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Purpose: To investigate the incidence and risk factors for the retinopathy of prematurity (ROP) in the neonatal intensive care unit 
(NICU) of Obstetrics and Gynecology Hospital of Affiliated to Nanjing Medical University, China.
Methods: This retrospective case–control study included 611 preterm infants with birth weight (BW)<1500 grams admitted to the 
Department of Neonatology, Obstetrics and Gynecology Hospital of Affiliated to Nanjing Medical University between January 2019 
and December 2022. The incidence and risk factors for any stage and severe ROP were analyzed.
Results: Within 611 infants, 245(40.1%) developed ROP; 160(26.2%) infants were stage 1, 54(8.8%) were stage 2, and 31(5.1%) 
were stage 3, no stage 4 and 5. Among them, 22(3.6%) infants needed treatment. Multivariate analysis showed a higher gestational age 
(GA) was protective, whereas twin birth and moderate-to-severe BPD increased the hazard of any stage ROP; higher BW and male 
gender were significant risk factors for severe ROP.
Conclusion: Compared to other tertiary hospitals, the incidence of any stage ROP in our NICU was higher, but the rate of ROP 
needed treatment was lower. A higher GA was protective, whereas twin birth and moderate-to-severe BPD increased the hazard of any 
stage ROP; higher BW was protective, whereas male gender were risk factors for the development of severe ROP.
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Introduction
Retinopathy of prematurity (ROP), a vasoproliferative disorder of the immature retina, is currently one of the main causes of 
blindness or visual impairment of preterm infants, also related to long-term neurological and cognitive development 
disorders.1 Recent research showed that with the increase of the survival rate of preterm infants, especially very low birth 
weight (VLBW) infants, the incidence of ROP has gradually increased in both developed and developing countries.2–4 ROP is 
a kind of multifactorial disease. Small GA, low BW, and prolonged oxygen therapy are all risk factors for the development of 
ROP.5,6 Some studies also showed that gender and multiple pregnancies were risk factors for ROP.7,8

The occurrence rate of ROP in China varies significantly based on the region and the level of medical care.9,10 This 
study aimed to analyze the incidence and risk factors of ROP in preterm infants with BW <1500 grams in our NICU and 
increase the awareness of neonatologists in preventing ROP in clinical work.

Methods
Population
The clinical data of preterm infants who were admitted to the Department of Neonatology, Obstetrics and Gynecology 
Hospital of Affiliated to Nanjing Medical University from January 2019 to December 2022 was collected. Inclusion 
criteria: birth weight (BW) <1500g. Exclusion criteria: 1. Died or transferred to other hospitals before ROP screening; 2. 
Not do ROP screening or missing data; 3. Severe congenital developmental abnormalities.
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This study has been approved by the Ethics Committee of Obstetrics and Gynecology Hospital of Affiliated to 
Nanjing Medical University, and all procedures were performed according to the tenets of the Declaration of Helsinki. 
Written informed consent for data collection was obtained from the parent/guardian of each child.

ROP Screening
In our NICU, all ROP screenings were performed by ophthalmologists at our hospital, and regular follow-up is conducted 
at the ophthalmology department of our hospital after patients’ discharge.

Eye examinations were performed on all preterm neonates who met one of the following criteria: GA≤ 34w or BW≤ 
2000g; This range may be extended for patients with a long history of oxygen inhalation, severe illnesses like severe 
sepsis, or persistent pulmonary hypertension of newborns (PPHN). The initial time for ROP screening refers to the 
American Academy of Pediatrics (AAP) recommendation.11 In this study, severe ROP was defined as stage 3, presence 
of plus disease, or needing treatment.

Statistical Analysis
All analyses were performed using SPSS (version 26.0). The non-normal distributed continuous variables were shown as 
medians with interquartile ranges [M(P25, P75)] and analyzed using the Mann–Whitney test. Categorical variables were 
shown as rates and analyzed using the Chi-squared test. The variables with statistically significant differences selected 
from the univariate analysis were included in the multivariate logistic regression analysis, and odds ratios (OR) were 
calculated. For all tests, a P-value <0.05 was considered statistically significant.

Results
A total of 611 preterm infants were included in this study. The screening process is shown in Figure 1. The number of 
infants with any stage ROP was 245(40.1%). Among them, 160(26.2%) infants were stage 1, 54(8.8%) were stage 2, and 
31(5.1%) were stage 3, no stage 4 and 5, 22(3.6%) infants needed treatment for ROP.

The perinatal characteristics are shown in Table 1 and the clinical characteristics in Table 2. Univariate analysis 
showed that infants in both any stage ROP group and the severe ROP group had significantly lower GA and BW, a higher 
rate of serious complications, including moderate-to-severe BPD, grade III~IV intraventricular hemorrhage (IVH), 
culture-positive sepsis. These infants also needed more days of total oxygen, non-invasive and invasive respiratory 

Figure 1 Flowchart of the study population. 
Abbreviations: VLBW, very low birth weight infant; ROP, retinopathy of prematurity.
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support, and more numbers of red blood cell (RBC) transfusion during hospitalization in the NICU. The difference is that 
the rate of male gender is higher in severe group and twin birth in any stage ROP group.

Multivariate logistic regression analysis showed that a higher BW (P < 0.02, OR: 0.995, 95% CI: 0.992–0.998) was 
protective, whereas male gender (P = 0.026, OR: 2.574 95% CI: 1.118–5.926) was the risk factor for severe ROP 

Table 1 Perinatal Characteristics

Severe ROP Any Stage ROP

Severe ROP Group 
(n=42)

Control Group 
(n=569)

P value ROP Group 
(n=245)

No ROP Group 
(n=366)

P value

Neonatal

GA [M(Q1, Q3), w] 27.1 (25.7, 28.4) 29.3 (28.1, 30.6) <0.001* 28.3 (27.0, 29.6) 29.7 (28.7, 31.3) <0.001*

BW [M(Q1, Q3), g] 940 (807.5, 1052.5) 1210 (1055, 1350) <0.001* 1100 (930, 1250) 1260 (1117.5, 1380) <0.001*

Male gender (n, %) 32(76.2) 304(53.4) 0.004# 145(59.2) 191(52.2) 0.088#

5 min Apgar score  

[M(Q1, Q3)]

9(7, 10) 10(9, 10) <0.001* 9(9, 10) 10(9, 10) <0.001*

Mother

Types of pregnancy

Single (n, %) 27(64.3) 416(73.1) 0.216# 165(67.3) 278(76.0) 0.019#

Twin (n, %) 15(35.7) 153(26.0) 80(32.7) 88(24.0)

C-section (n, %) 14(34.1) 340(59.9) 0.001# 106(43.6) 248(67.8) <0.001#

Prenatal magnesium 

sulfate (n, %)

31(75.6) 361(63.7) 0.123# 171(70.4) 221(60.5) 0.013#

Notes: *Mann–Whitney U-test; #Chi-squared test. 
Abbreviations: GA, gestational age; BW, birth weight; ROP, retinopathy of prematurity.

Table 2 Clinical Characteristics

Severe ROP Any Stage ROP

Severe ROP 
Group (n=42)

Control Group 
(n=569)

P value ROP Group 
(n=245)

No ROP Group 
(n=366)

P value

BPD (Moderate to severe, n, %) 15(35.7) 62(10.9) <0.001# 44(18.0) 33(9.0) 0.001#

IVH (III~IV grade, n, %) 9(22.0) 66(11.6) 0.052# 39(16.0) 36(9.8) 0.022#

Culture positive sepsis (n, %) 8(19.5) 50(8.8) 0.032& 33(13.5) 25(6.8) 0.006#

Days of total oxygen[M(Q1, Q3), d] 59.5(35.5, 76.2) 31(19, 45) <0.001* 41(29.5, 59.5) 27(15, 39.25) <0.001*

Days of invasive respiratory support 

[M(Q1, Q3), d]

5.5(0, 22.25) 0(0, 2) <0.001* 0(0, 6) 0(0, 0) <0.001*

Days of non-invasive respiratory 

support [M(Q1, Q3), d]

40(30.7, 54) 27(17, 39) <0.001* 36(25.5, 45.5) 23(14, 35) <0.001*

FiO2>40% (n, %) 20(47.6) 96(16.9) <0.001# 73(29.8) 43(11.7) <0.001#

Numbers of RBC transfusion (n, %) 2(1, 5) 0(0, 2) <0.001* 1(0, 3) 0(0, 1) <0.001*

Notes: *Mann–Whitney U-test; #Chi-squared test; &Fisher’s exact test. 
Abbreviations: BPD, Bronchopulmonary dysplasia; IVH, Intraventricular hemorrhage; RBC, red blood cell; ROP, retinopathy of prematurity.
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(Table 3). A higher GA (P < 0.01, OR: 0.718, 95% CI: 0.593–0.871) was protective, whereas twin birth (P = 0.026, OR: 
1.594, 95% CI: 1.056–2.406) and moderate-to-severe BPD (P = 0.016, OR: 2.334, 95% CI: 1.147–4.625) increased the 
hazard of any stage ROP (Table 4).

Discussion
Our study revealed the incidence and risk factors of any stage and severe ROP in premature infants with BW <1500g. As one 
of the serious complications of preterm infants, the incidence of ROP also tends to increase as the survival rate of these 
infants gradually increases.12 The incidence of any stage ROP in our NICU was 40.1%, located in the upper part of the range 
from 18.5% to 47%, as reported.13–15 This result may be related to the difference between levels of care in NICUs, ROP 
screening methods, and study populations. For the rate of ROP needed treatment, our NICU was lower than some others.16,17

As is well known, smaller GA and lower BW are the two strongest known risk factors for the development of 
ROP.18,19 The main reason for this is that preterm infants with smaller GA and lower BW have more immature retinas 
and a higher opportunity to be exposed to the risk factors of ROP, such as high-concentration oxygen inhalation and 
infection.20 In our study, we found that smaller GA was the risk factor of any stage ROP but not the severe ROP, lower 
BW was the risk factor of severe ROP but not the any stage ROP.

Male gender was a risk factor for severe ROP, as shown in our study. This result was the same as the studies of Yang’s 
and Mantapond’s.7,8 Other studies had also reported this result.21,22 A study showed that male fetal sex was associated 
with higher maternal levels of pro-inflammatory cytokines and angiogenic factors including VEGF during pregnancy, 
suggesting potential harmful effects on development of ROP in male infants.23 However, the relationship between gender 
and ROP remains controversial as some studies found no difference in the incidence of ROP by gender.24

For any stage ROP, twin birth and moderate-to-severe BPD were risk factors besides smaller GA. Multiple gestation 
is associated with increased risk for preterm birth, smaller BW, and perinatal morbidities, which may affect ROP risk.25 

Mantapond and coworkers reported that multiple birth has been associated with treatment-requiring ROP, but this 
condition was not associated with any ROP development.8 Our research results differ from this, possibly due to 
differences in inclusion criteria. There are also several studies reported that there were no differences between singleton 
and multiple births.26,27 So more studied are needed to prove the relationship between multiple gestation and ROP.

Moderate-to-severe BPD was one of the risk factors for any stage of ROP in our study, the same result as many other 
studies.28,29 Stark and coworkers reported that both BPD and ROP may share common molecular mechanisms predis
posing to dysregulation of angiogenesis.30 Some studies suggested that corticosteroids play an important role in the 
relationship between the BPD and ROP.31

Table 3 Multivariate Analysis of Risk Factors for Severe ROP

P value OR 95% CI

BW 0.002 0.995 0.992–0.998

Male gender 0.026 2.574 1.118–5.926

Abbreviation: BW, birth weight.

Table 4 Multivariate Analysis of Risk Factors for Any Stage ROP

P value OR 95% CI

GA 0.001 0.718 0.593–0.871

Twin birth 0.026 1.594 1.056–2.406

BPD (Moderate to severe) 0.016 2.334 1.147–4.625

Abbreviations: GA, gestational age; BPD, Bronchopulmonary dysplasia.
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One limitation of our study is that many patients were lost to follow up or died after the first time screening, so we 
could not know if their ROP had progressed. It is difficult to avoid selection bias and recall bias for a case–control study. 
The strength of our study is for a single-center study, we have a larger number of cases.

Conclusion
The incidence of ROP at any stage and ROP requiring treatment was 40.1% and 3.6% respectively in our NICU. Higher 
BW was protective, whereas male gender were risk factors for the development of severe ROP. A higher GA was 
protective, whereas twin birth and moderate-to-severe BPD increased the hazard of any stage ROP.

Abbreviations
BW, birth weight; GA, gestational age; NICU, neonatal intensive care unit; PMA, post-menstrual age; ROP, retinopathy 
of prematurity; GDM, gestational diabetes mellitus; BPD, Bronchopulmonary dysplasia; NEC, Necrotizing enterocolitis; 
IVH, Intraventricular hemorrhage; RBC, red blood cell.
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