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Multiple systemic risk factors are associated with retinopathy of prematurity 
(ROP). We analyzed the role of low weight gain (WG) to predict the 
development of stage 3+ ROP among preterm infants. This study included 
126 newborns with birth weight ≤1500 g and gestational age <32 weeks. 
Preterm newborn infants were divided into two groups according to severity 
of ROP as: preterm infants without ROP or mild ROP (Group 1) and preterm 
infants with stage 3+ ROP (Group 2). WG and WG proportion were measured 
at completed 4 and 6 weeks of life. The patients under the cut-off point 
according to receiver operating characteristic curve were classified as low 
WG patients. WG and WG proportion were significantly lower in Group 2 
than in Group 1 at the 4th and 6th weeks of life. We concluded that low 
WG and WG proportion at the 4th and 6th weeks of life were predictive 
for the development of stage 3+ ROP. Preterm babies with low birth weight 
and low WG should be followed closely for severe ROP.
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Retinopathy of prematurity (ROP) is a 
multifactorial disease that is characterized 
by abnormal vascular proliferation of the 
retina1,2. ROP is a major cause of preventable 
blindness in children all over the world3-5. 
Multiple systemic risk factors are associated 
with ROP, including low gestational age, low 
birth weight, oxygen exposure, mechanical 
ventilation therapy, respiratory distress 
syndrome, sepsis, intraventricular hemorrhage, 
and erythrocyte transfusions6-8. There are few 
studies investigating the relationship between 
low weight gain (WG) and ROP9-12. We aimed 
to determine the role of postnatal WG in the 
development of severe ROP.

Material and Methods

In this study, 126 preterm infants born with 
gestational age of 24-32 weeks and weighing 
≤1500 g at Başkent University Hospital, Turkey, 
between April 2008 and October 2011 were 
recruited. The first ROP examination was 
performed at the 4th or 6th week of life. The 
study protocol was approved by the Ethics 

Committee at Başkent University Faculty 
of Medicine. The ophthalmic examinations 
were performed by the same author and 
consisted of indirect ophthalmoscopy and the 
lid speculum for newborns. The pupils were 
dilated with eye drops containing tropicamide 
0.5% and phenylephrine 2.5%. The ROP 
examination was performed once or twice 
a week depending on the severity of the 
disease or until retinal vascularization was 
completed. ROP was classified according to 
the International Classification of ROP3. Stage 
3+ ROP was accepted as the threshold for 
treatment and was detected between the 4th 
and 6th weeks of life. Preterm infants were 
divided into two groups according to the 
severity of ROP as: preterm infants without 
ROP or mild ROP (Group 1), and preterm 
infants with stage 3+ ROP (Group 2). WG at 
four weeks (WG from birth - week 4) and at six 
weeks of life (WG from birth - week 6) were 
recorded. The WG proportion was measured 
at completed 4 and 6 weeks of life in relation 
to birth weight. It was calculated as the baby’s 
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weight measured at 4 and 6 weeks of life minus 
birth weight, divided by birth weight. Other 
risk factors including birth weight, gestational 
age, gender, antenatal steroid therapy, use of 
oxygen therapy, initiation of enteral nutrition, 
parenteral nutrition duration, mechanical 
ventilation or nasal continuous positive airway 
pressure (CPAP) therapy, use of surfactant, and 
blood transfusions were recorded. 

The chi-square test was used to compare the two 
groups. The WG proportion was included with 
the best discriminative sensibility/specificity 
value after the receiver operating characteristic 
(ROC) curve results as a cut-off point. 95% 
confidence interval and significance level of 
p<0.05 were recorded. Group 1 and Group 
2 were scrutinized according to ROC curve 
cut-off point (the best value for sensibility and 
specificity), and the patients under this cut-off 
point were classified as low WG patients. There 
were no statistically significant differences in 
birth weights of the low WG and normal WG 
newborns according to ROC curve analysis. 
Statistical analysis was performed using the 
Statistical Package for the Social Sciences 
software (SPSS 17.0 for Windows, SPSS Inc., 
Chicago, IL, USA). The study protocol was 
approved by the Ethics Committee. 

Results 

This study was comprised of 126 neonates, 
of whom 72 (57.1%) were female and 54 
(42.8%) were male. Mean birth weight and 
gestational age were 1162.3±200.4 g and 
29.4±1.9 weeks, respectively, for Group 1 
(no ROP/mild ROP) and 915.8±235 g and 
26.8±2.3 weeks, respectively, for Group 2 
(stage 3+ ROP group). Group 2 patients had 
significantly lower gestational age and lower 
birth weight. 

The demographic characteristics of all patients 
and the risk factors for the development of 
ROP are demonstrated in Table I.

Weight gain and WG proportion at 4 and 6 
weeks of life are shown in Table II (p<0.05). 
WG and WG proportion were significantly 
lower at the 6th week in Group 2. For the 
severity of ROP, the area under the ROC curve 
according to the WG proportion from birth to 
the 6th week of life was 0.63 (sensitivity and 
specificity values were 64% and 62%), and 54 
patients were categorized in the low WG group. 

Table III demonstrates the relation of low WG 
proportion at the 6th week of life between 
Group 1 and Group 2. Group 1 had 92 patients, 
and 33 of them were in the area under the 
ROC curve <63.2 at the 6th week. Group 2 
had 34 patients, and 21 were in the area under 
the ROC curve <63.2 at the 6th week.

Low weight, WG and WG proportion at the 
4th and 6th weeks were the most predictive 
for ROP. ROC curve analysis revealed a cut-off 
<380 g WG in the first 6 weeks of life to have 
a sensitivity of 90% and specificity of 70%. 
WG proportion <42% in the first 6 weeks of 
life had a sensitivity of 78% and specificity 
of 62% for detection of severe ROP. Figure 1 
demonstrates the relation of stage 3+ ROP 
and WG in all 126 patients.

Discussion

Retinopathy of prematurity (ROP) is a 
vasoproliferative disease of the retina that has 
been identified as one of the most important 
causes of preventable blindness among children 
in both developing and developed countries4,5. 
The risk factors for the development of ROP are 
low gestational age, low birth weight, respiratory 
distress syndrome, oxygen exposure, mechanical 
ventilation therapy, sepsis, intraventricular 
hemorrhage, and blood transfusions6,8. 
Long-term oxygen supplementation causes 
vasoconstriction of retinal vessels that leads 
to permanent damage13. Hyperoxia increases 
lipid peroxidation and leads to membrane 
damage14. During this study, all newborns 
were monitored, and the oxygen saturation 
target range was 88-92%. Another risk factor 
for ROP is blood transfusion, which causes an 
accumulation of iron, triggers lipid peroxidation 
and increases oxidative stress on the immature 
retina15. In our study, blood transfusions were 
significantly higher in the stage 3+ ROP group.

Recent studies have shown postnatal WG as an 
important and independent risk factor for stage 
3+ ROP12. Postnatal growth factors may have 
a role in the pathogenesis and severity of ROP. 
Fetal insulin-like growth factor-1 (IGF-1) levels 
rapidly increase during the third trimester, and 
preterm infants have low serum concentrations 
of IGF-1 due to loss of maternal sources. Low 
concentrations of IGF-1 prevent normal retinal 
blood vessel growth. IGF-1 levels gradually 
increase with postnatal growth. Poor WG has 
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an important role in the development of ROP16. 
In our study, we divided preterm neonates 
into two groups according to the severity of 
ROP and determined that low WG and low 
WG proportion were important risk factors for 
stage 3+ ROP. When we analyzed 126 preterm 
infants, 54 newborns had a WG proportion 
lower than 63% according to the ROC curve, 
which was an independent risk factor for 
severe ROP. We compared 54 newborns (low 
WG) with 72 newborns (normal WG) whose 
birth weights were not statistically significantly 
different, but there were significant differences 
in weight, WG and WG proportion (at the 4th 
and 6th weeks). The area under the ROC curve 
was 63%. For the discriminative cut-off of 42% 
of WG proportion at the 6th week, sensitivity 
and specificity values were 78% and 62%. The 
cut-off value for WG at the 6th week was 380 
g, and sensitivity and specificity values were 
90% and 70%. In our study, preterms who 

gained ≤380 g or whose WG proportion was 
≤42% had the highest risk for the development 
of ROP. Wallace et al.10 showed that WG of 
<50% of their birth weight in the first 6 weeks 
of life was a risk factor for the development of 
severe ROP. In our study, postnatal poor WG 
at 6 weeks was a predictive factor for stage 
3+ ROP. Another study investigating growth 
characteristics and the relation with ROP 
showed small for gestational age and birth 
weight <25th percentile to be risk factors for 
severe ROP.11 In our study, when we analyzed 
all 126 infants with low birth weight (≤1500 
g), we showed that poor postnatal WG was 
related to stage 3+ ROP. 

Löfqvist et al.17 showed that the WINROP 
(weight IGF-1 neonatal ROP) algorithm was 
predictive and had 100% sensitivity and 54% 
specificity for ROP development in 50 preterms 
at postnatal age of 26 weeks. Palmer et al.18 

No-ROP/Mild ROP 
(n: 92)

Stage 3+ ROP 
(n: 34) p

Birth weight (g) 1162.39±200.4 915.88±235 *

Gestational age (weeks) 29.4±1.9 26.8±2.3 *

Gender (F/M), n 51/41 21/13

Antenatal steroid, n (%) 57 (61.9%) 20 (58.8%) >0.05

Surfactant therapy (%) 65 (70.6%) 33 (97%) *

Oxygen therapy (days) 20.6±24.6 56.9±39.8 *

Mechanical ventilation therapy (days) 3.7±11.2 13.3±16.7 *

Nasal CPAP duration (days) 2±2.2 5±4.3 *

Transfusion, n (%) 71 (77.1%) 34 (100%) *

Parenteral nutrition duration (days) 13.1±7.7 23.1±11.7 *

Initiation of enteral nutrition (days) 2.7±3.1 4.4±6.7 >0.05

Hospitalization (days) 41.6±18.1 76.7±28.2 *

Table I. Demographic Characteristics and Risk Factors of the Two Groups 

*p<0.05

No ROP/Mild ROP (n: 92)
Stage3+ ROP 

(n: 34) p

WG at 4th week (g) 408.4±185.3 218.5±146.8 *

WG proportion at 4th 
week (%) 37.5±19.6 26±17.6 *

WG at 6th week (g) 914.1±376.3 473.8±272 *

WG proportion at 6th 
week (%) 78.8±32.1 56.2±31.5 *

Table II. Weight gain (WG) and Weight Gain Proportion at 4 and 6 Weeks of Life in the Two Groups

*p<0.05
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showed the importance of low birth weight for 
the development of ROP. This study revealed 
that the risk of ROP for 1000-1250 g infants 
was 47%, for 750-999 g infants was 78%, 
and for <750 g infants was 90%. In a recent 
study, relative WG (g/kg/day) at two-week 
intervals until postnatal 6 weeks was evaluated 
among infants with ≤1500 g birth weight for 
the prediction of severe ROP. They found no 
difference at the 6th week, but showed that 
poor relative WG in the first 4 weeks was 
a predictor for severe ROP.19 In our study 
group, 54 infants with low WG proportion 
had significantly highest risk for severe ROP. 
In this group, postnatal weight, WG, and WG 
proportion at the 4th and 6th weeks were 
predictive for severe ROP, but 6th week values 
had the highest sensitivity and specificity. 

Enteral nutrition may influence serum IGF-1 
and ω-3 fatty acid concentrations, which are 
known to be protective against ROP.20,21 Porcelli 
et al.22 showed that infants who require ROP 
treatment receive more parenteral nutrition 
and less human milk. There are several factors 

that affect ROP, and the entity is associated 
with poor postnatal WG due to poor enteral 
nutrition, depletion of ω-3 fatty acids, and 
also with intrauterine infection and fluctuating 
oxygen levels.20-24 In our study group, although 
there was no significant difference in receipt 
of their nutritional needs between the low 
WG group and the normal weight group 
(72 infants), the growth characteristics were 
significantly different, and this may be associated 
with the longer parenteral nutrition duration 
rather than enteral nutrition. Although we 
have demonstrated that duration of parenteral 
nutrition was longer in the patients with stage 
3+ ROP, lack of evaluation of the duration 
of parenteral nutrition in the low WG and 
normal WG groups is the limitation of this 
study. A larger study showed a predictive 
role of WG for the risk of severe ROP, and 
it had a role in reducing the number of ROP 
examinations.25 Gestational age and birth 
weight were used for ROP screening, but these 
were not the only risk factors for predicting 
treatment requirement in more than 90% of 
infants1,26. Wu et al.27 showed that the use of 
WG analysis is useful for determining severe 
ROP. In another study, Wu et al.12 emphasized 
that the WINROP algorithm and postnatal WG 
had 100% sensitivity and 81.7% specificity in 
detecting severe ROP.

In conclusion, our results suggest poor WG 
proportion and WG at the 4th and 6th weeks of 
life are predictors for stage 3+ ROP. Although 
nutrition type and birth weight were the same 
in the two groups, low WG proportion and 
WG were important risk factors for stage 3+ 
ROP. Ophthalmologists and neonatologists 
should closely follow preterm infants with 
respect to weight, WG and WG proportion 
at the 4th and 6th weeks of life in order to 
predict stage 3+ ROP.

ROP
Area under ROC curve

 >63.2 at 6th week (n=72)
Area under ROC curve ≤63.2 at 

6th week (n=54) p

Group 1 (n=92) 59 33 *

Group 2 (n=34) 13 21 *

Total (n=126) 72 54 *

Table III. Group 1 and Group 2 according to Low Weight Gain (the area under the ROC curve was 
0.63) and ROP Severity

*p<0.05

Fig. 1. Growth follow-up of the two groups. 

Volume 55 • Number 3 Poor Postnatal Weight Gain, Stage 3+ Retinopathy of Prematurity  307



Acknowledgement

This study was approved by the Başkent 
University Institutional Review Board and 
Ethics Committee (Project no: KA09/288).

REFERENCES

1. Early Treatment for Retinopathy of Prematurity 
Cooperative Group. Revised indications for the 
treatment of retinopathy of prematurity: results of 
the early treatment for retinopathy of prematurity 
randomized trial. Arch Ophthalmol 2003; 121: 1684-
1694.

2. Smith LE. Through the eyes of a child: understanding 
retinopathy through ROP the Friedenwald lecture. 
Invest Ophthalmol Vis Sci 2008; 49: 5177-5182.

3. International Committee for the Classification 
of Retinopathy of Prematurity. The International 
Classification of Retinopathy of Prematurity revisited. 
Arch Ophthalmol 2005; 123: 991-999.

4. Maida JM, Mathers K, Alley CL. Pediatric ophthalmology 
in the developing world. Curr Opin Ophthalmol 2008; 
19: 403-408.

5. Gilbert C, Fielder A, Gordillo L, et al.; International 
NO-ROP Group. Characteristics of infants with severe 
retinopathy of prematurity in countries with low, 
moderate, and high levels of development: implications 
for screening programs. Pediatrics 2005; 115: 518-525.

6. Akkoyun I, Oto S, Yilmaz G, et al. Risk factors in 
the development of mild and severe retinopathy of 
prematurity. J AAPOS 2006; 10: 449-453.

7. Kumar P, Sankar MJ, Deorari A, et al. Risk factors for 
severe retinopathy of prematurity in preterm low birth 
weight neonates. Indian J Pediatr 2011; 78: 812-816.

8. Shah VA, Yeo CL, Ling YL, Ho LY. Incidence, risk 
factors of retinopathy of prematurity among very low 
birth weight infants in Singapore. Ann Acad Med 
Singapore 2005; 34: 169-178.

9. Fortes Filho JB, Bonomo PP, Maia M, Procianoy RS. 
Weight gain measured at 6 weeks after birth as a 
predictor for severe retinopathy of prematurity: study 
with 317 very low birth weight preterm babies. Graefes 
Arch Clin Exp Ophthalmol 2009; 247: 831-836.

10. Wallace DK, Kylstra JA, Phillips SJ, Hall JG. Poor 
postnatal weight gain: a risk factor for severe 
retinopathy of prematurity. J AAPOS 2000; 4: 343-347.

11. Allegaert K, Vanhole C, Casteels I, et al. Perinatal 
growth characteristics and associated risk of developing 
threshold retinopathy of prematurity. J AAPOS 2003; 
7: 34-37.

12. Wu C, Vanderveen DK, Hellström A, Löfqvist C, Smith 
LE. Longitudinal postnatal weight measurements for 
the prediction of retinopathy of prematurity. Arch 
Ophthalmol 2010; 128: 443-447.

13. Askie LM, Henderson-Smart DJ, Irwig L, Simpson JM. 
Oxygen-saturation targets and outcomes in extremely 
preterm infants. N Engl J Med 2003; 349: 959-967.

14. Wheatley CM, Dickinson JL, Mackey DA, Craig JE, 
Sale MM. Retinopathy of prematurity: recent advances 
in our understanding. Br J Ophthalmol 2002; 86: 696-
700.

15. Chen HL, Tseng HI, Lu CC, Yang SN, Fan HC, Yang 
RC. Effect of blood transfusions on the outcome of 
very low body weight preterm infants under two 
different transfusion criteria. Pediatr Neonatol 2009; 
50: 110-116.

16. Fleck BW, McIntosh. Retinopathy of prematurity: recent 
developments. NeoRev 2009; 10: 20-30.

17. Löfqvist C, Hansen-Pupp I, Andersson E, et al. 
Validation of a new retinopathy of prematurity screening 
method monitoring longitudinal postnatal weight and 
insulinlike growth factor I. Arch Ophthalmol 2009; 
127: 622-627.

18. Palmer EA, Flynn JT, Hardy RJ, et al. Adjusted 
poor weight gain for birth weight and gestational 
age as a predictor of severe ROP in VLBW infants. 
Ophthalmology 1991; 98: 1628-1640.

19. Aydemir O, Sarikabadayi YU, Aydemir C, et al. Adjusted 
poor weight gain for birth weight and gestational age 
as a predictor of severe ROP in VLBW infants. Eye 
2011; 25: 725-729.

20. Díaz-Gómez NM, Domenech E, Barroso F. Breast-
feeding and growth factors in preterm newborn infants. 
J Pediatr Gastroenterol Nutr 1997; 24: 322-327.

21. Connor KM, SanGiovanni JP, Lofqvist C, et al. Increased 
dietary intake of omega-3-polyunsaturated fatty acids 
reduces pathological retinal angiogenesis. Nat Med 
2007; 13: 868-873.

22. Porcelli PJ, Weaver RG Jr. The influence of early 
postnatal nutrition on retinopathy of prematurity in 
extremely low birth weight infants. Early Hum Dev 
2010; 86: 391-396.

23. Mestan K, Yu Y, Matoba N, et al. Placental inflammatory 
response is associated with poor neonatal growth: 
preterm birth cohort study. Pediatrics 2010; 125: 891-
898.

24. Hardy P, Beauchamp M, Sennlaub F, et al. New 
insights into the retinal circulation: inflammatory 
lipid mediators in ischemic retinopathy. Prostaglandins 
Leukot Essent Fatty Acids 2005; 72: 301-325.

25. Binenbaum G, Ying GS, Quinn GE, et al. Premature 
Infants in Need of Transfusion Study Group. A clinical 
prediction model to stratify retinopathy of prematurity 
risk using postnatal weight gain. Pediatrics 2011; 127: 
607-614.

26. Palmer EA, Flynn JT, Hardy RJ, et al. Incidence and early 
course of retinopathy of prematurity. The Cryotherapy 
for Retinopathy of Prematurity Cooperative Group. 
Ophthalmology 1991; 98: 1628-1640.

27. Wu C, Löfqvist C, Smith LE, VanderVeen DK, Hellström 
A; WINROP Consortium. Importance of early postnatal 
weight gain for normal retinal angiogenesis in very 
preterm infants: a multicenter study analyzing weight 
velocity deviations for the prediction of retinopathy of 
prematurity. Arch Ophthalmol 2012; 130: 992-999.

308  Anuk-İnce D, et al  The Turkish Journal of Pediatrics • May-June 2013


