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Key Points

Question

Is fast weight gain acceleration, a surrogate for change in serum insulinlike growth factor 1 level,
associated with a higher risk of severe retinopathy of prematurity (ROP)?

Findings

In this secondary analysis of data from the Postnatal Growth and Retinopathy of Prematurity study
including 6835 infants undergoing ROP examinations at 29 North American hospitals, except in infants
with the slowest early postnatal weight gain, increasing late weight gain acceleration was associated with
increasing risk of severe ROP up to a threshold, beyond which risk fell.

Meaning

Although early slow weight gain is associated with an increased risk of ROP, the association appears more
complex than previously thought, since the timing and rate of weight gain acceleration may also affect the
risk of severe ROP.

Abstract

Importance

Early slow postnatal weight gain, a surrogate for low insulinlike growth factor 1 (IGF-1) levels, is
predictive of retinopathy of prematurity (ROP). While low IGF-1 levels inhibit retinal vessel growth, a later
rise theoretically activates vascular endothelial growth factor, causing neovascularization. Rate of rise of
IGF-1 level is represented by weight gain acceleration (WGA) and may be used to evaluate risk of ROP.
Objective

To evaluate whether faster WGA during a later postnatal period is associated with a higher, rather than
lower, risk of severe ROP.

Design, Setting, and Participants

This secondary analysis of data from the Postnatal Growth and Retinopathy of Prematurity (G-ROP) study
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included 6835 infants undergoing ROP examinations from 29 hospitals in North America from January
2006 to June 2012. Data were analyzed from September to December 2016.

Main Outcomes and Measures

Early weight gain rate (WGR) during 29 to 33 weeks’ postmenstrual age and late WGA during 34 to 38
weeks’ postmenstrual age were determined using linear regression of daily weight measurements and
changes in daily weight measurements, respectively. The primary outcome was the association of late
WGA with severe ROP.

Results

Of the 6835 included infants, the mean (SD) birth weight was 1086 (357) g, and the mean (SD) gestational
age was 27.9 (2.5) weeks. Risk of severe ROP increased with increasing late WGA up to about the 80th
percentile of WGA. After adjusting for birth weight and gestational age, among infants in the lowest early
WGR tertile, there was no association of late WGA with severe ROP, and among infants in the moderate
and highest early WGR tertiles, the moderate WGA tertiles had the highest risk of ROP (moderate early
WGR tertile: adjusted odds ratio, 1.38; 95% CI, 0.98-1.94; highest early WGR tertile: adjusted odds ratio,
1.63; 95% CI, 1.02-2.60).

Conclusions and Relevance

Although much attention has been paid to the association of slow weight gain with ROP, the association
may be more complex than appreciated. These findings suggest that low early WGR is associated with
severe ROP regardless of subsequent WGA, but if early WGR is moderate or high, subsequent rapid rises
in WGR are associated with increasing risk of severe ROP. If validated in additional cohorts, this finding
may affect potential therapies, such as the timing of IGF-1 supplementation.

Introduction

Current retinopathy of prematurity (ROP) screening criteria, using birth weight (BW) and gestational age

(GA), have high sensitivity but low specificity for identification of infants developing severe ROP. 12,3

1245

Only a small percentage of infants require treatment. Identification of slow postnatal weight gain, a

proposed surrogate for low insulinlike growth factor 1 (IGF-1) levels, improves specificity of these
criteria. &% 1011 ngylinlike growth factor 1 plays a permissive role in vascular endothelial growth factor
(VEGF) activity.Q In developing retina, increasing metabolic demands and relative hypoxia cause increased
VEGEF production. However, premature infants have low serum IGF-1 levels owing to loss of maternal
sources, inhibiting retinal vessel growth. Eventually, endogenous serum IGF-1 levels increase with
increasing infant age and weight, activating VEGF and causing pathologic neovascularization. > 782 Low
IGF-1 levels have been shown to predict the later development of severe ROP, and IGF-1 supplementation

is being investigated.ﬁ

Low early IGF-1 levels and the surrogate measure, slow early postnatal weight gain, are associated with
subsequent ROP. However, when considering the aforementioned model of ROP pathogenesis, IGF-1
levels that later rise too quickly may also be deleterious. In the ROP models developed to date, the static
value of serum IGF-1 level is represented by change in weight gain, or weight gain rate (WGR). Therefore,
a change in serum IGF-1 level would be represented by a change in WGR, or weight gain acceleration
(WGA). We sought to determine the association of late postnatal WGA with severe ROP to evaluate the a
priori hypothesis that faster WGA later in postnatal life is associated with a higher, rather than lower, risk
of severe ROP.
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Methods

We conducted a secondary analysis of data from the Postnatal Growth and Retinopathy of Prematurity (G-
ROP) study,ﬁ a National Institutes of Health—supported, multicenter retrospective cohort study of infants
undergoing ROP screening across 29 North American hospitals between January 1, 2006, and June 30,
2012. Infants had known BW, GA, and ROP outcomes and sufficient postnatal daily weight measurements.
Examinations were completed by fellowship-trained pediatric ophthalmologists or retinal specialists with
ROP expertise. Institutional review board approval was obtained at the Children’s Hospital of Philadelphia
and at all hospitals. Informed consent was waived based on the Common Rule.

Statistical Analysis

Based on published work examining timing of changes in IGF-1 level and associations with ROP,§’M 2
periods were established a priori: an early WGR period at 29 to 33 weeks’ postmenstrual age (PMA) and a
later WGA period at 34 to 38 weeks” PMA. Linear regression of daily weight measurements was used to
calculate WGR during the early period and changes in daily WGR for WGA during the late period.
Weights from the first week of life were excluded owing to the weight loss that occurs in most neonates.

The primary outcome was the association of late WGA with severe ROP, defined as Early Treatment of
ROP Study type 1 or 2 ROP in either eye. To explore this association, infants were grouped into centiles by
their late WGA,; rate of severe ROP was calculated for each centile, and a locally weighted scatterplot
smoothing line was used to visualize the association of severe ROP rate with rank of late WGA. In
addition, infants were grouped by late WGA into 3 similarly sized groups, and logistic regression assessed
the association of late WGA with severe ROP. Potential confounders were controlled for by considering 3
primary, well-established ROP risk factors: BW, GA, and early WGR. The association of late WGA with
severe ROP differed depending on early WGR, so early WGR was controlled through stratification into 3
WGR groups with similar sample size, and multivariable logistic regression was performed within each
group to control for BW and GA. Adjustments for multiple comparisons were not made because of the
exploratory nature of the study. All analyses were performed with SAS version 9.3 (SAS Institute).

Results

Of 7483 infants in the G-ROP study, 6835 infants had sufficient growth data and were included in the
analysis. The mean (SD) BW was 1086 (357) g, and the mean (SD) GA was 27.9 (2.5) weeks. A total of
868 infants (12.7%) had severe ROP (415 with type 1 ROP and 453 with type 2 ROP). Risk of severe ROP
increased with increasing late WGA during 34 to 38 weeks’ PMA up to about the 80th percentile of WGA (
Figure 1 and Figure 2). When stratified by early WGR during 29 to 33 weeks’ PMA, rates of severe ROP
decreased with increasing WGR; 426 infants (19.0%) in the lowest WGR tertile (<19 g/d), 286 (12.4%) in
the middle WGR tertile (19 to 26 g/d), and 156 (6.8%) in the highest WGR tertile (>26 g/d) had severe
ROP. The highest rate of severe ROP occurred in infants with the slowest early weight gain. In the slowest
early WGR tertile, there was no association of late WGA with severe ROP (Figure 2; Table). In the middle
early WGR tertile, infants in the middle tertile of late WGA (—0.25 to 0.55 g/d/d) had the highest risk of
ROP compared with infants in the lowest late WGA tertile (adjusted odds ratio, 1.38; 95% CI, 0.98-1.94).
Similarly, in the highest early WGR tertile, infants in the middle tertile of late WGA had the highest risk of
ROP compared with infants in the lowest late WGA tertile (adjusted odds ratio, 1.63; 95% CI, 1.02-2.60).

Discussion

Despite considerable evidence of the association of early slow weight gain with subsequent severe
ROP,Z’;Q’E the association of weight gain with ROP appears more complex than previously appreciated.
We found that increasing late WGA during 34 to 38 weeks” PMA is associated with increasing risk of
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severe ROP. However, the effect of late WGA depends on WGR earlier in postnatal development. Low
early WGR during 29 to 33 weeks’ PMA was associated with severe ROP regardless of subsequent late
WGA. Infants with moderate or high early WGR with subsequent rapid increases in WGR were at
increased risk of severe ROP, except for those with the highest late WGA, who had a risk similar to those in
the lowest late WGA group, as infants with the highest WGA had higher BW and GA and were generally at
lower risk of ROP (eTable in the Supplement).

Our results support the known association of slow early WGR with subsequent ROP. Infants with the
lowest early WGR were at high risk of severe ROP, regardless of later WGA, suggesting the effect of slow
early WGR overpowers any effect from later WGA, theoretically because it creates a larger imbalance
between vascular development and retinal metabolic demand and higher retinal VEGF production.
However, infants with moderate or higher early WGR demonstrated a positive association of faster WGA
with severe ROP. High late WGA was used as a surrogate for a rapid increase in serum IGF-1 levels.
Presumably, in infants with moderate or high early WGR, rapid increases in serum IGF-1 levels result in
more robust activation of VEGF and neovascular ROP.

Strengths and Limitations

A strength of our study was the statistical power to examine these associations owing to the large,
multicenter cohort. However, there are limitations to consider. We used weight gain as a surrogate for
IGF-1 levels, which is more practical than IGF-1 blood testing but may not perfectly correlate with IGF-1
level. Although we controlled for the strongest known ROP risk factors, there may be unaccounted
additional known or unknown confounders that may affect weight gain—related ROP risk.

Conclusions

Very slow early WGR is associated with severe ROP. However, higher early WGR followed by subsequent
rapid late WGA may also be associated with increased risk of severe ROP, except for in the fastest growing
infants. Therefore, effects of exogenous IGF-1 supplementation or other interventions may vary depending
on their timing and rate of administration. Though further study of these exploratory study findings is
necessary, improved understanding of the complexity of the associations of weight gain with ROP risk may
help to further improve ROP prediction.

Notes

Supplement.

eTable. Mean birth weight (BW) and gestational age (GA) of 6835 infants stratified by early weight
gain rate (WGR) during 29 to 33 weeks’ postmenstrual age and weight gain acceleration (WGA)
during 34 to 38 weeks’ postmenstrual age.
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Figure 1.

0.4+

O Estimated probability

LOESS line

Probability of Severe ROP
o o
N) w

o
—
1

0 20 40 60 80 100
Percentile of Weight Gain Acceleration During 34 to 38 wk PMA

Association of Late Weight Gain Acceleration With Risk of Severe Retinopathy of Prematurity (ROP)
Among 6835 At-Risk Infants

A locally weighted scatterplot smoothing (LOESS) line is used to visualize the association. PMA indicates
postmenstrual age.
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Figure 2.
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Association of Late Weight Gain Acceleration With Risk of Severe Retinopathy of Prematurity (ROP)
Among 6835 At-Risk Infants by Early Weight Gain Rate During 29 to 33 Weeks’ Postmenstrual Age

A locally weighted scatterplot smoothing (LOESS) line is used to visualize the associations within each tertile. A
total of 426 infants (19.0%) in the lowest weight gain rate tertile (<19 g/d), 286 (12.4%) in the middle weight gain

rate tertile (19 to 26 g/d), and 156 (6.8%) in the highest weight gain rate tertile (>26 g/d) had severe ROP. PMA
indicates postmenstrual age.
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Table.

Stratified Analysis of the Association of Weight Gain Rate With Weight Gain Acceleration

Tertile Total, Infants With Weight Gain Acceleration Infants With Adjusted OR With
No. Severe ROP, During 34 to 38 wk Severe ROP, Severe ROP (95%
No. (%) Postmenstrual Age, g/d/d No. (%) CI)a
Low (<19 2244 426 (19.0) <-0.25 119 (17.7) 1 [Reference]
g/d) ~0.25 t0 0.55 171 (19.8) 1.06 (0.78 to 1.43)
>0.55 136 (19.2) 1.05 (0.77 to 1.45)
Middle 2307 286 (12.4) <025 77 (9.4) 1 [Reference]
(19-26 ~0.25 t0 0.55 124 (16.2) 1.38 (0.98 to 1.94)
g/d) >0.55 85 (11.8) 1.11 (0.77 to 1.60)
High (>26 2284 156 (6.8) <025 41 (5.1) 1 [Reference]
g/d) ~0.25 t0 0.55 63 (9.4) 1.63 (1.02 to 2.60)
>0.55 52 (6.4) 1.15 (0.71 to 1.86)

Abbreviations: NA, not applicable; ROP, retinopathy of prematurity.

3Adjusted by birth weight and gestational age.
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