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• PURPOSE: To evaluate the impact of retinopathy of pre- 
maturity (ROP) severity and the treatment of very-low- 
birth-weight infants (VLBWIs) on neurodevelopmental 
impairment in early childhood. 
• DESIGN: Prospective cohort study. 
• METHOD: This was a prospective cohort study. The 
data were obtained from the Korean Neonatal Network 

(KNN), a nationwide registry for VLBWIs. Infants who 

were born from 2013 to 2015 and underwent ROP eval- 
uation at birth and neurodevelopmental examinations at 
corrected ages of 18 to 24 months were included in the 
study. Infants with a history of meningitis or severe con- 
genital anomalies were excluded. The VLBWI patients 
were grouped into no ROP, no treatment-requiring ROP 

(non −TR-ROP), and treatment-requiring ROP (TR- 
ROP) groups. Neurodevelopmental impairment was de- 
fined as participants who had at least 1 developmental 
problem according to the Bayley Scales of Infant and Tod- 
dler Development −2nd Edition (Bayley-II; < 70), Bayley 

Scales of Infant and Toddler Development −3rd Edition 

(Bayley-III; < 70), and Korean Developmental Screening 
Test (K-DST) tests (below −1 SD), and the Korean Ages 
and Stages Questionnaire (K-ASQ) (below the threshold) 
and Gross Motor Function Classification System (GM- 
FCS; at level 2 or above). Multivariable logistic regres- 
sion analysis was performed to evaluate the association 

between ROP and neurodevelopmental impairment. 
• RESULT: Among 3132 infants, 1093 (34.9%) had ROP. 
Among the ROP infants, 644 were not treated for ROP 
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(non-TR-ROP group) and 449 received ROP treatments 
(TR-ROP group). The patients in the TR-ROP group 

had an increased risk of developing neurodevelopmen- 
tal problems compared to those in the no ROP group 

(odds ratio [OR] = 1.72, 95% CI = 1.33-2.21). The 
TR-ROP group had a higher risk of all 3 types of neu- 
rodevelopmental problems: mental (OR = 1.62, 95% 

CI = 1.25-2.09), social (OR = 1.62, 95% CI = 1.12- 
2.09), and motor (OR = 1.69, 95% CI = 1.31-2.18). 
The risk of neurodevelopmental problems in patients 
treated with laser therapy did not differ from that in pa- 
tients treated with anti −vascular endothelial growth fac- 
tor (anti-VEGF) therapy (OR = 1.17, 95% CI = 0.73- 
1.88). 
• CONCLUSION: ROP was independently associated with 

neurodevelopmental impairment in early childhood. The 
type of ROP treatment (anti-VEGF or laser treatment) 
did not affect neurodevelopmental impairment in patients 
in the TR-ROP group. (Am J Ophthalmol 2022;244: 
205–215. © 2022 Elsevier Inc. All rights reserved.) 
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lthough the survival rate of very-low-birth-weight
infants (VLBWIs; < 1500 g of birth weight) has in-
creased up to 80% to 90% in developed countries, 1

here has been no equivalent improvement in neurodevel-
pmental outcomes. According to a recent study, nearly
alf of the surviving extremely premature infants had signif-

cant neurodevelopmental disabilities on short- and long-
erm follow-up. 2 As neurodevelopmental disability −free
dults born preterm are known to have a similar health-
elated quality of life compared to term-born peers, reducing
he neurodevelopmental impact of prematurity is consid-
red to be important in neonatal care. 3 Prematurity itself is
ot inevitably associated with adverse neurodevelopmental
utcomes. 4 However, a variety of comorbidities affect the
rain maturation of the actively maturing preterm brain.
ronchopulmonary dysplasia (BPD), necrotizing enterocol-

tis (NEC), and severe retinopathy of prematurity (ROP)
re the known risk factors for neurodevelopmental impair-
ent. 5 BPD has been considered to influence neurodevel-

pmental delay by chronic intermittent hypoxia, growth
eficiencies, and altered environmental stimulation. 6 The
athogenesis of neurodevelopmental impairment following
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NEC is likely multifactorial, with both nutritional and non-
nutritional factors (growth impairment, inflammation, and
intestinal microbiota) at play. 7 

Previous studies have reported inconsistent results with
regard to the association between ROP and neurodevelop-
ment. Some studies have found that severe ROP was an in-
dependent predictive marker for neurodevelopmental im-
pairment and functional disability. 8 , 9 Other studies have
reported that neurodevelopmental disabilities were not re-
lated to severe ROP. 10 , 11 In a meta-analysis of prognostic
factors for poor cognitive development in very preterm or
VLBWI, ROP was not found to be an indicator of poor
developmental outcomes. 12 The results varied depending
upon the proportion of gestational ages (GA) in the ob-
served individuals, factors accounted for as covariates, and
quality of neonatal intensive care unit (NICU) care. 

Thus, we conducted a prospective cohort study using a
nationwide VLBWI registry to evaluate the effect of ROP
and ROP treatment of VLBWIs on neurodevelopmental
impairment in early childhood. 

METHODS 

• STUDY POPULATION AND DESIGN: This is a prospective
cohort study. The Korean Neonatal Network (KNN) is a
nationwide prospective registry to collect standardized data
for evaluating modality, morbidity, and mortality of VLB-
WIs. The KNN was established in 2013, and 69 NICUs in
Korea are participating in the registry. 13 

Because our objective was to evaluate the association be-
tween ROP and neurodevelopmental impairment, we in-
cluded study infants who had examinations for ROP from
January 1, 2013, to December 31, 2015, and a neurodevel-
opmental examination at the corrected ages of 18 to 24
months. Informed consent was obtained from the parents of
each infant prior to participation in the KNN registry. De-
tailed information on the cohort is described elsewhere. 13 

The Institutional Review Board of Samsung Medical Cen-
ter approved this study (IRB no.: SMC 2020-01-008) and
waived the requirement for informed consent because only
de-identified data were used. 

• DATA COLLECTION: The KNN includes maternal, deliv-
ery, neonatal, and follow-up data collected by trained staff
using a standardized operating procedure. 14 The KNN co-
ordinating center, which is located at the Clinical Research
Institute of Samsung Medical Center in Seoul, Korea, is in
charge of quality control and assurance of the data. Data
acquisition for the registry covers 3 visits as follows: at dis-
charge from the NICU, long-term outpatient follow-up at
18 to 24 months of corrected age, and at the age of 3 years.

The maternal and neonatal variables include approxi-
mately 120 items, including GA, birth weight, sex, Ap-
gar score at 1 and 5 minutes, patent ductus arteriosus,
206 AMERICAN JOURNAL OF OPHTH
oderate-to-severe BPD, sepsis, intraventricular hemor-
hage, NEC, neonatal seizure, periventricular leukomala-
ia, respiratory distress syndrome, use of antenatal steroids,
echanical ventilator care, hearing problems at discharge,

nd about 70 items including ophthalmological disease,
phthalmological outcomes, hearing outcomes, and neu-
odevelopmental assessment at corrected ages of 18 to 24
onths follow-up. Among the ophthalmologic outcomes,

he diagnosis of blindness was made by certified ophthal-
ologist if the child was unable to both fix and follow. Hear-

ng test was done by auditory brainstem response thresh-
ld (ABR-T) test and impedance audiometry (otoacoustic
mission if possible). Threshold equal to or greater than 40
ecibels from ABR-T was diagnosed as hearing impairment.
he diagnosis of hearing loss was made by a certified oto-

aryngologist based on hearing test results. 

RETINOPATHY OF PREMATURITY: In the KNN registry,
phthalmic examinations and treatment were done by a
ertificated ophthalmologist at the participating centers. In
his study, we classified the VLBWIs into 3 groups accord-
ng to the presence and treatment of retinopathy of prema-
urity (ROP): the no ROP group; the ROP with no treat-
ent (non −TR-ROP) group; and the ROP with treatment

TR-ROP) group. ROP treatment was performed based on
he guidelines from the Early Treatment of Retinopathy of
rematurity study, which were any stage of ROP with plus
isease (abnormal dilation and tortuosity of the blood ves-
els) or stage 3 ROP in zone I, stage 2 or 3 ROP in zone
I with plus disease, and equal to or worse than stage 4. 15

he treatment for ROP included surgery (laser photocoag-
lation) and/or the intravitreal injection of anti −vascular
ndothelial growth factor (anti-VEGF) agent. Infants who
ad ROP treatment according to the guideline were classi-
ed as being in the TR-ROP group. Infants who had at least
 eye treated were classified as being in the TR-ROP group.

hether the infant had the treatment in 1 eye or in both
yes was not recorded in the registry. 

NEURODEVELOPMENTAL OUTCOMES: To evaluate neu-
odevelopmental outcome, we used the results of the neu-
odevelopmental assessment conducted at corrected 18 to
4 months by pediatricians or physiatrists. Because dif-
erent hospitals used different measures for neurodevel-
pment assessment, we developed a composite outcome
yes/no) of the following: Bayley Scales of Infant and Tod-
ler Development −2nd Edition (Bayley-II) scores; Bayley
cales of Infant and Toddler Development −3rd Edition
Bayley-III) scores; Korean Developmental Screening Test
K-DST) scores; Korean Ages and Stages Questionnaire
K-ASQ) scores; or/and the Gross Motor Function Clas-
ification System (GMFCS) scores. 

The Bayley-II 16 and Bayley-III 17 tests are standardized
evelopmental assessment instruments that identify chil-
ren with developmental delays and aid in interventional
lanning. 
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TABLE 1. Characteristics of the Very-Low-Birth-Weight Infant Participants 

Characteristic Retinopathy of Prematurity a P Value b P Value c 

Total (N = 3132) No ROP (n = 2039) Non −TR-ROP (n = 644) TR-ROP (n = 449) 

Neurodevelopmental delay, n (%) 1179 (37.6%) 644 (31.5%) 277 (43.0%) 258 (57.5%) < .01 < .01 

Gestational age, wk, mean (SD) 28.5 (2.6) 29.5 (2.3) 27.0 (2.0) 25.7 (2.0) < .01 < .01 

Birth weight, g, mean (SD) 1094.3 (264.0) 1190.6 (216.7) 965.5 (242.7) 842.1 (243.1) < .01 < .01 

Sex, n (%) .89 .87 

Female 1537 (49.1) 1000 (49.0) 315 (48.9) 222 (49.4) 

Male 1595 (50.9) 1039 (51.0) 329 (51.1) 227 (50.6) 

Apgar Score, Median (IQR) 

1 min 5 (4-6) 5 (4-6) 4 (3-6) 3 (2-5) < .01 < .01 

5 min 7 (6-8) 7 (6-8) 7 (6-8) 6 (5-7) < .01 < .01 

Use of Antenatal Steroids, n (%) .05 .46 

No 616 (19.7) 414 (20.3) 119 (18.5) 83 (18.5) 

Yes 2471 (78.9) 1602 (78.6) 512 (79.5) 357 (79.5) 

Unknown 45 (1.4) 23 (1.1) 13 (2) 9 (2) 

Mechanical Ventilator Care, n (%) < .01 < .01 

No 1562 (49.9) 1328 (65.1) 184 (28.6) 50 (11.1) 

Noninvasive 921 (29.4) 550 (27.0) 244 (37.9) 127 (28.3) 

Invasive 649 (20.7) 161 (7.9) 216 (33.5) 272 (60.6) 

IQR = interquartile range; ROP = retinopathy of prematurity. 
a Study participants were divided into 3 groups according to the presence and treatment of ROP: no ROP, ROP with no treatment required 

(non −TR-ROP), and ROP with treatment required (TR-ROP). 
b Result of analysis of covariance among the no ROP, non −TR-ROP, and TR-ROP groups. 
c Result of analysis of covariance between the TR-ROP groups vs no ROP, and non −TR-ROP. 
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The K-DST is a recent screening test developed to ver-
ify whether an infant in Korea has standard development. 18 

Several validations of this tool have been executed and re-
vealed its usefulness. 19-21 

The K-ASQ is a standardized and culturally modified Ko-
rean version of the ASQ and has been used as a screening
tool to identify infants with developmental delays 22 in Ko-
rea. 

The GMFCS is a multi-level categorization technique
that helps to describe varying levels of severity in people
with cerebral palsy (CP). 23 

In this study, neurodevelopmental impairment was de-
fined as participants who had at least 1 developmen-
tal problem according to the Bayley-II ( < 70), Bayley-
III ( < 70), K-DST (below −1 SD), K-ASQ (below the
threshold), and GMFCS (level 2 or above). If the infants
were recorded to have CP or disability indicating an un-
likely probability of being able to sit alone or walk 10
steps independently, they were regarded as being at GM-
FCS level 2 or above. To evaluate the neurodevelopmen-
tal impairment by domain, we classified the domains in
each assessment tool as mental, motor, and social domains
(Supplemental Table 1). 

• CONFOUNDING VARIABLES: Confounding variables
that were included in the analysis were chosen a priori.
GA, moderate-to-severe BPD, NEC, sepsis, grade 3 or 4
VOL. 244 ASSOCIATION BETWEEN RETINOPATHY OF P
ntraventricular hemorrhage, periventricular leukomalacia,
nd year of birth were selected as confounding factors. 

SUBGROUP ANALYSIS: We performed stratified analyses
o determine whether the association between ROP and
eurodevelopmental impairment differed in prespecified
ubgroups defined by GA ( < 26 vs ≥26 weeks) and birth
eight for GA (small for GA [SGA] vs normal vs large for
A [LGA]). 
In the TR-ROP group, the neurodevelopmental impair-
ents of infants who received anti-VEGF treatment were

ompared to those of the infants who underwent laser treat-
ent. Infants with both treatments were included in the

nti-VEGF group. Infants who had unspecified treatment
ere excluded. 

STATISTICAL ANALYSIS: We used logistic regression to
xamine the association between ROP and the risk of hav-
ng neurodevelopmental impairment at the corrected ages
f 18 to 24 months adjusted for GA, moderate-to-severe
PD, NEC, sepsis, grade 3 or 4 intraventricular hemor-

hage, periventricular leukomalacia, and year of birth. 
Because the participants in our analyses were required to

ave corrected ages of 18 to 24 months, we used inverse
robability weights (IPWs) to correct for potential selection
ias in this group as an additional sensitivity analysis. IPW
eweights study participants so that the participants who are
imilar to those lost to follow-up after discharge are given
REMATURITY IN VERY-LOW-BIRTH-WEIGHT 207 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1. Comparison of neurodevelopmental impairment in 

up to 2 years of follow-up in infants with retinopathy of prema- 
turity (ROP) who received ROP treatment (odds ratio [OR] of 
laser treatment group [n = 120] and anti −vascular endothelial 
growth factor (anti-VEGF) therapy group [n = 258] as refer- 
ence). Adjusted ORs were calculated by multivariable logistic 
regression adjusted for gestational age, moderate-to-severe bron- 
chopulmonary dysplasia, necrotizing enterocolitis, sepsis, grade 
3 or 4 intraventricular hemorrhage, periventricular leukoma- 
lacia, and year of birth. Neurodevelopmental impairment was 
defined as one of the following: (1) Bayley Scales of Infant and 
Toddler Development −2nd Edition (Bayley-II) or 3rd Edition 

(Bayley-III) scores of < 70; Korean Developmental Screening 
Test below −1 SD; Korean Ages and Stages Questionnaire “be- 
low the threshold”; and Gross Motor Function Classification 

System (GMFCS) level 2 or above. If the infants were recorded 
to have cerebral palsy (CP) or disability indicating an unlikely 
probability of being able to sit alone or walk 10 steps indepen- 
dently, they were regarded as being GMFCS level 2 or above. 
The definition of each domain is described in Supplemental Ta- 
ble 1. Infants with unspecified treatment (n = 71) were ex- 
cluded from the analysis. Infants with both treatments (n = 60) 
were included in the anti-VEGF group. 
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a higher weight. IPWs were obtained from a logistic regres-
sion model including all participants with ROP examina-
tions at baseline and similar selection criteria to those used
in this analysis (n = 4874). 24 Factors used in IPWs were
sex, patent ductus arteriosus, intraventricular hemorrhage,
respiratory distress syndrome, use of antenatal steroid, me-
chanical ventilator care, hearing problem, GA, Apgar score
1 minute, and year of birth. 

All reported P values were 2-sided, and the significance
level was set at .05. All analyses were performed using
STATA version 15 (StataCorp LP, College Station, TX,
USA). 

RESULTS 

• DEMOGRAPHICS: The number of VLBWIs who under-
went ROP examinations was 3231 from January 1, 2013,
to December 31, 2015. We then excluded participants who
had meningitis (n = 11) or severe congenital anomalies
(n = 88) at baseline, resulting in 3132 patients in the fi-
nal sample (2039 no ROP, 644 non-TR-ROP, and 449 TR-
ROP patients). The mean (SD) GA and birth weight of the
study participants was 28.5 (2.6) weeks and 1094.3 (264.0)
g, respectively. The proportion of infants in the non −TR-
ROP and TR-ROP groups was 20.6% (n = 644) and 14.3%
(n = 449), respectively. Infants in the TR-ROP (vs no ROP
and non −TR-ROP) group had a shorter GA ( P < .01),
lower birth weight, and lower Apgar scores ( P < .01), expe-
rienced more neonatal problems including BPD ( P < .01)
and NEC ( P < .01), and were more likely to receive me-
chanical ventilator care ( P < .01) ( Tables 1 and 2 ). 

• NEURODEVELOPMENTAL OUTCOMES BY ROP SEVERITY:

At the corrected ages of 18 to 24 months, 1179 partici-
pants (37.6%) had at least 1 neurodevelopmental impair-
ment. The proportion of neurodevelopmental impairment
in infants in the no ROP, non −TR-ROP, and TR-ROP
groups was 31.5% (644), 43.0% (277), and 57.5% (258),
respectively. Compared to the no ROP group, the fully-
adjusted OR for any neurodevelopmental impairment in
the non −TR-ROP, and TR-ROP groups was 1.13 (95%
CI = 0.92-1.39) and 1.72 (95% CI = 1.33-2.21), respec-
tively ( Table 3 ). According to the domain of the neurode-
velopmental impairment, the TR-ROP group showed an el-
evated risk of mental (OR = 1.62, 95% CI = 1.25-2.09), so-
cial (OR = 1.61, 95% CI = 1.24-2.07), and motor impair-
ment (OR = 1.69, 95% CI = 1.31-2.18) compared to the
no ROP group. The IPW weighted and unweighted results
were similar (data not shown). 

• ANALYSIS BY GA, BIRTH WEIGHT FOR GA, AND TYPE

OF ROP TREATMENT: When we evaluated whether the as-
sociation between ROP and neurodevelopmental impair-
ment differed in prespecified subgroups according to GA
208 AMERICAN JOURNAL OF OPHTH
nd birth weight for GA, a positive association between
OP and neurodevelopmental impairment was seen in
ll subgroups analyzed ( P = .51 for interaction with GA
 Table 4 ] and P = .63 for interaction of birth weight with
A [ Table 5 ]), except for the mental domain among those

f SGA. 
In the analysis of the type of treatment in the TR-ROP

roup, the risk of neurodevelopmental impairment in pa-
ients in the laser treatment therapy (n = 120) did not dif-
er from those who received anti-VEGF therapy (n = 258)
OR = 1.17, 95% CI = 0.73-1.88) ( Figure 1 ). Infants with
nspecified treatment (n = 71) were excluded from the
nalysis. Infants with both treatments (n = 60) were in-
luded in the anti-VEGF group. Baseline characteristics of
he infants who were included in the ROP treatment sub-
roup analysis are presented in Supplemental Table 2. 

OPHTHALMOLOGIC OUTCOME BY ROP: At the corrected
ges of 18 to 24 months, infants in the TR-ROP group were
he most likely to be prescribed glasses (0.7% vs 1.6% vs
.4% for no ROP, non −TR-ROP, and TR-ROP groups, re-
ALMOLOGY DECEMBER 2022 



TABLE 2. Comorbidities of the Very-Low-Birth-Weight Infant Participants 

Characteristic Retinopathy of Prematurity a P Value b P Value c 

Total (N = 3132) n (%) No ROP (n = 2039) n (%) Non −TR-ROP (n = 644) n (%) TR-ROP (N = 449) 

n (%) 

Patent ductus arteriosus 1099 (35.1) 582 (28.5) 271 (42.1) 246 (54.8) < .01 < .01 

Moderate-to-severe 

Bronchopulmonary 

dysplasia 

948 (30.3) 397 (19.5) 263 (40.8) 288 (64.1) < .01 < .01 

Sepsis 602 (19.2) 273 (13.4) 160 (24.8) 169 (37.6) < .01 < .01 

Intraventricular 

Hemorrhage 

< .01 < .01 

No 1837 (58.7) 1368 (67.1) 303 (47) 166 (37) 

Grade 1 or 2 1101 (35.2) 609 (29.9) 287 (44.6) 205 (45.7) 

Grade 3 or 4 194 (6.2) 62 (3) 54 (8.4) 78 (17.4) 

Necrotizing Enterocolitis < .01 < .01 

No 2988 (95.4) 1993 (97.7) 598 (92.9) 397 (88.4) 

Yes 143 (4.6) 45 (2.2) 46 (7.1) 52 (11.6) 

Unknown 1 (0.0) 1 (0.1) 0 0 

Neonatal seizure 185 (5.9) 42 (2.1) 54 (8.4) 89 (19.8) < .01 < .01 

Per iventr icular 

leukomalacia 

218 (7.0) 95 (4.7) 70 (10.9) 53 (11.8) < .01 < .01 

Respiratory distress 

syndrome 

2488 (79.4) 1455 (71.4) 600 (93.2) 433 (96.4) < .01 < .01 

Hearing Problems < .01 < .01 

No 2452 (78.3) 1663 (81.6) 495 (76.9) 294 (65.5) 

Yes 433 (13.8) 252 (12.4) 88 (13.7) 93 (20.7) 

Unknown 247 (7.9) 124 (6.1) 61 (9.5) 62 (13.8) 

ROP = retinopathy of prematurity. 
a Study participants were divided into 3 groups according to the presence and treatment of ROP: no ROP, ROP with no treatment required 

(non −TR-ROP), and ROP with treatment required (TR-ROP). 
b Result of analysis of covariance among the no ROP, non −TR-ROP, and TR-ROP groups. 
c Result of analysis of covariance between the TR-ROP groups vs no ROP, and non-TR-ROP. 
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spectively; P < .01) and to have cataracts (0% vs 0.2%
vs 0.7%, P = .03) and blindness (0.1% vs 0.2%, vs 2.4%,
P = .01) (Supplemental Table 3). 

DISCUSSION 

This prospective nationwide cohort study exploring the in-
dependent association between ROP and neurodevelop-
mental impairment revealed that infants who developed
treatment-indicated ROP and received treatment had a
higher risk of neurodevelopmental impairment than those
who developed less severe ROP not needing treatment. The
risk for neurodevelopmental impairment did not differ ac-
cording to the type of ROP treatment received. 

The subgroup analysis results showed an increased risk of
neurodevelopmental impairment in all TR-ROP subgroups
classified by GA ( < 25 or > 25 weeks) and birth weight for
GA (SGA/normal/LGA), except for the mental domain
among those of SGA, suggesting that TR-ROP indepen-
VOL. 244 ASSOCIATION BETWEEN RETINOPATHY OF P
ently increased the risk of neurodevelopmental impair-
ent. 
Although the neurodevelopment of VLBWIs is associ-

ted with various factors, most of the comorbidities are
trongly related to GA. Therefore, after adjusting for GA,
ther confounding factors were carefully selected as covari-
tes. BPD has been considered to have a significant im-
act on poor development in preterm children, 25 as well
s NEC. 26 Sepsis is also significantly contributed to neu-
odevelopmental impairment in preterm infants, indepen-
ent of other risk factors. 27 , 28 Because brain injury is di-
ectly related to neurodevelopmental impairment, the com-
on neonatal morbidities that strongly predict the risk of
eurosensory impairment, 29 intraventricular hemorrhage,
nd periventricular leukomalacia proved by ultrasonogra-
hy were included. In addition, as the survival rate of VLB-

Is has increased year by year in Korea, 30 adjustment for
he year of birth was also made to eliminate the effect of the
urvival difference between years. 

Another report showed a strong association between the
evelopment of severe ROP (defined as unilateral or bilat-
REMATURITY IN VERY-LOW-BIRTH-WEIGHT 209 



TABLE 3. Adjusted Odds Ratios by Multivariable Logistic Regression for Neurodevelopmental Impairment in Up to 2 Years of 
Follow-up by Severity of Retinopathy of Prematurity Among Very-Low-Birth-Weight Infants (N = 3132) 

Retinopathy of Prematurity b 

Neurodevelopmental Outcome a No ROP Non −TR-ROP Adjusted OR c (95% CI) TR-ROP Adjusted OR c (95% CI) 

Any neurodevelopmental impairment Reference 1.13 (0.92-1.39) 1.72 (1.33-2.21) 

Neurodevelopmental Impairment by Domain 

Mental domain Reference 1.08 (0.88-1.33) 1.62 (1.25-2.09) 

Social domain Reference 0.95 (0.77-1.18) 1.61 (1.24-2.07) 

Motor domain Reference 1.05 (0.85-1.29) 1.69 (1.31-2.18) 

OR = odds ratio; ROP = retinopathy of prematurity. 
a Neurodevelopmental impairment was defined as one of following: Bayley Scales of Infant and Toddler Development −2nd Edition (Bayley-II) 

or 3rd Edition (Bayley-III) scores of < 70; Korean Developmental Screening Test below −1 SD; Korean Ages and Stages Questionnaire “below 

the threshold”; and Gross Motor Function Classification System (GMFCS) of level 2 or above. If the infants were recorded to have cerebral palsy 

or disability indicating an unlikely probability of being able to sit alone or walk 10 steps independently, they were regarded as being GMFCS 

level 2 or above. The definition of each domain is described in Supplemental Table 1. 
b Study participants were divided into 3 groups according to the presence and treatment of ROP: no ROP, ROP with no treatment required 

(non −TR-ROP), and ROP with treatment required (TR-ROP). 
c Adjusted for gestational age, moderate-to-severe bronchopulmonary dysplasia, necrotizing enterocolitis, sepsis, grade 3 or 4 intraventricular 

hemorrhage, per iventr icular leukomalacia, and year of birth. 

TABLE 4. Adjusted Odds Ratios by Multivariable Logistic Regression for Neurodevelopmental Impairment in Up to 2 Years of 
Follow-up by Severity of Retinopathy of Prematurity Among Very-Low-Birth-Weight Infants by Gestational Age Groups (N = 3132) 

Retinopathy of Prematurity a 

No ROP Non −TR-ROP Adjusted OR c (95% CI) TR-ROP Adjusted OR c (95% CI) 

Gestational age P for interaction = .51 d 

Gestational Age ≤25 wk (n = 465) 

Any neurodevelopmental impairment b Reference 1.51 (0.82-2.78) 2.11 (1.16-3.82) 

Neurodevelopmental impairment by domain 

Mental domain Reference 1.47 (0.80-2.72) 2.03 (1.12-3.67) 

Social domain Reference 1.32 (0.70-2.47) 1.93 (1.06-3.54) 

Motor domain Reference 1.53 (0.82-2.86) 2.16 (1.18-3.97) 

Gestational Age > 25 wk (n = 2667) 

Any neurodevelopmental impairment b Reference 1.07 (0.85-1.34) 1.52 (1.11-2.15) 

Neurodevelopmental impairment by domain 

Mental domain Reference 1.01 (0.81-1.28) 1.41 (1.03-1.93) 

Social domain Reference 0.89 (0.70-1.13) 1.48 (1.08-2.04) 

Motor domain Reference 0.98 (0.77-1.23) 1.56 (1.13-2.13) 

OR = odds ratio; ROP = retinopathy of prematurity. 
a Study participants were divided into 3 groups according to the presence and treatment of ROP: no ROP, ROP with no treatment required 

(non −TR-ROP), and ROP with treatment required (TR-ROP). 
b Neurodevelopmental impairment was defined as one of following: Bayley Scales of Infant and Toddler Development −2nd Edition (Bayley-II) 

or 3rd Edition (Bayley-III) scores of < 70; Korean Developmental Screening Test below −1 SD; Korean Ages and Stages Questionnaire “below 

the threshold”; and Gross Motor Function Classification System (GMFCS) level 2 or above. If the infants were recorded to have cerebral palsy or 

disability indicating an unlikely probability of being able to sit alone or walk 10 steps independently, they were regarded as being GMFCS level 

2 or above. The definition of each domain is described in Supplemental Table 1. 
c Adjusted for gestational age, moderate-to-severe bronchopulmonary dysplasia, necrotizing enterocolitis, sepsis, grade 3 or 4 intraventricular 

hemorrhage, per iventr icular leukomalacia, and year of birth 
d P value for interaction between gestational age ≤25 wk and gestational age > 25 wk. 
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TABLE 5. Adjusted Odds Ratios by Multivariable Logistic Regression for Neurodevelopmental Impairment in Up to 2 Years of 
Follow-up by Severity of Retinopathy of Prematurity Among Very-Low-Birth-Weight Infants by Small/Normal/Large for Gestational Age 

Groups (N = 3132) 

Retinopathy of Prematurity a 

No ROP Non −TR-ROP Adjusted OR c (95% CI) TR-ROP Adjusted OR c (95% CI) 

Birth weight for gestational age P for interaction = .63 d 

SGA (n = 513) 

Any neurodevelopmental impairment b Reference 1.13 (0.64-1.99) 2.26 (1.08-4.75) 

Neurodevelopmental impairment by domain 

Mental domain Reference 1.05 (0.60-1.86) 2.01 (0.96-4.18) 

Social domain Reference 0.99 (0.55-1.77) 2.27 (1.10-4.70) 

Motor domain Reference 1.14 (0.64-2.01) 2.35 (1.12-4.89) 

Normal (n = 2298) 

Any neurodevelopmental impairment b Reference 1.08 (0.85-1.36) 1.43 (1.07-1.90) 

Neurodevelopmental impairment by domain 

Mental domain Reference 1.03 (0.81-1.30) 1.41 (1.06-1.88) 

Social domain Reference 0.89 (0.70-1.14) 1.36 (1.02-1.82) 

Motor domain Reference 0.97 (0.76-1.24) 1.42 (1.06-1.89) 

LGA (n = 321) 

Any neurodevelopmental impairment b Reference 1.12 (0.65-1.94) 2.20 (1.22-3.97) 

Neurodevelopmental impairment by domain 

Mental domain Reference 1.07 (0.62-1.85) 1.95 (1.09-3.50) 

Social domain Reference 1.08 (0.62-1.88) 1.97 (1.09-3.54) 

Motor domain Reference 1.16 (0.67-2.02) 2.16 (1.20-3.89) 

LGA = large for gestational age; OR = odds ratio; ROP = retinopathy of prematurity; SGA = small for gestational age. 
a Study participants were divided into 3 groups according to the presence and treatment of ROP: no ROP, ROP with no treatment required 

(non −TR-ROP), and ROP with treatment required (TR-ROP). 
b Neurodevelopmental impairment was defined as one of following: Bayley Scales of Infant and Toddler Development −2nd Edition (Bayley-II) 

or 3rd Edition (Bayley-III) scores of < 70; Korean Developmental Screening Test below −1 SD; Korean Ages and Stages Questionnaire “below 

the threshold”; and Gross Motor Function Classification System (GMFCS) level 2 or above. If the infants were recorded as having cerebral palsy 

or disability indicating an unlikely probability of being able to sit alone or walk 10 steps independently, they were regarded as being GMFCS 

level 2 or above. The definition of each domain is described in Supplemental Table 1. 
c Adjusted for gestational age, moderate-to-severe bronchopulmonary dysplasia, necrotizing enterocolitis, sepsis, grade 3 or 4 intraventricular 

hemorrhage, per iventr icular leukomalacia, and year of birth, 
d P value for the interaction of any developmental impairment with SGA, normal, and LGA. 
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K  
eral stage 4 or 5 disease or as receipt of retinal therapy in
at least 1 eye, which is similar to TR-ROP in this study)
and the presence of nonvisual disabilities (ie, cognitive im-
pairment, behavioral problems, poor general health, severe
hearing loss) at 5 years of age. 9 This research showed out-
comes similar to those in our study, but the analyzed data
were from infants born between 1999 to 2004, more than 15
years earlier. As the survival rate of preterm infants has in-
creased due to improvements in peri- and neonatal care, 31 

the number of infants with severe ROP who survived has
also markedly increased. Therefore, there was a difference
in the proportion of infants with severe ROP included in
that study compared to our study (6.0% in Scimidt et al. 9 vs
14.3% in this study), although the definition of severe ROP
was similar. Also, there has been a reduction in the inci-
dence of infants with a significant visual impairment from
ROP over time in developed countries due to progress in
the clinical management of ROP. 32 These are factors that
VOL. 244 ASSOCIATION BETWEEN RETINOPATHY OF P
ould critically affect the results of the analysis of the asso-
iation between ROP and neurodevelopment. Our results
ave clinical importance because they reflect more recent
rends in the incidence of severe ROP, ocular disorders,
earing impairment and loss, and neurodevelopment. 
Todd et al 10 reported that the developmental outcomes

ere not different between infants with stage 3 ROP and
nfants with stage 1, 2, or no ROP when GA and sex were
atched. However, infants with stage 3 ROP tend to have

ower GA and BW compared to those of stage 1, 2, or no
OP, and infants with lower GA and BW tend to have
igher comorbidities. When GA was matched between 2
roups, the infants with stage 3 ROP with lower GA or BW
ight be excluded from the analysis, which would cause an

nderestimation of the risk of neurodevelopmental impair-
ent in the stage 3 ROP group. In the present study, we

ould perform subgroup analysis according to GA because
NN is a nationwide cohort of VLBWIs in South Korea
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with a large number of participants. We found that TR-
ROP was significantly associated with neurodevelopmental
impairment both in lower GA of the group 25 weeks or less
and higher GA in the group more than 25 weeks (odds ratio
[OR] = 2.11, CI = 1.16-3.82, and OR = 1.52, CI = 1.11-
2.15, respectively) ( Table 4 ). 

The underlying mechanism of an association between
neurodevelopmental impairment and TR-ROP is unclear.
TR-ROP could have a negative effect on neurodevelop-
ment because of visual dysfunction. However, only 2.4%
of the infants in the TR-ROP group showed blindness, and
other ophthalmologic diseases occurred even less frequently
(glaucoma 0.2%, cataracts 0.7%). Hence, visual dysfunc-
tion could not fully explain our observations. The associ-
ation between brain structure deficits and severe ROP has
been reported. 33 , 34 These findings suggest that the devel-
opment of ROP and delayed maturation of the brain might
share a common pathophysiology. Although VEGF is im-
portant in the development of ROP, 35 insulin-like growth
factor 1 (IGF-1) is known to be an important modifier in
the circulatory levels of VEGF and early postnatal low-
serum IGF-1 levels were associated with the development of
ROP. 36 Also, IGF-1 was found to be closely associated with
brain maturation and central nervous system development
in animal studies, 37 and postnatal IGF concentrations were
positively associated with brain volumes in very preterm in-
fants. 38 Increases in circulating IGF-1 were associated with
a decreased risk of neurodevelopmental impairment. 39 This
evidence suggests that low postnatal IGF-1 levels might be
the underlying mechanism causing severe ROP and neu-
rodevelopmental impairment. 

Anti-VEGF therapy did not show an elevated risk of neu-
rodevelopmental impairment compared to laser treatment
in our study. Concerns for the systemic effects of anti-VEGF
have persisted 

40 , 41 because of the important role of VEGF
in the neurodevelopment of infants. 42 , 43 Several previous
multicenter studies reported the superiority of laser therapy
over anti-VEGF in terms of neurodevelopmental outcome.
A study from the Canadian Neonatal Network reported
that patients with anti-VEGF therapy showed worse neu-
rodevelopmental outcomes than those who underwent laser
treatment, 44 and similar results were reported from a mul-
ticenter cohort of preterm infants in the United States. 45 

To the best of our knowledge, our research was the first na-
tionwide multicenter cohort study showing that anti-VEGF
treatment did not have worse effects on neurodevelopment
than laser therapy. A retrospective study with small sam-
ple size (n = 33 in the laser group, n = 12 in the anti-
VEGF group) from Taiwan reported no difference in neu-
rodevelopment between participants who received only be-
vacizumab vs those who had only laser treatment. 46 In a
prospective single-center study by Fan et al, ROP infants
who received anti-VEGF treatment showed similar neu-
rodevelopmental outcomes compared to infants with a his-
tory of ROP without treatment. 11 Our nationwide multi-
center study with large sample size supports previous re-
212 AMERICAN JOURNAL OF OPHTH
orts (with smaller sample sizes) that noted no difference in
eurodevelopmental outcomes in infants treated with anti-
EGF therapy compared to laser. 
Our study had certain limitations. First, detailed oph-

halmologic examinations such as visual acuity or refrac-
ive error were not included in the cohort data. We can-
ot exclude the possibility that the TR-ROP group of in-

ants had poor visual acuity that contributed to more fre-
uent neurodevelopmental impairment. However, clini-
ally significant ophthalmologic problems such as blind-
ess, cataract, and glaucoma were recorded in the data. In
ddition, age 18 to 24 months is too young to test other
phthalmologic features. Second, the accuracy of ROP di-
gnosis and level of neonatal care can vary among cen-
ers in Korea. There are issues regarding discrepancies in
he diagnosis for ROP staging 47 as well as discrepancies in
he diagnosis of plus disease, 48 even among experts. We
ried to overcome the problem using the presence of treat-
ent as the standard for severity classification. However,

s we could not review the medical records or fundus pho-
ography, there remains the possibility of diagnostic inac-
uracy. Third, regarding the registry-based analysis, there
ould be a limitation regarding the accuracy of the variable
easurements. The institutions used various neurodevel-

pmental assessment tools. With the intent to use all data
o avoid selection bias, we developed a composite score by
ombining the scores from each tool. There have been is-
ues with the Bayley-III tests overestimating neurodevelop-
ent 17 and underestimating developmental delay 49 com-

ared to the Bayley-II test, and also there have been is-
ues of matching the cutoff values between the Bayley-II
nd Bayley-III tests. 50 , 51 However, as no agreement has yet
een established, conventional interpretation was applied
n this study (ie, scores < 70 indicated developmental prob-
ems). In this study, 37.6% of the enrolled infants showed
eurodevelopmental impairment measured by the compos-

te outcome of the various assessment tools. This was a rate
imilar to those reported in previous studies. 52 , 53 As the
alue was comparable, the validity of the neurodevelop-
ental evaluation method used in this study could be as-

ured. Fourth and last, as nearly the entire population of
outh Korea is composed of only 1 race, application to other
opulations needs to be made with caution. However, rul-
ng out ethnic factors might be seen as an advantage of this
tudy. 

The strength of our study was that the database used was a
rospective nationwide registry that included the majority
f the VLBWIs in South Korea. The KNN database con-
ains information on VLBWIs in the NICUs of 69 medical
enters in South Korea, 54 and more than 2000 VLBWIs are
egistered annually, which covers about 70% of the VLB-

Is born in South Korea in 1 year. 13 It was reported that
wo-thirds of all VLBWI in South Korea were registered in
he KNN during the study period (2013-2015). 55 There-
ore, we could assume that the included data were repre-
entative of information on VLBWIs in South Korea. 
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In conclusion, treated ROP was associated with higher
rates of neurodevelopmental impairment in early child-
hood. Estimating the risk of neurodevelopmental impair-
ment is important for consultation with the parents. The
results of this study suggest that clinicians need to consider
the severity of ROP when estimating the risk of neurode-
velopmental impairment in VLBWIs. This finding should
diminish the ambiguity of the effects of ROP on neurode-
velopment raised from previous inconsistent results. Fur-
thermore, as approaches to neuroprotection in preterm in-
fants have been proposed, 56 this study might help to iden-
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