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Abstract
	 Objectives: To develop a simple prediction model for the pre-screening of Retinopathy of 
Prematurity (ROP) among preterm babies. 
	 Methods: This was a prospective study. The test dataset (January 2007 until December 2010) 
was used to construct risk prediction models, and the validation dataset (January 2011 until March 
2012) was used to validate the models developed from the test dataset. Two prediction models were 
produced using the test dataset based on logistic regression equations in which the development of 
ROP was used as the outcome.
	 Results: The sensitivity and specificity for model 1 [gestational age (GA), birth weight (BW), 
intraventricular haemorrhage (IVH) and respiratory distress syndrome (RDS)] was 82 % and 
81.7%, respectively; for model 2, (GA and BW) the sensitivity and specificity were 80.5% and 80.3%, 
respectively.
	 Conclusion: Model 2 was preferable, as it only required two predictors (GA and BW). Our 
models can be used for the early prevention of ROP to avoid poor outcomes.
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Introduction

	 Retinopathy of prematurity (ROP), formerly 
known as retrolental fibroplasia, was first described 
by Terry in 1942 (1). It is a disease confined to 
preterm infants and is a disorder of the immature 
retinal vasculature that can progress to tractional 
retinal detachment and complete blindness. In 
highly developed countries, it is estimated to be 
responsible for 3% to 11% of childhood blindness, 
and in moderately developed countries such as 
Malaysia and Brazil, it represents approximately 
60% of childhood blindness (2). The incidence 
of ROP-induced-blindness in poorly developed 
regions such as Sub-Saharan Africa and Kenya 
is low due to the lack of facilities permitting the 
survival of pre-term babies. In highly developed 

countries, ROP is confined to infants with very 
low birth weight (VLBW) and gestational age 
(GA) ≤ 31 weeks (3), whereas the same cannot be 
said for moderately developed countries.
	 Screening of preterm babies for ROP is 
challenging. The increased survival of very 
immature babies results in a need to screen a 
large population of babies at risk of developing 
severe ROP, which is costly. In addition, a high 
degree of cooperation between neonatology and 
ophthalmology staff is required (4). In developing 
countries, there are additional difficulties due to 
the unequal distribution of the Neonatal Intensive 
Care Unit (NICU) facilities, lack of skilled 
ophthalmologists and lack of awareness among 
neonatologists (4).
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	 Prediction models based on important 
risk factors aid in efficient screening of babies 
at high risk of developing ROP by reducing the 
number of babies unnecessarily examined and 
minimising the risk of misidentifying babies with 
ROP. Prediction models can also be cost effective 
and avoid the need for skilled ophthalmologists. 
Thus, the purpose of this research is to develop 
prediction models for the pre-screening of the at-
risk population.

Methods

	 Our study was a prospective study involving 
preterm babies from a tertiary hospital in Sarawak, 
East Malaysia. All preterm babies managed in the 
neonatology ward and subsequently followed up in 
the eye clinic of Sarawak General Hospital (SGH) 
from January 2007 to March 2012 were included 
in our study. Data were collected and analysed 
in two time frames. Data for the development 
period (first dataset) were collected from January 
2007 until December 2010, whereas data for the 
validation period (second dataset) were collected 
from January 2011 until March 2012.
	 The screening, treatment and follow-up 
of these babies were performed according to 
the Malaysian guidelines for the detection and 
treatment of ROP (5). Screening was carried out 
for infants with either birth weight (BW) less 
than 1 500 gram, GA less than 32 weeks or with 
an unstable clinical course who were at high risk 
(as determined by the paediatrician). The first 
examination was performed four weeks after 
birth. If there were no signs of ROP, screening 
was performed at two weeks interval. Infants 
with ROP were screened every week or more 
frequently depending on the severity. Screening 
was continued until the retina was completely 
vascularised, ROP had fully regressed, or ROP 
had progressed to a stage where treatment was 
indicated. Preterm infants born elsewhere, who 
missed follow-up or who were transferred to other 
hospitals, were excluded from our study.
	 As the main outcome was to develop a 
simple prediction model for ROP pre-screening 
of preterm babies, the primary clinical outcome 
was the incidence of any stage of ROP. The 
predictors were gestational age (GA), birth weight 
(BW), respiratory distress syndrome (RDS) and 
intraventricular haemorrhage (IVH).
	 ROP was graded based on the International 
Classification of ROP (6,7). If ROP was present in 
both eyes, the eye with the more advanced disease 
was used for analysis. To develop the prediction 

model, the final ROP stage was used. The study 
was approved by the Malaysian Medical Research 
Ethics Committee (NMRR ID: 12532) and 
followed the tenets of the Declaration of Helsinki. 
Written informed consent for participation in the 
study was obtained from parents or guardians.

Statistical analysis

 	 The aim of the study was to develop a 
simple prediction model to pre-screen ROP 
among preterm babies. Descriptive analyses, 
such as the mean and standard deviation, 
were used to clinically profile the babies using 
various characteristics, such as BW and GA. The 
frequencies and percentages were presented for 
categorical variables. A univariate analysis using 
Pearson’s chi-squared test was conducted to 
determine the predictors of ROP.
	 We designed two risk prediction models 
using the dataset from the development period 
based on the logistic regression equation with 
development of ROP as the outcome. We used four 
predictors that were significant in the univariate 
analysis for model 1 and two predictors that were 
significant in the multivariate analysis for model 
2. We developed a binary logistic regression 
models to estimate the parameters and evaluate 
the statistical significance. All chosen predictors 
were simultaneously analysed (enter method). 
The logistic function for a single predictor is given 
by Z = βo + β1X1 + ε, where β is the coefficient, X is 
the predictor/variable and ε is the error term. To 
obtain the probability of the outcome of interest, 
the Z value is then transformed using the following 
link function: P[event] = ez / 1 + ez, where ez is the 
exponential value of Z.
	 Using these two mathematical equations, 
we derived the optimal cut-off (probability) that 
identified babies with and without ROP using a 
sensitivity and specificity analysis. The optimal 
cut-offs were derived based on the highest values 
of sensitivity and specificity where the sensitivity 
value must be higher than the specificity value. 
We then used the same optimal cut-off from both 
models to validate the outcome based on the 
dataset in the validation period (second dataset). 
The prediction accuracy was evaluated based on 
the sensitivity, specificity, positive predictive and 
negative predictive values. All our analyses were 
carried out using SPSS version 19.0. (IBM Corp. 
Released 2010. IBM SPSS Statistics for Windows, 
Version 19.0. Armonk, NY: IBM Corp.)
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Results

	 This study involved 519 babies in the 
development period and 220 babies in the 
validation period. The mean (SD) BW of the 
babies in the development period was 1268.7 (SD 
320.4) g and the mean (SD) GA was 29.6 (SD 2.4) 
weeks.
	 All four predictors (GA, BW, RDS, and IVH) 
were significant (P < 0.001) in the univariate 
analysis (Table 1). Thus, GA, BW, RDS, and IVH 
were good at predicting ROP in babies. After 
logistic regression, the most important adjusted 
risk factors were GA (OR: 1.406, 95% CI: 1.170 
to1.689] and BW [OR: 1.004, 95% CI: 1.003 
to1.006). We again tested these two variables 
using logistic regression with the enter method 
procedure and found that both were statistically 
significant (Table 2). We developed two models, 
and the equations of the predictive models were 
the following:

Logit Model 1: Z = 11.436 – 0.312 (GA) – 0.004 
(BW) + 0.629 (RDS) + 0.541 (IVH)

Logit Model 2: Z = 12.791 – 0.341 (GA) – 0.004 
(BW) 

	 Model 1 was derived from four predictors, 
and model 2 was derived without RDS and 
IVH. Z is the logit value where Z is a continuous 
variable centred on 0. To obtain the probability 
of the outcome of interest, the Z value is then 
transformed using the following link function:
P[event] = ez / 1 + ez. This probability value ranges 
from 0 to 1. The distributions of the probability 
for both models are presented in Figure 1.
	 For model accuracy, the sensitivity and 
specificity of model 1 was higher than model 
2 (Table 3). However, there was only a slight 
difference between these two models. Based on the 
validation period, the sensitivity and specificity 
of model 1 were 72.4% and 82.3% (from optimal 
cut-off of 0.159), while the values for model 2 
were 65.5% and 81.9% (from an optimal cut-off 
of 0.173). Although model 1 was slightly better, 
the accuracy was comparable to model 2 (Table 
4 and Figure 1). The minimum cut-off value for 
screening preterm babies who are at higher risk 
of developing any ROP for both models was 0.01. 
Preterm infants with a probability of less than 
0.01 did not develop ROP in our study (Figure 1).

Table 1: Univariate analysis for associated factors of ROP in preterm babies in a tertiary 
hospital in Sarawak

Variables No ROP
n (%)

With ROP
n (%) P valuea

Gestational Age < 0.001
< 28 weeks 109 (25.2) 63 (76.8)
29 to 31 weeks 218 (50.3) 18 (22)
> 31 weeks 106 (24.5) 1(1.2)

Birth Weight < 0.001
ELBW 49 (11.3) 56 (68.3)
VLBW 268 (62) 23 (28)
LBW 115 (26.6) 3 (3.7)

Intraventricular Hemorrhage < 0.001
No 334 (78.2) 39 (49.4)
Yes 93 (21.8) 40 (50.6)

Respiratory Distress syndrome < 0.001
No 180 (42.2) 15 (19)
Yes 247 (57.8) 64 (81)

a Chi-square test was applied
The total numbers were not the same with 519 in all tabulation due to missing values
Abbreviations: ELBW = Extremely Low Birth Weight; VLBW = Very Low Birth Weight; LBW = Low Birth Weight.
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Discussion

	 ROP has been linked to several risk factors. 
These factors can be maternal (complications 
of pregnancy or use of beta-blockers) and foetal 
(sepsis, intraventricular haemorrhage, respiratory 
distress syndrome, hypercarbia, recurrent 
apnoea, vitamin E deficiency, indomethacin 
treatment for patent ductus arteriosus, light, blood 
transfusions, use of erythropoietin and the type of 
neonatal unit). As ROP affects only the immature 
retinal vessels and does not develop after retinal 
vascularization is complete, the major risk factor 
is the degree of prematurity, which is measured 
by either BW or GA. The incidence and severity of 
ROP were inversely related to BW and GA [8-9]. 
Of the two, BW is considered the more powerful 
predictor (10). In our study, BW and GA were also 
significant predictors of ROP.
	 The first epidemic of ROP began in 1940 and 
was due to the high unrestricted and unmonitored 
use of supplemental oxygen, which was brought to 
an end a decade later by oxygen restriction. It also 
led to the discovery that oxygen supplementation 
was a risk factor for the development of ROP, 
which was confirmed by Campell (11). Both 
hypoxia and hyperoxia may be associated with 
ROP. Although 70 years has passed since the 
first reported case of ROP, we still do not know 
the safe limits of supplemental oxygen in clinical 
practice. Current evidence suggests that ROP is 

linked to the duration of oxygen supplementation 
rather than the concentration. Intraventricular 
haemorrhage caused by rupture of the immature 
thin walled sub-ependymal vessels due to cerebral 
hypoperfusion is associated with very immature 
infants. Intraventricular haemorrhage as a 
significant risk factor for ROP has been reported 
by some studies (12). In our study, IVH and RDS 
showed significance only in the univariate analysis 
and thus, were less important in predicting ROP 
in our study. Similar results have been reported in 
other studies (13–14).
	 Our prediction model is derived from the 
logistic regression equation. To strengthen the 
stability of the two models, we validated the cut-
off derived from the test dataset and confirmed it 
with the validation dataset. In our study, the first 
model was best at identifying babies with and 
without ROP at a cut-off value of 0.159. However, 
the second model with a cut-off value of 0.173 was 
slightly better than the first model in predicting 
ROP as it required only two variables (GA and 
BW). In addition, a cut-off value of 0.01 for 
both models can be used for screening high risk 
babies. The low positive predictive value and high 
negative predictive value might be caused by the 
relatively low prevalence of the disease. Although 
this prediction approach is easy, cheap and fast, 
the accuracy of these two models need to be 
validated from time to time to ensure consistency.

Figure 1: 	The percentage of patients presented with ROP between model 1 and model 2.
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	 There were some limitations in our study. 
The focus of this study was to establish a 
prediction model for ROP, and only the four most 
significant variables were involved (GA, BW, RDS, 
and IVH) in predicting ROP. These four variables 
were widely accepted as risk factors for ROP in 
previous studies. Thus, other predictors, such as 
demographic profile, were not discussed in this 
paper. The authors have a sufficient sample size to 
conduct a multivariate analysis for the first (GA, 
BW, RDS, and IVH) and the second models (GA 
and BW). The coefficients were derived from the 
development model with a sample size of more 
than 500 samples. For the development model, 
the minimum analysis set was 506 out of 519 
(97.5%). A previous study found that analyses 

that were conducted from samples of more than 
500 had similar statistics to the parameters in 
the population (15). Thus, the coefficients that 
were derived from the analysis were considerably 
reliable and valid. Most notably, our prediction 
models were based on cross-sectional data from 
a single centre. External validation is required to 
improve the accuracy of these prediction models.

Conclusion

 	 The two equation models that we developed 
are equally good and are sensitive in predicting the 
future incidence of ROP among babies. Model two 
is preferable because it only uses two predictors 
and these variables are easy and fast to capture. 

Table 2: Results from logistic regression for Model 1 and Model 2

Variables
Model 1 Model 2

Β OR 95% CI Β OR 95% CI
Constant 11.436 12.791
Gestational age -0.312 0.732 0.605, 0.886* -0.341 0.711 0.592, 0.854** 
Birth weight -0.004 0.996 0.994, 0.997** -0.004 0.996 0.994, 0.997**
RDS 0.629 1.876 0.884, 3.980 -
IVH 0.541 1.717 0.921, 3.201 -
*significant at less than 0.05
**significant at less than 0.001
Model 1: Include all variables that were significant at univariate analysis and standardized coefficient were derived 
from logistic regression using enter method
Model 2: Include variables(Gestational age and birth weight) that were significant at multivariate analysis and 
standardized coefficient were derived from logistic regression using enter method

Table 3: Result of Sensitivity and Specificity analysis for Model 1 and Model 2
Model Optimal cut off ROC 95% CI Sensitivity Specificity
1 0.159 0.89 0.84, 0.94 82.0% 81.7%
2 0.173 0.87 0.83, 0.92 80.5% 80.3%
Model 1: All significant predictors from univariable analyses were analyzed using multivariable (enter method).
Model 2: Two significant predictors from multivariable (enter method) were analyzed again using multivariable 
(enter method).

Table 4: Sensitivity, specificity, positive predictive value (PPV) and negative 
predictive value (NPV) of validation result

Model 1 Model 2
Sensitivity 72.4% 65.5%
Specificity 82.3% 81.9%
PPV 39.6% 36.5%
NPV 94.9% 93.7%
Minimum probability to cover all patients with ROP from validation data is at least 0.01 for both models
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Although it is well known that BW and GA are the 
best predictors of ROP, our study has developed 
an effective and simple method to screen or 
predict preterm babies at risk of developing ROP 
based on these two variables.
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