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ABSTRACT
Objective: To evaluate the incidence, epidemiological profile, risk factors, and severity of retinopathy of 
prematurity (ROP) in preterm newborns (PTNB) and very low birth weight (VLBW) infants at a university 
hospital. 

Methods: This was a retrospective cohort study using data from newborns admitted to the Neonatal 
Intensive Care Unit (NICU) between January 2014 and December 2022. Preterm newborns with birth 
weight ≤1500 g and/or gestational age ≤32 weeks were included. Maternal and neonatal information 
was analyzed. 

Results: A total of 853 newborns were included, of whom 171 (20%) developed ROP, predominantly in 
mild forms. The main risk factors identified were longer duration of oxygen therapy (RR: 1.016; 95% CI: 
1.013–1.019), longer duration of mechanical ventilation (RR: 1.014; 95% CI: 1.009–1.019), use of postnatal 
corticosteroids for bronchopulmonary dysplasia (RR: 3.182; 95% CI: 2.300–4.402), patent ductus 
arteriosus (RR: 1.692; 95% CI: 1.219–2.348), and blood transfusion (RR: 1.699; 95% CI: 1.199–2.408). 

Conclusion: The incidence of ROP was 20% and was mainly associated with neonatal clinical and 
therapeutic factors.

RESUMO
Objetivo: Avaliar a incidência, o perfil epidemiológico, os fatores de risco e a gravidade da retinopatia 
da prematuridade em recém-nascidos pré-termo e de muito baixo peso ao nascer em um hospital 
universitário. 

Métodos: Estudo de coorte retrospectivo com dados de recém-nascidos internados na unidade de 
terapia intensiva neonatal entre janeiro de 2014 e dezembro de 2022. Foram incluídos recém-nascidos 
pré-termo com peso ao nascer ≤ 1.500 g e/ou idade gestacional ≤ 32 semanas. Foram analisadas 
informações maternas e neonatais. 

Resultados: Foram incluídos 853 recém-nascidos, dos quais 171 (20%) desenvolveram retinopatia da 
prematuridade, predominantemente em formas leves. Os principais fatores de risco identificados 
foram maior tempo de oxigenoterapia (risco relativo de 1,016; IC95% 1,013-1,019), maior duração de 
ventilação mecânica (risco relativo de 1,014; IC95% 1,009-1,019), uso de corticosteroides pós-natais para 
broncodisplasia (risco relativo de 3,182; IC95% 2,300-4,402), persistência do canal arterial (risco relativo 
de 1,692; IC95% 1,219-2,348) e transfusão sanguínea (RR: 1,699; IC95%: 1,199-2,408). 

Conclusão: A incidência de retinopatia da prematuridade esteve associada principalmente a fatores 
clínicos e terapêuticos neonatais.
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INTRODUCTION
According to the World Health Organization (WHO), 
preterm birth is defined as birth occurring before 37 com-
pleted weeks of gestation (GA).(1) In Brazil, approximate-
ly 3 million preterm births were recorded between 2011 
and 2021, corresponding to an average prevalence of 11%, 
placing the country among those with the highest num-
ber of preterm births worldwide.(1,2)

Prematurity is the leading cause of death in children 
under five years of age and a major contributor to neona-
tal mortality.(3) It is also associated with several adverse 
health outcomes.(4,5) Among the complications affecting 
very low birth weight (VLBW) preterm neonates (PTN), 
retinopathy of prematurity (ROP) is one of the main caus-
es of childhood visual impairment and the leading cause 
of blindness in preterm infants.(6)

Retinopathy of prematurity is a multifactorial dis-
ease, and well-established risk factors include low GA (be-
low 30 to 32 weeks) and VLBW (below 1,000 to 1,500 g).(7) 
Other factors, such as oxygen exposure and prolonged 
mechanical ventilation, have also been associated with 
an increased risk of the disease.(8)

Despite the recognition of these risk factors, under-
standing the epidemiology and management of ROP in 
public university hospitals remains essential. These in-
stitutions may face challenges related to limited resourc-
es, access to specialized care, and the implementation of 
standardized protocols, which can affect early diagnosis 
and treatment.

Given the increased risks of morbidity and mortal-
ity among PTN,(9,10) as well as the associated healthcare 
costs,(11,12) prematurity represents an important public 
health concern. Preventive strategies for ROP require a 
multidisciplinary approach that begins before birth and 
continues throughout childhood.(13) In addition, advanc-
es in neonatal care have improved PTN survival rates, 
increasing the number of infants at risk for ROP and re-
inforcing the importance of early detection and timely 
treatment.

Thus, the present study aimed to evaluate the inci-
dence, epidemiological profile, risk factors, and severity 
of ROP in PTNB and VLBW infants at a university hospital.

METHODS

Sample and ethical considerations
This is a retrospective cohort study conducted in the 
Neonatal Intensive Care Unit (NICU) of a university hospi-
tal. The study was submitted to the institution’s Research 

Ethics Committee and approved under protocol number 
5.852.802.

Data collection
Data were obtained from the NICU database of the hospi-
tal for the period from January 2014 and December 2022.

Inclusion and exclusion criteria
All VLBW PTN (≤ 1,500 g) and/or those with a GA of ≤ 32 
weeks were eligible for the study (n = 1018). Neonates who 
died before undergoing fundoscopic evaluation (n = 126), 
those diagnosed with congenital infections (n = 31), or 
those with severe congenital malformations (n = 8) were 
excluded (Figure 1).

Retinopathy of prematurity screening
At the study site, ROP screening follows the protocol es-
tablished by the Conselho Brasileiro de Oftalmologia  and 
the Sociedade Brasileira de Pediatria.(14) The first screening 
exam, called direct fundoscopy, is performed between 4 
and 6 weeks of life by an ophthalmologist specialized in 
retinal evaluation. Subsequent assessments are sched-
uled based on the findings of the initial examination.

Variables of Interest
The included VLBW PTN were divided into two groups: 
those who developed ROP and those who did not. 
Subsequently, maternal data were analyzed, including 
age, race, education level, lifestyle habits, health condi-
tions, and pregnancy-related factors (such as prenatal 
care, number of fetuses, type of delivery, occurrence of 
chorioamnionitis, antenatal corticosteroid use, and mag-
nesium sulfate use). Neonatal data included GA at birth, 
birth weight, Apgar scores at 1 and 5 minutes, need for 
neonatal resuscitation, use of positive pressure ventila-
tion, intubation with an endotracheal tube, occurrence 
of respiratory distress syndrome, surfactant use, duration 
of oxygen therapy, duration of invasive ventilation, use 
of non-invasive ventilation, postnatal corticosteroid use 
for bronchopulmonary dysplasia, oxygen dependency at 
28 days and at 36 weeks of corrected age, highest grade of 
peri-intraventricular hemorrhage, patent ductus arterio-
sus, occurrence of necrotizing enterocolitis, early-onset 
sepsis, number of blood transfusions, and use of vasoac-
tive drugs.

Data analysis
Initially, data normality was assessed using the 
Kolmogorov-Smirnov test. Data were presented as mean 
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± standard deviation (SD), n (%), or median (interquartile 
range) (IQR). Student’s t-test or the Mann-Whitney test for 
independent samples (for parametric and non-paramet-
ric data, respectively) were used to compare the groups. 
Pearson’s chi-square test was applied to compare propor-
tional variables. The annual incidence of ROP in PTNs was 
calculated as the ratio of new cases to the total number 
of neonates included in the study, multiplied by 100. To 
assess differences in incidence across the years, Pearson’s 
Chi-squared test with Bonferroni post hoc correction 
was performed. Poisson regression models were used to 
evaluate risk factors for ROP among neonates. In Model 1, 
crude analysis was performed, while in Model 2, GA, birth 
weight, and mechanical ventilation were used as adjust-
ment variables. Results were expressed as relative risk 
(RR) with a 95% confidence interval (95% CI). Statistical 
analyses were conducted using Stata software, version 14 
(StataCorp, College Station, TX, United States).

RESULTS
Between January 1st, 2014, and December 31st, 2022, 853 
VLBW preterm newborns were included in the study, of 
whom 171 were diagnosed with ROP (Figure 1).

ROP: retinopathy of prematurity.

Figure 1. Study flowchart.

Evaluated for eligibility 
(n=1018)

Excluded (n=165)

Newborns included (n=853)

171 cases with ROP 682 cases without ROP

Congenital infections (n=31)

Deaths (n=126)

Others (n=8)

Table 1 presents the characterization data of the 
groups according to maternal information. The group of 
newborns diagnosed with ROP had a lower proportion of 
mothers with systemic arterial hypertension, as well as a 
higher proportion of vaginal deliveries, chorioamnioni-
tis, and magnesium sulfate use.

The characterization of the newborns is presented in ta-
ble 2. Newborns diagnosed with ROP had a lower gestation-
al age, lower birth weight, and lower Apgar scores (both at 1 
and 5 minutes). These individuals also had a greater need for 

Table 1. Maternal characteristics of very low birth weight 
preterm newborns according to the diagnosis of retinopathy 
of prematurity

Variables
Without ROP 

(n = 682) 
With ROP  
(n = 171)

p-value

Sociodemographic characteristics

Age, years 27.17 ± 6.91 26.55 ± 6.96 0.695

Maternal education, years 0.702

Illiterate 1 (0.1) 0 

1-7 99 (14.5) 23 (13.5)

> 8 578 (84.8) 148 (86.5)

Unknown 4 (0.6) 0 

Lifestyle habits

Alcohol use, yes 33 (4.8) 11 (6.4) 0.399

Smoking, yes 68 (9.9) 13 (7.6) 0.345

Drug use, yes 86 (12.6) 23 (13.4) 0.427

Health conditions

Systemic arterial hypertension, yes 283 (41.4) 52 (30.4) 0.018

Diabetes mellitus, yes 77 (11.2) 23 (13.4) 0.577

Congenital infection* 3 (0.8) 2 (2.3) 0.424

Gestational information

Prenatal care received, yes 645 (94.5) 160 (93.5) 0.609

Multiple pregnancy, yes 119 (17.4) 31 (18.1) 0.835

Type of delivery 0.028

Vaginal 189 (27.7) 62 (36.2)

Cesarean 493 (72.2) 109 (63.7)

Chorioamnionitis, yes 56 (8.2) 29 (16.9) 0.002

Use of antenatal corticosteroids, yes 529 (77.5) 144 (84.2) 0.152

Use of magnesium sulfate, yes† 191 (31.2) 67 (43.2) 0.017

*Group without ROP n = 367 and group with ROP n = 85; † group without ROP n = 611 and group with ROP 

n = 155.  

ROP: retinopathy of prematurity.  

Results expressed as mean ± standard deviation or n (%).

Table 2. Characteristics of very low birth weight preterm new-
borns according to the diagnosis of retinopathy of prematurity

Variables
Without ROP 

(n = 682)
With ROP  
(n = 171)

p-value

Gestational age, weeks 28.56 ± 2.87 26.81 ± 2.27 < 0.001

Birth weight, g 1049.70 ± 302.78 857.96 ± 226.85 < 0.001

1-minute Apgar* 5.27 ± 2.48 4.36 ± 2.31 < 0.001

5-minute Apgar† 7.82 ± 1.72 7.44 ± 1.63 0.009

Needed neonatal resuscitation, yes 487 (71.4) 146 (85.3) 0.001

Positive pressure ventilation in the 
delivery room, yes

487 (71.4) 146 (85.3) 0.001

Intubation with tracheal tube in the 
delivery room, yes‡

260 (53.7) 105 (72.9) 0.001

Respiratory distress syndrome, yes§ 472 (70.1) 158 (92.4) < 0.001

Use of surfactant, yes¶ 40 (7.1) 11 (7.2) 0.872

Oxygen time, days|| 9 (3-31) 66 (47-96) < 0.001

Time of invasive ventilation, days 4 (2-9.75) 17 (6-34.50) < 0.001

Non-invasive ventilation, yes 517 (75.8) 166 (97.0) < 0.001

Postnatal corticosteroid use, yes 33 (4.8) 64 (37.4) < 0.001

Oxygen use until the 28th day, yes 202 (29.6) 157 (91.8) < 0.001

Oxygen use until 36 weeks corrected 
gestational age, yes

70 (10.2) 97 (56.7) < 0.001

Peri-intraventricular hemorrhage, yes 235 (34.5) 99 (57.9) < 0.001

Patent ductus arteriosus, yes 296 (43.4) 117 (68.4) < 0.001

Necrotizing enterocolitis, yes 0 (0.0) 25 (14.6) < 0.001

Early sepsis, yes# 55 (16.5) 14 (11.0) 0.088

Blood transfusion, yes 319 (46.7) 125 (73.1) < 0.001

Average number of transfusions 2.19 ± 1.71 4.15 ± 2.52 < 0.001

Use of vasopressor drugs, yes 99 (14.5) 18 (10.5) 0.107

* Group without ROP  n = 659 and group with ROP  n = 168; † group without ROP  n = 667 and group with 

ROP  n = 169; ‡ group without ROP  n = 484 and group with ROP  n = 144; § group without ROP  n = 673; ¶ 

group without ROP  n = 557 and group with ROP  n = 151; || group without ROP  n = 660 and group with ROP  

n = 171; # group without ROP  n = 332 and group with ROP  n = 127. 

ROP: retinopathy of prematurity. 

Mean ± standard deviation or n (%) or median (interquartile range).
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resuscitation, positive pressure ventilation, intubation with 
an endotracheal tube, occurrence of respiratory distress 
syndrome, longer oxygen therapy duration, longer inva-
sive ventilation duration, need for non-invasive ventilation, 
postnatal corticosteroid use for bronchopulmonary dyspla-
sia, oxygen use (both at 28 days and at 36 weeks of corrected 
age), higher proportions of severe grades of periventricu-
lar-intraventricular hemorrhage, patent ductus arteriosus, 
necrotizing enterocolitis, and blood transfusions compared 
to newborns without an ROP diagnosis.

The average incidence of ROP during the study period 
was 20%, with the lowest value recorded in 2015 (14.4%). 
In subsequent years, an increase in ROP incidence was ob-
served, reaching its highest value in 2022 (28.2%) (Figure 
2). No significant difference was found between the years 
studied (p = 0.345).

Among preterm newborns diagnosed with ROP, most 
cases presented mild retinal impairment (49.1%, stage 
I), followed by stage II (28.6%) and stage III (22.6%). Of 
the total 171 diagnoses, four newborns (2.34%) received 
treatment with anti-vascular endothelial growth factor 
(VEGF), and 25 (14.6%) underwent retinal surgery (data 
not presented in tables).

PTN with ROP
p=0.345
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PTN: preterm newborns; ROP: retinopathy of prematurity.

Figure 2. Incidence of retinopathy of prematurity in very low 
birth weight preterm newborns between 2014 and 2022. 

The Poisson regression analysis of sociodemograph-
ic characteristics, lifestyle habits, health conditions, 
pregnancy, and delivery factors associated with ROP is 
shown in table 3. The possible risk factors for ROP occur-
rence were systemic arterial hypertension, lower Apgar 
scores, endotracheal intubation in the delivery room, 
respiratory distress syndrome, longer oxygen therapy 
duration, longer mechanical ventilation duration, need 
for non-invasive ventilation (CPAP), postnatal corticoste-
roid use for bronchopulmonary dysplasia, higher grades 

Table 3. Poisson regression between maternal characteristics, newborn data, and the diagnosis of retinopathy of prematurity.

Variables
Model 1 Model 2

RR 95%CI p-value RR 95%CI p-value

Age 0.989 0.968-1.011 0.345 0.993 0.972-1.015 0.584

Education 0.999 0.985-1.012 0.906 0.999 0.863-1.027 0.885

Drug use 1.060 0.683-1.645 0.792 1.034 0.666-1.605 0.880

Systemic arterial hypertension 0.671 0.484-0.930 0.017 0.740 0.527-1.039 0.083

Multiple pregnancy 1.037 0.703-1.531 0.852 1.165 0.789 -1.720 0.441

Chorioamnionitis 0.999 0.993-1.005 0.841 0.999 0.992-1.006 0.895

Use of antenatal corticosteroids 0.999 0.992 -1.006 0.871 0.999 0.993-1.007 0.875

Use of magnesium sulfate, n = 766 0.999 0.994-1.004 0.850 0.999 0.992-1.007 0.845

Type of delivery 0.733 0.536-1.001 0.051 0.974 0.691-1.374 0.883

1-minute Apgar, n = 827 0.889 0.836-0.945 < 0.001 1.030 0.943-1.125 0.502

5-minute Apgar§ 0.911 0.843-0.985 0.020 0.974 0.691-1.374 0.883

Needed neonatal resuscitation 0.999 0.994-1.003 0.816 0.999 0.986-1.012 0.914

Positive pressure ventilation in the delivery room 0.999 0.994-1.003 0.816 0.999 0.986-1.012 0.914

Intubation with tracheal tube in the delivery room, n = 628 1.939 1.343-2.801 < 0.001 1.259 0.843-1.881 0.259

Respiratory distress syndrome, n = 844 4.128 2.345-7.267 < 0.001 1.653 0.793-3.444 0.179

Use of surfactant, n = 708 0.999 0.940-1.061 0.974 0.999 0.988-1.010 0.908

Oxygen time, days, n = 831 1.018 1.016-1.021 < 0.001 1.016 1.013-1.019 < 0.001

Time of invasive ventilation, days, n = 609 1.015 1.010-1.019 < 0.001 1.014 1.009-1.019 < 0.001

Non-invasive ventilation (CPAP), n = 851 0.510 0.367-0.709 < 0.001 0.815 0.571-1.162 0.260

Postnatal corticosteroids for bronchopulmonary dysplasia 4.661 3.420-6.354 < 0.001 3.182 2.300-4.402 < 0.001

Oxygen use until the 28th day 0.999 0.996-1.001 0.473 0.998 0.994-1.003 0.622

Oxygen use until 36 weeks corrected gestational age, n = 700 0.999 0.996-1.001 0.536 0.998 0.993-1.004 0.651

Peri-intraventricular hemorrhage 0.999 0.998-1.001 0.007 0.972 0.923-1.011 0.212

Patent ductus arteriosus 2.308 1.672-3.186 < 0.001 1.692 1.219-2.348 0.002

Necrotizing enterocolitis 2.110 1.199-3.716 0.010 1.690 0.958-2.980 0.070

Early sepsis, n = 459 0.700 0.401-1.220 0.209 0.622 0.356-1.087 0.096

Blood transfusion 2.503 1.785-3.509 < 0.001 1.699 1.199-2.408 0.003

Average number of transfusions, n = 447 1.244 1.171-1.321 < 0.001 1.204 1.129-1.285 < 0.001

Use of vasopressor drugs 0.740 0.454-1.206 0.227 0.538 0.329-0.880 0.014

Model 1: raw analysis; model 2: adjusted analysis for gestational age, birth weight, and mechanical ventilation.  

RR: Relative Risk; 95%CI: 95% of confidence interval; CPAP: continuous positive airway pressure. 
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of periventricular-intraventricular hemorrhage, patent 
ductus arteriosus, necrotizing enterocolitis, and blood 
transfusion when analyses were performed without ad-
justments for confounding factors (Model 1). After ad-
justing for gestational age, birth weight, and mechanical 
ventilation as covariates in the regression model (Model 
2), the risk factors for ROP were longer oxygen therapy 
duration, longer mechanical ventilation duration, post-
natal corticosteroid use for bronchopulmonary dysplasia, 
patent ductus arteriosus, and blood transfusion. On the 
other hand, the use of vasoactive drugs was found to be a 
protective factor against ROP occurrence.

DISCUSSION
The main findings of this study indicate that prolonged 
oxygen therapy, longer duration of mechanical ventila-
tion, postnatal corticosteroid use for bronchopulmonary 
dysplasia, patent ductus arteriosus, and blood transfu-
sion were risk factors for the development of ROP, even 
after adjustment for confounding variables. In contrast, 
the use of vasoactive drugs was identified as a protective 
factor. In addition, an increase in ROP incidence was ob-
served in 2022 compared with previous years.

The average incidence of ROP between 2014 and 
2022 was 20%. Although a higher number of cases were 
observed in the last year evaluated, this difference was 
not statistically significant and may be related to an 
increase in the number of preterm births during this 
period. In the literature, the global incidence of ROP 
varies considerably according to the region studied. 
Huang et al.(15) evaluated extremely preterm newborns 
at a university hospital in Hong Kong between January 
2015 and August 2018 and reported an incidence of ROP 
of 21% among infants with gestational age below 32 
weeks. In Brazil, a study conducted at the Santa Casa de 
Misericórdia de Belo Horizonte (MG) included 236 new-
borns, of whom 208 (88.1%) underwent ophthalmolog-
ic examination during hospitalization, identifying ROP 
in 62 cases (29.8%).(16) Another Brazilian study reported 
an incidence of 33.9%.(17) These variations in incidence 
rates across studies are possibly due to differences in 
screening protocols, population characteristics, and 
healthcare conditions.

The main risk factors for the development of ROP de-
scribed in the literature include low birth weight, lower 
gestational age, blood transfusions, prolonged oxygen 
therapy,(18) longer NICU stays, infections,(19,20) and intra-
cranial hemorrhage.(19) The findings of the present study 
are consistent with previous research and reinforce the 

importance of carefully evaluating the clinical charac-
teristics of preterm newborns in order to identify those 
at higher risk for the disease. Early identification of these 
risk factors may help optimize screening strategies and 
contribute to timely interventions, potentially reduc-
ing the risk of severe complications and preventable 
blindness.

An interesting finding of this study was the identi-
fication of vasoactive drug use as a protective factor for 
ROP. These medications are essential for restoring tissue 
perfusion and oxygen delivery in critically ill patients, 
who would typically be expected to present a higher risk 
of ROP.(21) One possible explanation is that adequate he-
modynamic management may contribute to this protec-
tive effect. However, the literature presents inconsistent 
findings. Mayer et al.(22) identified vasoactive drug use as a 
risk factor, while Huang et al.(15) found no significant asso-
ciation with ROP development. Therefore, further studies 
are needed to better understand the relationship between 
vasoactive drug use and ROP occurrence.

Currently, the only well-established protective factor 
described in the literature is the use of breast milk in the 
nutrition of preterm newborns, which was not evaluated 
in the present study.(23)

Regarding disease severity, most preterm newborns in 
this study presented mild retinal impairment, with stage 
I ROP observed in 49.1% of cases. This finding is consis-
tent with previous reports indicating a higher frequency 
of mild cases. Cestari et al.,(24) for example, observed that 
stage 1 ROP was the most common presentation (11.9%), 
followed by stages 2, 3, 4, and 5 (5.8%, 4.1%, 0.4%, and 
0.4%, respectively). Although severe cases were less fre-
quent, they remain clinically relevant due to their poten-
tial impact on quality of life.

This study has some limitations. Its single-center, ret-
rospective design, based on database records, limits the 
ability to establish causal relationships. Nevertheless, the 
study also has important strengths, including the long 
study period and the large number of variables analyzed.

CONCLUSION
The incidence of retinopathy of prematurity during the 
study period was 20%, with a predominance of mild cas-
es. The main risk factors identified were prolonged oxy-
gen therapy, longer duration of mechanical ventilation, 
postnatal corticosteroid use for bronchopulmonary dys-
plasia, patent ductus arteriosus, and blood transfusion. 
Retinopathy of prematurity remains a leading cause 
of childhood blindness among preterm infants. Early 



6

Lacerda AC, Migueletto AM, Reis H, Ferreira DM

Rev Bras Oftalmol. 2026;85:e0092.

detection through screening is essential to prevent severe 
outcomes. Appropriate management of oxygen thera-
py and ventilation, combined with timely screening and 
treatment, can reduce the risk of vision loss. Therefore, 
comprehensive strategies focusing on prevention, screen-
ing, and early treatment are fundamental to minimize the 
impact of retinopathy of prematurity.
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