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INTRODUCTION
Recent advances in medical care, especially in 

antenatal and neonatal intensive care, have signifi-
cantly improved the survival rates of preterm infants. 
In addition, there has been an increase in the per-
centage of children born prematurely.1,2 Despite this 
improvement in survival rates, premature infants re-
main at high risk for neurodevelopmental delay and 

disabilities.1,2 These include intellectual disability, ce-
rebral palsy, hearing deficiencies, and ophthalmolog-
ical impairments, such as defects in visual acuity, eye 
alignment, refractive errors and other ocular prob-
lems involving accommodation, visual fields, con-
trast sensitivity, and stereopsis.3-6 Vision impairment, 
strabismus, and refractive errors were found in 3.1%, 
14.1%, and 25.6%, respectively, of children born 

Purpose: To study ophthalmological outcomes of pre-
mature children with no retinopathy of prematurity (ROP) 
and correlate with neurodevelopmental outcomes.

Methods: A total of 69 former preterm infants were 
evaluated at 2 to 7 years of age. Detailed ophthalmo-
logic examinations were performed. Neurodevelop-
ment was assessed using the Peabody Developmental 
Motor Scale and Wechsler Preschool and Primary Scale 
of Intelligence. Another 69 healthy children served as 
controls.

Results: The 69 preterm children (38 of 69 boys) and 
69 controls (38 of 69 boys) had a mean age of 4.9 ± 1.5 
and 4.9 ± 1.4 years, respectively. Compared to controls, 

preterm infants had vision impairment of 19% versus 
1.4% (P = .001), hyperopia of 87% versus 98.5% (P = .21), 
myopia of 11% versus 1.4% (P = .017), and astigmatism 
of 39% versus 30.4% (P = .37). Children with any motor 
disability tended to have worse vision.

Conclusions: In the absence of ROP, hyperopia was 
more common in infants 32 weeks or older who 
weighed more than 1,500 g at birth; other vision prob-
lems were similar in subgroups. This may represent 
impending myopia in those younger than 32 weeks 
weighing less than 1,500 g.
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before 27 weeks of gestation.3 However, any visual 
impairment was found in 12% of preterm children 
born at less than 32 weeks.4 Significant associations 
were found between strabismus and visual impair-
ment on one side and periventricular leukomalecia/
intraventricular hemorrhage, treated retinopathy 
of prematurity (ROP), cognitive disability, cerebral 
palsy, and birth weight (BW) on the other side. Asso-
ciations were also reported between refractive errors 
and treated ROP by gestational age (GA).3,4 Studies 
with longer follow-up of 7 to 10 years revealed that 
very preterm infants, especially those with cerebral 
palsy, were less likely to develop normal visual acuity, 
even those without evidence of early ROP.5 Others 
suggested that vision impairment at 10 years of age 
in very low birth weight infants (< 1,500 g) was more 
likely found when risk factors such as intraventricu-
lar hemorrhage, neurological sequelae, and ROP 
treated with cryotherapy were present.6

In this study, we aimed to investigate the long-
term ophthalmological outcomes of early and late 
preterm infants in the absence of ROP and its se-
quelae, and to correlate visual findings with neuro-
cognitive development.

PATIENTS AND METHODS
Study Design and Population

This was a cross-sectional pilot study conducted 
at the American University of Beirut Medical Cen-
ter between March 2012 and May 2014. Children 
with a GA of less than 37 weeks born between Janu-
ary 2006 and December 2009 (2 to 7 years of age) 
were enrolled. Families of all 450 infants born dur-
ing the identified period were contacted by phone; 
96 children were enrolled after their parents agreed 
to participate and 69 of them completed the ophthal-
mologic assessment and were included in this analy-
sis. Demographic data of premature patients were 
collected by direct parent interview or from patients’ 
medical records and by reviewing the charts of the 
controls. For the control group, records of 69 age- 
and gender-matched healthy children who presented 
for routine eye check-up at the pediatric ophthalmol-
ogy clinic between 2010 and 2014 were reviewed. In 
this control group, we excluded patients born preterm 
and those with prior ophthalmic pathology or family 
history of any eye disorder. The study was approved 
by The American University of Beirut Institutional 
Review Board and written informed consent was ob-
tained from all patients.

Participants in the premature group were sub-
grouped according to their BW into: BW of 1,500 
g or less and BW greater than 1,500 g. According to 
GA, they were categorized into two groups: younger 
than 32 weeks (early preterm) and 32 weeks or more 
(moderate and late preterm). The patients from the 
premature group were later compared to the controls.

Assessment
Ophthalmologic Examination. The compre-

hensive eye examination included uncorrected vi-
sual acuity, anterior segment, motility, stereopsis, 
convergence, cycloplegic refraction, and dilated 
funduscopy. Visual acuity was checked binocularly 
and monocularly and corrected in children present-
ing with refractive correction using two different 
age-appropriate methods: (1) picture charts (Allen 
pictures) at 6 m for ages 2 to 5 years and (2) Snel-
len charts at 6 m for older/literate children. Cover 
testing at 6 m and 30 cm was used to assess ocu-
lar motility; ductions were also checked. Stereop-
sis evaluation was performed using the Titmus fly 
test and polarized glasses whenever the child was 
capable. Anterior segment structures were evalu-
ated using a portable slit lamp. Vision impairment 
was considered mild if visual acuity was better than 
20/40, moderate if less than 20/40 but better than 
20/200, and severe if 20/200 or worse. Strabismus 
was defined as any tropia on cover testing, including 
esotropia, exotropia, or hypertropia/hypotropia. 

Cycloplegic retinoscopy was performed 30 min-
utes after dilating the pupils using phenylephrine 
2.5% and cyclopentolate 1% eye drops; results were 
confirmed by automated refraction (Canon RK-F1 
autorefractor; Canon, Tokyo, Japan) whenever the 
child’s age allowed (> 4 years). Dilated funduscopy 
was then performed to record optic nerve cup-to-
disc ratio and any abnormality in the posterior pole 
or periphery. Refractive errors were categorized into 
myopia, hyperopia, and astigmatism, and were de-
fined as mild, moderate, or severe according to the 
grading scale in Table 1. Any ocular morbidity, in-
cluding vision impairment and strabismus, was de-
fined as impairment in at least one eye.

General and Neurologic Examinations. These 
were performed by a pediatrician and neurologist. A 
physical therapist administered the Peabody Devel-
opmental Motor Scale assessment.

Cognitive Assessment. The Wechsler Preschool 
and Primary Scale of Intelligence was used to assess 
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cognitive function. This was performed by a trained 
clinical psychologist. Detailed results of those tests are 
to be published in a separate report.

Statistical Analysis
Data were analyzed using SPSS for Windows 

software (version 21; SPSS, Inc., Chicago, IL). De-
scriptive statistics were generated and correlations 
between ophthalmic outcomes and GA/BW and 
neurocognitive development were computed using 
the chi-square test (or Fisher’s exact test if expected 
cell counts fell below 5). A P value of less than .05 
was considered significant.

RESULTS
Of the 96 premature children enrolled, 69 com-

pleted their ophthalmic evaluation, 38 of whom 
were boys (55%). Eighteen (26%) were born at less 
than 32 weeks of gestation and 6 were extremely 
premature (< 28 weeks). Most of the children (51 
of 69) were born between 32 and 37 weeks of ges-
tation. The cohort’s mean BW was 1,704 ± 454 g 
(median: 1,730 g; range: 875 to 3,600 g). Only one 
infant weighed more than 2,500 g. Two children 

had cerebral palsy and intraventricular hemorrhag-
es; both had a BW less than 1,500 g. The cohort’s 
mean age at assessment was 4.9 years (range: 2 to 7 
years) (Table 2). The 69 age-matched term controls 
had a mean age of 4.9 ± 1.42 years (range: 2 to 7 
years) and a male to female ratio of 1.2:1.

Comparison Among Premature Subgroups
Major ophthalmic outcomes are presented in 

Table 3. Thirteen of 69 (19%) had significant vi-
sion impairment (visual acuity worse than 20/40) at 
the time of examination, with no differences among 
the subgroups. Children born at a GA of 32 weeks 
or more and those with a BW greater than 1,500 g 
had more hyperopia compared to infants younger 
than 32 weeks and those weighing 1,500 g or less, 
and this was statistically significant (P = .04 and .03, 
respectively).

On the other hand, children with a GA of less 
than 32 weeks and BW of 1,500 g or less had similar 
prevalence of myopia compared to those with GA 
of 32 weeks or more and a BW greater than 1,500 
g (11% vs 17% and 12% vs 9%, respectively). Al-
though astigmatism was more common in children 

TABLE 1

Grading Refractive Errors
Grade Myopia (D) Hyperopia (D) Astigmatism (D)

Mild ≥ -1.50  ≤ +2.00 ≤ 1.50

Moderate  -1.50 to -5.00 +2.00 to +4.00 > 1.50 to 4.00

Severe < -5.00 > +4.00 > 4.00
D = diopters

TABLE 2

Baseline Characteristics With Age at Follow-up in Relation to GA and BW
BW (g) GA (wk)

Characteristics
Premature 

Group (n = 69)
Control Group 

(n = 69)
≤ 1,500 
(n = 24)

> 1,500 
(n = 45)

< 32 
(n = 18)

≥ 32 
(n = 51)

Gender

   Male: female 38:31 38:31 14:10 24:21 8:10 30:21 

Agea (y)

   Mean ± SD 4.9 ± 1.5 4.9 ± 1.42 5.1 ± 1.6 4.9 ± 1.5 5.3 ± 1.4 4.9 ± 1.5

   Median (range) 4.9 (2.2 to 7.7) 4.8 (2.0 to 7.0) 4.7 (2.2 to 7.7) 4.9 (2.2 to 7.5) 5 (3.2 to 7.7) 5.1 (2.2 to 7.7)

Cerebral palsy 2 0 2 0 1 1

IVH 2 0 2 0 1 1
GA = gestational age; BW = birth weight; SD = standard deviation; IVH = interventricular hemorrhage 
aTaken at examination.
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born at less than 32 weeks (50% vs 35% in 32 weeks 
or more), this was not statistically significant. One 
patient in the premature group had severe myopia 
and three had severe hyperopia (Table 3). Three 
children were identified as having anisometropia 
(1.50 diopters [D] or more) and were all 32 weeks or 
more at birth, 2 of them weighing less than 1,500 g.

Only 4.3% (3 of 60) of patients had strabismus: 
2 of them were esotropic with a BW of 1,500 g or less 
and 1 had exotropia. One child (GA of 32 weeks or 
more with a BW of 1,500 g or less) had bilateral con-
genital cataracts that were operated on beyond the 
neonatal period and developed postoperative apha-
kic glaucoma. However, no other significant findings 
were observed on the anterior segment or fundus 
examination. Optic nerve cup-to-disc ratio ranged 
between 0.1 and 0.4 in the whole cohort, with no 
significant differences between the subgroups.

Table 4 shows the results of the cognitive as-
sessment using the Wechsler Preschool and Primary 
Scale of Intelligence performed for 58 of 69 chil-
dren examined. There was no significant correla-
tion between cognitive disability level and vision 
impairment (P = .12) or strabismus. Development 
and motor assessment using the Peabody Develop-

mental Motor Scale done for 34 children revealed 
that children with any motor disability tended to 
have worse vision (7 of 34) compared to children 
with a Peabody Developmental Motor Scale score 
of borderline or performant; however, this did not 
reach statistical significance (P = .15). All 3 patients 
with strabismus had motor disability, but in view of 
the small number of patients reported with any eye 
disturbance, statistical significance was not reached 
(P = .40). None of the patients had cortical visual 
impairment.

Comparison Between the Full-term and Premature 
Groups

Only 1 of the 69 patients in the control group 
(1.4%) had moderate vision impairment with a 
statistically significant difference as compared to 
premature children (19%; P = .001). Among the 
full-term control group, 98.5% had hyperopia, 
1.4% had myopia, and 30.4% had astigmatism as 
compared to 87.0%, 11.6%, and 39.1% in the pre-
mature group, respectively. Among children with 
hyperopia, moderate to severe hyperopia was pres-
ent in 26.5% (18 of 68) of controls as compared to 
21.7% (13 of 60) of patients in the premature group 

TABLE 3

Major Ophthalmic Outcomes of Both Groups and Subgroups Divided by GA and BW
BW (g) 

P

GA (wks) 

PDiagnosis
Premature Group, 

(n = 69) (%)
Control Group, 

(n = 69) (%)
≤ 1,500 
(n = 24)

> 1,500 
(n = 45)

< 32 
(n = 18)

≥ 32 
(n = 51)

Vision impairmenta 13 (19) 1 (1.4) 4 (17) 9 (20) .73 4 (22) 9 (18) .73

Myopiab 8 (12) 1 (1.4) 4 (17) 4 (9) .33 2 (11) 6 (12) 1.00

    Moderate 0 1 0 0 – 0 0 –

    Severe 1 0 1 0 – 0 1 –

Hyperopiac 60 (87) 68 (98.5) 18 (75)e 42 (93)e .03e 13 (72)e 47 (92)e .04e

    Moderate 10 16 2 8 – 2 8 –

    Severe 3 2 2 1 – 1 2 –

Astigmatismd 27 (39) 21 (30.4) 8 (33) 19 (42) .47 9 (50) 18 (35) .27

   Moderate 7 4 1 6 – 2 5 –

   Severe 0 0 0 0 – 0 0 –

Strabismus 3 (4) 0 (0) 2 (8) 1 (2) .26 1 (5) 2 (4) 1.00

Anisometropia 3 (4) 0 (0) 2 (8) 1 (2) .54 0 3 (6) .56
GA = gestational age; BW = birth weight 

aDefined as mild if > 20/40, moderate if < 20/40 but > 20/200, and severe if ≤ 20/200, or total loss of vision in the worse eye. 
bDefined as any myopia in the worse eye. 
cDefined as any hyperopia in the worse eye. 
dDefined as any astigmatism in the worse eye. 
eStatistically significant.
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(P = .21). Myopia (moderate) was found only in 1 
full-term child (1.4%), whereas 11.6% (8 of 69) of 
patients in the premature group were found to have 
mild and moderate myopia (P = .017). In regard to 
astigmatism, there was no statistically significant 
difference between the groups; mild to moderate 
astigmatism was detected in 30.4% (21 of 69) of 
patients in the full-term group compared to 39.1% 
(27 of 69) of patients in the premature group (P = 
.37). None of the patients in the full-term group 
had strabismus, compared to 4.3% (3 of 60) of pa-
tients with strabismus in the premature group.

DISCUSSION
This pilot study aimed at analyzing ophthalmo-

logical outcomes of former premature infants with 
no history of treated ROP at 2 to 7 years of age. We 
showed that one-quarter of the studied patients had 
refractive errors, 19% had vision impairment, and 
4% had strabismus. Findings were similar among all 
groups of BW and GA, with the exception of hyper-
opia, which was more frequent in children with BW 
of less than 1,500 g and GA of 32 weeks or more. 
Children with any motor disability tended to have 
worse visual outcomes compared to those without 
disability. In comparison with full-term children, 
premature children had a significantly higher preva-
lence of myopia and strabismus but not hyperopia 
or astigmatism.

Only one child in this cohort was found to 
have vision impairment in both eyes as defined by 
the World Health Organization (any visual acuity 
worse than 20/60),7 and this was due to congenital 

cataract. Comparison to other studies is challeng-
ing due to the inclusion of different age groups and 
variables. Others have reported similar results with 
vision impairment worse than 20/60 at 3.5 years 
of age in 2.5% of children with a GA less than 33 
weeks and a BW less than 1,500 g.8 Longer follow-
up studies reported vision impairment in 3.5% to 
15% of non-ROP premature and low BW children, 
and up to 29% in those treated for ROP.5,9,10 Re-
cently, vision impairment was reported at 3.1% in 
extremely premature children (< 27 weeks) followed 
up at 2.5 years.3 One has to note that most of the 
aforementioned studies included patients with ROP, 
which is in contrast to our cohort that did not in-
clude any eyes with ROP. Reports on full-term co-
horts showed a prevalence of 0.2% to 2% of vision 
impairment.11,12

None of our controls had strabismus compared 
to 4% in the premature group, which was compa-
rable to the published data on full-term children 
from different populations, such as Europe and the 
United States (2% to 5.9%).11,13-17 However, it was 
far lower than the rate reported in premature infants 
(13.5% to 22%), although comparison was difficult 
due to the different GA groups included and the 
presence of ROP in most studies, which might ex-
plain the discrepancy.3,6,8-10,18,19 Interestingly, simi-
lar to our findings, two recent studies from Sweden4 
and Saudi Arabia20 reported a strabismus prevalence 
of 2% to 5.1%, respectively, in premature infants 
without ROP.

Significant refractive errors, defined in this study 
as myopia less than -1.50 D, hyperopia greater than 

TABLE 4

WPPSI and PDMS Scores in Relation to Visual Acuity and Strabismus
Variable Total Subnormal Vision Strabismus

WPPSI (n = 58)

   Intellectual disabilities 2 1 (50%) 1 (50%)

   Borderline 7 3 (43%) 0 (0%)

   No disabilities 48 7 (15%) 2 (4%)

   Superior intelligence 1 0 (0%) 0 (0%)

PDMS (n = 34)

   Disability 19 7 (37%) 3 (16%)

   Borderline 9 1 (11%) 0 (0%)

   Performant 6 0 (0%) 0 (0%)
WPPSI = Wechsler Preschool and Primary Scale of Intelligence; PDMS = Peabody Developmental Motor Scale
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+2.00 D, and astigmatism greater than 1.50 D, 
were found in 25% of our cohort. However, these 
limits were completely arbitrary and other stud-
ies have their own definition. Thus, comparison to 
other studies was difficult because they either used 
a more conservative definition (myopia < -3.00 D, 
hyperopia > +3.00 D, astigmatism > 2.00 D) for 
significant refractive errors or included smaller age 
groups and more premature children, with a preva-
lence of refractive errors reported between 11% and 
25.6%.3,4,20 Others used more stringent criteria for 
refractive errors (myopia < -1.00 D, hyperopia > 
+3.00 D, astigmatism > 1.00 D), showing a preva-
lence of 29.6% compared to 7.8% in controls.21 
Higher rates of refractive errors were correlated with 
the presence of treated ROP, especially for myopia 
and astigmatism.3,21 In our cohort, hyperopia was 
significantly higher among the more mature infants. 
This may suggest impending myopia in those born 
at less than 32 weeks and those with a BW of 1,500 
g or less, which is an expected finding vis-a-vis the 
existing literature on emmetropization of the eye and 
the higher myopia encountered in premature infants 
due to differential axial elongation in this group.22

When correlating with neurocognitive develop-
ment, we found a trend toward more ocular mor-
bidities such as vision impairment and strabismus 
in children with any motor disability. Most of these 
children were born at a GA of 32 weeks or more (15 
of 19) and had a BW of greater than 1,500 g (11 of 
19). This did not reach statistical significance, most 
likely due to the small number of children with dis-
abilities. We also could not practically make any sta-
tistical correlation between ocular morbidities and 
neurological complications due to the small sample 
size (2 children had cerebral palsy and intraventricu-
lar hemorrhage).

We acknowledge that our study had limita-
tions, including the small sample size (prohibiting 
further subgrouping). Therefore, correlations be-
tween strabismus and other systemic findings such 
as intraventricular hemorrhage and cerebral palsy 
as reported by others were not possible.9 In addi-
tion, we did not recognize any posterior pole im-
pairments in our cohort. This may be related to the 
limited number of extremely premature or extreme-
ly low BW children; more importantly, none had 
these impairments. However, it has been reported 
that the lower BW and GA can affect the optic disc 
morphology and cup-to-disc ratio measurements 

in premature infants.23 Another confounding fac-
tor was that healthier children may have been more 
willing to participate in such a study. Literature is 
contradictory in this regard: worse outcomes were 
seen in non-responders in one report and the results 
were better in another.24,25 None of our cohort had 
cortical visual impairment; this may be explained by 
the small sample size and the fact that most children 
were late preterm with no ROP and no major sys-
temic problems.

Despite all of the limitations, this is the first pilot 
study to report ophthalmological outcomes in prema-
ture children without ROP up to 7 years of age in 
a middle income country. Few studies have reported 
visual outcomes of premature children in our region, 
and this is the first study to come from Lebanon. It 
was reassuring to find that our results were similar to 
other reports in the literature. There was a tendency 
(although non-significant) of more ophthalmological 
impairments encountered at lower GA and BW, as 
expected. However, our results reflected the outcomes 
of premature children without ROP. In agreement 
with other authors, premature children need to be 
screened for ocular morbidities with a comprehen-
sive ophthalmologic examination because they are at 
higher risk for visual morbidities. Although no guide-
lines exist on an optimal time to provide this assess-
ment, it most definitely would be best accomplished 
during the early years of visual plasticity (before 9 
years of age, referred to as the sensitive period)26,27 
when concerns for amblyopia arise and can be ad-
dressed in a timely and successful manner.

In this cohort of former premature infants without 
ROP, rates of vision impairment were similar to other 
reports in the literature and strabismus prevalence was 
consistent with that in full-term cohorts from other 
populations. However, when compared to the controls, 
premature patients had significantly more myopia and 
strabismus. These rates did not differ by GA or BW 
except for the higher prevalence of the age-appropriate 
hyperopia in those with a BW greater than 1,500 g and 
a GA of 32 weeks or more. No correlations with neuro-
cognitive development were demonstrated.
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