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Abstract

Objective: To evaluate the relationship between prenatal and postnatal inflammation-related risk
factors and severe retinopathy of prematurity (ROP).

Study Design: The study included infants born <30 weeks in California from 2007-2011.
Multivariable log binomial regression was used to assess the association between prenatal and
postnatal inflammation-related exposures and severe ROP, defined as stage 3-5 or surgery for
ROP.

Results: Of 14,816 infants, 10.8% developed severe ROP. Though prenatal inflammation-related
risk factors were initially associated with severe ROP, after accounting for the effect of these risk
factors on gestational age at birth through mediation analysis, the association was non-significant
(P=0.6). Postnatal factors associated with severe ROP included prolonged oxygen exposure,
sepsis, intraventricular hemorrhage, and necrotizing enterocolitis.

Conclusion: Postnatal inflammation-related factors were associated with severe ROP more
strongly than prenatal factors. The association between prenatal inflammation-related factors and
ROP was explained by earlier gestational age in infants exposed to prenatal inflammation.
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Introduction

Retinopathy of prematurity (ROP) is a disorder of abnormal retinal vascular development
occurring in preterm infants and is associated with long-term adverse visual outcomes.
Incidence of severe ROP in very low birth weight infants is approximately 6%.1 Significant
visual impairment frequently occurs in children with severe ROP; for example, the Early
Treatment for Retinopathy of Prematurity (ETROP) Study reported that 25% of infants with
advanced ROP requiring treatment had severe visual impairment at 6 years of age.2 Though
treatment of severe cases with intravitreal anti-vascular endothelial growth factor (VEGF)
and laser therapy improves outcomes, ultimately, the best method to decrease ROP-related
morbidity is by preventing its progression to the severe stage. New prevention strategies are
needed, and likely will stem from advances to our understanding of ROP’s pathogenesis.

ROP is a multifactorial disease involving both prenatal and postnatal factors. The
pathogenesis is thought to have two sequential phases.3~> The first phase involves relative
hyperoxia leading to slowing or cessation of normal retinal vascularization, i.e.
angiogenesis. Upon preterm birth, the immature retina is exposed to higher levels of oxygen,
which leads to lower retinal growth factor levels, and consequently slowing of retinal blood
vessel growth. The second phase of ROP pathogenesis is characterized by deleterious
neovascularization in the setting of relative hypoxia. The lack of blood vessel growth in the
retina in the first phase results in retinal ischemia, increased metabolic demand of the retina,
upregulation of retinal growth factors (including VEGF), and ultimately, formation of new
collateral blood vessels, i.e. neovascularization. Left untreated, neovascularization may
cause retinal detachment and permanent vision loss. What is not well understood are the
precise mechanisms underlying the progression from phase one to phase two of ROP
pathogenesis, and the progression through phase two to retinal detachment.®

Notably, there is much to learn about the role of inflammation in ROP.8 Recent studies
suggest that prenatal and postnatal inflammation may each contribute to increased risk of
ROP.46-8 |nflammatory factors such as cytokines, chemokines, growth factors, leucocytes,
monocytes, and macrophages are implicated in the control of angiogenesis and contribute to
the developing vasculature in ROP.8:9-13 Additionally, systemic inflammation may affect
retinal angiogenesis by sensitizing the developing retina to oxygen-induced changes in
growth factor availability and subsequent neovascularization.* Therefore, inflammation may
both increase susceptibility to phase one and progression through phase two of ROP
pathogenesis. Additionally, it has been shown that fetal exposure to inflammation increases
risk of other common complications of prematurity, namely bronchopulmonary dysplasia
and cerebral palsy.14-17 Chronic biochemical chorioamnionitis can lead to fetal
inflammatory response syndrome, producing a prenatal inflammatory exposure.4 Studies
assessing maternal and fetal inflammation-associated risk factors for ROP, such as
chorioamnionitis and pre-eclampsia, have been inconclusive.18-20 Studies assessing
postnatal risk factors for ROP have identified a number of risk factors.21:22 However, a
recent review described some of the postnatal risk factor study results as contradictory,
unreplicated, and/or limited by confounding with other known risk factors.2! Furthermore, a
2016 American Academy of Ophthalmology report suggested that current ROP risk

J Perinatol. Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goldstein et al.

Methods

Page 3

prediction models cannot be widely used because of limited generalizability and small
sample size.23

Based on this evidence, our hypothesis was that inflammation plays a central role in
progression of ROP and that prenatal and postnatal exposure to inflammatory factors
increases risk of severe ROP. Given the need to better quantify the risk associated with
exposure to inflammatory risk factors before and after birth, we examined this association
with a population-based cohort study.?! A better understanding of the association between
inflammatory risk factors and ROP will help tailor risk prediction, patient selection for
screening exams, and advance our understanding of ROP pathogenesis, potentially leading
to new treatments involving anti-inflammatory targets.

Study population:

This population-based cohort study used data collected by the California Perinatal Quality
Care Collaborative (CPQCC), the California Office of Statewide Health Planning and
Development (OSHPD), and the California Department of Public Health. The CPQCC is a
quality improvement organization that collects data from 137 California hospital neonatal
intensive care units (NICUs), representing over 90% of neonates cared for in California.24
The CPQCC collects clinical data prospectively, using standard definitions developed by the
Vermont Oxford Network.2> The CPQCC assures high data quality through training of local
personnel, range and logic checks, and auditing of records with excessive missing data. The
CPQCC data are linked to birth certificates, infant death certificates, and OSHPD hospital
discharge data from the delivery hospitalization as well as across multiple hospitals for
infants transferred to other member NICUs. This study was approved by the Stanford
University Institutional Review Board on Human Subjects Research and the State of
California Committee for the Protection of Human Subjects.

Study design:

We examined all infants with data available from the CPQCC born from January 15, 2007 to
December 315, 2011. We limited our analysis to patients who were born 22 weeks and 0
days’ to 29 weeks and 6 days’ gestational age. We chose < 30 weeks’ gestation because the
CPQCC did not collect data on all infants = 30 weeks during our study period and this
gestational age cut-off nearly matches the American Academy of Pediatricians (AAP)
recommendation to screen all infants < 31 weeks’ gestation with a retinal exam evaluating
for ROP.26 We further excluded patients with birth weights at the extremes for their
gestational ages (i.e. <1st or >99th percentiles), those missing data for any variables
included in the analyses, and infants still alive at discharge but without a screening ROP
exam performed by an ophthalmologist. Infants who died prior to ROP exam were excluded
from our primary analysis but were included in a sensitivity analysis.

Prenatal exposures:

Prenatal variables associated with a maternal or fetal pro-inflammatory state were chosen
based on prior evidence.27-33 These variables included pre-pregnancy maternal body mass
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index (BMI), pre-pregnancy hypertension, type | or type Il diabetes mellitus, prolonged
rupture of membranes (ROM), preterm premature rupture of membranes (PPROM), preterm
labor, chorioamnionitis, maternal autoimmune disease, and congenital infection. Pre-
pregnancy BMI was calculated from maternal weight divided by height-squared reported on
the birth certificate. BMI was divided into four categories: underweight (BMI <18.5 kg/m?),
normal weight (BMI 18.5-24.9 kg/m?), overweight (BMI 25-29.9 kg/m?2), and obese (BMI
>30 kg/m?2).34 We did not examine gestational hypertension or gestational diabetes because,
frequently, mothers of extremely preterm infants have yet to develop these conditions at the
time of extremely preterm birth. Prolonged ROM was defined as rupture of the membranes
more than 18 hours prior to birth of the infant. PPROM was defined as spontaneous rupture
of membranes at a gestational age of less than 37 weeks. Preterm labor was defined as
regular contractions in the context of cervical change that occurred at less than 37 weeks.
Chorioamnionitis was defined by the maternal medical record giving evidence of infections
of the amniotic sac and fluid (amnionitis) or those of the uterine wall (endometritis).
Maternal autoimmune disease included any of the following conditions: autoimmune
thyroiditis, psoriasis, multiple sclerosis, inflammatory bowel disease, rheumatoid arthritis, or
systemic lupus erythematosus. Congenital infection was defined as congenital
toxoplasmosis, rubella virus, syphilis, cytomegalovirus, herpes simplex virus, parvovirus,
zika virus or varicella zoster virus. Supplemental table 1 lists the data source for each
exposure variable and associated /nternational Classification of Disease Clinical
Modification 9 Revision (ICD-9-CM) diagnosis codes.

The prenatal risk factors were combined into a single variable in order to assess mediation
by gestational age of an association between prenatal inflammation exposure and ROP. We
used logistic principal components analysis (‘logisticPCA’ package in R) to create the
composite prenatal inflammation variable. Principal components analysis is a common
technique to combine multiple related predictors. The first principal component was selected
and retained because it captured the majority of the variance. This variable served as a
marker of prenatal inflammation. Because the mediation analysis required a binary predictor
and the variable was standardized with mean 0, we defined lower prenatal inflammation as
<0 and higher prenatal inflammation as >0.

Postnatal exposures:

Postnatal variables associated with a neonatal pro-inflammatory state were limited to
conditions that most often occur prior to development of severe ROP necessitating treatment,
which has a peak incidence of 35-40 weeks’ postmenstrual gestational age in preterm
infants.3® Postnatal inflammatory-related variables included supplemental oxygen use on
day of life 28 (a proxy for both hyperoxia and future diagnosis of bronchopulmonary
dysplasia), early bacterial sepsis, late-onset sepsis, intraventricular hemorrhage (IVH) grades
3 or 4, and necrotizing enterocolitis (NEC). Early bacterial sepsis was defined as a bacterial
pathogen recovered from a blood and/or cerebrospinal fluid culture obtained on day 1, 2 or 3
of life. Late-onset sepsis was defined as bacteria recovered from a blood and/or
cerebrospinal fluid culture after day 3 of life and prior to initial disposition or after
readmission. Late-onset sepsis may occur before or after ROP development. IVH was
defined as the worst grade obtained on cranial ultrasound, computed tomography scan or
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magnetic resonance imaging performed on or before day of life 28. Grade 3 IVH is defined
as intraventricular blood with ventricular dilation. Grade 4 IVH is defined as
intraparenchymal hemorrhage. In most cases, IVH occurs in the first week of life, prior to
ROP development.38 NEC was diagnosed at surgery, at postmortem examination or
clinically and radiographically using the following criteria: at least one of the following
clinical signs present: 1) bilious gastric aspirate or emesis, 2) abdominal distension, 3) occult
or gross blood in stool (no fissure) AND at least one of the following radiographic findings
present: 1) pneumatosis intestinalis, 2) hepato-biliary gas, 3) pneumoperitoneum. This
definition for NEC also requires that infants with spontaneous intestinal perforation
confirmed at laparotomy or post-mortem examination be excluded. NEC incidence peaks at
30-32 weeks postmenstrual age, which is most often prior to development of severe ROP.37

Other variables of interest were maternal race/ethnicity, age, and education, expected
method of payment for delivery, infant sex, birthweight, and gestational age at delivery.
These variables were selected a priorifor inclusion in the multivariable models as
confounding variables based on prior knowledge, causal diagrams, and available data.?1:22

ROP was categorized as “severe” if disease was graded as stage 3, 4 or 5 or if disease
necessitated treatment with laser surgery or cryosurgery. Of note, the CPQCC did not collect
data on anti-VEGF treatment or plus disease (i.e. engorged or tortuous blood vessels, which
substantially increases risk of retinal detachment) during the study years we examined, and
therefore we could not use either as an outcome. ROP screening is recommended by the
AAP for all infants < 30 weeks’ gestational age, infants < 1500 grams, or other select infants
with an unstable clinical course believed to be high risk for ROP by their attending provider.
26 Retinal examination screening generally begins at 31 weeks’ postmenstrual gestational
age or at 4 weeks chronologic age for infants born at or later than 28 weeks’ gestational age.
26 peak timing of onset of severe ROP necessitating treatment is 35 to 40 weeks
postmenstrual age.3® Stage 1 ROP is defined on retinal examination by a demarcation line
between the vascular and avascular areas of the retina. Stage 2 ROP is defined by the
presence of a ridge arising from the demarcation line. Stage 3 ROP represents the presence
of a ridge with extraretinal fibrovascular proliferation. Stage 4 ROP represents partial retinal
detachment. Stage 5 ROP represents total retinal detachment. Death before ROP
examination is a competing outcome, which we assessed in a sensitivity analysis.

Statistical analysis:

Patient characteristics were first characterized by outcome status. Separate log-binomial
regression models were used to estimate risk ratios with 95% confidence intervals for
associations of each prenatal inflammatory risk factor with ROP. Each model adjusted for
maternal age at delivery, race/ethnicity, education, expected method of payment for delivery,
and infant sex. Estimates were considered statistically significant at £< 0.05. A marginal
structural modeling approach was then used to assess mediation of an association between
prenatal inflammation and ROP by gestational age at birth.38 To do so, a multivariable linear
regression model was fit with gestational age as the outcome, the composite prenatal

J Perinatol. Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goldstein et al.

Results

Page 6

inflammation variable as the predictor, and confounders adjusted. A counterfactual dataset
was then made by replicating the actual dataset and setting prenatal inflammation to the
opposite of its actual value. Inverse probability weights were computed by applying the
fitted models to the actual and counterfactual datasets. A multivariable log-binomial
regression model for the outcome, ROP, was then fit with generalized estimating equations
to obtain estimates of the natural direct effect (NDE) and natural indirect effect (NIE) of
prenatal inflammation on ROP with mediation by gestational age. The NDE is what the
effect of prenatal inflammation on ROP would be if we disabled the pathway from prenatal
inflammation to gestational age. The NIE is the effect of gestational age on ROP if prenatal
inflammation were fixed. An interaction term between prenatal inflammation and gestational
age was also tested in the regression model. The proportion of the association between
prenatal inflammation and ROP mediated by gestational age was calculated using the
following equation (RR = relative risk):3°

RRVPE(RRNIE _

D
(RRNPE  RrNIE _ 1,

Postnatal inflammatory risk factors for ROP were assessed in log-binomial regression
models as described above for prenatal inflammatory risk factors, except gestational age at
birth, which was included in the models as a confounder, not a mediator, because it precedes
postnatal inflammation. For analyses of both prenatal and postnatal risk factors, we
performed sensitivity analyses with postnatal death before ROP examination as a separate
outcome. Data were analyzed using SAS 9.4 (SAS Institute, Cary, NC) and R 3.4.4 (R Core
Team, Vienna, Austria).40

A total of 14,816 infants were included in the analysis after application of exclusion criteria
(Figure 1). In this cohort, 10.8% of infants developed stage 3-5 ROP or required surgical
treatment for ROP. Stage 4 or 5 ROP occurred in 0.33% of infants. Gestational age at birth
differed significantly between infants with (i.e. cases) and without (i.e. controls) severe ROP
(P<0.001) (Table 1). Mean gestational age at birth was 25.0 weeks for the infants with severe
ROP and 27.2 weeks for the infants without severe ROP. There was also a significant
difference in the racial/ethnic characteristics (P<0.001) between the case and control groups.
Hispanic and Asian/Pacific Islander were represented more, while non-Hispanic black and
white were represented less, in infants with severe ROP compared with infants without
severe ROP.

Prenatal Inflammatory Factors and Severe ROP

With adjustment for covariates, though not yet including gestational age, prenatal
inflammatory risk factors significantly associated with severe ROP were prolonged ROM
(RR 1.18, 95% CI 1.05-1.33), PPROM or preterm labor (RR 1.35, 95% CI 1.10-1.65),
chorioamnionitis (RR 1.33, 95% CI 1.13-1.56), and congenital infection (RR 1.88, 95% ClI
1.21-2.92) (Table 2). Pre-pregnancy BMI, pre-pregnancy hypertension, diabetes mellitus
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types | and 11 and autoimmune disease were not significant independent risk factors (i.e.
confidence intervals crossed 1.0).

After creating a composite variable of prenatal inflammation, we found that higher prenatal
inflammation was experienced by 31.6% of infants with severe ROP and 27.9% of infants
without severe ROP. The confounder-adjusted risk of ROP in infants with higher prenatal
inflammation was 1.18 times (95% CI 1.06-1.31) the risk in infants with lower prenatal
inflammation (the total effect) (Figure 2). After accounting for the effect of prenatal
inflammation on gestational age at birth via mediation analysis, the risk ratio was reduced to
1.03 (95% CI 0.93-1.13) (the natural direct effect). This finding indicates that lower
gestational age among infants with higher prenatal inflammation than among unexposed
infants explained most (84%) of the association between prenatal inflammation and ROP.
There was no evidence for interaction between prenatal inflammation and gestational age
(P>0.1). Additionally, we repeated the mediation test for individual prenatal conditions as a
sensitivity analysis and the direct effects were not statistically significant.

The model from table 2 was re-examined with postnatal death before ROP examination as a
combined outcome with severe ROP (Supplemental Table 2). Pre-pregnancy hypertension
shows a protective effect on severe ROP or death, with RR 0.84 (95% CI 0.74-0.94).
Prolonged ROM and congenital infection were not risk factors for severe ROP in this model
(confidence intervals include 1.0), while PPROM or preterm labor, and chorioamnionitis
were statistically significant risk factors.

Postnatal Inflammatory Factors and Severe ROP

With adjustment for covariates, including gestational age, postnatal risk factors associated
with severe ROP included supplemental oxygen use at 28 days of life (RR 3.3, 95% CI 2.7-
4.1), late-onset sepsis (RR 1.39, 95% CI 1.26-1.53), IVVH grades 3-4 (RR 1.22, 95% ClI
1.08-1.37), and NEC (RR 1.36, 95% CI 1.19-1.55). Early-onset bacterial sepsis was not
significantly associated with severe ROP.

Discussion

Our results suggest that certain inflammation-related risk factors contribute to severe ROP
development among early preterm infants. Prenatal inflammation-related risk factors were
associated with severe ROP. However, this association became non-significant after
accounting for the effect of gestational age as a mediating variable. Several postnatal
inflammation-related risk factors, including prolonged oxygen use, necrotizing enterocolitis,
late-onset sepsis and severe intraventricular hemorrhage were also associated with increased
risk of severe ROP.

Our finding that prenatal risk factors associated with inflammation may have minimal
contribution to severe ROP development supports prior evidence.*! Villamor-Martinez et al.
performed a meta-analysis of chorioamnionitis as a risk factor for ROP.#! The authors found
that chorioamnionitis was a risk factor for severe ROP, but after controlling for gestational
age as a confounding variable, the association was non-significant. Here, we show similar
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results by instead accounting for gestational age as a mediating variable, and with larger
sample sizes than prior studies.

Biological evidence supports our findings that postnatal inflammation-related risk factors
have a more prominent role in ROP development than prenatal inflammation-related risk
factors. Extreme prematurity and relative hyperoxia exposure establish cessation of normal
retinal blood vessel growth, representing phase 1 of ROP development. Prenatal
inflammatory exposures may sensitize the infant to developing ROP, but these exposures
would occur prior to phase 1, limiting their degree of impact. In contrast, postnatal
inflammation-related exposures impact ROP development closer to the temporal timing of
phase 1 and 2 of ROP pathogenesis. Our results indicate that several postnatal diseases
related to prematurity, with a common theme of exaggerated release of inflammatory
mediators, are each associated with increased risk of severe ROP. These conditions included
evolving BPD, NEC, severe 1VVH and late-onset sepsis. These observational findings, in
conjunction with prior evidence, suggest that inflammation plays a critical role in ROP
development. The next questions to answer are what specific common inflammatory factors
are involved in ROP pathogenesis, what are the mechanisms, and ultimately how can we
target these mechanisms to prevent severe ROP.

Strengths of our study include its unusually large sample size, high quality data and rigorous
methodology. We utilized a population-based data set that includes 1,600 infants with severe
ROP. Additionally, the CPQCC database contains over 90% of preterm infants in California.
Given that one in eight U.S. births occur in California, this suggests good generalizability of
our results to other preterm infants across the U.S. Our study utilized methodology not
typically used in prior studies assessing associations between prenatal risk factors and ROP.
Because gestational age is on the causal path from prenatal exposures to ROP, it is a
mediating or intermediate variable, rather than a confounding variable. Including gestational
age as a confounder in regression models can lead to biased results.2 Therefore, in our
analysis of prenatal risk factors and ROP risk, we performed a principal components
analysis and accounted for the effect of gestational age as a mediating variable. For
associations between postnatal risk factors and ROP, gestational age is a confounding
variable and should be adjusted for in regression models because it precedes the occurrence
of the postnatal factors and is related to both the exposure and the outcome. For example,
being born at an early gestational age increases the likelihood of oxygen administration and
also confers an increased risk of ROP, thus serving as a confounder.

This study has several limitations. Although the risk factors identified should be considered
as being associated with severe ROP, the observational design of our study makes causality
uncertain. In particular, data were not available on several likely confounders, including
partial pressure of oxygen fluctuations, duration of total parenteral nutrition, and NICUs
may have had different policies for oxygen targets and alarms.#344 Of note, our NEC cases
may inadvertently include some spontaneous intestinal perforation cases, with the latter
likely representing less systemic inflammatory exposure than NEC. However, this
misclassification would likely bias the relative risk towards the null, making our finding of
an increased relative risk for NEC and severe ROP still valid.
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Additionally, the risk factors in our analyses were proxies for inflammation, and not specific
inflammatory mediators themselves. There are likely numerous inflammatory factors and
mechanisms by which inflammation impacts ROP development, and we were limited to
examining a relatively narrow and non-specific set of factors. We found that prenatal
inflammation-related risk factors assessed in our study did not have a significant association
with severe ROP. However, there may be a relationship between maternal and/or fetal
inflammation and ROP that was not captured by the risk factors we examined. Furthermore,
the risk factors in our analyses may exert influences on ROP development through
mechanisms besides inflammation, but we were unable to confirm this with the available
data. Additionally, we acknowledge that we were unable to confirm the extent to which the
markers of inflammation that we examined actually manifested inflammatory stimuli. We
believe this limitation is of greatest concern for prenatal maternal conditions. Finally, we
were limited by lack of more specific ROP data. Ophthalmologists use retinal exam findings
in addition to ROP stage to assess severity and need for treatment. This includes the
presence of plus disease, location of the plus disease, and the degree of retinal vessel
immaturity (i.e the zone). If these data were available we could have assessed whether
inflammation-related risk factors impact subtypes of severe ROP differently, such as those
with plus disease.

In summary, we found that neonatal morbidities associated with extreme prematurity,
including evolving bronchopulmonary dysplasia, necrotizing enterocolitis, severe
intraventricular hemorrhage and late-onset sepsis, are associated with an increased risk of
severe ROP. We also found that prenatal inflammation-related risk factors, including obesity,
pre-gestational hypertension, type | and Il diabetes mellitus, preterm labor, prolonged
rupture of membranes, preterm premature rupture of membranes, chorioamnionitis,
autoimmune disease and congenital infection have little to no direct measurable impact on
risk of severe ROP; rather, their association with severe ROP is explained by the mediating
effect of earlier gestational age. We theorize that postnatal inflammatory risk factors affect
ROP development by accelerating the process of intravitreal neovascularization. Further
research is needed to better understand the mechanisms surrounding how inflammation
affects intravitreal neovascularization and how these mechanisms may lead to new
therapeutic preventative strategies to reduce severe ROP incidence and morbidity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Included

75,850 infants
CPCQCC and OSHPD 2007-2011

Excluded

l— 35 infants

Gestational age not 22-29 weeks
19,115 infants.

Birth weight <1=t or 99" percentile for gestational age
1,153 infants
No retinal exam performed

e,
ey 62 infants

Missing ROP stage or surgery data
17,900 infants

) 3,084 infants
Missing exposure and covariate data
14,816 infants

m“_ﬂ. E! or wﬂl ROP
No: 10,657 (719%)
Yes: 1,507 (10.8%)
Died before retinal exam: 2,562 (17.3%)

of ROP
0:7.013 (47.3%)
1:1.996 (13 5%)
211,929 (13.0%)
3:1,265 (8.5%)
4:47 (0.3%)
5:4(0.03%
Died before retinal exam: 2,562 (17.3%)

Figurel.
Patients included in the study after inclusion and exclusion criteria, and listed by stage of

ROP.
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Gestational age at birth

/ RR: 118 \
(95% Cl: 1.06, 1.31)

Prenatal inflammation Retinopathy of prematurity

Gestational age at birth

(95% Cl: 0.93, 1.13)

Prenatal inflammation Retinopathy of prematurity

Figure 2.
Diagrams of estimates of total effects of prenatal inflammation on risk of retinopathy of

prematurity (A), and natural direct effect for mediation by gestational age at birth (B). Risk
ratio (RR) and 95% confidence interval (CI) shown correspond to each emboldened
pathway.

J Perinatol. Author manuscript; available in PMC 2019 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Goldstein et al.

Baseline patient characteristics of infants with and without severe ROP in California, 2007-2011.

Table 1.

Variable No/Mild ROP | Severe ROP
(n=12,575) (n = 1,869)
n (%) n (%)
Mother
Age (vears), mean (SD7) 28.9 (7) 28.6 (6.9)
Education
Less than high school 2,920 (23.2) 441 (23.6)
High school degree or equivalent 3,091 (24.6) 506 (27.1)
Some college 2,326 (18.5) 326 (17.4)
Associate degree 591 (4.7) 114 (6.1)
Undergraduate degree 1,665 (13.2) 244 (13.1)
Postgraduate degree 879 (7.0) 102 (5.5)
Unknown 1,103 (8.8) 136 (7.3)
Expected method of payment for delivery
Medi-Cal 5,729 (45.6) 846 (45.3)
Private insurance 5,294 (42.1) 786 (42.1)
Uninsured 545 (4.3) 85 (4.5)
Other/Unknown 1,007 (8.0) 152 (8.1)
Race/ethnicity
Non-Hispanic black 1,775 (14.0) 219 (11.7)
Hispanic/Latina 5,918 (47.1) 959 (51.3)
Non-Hispanic white 3,380 (26.9) 434 (23.2)
Asian/Pacific Islander 1,203 (9.6) 211 (11.3)
Other 319 (2.5) 46 (2.5)
Infant
Birth weight (grams), mean (SD) 1039 (268) 740 (173)
Gestational age at birth
22 weeks 16 (0.1) 30 (1.6)
23 weeks 234 (1.9) 212 (11.3)
24 weeks 716 (5.7) 522 (27.9)
25 weeks 1,174 (9.3) 534 (28.6)
26 weeks 1,768 (14.1) 302 (16.2)
27 weeks 2,305 (18.3) 158 (8.5)
28 weeks 2,911 (23.1) 72 (3.9)
29 weeks 3,451 (27.4) 39(2.1)
Sex
Female 5,883 (46.8) 847 (45.3)
Male 6,688 (53.2) 1,022 (54.7)

JStandard deviation
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Table 2.

Associations between prenatal inflammation-related risk factors and severe retinopathy of prematurity.

Risk Factor ?:10/=N:|LI(I)% 5R7()3P (Sr?/:erl('aSI;O)P Risk Ratizol
n (%) n (%) (95% CI°)

Chorioamnionitis 809 (7.6) 162 (10.1) 1.33(1.13-1.56)
Congenital infection 61 (0.6) 20 (1.3) 1.88 (1.21-2.92)
Diabetes mellitustypel or Il 327 (3.1) 54 (3.4) 1.11 (0.85-1.46)
Maternal autoimmune disease® | 96 (09) 2(12 1.26 (0.80-1.99)
Pre-pregnancy BMI (kg/m2)4

Underweight 415 (3.9) 58 (3.6) 0.94 (0.72-1.23)

Normal weight 4,579 (43.0) 659 (41.3) Reference

Overweight 2,783 (26.1) 440 (27.6) 1.09 (0.96-1.23)

Obesity 2,880 (27.0) 440 (27.6) 1.07 (0.94-1.21)
Pre-pregnancy hypertension 917 (8.6) 138 (8.6) 1.04 (0.87-1.24)
Preterm labor or PPROM 5

Both 2,519 (23.6) 436 (27.3) 1.35 (1.10-1.65)

PPROM only 461 (4.3) 66 (4.1) 1.15 (0.85-1.55)

Preterm labor only 6,662 (62.5) 972 (60.9) 1.15 (0.95-1.39)

Neither 1,015 (9.5) 123 (7.7) Reference
Prolonged ROM® 2.007 (18.8) 342 (21.4) 1.18 (1.05-1.33)

1 . . . - .
Separate models were run for each risk factor in the table. Each model was adjusted for maternal age, race/ethnicity, education, expected payment
method, and infant sex.

2 . .
Confidence interval

Autoimmune disease included maternal autoimmune thyroiditis, maternal psoriasis, maternal multiple sclerosis, maternal inflammatory bowel
disease, maternal rheumatoid arthritis, maternal systemic lupus erythematosus.

4Underweight = BMI <18.5; normal weight = BMI 18.5-24.9; overweight = BMI 25-29.9; obesity = BMI =30
5Preterm premature rupture of membranes

6
Rupture of membranes
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Associations between postnatal inflammation-related risk factors and severe retinopathy of prematurity.

Table 3.

Risk Factor

Early bacterial sepsis
L ate-onset sepsis

Necrotizing enterocolitis

Supplemental oxygen on day 28

Severeintraventricular hemorrhage2

No/Mild ROP
(n = 10,657)

n (%)

210 (1.7)
2,300 (18.3)

802 (6.4)
885 (7.0)

674 (61.1)

Severe ROP
(n=1,597)
n (%)

51 (2.7)

752 (40.2)

276 (14.8)
327 (17.5)

1,774 (94.9)

Risk Ratio®
(95% ClI)

1.00 (0.76-1.32)
1.39 (1.26-1.53)
1.36 (1.19-1.55)

1.22 (1.08-1.37)
3.30 (2.66-4.10)

Page 17

1 . . . - .
Separate models were run for each risk factor in the table. Each model was adjusted for maternal age, race/ethnicity, education, expected payment

method, infant sex, and gestational age.

ZGrades 3-4.
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