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Abstract

Aim—To determine, among very preterm newborns, if those who are growth restricted are at 

increased risk of retinopathy of prematurity (ROP), and to explore if the mixed findings of prior 

studies are the consequence of sampling based upon birth weight instead of gestational age.

Methods—Using data from the ELGAN Study, we created logistic regression models of pre-

threshold ROP risk to adjust for confounders and calculate odds ratios and 99% confidence 

intervals. We created scatter plots to display the gestational age/birth weight relationship in infants 

enrolled in studies with different selection criteria.

Results—Low gestational age (23–24 weeks, OR 11.6 (2.9, 47); 25–26 weeks, 8.1 (2.1, 32)) and 

severe growth restriction (birth weight Z-score <−2, OR 9.1 (1.1, 76)) were associated with 

increased risk of pre-threshold ROP. We documented in scatter plots that a sample defined by birth 

weight has an excess of gestationally-older, severely growth-restricted newborns.

Conclusion—In this sample, low gestational age and severe growth restriction were associated 

with increased risk of pre-threshold ROP.

Keywords

ELGAN; growth restriction; prematurity; retinopathy; ROP

INTRODUCTION

Low gestational age and low birth weight due to intrauterine growth restriction (IUGR) are 

independent risk factors for retinopathy of prematurity (ROP) (1, 2). In moderately to late 
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preterm infants, low birth weight has been associated with abnormal retinal vascularization 

(3).

Some studies that did not detect a relationship between IUGR and ROP enrolled infants on 

the basis of low birth weight, or low birth weight or low gestational age (4). Conversely, 

studies that found growth-restricted infants are at increased risk for ROP enrolled newborns 

solely based on gestational age (5, 6), or had very generous gestational age and birth-weight 

criteria (7). Explanations for these apparently disparate findings include study design and 

sample selection.

We know of no previous report in which ROP risks were evaluated within strata of 

gestational age and birth weight categories simultaneously, nor has any previous report 

included multivariable models that adjusted for the interaction between low gestational age 

and severe growth restriction. Because enrollment on the basis of birth weight can distort the 

results of studies of immature newborns, the ELGAN (extremely low gestational age 

newborn) Study provides an opportunity to evaluate the possible influence of growth 

restriction on the risk of severe ROP (8).

MATERIALS AND METHODS

The ELGAN study was designed to identify characteristics and exposures that increase the 

risk of neurological disorders in ELGANs (9). During the years 2002–2004, women who 

delivered before 28 weeks gestation were asked to enroll. The enrollment and consent 

process was approved by the institutional review boards of participating centers. The 1248 

infants who had retinal examinations are the subject of this study.

Newborn variables

The clinical circumstances that led to each maternal admission and preterm delivery were 

recorded. Gestational age estimates were based on a hierarchy of the quality of available 

information. Most desirable were estimates based on dates of embryo retrieval or 

intrauterine insemination or fetal ultrasound before the 14th week (62%). Reliance was then 

placed sequentially on fetal ultrasound at 14 or more weeks (29%), last menstrual period 

(7%), and gestational age recorded in the unit log (1%).

The birth-weight Z-score is the number of standard deviations the birth weight is above or 

below the median weight of infants of the same GA in referent samples not delivered for 

preeclampsia or fetal indications(10). Children whose birth-weight Z-score was < −2 (i.e., 
more than 2 standard deviations below the median in the standard data set) are identified as 

severely growth restricted; those whose birth-weight Z-score was ≥ −2 yet < −1 (i.e., 
between 1 and 2 standard deviations below the median) are identified as moderately growth 

restricted.

Possible effect modifying factors were analyzed, including blood gas measurements, the 

number of days on mechanical ventilation, and late bacteremia. We define late bacteremia as 

evident in weeks 2, 3 or 4. The recovery of a pathogen from blood was reported, but details 

about the organism were not.
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Eye examinations

Participating ophthalmologists prepared a manual and ROP data collection form and 

participated in efforts to minimize observer variability. The first ophthalmologic examination 

was within the 31st to 33rd post-menstrual week. Follow-up exams were as clinically 

indicated until normal vascularization began in zone lll. We focused our analyses on pre-

threshold ROP, defined as any ROP in zone 1, or in zone 2, stage 2 with plus disease or stage 

3 without plus disease(11). 173 infants had pre-threshold ROP. As in previous analyses (12, 

13), the comparison groups always include infants with no or low grade ROP.

Data analysis

We calculated cell-specific risks of pre-threshold ROP in groups defined by gestational age 

and birth-weight Z-score (Table 1), and further by potential effect modifying postnatal 

characteristics, such as blood gas derangements, days receiving supplemental oxygen, days 

ventilated, and whether or not late bacteremia was documented (data not shown).

We created two logistic regression models of pre-threshold ROP risk to calculate odds ratios 

and 99% confidence intervals for gestational age categories and Z-score categories (Table 2). 

Both models included potential confounding variables—highest PaO2 and PCO2 in the 

highest quartile on two of the first three postnatal days, the highest quartile of days 

ventilated, and late bacteremia. Model #2 included, in addition, variables for interactions 

between gestational age categories and birth-weight Z-score categories. Interaction terms 

indicate that the effect of one variable (e.g., birth weight Z-score <−2) depends on another 

variable (e.g., gestational age: 25–26 weeks).

Finally, to demonstrate how defining samples on the basis of low birth weight might 

selectively include an excess of growth-restricted, older gestational age newborns, we 

created scatter plots that display the gestational age/birth weight relationship in infants 

enrolled in two studies. The Developmental Epidemiology Network study recruited infants 

with birth weights below 1500g (14), while the ELGAN Study recruited infants whose 

gestational ages were below 28 weeks(9).

RESULTS

Sample description

A comparison of demographics for AGA and SGA/growth restricted babies can be found in 

a prior ELGAN publication by Steimish, et al(15). Overall, 6% of the 1248 infants in this 

sample were severely growth restricted, while an additional 13% were moderately growth 

restricted. Fetal growth restriction varies with the indication for preterm delivery (16) and in 

our sample, severe growth restriction characterized 2% of newborns delivered for 

spontaneous indications, 28% delivered for maternal indications (preeclampsia), and 20% 

delivered for fetal indications.
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Cell-specific incidence of pre-threshold ROP among newborns classified by both 
gestational age and birth-weight Z-score (Table 1)

The incidence of pre-threshold disease was highest among those with very low gestational 

age and severe growth restriction and tended to decline with increasing gestational age and 

increasing birth-weight Z-score. Infants born at 25–26 weeks gestation, however, were less 

likely to be at increasing risk of ROP severity with decreasing birth-weight Z-score than 

were infants born at younger or older gestational ages.

Odds ratios (Table 2)

We created two logistic regression models of the risk of pre-threshold ROP associated with 

low gestational age and low birth-weight Z-score. In the model without the interaction terms 

(left data column), the risk of pre-threshold disease was statistically-significantly increased 

(p < .01) in both gestational age categories (i.e., 23–24 weeks, and 25–26 weeks), but in 

neither growth-restriction category (i.e., < −2, and ≥ −2 but < −1).

When we added variables for the interaction between gestational age and birth-weight Z-

score categories (right data column), the odds ratios for gestational age categories were 

increased, but the lower bounds of their 99% confidence interval changed minimally. In 

contrast, the odds ratio associated with severe growth restriction increased prominently to 

become statistically significant. Each of the four interaction terms included in the second 

model had an odds ratio that was less than 0.5 and a 99% confidence interval that included 1.

Gestational age and birth-weight distributions in 2 samples (Figure 1)—In a 

birth-weight defined sample (top figure), many severely growth-restricted newborns who 

were born at older gestational ages than their birth-weight peers are included. A birth weight 

criterion of 1500g allowed inclusion of babies whose gestational age was as high as 37 

weeks. Enrolling preterm newborns on the basis of gestational age (bottom figure) avoids 

over-inclusion of the most growth restricted, more mature newborns.

DISCUSSION

Our most important finding is that among extremely low gestational age infants, those who 

were growth restricted were at increased risk of ROP.

Samples of newborns defined by birth weight have an excess of gestationally older, severely 

growth-restricted newborns. This might distort perceptions of the role of growth restriction 

in disease processes (8). A recent study found that among moderately to late preterm infants, 

low birth weight was the strongest predictor of abnormal retinal vascularization(3). Despite 

the abnormal vascularization, none of these infants had ROP, likely due to the older 

gestational age of the sample (≥ 32 weeks gestation at birth). It is likely that the interaction 

of growth restriction and low gestational age at birth is needed for the development of 

significant ROP. To study the correlates of growth restriction, one must sample based on 

gestational age (8).

In the ELGAN sample, defined by gestational age less than 28 weeks, we found that in 

addition to low gestational age, growth restriction was associated with an increased risk of 
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pre-threshold ROP. This was most evident when gestational age- birth-weight Z-score 

interaction terms were included in the multivariable model. Because all the interaction terms 

had odds ratios for pre-threshold disease that were appreciably below 1, we infer that the 

increased risk of ROP associated with growth restriction is independent of gestational age, 

and that its “contribution” to ROP risk is not additive or multiplicative. Indeed, it might be 

competitive (17).

Regression models without interaction terms provide information about individual correlates 

of risk. Adding interaction terms provides information about the influence of combinations 

of these correlates, and has the potential to clarify the information provided individual 

correlates of risk. Model 2 in Table 2 indicates that the effect of growth restriction on ROP 

risk is modified by gestational age. The interaction terms also enhanced the information 

provided by each of the gestational age categories and SGA.

How growth restriction might influence ROP risk

Growth restriction is a surrogate for low IGF-1 availability—Low blood 

concentrations of IGF-1 have been associated with ROP(18). A body of literature attests to 

the close relationship between growth restriction and low concentrations of IGF-1(18–22). 

Thus, we can raise the possibility that the increased risk of ROP among the most growth 

restricted reflects sub-optimal availability of IGF-1. Unfortunately, we did not measure 

IGF-1 in our subjects, and cannot provide a link between growth restriction and ROP risk in 

our sample.

Growth restriction is an indicator of increased probabilities of epigenetic 
phenomena—Severely growth-restricted newborns are at increased risk of a wide variety 

of disorders later in life. This has been attributed to epigenetic phenomena associated with 

fetal programming(23). In the ELGAN Study, severely growth-restricted newborns did not 

have a systemic inflammatory signal on the first postnatal day, but two weeks later had a 

stronger inflammatory response than newborns who were not growth restricted(24). Months 

later they were at increased risk of bronchopulmonary dysplasia(25). Two years later, they 

were more likely than their peers to have a low score on a cognition assessment(15). In light 

of the late consequences of fetal programming, we raise the possibility that the early 

associations with fetal growth restriction in our extremely preterm sample might be among 

the earliest consequences of fetal programming.

Limitations and strengths

Our study has three major limitations. First, we are unable to distinguish between causation 

and association. Second, despite our enrolling a large number of newborns, the small 

number of children in some of the nine cells defined by three categories of gestational age 

and three categories of birth weight Z-score limits the power of our study. Third, we did not 

collect information about IGF-1 concentrations.

Our study also has several strengths. First, our selecting infants based on gestational age 

minimized confounding due to factors related to fetal growth restriction (8). Second, we 

collected all of our data prospectively. Third, we adjusted for confounders of the 
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relationships between ROP risk and both gestational age and SGA. Finally, we created a 

multivariable model that included gestational age and birth-weight Z-score interaction terms.

In summary, in this sample defined by gestational age less than 28 weeks, low gestational 

age and severe growth restriction were both associated with an increased risk of pre-

threshold ROP. We infer that processes associated with fetal growth restriction increase the 

risk of severe ROP, providing support for antenatal contributions to the occurrence of ROP.
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KEY NOTES

• The hypothesis that growth-restricted preterm infants are at increased risk for 

ROP remains controversial.

• In the ELGAN sample, defined by gestational age less than 28 weeks, both 

low gestational age and severe growth restriction were associated with 

increased risk of pre-threshold ROP.

• We infer that processes associated with fetal growth restriction influence the 

risk of severe ROP, providing additional support for the claim that ROP has 

antenatal origins.
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Figure 1. 
These scatterplots demonstrate how birth weight and gestational age distributions of 

newborns differ depending on enrollment criteria. The top scatterplot is of newborns 

enrolled on the basis of a birth weight < 1500g(14). All infants whose gestational age at 

birth is > 33 weeks are in the lowest decile of birth weight for gestational age. The bottom 

scatterplot is of newborns enrolled on the basis of a gestational age < 28 weeks (9), which 

avoids the excess of growth-restricted infants seen in the top scatterplot. The lines are 

regression lines for each sample.
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Table 1

Cell-specific incidence of pre-threshold ROP§ per 100 infants who, at birth, had both the birth weight Z-score 

of the column and the gestational age of the row.

Gestational age (weeks)

Birth weight Z-score

< −2 ≥ −2, < −1 ≥ −1

23–24 60 37 24

25–26 19 27 13

27 19 7 1

Column N 78 167 1003

§
satisfied ET-ROP criteria for ablative surgery
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Table 2

Odds ratios (and 99% confidence intervals) of pre-threshold ROP associated with low gestational age and low 

birth weight Z-score in models that adjust for potential mediators. Model 1 does not include interaction terms, 

whereas Model 2 does.

Model 1§ Model 2§

Gestational age 23–24 weeks 6.8 (2.7, 17) 11.6 (2.9, 47)

Gestational age 25–26 weeks 4.4 (1.9, 11) 8.1 (2.1, 32)

Birth weight Z-score < −2 1.4 (0.6, 3.6) 9.1 (1.1, 76)

Birth weight Z-score ≥ −2, < −1 1.7 (0.9, 3.1) 3.5 (0.5, 23)

GA-BW interactions

 GA:23–24 x BWZ < −2 0.3 (0.01, 7.1)

 GA:23–24 x BWZ ≥ −2, < −1 0.4 (0.05, 3.9)

 GA:25–26 x BWZ < −2 0.1 (0.01, 1.1)

 GA:25–26 x BWZ ≥ −2, < −1 0.4 (0.06, 3.5)

§
Both models are adjusted for highest PaO2, highest PCO2, highest quartile of days ventilated, and “late” bacteremia.
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