmologic evaluations 
because of the unfavorable effects of prematurity 
on visual and neurologic development.1 The 
severity of refractive errors and the incidence 
of strabismus increase with lower gestational 
ages and birth weights and with the presence 

and progression of retinopathy of prematurity 
(ROP).2-5 Gulati et al.6 demonstrated that having 
low birth weight, independent of gestational 
age, had a significant role in the development 
of strabismus. Thus, premature infants and 
those with low birth weight should be followed 
regularly after the completion of ROP screening 
to detect refractive errors and strabismus as well 
as to prevent the development of amblyopia.7

Refractive errors in children are determined 
by the emmetropization process, which is 
closely related to the changes in the axial 
length of the eye and the corneal curvature. 
Studies on the effects of birth parameters on 
the emmetropization process have shown that 

Is being small for gestational age a risk factor for 
strabismus and refractive errors at 3 years of age?

İkbal Seza Petriçli1 , Caner Kara1 , Ayşegül Arman2

1Department of Ophthalmology, Etlik Zübeyde Hanim Women’s Health Training and Research Hospital, Ankara; 2Department of 
Ophthalmology, Bilkent City Hospital, Ankara, Turkey.

ABSTRACT

Background. Visual problems, cerebral visual impairment, refractive errors and strabismus are commonly 
found in preterm infants in long-term follow-ups. The aim of this study was to determine the factors that lead 
to the development of amblyogenic risk factors, such as high refractive errors, anisometropia and strabismus, in 
the long-term evaluation of preterm infants.

Methods. We retrospectively evaluated children who were screened for retinopathy of prematurity (ROP) 
and who had a 3rd year ophthalmologic examination. The impacts of sex, gestational age (GA), birth weight 
(BW), BW for GA, being small for gestational age (SGA), being appropriate for gestational age (AGA), multiple 
pregnancies and the results of ROP screening on refractive errors and the development of strabismus were 
evaluated by logistic regression analysis. The SGA and AGA groups were compared in terms of refractive errors 
and presence of strabismus. 

Results. Six hundred and eight children, including 317 (52.1%) males and 291 (47.9%) females, were included 
in the study. The mean GA was 31 ± 3 weeks (24-36), and the mean BW was 1505 ± 435 g (600-2460). The 
number of SGA-born children was 101 (16.6%). Manifest deviation was detected in 42 (5.6%) children, and 
optical correction was required in 101 (16.6%) children. Being an SGA infant and multiple pregnancies were risk 
factors for refractive errors requiring optical correction, and hyperopia (≥3.00 D) was found to be a risk factor 
for the development of strabismus in the multivariate regression analysis. Additionally, the SGA group was at 
high risk for strabismus, hyperopia, high astigmatism and the need for optical correction.

Conclusions. We concluded that SGA seems to be associated with an increased risk of strabismus and a high 
refractive error. It should be taken into consideration during follow-up examinations of SGA infants.

Key words: premature, retinopathy of prematurity, refractive error, small for gestational age, strabismus.

İkbal Seza Petriçli
seza0906@yahoo.com

Received 20th December 2019, revised 19th February 2020, 
accepted 20th March 2020.

https://orcid.org/0000-0002-3545-303X
https://orcid.org/0000-0002-3628-547X
https://orcid.org/0000-0003-4223-8570


Petriçli İS, et al Turk J Pediatr 2020; 62(6): 1049-1057

The Turkish Journal of Pediatrics ▪ November-December 20201050

children (aged 7-9 years) who are born more 
mature with higher birth weights and larger 
head circumferences had longer axial lengths, 
which did not affect the refractive error because 
of the flattening of the cornea and a decrease 
in the corneal refractive power.8 Another study 
showed that children born with longer axial 
lengths had relatively slower increases in the 
axial length of the eye during the first 3 years 
of life, and this did not affect the development 
of refractive errors.9 Mutti et al.10 indicated that 
refractive errors at birth are important in the 
emmetropization process.

Infants small for gestational age (SGA) in terms 
of their birth weight are associated with high 
morbidity and mortality during the prenatal 
and neonatal periods.11,12 Both SGA and preterm 
infants have high risks of developing severe 
ROP.13,14 In addition, SGA infants have high risks 
for neurodevelopmental deficits, cerebral palsy, 
low visual acuity, blindness, deafness, mental 
retardation and low academic performance in 
long-term evaluations.15-19 Being both SGA and 
preterm increases these risks even more. Gur 
et al.20 showed that the delivery of a term SGA 
infant was an independent risk factor for long-
term ophthalmic morbidity, including ocular 
inflammation and infections, visual problems 
and ophthalmic hospitalization. Children born 
SGA have been shown to have a high risk of 
developing hyperopia, which may be related 
to the smaller globe size and the presence of 
factors causing fetal growth retardation.21,22

Although there are many studies on the effect 
of birth weight and prematurity on long-term 
ophthalmologic development, studies on the 
effect of being an SGA infant on long-term 
ophthalmologic development are limited. Those 
studies either included a small sample size or 
included only term or term-preterm infants.18, 

20-25

In our country, the national vision screening 
program recommends scanning for amblyopia 
risk in individuals 3 to 5 years old.26 American 
Academy of Ophthalmology, American 
Academy of Pediatrics and U.S. Preventive 

Services Task Force recommend screening 
children for amblyopia and its risk factors at 
least once when they are between ages 3 and 
5 years to detect cases of amblyopia or its risk 
factors (B category; strong recommendation).27,28

In this retrospective study, we evaluated the 
ophthalmologic examination results of 3-year-
old children who were screened for ROP in 
the neonatal period. We aimed to identify 
amblyogenic risk factors such as high refractive 
errors, anisometropia and strabismus and 
compare SGA and appropriate for gestational 
age (AGA) premature infants in terms of these 
risk factors.

Material and Methods

This study was performed in accordance with 
the principles outlined in the Declaration of 
Helsinki after it was approved by the Ethics 
Committee of Etlik Zübeyde Hanım Women’s 
Health Education and Resarch Hospital and 
registered with the report number 90057706-
799 on March 22, 2019. Informed consent was 
obtained from all individual participants 
included in the study. A retrospective review 
was conducted on the medical files of patients 
undergoing the ROP screening program. 
Patients who had ophthalmologic examinations 
at 3 years of age were included in the study. 
Children who developed cerebral palsy 
related to periventricular leukomalacia and 
were treated for ROP were excluded from the 
study because of the possible effects of these 
factors on the refractive status of the eye. The 
patient files were evaluated retrospectively; 
the sex, gestational age, birth weight, ROP 
screening results, presence and type of multiple 
pregnancies, refractive status and presence 
and type of strabismus were recorded. Infants 
with birth weights below the 10th percentile 
according to the Fenton Growth Chart were 
considered SGA, and those above the 10th 
percentile were considered AGA.29

In our ROP clinic, we screened all infants with 
birth weights ≤1500 g and gestational ages 
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of ≤32 weeks and selected infants who were 
considered to be at risk by the Neonatology 
Clinic. ROP examinations were performed 
under topical anesthesia with an indirect 
binocular ophthalmoscope (Omega 2C, Heine, 
Germany) and a 20 diopter (D) lens (Volk 
Double Aspheric, USA). The findings of the 
ROP screening were recorded according to the 
guidelines of the International Classification of 
ROP study.30

At the examination performed in children 
at 3 years of age, fixations, smooth pursuit 
eye movements, the results of the Hirshberg 
test for manifest deviations, results of the 
cover test and prism cover test for latent and 
manifest deviations, results of the anterior 
segment evaluations, cycloplegic refractions 
and results of the retinal examinations were 
recorded. Cycloplegia was induced by a drop 
of proparacaine hydrochloride 0.5% (Alcaine, 
Alcon, USA) followed by two drops of 
cyclopentolate hydrochloride 1% (Sikloplejin, 
Abdi İbrahim, Turkey). Retinal examinations 
were performed by indirect binocular 
ophthalmoscopy and a 20 D lens.

The spherical equivalent (SE) was used to 
calculate the myopic and hypermetropic 
refractive errors and was calculated by 
adding the spherical power and half of the 
astigmatic power. The American Academy 
of Ophthalmology pediatric eye evaluation 
preferred practice pattern guidelines were used 
for refractive correction.28 The significantly 
high refractive error values, cut off values for 
anisometropia and optical correction values 
are shown in Table I. The astigmatic refractive 
errors were recorded as negative cylindrical 
values. The axes of astigmatism (≥1.00 D) were 
divided into three classes: with the rule (WTR) 
astigmatism 0-15° and 165-180°, against the 
rule (ATR) astigmatism 75-105° and oblique 
astigmatism 16-74° and 106-164°.

Statistical analysis

Statistical analysis was performed using SPSS 
v.21.0 for Windows (IBM Corp. Released 2012, 

IBM SPSS Statistics for Windows, Version 
21.0 Armonk, NY: IBM Corp.). Continuous 
variables are presented as the mean ± SD; 
categorical variables are defined as numbers 
and percentages. Chi-square test was used for 
categorical variables. Because there was a strong 
correlation between the refractive errors of the 
right and left eyes, only data from the right eyes 
were analyzed (Pearson’s r=0.96). Kolmogorov-
Smirnov and Shapiro-Wilk tests were used 
to evaluate the distributions of the data. The 
differences between the means were evaluated 
by t-test for normally distributed data and by 
Mann-Whitney U test for data not normally 
distributed. Additionally, multivariate logistic 
regression analysis was used to identify factors 
significantly associated with strabismus and 
refractive errors requiring optical correction. 
Multivariate logistic regression analysis was 
used for the variables identified as statistically 
significant (p <0.10) in the univariate analysis. 
Differences were considered statistically 
significant when p <0.05.

Results

In the retrospective evaluation of the patient 
files, 608 children who met the study criteria 
were identified. Overall, 317 of them were male 
(52.1%), and 291 of them were female (47.9%). 
The mean gestational age was 31 ± 3 weeks (24-
36 weeks), and the mean birth weight was 1505 
± 435 g (600-2460 g) overall. In terms of the birth 
weight, 101 children (16.6%) were SGA, and 507 
children (83.3%) were AGA infants. The rate 
of multiple pregnancies was 49.8% (n= 300); 
90% (n= 270) of them were twin pregnancies, 
8.3% (n= 25) were triplet pregnancies, and 1.8% 
(n= 5) were quintuplet pregnancies. ROP was 
detected in 145 (23.8%) children, and all of them 
spontaneously regressed during the follow-up 
period.

The mean SE of the whole group was 1.66 ± 1.49 
D. The mean SE for the SGA group was 2.12 ± 
1.80 D, and that for AGA group was 1.53 ± 1.41 
D (p= 0.04, Mann-Whitney U test). Significant 
refractive error according to the SE was found 



Petriçli İS, et al Turk J Pediatr 2020; 62(6): 1049-1057

The Turkish Journal of Pediatrics ▪ November-December 20201052

in 127 (20.8%) children, including myopia (n= 
42) and hyperopia (n= 85). Astigmatism ≥1.00 
D was detected in 224 (36.8%) children, 166 
(27.3%) children had significant astigmatism 
(1.00-2.00 D), and 58 (9.5%) children had high 
astigmatism (≥2.00 D). A total of 84.9% (n= 174) 
had WTR astigmatism, 6.8% (n= 14) had ATR 
astigmatism, and 8.3% (n= 17) had oblique 
astigmatism.

Optical correction was needed in 101 (16.6%) 
children. Among them, 30 (29.7%) children 
had both strabismus and refractive error, 23 
(22.8%) children had high astigmatism, 17 (16.8) 
children had anisometropia, 16 (15.8%) children 
had high hyperopia and 15 (14.9%) children 
had both high hyperopia and high astigmatism. 
Anisometropia (≥1.00 D) was detected in 51 
(8.3%) children. Significant anisometropia 
(1.00-2.00 D) was seen in 31 (5%) children, 
and high anisometropia (≥2.00 D) was seen in 
20 (3.3%) children. Strabismus was diagnosed 
in 34 (5.6%) children, 26 (76.5%) of them had 
esotropia, 7 (20.6%) of them had exotropia and 
1 (2.9%) child had hyperopia.

Risk factors, which may affect refractive 
errors requiring optical correction and the 
development of strabismus, were evaluated by 
univariate and multivariate logistic regression 
analyses and are given in Table II and Table III, 
respectively. Multivariate logistic regression 
analysis showed a strong association between 
SGA and refractive errors requiring optical 
correction (OR: 0.37, 95% Cl 0.22-0.62, p 
<0.01) and between multiple pregnancies and 
refractive errors requiring optical correction 
(OR: 0.62, 95% Cl 0.39-0.98, p = 0.04). A 
statistically significant correlation was detected 
between the presence of hyperopia (≥3.00 D) 

and the presence of strabismus in the univariate 
logistic regression analysis.

A comparison of the demographic and clinical 
characteristics of patients with SGA (n= 101) 
and AGA (n= 507) is given in Table IV. Although 
the mean gestational age of the SGA group 
was higher than that of the AGA group, the 
number of children with strabismus, significant 
hyperopia, high astigmatism or refractive errors 
requiring optical correction were significantly 
higher in the SGA group (Table IV).

Discussion

The ophthalmologic examinations performed 
at 3 years of age in children who were born 
premature and screened and followed up for 
ROP revealed that 5.4% had strabismus and 
16.6% had refractive errors requiring optical 
correction in our study. Logistic regression 
analysis revealed that multiple pregnancies 
and being an SGA infant were risk factors for 
refractive errors requiring optical correction 
and that the presence of significant hyperopia 
(≥3.00 D) was a risk factor for the development of 
strabismus. The mean SE was statistically more 
hypermetropic in the SGA group compared to 
the AGA group, and the number of children 
with strabismus, significant hyperopia, high 
astigmatism and refractive errors requiring 
optical correction were statistically higher in the 
SGA group compared to the AGA group.

Studies on preterm infants with ROP that either 
spontaneously regressed or required treatment 
showed an increase in the incidence of myopia, 
anisometropia, astigmatism and strabismus in 
these infants.27,31 In our study, the incidence of 
myopia was 6.9% (n= 42), but optical correction 

Table I. Cut-off values for refractive errors used in the study.
Variables Significant refractive error High refractive error Anisometropia Optical correction
Hyperopia (+, D) ≥ 3.00* ≥ 5.00* ≥ 1.50* ≥4.50 (no deviation)

≥1.50 (with deviation)
Myopia (-, D) ≤ 0.25* ≤ 3.00* ≤ 3.00* ≤ 3.00
Astigmatism (-, D) ≥ 1.00 ≥ 2.00 ≥ 2.00 ≥ 2.00
D: diopter; *: spherical equivalent
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was not required (myopia ≤ 3.00 D). Children 
who needed optical correction had one of the 
following diagnoses: high hyperopia, strabismus 
with refractive errors, high astigmatism or 
anisometropia. Holmstrom et al.7 detected 
astigmatism at a corrected age of 30 months in 
26% of the premature infants included in their 
study, and they showed that ATR was the most 
common type. The incidence of astigmatism 
was 33.7% in our study, and WTR astigmatism 
was the most common type (84.9%). The 
incidence of high astigmatism was 7.7% overall, 
and the incidence of high astigmatism in the 
SGA group was statistically higher than that in 
the AGA group. Additionally, the mean SE was 
statistically more hypermetropic in the SGA 

group. Rutstein et al.23 showed that the average 
spherical refractive error for intrauterine 
growth-retarded infants was approximately 
0.50 D more hypermetropic compared to that in 
normal birth weight infants. There are studies 
supporting this finding that being an SGA infant 
is a risk factor for the development of hyperopia 
during adolescence.21,22 In our study, the 
number of children with hyperopic refractive 
errors was significantly higher in the SGA 
group than in the AGA group. The progression 
of refractive errors in children is determined by 
the emmetropization process, which is closely 
related to changes in the axial length of the eye 
and refractive powers of the cornea and lens. 
Studies on the emmetropization process showed 

Table II. Logistic regression analysis for factors associated with refractive errors requiring optical correction.

Variables
Univariate analysis Multivariate analysis

p OR (95 CI) p OR (95 CI)
Gestational age 0.01 0.01 (1.02-1.11) 0.24 1.05 (0.96-1.14)
Birth weight 0.86 1.00 (0.99-1.00) - - -
Small for gestational age <0.01 0.36 (0.22-0.59) <0.01 0.37 (0.22-0.62)
Multiple pregnancy 0.02 0.61 (0.40-0.95) 0.04 0.62 (0.39-0.98)
Sex 0.94 1.02 (0.66-1.56) - - -
Retinopathy of prematurity 0.98 1.01 (0.61-1.66) - - -
Gestational age ≤ 27weeks 0.22 1.40 (0.81-2.39) - - -
Birth weight ≤ 1000 g 0.28 0.72 (0.40-1.30) - - -
OR: Odds ratio, CI: confidence interval.

Table III. Logistic regression analysis for factors associated with strabismus.

Variables
Univariate analysis Multivariate analysis

p OR (95 CI) p OR (95 CI)
Gestational age 0.02 1.17 (1.02-1.34) 0.14 1.20 (0.96-1.30)
Birth weight 0.76 1.00 (0.99-1.00) - - -
Small for gestational age <0.01 2.97 (1.42-6.22) 0.07 0.37 (0.22-0.62)
Multiple pregnancy 0.78 1.10 (0.55-2.20) - - -
Sex 0.65 1.17 (0.58-2.35) - - -
Retinopathy of prematurity 0.71 0.86 (0.39-1.89) - - -
Gestational age ≤ 27weeks 0.67 1.20 (0.51-2.81) - - -
Birth weight ≤ 1000 g 0.21 1.60 (1.02-1.34) - - -
Hyperopia (≥3.00D) <0.001 0.12 (0.05-0.24) <0.001 0.14 (0.06-0.30)
Myopia(≤0.25D) 0.99 0.00 (0.00-;) - - -
Astigmatism (≥2.00D) 0.10 2.15 (0.85-5.43) 0.82 0.88 (0.31-2.48)
Anisometropia (≥2.00D) 0.02 0.49 (0.18-1.34) 0.17 0.38 (0.09-1.54)
OR: Odds ratio, CI: confidence interval
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that children finally became emmetropic with 
subsidiary changes in these parameters in 
long-term evaluations.8,9 Mutti et al.10 stated 
that the refractive error at birth is important 
in the emmetropization process. Özdemir et 
al.32 revealed that the axial length shortens as 
gestational age and birth weight decreased in 
prematurely born children (5-7 years) who did 
not develop ROP. Since the refractive state is 
corrected by the emmetropization process, no 
significant refractive error develops in these 
children. We detected statistically significantly 
more hyperopia in children born SGA than 
those born AGA. This result may have results 
from shorter axial lengths in SGA infants. 
Additionally, factors causing intrauterine 
growth retardation may adversely affect the 
emmetropization process in these children. 
Lim et al.9 showed that infants with longer 
axial lengths had smaller increases in the 

axial length in the first 3 years of life and that 
this condition did not cause refractive errors. 
Studies have revealed that SGA infants have 
a higher risk of low visual acuity, blindness, 
deafness, neurodevelopmental deficits, cerebral 
palsy and mental retardation compared to AGA 
infants.15-18,33 Although the mean gestational 
age in the SGA group was higher than that in 
the AGA group in our study, the incidence of 
strabismus and refractive errors requiring optical 
correction were statistically significantly higher 
in the SGA infants. Studies comparing preterm 
SGA, term SGA and term AGA infants revealed 
that the preterm SGA group had worse visual 
functions and more cases of strabismus than the 
term AGA group, but there was no statistically 
significant difference between the term AGA 
and term SGA groups.22,24,25 Similarly, Rutstein 
et al.23 did not find any significant difference 
between the term intrauterine growth-retarded 

Table IV. Comparison of demographic and clinical characteristics of patients with SGA and AGA.
Variables SGA (n=101) AGA (n=507) p value
Gestational age (week) Mean ± SD 32 ± 3 30 ± 3 <0.01

(Range) (25-36) (24-36)
Birth weight (g) Mean ± SD 1260 ± 396 1554 ± 426 <0.01

(Range) (600-2190 ) (690-2460)
Sex Male; n (%) 37 (36.6) 280 (55.2) <0.01

Female; n (%) 64 (63.4) 227 (44.8)
Multiple pregnancy n (%) 44 (43.6) 256 (50.5)
Strabismus n (%) 12 (11.9) 22 (4.3) 0.20
Retinopathy of prematurity n (%) 27 (26.7) 118 (23.3) 0.03
Spherical equivalent (D) Mean ± SD 2.12 ± 1.80 1.53 ± 1.41 0.45

(Range) (-1.50 to 10.00) (-2.75 to 8.75) 0.04
Refractive error

Hyperopia (≥3.00D)* n (%) 23 (22.8) 62 (12.2) 0.005
Myopia (≤0.25)* n (%) 5 (5.0) 37 (7.3) 0.39
Astigmatism (≥1.00 D) n (%) 51 (50.5) 173 (34.1) <0.01
Astigmatism (1.00-2.00 D) n (%) 33 (32.7) 133 (26.2) 0.18
Astigmatism (≥2.00 D) n (%) 18 (17.8) 40 (7.9) <0.01
Anisometropia (≥1.00D) n (%) 7 (6.9) 44 (8.7) 0.36
Anisometropia (1.00-2.00 D) n (%) 3 (2.9) 28 (5.5) 0.13
Anisometropia (≥2.00D) n (%) 4 (4.0) 16 (3.2) 0.67

Optical correction n (%) 31 (30.7) 70 (13.8) <0.001
AGA: appropriate for gestational age, D: Diopter, SD: standard deviation, SGA: small for gestational age, *: spherical 
equivalent
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group and term normal birth weight group, but 
they did not include a preterm SGA group for 
comparison.

Studies have shown that functional vision, 
visual motor integration and academic 
performance are adversely affected in 
children born SGA, even in those without 
major neurologic problems.19,33,34 It has been 
shown that these functions are much more 
adversely affected in SGA-born children than 
in AGA-born children.33,34 Ley et al.35 proposed 
that thinning detected in the neuroretinal 
rim in young adults born SGA because of 
intrauterine growth retardation could be due 
to the loss of axons in the optic nerve caused 
by fetal circulatory insufficiency. Additionally, 
Thordstein et al.36 showed an increase in the 
latency of visual evoked potentials (VEPs) in 
intrauterine growth-retarded children, and 
they proposed that this increased latency 
may be an indicator of adversely affected 
intrauterine brain development. Pinello et 
al.18 found that SGA infants had lower visual 
acuity, as measured with Teller Acuity Cards, 
and lower mental performance, as measured 
with the Bayley Scale of Infant Development, 
compared to AGA infants at 1 year of age. 
This study was performed in a small patient 
group (n=17), and refractive errors were not 
included. Additionally, it was not stated 
whether refractive errors were corrected or not 
in the evaluation of visual acuity. Although 
visual acuity was not evaluated in our study, 
the incidence of refractive errors and optical 
correction were higher in the SGA group than 
in the AGA group. Overall, being SGA was 
a risk factor for the development of refractive 
errors requiring optical correction.

The incidence of strabismus in childhood varies 
(2-26%) across studies according to the GA and 
BW of the child and the presence of ROP and 
cerebral palsy. Studies have revealed a strong 
correlation across the birth weight, gestational 
age and strabismus incidence.6,31,37-39 In the 
Millennium Cohort Study39, which was carried 
out in the United Kingdom, 14980 children aged 
3 years were screened, and the incidence of 

strabismus was found to be 2.1%. The incidence 
was 4.6% in the gestational age-matched and 
birth weight-matched group in our study 
(GA<37 weeks, BW<2500 g). Gulati et al.6, in 
a study in a large population of prematurely 
born children (n=38055), revealed the incidence 
of strabismus to be 3% and stated that low 
birth weight was an independent risk factor 
for the development of strabismus. Robaei et 
al.40 stated that low birth weight infants (1500-
2500 g) were at increased risk of developing 
amblyopia, anisometropia and strabismus 
compared to normal birth weight infants (≥2500 
g) during childhood. Gur et al.20 showed that 
being an SGA infant is an independent risk 
factor for long-term ocular morbidity (up to 18 
years after delivery). They found that the SGA 
group were at a higher risk for strabismus and 
amblyopia than the AGA group. Fieß et al.41 
detected strabismus in 17.5% of the individuals 
aged 4-10 years in the preterm group (GA≤37 
weeks) and found that GA, hyperopia (≥3.00 
D), and astigmatism were risk factors for the 
development of strabismus. We detected the 
incidence of strabismus to be 11.9% in the SGA 
group and 4.3% in the AGA group (p=0.03). 
Hyperopia (≥3.00 D) was a significant risk factor 
for the development of strabismus according to 
the logistic regression analysis. Consistent with 
our findings, different studies have revealed 
that hyperopia is a risk factor for strabismus.42,43 
In our study, SGA infants had statistically 
significantly higher hyperopia, which may be 
an important risk factor for the development of 
strabismus in this group.

One of the limitations of our study is that 
visual acuity was not evaluated because of the 
retrospective nature of the study. Additionally, 
ocular biometric measurements could not be 
performed, and factors causing intrauterine 
growth retardation could not be evaluated. 
On the other hand, the large sample size and 
comparison of SGA and AGA preterm groups 
are the major strengths of this study.

In conclusion, preterm-born children have a 
high risk for refractive errors, and being SGA 
increases this risk even more. It is advised 
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that preterm infants are closely followed up 
after the completion of ROP screening for high 
refractive errors and strabismus to prevent 
the development of amblyopia.44 We suggest 
that pediatricians and ophthalmologists are 
informed that both children born preterm and 
those born SGA are at high risk for developing 
strabismus, high hyperopia and high 
astigmatism and should be closely and regularly 
examined for amblyogenic risk factors.
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