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Abstract

e AIM: To determine the clinico-epidemiologic profile of
premature infants diagnosed with retinopathy of prematurity
(ROP), and treated for type 1, severe, and aggressive (TOSA)
ROP in the different regions of the Philippines.

o METHODS: A multiregional ambispective cohort study
of premature infants (<37wk gestational age) referred
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for ROP screening across 20 hospitals in 12 Philippine
regions between January 2024 and September 2025 was
conducted. Demographic, neonatal, and maternal risk
factors were analyzed. Outcomes were compared between
National Capital Region (NCR) and non-NCR cohorts.

e RESULTS: Of 2085 referred infants, 1900 premature
infants were included. Mean gestational age was
32.34+2.31wk; mean birthweight was 1593+439 g. ROP
developed in 483 infants (25%), of whom 177 (37%)
progressed to TOSA ROP. Lower gestational age, lower
birthweight, male gender, and packed red blood cell
transfusion were significantly associated with ROP
development, whereas sepsis and oxygen supplementation
were not. Among TOSA ROP cases, 87% received treatment,
most commonly anti-vasular endothelial growth factor
(VEGF) injection (46%) or laser photocoagulation (24%). At
the last follow-up, 34% of treated infants had not reached
full regression or retinal maturity. ROP incidence was higher
in NCR (32%) than in Region | and Cordillera Administrative
Region (8%, P=0.001), Region Il (13%, P=0.005), and
Region XI (14%, P=0.001), but lower than Region VI (55%,
P=0.001).

e CONCLUSION: Lower gestational age and birthweight,
male, and packed red blood cell transfusion are risk factors
of ROP development. This study also provides the first
multiregional multicenter data on ROP in the Philippines,
demonstrating substantial incidence and progression
beyond NCR.
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Philippines; risk factors; screening; multicenter study
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INTRODUCTION

etinopathy of prematurity (ROP) is a leading cause of
R childhood blindness worldwide, affecting nearly 32 000
infants each year, with 20 000 blinded and a further 12 000
visually impaired"’. Locally, 48% of childhood blindness was
attributed to ROP™. The so-called “third epidemic” of ROP

1574

disproportionately affects low- and middle-income countries
(LMICs), where improved neonatal survival has not been
matched by consistent high-quality intensive care or robust
screening systems”. In contrast with high-income countries,
where ROP is now confined largely to extremely preterm
infants (<28wk, <1000 g), older and heavier infants remain
at risk in LMICs"!. In the Philippines, most published data
on ROP originate from the National Capital Region (NCR).
Single-center studies in NCR have reported incidences
of 14%-30%"*". Outside the capital, only one provincial
study has been published, reporting an incidence as high as
43%!". Yet most premature births occur outside NCR, and
neonatal care quality varies substantially across regions,
shaped by differences in infrastructure, trained personnel, and
referral networks™.. The absence of comprehensive national
data leaves the national epidemiology and health system
implications of ROP poorly understood*?.

Very premature birth (28—-32wk) and very low birthweight
(<1500 g) are among the most established contributing
factors for ROP development and progression”'*""). Other
contributing factors include being treated for sepsis, needing
a blood transfusion, and being given unregulated use of
oxygen supplementation, as well as having a stormy clinical
course"'”""l. Although there are variations, ROP screening
guidelines globally use gestational age (GA) of <30-32wk
and birthweight of <1500 g as major criteria'"". A consensus
statement was released in 2020 which is commonly used in
the country for ROP screening. It sets the screening criteria at
GA of <32wk, birthweight of <1500 g, and those with GA of
32-36wk with risk factors of sepsis, underwent transfusion of
packed red blood cell (pRBC), oxygen use without an oxygen
blender, and premature infants with unstable clinical course
(STOP)™.

The present study addresses the absence of national data on
ROP through the first multicenter, multiregional cohort of
ROP in the Philippines. We analyzed 1900 premature infants
screened across 20 hospitals in 12 regions between January
2024 and September 2025. Our objectives were to 1) estimate
the incidence and severity of ROP nationally and by region,
2) correlate neonatal and maternal risk factors for ROP
development and progression, 3) compare profiles between
NCR and non-NCR cohorts.

PARTICIPANTS AND METHODS

Ethical Approval This study was approved by the Department
of Health Single Joint Research Ethics Board (2024-04) and
the individual institutional Research Ethics Boards. A waiver of
consent was also issued by the Department of Health Single Joint
Research Ethics Board. Participants did not received stipend.
The conduct of this study adhered to the Declaration of
Helsinki and the Philippine Data Privacy Law of 2012.



Int J Ophthalmol, Vol.19, No.8, Aug. 18, 2026
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

A multiregional ambispective cohort study screened for
ROP in premature infants referred at 20 hospitals across
12 regions of the Philippines for 12mo, between January
1, 2024, and September 30, 2025. Participating institutions
included 15 Department of Health-retained tertiary hospitals,
two local government hospitals, and three private centers.
These institutions serve as referral hubs for their catchment
areas, managing both inborn and outborn infants. Eligible
participants were infants born at <37wk gestation, assessed
by Ballard scoring, who were referred for ROP screening in
neonatal intensive care units (NICUs) or outpatient clinics.
Data were abstracted from medical records using standardized
forms and entered into a central database. Variables included
infant demographics, neonatal course, maternal factors,
and ophthalmic findings. Specific neonatal exposures
captured were treatment for sepsis, pRBC transfusion, and
oxygen supplementation. In selected hospitals, the number
of transfusions and mode of oxygen delivery were also
recorded. Maternal variables included age, parity, prenatal
care, and pregnancy complications. Ophthalmic findings were
documented using the international classification of ROP,
third revision (ICROP-3)"*, ROP development is defined as
developing any ROP stages, from 1-5 or aggressive ROP. It
was counted per infant. In infants with different stages in their
2 eyes, the worst eye is considered. ROP progression pertains
to the progression to type 1, severe, or aggressive (TOSA)
ROP, as defined by the Early Treatment of Retinopathy of
Prematurity (ETROP) Study and by the ICROP-3"*". Sepsis
was defined as participant received treatment for septicemia.
There was no microbiological confirmation as it was not
consistently available, a limitation common to LMIC cohorts.

Continuous variables were summarized as means (standard
deviation, SD) and categorical variables as frequencies
and percentages. Differences between NCR and non-NCR
cohorts were tested using y° tests for presence or absence
of ROP, presence or absence of TOSA ROP, sepsis, oxygen
supplementation, and pRBC transfusion. The #-tests was used
to compare GA and birthweight. Visual inspection of histogram
was used to test for their normality and the assumption of their
normality was met. Levene’s test was used to test for equality
of variance. A Welch correction was used for data with unequal
variances. Bonferroni correction of P<0.006 was used for
comparing presence or absence of ROP, presence or absence of
TOSA ROP, treated or not treated for sepsis, received oxygen
supplementation or not, received pRBC transfusion or not,
GA, and birthweight in the nine regions represented. Logistic
regression models identified apriori independent predictors of
ROP development and progression, reporting coefficients, 95%
confidence intervals (Cls), and P-values. Regression covariates
included GA, birthweight, sex, sepsis, pRBC transfusion, and

oxygen supplementation, with expanded analyses including
transfusion number and oxygen delivery mode where
available. All subjects with missing data were excluded from
the analysis. Maximum likelihood estimation was used after
performing model purpose. Multicollinearity of independent
variables was checked using the variance inflation factor
(VIF). Both VIF for ROP development and progression to
TOSA were <5. Analyses were performed in Stata version 14
(StataCorp, College Station, Texas, United States of America).
Two-tailed P<0.05 was considered statistically significant
unless otherwise specified.

RESULTS

Twenty institutions from 12 regions participated in the study
(Table 1). Fourteen were from Luzon, with five from the
NCR, and three each from Visayas and Mindanao (Figure 1).
Five regions had no participants. Between January 2024 and
September 2025, 2085 premature infants were referred for
retinopathy of screening. Of these, 1997 (96%) underwent
screening. Of the 88 not screened, 34 were discharged and
did not follow up after, 25 expired, 6 had other ophthalmic
pathologies, 3 wanted to be screened in another institution,
2 refused, and 18 with no stated reason. Two participating
institutions were eventually excluded due to minimal data
during the study duration. Ninety-seven infants were excluded
for GA >37wk, leaving 1900 (91%) in the analytic cohort.
More than a fifth (407, 21%) of the infants were from region 1,
and 14% each from region 5 (266) and region 11 (261). About
47% (901) were female, one in five (352, 19%) resided outside
the city or province of the screening institution, and 90 (5%)
were even from a different region, reflecting referral patterns.
The mean GA was 32.34+2.31wk, ranging from 20-36wk. The
mean birthweight was 1593+439 g, ranging from 500-3500 g.
Neonatal Risk Factors There were 1182 (62%) infants
with a GA of <32wk and/or birthweight of <1500 g. Of the
remaining infants aged >32wk with birthweight >1500 g, 541
(29%) had >1 risk factor of being treated for sepsis, transfused
with pRBC, and received oxygen supplementation. One
hundred and sixty-seven (9%) were referred by their attending
pediatrician for an unstable clinical course, with none of the
3 risk factors present, while 10 did not have data available. In
total, 843 infants were treated for sepsis, 299 received pRBC
transfusion, and 1262 received oxygen supplementation. There
were 216 premature infants born from twin pregnancy and 7
from triplet pregnancy.

Maternal Factors The mean maternal age was 28.85+6.7y,
ranging from 13 to 47. Of the 1759 infants with maternal data,
398 (23%) mothers were aged <18 or >35y. Hypertension
was the leading cited cause of premature birth (Table 2). Of
those with data, 1455 mother had prenatal check-ups, having a
median of 5 visits. Prenatal check-ups were done at the hospital
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Table 1 Premature infants were referred, screened, and included in the study at the different participating institutions

Infants
Region Institution Duration Referred  Screened % Indw?g;;ﬂ? study %
| Ma”ar:;'s\g?t;‘:l"; mzm"”a' 1-12/2024 237 237 100 202 85
llocos Training & Regional MC 1-12/2024 160 146 92 141 97
Region 1 MC 7/2024-6/2025 64 64 100 64 100
Cordillera Administrative Region Baguio General Hospital & MC 1-12/2024 69 69 100 69 100
1 Cagayan Valley MC 1-12/2024 48 42 88 42 100
Southern Isabela MC 1-12/2024 178 139 78 132 95
1 Bataan General Hospital & MC ~ 5/2024-4/2025 60 60 100 52 87
National Capital Region Jose R. Reyes Memorial MC 1-12/2024 50 50 100 50 100
Ospital ng Maynila MC** 1-12/2024 - - - - -
National Children’s Hospital 8/2024-7/2025 23 23 100 22 96
St. Luke’s MC® 7/2024-5/2025 126 126 100 122 97
Ospital ng Makati® 1-12/2024 40 40 100 40 100
v Bicol Regional Hospital & MC 1-12/2024 289 285 99 266 93
Legazpi Eye Center
\ Western Visayas MC 1-12/2024 237 213 90 203 95
Vi Cebu Velez General Hospital™” 1-12/2024 - - - - -
VIl Eastern Visayas Regional MC 2/2024-1/2025 118 118 100 115 97
X Northern Mindanao MC 4/2024-3/2025 86 85 100 82 96
Xl Southern Philippines MC 6/2024-5/2025 263 263 100 261 99
Bangsamoro Autonomous Region of Amai Pakpak MC 10/2024-9/2025 37 37 100 37 100
Muslim Mindanao
Total 2085 1997 96 1900 95
®Not included in the analysis, “Private institution, “Local government unit hospital. MC: Medical center.
Table 2 Causes of premature birth
Causes Infants
1. Uncontrolled pregnancy-related hypertension (preeclampsia, eclampsia, chronic, gestational) 406
2. Premature labor/contraction 321
3. No identified reason 259
4. Non-reassuring fetal status/fetal distress/fetal bradycardia/variable deceleration 270
5. Premature rupture of membrane 243
6. Placenta previa/accreta/abruptio 42
7. Infection (e.g., urinary tract infection) 37
8. Multiple gestation-related (e.g., twin pregnancy, discordance) 38
9. Malpresentation/Breech 31
10. Others 60
11. No data 193

for 272 mothers, 186 at health centers (local, barangay, or rural
health unit), 37 at lying-in clinics, and 26 at private clinic. The
55 mothers did not have prenatal check-up. Of those with data,
1027 gave birth in a hospital, 20 in lying-in clinic or birthing
home, and 12 at home or while in transit.

ROP Development and Progression There were 483 (25%)
premature infants who developed ROP (Table 3). The mean
GA was 31.44+2.30wk, ranging from 24 to 36wk. The mean
birthweight was 14284399 g, ranging from 500 to 3500 g.
There were 375 (78%) infants with GA of <32wk and/or
birthweight of <1500 g. There were an additional 100 infants
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with ROP aged 32-35wk and/or with birth weight of
1500-2000 g, 26 of whom did not have any of the 3 risk
factors. Of the 8 remaining infants >35wk and >2000 g, 7
received oxygen supplementation, with 2 treated for sepsis and
1 receiving pRBC. The remaining infant was only treated for
sepsis as a risk factor.

There were 177 (37%) premature infants who progressed
to TOSA ROP (Table 3). The mean GA was 30.89+2.20wk,
ranging from 24 to 36wk. The mean birthweight was 1381410 g,
ranging from 500 to 3500 g. There were 150 (85%) infants
with a GA of <32wk and/or a birthweight of <1500 g. There



www.ijo.cn
@163.com

No. 8, Aug. 18, 2026

Vol. 19,
8629-82245172  8629-82210956

Int J Ophthalmol,

Tel

: ijopress

il

Ema

ISl 9ALE[DY 1YY ‘UoiSay |ende) [euoneN YN ‘OBUBPUIAl WISNIA] JO UOISaY snowouoiny oJowes3ueg AN YYE ‘UOISaY aALRIISIUIWPY BIS]|IPI0D (YYD 493Ul |edIPaIN

DN ‘OnIss2438e Jo ‘au1anss ‘T dAL 1ySOL |92 poo|q paJ paxded paniaday :Dgyd ‘Aluniewsud jo Ayredounay :dOY ‘SISA|BUB Sy} Ul PPN|IUl 30U SJ9M PUE SI03JB} XSl 334y} 9y} Uo elep 3139|dwodul aney

(WINYVYE) DIA Yedyed lewy pue (|| uoi8ay) DI B|2ges| uJayinos, ‘sjexdsoy YIN ¥ Yl ul usas y-A| uoiSay wodj syuaned jo Q:Emn:mn ‘900°0>d 4O UOLI2410D IUOIIBJUOY UO paseq aduedyiusdis [eansnels,

TTo'SY'T  (%CE)TT  .T000‘6L0 (%WI)LE  €8°0°660 (%C8)¥TT 99°0°660  (%97)69  €00°TT'T  (%92)86T  LT'0‘vZT'0  08EF6SST  €0°0 ‘8070 O06'TFESTE 19T IX uoi3ay
TT0SET  (%9E) €T T60'660  (%IE)LE - s - . - . 70’9910 SBEFOVST 200 ‘TITO- E€TTICSTE 61T o . M,___\W__Nx%m
J000v6'E  (%PT)9  T00‘TTT  (%WP)TS  L80°TOT  (%c8)¥6 8L0'V60  (%SC)6C .T000‘T9T  (%6E)Sy  .TO00‘T6E0  90EFESYT  ¥9°0 ‘¥SO'0O- LO'TFBT'CE  SIT IIIA uoiday
vT0‘6CT  (%LE)T¥r  .T000°0ST (%SS)TIT 1000 '9v'T (%VE)99 .T000‘6¥'C (%0T)6T .T000°SYT  (%6E) LL 700 ‘6EV'0  89EFOSYT  90°0 ‘SET'0- 0T CF6ETE  €0T IA uoI3ay
LS0CTT  (%ev) Sz 200880  (%Ce)6S  .TO00‘TET (%€9)L9T .1000°66'€  (%9)9T  .I000‘TT'C (%0E)08  €80°CE00  86EF66ST  €0°0‘99T°0- EETFIVTCE  99¢ A uoigay
¥1°0 ‘€9°0 (%S8)9  .S000°6L0 (%€T)L  ¥90°‘€0T  (%08) Iy .T000‘OV'0 (%6S)C€  TT0'S80  (%vZ)8€  0T0‘CLTO  OEEFIVST +0'0‘69T°0- 60°CF6Y'CE TS 11l uoiSay
0T0‘OrT  (%YE)€C  ETOTTT  (%6€) 89 - s - . - . ;1000 ‘SEV'0  6VEFSCYT  L9°0‘E0T'0  90°TF8LTIE  ¥LT || uoi3ay
L60'660  (%L¥)9T .TO00 VL0  (%8)6€  .T0006ZT (%¥9)¥0E .T0O009EF  (%S) T  .TO006T°C (%67) ECT  .900°0 ‘99T°0- ¥ISF8YLT €00 ‘SST'0- 9V TFvyee  9Lv ¥V 8 | uoISay
(%88) L (%82) 8 1T S 44 6LEFSTST 89°CTFLLTE 6L oV-Al UoI3a3Y
(%LY) S€ - (%ce) vL - (%28) T6T - (%v2) 95 - (%€9) 8v1T - Y6vFYTIT - 6LCFVOTE  VET 4N

. . . . . . p (8) - (Am) a3e
d ¥y d0¥ VSOL d ¥y doy d ¥y 0 d 9y Jayd d 9y sisdas 4 “ps,uayod wBemung 9 PIURUOD pionercen SN uoigay

YN Ul U33s IS0} 03 YIN Y3 SPISINO UIIS sjuejul Jo uoissaiSold doy pue uawdo[aA3p dOY ‘S1039e) Ysi 13430 € ‘WSiamymiq ‘9e [euonelsas jo uosuedwo) € djger

Figure 1 Geographic distribution of participating institutions (red
dots) and incidence of retinopathy of prematurity across Philippine

Incidence varied substantially, from 8% in Northwestern

Luzon to 55% in Western Visayas, compared with 32% in the National

regions

Capital Region (Regions with no participating institution are in gray).

g. Seven of those with GA of >32 to 35wk or

birthweight of >1500 to 2000 g did not have any of the 3 risk

were 174 (99%) infants with GA of <35wk and/or birthweight

of <2000

factors. Of the 3 remaining infants >35wk and >2000 g, all
received oxygen supplementation, with 2 treated for sepsis and

Correlation of Risk Factors to ROP Development and
Progression Using multivariable analysis, GA, birthweight,

1 receiving pRBC transfusion.

receiving pRBC transfusion, and being male were significantly
associated to ROP development while being treated for sepsis,
receiving oxygen supplementation, multiple gestation, and

maternal age were not (Table 4, Figure 2). For ROP progression
to TOSA, GA and receiving pRBC transfusion were
significantly associated. Sex, birthweight, being treated for
sepsis, receiving oxygen supplementation, multiple gestation,

and maternal age were also not significantly associated with
ROP progression to TOSA. A subanalysis was done on 3
hospitals, involving 585 infants, with data on the number

of pRBC units transfused and the oxygen supplementation

route used. When adjusted for the other variables, GA [odds

ratio (OR)

0.98, 95%CI: 0.96-0.99, P<0.003] was the only

risk factors significantly associated with ROP development.
GA (OR=0.99, 95%CI: 0.98-0.99, P<0.04), receiving pRBC

transfusion (OR=1.09, 95%CI: 1.03—1.18, P<0.004), and the
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Table 4 Multivariable predictors of ROP

Predictor ROP (Odds ratio) Lower 95%Cl Upper 95%Cl P TOSA ROP (Odds ratio) Lower 95%Cl  Upper 95%Cl P
Gestational age (per week) 0.97 0.96 0.98 <0.001° 0.98 0.97 0.98 <0.001°
Birthweight (per 100 g) 0.99 0.99 0.99 <0.001° 0.99 0.99 1.00 0.53
Male sex 1.05 1.00 1.09 0.03° 1.02 0.99 1.04 0.09
Sepsis 1.01 0.96 1.05 0.44 1.01 0.98 1.04 0.15
pRBC transfusion 1.13 1.06 1.18 <0.001° 1.09 1.05 1.13 0.03°
Oxygen supplementation 1.00 0.96 1.05 0.84 1.005 0.977 1.035 0.70
Multiple gestation 1.02 0.96 1.08 0.44 1.002 0.965 1.002 0.88
Maternal age 0.99 0.996 1.002 0.70 1.000 0.998 1.041 0.42

°Statistically significant. ROP: Retinopathy of prematurity; TOSA: Type

Confidence interval.

A ROP Development
Maternal age b
Multiple gestation —_
Oxygen i L
Packed red blood cell transfusion —_———
Sepsis —_—l
Male Sex —e—H
Birthweight (per 100 g) )
Gestational age (per week) o
0.'95 1 1.;15 1.’1 1.'15 112
B ROP Progression
Maternal age -
Multiple gestation —_————
Oxygen i rs
Packed red blood cell transfusion —_——
Sepsis —t—
Male Sex 3
Birthweight (per 100 g) o
Gestational age (per week) H— i
0.95 1 1.05 11 115

Figure 2 Multivariable associations of neonatal risk factors with
development of any ROP (A) and progression to TOSA ROP (B)
Lower gestational age, lower birthweight, male sex, transfusion,
and oxygen supplementation were significantly associated with ROP
development, whereas sepsis was not. For progression, transfusion
and oxygen delivery route were significant predictors. ROP:

Retinopathy of prematurity; TOSA: Type 1, severe, or aggressive.

number of pRBC units (OR=1.02, 95%CI: 0.99-1.05, P<0.04)
were the only risk factors significantly associated with ROP
progression.

Treatment One hundred fifty-four (87%) premature infants
with TOSA ROP were treated (Figure 3). Almost half (46%)
received anti-vascular endothelial growth factor (VEGF)
injection only as treatment, followed by 24% who received
laser photocoagulation using indirect ophthalmoscope (LIO)
only. Sixteen did not receive treatment since they did not
follow up during their scheduled procedure. Of the 8 with ROP

1578

1, severe, or aggressive; pRBC: Received packed red blood cell; Cl:

Regressed/Prognosticated El
None [TIIIST
LIO 24
AntiVEGF 46 |
LIO-AntiVEGF |44
Surgery
0 5 10 15 20 25 30 35 40 45 50

%
Figure 3 Treatment modalities for infants with all the 177 infants
who developed TOSA retinopathy of prematurity Anti-VEGF
injection was the most common intervention (81/177, 46%), followed by
laser photocoagulation (45/177, 24%). A minority required combined
therapy or vitrectomy, while 9% did not receive treatment despite
indication. TOSA: Type 1, severe, or aggressive; VEGF: Vascular

endothelial growth factor; LIO: Laser indirect ophthalmoscope.

stage 4, only 4 underwent vitrectomy. One refused surgery.
Of the 5 with ROP stage 5, 3 were prognosticated, while one
underwent vitrectomy.

Clinical Outcomes For the 177 infants with TOSA ROP, 61
(34%) were treated but last seen without full ROP regression
and retinal maturation (Figure 4). For the 306 with type 2
ROP, 220 (72%) were without full ROP regression and retinal
maturation on the last follow-up. For the 1417 without ROP,
only 812 (57%) reached zone 3 or retinal maturation on the last
follow-up.

Comparison of Clinical Profile of Infants Seen in NCR
and Outside Areas Premature infants seen in hospitals
in NCR had similar GA in those seen in other areas
(Table 3). Premature infants seen in the hospital in NCR
were significantly lighter than those seen in Region I and
Cordillera Administrative Region (P<0.006) but heavier than
those seen in Region II (P<0.001) and VIII (P<0.002). Getting
treated for sepsis among infants seen in NCR had significantly
different proportions to those seen in Region I and CAR
(P<0.001), V (P<0.001), VI (P<0.001), and VIII (P<0.001).
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547 (29%) last seen with IR Zone 2

44 (2%) last seen with IR, unspecified
zone

483 (24%) developed ROP

. 14 (2%) expired

220 (46%) lost to follow-up prior to full

= 4 (2%) treated but ended with
detached retina

Tl Y 61 (34%) treated but lost to follow-up

prior to full regression

177 (36%) progressed to type 1,
severe, or aggressive (TOSA) ROP
B 14 (8%) lost to follow-up prior to

treatment

6 (2%) expired
1 (0.5%) not treated but regressed ful

= 3 (1.5%) not treated and
prognosticated

7 (5%) expired

Figure 4 Clinical outcomes of premature infants at last follow-up Among those with TOSA ROP, 34% were treated but remained without

full regression or retinal maturity. In the non-TOSA group, 46% were lost to follow-up before full regression. Over half of infants without ROP

remained immature at final examination, underscoring the need for strengthened follow-up systems. ROP: Retinopathy of prematurity; TOSA:

Type 1, severe, or aggressive; IR: Immature retina.

Receiving pRBC transfusion among infants seen in NCR
had significantly different proportions to those seen in other
areas, except 8 (P=0.78), and 11 (P=0.66). Receiving oxygen
supplementation among infants seen in NCR has significantly
different proportions to those seen in Region I and CAR
(P<0.001), V (P<0.001), and VI (P<0.001). Aside from Region
II (P=0.13), V (P=0.02), and VIII (P=0.02), the rest of the
areas had significant differences to NCR in ROP development
(ROP). Aside from VIII (P<0.001), there were no significant
differences in ROP progression (TOSA ROP) between NCR
and other areas. A subgroup was created for Region IV-A
from the 29 patients from the region, but were seen in 4 NCR
hospitals.

DISCUSSION

This study found that lower GA, lower birthweight, male
sex, and pRBC transfusion were significantly associated
with ROP development, whereas sepsis and oxygen
supplementation were not. Consistent with global literature,
lower GA, lower birthweight, and blood transfusion were
strongly associated with ROP!""'. Oxygen supplementation
and sepsis were not likely due to data limitations (e.g., non-
culture-proven sepsis, incomplete oxygen dosing records),
survivor bias, and evolving NICU practices with tighter

. - [11,14-16]
oxygen monitoring

. In our cohort, sepsis was defined
operationally as having been treated for septicemia, but
microbiologic confirmation was not uniformly required.
Likewise, improved infection control practices in larger NICUs

including antibiotic stewardship programs and neonatal sepsis

bundles. Oxygen supplementation was almost universal, and
recording did not consistently differentiate between duration,
concentration, or whether oxygen blenders were used. Local
neonatal practices may have attenuated the expected risks, as
many tertiary NICUs in the Philippines have adopted stricter
oxygen monitoring protocols and increased availability of
pulse oximetry in recent years''”. Even when oxygen is
delivered without a blender in some facilities, target saturations
are now more tightly controlled. These may have weakened
the contribution relative to GA, birthweight, and transfusion
status. Lastly, the sickest infants with prolonged oxygen
exposure or severe sepsis are also at the highest risk of early
mortality and may not have survived long enough to undergo

"9 The limited granularity of exposure

ophthalmic screening!
data may have reduced statistical power to detect significant
associations. Similar issues have been described in other LMIC
cohorts™”.

When only the GA of <32wk and birthweight of <1500 g,
20% of infants with ROP and 14% of those who progressed
to TOSA would have been missed"”. It is recommended that
the criteria on GA be made broader to <35wk and <2000 g
in addition to the risk factors enumerated in the consensus
statement in 2020, which reduced missed cases to 2%.
Similarly, 26 who developed ROP had GA of >32 to 35wk
or birthweight of >1500 to 2000 g, with none of the 3 risk
factors, and will be missed”". Although screening more
infants increases costs—approximately USD 272 715 based

on analogous economic models—the lifetime societal cost
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of blindness far exceeds this amount™?

I Also, participating
institutions already screened nearly all preterm referrals due
to widespread use of STOP criteria, so adopting <35wk
and/or <2000 g adds minimal burden while drastically
reducing missed cases. Facilities relying only on major
criteria may see larger increases in screening, but these remain
feasible with modest staffing adjustments, task-sharing,
structured scheduling, and tele-ROP™*). The apparent lack of
association with oxygen and sepsis likely reflects data quality
issues, improved modern NICU practices, and survivor bias.
Transfusion remained significant and may act as a proxy for
overall illness severity. The Philippines mirrors other LMICs
in the third epidemic: ROP occurs in larger and more mature
infants than in high-income countries; incidence and care vary
widely between institutions and regions; and health-system
barriers contribute to preventable blindness”**.

Anti-VEGF monotherapy was the most common treatment,
contrasting with earlier Philippine series where laser
predominated“””. However, because follow-up in this study
was short, the true proportion requiring both anti-VEGF
and subsequent laser may be underestimated. Literature
recommends follow-up to >65-70wk postmenstrual age to
capture recurrence or persistent avascular retina; most infants
in this cohort had not yet reached full regression or retinal
maturity”*°
Eighty-eight infants were not screened, and 9% of those with
TOSA ROP received no treatment. Many infants lost to follow-
up still had incomplete vascularization at the last visit, a group

| Screening and treatment gaps remain significant.

known to be at substantially higher risk of developing ROP"**.
Barriers include travel distance, financial constraints, limited
NICU capacity, and lack of available ophthalmologists before
discharge™. Measures such as ROP coordinators, discharge
protocols, tele-ophthalmology, and electronic tracking systems
can help address these losses"™".

Maternal factors also warrant attention. Although maternal age
was not statistically associated with ROP, nearly one-quarter
of mothers were either <18 or >35 years old, both risk factors
for preterm birth. Pregnancy-related hypertension was the
most common cause of prematurity, and gaps in prenatal care
and institutional delivery remain prevalent, especially among
families living far from participating hospitals"".

Finally, key data gaps underscore the need for a national neonatal
ophthalmology registry. Such a system should prospectively
capture oxygen monitoring details, microbiologic confirmation
of sepsis, transfusion practices, and complete ophthalmologic
outcomes. A unified registry would enable stronger causal
analyses, real-time quality improvement, benchmarking across
regions, and more accurate cost-effectiveness modeling,
thereby supporting national policy reforms to prevent ROP-

related blindness, similar to other eye diseases"™”.
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This study also presents the first multiregional cohort of
ROP in the Philippines. Nearly one in four premature infants
developed ROP, and two in five progressed to TOSA.
Incidence of ROP itself varied widely across regions, from 8%
in region 1 and CAR to 55% in region 6, reflecting disparities
in neonatal care. Higher-incidence regions often had limited
NICU capacity, fewer subspecialists, more outborn referrals,
and poorer prenatal care, all of which may increase oxygen
exposure, transfusion needs, and the prevalence of lower GA
and birthweight™”. Lower-incidence regions likely benefit
from better referral patterns or systems such as electronic ROP
trackers. These disparities echo the heterogeneity reported
within other middle-income countries, where neonatal
care varies by geography and hospital type”*. However,
unrepresented areas in Visayas and Mindanao introduce
possible selection bias. The national incidence estimate of
25% aligns with previous single-centre reports (14%—43%),
confirming that ROP is a nationwide concern'*”. This burden
resembles that of other middle-income countries experiencing
the “third epidemic” of ROP, where improved survival of
preterm infants outpaces the availability of consistently high-

B In contrast, high-income countries

quality intensive care
report lower rates, typically confined to infants <28wk or
<1000 g"*.

This study has limitations. Large regions, including Central
Visayas, were not represented, and weighted estimates may
not fully correct for selection bias. Data quality was limited
for some risk factors, particularly oxygen exposure and sepsis.
Follow-up was interim, restricting assessment of long-term
outcomes. Nonetheless, the scale, multiregional design, and
standardized data collection provide robust national insights.
The main strength of this study is its scale and breadth: 1900
infants from 20 hospitals across 12 regions, encompassing
both government and private institutions. This provides the
most representative national picture of ROP to date. The use of
standardized definitions (ICROP-3)"* and regression models
strengthens internal validity.

Future research in the Philippines should focus on prospective
cohorts with microbiologically confirmed sepsis, transfusion
thresholds, and oxygen exposure data to clarify risk pathways,
on extended follow-up of infants treated with anti-VEGF
to 70-80wk postmenstrual age to quantify recurrence and
visual outcomes, and on modelling Philippines-specific cost-
effectiveness analyses on the incremental costs of broader
screening against the long-term costs of blindness, building on
the ECROP framework*".

In conclusion, this study found that lower GA, lower
birthweight, male sex, and pRBC transfusion were significantly
associated with ROP development, whereas sepsis and
oxygen supplementation were not. It also provides the first
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multiregional multicenter data on ROP in the Philippines,
demonstrating substantial incidence and progression beyond
NCR. Current screening criteria may miss a significant
proportion of at-risk infants.
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