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Background: Retinopathy of prematurity (ROP) is rising in China alongside improved neonatal intensive care. Current screening,
reliant on gestational age (GA) and birth weight (BW), faces challenges of resource constraints and infant burden. Postnatal weight
gain rate (WGR) is a potential predictive marker, but robust data on its value, particularly for severe ROP, and validated thresholds
within the Chinese population are lacking. The study aimed to examine the risk factors linked with the incidence of retinopathy of
ROP.

Methods: A retrospective cohort analysis was conducted on 230 preterm infants (GA <32 weeks, BW <2000g) admitted to a neonatal
intensive care unit (2016-2020). Infants were categorized into non-ROP (n=189) and ROP (n=41) groups; the ROP group was further
stratified into mild (n=32) and severe (n=9) subgroups. Clinical data, including GA, BW, comorbidities and WGR, were analyzed.
Univariate analysis, multivariate logistic regression, and receiver operating characteristic (ROC) curve analysis were employed.
Results: In the univariate analysis, the non-ROP group manifested superior values in GA, BW, and rates of weight gain in comparison
to the ROP group (all P < 0.05). Multivariate analysis identified lower GA (OR=0.91, 95% CI=0.83-0.99, P=0.03), lower BW
(OR=0.99, 95% CI=0.99-1.00, P=0.04), and lower WGR (OR=0.73, 95% CI=0.63-0.83, P<0.01) as independent risk factors for ROP.
GA, BW, and WGR were significantly higher in the mild vs severe ROP group (all P<0.05). ROC analysis demonstrated that WGR
<24.5 g/day predicted any ROP (AUC=0.939, 95% CI=0.905-0.973, sensitivity 90.2%, specificity 86.8%, P<0.05). Crucially, WGR
<18 g/day predicted severe ROP (AUC=0.865, 95% CI=0.70-1.00, sensitivity 100%, specificity 66,7%, P<0.05).

Conclusion: Diminished GA, reduced BW, and sluggish weight gain rates have been correlated with an elevated susceptibility to
ROP. Notably, a diminished rate of weight gain can serve as an anticipatory marker for severe ROP, given its heightened propensity to
precipitate the onset of severe ROP.

Trial Registration: Full name of the registry: Chinese Clinical Trial Registry, http://www.chictr.org.cn. Trial registration number:
chiCTR2400087938. Date of registration: 2024-08-07.
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Background

Retinopathy of prematurity (ROP) manifests as aberrant proliferation of retinal vasculature and stands as a significant
etiology of childhood blindness.! The proliferation of neonatal intensive care units (NICUs) and advancements in
medical technology have concomitantly elevated the survival rates of preterm and low/very-low-birth-weight infants,
yet this positive trend is paralleled by a commensurate increase in the incidence of ROP. Although most infants afflicted
with ROP exhibit a gradual recuperation with subsequent attainment of normal vision, the trajectory of the condition
may, in some instances, exhibit exacerbation. Left untreated, ROP has the potential to precipitate retinal detachment,
culminating in irreversible blindness.” The imperative of early screening and intervention cannot be overstated, serving
as pivotal measures to impede disease progression and enhance prognostic outcomes in neonates afflicted with ROP.?
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Nevertheless, high expenditure and pain during examination associated with frequent fundus examinations underscore
the urgent need for a more convenient and economical screening strategy for ROP. In accordance with existing studies,
the etiology of ROP is contingent upon a confluence of determinants, encompassing gestational age (GA), birth weight
(BW), and oxygen exposure in premature neonates.* ’ Notably, recent studies founded that the incidence of ROP was
associated with suboptimal postnatal weight accrual, suggesting its potential utility in refining screening criteria.®’
A 2025 Korean national cohort study of 13,778 very low birth weight infants (<1500 g) revealed a severe ROP (stage >3
or requiring treatment) incidence of 14.8%, with histological chorioamnionitis paradoxically reducing risk in infants
26-31 weeks’ gestation.'® Conversely, in low- and middle-income countries, ROP incidence has surged to 20%—47.4%,
attributed to expanded neonatal intensive care unit coverage without commensurate screening infrastructure.'' China
exemplifies this trend: with approximately 7-10% of 20 million annual births being preterm, ROP affects 30—40,000
infants yearly, of whom 20,000-30,000 face blindness risk.'* Despite this growing international evidence, data specifi-
cally evaluating the predictive value of WGR for ROP, and particularly for severe ROP, within the Chinese preterm
population remain limited. Existing Chinese studies have primarily focused on associations or smaller cohorts, and the
critical question of defining clinically applicable WGR thresholds to predict severe ROP risk in this population has not
been adequately addressed. Therefore, this retrospective cohort study aimed to identify risk factors associated with ROP
development in Chinese preterm infants, specifically evaluate the predictive value of postnatal weight gain rate (WGR)
for both any ROP and, crucially, severe ROP, and determine optimal WGR cut-off values using ROC curve analysis to
stratify the risk of severe ROP.

Our study addresses a significant gap by providing robust data on WGR as a predictive marker for ROP, with
a specific focus on severe disease, within a well-characterized cohort of Chinese preterm infants. Crucially, we establish
and validate a clinically relevant WGR threshold predictive of severe ROP risk. This novel finding has direct implica-
tions for refining ROP screening protocols in China, potentially reducing unnecessary examinations while ensuring
timely intervention for the highest-risk infants.

Methods

Participants

This retrospective cohort study was conducted on premature infants exhibiting GA < 32 weeks and/or BW <2000 g. The
infants under study were those admitted to our neonatal intensive care unit from September 1, 2016, to December 31,
2020, and were selected in strict adherence to the screening criteria outlined in the Guidelines for International
Classification of Retinopathy Prematurity, Third Edition."?

Inclusion criteria were as follows: (1) infants with complete medical records; (2) infants who underwent screening
tests for ROP, with detailed records of examination and treatment for fundus lesions; (3) infants without congenital
developmental malformations or metabolic diseases. We initially enrolled 243 premature infants and three subjects were
excluded for being concomitant with Down’s syndrome, congenital heart disease, and phenylketonuria, respectively. In
addition, four cases died and six infants did not receive fundus screening in our hospital, for which the infants were also
excluded. A total of 230 premature infants met the inclusion criteria.

Data of all enrolled infants were collected, encompassing GA, BW, ROP staging, weight gain rate, in vitro
fertilization (IVF), occurrences of multiple births (including twins), instances of invasive ventilator-assisted ventilation
before the initial fundus screening, and associated comorbidities like neonatal respiratory distress syndrome (NRDS),
intracranial hemorrhage, asphyxia, bronchopulmonary dysplasia (BPD), patent ductus arteriosus (PDA), history of blood
transfusion, as well as maternal comorbidities including gestational diabetes mellitus (GDM) and gestational hyperten-
sion (GH).

The BW of each infant was meticulously measured by a designated individual at 7, 14, 21, and 28 days postnatally up
to the first fundus screening. Low-birth-weight infants undergo generalized weight loss at the first postnatal week, for
which the weight gain rate (g/d) was computed from the second postnatal week to the initial postnatal fundus screening.
The average daily weight gain rate was determined using the formula: average daily weight gain rate = (weight at initial
postnatal fundus screening - weight at the second postnatal week)/number of days between measurements.
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All weights were measured with an ACS-20-YE electronic infant scale with a precision of 1 g, and the measuring
instruments underwent regular calibration by a designated individual. The study received approval from the Ethics
Committee of Hebei Provincial People’s Hospital (Research Review No. 138).

Study Methods

Screening Method for ROP

ROP was assessed by two qualified ophthalmologists respectively. When there were discrepant results, the more serious
result should be taken as the standard, which would be verified by an experienced ophthalmologist. Only those premature
infants exhibiting GA < 32 weeks, BW < 2000 g, and/or being with oxygen therapy history underwent fundus
examinations according to the screening criteria outlined in the International Classification of Retinopathy
Prematurity, Third Edition. The kind of infants have high risk of developing ROP and finally irreversible blindness if
left untreated. Employing a wide-angle digital pediatric retinal imaging system, specifically the Ret Cam 3, fundus
examinations were conducted within the temporal window of 4 to 6 weeks postpartum or at a corrected GA of 32 weeks,
contingent upon the stability of vital signs in the neonates. Subsequent to a meticulous evaluation of the overall health
status of the infants, informed consent for the examination was obtained from their respective families.

For the attainment of comprehensive mydriasis, infants received 1% compound tropicamide eye drops one hour
before the examination, followed by the administration of oxybuprocaine hydrochloride eye drops for corneal anesthesia.
The infants were securely immobilized in the supine position by nursing personnel. The ophthalmologist, utilizing an eye
speculum, meticulously exposed the eyelids, applied gel to the corneal surface, and systematically examined each
quadrant of the retina in both eyes employing the Ret Cam 3.

Diagnostic Criteria for ROP

ROP was identified using the criteria outlined in the International Classification of Retinopathy Prematurity, Third
Edition. Lesion locations were divided into zones I, II, and III, and severity was graded across five stages. The extent of
involvement was denoted by clock numbers, with additional lesions marked by “+”. Screening was conducted at 1 to
2-week intervals based on the disease stage and severity, continuing until the corrected GA reached 44 weeks or complete
vascularization of the peripheral retina.

Study Indicators

Infants were categorized into ROP and non-ROP groups based on screening results and diagnostic criteria. Information
on premature infants in both groups was collected, encompassing factors such as GA, BW, ROP staging, rate of weight
gain, delivery method, use of invasive ventilation (including tracheal cannula and machine-assisted ventilation), IVF,
multiple births (including twins), and presence of comorbidities like NRDS, intracranial hemorrhage, asphyxia, BPD, and
PDA. Additionally, data included a history of blood transfusions (such as plasma, red blood cells, and platelets during
hospitalization) and maternal comorbidities such as GDM and GH, with GDM diagnosed based on the American
Diabetes Association’s Standards of Medical Care in Diabetes-2021,'* and GH diagnosed following the 2020 edition
of the Guidelines."”

Stratification into Severe and Mild ROP Groups

Infants with ROP were further allocated into severe and mild ROP groups according to the degree of lesions. The severe
ROP group comprised infants who were receiving treatment. Treatment was administered to infants falling within this
category with an indication for surgical intervention. Conversely, the mild ROP subgroup included instances of stage 1
and 2 ROP, wherein spontaneous progression to retinal degeneration or complete retinal vascularization occurred by
45 weeks post-gestation. Criteria of treatment were delineated as follows: Infants diagnosed with threshold ROP, pre-
threshold type 1 ROP, or AROP received treatment with the anti-vascular endothelial growth factor (VEGF) drug
Lucentis. In instances of lesion recurrence or exacerbation post-treatment, a subsequent administration of anti-VEGF or
laser treatment ensued. Persistent retinal neovascularization post-anti-VEGF treatment prompted a repetition of laser

treatment in the avascular region of the peripheral retina for the management of non-regressed retinal conditions.'®!”
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Statistical Analysis

Statistical analyses were conducted using SPSS 25.0 software. The measurement data of normal distribution was
expressed as mean =+ standard deviation and non-normally distributed measurement data was expressed as median
with quartiles [M (P25, P75)]. Comparisons of GA, BW, and weight gain rate between mild ROP group and severe group
were performed using Wilcoxon rank-sum test. Other measurement data were compared using ¢ test between groups. In
addition, comparisons of count data between groups were conducted using chi-squared test. Initially, univariate analyses
were conducted to identify pertinent factors associated with ROP. These identified factors were subsequently subjected to
rigorous multivariate logistic regression analysis, employing the forward stepwise method to derive their respective odds
ratios (OR) and 95% confidence intervals (95% CI). In multivariate logistic regression analysis, count data was
transformed. Further, a receiver-operating characteristic (ROC) curve was meticulously constructed for the weight gain
rate to prognosticate ROP, and the ensuing area under the curve (AUC) was meticulously calculated to assess the
discerning efficacy of the model. Statistical significance was considered at P< 0.05.

Results

General Data

This study encompassed the screening of 230 prematurely born infants, with a distribution of 114 males and 116 females.
GA spanned from 25 to 32 weeks, demonstrating an average GA of 30.75 + 1.25 weeks. BW ranged between 650 and
2000 g, with a mean BW of 1546.52 + 285.68 g. Notably, 41 infants were identified with ROP, constituting 17.8% of the
group (41/230), while 82.2% remained unaffected (189/230).

Within the ROP group, 85.4% of infants (35/41) manifested ROP at stages 1 and 2, 14.6% (6/41) exhibited ROP at
stage 3, and none displayed ROP beyond stage 3 (refer to Table 1). Of particular significance, 22.0% of infants in the
ROP group (9/41) were diagnosed with severe ROP. These cases were characterized by a GA of 27.17 £+ 1.30 weeks and
a BW of 886.11 + 208.13 g. The subgroup of 9 infants comprised 5 males and 4 females. Treatment modalities included
laser therapy for 2 infants and intravitreal injection of the anti-VEGF drug (Lucentis) for 7 infants.

Univariate Analysis Results

The two groups exhibited significant statistical differences in terms of GA (=-6.37, P <0.05), BW (=-9.25, P <0.05), weight
gain rates (¢ =—9.69, P < 0.05), the proportion of infants with invasive ventilator-assisted ventilation (y* = 25.74, P < 0.05), the
proportion of infants combined with NRDS (% = 15.69, P <0.05), BPD (3* = 19.56, P < 0.05), or PDA (y* = 5.67, P <0.05), and
the proportion of infants with a history of blood transfusion (xz =18.34, P <0.05) (Table 2).

Conversely, no statistically significant differences was found between the two groups with respect to the proportion of
mothers combined with GH (x* = 2.76, P = 0.10) or GDM (* = 1.23, P = 0.27), the proportion of infants combined with
asphyxia (x* = 1.47, P = 0.23), intracranial hemorrhage (y* = 1.70, P = 0.192), sepsis (x> = 3.41, P = 0.06), or intrauterine
infectious pneumonia (x> = 4.00, P = 0.05).

Table | Baseline Characteristics of Premature Infants

Characteristics Non-ROP Group ROP group t/ZIy? value | P value
Cases (%) 189(82.2%) 41(17.8%)

Gender (male) 92(48.7%) 22(53.7%) 0.33 0.56
GA (week) 31.04+0.94 29.37+1.55 —6.37 <0.01
BW (g) 1615.87+240.27 1226.83+261.61 -9.25 <0.01
In vitro fertilization 35(18.5%) 12(29.3%) 2.40 0.12
Caesarean section 143(75.7%) 29(70.7%) 0.43 0.51
Multiple births 49(25.9%) 13(31.7%) 0.57 0.45
Weight gain rate (g/day) 28.39+5.21 19.98+4.21 —9.69 <0.01

Abbreviations: BW, birth weight; GA, gestational age; ROP, retinopathy of prematurity; F, female; M, male.
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Table 2 Univariate Analysis of Factors Influencing ROP

Items Groups ROP Non-ROP Chi-squared P value
Group (n=41) Group (n=189) valuely?/t value

GA (week) 29.37+1.55 31.04£0.94 —6.68 <0.001

BW (g) 1226.83£261.61 1615.87+240.27 —9.25 <0.001

Weight gain rate (g/day) 19.98+4.21 28.39+5.21 —9.69 <0.001

Invasive ventilator Yes 30(73.2) 58(30.7) 25.74 <0.001
No 11(26.8) 141(69.3)

NRDS Yes 25(61.0) 55(29.1) 15.69 <0.001
No 16(39.0) 134(70.9)

BPD Yes 21(51.2) 35(18.5) 19.56 <0.001
No 20(48.8) 154(81.5)

PDA Yes 10(24.4) 21(11.1) 5.67 0.017
No 31(75.6) 168(88.9)

History of blood transfusion Yes 35(85.4) 93(49.2) 18.34 <0.001
No 6(14.6) 96(50.8)

Abbreviations: BW, birth weight; GA, gestational age;

bronchopulmonary dysplasia; PDA, patent ductus arteriosus.

Multivariate Logistic Regression Analysis of ROP-Related Factors

The study entailed a multivariate logistic regression analysis utilizing the forward stepwise method. The independent

ROP, retinopathy of prematurity; NRDS, neonatal respiratory distress syndrome; BPD,

variables comprised factors identified as statistically significant in the univariate analysis. The dependent variable was the
presence or absence of ROP. The findings indicated that the occurrence of ROP was associated with GA (OR = 0.91;
95% CI=0.83-0.99; P =0.03), BW (OR = 0.99; 95% CI = 0.99—1.00; P = 0.04), and weight gain rates (OR = 0.73; 95%
CI = 0.63-0.83; P = 0.00), all identified as risk factors (P < 0.05, Table 3).

Analysis of Differences Between the Mild and Severe ROP Groups

GA, BW, and weight gain rates were subjected to comparative analysis between the mild and severe ROP groups,

employing the Wilcoxon rank-sum test. The #-test outcomes demonstrated statistically significant disparities in GA, BW,

and weight gain rates between the two groups (P < 0.05, Table 4).

Table 3 Multivariate Logistic Regression Analysis of Factors Influencing

ROP
Items Wald Value | OR value (95% CI) | P value
GA (weeks) 4.52 0.91(0.83, 0.99) 0.03
BW (g) 433 0.99(0.99, 1.00) 0.04
Weight gain rate (g/day) 20.84 0.73(0.63, 0.83) <0.01

Abbreviations: BW, birth weight; GA, gestational age; ROP, retinopathy of prematurity;
OR, odds ratio; Cl, confidence interval.

Table 4 Comparisons of GA, BW, and Rate of Weight Gain Between the Severe and Mild

ROP Groups
Items Mild ROP Group | Severe ROP Group | Statistics | P value
GA (week) 30.12%1.01 27.17£1.30 48.15 <0.001
BW (g) 1322.67+184.25 886.11+208.13 37.319 <0.001
Weight gain rate (g/day) 21.313.16 15.22+4.18 22.66 <0.001

Abbreviations: BW, birth weight; GA, gestational age; ROP, retinopathy of prematurity.
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Differences in Weight Gain Rates Between the Mild and Severe ROP Groups

Infants were stratified according to their daily weight gain, utilizing intervals of 10 g/day. Subsequent to this
categorization, data analysis ensued employing the chi-squared (2) test or, in instances where the expected frequency
fell below 5, the exact test. Following these analytical procedures, an ROC curve was constructed, and the standard
values and sensitivity were ascertained vis-a-vis specificity. The AUC was subsequently computed as a measure of
performance.

The comparative analysis of frequency was conducted between the mild and severe ROP groups. The results
delineated a prevailing pattern in the severe ROP group, where the majority of infants (7 out of 9, or 77.78%) exhibited
a weight gain rate below 20 g/day. In contrast, the predominant trend in the mild ROP group was characterized by
a weight gain rate surpassing 20 g/day for a significant proportion of infants (22 out of 32, or 68.8%). This discernible
distinction suggests a lower weight gain rate in the severe ROP cohort relative to its mild counterpart. Furthermore,
a notable inverse relationship was observed, indicating a diminishing proportion of infants with severe ROP as the weight
gain rate increased, as visually depicted in Figure 1.

The predictive efficacy of the weight gain rate in anticipating the occurrence of ROP was assessed through the
construction of an ROC curve. Sensitivity is represented on the y-axis, while (1-specificity) is plotted on the x-axis, with
sensitivity and specificity values derived from various cutoff points. Examination of the ROC curve disclosed a notable
association between premature infants with a weight gain rate below 24.5 g/day and an elevated susceptibility to ROP
(AUC = 0.939; 95% CI = 0.905—0.973; P<0.05) (Figure 2a). The weight gain rate < 24.5 g/day exhibited a sensitivity of
90.2% and specificity of 86.8% in its predictive capacity for ROP.

Similarly, an additional ROC curve was constructed to assess the accuracy of predicting severe ROP based on the rate
of weight gain (see Figure 2b). According to the ROC curve analysis, premature infants manifesting a weight gain rate
below 18 g/day were identified as being at a heightened risk of developing severe ROP (AUC = 0.865; 95% CI = 0.70
—1.00; P < 0.05). The sensitivity and specificity at the designated threshold of a weight gain rate < 18 g/day for predicting
severe ROP were determined to be 100% and 77.8%, respectively.

Frequency distribution within the mild and severe ROP groups across diverse
weight gain rates

25 r

= Mild ROP group
20
L m Severe ROP group

Frequency
9

(=]
T

oL L
<10g/d 10-20g/d >20g/d
Weight gain rate

Figure | Frequency distribution within the mild and severe ROP groups across diverse weight gain rates. Mild ROP group; Severe ROP group; frequency; Weight gain rate.
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Figure 2 ROC curves for the prediction of ROP using the rate of weight gain. (a) The ROC curve for prediction of ROP using rate of weight gain rate (AUC = 0.939;
95% ClI = 0.905-0.973; P < 0.05). (b) The ROC curve for prediction of severe ROP using rate of weight gain rate (AUC = 0.865; 95% ClI = 0.70—1.00; P < 0.05).
Abbreviations: Cl, confidence interval; ROC, receiver-operating characteristic; ROP, retinopathy of prematurity.

Discussion

While low GA, BW, and postnatal growth are established risk factors for ROP globally,* 7'®%* significant knowledge
gaps persist regarding their specific predictive utility, particularly for severe ROP, within the unique context of the
Chinese preterm population. Existing Chinese studies have reported ROP incidence but often lacked granular analysis of
severe ROP or robust evaluation of postnatal WGR as a predictive biomarker. Critically, clinically applicable WGR
thresholds to stratify severe ROP risk, essential for optimizing resource-constrained screening programs in regions like
China experiencing rapid NICU expansion without commensurate screening infrastructure,''"'> have not been well-
defined or validated. This study aimed to specifically address this gap by rigorously evaluating WGR as a predictor for
both any ROP and, more importantly, severe ROP in a well-characterized Chinese cohort, and establishing evidence-
based WGR cut-offs for clinical risk stratification. Furthermore, we meticulously differentiated distinctions between mild
and severe ROP groups, revealing statistically significant differences in BW and GA. This underscores the nuanced role
of BW and GA, particularly in the context of severe ROP. Specifically, diminished GA and BW correlate with an
augmented predisposition to severe ROP. Against the backdrop of an escalating survival rate among premature infants in
China, the attendant risk of severe ROP is concomitantly surging. In light of these emergent trends, clinicians must
intensify surveillance protocols and institute timely interventions for these vulnerable infants, thereby preempting the
advent of deleterious complications.

Increasing attention is being directed toward the examination of postnatal factors in relation to ROP among premature
infants. A focal point of research interest lies in exploring the correlation between weight gain and nutritional support and
their impact on ROP. Scholars propose that postnatal weight gain assumes a pivotal role as a predictive factor for ROP
occurrence in premature infants.?' > Several studies have put forth the notion that the rate of weight gain may serve as
a substitute for serum insulin-like growth factor (IGF-1) and VEGF as a critical predictor of ROP.***3

In a retrospective analysis encompassing premature infants with a GA of <30 weeks and BW of < 1500 g, McCauley et al
observed a heightened risk of severe ROP among infants with a weight gain rate of less than 23 g/day. Employing the weight
gain rate as a significant predictor of ROP, they proposed a substantial reduction in the number of ophthalmologic tests without
a concurrent increase in missed diagnoses.?® Doshi et al conducted a screening study for ROP in western India, noting that
infants with ROP exhibited a mean weight gain rate of 18.21 (+10.84) g/day, while those with severe ROP had a mean weight
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gain rate of 11.56 (+7.77) g/day. Their hypothesis centered on the relevance of a low weight gain rate to the occurrence of
severe ROP.?” However, there was limited studies concerning weight gain rate and ROP in premature infants in our country.
Similarly, the present study, involving a retrospective analysis of 230 premature infants with GA <32 weeks and BW <2000 g,
identified the weight gain rate as a risk factor for ROP development. Notably, among the 41 infants with ROP, those with
severe ROP (9 infants) had an average weight gain rate of 15.22 g/day, while the mild ROP group exhibited a rate of 21.31 g/
day, and the non-ROP group showed a rate of 28.39 + 5.21 g/day. These findings suggest that a lower weight gain rate is
indicative of a higher risk of both ROP and severe ROP. Consistent with findings of Doshi et al, the results indicated
association between weight gain rate and high incidence of ROP in our country. More attention should be paid to weight gain
rate of premature infants, for that infants with low weight gain rate are more likely to develop ROP and even severe ROP.

Despite the normal weight gain rate being approximately 25—-30 g/day in the first 3 months post-birth, premature
infants, owing to the immaturity of their systems and organs, require a combination of enteral and parenteral nutrition to
sustain growth and development.?® Insufficient caloric supply at an early stage can impede the division of retinal vascular
epithelial cells, leading to impaired retinal maturation. Low levels of IGF-1 fail to adequately activate retinal VEGF,
resulting in poor retinal vascular growth and the eventual development of ROP. Notably, IGF-1 levels correlate with
postnatal weight gain rates. However, while IGF-1 requires a blood test, the weight gain rate can be easily measured.
Consequently, the weight gain rate may serve as a viable substitute for IGF-1 as a marker for ROP, a hypothesis
corroborated by our findings that infants with a lower weight gain rate manifested more severe ROP.

The core innovation and clinical significance of our findings lie in the establishment of validated WGR thresholds
(<24.5 g/day for any ROP; <18 g/day for severe ROP) within a Chinese cohort. These thresholds provide quantifiable,
easily measurable targets that significantly enhance risk prediction beyond GA and BW alone, particularly for identifying
infants at highest risk of vision-threatening severe ROP. This is a crucial advancement for the Chinese setting, where
optimizing screening efficiency is paramount. Our findings thus bridge the gap between a measurable clinical parameter
(WGR) and the underlying pathophysiology, offering a practical tool for risk assessment. While McCauley et al*® and
Doshi et al*’ reported associations between low WGR and ROP/severity, our study is the first to define and validate
specific WGR cut-offs predictive of severe ROP risk within the Chinese preterm population, directly addressing the
critical need for locally applicable risk stratification tools. Our validated WGR thresholds have direct and significant
implications for refining ROP screening protocols in China, directly addressing the challenge of balancing screening
sensitivity with resource constraints and infant burden. Integrating WGR into risk stratification models offers a clear
pathway to personalized screening: Infants with WGR > 24.5 g/day, despite meeting traditional GA/BW criteria, may
represent a lower-risk subgroup. For these infants, screening intensity or frequency could potentially be safely
reduced after initial assessment, significantly alleviating the burden of frequent, costly, and distressing examinations
without compromising detection of significant disease. Conversely, infants with WGR < 18 g/day demand the highest
vigilance and constitute the highest-risk group for severe ROP. This threshold serves as a critical red flag, warranting
more frequent or prioritized screening schedules regardless of GA/BW being borderline, ensuring that sight-threatening
disease is detected at the earliest possible stage for timely intervention (eg, anti-VEGF therapy). Implementing this
WGR-stratified approach holds substantial promise for transforming ROP management in China: it can dramatically
reduce unnecessary examinations and associated costs/discomfort for lower-risk infants while concentrating limited
resources on those infants at the quantifiable highest risk of severe, vision-threatening ROP. This represents a tangible
step towards more efficient, targeted, and patient-centered screening. In subsequent clinical endeavors, vigilant scrutiny
of weight gain and nutritional status of premature infants is recommended. This proactive stance holds promise in
augmenting ROP prediction, enabling the timely identification of infants at elevated risk for both ROP and severe ROP,
thereby facilitating early diagnostic and therapeutic interventions.

Our study also demonstrated that the utilization of invasive ventilator-assisted ventilation did not amplify the
susceptibility to ROP. In contrast, certain studies have revealed an association between the use of invasive ventilators
and an increased risk of ROP. These studies suggest factors such as hyperbaric oxygen exposure and fluctuating oxygen
levels during mechanical ventilation may influence the development of retinal vasculature, or that invasive ventilator-
assisted ventilation may directly contribute to lung injury.>’
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In China, oxygen therapy is indicated for premature infants experiencing respiratory distress, arterial partial pressure
of oxygen below 50 mmHg, or transcutaneous oxygen saturation on inhaled air below 85%. Accordingly, we propose that
maintaining strict adherence to the prescribed indications for oxygen therapy during the treatment and rescue of preterm
infants is crucial. Furthermore, we assert that with a judicious understanding and application of the criteria for the use of
invasive ventilators, their use does not heighten the risk of ROP.

In mainland China, a study conducted by Zhou et al in 2015 revealed a prevalence of 15.2% for ROP among
premature infants with a GA of 34 weeks or less. This cohort exhibited a distribution of 92.3% for mild ROP (stages 1
and 2) and 7.7% for severe ROP (stages 3 and above).*® In our study, we identified a prevalence of 17.8% for ROP in
premature infants with a GA < 32 weeks. Within this group, 85.4% (35/41) presented with mild ROP (stages 1-2), while
14.6% exhibited severe ROP (stages 3 and above). The disparity in prevalence rates can be attributed to different
participant selection criteria, wherein a diminutive GA is concomitant with an augmented susceptibility to ROP
manifestation.

Despite these promising implications, several critical research gaps remain that warrant further investigation to fully
realize the potential of WGR in clinical practice. Firstly, our study established WGR thresholds within a specific cohort
(GA <32 weeks, BW <2000 g). The generalizability and optimal thresholds for subpopulations with even lower GA/BW
(eg, < 28 weeks, BW < 1000 g) or in diverse geographic/ethnic settings within China need prospective validation in
larger, multi-center cohorts. Such studies should specifically assess whether the identified thresholds (24.5 g/day and 18
g/day) require adjustment for these higher-risk subgroups or different healthcare environments. Secondly, while we
identified WGR as a powerful predictor, the precise biological mechanisms linking suboptimal weight gain to severe
ROP pathogenesis, particularly the dynamics of IGF-1 and VEGF signaling in relation to longitudinal WGR patterns in
the Chinese population, require deeper mechanistic exploration. Future studies integrating serial measurements of IGF-1,
VEGF, and other relevant biomarkers alongside meticulous WGR tracking could elucidate these pathways and potentially
identify even earlier or more specific predictive signatures. Thirdly, translating these WGR thresholds into optimized,
cost-effective screening algorithms demands implementation research. Future work should focus on developing and
prospectively evaluating integrated risk prediction models that combine GA, BW, WGR, and potentially other readily
available clinical factors (eg, oxygen duration, comorbidities like BPD). Crucially, the impact of incorporating WGR on
real-world screening efficiency (reduction in examinations), cost savings, workload burden on NICUs and ophthalmology
services, and crucially, the sensitivity and specificity for detecting all treatable ROP (ensuring no severe cases are missed)
must be rigorously assessed in operational settings. Cost-effectiveness analyses comparing WGR-stratified screening
versus standard GA/BW-based protocols are essential to guide policy decisions in resource-constrained settings. Fourthly,
the interplay between nutritional strategies, WGR, and ROP risk needs clarification. Future research should investigate
whether specific nutritional interventions aimed at optimizing postnatal growth trajectories can demonstrably reduce the
incidence of severe ROP. Randomized controlled trials evaluating targeted nutritional support for infants identified as
high-risk based on early WGR patterns would be highly valuable.

Despite its potential benefits, translating WGR-based stratification into routine practice faces practical hurdles. Key
barriers include: (1) Ensuring consistent and accurate WGR measurement across diverse NICUs, requiring standardized
protocols for weighing timing and technique; (2) Integrating WGR calculation and risk flagging into clinical workflows,
necessitating health IT system adaptations; (3) Fostering effective interdisciplinary collaboration between neonatology,
nursing, nutrition, and ophthalmology teams. Addressing these operational challenges is crucial for successful real-world
adoption.

Conclusion

In this retrospective cohort study of 230 Chinese preterm infants (GA < 32 weeks, BW <2000 g), we identified low GA,
low BW and diminished postnatal WGR as significant independent risk factors for the development of ROP. Crucially,
we established and validated clinically applicable WGR thresholds predictive of ROP risk within this population: a WGR
<24.5 g/day was significantly associated with any ROP, and a WGR < 18 g/day specifically predicted severe ROP. These
findings underscore the critical role of postnatal growth velocity, measured simply by WGR, as a robust predictor,
particularly for severe disease. Integrating WGR thresholds into existing GA/BW-based screening protocols offers
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a promising strategy for personalized risk stratification. This approach has the potential to significantly reduce the
frequency of unnecessary, costly, and distressing fundus examinations for lower-risk infants while ensuring intensified
surveillance and timely intervention for those infants at the highest quantifiable risk of vision-threatening severe ROP,
thereby improving both clinical outcomes and resource allocation.

While this study provides valuable insights and practical thresholds, several limitations warrant consideration. Firstly,
the retrospective design at a single center inherently limits causal inference and may introduce selection bias. Secondly,
the sample size, particularly for the severe ROP subgroup, though sufficient for initial threshold derivation, necessitates
validation in larger, prospective cohorts. Thirdly, our cohort focused on infants with GA < 32 weeks and BW < 2000 g;
the generalizability of the specific WGR thresholds (24.5 g/day and 18 g/day) to extremely preterm infants (eg, GA <
28 weeks, BW < 1000 g) or diverse geographic/ethnic populations within China requires confirmation. Fourthly, we
excluded infants with major congenital anomalies or metabolic diseases, potentially limiting applicability to these high-
risk subgroups. Finally, longer-term follow-up data on visual outcomes beyond the screening period were not available.
Future research should focus on validating these findings in larger, multi-center cohorts and exploring the biological
mechanisms underpinning the link between weight gain and ROP. Additionally, further work is needed to integrate these
findings into practical clinical tools and assess their impact on clinical outcomes.
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