
Abstract
Aim: To assess the effect of postnatal weight gain characteristics and multiple risk factors on treatment-
required retinopathy of prematurity.
Methods: The medical records of preterm infants who were followed up for retinopathy of prematurity in a 
tertiary referral center were retrospectively reviewed. Infants were grouped as Treatment(-) (retinal matu-
ration without treatment) and Treatment(+) (treatment required). Retinopathy of prematurity findings, 
weight gain and weight gain rates at the 4th and 6th weeks, and clinical features were noted. The best 
cut-off points for the weight gain and weight gain rate were assessed with the area under the receiver 
operating characteristic curve. Risk factors were determined by the logistic regression model.
Results: Twenty-eight of 201 preterm infants (13.5%) were in the treatment (+) group. Birth weight, ges-
tational age, weight gain, and weight gain rate at the 4th and 6th weeks were lower, the duration of 
oxygen therapy and hospitalization was longer, and a history of bronchopulmonary dysplasia, necrotizing 
enterocolitis, prolonged mechanical ventilation, and erythrocyte transfusion was more common in the 
treatment (+) group (p<0.05). The best cut-off points (and area under the receiver operating character-
istic curve) were calculated as 297.5 g (0.779) and 504.5 g (0.771) for weight gain and 21.02% (0.697) and 
54.80% (0.670) for weight gain rates at the 4th and 6th weeks, respectively. History of bronchopulmonary 
dysplasia and prolonged mechanical ventilation were independently associated with severe retinopathy 
of prematurity.
Conclusion: Preterm infants with a history of low weight gain profile at the 4th week, bronchopulmonary 
dysplasia, and prolonged mechanical ventilation should be carefully monitored for the development of the 
treatment-required retinopathy of prematurity.
Keywords: Birth weight; bronchopulmonary dysplasia; mechanical ventilation; retinopathy of prematurity; 
weight gain

Öz
Amaç: Postnatal kilo alımı özelliklerinin ve çoklu risk faktörlerinin tedavi gerektiren prematüre retinopatisi 
üzerindeki etkisinin değerlendirilmesi.
Yöntemler: Üçüncü basamak bir sevk merkezinde prematüre retinopatisi nedeniyle takip edilen preterm 
infantların tıbbi kayıtları retrospektif olarak incelendi. İnfantlar Tedavi (-) (tedavisiz retinal matürasyon) ve 
tedavi (+) (tedavi gerekli) olarak gruplandırıldı. Prematüre retinopatisi bulguları, 4. ve 6. haftalardaki kilo 
alımı, kilo alımı oranları ve klinik özellikler not edildi. Kilo alımı ve kilo alımı oranı için en iyi kesim noktaları 
alıcı işletim karakteristik eğrisi altı alan ile değerlendirildi. Risk faktörleri lojistik regresyon modeli ile be-
lirlendi.
Bulgular: İki yüz bir preterm infanttan 28’i (%13,5) tedavi (+) grubundaydı. Tedavi (+) grubunda doğum 
ağırlığı, gebelik yaşı, kilo alımı ile 4. ve 6. haftalardaki kilo alımı oranı daha düşük, oksijen tedavisi ve has-
tanede yatış süresi daha uzun ve bronkopulmoner displazi, nekrotizan enterokolit, uzamış mekanik ventila-
syon ve eritrosit transfüzyonu öyküsü daha yaygındı (p<0,05). En iyi kesim noktaları (ve alıcı işletim karak-
teristik eğrisi altı alan) 4. ve 6. haftalardaki kilo alımı için sırasıyla 297,5 g (0,779) ve 504,5 g (0,771) ve kilo 
alımı oranları için %21,02 (0,697) ve %54,80 (0,670) olarak hesaplandı. Bronkopulmoner displazi öyküsü ve 
uzamış mekanik ventilasyon bağımsız olarak tedavi gerektiren prematüre retinopatisi ile ilişkiliydi.
Sonuç: Dördüncü haftada düşük kilo alımı profili, bronkopulmoner displazi ve uzamış mekanik ventila-
syon öyküsü olan preterm infantlar tedavi gerektiren prematüre retinopatisi gelişimi açısından dikkatle 
izlenmelidir.
Anahtar Sözcükler: Ağırlık artışı; bronkopulmoner displazi; doğum ağırlığı; mekanik ventilasyon; pre-
matüre retinopatisi
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INTRODUCTION
Retinopathy of prematurity (ROP) is an abnormal pro-
liferative retinal vasculopathy that results from the rel-
ative ischemia of non-vascularized immature retinal 
areas in premature infants and may cause blindness 
in the advanced stages (1, 2). Therefore, it is necessary 
to determine the risk factors of patients carefully, per-
form their follow-up regularly, apply the appropriate 
treatment in a timely manner when necessary, and en-
sure continuous communication between the experi-
enced and specialized ophthalmologist, neonatologist, 
and the infant’s family in terms of ROP. 

As a result of the studies conducted, it has been 
shown that premature birth is not a risk factor by it-
self, and ROP is a multifactorial disease. Low birth age 
and weight, application of high-concentration oxygen 
therapy in the neonatal intensive care unit (NICU), 
neonatal sepsis, erythrocyte transfusion (ET), history 
of bronchopulmonary dysplasia (BPD), perinatal as-
phyxia, intraventricular hemorrhage (IVH), apneic 
attacks, acidosis, and many other factors have been 
examined in terms of their role in the etiology of the 
disease (3-6). Some recent studies have shown that the 
weight gain of premature infants is effective on the in-
cidence and stage of ROP (6-12). It has been shown 
that physiological weight gain during the postnatal pe-
riod is related to serum Insulin-Like Growth Factor-1 
(IGF-1) level, and it has been thought that low serum 
IGF-1 level in premature infants with very low birth 
weight is a risk factor for the development of ROP (1, 
8, 13, 14). Although there have been studies associat-
ing weight gain with ROP, there are limited studies in 
which weight gain has been ratioed to birth weight, 
and this ratio has been associated with treatment-re-
quired ROP (15-18).  

This study aims to retrospectively investigate the ef-
fects of weight gain characteristics during the neonatal 
intensive care unit (NICU) period and other risk factors 
on the development of the treatment-required ROP in 
premature infants enrolled in a screening and follow-up 
program for ROP in a tertiary referral center.

MATERIAL AND METHODS
The medical records of 207 infants who were hospital-
ized in the NICU of a tertiary referral center between 

September 2010 and September 2014 due to preterm 
birth and who were screened and followed up for ROP 
by an experienced ophthalmologist at the same center 
were retrospectively analyzed. All infants born in the 
35th gestational week and/or with a birth weight un-
der 1500 g and infants born after the 35th gestational 
week, for whom consultation had been requested by 
neonatologists because of the risk, were included in 
the study. The study was performed with the approval 
of the Bakirköy Dr. Sadi Konuk Educational and Re-
search Hospital Clinical Research Ethics Committee 
(date: 12.12.2014, decision no: 2014-17-16), and the 
research protocol was conducted in accordance with 
the Declaration of Helsinki. Informed consent was ob-
tained from the parents of the infants included in the 
study.

All previous ROP screening examinations had 
been scheduled according to the International ROP 
Classification, and all examination findings had been 
recorded according to the American Pediatric Oph-
thalmology and Strabismus Society criteria (19, 20). 
Infants were divided into two groups based on previ-
ous ROP examination findings: Cases who achieved 
retinal maturation without treatment were grouped as 
Treatment(-), whereas cases who required treatment 
due to the presence of Type 1 ROP or threshold ROP 
were grouped as Treatment(+).

Gestational age (in weeks), birth weight, duration 
of the NICU hospitalization, weekly weight gain, and 
the type and duration of oxygen therapy administered 
were obtained from medical records. Cases with a du-
ration of mechanical ventilation >21 days were cate-
gorized as prolonged mechanical ventilation. Weight 
gain rates at the 4th and 6th weeks were calculated 
with the following formula:

(actual weight at 4th or 6th week – birth weight) * 
100 / birth weight 

Medical records of the cases were reviewed, and 
the history of necrotizing enterocolitis, sepsis, BPD, 
IVH, and ET were noted. The presence of intrauterine 
comorbidities such as oligo/polyhydramnios, multiple 
pregnancy, and maternal conditions were also col-
lected from medical records. Cases with a history of 
pathologies that prevented weight gain, such as con-
genital gastrointestinal system anomalies, cases with 
pathologic weight gain profile, such as hydrocephalus 
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and massive edema, and cases with no weight gain 
data during the first postnatal period of 6 weeks, were 
excluded.

Statistical analyses
Statistical analysis was performed using the Statisti-
cal Package for the Social Sciences package program 
version 22.0 for Windows (SPSS Inc. Chicago, IL, 
USA). Continuous variables are presented as median 
and (interquartile range), and categorical variables 
are presented as numbers and (percentages). Pearson’s 
chi-square test was used to compare categorical data, 
and continuous variables were compared with the 
Mann-Whitney U test. Receiver operator characteris-
tic (ROC) curves were constructed for weight gain and 
weight gain rates in the 4th and 6th week, and the best 
cut-off values were determined based on specificity 
and sensitivity. The area under the ROC curve (AUC) 
was calculated. Binary logistic regression analysis was 
used to analyze the risk factors. p<0.05 was considered 
statistically significant.

RESULTS
Two hundred and one preterm infants were included 
in this study. The mean gestational age was 30.00 ± 
2.59 weeks, and the mean birth weight was 1419.10 
± 415.61 g. During the follow-up period, 108 (53.7%) 
infants did not develop ROP, while ROP at any stage 
was observed in 93 (46.3%) infants. There were 173 
infants (86.1%) in the Treatment(-) group and retinal 
maturation was completed without treatment in this 
group. The Treatment(+) group included 28 infants 
(13.9%) who received laser photocoagulation and/or 
intravitreal anti-vascular endothelial growth factor 
(anti-VEGF) treatment due to the presence of Type 1 
ROP. None of the cases in the follow-up had ROP pro-
gression to stage 4 or above. Treatment(+) group had 
lower birth weight and gestational age compared to 
Treatment(-) group (p:0.002 and p:0.003, respectively) 
(Table 1). 

The weight gain and weight gain rate in the 4th 
week were 370.00 (257.50) g and 27.80 (17.36) % in 
the Treatment (-) group and 222.50 (213.75) g and 
19.54 (22.98) % in the Treatment (+) group (p<0.001 
and p:0.001, respectively). The weight gain and weight 

gain rate at the 6th week were 760.00 (362.50) g and 
55.56 (24.60) % in the Treatment (-) group and 495.00 
(379.25) g and 44.25 (24.24) % in the Treatment (+) 
group (p<0.001 and p:0.004, respectively) (Table 1). 
According to ROC curve analysis, the best cut-off 
point of the weight gain in the 4th week was 297.5 g 
(67.6% sensitivity, 77.8% specificity, and the AUC was 
0.776), and the best cut-off point of the weight gain 
in the 6th week was 504.5 g (86.7% sensitivity, 55.6% 
specificity, and the AUC was 0.771). When the weight 
gain rates were analyzed, the best cut-off point of the 
4th week was 21.02% (70.5% sensitivity, 59.3% speci-
ficity, and the AUC was 0.694), while it was 54.80% 
(53.2% sensitivity, 74.1% specificity, and the AUC was 
0.667) in the 6th week (Table 1) (Figure 1). 

In terms of other risk factors, the presence of small 
for gestational age (SGA), IVH, sepsis, and maternal 
factors did not differ between the groups (p>0.05). In 
the Treatment(+) group, a history of BPD, necrotiz-
ing enterocolitis, and ET were more common, and the 
duration of NICU hospitalization was longer (p<0.05) 
(Table 2). The duration of all types of oxygen therapy 
was found to be longer in the Treatment(+) group 
(p<0.05), and the frequency of prolonged mechani-
cal ventilation was higher in the Treatment(+) group 
(p<0.001) (Table 3). According to logistic regression 
analysis, BPD and prolonged mechanical ventilation 
statistically increased the risk of treatment-required 
ROP p:0.027 and p:0.047, respectively) (Table 4).

DISCUSSION AND CONCLUSION
Since ROP is one of the most preventable causes of 
blindness, guidelines have been established for the 
development of appropriate follow-up and screening 
programs. Many studies have been conducted to de-
termine the risk factors that may be associated with 
ROP (5, 6, 21). Studies reporting the prevalence of 
ROP vary between 10% and 65% according to coun-
tries, socioeconomic and demographic characteristics, 
and inclusion criteria. In this study, the incidence of 
ROP development at any stage was 45.4%, and the 
incidence of ROP requiring treatment was 13.5%. In 
a multicenter study from Türkiye, the incidence was 
reported to be 30%, and in a recent multicenter study 
in the USA, this rate was reported to be 65.8% (22, 23). 
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Table 1. Comparison of the gestational age, birth weight, and weight gain characteristics between the groups.
Treatment (-) n: 173 

median (IQR)
Treatment (+) n: 28 

median (IQR)
p*

Gestational age, week 30.00 (3.50) 28.50 (4.00) 0.002

Birth weight, g 1480.00 (605.00) 1155.00 (425.00) 0.003

4th-week weight gain, g 370.00 (257.50) 222.50 (213.75) <0.001

4th-week weight gain rate, % 27.80 (17.36) 29.54 (22.98) 0.001

6th-week weight gain, g 760.00 (362.50) 495.00 (379.25) <0.001

6th-week weight gain rate, % 55.56 (24.60) 44.25 (24.24) 0.004
n: Number of cases, IQR: Interquartile range, g: Gram, %: Percentage. *: Mann-Whitney U test. Bold p-values indicate statistical significance 
(p<0.05)

Table 2. Comparing the frequencies of risk factors between the groups.
Treatment (-) 

n: 173
Treatment (+) 

n: 28
p

Maternal risk factor, n (%) 75 (43.4%) 12 (42.9%) 0.961*

Multiple gestations, n (%) 29 (16.8%) 3 (10.7%) 0.581**

Gender (female/male) 83/90 12/16 0.615*

Small for gestational age, n (%) 23 (13.3%) 4 (14.3%) 1.000**

Bronchopulmonary dysplasia, n (%) 63 (36.4%) 21 (75.0%) <0.001*

Necrotizing enterocolitis, n (%) 25 (14.5%) 11 (39.3%) 0.001*

Erythrocyte transfusion, n (%) 67 (38.7%) 22 (78.6%) 0.004*

Sepsis, n (%) 84 (48.6%) 19 (67.9%) 0.091*

Intraventricular hemorrhage, n (%) 36 (20.8%) 8 (28.6%) 0.500*

Prolonged mechanical ventilation, n (%) 15 (8.7%) 12 (42.9%) <0.001*
n: Number of cases, %: Percentage. *: Chi-squared test, **: Fisher's exact test. Bold p-values indicate statistical significance (p<0.05)

Table 3. Duration of oxygen therapies according to types and the duration of hospitalization in the groups
Treatment (-)  

n: 173 
median (IQR)

Treatment (+)  
n: 28 

median (IQR)
p*

Duration of NICU hospitalization, days 38.00 (35.50) 74.00 (57.50) <0.001

Invasive mechanical ventilation, days 1.00 (5.00) 10.50 (54.75) <0.001

Nasal CPAP, days 3.00 (6.00 10.00 (15.00) <0.001

Oxygen hood, days 4.00 (7.00) 9.50 (15.75) 0.024

Incubator oxygen, days 1.00 (4.00) 5.00 (9.75) 0.002
n: Number of cases, IQR: Interquartile range, NICU: Neonatal intensive care unit, CPAP: Continuous positive airway pressure, IQR: Inter-
quartile range. *: Mann-Whitney U test. Bold p-values indicate statistical significance (p<0.05)

Table 4. Determination of the risk factors for treatment-required retinopathy of prematurity by logistic regression analysis. 
p Odds Ratio 95% CI

Bronchopulmonary dysplasia 0.027 3.096 1.139 – 8.413

Necrotizing enterocolitis 0.143 2.314 0.735 – 7.104

Erythrocyte transfusion 0.122 2.204 0.810 – 5.998

Prolonged mechanical ventilation 0.047 2.874 1.069 – 8.258
CI: Confidence interval. Bold p-values indicate statistical significance (p<0.05).
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In this study, it is thought that a difference in incidence 
may have been detected because patients whose weight 
gain records could be obtained until the 6th week were 
included. 

Many studies have been conducted to determine 
the risk factors of ROP, which is a multifactorial dis-
ease. Especially in the last two decades, studies have 
shown that birth weight and gestational age, as well as 
postnatal weight gain and serum IGF-1 levels, are ef-
fective on ROP development (8, 10, 13, 24-27). In ad-
dition, many prediction algorithms have been devel-
oped that include postnatal weight gain and/or IGF-1 
level (6, 8, 27, 28). The IGF-1 production of preterm 
infants born before the 33rd gestational week is very 
slow until the 44th gestational week, and postnatal se-
rum levels are regulated by total protein and caloric 
intake (10, 25). The WINROP (weight, IGF, neonatal 
ROP) algorithm described in 2006 aims to reduce the 
number of patients’ examinations using weekly weight 
gain, IGF-1, IGFBP-3, birth weight, gestational age, 
and to detect the ROP development earlier (8). In an-
other study conducted with the WINROP algorithm, 
it was observed that the algorithm gave the alarm in 
319 of 407 patients, and it covered 45 of 47 (95.7%) 
patients who developed Type 1 ROP in the follow-
up, and also by using the WINROP algorithm, it was 
thought that the number of painful and stressful ex-

aminations for preterm infants could be reduced by 
approximately 53% (29). In this study, the predictive 
efficacy of weight gain and weight gain rates at the 4th 
and 6th weeks were evaluated in terms of treatment-
required ROP. However, recently published validation 
studies in various populations have reported contro-
versial results regarding the ROP prediction of these 
algorithms (12, 17, 30-33). In the current study, weight 
gain and weight gain rates at both weeks 4 and 6 had 
statistically significant predictive efficacy. However, 
the accuracy of the weight gain and weight gain rate 
for the 4th week was higher than that for the 6th week. 
Furthermore, no superiority of weight gain rates com-
pared to cumulative weight gain rates in terms of pre-
dicting ROP development was demonstrated. Filho 
et al. determined the best cut-off point for the weight 
gain proportion at the 6th week for the development 
of severe ROP in very low birth weight preterm infants 
as 51.2% and calculated the AUC for this proportion 
as 0.63 (34). This finding is consistent with the results 
found in the current study, and unlike the previous 
study, the rate of weight gain in the 4th week was also 
evaluated.

Low birth weight and low gestational age have 
been described as the primary risk factors for the de-
velopment of ROP. In this study, lower birth weight 
and lower gestational age were observed in the Treat-
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Figure 1. A graph demonstrating the area under the curve with the receiver operator charac-
teristics (ROC) curves analysis of weight gain characteristics at 4th and 6th weeks, gestational 
age, and birth weight. WG: Weight gain, AUC: Area under the ROC curve
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ment (+) group in accordance with previous studies. 
In addition to these risk factors, many studies have 
been conducted to define various risk factors for 
ROP, which is a multifactorial disease (6). However, 
controversial results have been reported in terms of 
other maternal and postnatal conditions. Considering 
clinical features of the preterm infants, although the 
history of ET, BPD, NEC, and prolonged mechanical 
ventilation were more frequent in the Treatment(+) 
group, only BPD and prolonged mechanical ventila-
tion were associated with increased treatment require-
ment, as revealed by a logistic regression model with 
binary data showing statistical differences between the 
two groups. According to the results of a previous me-
ta-analysis evaluating maternal blood pressure status, 
no evidence was found linking ROP to preeclampsia 
or eclampsia (35). Controversial results have also been 
reported in various studies examining the relationship 
between maternal glycemic status and ROP (36, 37). 
In the current study, the presence of both gestational 
diabetes and pre-eclampsia or eclampsia was defined 
as a “maternal risk factor”, and no association of ma-
ternal blood pressure and/or glycemic status with se-
vere ROP could be demonstrated. Prolonged oxygen 
therapy and the presence of BPD have been shown to 
be risk factors for ROP in previous studies (6). Consis-
tent with previous findings, both BPD and mechani-
cal ventilation for more than 21 days were found to be 
risk factors for ROP requiring treatment in the current 
study.

This study has some limitations. Since it was a sin-
gle center, the number of cases, especially in the severe 
ROP group, was relatively small. However, it is thought 
that by including cases from a single center in the 
study, a standard intensive care process was obtained, 
and the effect of confounding factors originating from 
the NICU was minimized. In addition, a large series 
could not be reached due to the exclusion of cases 
without weight gain data until the 6th week and the 
exclusion of cases consulted for ROP follow-up from 
different NICU centers. Therefore, some of the cases 
with treatment-requiring ROP were excluded from 
the study. Although many of the cases included in the 
study had a history of oxygen therapy such as mechan-
ical ventilation, nasal CPAP, etc., detailed information 
about the applied therapy (such as peak inspiratory 

pressure, respiratory rate, fraction of inspired oxygen 
level, target oxygen saturation) were not presented and 
analyzed in this study. The lack of information about 
the oxygen therapy administered can be considered a 
limitation of this study. However, as mentioned before, 
since the data were obtained from a single NICU, it 
can be considered that the oxygen therapy applied has 
certain standards. Another limitation of this study is 
that the data on weight gain were limited to postnatal 
4th and 6th weeks. It was assumed that the death or 
NICU discharge of some cases would limit the sam-
ple size, especially the number of cases in the Treat-
ment(+) group. Therefore, only the weight gain pro-
files of the first 6 weeks postpartum were evaluated in 
this study. Furthermore, the absence of an evaluation 
of blood levels of IGF-1, which is associated with post-
natal weight gain, and the lack of specification of the 
components of oral or parenteral nutritional support 
can be considered additional limitations of this study.

In conclusion, the present study, which evaluated 
the weight gain and weight gain rates at the postna-
tal 4th and 6th weeks, demonstrated that the weight 
gain profile at the 4th week had a higher diagnostic ef-
ficiency in predicting treatment-requiring ROP com-
pared to the 6th-week data. Moreover, the superiority 
of weight gain ratios over cumulative weight gain was 
not shown. In the evaluation of risk factors, it was re-
vealed that prolonged mechanical ventilation and the 
history of BPD caused an independent increased risk 
for ROP requiring treatment. Future studies evaluat-
ing multiple risk factors and long-term weight gain 
profiles are needed.
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