Curr Ophthalmol Rep (2013) 1:213-217
DOI 10.1007/s40135-013-0028-y

PEDIATRIC OPHTHALMOLOGY (S ROBBINS, SECTION EDITOR)

Risk Factors for Retinopathy of Prematurity: Beyond Age, Birth

Weight, and Oxygen

Iason S. Mantagos * Deborah K. VanderVeen *
Lois E. H. Smith

Published online: 1 October 2013
© Springer Science + Business Media New York 2013

Abstract Retinopathy of prematurity (ROP) remains an
important cause of childhood blindness. Improved survival
of premature infants has led to more infants being at risk of
developing ROP. Advances in basic and clinical research
have identified additional risk factors for ROP beyond
gestational age, birth weight, and supplemental oxygen.
Greater understanding of the pathophysiology of ROP and
the risk factors involved will allow more targeted thera-
peutic approaches.
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Introduction

Retinopathy of prematurity (ROP) was first described by
Terry in 1942 and its association with oxygen exposure
was identified soon after [1]. ROP remains an important
cause of childhood blindness. Advances in perinatal and
neonatal care have led to improved survival of premature
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infants; therefore, more infants are at risk of developing
ROP. ROP accounts for up to 60 % of pediatric blindness
and the incidence is 9-60 per 1,000 in some developing
countries. This increase in the incidence of ROP with more
immature infants surviving has been referred to as the
“third epidemic of ROP” [2].

Early gestational age, low birth weight, and supple-
mental oxygen treatment are well-documented risk factors
for developing ROP [3, 4]. Because of this, the current
screening criteria published by the American Academy of
Pediatrics, the American Academy of Ophthalmology, the
American Association for Pediatric Ophthalmology and
Strabismus, and the American Association of Certified
Orthoptists recommend infants born before 30 weeks of
gestation, infants with a birth weight less than 1,500 g, or
infants with an unstable clinical course undergo screening
for ROP [5].

In addition to the effects of prematurity, low birth
weight, and supplemental oxygen use, more risk factors
have been identified in the pathogenesis of ROP. The focus
of this article is to review the risk factors beyond gesta-
tional age, birth weight, and supplemental oxygen use
relating to the development of ROP.

Risk Factors: Beyond Gestational Age, Birth Weight,
and Supplemental Oxygen

Vascular Endothelial Growth Factor

The basis of ROP pathogenesis is the disruption of the normal
retinal vascularization. ROP occurs in two phases. Phase 1
starts at birth, and is characterized by vaso-obliteration,
whereas phase 2 starts after approximately 30-32 weeks of
corrected gestational age and is characterized by retinal
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neovascularization. During phase 1 ROP, the relative hyper-
oxia of the ex utero environment along with supplemental
oxygen administration leads to downregulation of hypoxia-
dependent factors, including vascular endothelial growth
factor (VEGF), leading to vaso-obliteration. During phase 2
ROP, the increased metabolic demands of the developing
retina coupled with the obliteration of the developing retinal
capillaries leads to hypoxia, causing a surge in the levels of
hypoxia-dependent factors, which gives rise to abnormal
neovascularization. The extent of phase 1 ROP will determine
the severity of disease during phase 2 ROP [6-12].

There has been extensive experience with use of VEGF
inhibitors in the management of retinal disease secondary
to neovascularization, including age-related macular
degeneration and diabetic retinopathy [13]. More recently
bevacizumab has also been used off-label for the man-
agement of ROP, both as a primary form and as a sup-
plemental form of treatment [14-17]. A prospective,
multicenter, unmasked, randomized controlled study eval-
uating the efficacy of intravitreal injection of bevacizumab
compared with laser photocoagulation in premature infants
with a birth weight less than 1,500 g, less than 30 weeks’
gestational age, with stage 3+ ROP in zones 1 and 2
showed a beneficial effect of bevacizumab in the man-
agement of stage 3+ ROP in zone 1 [18]. However, this
study did not follow the infants for complications and did
not address optimal dosing or timing.

Modulation of VEGEF levels is likely to be an important
component of the treatment of ROP. However, more
studies must be done to demonstrate clinical safety and
visual acuity outcomes, as well as to evaluate potential
ocular and systemic side effects of anti-VEGF [19].

Insulin-Like Growth Factor 1

Insulin-like growth factor 1 (IGF-1) is an important factor
for normal angiogenesis and normal fetal growth [20].
Studies in IGF-1 knockout mice indicate that a minimum
level of IGF-1 is required for VEGF signal transduction.
These mice have poor retinal vessel growth, even though
they have normal VEGF levels [21]. Animal studies using
the oxygen-induced retinopathy (OIR) mouse model have
shown that exogenous administration of IGF-1 receptor
antagonists can reduce retinal vasoproliferation [22, 23].
During intrauterine life, IGF-1 is provided by the maternal/
placental interface. Following premature birth, VEGF and
IGF-1 levels fall, coinciding with phase 1 ROP. During
phase 2 ROP, rising VEGF and IGF-1 levels lead to
abnormal retinal neovascularization. Low IGF-1 levels
during phase 1 ROP are associated with severer phase 2
ROP [23-25]. A clinical trial is currently under way to
examine if restoration of IGF-1 levels following premature
birth can prevent ROP.
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Polyunsaturated Fatty Acids

The predominant retinal polyunsaturated fatty acid (PUFA)
is the ®-3 PUFA docosahexaenoic acid (DHA). The role of
the ratio of ®-3 PUFA to w-6 PUFA in angiogenesis is
starting to be better understood [26, 27]. With use of the
OIR mouse model, pups of mice that had been fed a diet
rich in ®-3 PUFA had less abnormal retinal neovasculari-
zation [28]. This was also noted in transgenic mice that
overexpress the Caenorhabditis elegans fat-1 gene, which
converts ®-6 PUFA to ®-3 PUFA, resulting in elevated
tissue levels of ®-3 PUFA [29].

In the developing embryo there is a significant transfer
of PUFA from the mother during the third trimester [30].
Thus, infants that are born prematurely have significantly
lower plasma levels of PUFA and those levels remain low
for at least 4 weeks postnatally if there is no supplemen-
tation [31]. Pawlik et al. [32] recently showed that a group
of infants born before 32 weeks’ gestational age with a
birth weight less than 1,250 g that received parenteral
nutrition which included DHA from day 1 had more fre-
quent ROP regression and less need for laser treatment than
a historic control group that received parenteral nutrition
which did not include DHA.

The levels of w-3 PUFA in the infant seem to be an
important factor for developing ROP, and a trial is under
way evaluating the parenteral administration of ®-3 PUFA
to premature infants.

Erythropoietin

Erythropoietin has also been identified as an important
modulator of angiogenesis. Jaquet et al. [33] using endo-
thelial cells derived from human adult myocardial tissue
demonstrated the same angiogenic potential of recombinant
human erythropoietin as VEGF using an in vitro assay. In the
OIR mouse model, exogenous erythropoietin administration
during phase 1 has been found to prevent vaso-obliteration
[34], while erythropoietin inhibition during phase 2 using
small interfering RNA can prevent neovascularization [35].
Recombinant human erythropoietin administration for the
treatment of anemia of prematurity has been identified as an
independent risk factor for the development of ROP and
treatment-warranted ROP [36]. Exogenous recombinant
human erythropoietin may be arisk factor for ROP, and in the
future manipulation of erythropoietin levels could have a
role in the treatment of ROP.

Postnatal Weight Gain
The relationship between poor postnatal growth, weight

gain, and low serum IGF-1 levels has been well documented.
As mentioned previously, there is also a strong association
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between low IGF-1 levels and the severity of ROP [24, 25].
More recent studies have shown that poor postnatal growth in
the first weeks of life is associated with later development of
ROP [37, 38]. In addition to low postnatal IGF-1 levels, poor
postnatal growth is multifactorial, including poor nutrition,
low birth weight standard deviation score, number of days on
a ventilator, oxygen supplementation at concentrations
above 40 %, insulin and corticosteroid treatment, and low
white blood cell counts [39].

The weight, insulin-like growth factor, neonatal ROP
(WINROP) algorithm was developed on the basis of
weekly postnatal weight and serum IGF-1 measurements,
but has been modified to reflect postnatal weight gain and
gestational age at birth without IGF-1 measurements to be
independent of blood sampling. It detects slowing of the
rise of an infant’s weight gain (which reflects IGF-1 levels)
and identifies infants at risk of developing treatment-war-
ranted ROP [38, 40, 41].

Early Glucose Levels

The relationship between early postnatal hyperglycemia and
the later development of ROP has been established [42—44].
Kaempf et al. [45] showed elevated blood glucose levels during
the first 29 days of life and insulin use for the management of
hyperglycemia were associated with the development of stage
3 and stage 4 ROP. Vanhaesebrouck et al. [46] demonstrated
that premature infants with average daily glucose levels greater
than 6.0 mmol/L during the first week of life were more likely
to develop ROP. The exact pathophysiology of how hyper-
glycemia relates to the development of ROP is unknown. It is
possible that hyperglycemia is an indicator of stress, immatu-
rity, and illness, all of which are known risk factors for ROP
[47]. We know that IGF-1 counteracts insulin resistance [48],
and that IGF-1 levels are reduced following premature birth
[24]. Since insulin resistance can lead to hyperglycemia, it is
evident that the relationship between IGF-1, hyperglycemia,
and ROP requires further investigation.

Sepsis: Late Bacteremia

The link between neonatal infections and the development
of ROP has been known for a long time [49]. More recently,
it has been shown that the interaction of sepsis, prematurity,
and oxygen exposure may have a synergistic effect [S0]. In
the same study it was shown that the risk of ROP was higher
among infants of higher gestational age. It was theorized that
older premature infants could mount a greater inflammatory
response to sepsis and that the inflammation contributes to
the development of ROP [50, 51]. This is consistent with the
ELGAN study, which demonstrated that late (occurring at
2-4 weeks of age) definite bacteremia (culture-proven) and
presumed late bacteremia (antibiotics for more than 72 h

despite negative blood cultures) were associated with pre-
threshold/threshold ROP [52].

Genetic Factors

Variations in the severity and frequency of ROP among dif-
ferent ethnic groups are well documented. The ETROP trial
demonstrated a similar incidence of ROP for African Amer-
ican and non-African American infants, but progression to
prethreshold ROP was higher for non-African American
infants [53]. By comparing the incidence of ROP between
monozygotic and dizygotic twin pairs, Bizzarro et al. [54]
demonstrated a strong genetic predisposition for ROP after
controlling for prematurity and environmental factors.

By evaluation of known genetic mutations in familial
exudative retinopathy, because its phenotype is similar to that
of ROP, links between specific mutations and ROP have been
made. More specifically, mutations in the NDP gene have
been identified in unrelated patients with severe ROP [55-57].
More recently, Ells et al. [58] showed two novel mutations in
the FZD4 gene that were associated with severe ROP in
patients with no signs of familial exudative retinopathy.

Conclusion

It is evident that ROP is a multifactorial disease. The tra-
ditional model of prematurity and oxygen use does not
completely explain the pathogenesis and variance in the
incidence of ROP. recognition of ROP risk factors and
better understanding of their interactions will lead to (1)
identification of at-risk infants before disease onset, (2)
more targeted therapeutic approaches, and (3) reduction of
the need for screening of infants that are at low risk of
developing ROP, thus reducing this burden on the health
care system.
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