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Abstract: Objective: Retinopathy of prematurity (ROP) is a blinding disease, initiated by the lack of 
retinal vascular growth after preterm birth. In Vitro, lack of insulin-like growth factor I (IGF-I) 
prevents normal retinal vascular growth. The present study was conducted to determine if low serum 
IGF-I levels in premature infants is associated with a higher incidence of retinopathy and therefore 
may be used as a prognostic factor for the occurrence of such events. Patients and methods: A 
prospective study was carried out at the neonatology intensive care unit of Cairo University in the 
period from June 2007 to June 2009 and included forty infants The inclusion criteria were: gestational 
age under 32 weeks or weight at birth < 1,500 g.  Twenty healthy full term infants selected randomly 
during the same time period constituted the control group. Results:  Of the 40 premature babies 
recruited, 17 (42.5%) developed some degree of retinopathy during the course of the study, among the 
17 cases of ROP diagnosed, 35% (n =6) developed stage 1 retinopathy, 47% (n =8) stage 2 and 18% (n 
=3) stage 3. Mean serum IGF-I values were measured   at birth and at 3 weeks and  were found 
significantly lower at birth and after 3 weeks in ROP group in comparison to normal . Moreover, 
infants with stage 2 ROP and sage 3 ROP showed significantly lower mean values of IGF-I than cases 
with stage 1 ROP. Conclusion: Our study suggests that Low levels of serum IGF-I in preterm infants 
appears to predict an increased risk of ROP, as well as other severe perinatal morbidities associated 
with preterm birth. The observed relationship between ROP and lower levels of IGF1 opens up the 
possibility of treatment with an IGF1 substitute, especially since birth. 
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INTRODUCTION 

 
 Retinopathy of prematurity (ROP) is a serious disease that can lead to retinal detachment and blindness. 
Advances in understanding prematurity and its management with continuously improving technology and 
equipment have led to the survival of premature babies of increasingly low birth weight and gestational age. 
This has meant an increase in the incidence of ROP (Manzoni, P., 2007). 
 Insulin- like growth factor -1 (IGF-I) mediates the growth promoting actions of growth hormone (Lee, P., 
1990), but its role in the regulation of fetal growth is partly independent of growth hormone (Rosenbloom, A.L., 
1997). Recently, IGF-I has been found to be necessary for normal development of fetal retinal vessels 
(Hellstrom, A., 2003). 
 ROP is a blinding disease and is initiated by the lack of retinal vascular growth after birth. In Vitro, low 
levels of IGF-I prevent vascular endothelial growth factor induced activation of protein kinase B which is 
important for endothelial cell survival. When levels then begin to increase, upon reaching a critical level, retinal 
neovascularization is triggered. These events do not occur when IGF-I levels are normal from the start 
(Hellstrom, A., 2001).  
 Because  ROP is initiated by abnormal postnatal retinal development, it is suggested that prolonged low 
levels of IGF-I  might be a risk factor for the development of ROP and other morbidities of prematurity such as 
bronchopulmonary dysplasia, intraventricular hemorrhage and necrotizing enterterocolitis (Hellstrom, A., 2003). 
 The main objective of the present study was to determine if low serum IGF-I  levels in premature infants 
are, in fact, associated with a higher incidence of retinopathy and therefore may be used as a prognostic factor 
for the occurrence of such events. Restoration of IGF-I levels to normal in these babies could in the future be 
found to prevent such complications.  
 
Subjects and Methods: 
 A prospective study was carried out at the neonatology intensive care unit of Cairo University in the period 
from June 2007 to June 2009. The inclusion criteria were: gestational age under 32 weeks or weight at birth < 
1,500 g.  Forty infants were identified as potential participants in the study and survived until a postmenstrual 
age of 40 weeks. Twenty healthy full term infants selected randomly during the same time period constituted the 
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control group. All babies with chromosomal anomalies and severe morphological alterations were excluded 
from the study.  
 All preterm infants were hospitalized in a neonatal intensive care unit and were submitted to full history 
with special emphasis on perinatal history regarding maternal medical conditions and any obstetric problems. 
Birth data included route of delivery, Apgar scores, gender, birth weight and head circumference. Gestational 
age was estimated from the obstetric history and confirmed by Dubowitz and Ballard’s morphological criteria 
(Dubowitz, L.M., 1970; Ballard, J.L., 1991). Routine investigations e.g. complete blood picture, CRP and 
electrolytes were performed for all cases.  
 IGF-I is measured using DRG IGF-1 600 ELISA Kit  which is a solid phase enzyme-linked immunosorbent 
assay (ELISA), based on the principle of competitive binding. Venous blood samples (0.5 mL) were taken 
twice, the first sample was taken at the end of the first week, and the second at the end of the 3rd week. All 
samples were analyzed in the same assay.  
 ROP was classified according to the International Classification (Anonymous, 1984) and subdivided into 
stage 1 (demarcation line), stage 2 (ridge), stage 3 (ridge with extraretinal fibrovascular proliferations), stage 4 
(subtotal retinal detachment), and stage 5 (total retinal detachment). The infants were examined once every 2  
weeks, depending on the severity of the disease, from the chronological age of 4 weeks until the eyes were fully 
vascularized or until the condition was considered stable. The fundus was visualized in all 4 quadrants to the 
edge of the vascularized retina to fully assess the stage of ROP.   
 The hospital data of each child was reviewed for information on the occurrence of other complications e.g. 
intraventricular hemorrhage (IVH; grade 2–4), diagnosed by cerebral ultrasonography (Burstein, J., 1979), 
necrotizing enterocolitis (NEC) with gut perforation bronchopulmonaerry dysplasia, and septicemia. 
 
Statistical Analysis:  
 Data were statistically described in terms of mean  standard deviation (SD), median and range, or 
frequencies (number of cases) and percentages when appropriate. Comparison of numerical variables between 
the study groups was done using Student t test for independent samples in comparing 2 groups and one way 
analysis of variance (ANOVA) test with multiple 2-group comparisons in comparing more than 2 groups. For 
comparing categorical data, Chi square (2) test was performed. Exact test was used instead when the expected 
frequency is less than 5. Correlation between various variables was done using Spearman rank correlation 
equation. p values less than 0.05 was considered statistically significant. All statistical calculations were done 
using computer programs SPSS (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) 
version 15 for Microsoft Windows. 
 
Results: 
 Of the 40 premature babies recruited, 17 (42.5%) developed some degree of retinopathy during the course 
of the study. Patients with ROP had significantly lower gestational age birth, weight, length, and head 
circumference than that of the normal group. Subsequent progression in these parameters was generally similar 
between the two groups with no significant differences being found. 
 Moreover, 13cases (77%) with ROP  were small for gestational age in comparison  to normal group where 
only 2 cases (9%) were small for gestational age, the difference was statistically significant (p value = 0.002). 
 No differences were found between normal and ROP groups, regarding  the gender, type of birth registered, 
antenatal steroid treatment, or the use of mechanical ventilation. However, among patients who developed either 
bronchopulmonary dysplasia or intracranial hemorrhage, or  necrotizing enterocolitis or presented sepsis, there 
was a significantly higher incidence of retinopathy. 
 In the present study, among the 17 cases of ROP diagnosed, 35% (n =6) developed stage 1 retinopathy, 
47% (n =8) stage 2 and 18% (n =3) stage 3. In 60% (n = 10), none of our cases developed stage 4 or stage 5 
ROP.   
 There was a strong association between the occurrence of ROP stages >1 and other significant morbidities 
(Table 2). Only 1 infant had necrotizing enterocolitis without ROP. Of the 17 infants with ROP, 6 had ROP 
stage 1 without other morbidities. 8 infants had ROP stage 2 as well as some other morbidities (2 
bronchopulmonary dysplasia, 2 necrotizing enterocolitis, and 4 intraventricular hemorrhage), whereas 3 children 
had ROP stage 3 developed more than one complication. 
 In the present study, mean serum IGF-I values at birth and at 3 weeks were  significantly lower in ROP 
group in comparison to normal. Moreover, infants with stage 2 ROP, and stage 3 ROP showed significantly 
lower mean values of IGF-I than cases with stage 1 retinopathy; table 2. 
 The mean ± SD level of IGF-I at  3 weeks age for infants with stage 3 ROP was 23.3 ± 1.51 μg/L (range: 
14–46 μg/L); for infants with stage 2 ROP, was 28.7 ± 1.55 μg/L (range: 15–51 μg/L); for infants with stage 1 
ROP,  was 31.2 ± 1.62 μg/L (range:14–57 μg/L) and for infants without ROP, was38.3 ± 1.82 μg/L (range: 16–
59 μg/L).  P value was 0.023 indicating a significant difference between the 3 groups.  
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Table 1: Shows clinical data of the study cases. 
 No retinopathy Retinopathy P value 

Number of patients 23 (57.5%) 17 (42.5%)  
Gestational age at birth 31.1 ± 1.65 29.6 ± 1.65 0.001 

Birth weight(gram) 1592.1 ± 264.2 1188.54 ± 165.3 0.001 
Length (cm) 39.9 ± 2.01 36.31± 1.43 0.000 

Head circumference 28.04 ± 1.73 26.05 ± 1.53 0.023 
Gestational age to birth weight 

AGA 
SGA 

 
21(91%) 
2 (9%) 

 
4 (23%) 
13(77%) 

 
0.048 
0.002 

Gender 
Female 
Male 

 
11 (48%) 
12 (52%) 

 
9 ( 53% ) 
8 (47%) 

 
NS 
NS 

Type of birth 
Vaginal 

Caesarean 

 
2 (8%) 

21(92%) 

 
3 (17%) 
14(83%) 

 
NS 
NS 

Mechanical ventilation 15 (65%) 16 (94%) NS 
Intracranial hemorrhage 0 5(29%) 0.001 

Bronchopulmonary dysplasia 0 4 (23%) 0.034 
Sepsis 1(4%) 9 ( 53%) 0.002 

Necrotizing enterocolitis 0 3 (17%) 0.001 
 
Table 2: Shows the degree of retinopathy in the study cases. 

 NO (ROP) 
23 cases 

ROP 
17 cases 

  Stage 1 ROP Stage2  ROP Stage 3 ROP 
  6 (35% ) 8(47%) 3(18%) 

IGF1 at birth 32.1± 1.77 29.1± 1.88 26.5± 1.22 22.4 ± 1.23 
IGF1 at  3 weeks(μg/L) 38.3 ± 1.82 31.2 ± 1.62 28.7 ± 1.55 23.3 ± 1.51 

Birth weight 1592.1 ± 264.2 1199.4 ± 155.2 1166.2± 113.2 1147.5± 110.1 
Gestational age 31.1 ± 1.65 30.5 ± 1.55 29.1 ± 1.45 28.6 ± 1.51 

Intracranial hemorrhage 0 0 4 (50%) 1(33%) 
Bronchopulmonary dysplasia 0 0 2 (25%) 2(66%) 

Sepsis 1(4%) 0 6 (75%) 3 (100%) 
Necrotizing enterocolitis 1(4%) 0 2(25%) 1(33%) 

 
Table 3: Insulin growth factor -1 level at birth  in the study  cases. 

 Number(%) IGF-1 at birth 
(Study cases) 

P value 

Retinopathy 
Yes 
No 

 
17 (42.5%) 
23 (57.5) 

 
19.61 ± 3.40 

32 ± 1.77 

 
0.003 

Necrotizing enterocolitis 
Yes 
NO 

 
4  (10%) 
36(90%) 

 
21.7 ±9.43 
29.8± 8.25 

 
0.296 

 
Intracranial hemorrhage 

Yes 
NO 

 
5 (12.5%) 
35(87.5) 

 
20.4± 4.45 
27.31± 9.19 

 
0.019 

Bronchopulmonary dysplasia 
Yes 
NO 

 
4 (10%) 
36(90%) 

 
21.2 ± 3.35 
30 ±  8.12 

 
0.017 

Sepsis 
Yes 
NO 

 
10 (25%) 
30 (75%) 

 
19.9 ± 5.77 
28.74± 9.2 

 
0.034 

 
Table 4: Insulin growth factor -1 level at  3 weeks  in the study cases 

 Number(%) IGF -1 (μg/L ) 
at  3 weeks 

P value 

Retinopathy 
Yes 
No 

 
17 (42.5%) 
23 (57.5) 

 
28 ± 1.67 
38 ± 1.82 

 
0.031 

Necrotizing enterocolitis 
Yes 
NO 

 
4  (10%) 
36(90%) 

 
22.3 ± 9.36 
30.56± 9.6 

 
0.296 

Intracranial hemorrhage 
Yes 
NO 

 
5 (12.5%) 
35(87.5) 

 
20.0 ± 5.76 
31.8±9.466 

 
0.039 

Bronchopulmonary dysplasia 
Yes 
NO 

 
4 (10%) 
36(90%) 

 
20.2 ± 21 
30 ±  8.12 

 
0.029 

Sepsis 
Yes 
NO 

 
10 (25%) 
30 (75%) 

 
22.1± 9.27 
33 ± 7.06 

 
0.047 
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 Similarly, mean IGF-I values at birth and at 3 weeks were significantly lower in the study cases who 
developed other complications e.g. intracranial hemorrhage, nectrotizing enterocolitis, bronchopulmonary 
dysplasia or sepsis, in comparison to the normal group. 
 
Discussion: 
 Retinopathy of prematurity is a blinding disease, initiated by the lack of retinal vascular growth after 
preterm birth (Villegas Becerril, E., 2005). In Vitro, the lack of insulin-like growth factor I (IGF-I) prevents 
normal retinal vascular growth. Our study aimed to determine if low serum IGF-I  levels in premature infants is, 
in fact , associated with a higher incidence of retinopathy and other complications of prematurity. 
 In the current study preterm infants who develop retinopathy of prematurity and other severe postnatal 
morbidities (intraventricular hemorrhage and necrotizing enterocolitis), have  persistently low serum levels of 
IGF-I after birth. However, on the contrary, IGF-I levels in infants with no retinopathy of prematurity and no 
other postnatal morbidities tend to rise more rapidly, reaching peak levels closer to normal. This is in agreement 
with other studies of Hellstrom et al., (2003) and Löfqvist et al. (2006). 
 IGF-I is required for late prenatal as well as postnatal development (Gluckman, P.D., J.E. Harding, 1997; 
Baker, J., 1993). This is a critical developmental period, during which significant maturation of the blood 
vessels and eyes, as well as the brain and other organs normally takes place (O’Rahilly, R., F. Muller, 1996). 
Hellstorm et al. (2002) previously shown that IGF-I is critical for normal retinal vascular development in 
mice and in humans, and that cessation of normal vascular development initiates retinopathy of prematurity.    
 The angiogenic part of the process of retinal vascularization appears to depend on a physiological hypoxia 
brought about by an increase in metabolic demands within the developing retina. This physiological hypoxia 
induces the local release of vascular endothelial growth factor (VEGF) which together with insulin-like growth 
factor 1 (IGF1) regulates angiogenesis and hence normal vascularization of the retina (Chan-Ling, T., 1995). 
 Moreover, the critical role of the IGF-I system in retinal vascular development has been confirmed in a 
clinical study where patients with defects in the IGF-I or IGF-I receptor gene were found to have a reduced 
number of retinal vascular branching points, (Hellstrom, A., 2002). Therefore, lack of IGF-I after preterm birth 
in those infants may impede normal development of the retinal vasculature, causing retinal hypoxia and later 
triggering proliferative retinopathy (Hellstrom, A., 2001). 
 Thus, although the association between low levels of IGF-I and ROP could be simply an association 
between ROP and general illness in premature infants, there is much evidence that IGF-I is specifically required 
for vascular development and that low IGF-I contributes to the development of ROP (Manzoni, P., 2007). 
 In the current study patients who developed ROP had low levels of IGF-I in the third week post-partum, 
independent of gestational age. Muñuzuri et al. (2010) demonstrated that the third week is the critical time to 
measure serum IGF-I because it seems to have a greater specificity and discriminatory efficiency than at other 
times in the screening of retinopathy. The finding regarding timing is of fundamental importance in early 
diagnosis, as current recommendations for the diagnosis of ROP are based on the initiation of ocular 
examination from the 4th week onwards and, furthermore, the more premature the infant, the longer it takes for 
ROP to become recognizable by examination (American Academy of Pediatrics, 2006).  
 In our study,  a significant association between the occurrence of ROP and other significant morbidities was 
established; all the 5 cases who developed intraventricular hemorrhage had ROP, 4 of them had ROP stage 2 
while 1 had stage 3. Similarly the 4 infants who developed necrotizing enterocolitis, 2 of them had ROP stage 2, 
while one case had stage 3. This is in agreement with Allan et al. (2001) who recognized that the biological 
actions of the IGF-1 include profound effects on the growth and differentiation of most cell types especially the 
gastrointestinal tract and the brain. Similarly Neely et al. (1998) has proposed that vasculogenesis and 
angiogenesis in different organs are the result of complex interactions between growth factors like IGFI and 
other mitogens. 
 In the present study, we could demonstrate that the higher the ROP stage the lower the gestational age and 
birth weight. Simons et al., (1999) recognized that low birth weight and prematurity are the greatest risk factors 
for development of ROP. Similarly Hellstrom et al., (2003) studied 84 premature infants and found a strong 
association between ROP and Low birth weight.        
 IGF-I is an important somatic growth factor that is associated with birth weight and gestational age 
(Giudice, L.C., 1995). The fetal access to IGF-I depends on placental support for nutrition and growth factors as 
well as on swallowing of amniotic fluid. Premature birth results in a sudden fall in IGF-I serum levels and a 
developmental growth stagnation of tissues, including  the retina, appearing as the first stages of ROP.  
 Several clinical studies have shown that infants with intrauterine growth retardation have reduced serum 
IGF-I levels (Ostlund, E., 1997). In addition, other studies have shown that intrauterine growth retardation 
implies an increased risk for ROP development (Bardin, C., 1997).  This is in agreement with our findings 
where 77% of  patients with ROP  were small for gestational age. Moreover, It was recently demonstrated that 
exacerbation of ROP was found by inducing postnatal growth retardation in newborn rats (Zhang, S., 2001). 
This finding would support the theory that sufficient nutrient intake is important to reduce the risk for ROP. 
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Because IGF-I is a nutrition-dependent factor (Smith, W.J., 1997), insufficient intake of nutrients will result in a 
further decline of this peptide and adequate nutrition will increase IGF-I. Early breast milk feedings may be 
particularly beneficial as it has been shown that breast milk contains available IGF-I, (Elmlinger, M.W., 
1999) and that supplementation with human milk increases circulating IGF-I more than supplementation with 
formula (Diaz-Gomez, N.M., 1997).  
 In the present study there was a strong correlation between septicemia and the development of retinopathy, 
10 cases had septicemia, 9 of them had ROP. Compatible with the results of Muñuzuri et al., (2010) where 19 
cases of 24 with ROP had septicemia .This may be explained by altered haemodynamics, vascular stress or 
periods of malnutrition (Gunn, T.R., 1980). 
 We didn’t see any differences between the ROP and non-ROP groups  with respect to the need for oxygen 
administration or mechanical ventilation. We didn’t, however, measure partial pressures of oxygen, levels of 
free radicals, or mean pressure within the airways, which have previously been associated with ROP (Gunn, 
T.R., 1980). 
 We conclude that although our work was done on a limited number of infants, yet our results demonstrate 
that low levels of serum IGF-I in preterm infants appear to predict an increased risk of ROP, as well as other 
severe perinatal morbidities associated with preterm birth. The observed relationship between ROP and lower 
levels of IGF1 opens up the possibility of treatment with an IGF1 substitute, especially since birth. 
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