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THE REFRACTIVE LEGACY OF PREMATURITY

ROP increases long-term risks of myopia and astigmatism in preterm children
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ABSTRACT

Objective: To compare the prevalence of refractive errors in children born prematurely with and without retinopathy
of prematurity (ROP) and to identify potential factors contributing to heterogeneity.

Materials and Methods: Relevant literature was systematically searched in PubMed, EMBASE, and CINAHL for
studies available through January 2025. Studies were eligible if they used cross-sectional, cohort, or case-control
designs and reported refractive outcomes among preterm children stratified by ROP status. Effect estimates were
synthesized using random-effects models and expressed as pooled odds ratios and mean differences. Between-study
variability was evaluated using Cochran’s Q statistic and the I* metric. Additional analyses included subgroup
comparisons, meta-regression, and assessment of potential publication bias.

Results: Twelve studies were included. ROP was significantly associated with myopia (OR, 1.76; 95% CI, 1.17-2.64;
p =0.01) and astigmatism (OR, 1.90; 95% CI, 1.49-2.43; p < 0.001), but not hyperopia (OR, 0.97; 95% CI, 0.64-1.47;
p = 0.89). Strong associations were observed in upper-middle-income countries. Age significantly modified the
ROP-myopia association (p = 0.002). Biometric analysis showed greater vitreous thickness in ROP children (mean
difference, 0.16 mm; p = 0.04), while axial length, lens thickness, and anterior chamber depth were not significantly
different (all p > 0.4). No publication bias was detected.

Conclusions: ROP is associated with increased risks of myopia and astigmatism, with effects influenced by age and
socioeconomic context. Vitreous thickness was the only biometric parameter significantly affected, suggesting a
potential mechanism underlying refractive sequelae, although this requires further validation.

Keywords: Retinopathy of prematurity; preterm; myopia; hyperopia; astigmatism; meta-analysis; ocular biometry

(Siriraj Med J 2026;78(7):508-518)

INTRODUCTION

Improvements in neonatal medicine over recent
decades have markedly increased survival among
infants born preterm."* However, preterm birth remains
associated with an elevated risk of various visual and ocular
abnormalities.”* Among these, retinopathy of prematurity
(ROP) remains a major contributor to visual impairment
and blindness in childhood worldwide.”® ROP primarily
affects infants born at a gestational age (GA) of less than
32 weeks or with a birth weight (BW) below 1,500 grams,
resulting in abnormal retinal vascular development
and subsequent retinal ischemia or scarring.”” Beyond
these acute retinal changes, children born prematurely
frequently develop refractive errors, such as myopia,
hyperopia, and astigmatism, later in life.”** These refractive
anomalies are thought to arise from disrupted postnatal
ocular growth, particularly involving anterior segment
underdevelopment (e.g., reduced anterior chamber
depth) and posterior segment remodeling (e.g., altered
axial length and vitreous length).'*"!

Understanding long-term refractive outcomes in this
population is essential for predicting visual prognosis,
optimizing early screening, and implementing timely
interventions to prevent amblyopia and irreversible
vision loss.”"*

Despite numerous cohort and population-based

studies conducted across Asia and Europe, variations in
study design, sample size, and refractive measurement
techniques have led to inconsistent findings.”*"” Therefore,
a quantitative synthesis is needed to better estimate the
prevalence and magnitude of refractive errors among
individuals born prematurely and to identify the ocular
biometric parameters most strongly associated with these
outcomes.

The present study was designed to synthesize available
evidence on: (1) the relationship between ROP and refractive
errors in children born prematurely; (2) evaluate ocular
biometric differences between children with and without
ROP, and (3) explore sources of heterogeneity, including
age at follow-up and country income classification.

MATERIALS AND METHODS
Study design and Registration

This review followed the PRISMA (Preferred Reporting
Items for Systematic reviews and Meta-Analyses) reporting
framework for systematic reviews and meta-analyses. The
protocol was registered in PROSPERO under reference
CRD42023262977.

Search strategy
We performed a structured database search to identify
studies examining refractive outcomes in relation to ROP.
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Relevant studies published up to January 2025 were identified
through comprehensive searches of PubMed, EMBASE
and CINAHL databases.

For PubMed, the following search strategy was utilized:

(“Infant, Premature”[Mesh] OR preterm OR
prematurity) AND (“Retinopathy of Prematurity”[Mesh] OR
“Retinopathy of Prematurity” OR ROP) AND (“Refractive
Errors”’[Mesh] OR “Refractive errors” OR “Refractive
Error”).

For EMBASE, the search terms included:
(‘prematurity’/exp OR prematurity OR preterm) AND
(‘retrolental fibroplasia’/exp OR ‘retrolental fibroplasia’
OR ‘retinopathy of prematurity’/exp OR ‘retinopathy of
prematurity’ OR ROP) AND (‘refraction error’/exp OR
‘refraction error’ OR ‘refractive errors’/exp OR ‘refractive
errors’ OR ‘refractive error’/exp OR ‘refractive error’).

For CINAHL, the search terms included:

(MH “Infant, Premature”) OR prematurity OR
preterm AND (MH “Retinopathy of Prematurity”) OR
“retrolental fibroplasia” OR “retinopathy of prematurity”
OR “retinopathy of prematurity” OR rop AND (MH
“Refractive Errors+”) OR “refraction error” OR “refractive
errors’.

Study eligibility criteria

Studies were considered eligible if they employed
cross-sectional, cohort, or case-control designs that
reported the prevalence of refractive errors in premature
infants with versus without retinopathy of prematurity
(ROP). Only studies published between 2000 and 2025
with a sample size greater than 70 eyes were included
to ensure adequate statistical power. Eligible studies
focused on non-treatment ROP, evaluating the natural
progression of refractive outcomes rather than the effects
of interventions such as laser photocoagulation or anti-
VEGEF therapy. Additionally, studies were required to report
the prevalence of specific refractive error types, including
myopia, hyperopia, and astigmatism, separately. Studies
were excluded if they were non-English, unpublished,
conference abstracts without full text, or case series
lacking a control group of premature infants without
ROP. Studies conducted in non-human species were
also excluded.

Study selection

All retrieved records from the databases were initially
imported into EndNote for reference management and
subsequently exported to Covidence for deduplication

and systematic screening. The remaining studies were
randomly assigned and independently evaluated by two
reviewers, both trained in ophthalmology. The screening
process involved two stages: initial assessment of titles
and abstracts, followed by full-text review, with both
stages conducted according to predefined inclusion and
exclusion criteria. Each study was categorized within
Covidence as “include,” “exclude,” or “potentially include.”
Any discrepancies between reviewers were resolved
through discussion and consensus, with consultation
from a pediatric ophthalmologist when necessary to
make a final decision.

Data Extraction

Data from eligible articles were organized in Covidence
to support consistent extraction across reviewers. Two
reviewers independently identified eligible articles and
extracted relevant information into a Microsoft Excel
spreadsheet. Extracted variables included study identification
code, authors, title, year of publication, study design,
total number of patients and eyes, mean age of the study
population, country income classification, number of
preterm patients with and without ROP, definitions of
refractive errors, and biometric parameters, including
axial length, anterior chamber depth, lens thickness, and
vitreous thickness. Any disagreements between reviewers
were addressed through discussion until a consensus was
reached, ensuring the reliability of the extracted data.

Risk of Bias Assessment

Methodological quality was evaluated with the
Newcastle-Ottawa Scale, which is commonly used for
observational research. Each study was rated across three
domains (Selection, Comparability, Outcome/Exposure),
with total scores ranging from 0 to 9. Studies with scores
>7 were classified as high quality, those scoring 5-6 as
moderate quality, and those with scores <4 as low quality.

Statistical Analysis

For binary outcomes (myopia, hyperopia, astigmatism),
pooled effect estimates were calculated as odds ratios (ORs)
using a random-effects model based on the DerSimonian—
Laird approach. Continuous outcomes (biometry) were
analyzed using pooled mean differences. Between-study
heterogeneity was evaluated using Cochran’s Q test and
quantified with the I” statistic. Subgroup analyses stratified
studies by design and World Bank income classification.
Meta-regression examined age at follow-up as a potential
modifier. Publication bias was examined using Egger’s
test in conjunction with funnel plot assessment.
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RESULTS
Literature search and study characteristics

The database search yielded 1,056 records in total
(658 from Embase, 325 from PubMed and 73 from
CINAHL), with no additional records obtained from
other sources. Following removal of 372 duplicate records,
684 articles proceeded to title and abstract screening,
of which 602 were excluded. Eighty-one studies were
subsequently assessed for eligibility through full-text
review, and all were successfully retrieved. Of these, 69
were excluded due to inappropriate patient population,
outcomes, comparator, or study setting, or because full
texts were unavailable. Ultimately, 12 studies met the
predefined inclusion criteria and were included in the
final systematic review (Fig 1).

Characteristics of Included Studies
The included studies comprised both prospective and
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retrospective cohorts, with the majority being prospective
cohort or case-control studies conducted in Europe and
Asia. Sample sizes varied considerably, with the number of
eyes with retinopathy of prematurity (ROP) ranging from
38 to 153 and comparison groups without ROP ranging
from 38 to 434 eyes. In total, 12 observational studies
comprising approximately 3,000 premature children
were analyzed, with follow-up durations ranging from
1 to 18 years.

The mean or median age at examination ranged from
5.5to 11 years, reflecting school-aged to early adolescent
populations. Definitions of refractive error were relatively
consistent across studies, with myopia defined as less
than —0.50 D (ranging to —3.00 D in some cohorts),
astigmatism defined as cylindrical error greater than
1.00 D (up to 2.00 D), and hyperopia defined as greater
than +1.00 D (up to +3.00 D). Criteria for prematurity
varied by study but generally included gestational age
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Fig 1. PRISMA 2020 flow diagram of study selection
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thresholds between <32 and <37 weeks and/or low
birth weight criteria ranging from <1,500 g to <2,500 g
(Table 1).

Refractive Outcomes

Myopia Outcomes Pooled analysis showed that
children with a history of ROP had significantly greater
odds of developing myopia than those without ROP.
Using a random-effects model, pooled analysis showed

significantly higher odds of myopia among participants
with ROP (odds ratio (OR) = 1.76; 95% confidence interval
(CI), 1.17-2.64; p = 0.01), with moderate heterogeneity
across studies (I = 57%) (Fig 2). Age significantly modified
this association (p = 0.002).

Subgroup analysis stratified by country income level
revealed differing patterns between ROP and myopia
(Fig 3). In high-income countries, the association
between ROP and myopia was not statistically significant

TABLE 1. Characteristics of the included studies

Study Study n n Age Myopia Astigmatism Hyperopia  Prematurity Country
design ROP non-  (Yrs) (D) (DC) (D) criteria
(eyes) ROP
(eyes)
Larsson et al Prospective 80 133 10 <-0.50D >1.00 DC >+1.00D BW <1,500g Sweden
(2003)
Holmstrém Prospective 77 121 10 <-0.50D - >+1.00 D BW <1,500g Sweden
et al (2005)°
O'Connor etal  Prospective 134 155 11 <-1.00D - >+1.00D BW <1,701g UK
(2006)°
FieR et al Prospective 55 184 6.94 <-3.00D >1.00 DC >+3.00 D GA<32wk Germany
(2017)”
Zhu et al Prospective 56 104 6.35 <-050D >1.00 DC >+2.00D GA < 37 wk, China
(2017)'° BW < 2,5009
Wang et al Prospective 50 110 7 <-0.50D >1.00 DC >+2.00D GA < 37 wk, China
(2020)" BW < 2,5009
Rasoulinejad Prospective 122 56 55 <-3.00D >2.00DC >+3.00D GA < 34 wk, Iran
et al (2020)" BW < 2,000g
Pétursdaéttir Prospective 50 68 10 <-1.00D >1.00 DC >+1.00D GA 24-34 wk, Sweden
et al (2022)* BW < 1,490
Xie et al Prospective 153 324 7 <-050D >1.00DC >+2.00D GA < 32 wk China
(2022)*
Genc et al Prospective 38 38 93 <-050D >1.00DC >+1.00 D GA <34 wk, Turkey
(2023)* BW < 1,750g
Chen et al Retrospective 48 60 8.06 <-050D - >+0.50 D GA<35wk, Taiwan
(2010)* BW < 1,5009
Al Oum Muna Retrospective 88 434 6 <-0.50D >1.00 DC >+0.50 D GA < 32 wk, Italy
et al (2014)" BW < 1,5009

Abbreviations: Yrs: Years, D: Diopters, DC: Diopters of Cylinder, BW: Birth weight, GA: Gestational age

512 Volume 78, No.7: 2026 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index



Original Article S M]

ROP NROP OR Weight
Study Yes No Yes No with 95% CI (%)
Larsson, 2003 9 47 12 121 = 1.93[0.76, 4.88] 8.80
Holmstrém, 2005 7 3 9 112 —i— 249(0.86, 7.17] 7.74
O'Connor, 2006 14 108 33 122 —— 0.48[0.24, 0.94] 11.18
Chen, 2010 25 23 24 36 i 1.63[0.76, 3.51] 10.29
Al Oum Muna, 2014 16 72 31 403 il 2.89[1.50, 5.55] 11.42
FieR, 2017 7 48 2 182 —&—— 13.27[2.67, 65.95] 4.63
Zhu, 2017 8 48 7 97 —1i— 231[0.79, 6.74] 764
Wang, 2020 9 41 11 99 —— 1.98[0.76, 5.12] 8.59
Rasoulinejad, 2020 4 118 0 56 - 4.29[0.23, 81.08] 1.72
Pétursdoéttir , 2022 9 15 23 45 = 1.17[0.45, 3.09] 847
Xie, 2022 30 123 38 286 - 1.84[1.09, 3.10] 12.76
Genc, 2023 G327 31 = 0.83[0.25, 2.75] 6.76
Overall Lo 1.76 [1.17, 2.64)
Heterogeneity: 1° = 0.27, I* = 57.12%, H* = 2.33
Test of 8, = 6;: Q(11) = 25.65, p = 0.01
Testof 8=0:z=2.70, p=0.01

" 1 4 16 64

Random-effects DerSimonian-Laird model
Sorted by: year

Fig 2. Forest plot comparing the association between myopia in eyes with retinopathy of prematurity (ROP) and those without ROP
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Larsson, 2003 9 47 12 121 1.93[0.76, 4.88] 8.80
Holmstrdm, 2005 7 3B 9 112 L2 249[086, 7.17) 7.74
O'Connor, 2006 14 108 33 122 [ ] 0.48[0.24, 0.94] 11.18
Al Oum Muna, 2014 16 72 31 403 R B 2.89[1.50, 5.55] 11.42
FieB, 2017 7 48 2 182 —— 13.27[2.67, 65.95] 4.63
Pétursdéttir , 2022 9 15 23 45 —— 1.17[0.45, 3.09] 847
Heterogeneity: 1° = 0.75, I* = 78.48%, H’ = 4.65 g 1.92[0.86, 4.27]
Test of §, = 8: Q(5) = 23.24, p = 0.00
Testof 6=0:z=1.60,p=0.11
Upper-middle
Chen, 2010 25 23 24 36 + 163[0.76, 3.51] 10.29
Zhu, 2017 8 48 7 97 —i 231[0.79, 6.74] 7.64
Wang, 2020 9 41 11 99 1.98[0.76, 512] 859
Rasoulinejad, 2020 4 118 0 56 4.29[0.23, 81.08] 172
Xie, 2022 30 123 38 286 1.84[1.09, 3.10] 1276
Genc, 2023 e B2 T ® 0.83[0.25 2.75] 6.76
Heterogeneity: T = 0.00, I = 0.00%, H = 1.00 1.75[1.23, 249]
Test of 8, = 8;: Q(5) = 2.23, p = 0.82
Testof 8 =0:z=3.14, p = 0.00
Overall R 176 [1.17, 2.64]

Heterogeneity: 7° = 0.27, I = 57.12%, H* = 2.33
Test of 6, = 8;: Q(11) = 25.65, p = 0.01
Testof 8=0:2=2.70,p=0.01

Test of group differences: Q,(1) = 0.04, p=0.84

Random-effects DerSimonian-Laird model
Sorted by: year

Fig 3. Forest plot of subgroup analysis by country income level for the association between myopia and retinopathy of prematurity (ROP)
versus non-ROP
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(OR=1.92;95% CI, 0.86-4.27), with substantial heterogeneity
observed (I> = 78.5%). Conversely, studies conducted
in upper-middle-income countries demonstrated a
significantly increased odds of myopia among individuals
with ROP (OR = 1.75; 95% CI, 1.23-2.49), with no
observed heterogeneity (I* = 0%). However, there was no
significant difference between income-level subgroups
(p=0.84).

Astigmatism Outcomes A significant relationship
was also observed between ROP and astigmatism, with
the pooled estimate indicating nearly two-fold higher
odds (95% CI, 1.49-2.43; p < 0.001). Between-study
heterogeneity for astigmatism was low (I* = 3.4%),
indicating a high level of consistency among included
studies (Fig 4).

Subgroup analysis by country income level showed
significant associations in both high-income countries
(OR = 1.46, 95% CI 1.02-2.08; p = 0.04) and upper-
middle-income countries (OR = 2.35,95% CI 1.71-3.22;
p <0.001), with negligible heterogeneity (I* = 0%). The
test for subgroup differences was borderline significant
(p =0.05), suggesting a potentially stronger association
in upper-middle-income settings. Overall, the findings
support ROP as a significant risk factor for astigmatism
across different economic contexts (Fig 5).

Hyperopia Outcomes In contrast, hyperopia
prevalence did not differ significantly between the ROP
and non-ROP groups (OR, 0.97; 95% CI, 0.64-1.47;
p = 0.89) (Fig 6).

Ocular Biometry

Structural ocular parameters were compared between
children with and without a history of retinopathy of
prematurity (ROP). Meta-analysis demonstrated that
vitreous thickness was significantly greater in the ROP
group, with a pooled mean difference of 0.16 mm (95%
confidence interval [CI], 0.01-0.31; p = 0.04), and no
evidence of between-study heterogeneity (I> = 0%) (Fig 7).
In contrast, axial length, lens thickness, and anterior
chamber depth did not differ significantly between the
two groups (all p > 0.40).

Risk of Bias

Of the 12 included studies, nine were rated as high
quality (=7 stars on the Newcastle-Ottawa Scale [NOS]),
while three were of moderate quality. No studies were
classified as low quality.

Selection: Most studies employed validated ophthalmic
examination methods, with appropriate control group
selection.

ROP NROP OR Weight
Study Yes No Yes No with 95% CI (%)
High
Larsson, 2003 9 47 12 121 1.93[0.76, 4.88] 8.80
Holmstrém, 2005 7 3% 9 112 —i 249[0.86, 7.17) 7.74
O'Connor, 2006 14 108 33 122 B 0.48[0.24, 0.94] 11.18
Al Oum Muna, 2014 16 72 31 403 | ] 2.89[1.50, 5.55] 11.42
FieR, 2017 7 48 2 182 ——@—— 13.27[2.67, 65.95] 4.63
Pétursdéttir , 2022 9 15 23 45 —— 1.17[045, 3.09] 847
Heterogeneity: 1° = 0.75, I° = 78.48%, H® = 4.65 i 1.92[0.86, 4.27)
Test of §, = 6: Q(5) = 23.24, p = 0.00
Testof6=0:2=1.60,p=0.11
Upper-middle
Chen, 2010 25 23 24 36 - 1.63[0.76, 3.51] 10.29
Zhu, 2017 8 48 7 97 — i 2.31[0.79, 6.74] 7.64
Wang, 2020 9 41 11 99 1.98[0.76, 512] 8.59
Rasoulinejad, 2020 4 118 0 56 4.29[0.23, 81.08] 1.72
Xie, 2022 30 123 38 286 1.84[1.09, 3.10] 12.76
Genc, 2023 6 32 T 81 0.83[0.25 275 6.76
Heterogeneity: 1° = 0.00, I = 0.00%, H’ = 1.00 1.75[1.23, 249)
Testof 8 = 8;: Q(5) = 2.23, p = 0.82
Testof8=0:z=3.14, p=0.00
Overall R 1.76 [1.17, 2.64]
Heterogeneity: 1° = 0.27, I = 57.12%, H® = 2.33
Test of §, = 8;: Q(11) = 25.65, p = 0.01
Testof8=0:z=270,p=0.01
Test of group differences: Q,(1) = 0.04, p=0.84

7 1 4 16 64

Random-effects DerSimonian-Laird model
Sorted by: year

Fig 4. Forest plot comparing the association between astigmatism in eyes with retinopathy of prematurity (ROP) and those without ROP
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ROP  NROP OR Weight
Study Yes No Yes No with 95% CI (%)
High
Larsson, 2003 11 45 19 114 ——— 147[065  3.33] 8.70
Al Oum Muna, 2014 33 55 130 304 - 1.40[0.87, 2.26] 24.18
FieR, 2017 8 47 15 169 1.92[0.77, 4.80] 6.98
Pétursdéttir , 2022 6 18 15 83 1.18[0.40, 349] 5.00
Heterogeneity: 7° = 0.00, I° = 0.00%, H* = 1.00 <% 1.46[1.02, 2.08]
Test of 8, = 6;: Q(3) = 0.52, p = 0.92
Testof 8 =0:z=2.07, p=0.04
Upper-middle
Zhu, 2017 24 32 19 85 T 3.36[1.62, 6.94] 10.97
Wang, 2020 18 32 25 85 —— 1.91[0.92, 3.97] 10.88
Rasoulinejad, 2020 4 118 0 56 4.29[0.23, 81.08] 0.69
Xie, 2022 62 91 79 245 211[1.40, 3.19] 31.88
Genc, 2023 8 30 0 38 21.46[1.19, 386.69] 0.72
Heterogeneity: 1° = 0.00, I = 0.00%, H* = 1.00 235[1.71, 3.22)
Test of 6, = 6: Q(4) = 3.90, p = 0.42
Testof ®=0:z=5.28, p=0.00
Overall 1.90[1.49, 243]
Heterogeneity: 1° = 0.01, I = 3.40%, H* = 1.04
Testof 6, = 6;: Q(8) = 8.28, p=0.41
Testof 6 =0:z=5.14, p = 0.00
Test of group differences: Q,(1) = 3.87, p = 0.05

Random-effects DerSimonian-Laird model
Sorted by: year

Fig 5. Forest plot of subgroup analysis by country income level for the association between astigmatism and retinopathy of prematurity
(ROP) versus non-ROP

ROP  NROP OR Weight
Study Yes No Yes No with 95% CI (%)
Larsson 47 9 121 12 0.52[0.20, 1.31] 9.12
Holmstrom 35 7 112 9 0.40[0.14, 1.16] 8.00
O'Connor 108 14 122 33 2.09[1.06, 4.11] 11.65
Chen 7 12 18 42 136046, 4.02] 7.80
AlOum Muna 40 48 269 165 E 3 0.51[0.32, 0.81] 14.01
FieR 5 50 19 165 0.87[0.31, 244] 8.19
Zhu 18 38 32 52 0.77[0.38, 1.57] 11.26
Wang 8 42 10 100 -+ii— 1.90[0.70, 5.16] 8.51
Rasoulinejad 16 106 2 54 —— 4.08[0.90, 18.38] 5.19
Pétursdottir 3 21 16 52 —a1— 046[0.12, 1.76] 6.10
Xie 0 153 0 324 2.11[0.04, 107.04] 1.03
Genc 17 21 13 25 —1i— 1.56[0.62, 3.93] 9.13
Overall < 0.97[0.64, 147]
Heterogeneity: 1° = 0.26, I” = 55.10%, H* = 2.23
Test of §, = 8;: Q(11) = 24.50, p = 0.01
Testof8=0:z2=-0.14, p=0.89

116 12 4 32

Random-effects DerSimonian-Laird model
Sorted by: year

Fig 6. Forest plot comparing the association of hyperopia in eyes with retinopathy of prematurity (ROP) and those without ROP

ROP NROP mean difference  Weight
Study N Mean SD N Mean SD with 95% CI (%)
Zhu, 2017 56 15.11 .82 104 14.86 .63 ——f—0.25[ 0.02, 0.48] 43.80
Wang, 2020 50 15.18 .83 110 15.11 .73 L 0.07[-0.18, 0.32] 35.06
Genc, 2023 38 1521 .73 38 151 .73 L 0.11[-0.22, 0.44] 21.14
Overall g 0.16 [ 0.01, 0.31]

Heterogeneity: 1° = 0.00, I = 0.00%, H* = 1.00
Testof 8, = 6;: Q(2) = 1.17, p = 0.56
Testof 6=0:z=2.04, p=0.04

Random-effects REML model
Sorted by: year

Fig 7. Forest plot comparing vitreous thickness between eyes with retinopathy of prematurity (ROP) and those without ROP
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Comparability: Seven studies adequately adjusted
for key confounders, including age at follow-up and
gestational age.

Outcome/Exposure: Nine studies had follow-
up durations exceeding five years, supporting reliable
outcome assessment, whereas three had shorter follow-
up periods, which may introduce a degree of outcome
misclassification.

Sensitivity Analysis and Publication Bias

Leave-one-out sensitivity analyses confirmed
robustness. Egger’s test showed no evidence of small-
study effects (Fig 8).

DISCUSSION

The present synthesis indicates that preterm
children with ROP are more likely to develop myopia
and astigmatism than their counterparts without ROP,
whereas no association was observed with hyperopia.
These findings reinforce the concept that ROP exerts
selective and long-term effects on refractive development
rather than inducing a generalized refractive shift.* '’ The
association between ROP and myopia was significantly
modified by age, suggesting that refractive divergence
between children with and without ROP evolves over time.
This observation is consistent with longitudinal cohort
studies indicating altered emmetropization trajectories
in preterm children, particularly those with retinal
vascular pathology.®”'>'*?! Rather than representing a
fixed refractive outcome established in early childhood,
myopia in ROP appears to reflect a dynamic process
influenced by ongoing ocular growth and remodeling.”"’
Clinically, this underscores the importance of long-term
refractive surveillance beyond early childhood in this
population.

Socioeconomic context emerged as a potential effect
modifier, with stronger associations between ROP and
myopia observed in upper-middle-income countries.
Although subgroup differences were not statistically
significant, this pattern may reflect disparities in neonatal
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care quality, survival of more immature infants, variations
in ROP screening thresholds, or differences in follow-
up adherence."*¢
detection and optimized neonatal interventions may
mitigate the downstream refractive impact of ROP,
whereas in resource-limited contexts, subclinical or
untreated retinal changes may exert greater influence
on ocular development.” These findings highlight the
need to interpret refractive outcomes of prematurity
within broader healthcare system contexts.

This uniformity suggests a common underlying
mechanism, potentially related to altered corneal or anterior
segment development secondary to premature birth and
retinal disease.'”'""**' The strength and consistency of
this association emphasize astigmatism as a key refractive
sequela of ROP that warrants early detection and correction
to reduce amblyopia risk."”

In contrast, hyperopia was not associated with
ROP, indicating that posterior segment pathology does
not uniformly disrupt refractive development in all
directions.”'” This finding supports the notion that ROP-
related refractive outcomes are not simply a consequence
of arrested ocular growth but are instead shaped by
specific structural alterations.'*"!

Biometric analysis further supports this interpretation.
Among the evaluated parameters, vitreous thickness
was the only biometric measure significantly increased
in children with ROP, whereas axial length, anterior
chamber depth, and lens thickness did not differ between
groups. These findings indicate that posterior segment
remodeling may play a central role in the refractive
sequelae of ROP, rather than global axial elongation or
anterior segment underdevelopment.'”'"'**' Increased
vitreous thickness may reflect abnormal posterior segment
growth following early retinal ischemia and dysregulated
vascular development.'***! This structural alteration
provides a plausible explanation for the increased risk
of myopia in the absence of axial elongation, a pattern
that contrasts with typical school-age myopia.”"**

The observed association between ROP and myopia

In higher-income settings, earlier
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Fig 8. Contour-enhanced funnel plot for myopia (odds ratio) (A), astigmatism (odds ratio) (B), and hyperopia (odds ratio) (C)
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may be explained, at least in part, by disruption of the
normal emmetropization process. In healthy ocular
development, visually guided feedback mechanisms
originating from the retina regulate axial growth to achieve
emmetropia.””** In preterm infants, particularly those
with ROP, retinal immaturity, ischemia, and aberrant
vascular development may impair this feedback loop,
leading to dysregulated ocular growth.*'**” Rather than
a simple increase in axial length, this dysregulation
may involve altered coordination between anterior and
posterior segment development, resulting in refractive
error.'"

The strengths of this study include its comprehensive
synthesis of both refractive outcomes and ocular biometry,
use of rigorous meta-analytic methods, assessment of
effect modifiers through subgroup and meta-regression
analyses, and low overall risk of bias across included
studies. Importantly, this is one of the first meta-analyses
to integrate biometric data into the evaluation of refractive
outcomes in ROP.

However, several limitations should be acknowledged.
Definitions of refractive errors varied across studies,
which may have contributed to residual heterogeneity.
The number of studies reporting biometric parameters
was limited, restricting more granular analyses of ocular
structure. Additionally, most data were derived from
high- and upper-middle-income countries, potentially
limiting generalizability to low-income settings where
ROP epidemiology and care pathways differ substantially.
Furthermore, our analysis did not fully account for the
severity of ROP due to inconsistent reporting in primary
studies. Given that more advanced stages of ROP are
typically associated with a higher prevalence of myopia,
our findings may partially reflect the influence of more
severe disease. Furthermore, the potential impact of
ROP treatment also remains an important consideration.
Although this study focused on untreated or naturally
progressing ROP, contemporary interventions such
as laser photocoagulation or anti-VEGF therapy are
known to alter refractive development. Specifically, laser
treatment has been linked to increased myopic risk,
whereas the long-term refractive profile of anti-VEGF
therapy is still being elucidated. Therefore, these results
may not fully represent refractive outcomes in modern
clinical settings where active treatment is standard.

CONCLUSIONS

Preterm children who experienced ROP have a
higher long-term likelihood of myopia and astigmatism,
whereas hyperopia does not appear to be increased. These
associations are influenced by age and socioeconomic

...................................... Original Article SM]

context, underscoring the dynamic and multifactorial
nature of refractive development following prematurity.
Vitreous thickness was the only biometric parameter
consistently altered in ROP, suggesting that posterior
segment remodeling may underlie these refractive sequelae.
Future longitudinal studies using standardized refractive
definitions and comprehensive biometric profiling are
needed to further elucidate mechanisms and to inform
targeted screening and prevention strategies aimed at
reducing lifelong visual morbidity in this vulnerable
population.
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