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and the multiplicative (16.5) patterns of interaction.  Conclu-

sions:  Our study suggests that neonatal sepsis, oxygen ex-
posure, and low gestational age are not only independently 
associated with a significantly increased risk of ROP, but also 
interact beyond additive and even multiplicative patterns. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Retinopathy of prematurity (ROP) is a disorder of the 
developing retina  [1]  and an important and potentially 
preventable cause of blindness in childhood  [2] . Although 
treatment options are available  [3] , the prevention of ROP 
is highly desirable. It is widely acknowledged that ROP is 
a multi-factorial disorder, with low gestational age, low 
birth weight, oxygen exposure  [4–8] , neonatal sepsis  [9–
11] , and bronchopulmonary dysplasia  [12]  being impor-
tant risk factors. Some of the risk factors appear to con-
tribute to ROP by affecting the systemic cytokine and 
growth factor milieu  [13–15] .
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 Abstract 

  Background:  Interactions among known risk factors for ret-
inopathy of prematurity (ROP) remain to be clarified.  Objec-

tives:  The aim of this study was to identify risk factors associ-
ated with ROP and to explore the interrelationships between 
prominent risk factors for ROP.  Methods:  From an institu-
tional cohort of 1,646 very preterm newborns with gesta-
tional age  ! 30 weeks or birth weight  ! 1,501 g, we selected 
infants with a gestational age  ! 30 weeks who met the crite-
ria for ROP screening (n = 622) for a nested case-control anal-
ysis.  Results:  Of the 622 eligible newborns, 293 (47%) were 
diagnosed with ROP. From multivariable analyses, gestation-
al age  ! 26 weeks (OR 2.9, CI 1.7–4.9), oxygen exposure at 28 
days (OR 1.7, CI 1.0–2.7), and neonatal sepsis (OR 2.1, CI 1.4–
3.2) emerged as prominent risk factors for ROP. Oxygen-
associated ROP risk was more prominent among infants of 
23–25 weeks’ gestational age, while infection-associated 
ROP risk was higher among infants born at 28–29 weeks. The 
OR for the joint effect of all 3 risk factors (23.5) was higher 
than would have been expected under the additive (8.6)
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  It has long been suggested that risk factors may inter-
act with each other  [16] . Interaction is an important con-
cept in biostatistics  [17]  and epidemiology  [18] , where it is 
also known as ‘effect modification’  [19] . The central idea 
is that exposure to one risk factor alters the impact of sec-
ond or third risk factors. However, interaction studies of 
ROP etiology are sparse  [20, 21] .

  We recently hypothesized that immaturity and in-
flammation-associated risk factors of ROP interact with 
each other  [22] . In this paper, we attempt to identify risk 
factors associated with ROP and elucidate potential inter-
actions.

  Methods 

 Patients 
 The parent cohort from which our study population was 

drawn consisted of 1,646 preterm infants who were born at  ! 30 
weeks’ gestational age or had a birth weight  ! 1,501 g and were 
admitted to the neonatal intensive care unit at the Floating Hos-
pital for Children at Tufts Medical Center (Boston, Mass., USA) 
during the years 1997–2007. Using our local database for research 
purposes was approved by the Institutional Review Board of Tufts 
Medical Center.

  Clinical data were collected for submission to the Vermont 
Oxford Network using their data collection forms. The clinical 
definitions of demographic characteristics, treatment, and out-
come measures are published in current  [23]  and previous manu-
als of operations. The definition of oxygen at day 28 was the re-
ceipt of any supplemental oxygen on the 28th postnatal day. Ear-
ly and late bacterial sepsis was defined as a bacterial pathogen 
recovered from a blood and/or cerebrospinal fluid culture ob-
tained on day 1, 2, or 3 of life, or thereafter, respectively. Coagu-
lase-negative Staphylococcus was defined by the presence of all 3 
of the following characteristics: (1) a positive blood culture ob-
tained from either a central line or peripheral blood sample and/
or recovered from cerebrospinal fluid obtained by lumbar punc-
ture, ventricular tap, or ventricular drain, (2) signs of generalized 
infection (such as apnea, temperature instability, feeding intoler-
ance, worsening respiratory distress, or hemodynamic instabil-
ity), and (3) treatment with intravenous antibiotics for  6 5 days 
after the above cultures were obtained  [24] . As per the Vermont 
Oxford Network protocol, ‘if the infant died, was discharged, or 
transferred prior to the completion of 5 days of intravenous an-
tibiotics, this condition would still be met if the intention were to 
treat for 5 or more days’  [24] . Fungal sepsis was defined as a fun-
gus recovered from a blood culture obtained from either a central 
line or peripheral blood sample after day 3 of life. Any sepsis was 
defined as sepsis including any of the pathogens mentioned 
above.

  ROP screening was performed by two attending retinal spe-
cialists from 1998 to 2007. These same attending specialists per-
formed the laser treatment. Prior to 1998, the infants were 
screened by retinal fellows with supervision by attending staff. All 
lasers were staffed by an attending physician. The stages of ROP 
were classified according to the International Classification of 

Retinopathy of Prematurity  [25, 26] . The ROP stage noted in our 
database was the highest stage clinically recorded.

  We excluded infants who died in the delivery room. We did 
not exclude 14 infants with non-ocular congenital anomalies. Of 
these 14 children, 7 were cases (i.e. had ROP) and 7 were controls 
(i.e. did not have ROP). From the case-control perspective, 2.4% 
(n = 7) of the cases and 2.1% (n = 7) of the controls had a non-
ocular congenital anomaly. Since these anomalies appear to be 
unrelated to ROP status, we felt comfortable including these 14 
children in our analyses.

  A total of 736 infants met the American Academy of Pediatrics 
criteria for ROP screening and remained in the neonatal intensive 
care unit for longer than 4–6 weeks’ postnatal age, the time point 
recommended by these criteria for screening  [27–29] . In order to 
avoid the potential biases associated with a sample definition 
based on birth weight  [30] , we restricted our sample to 622 infants 
with a gestational age  ! 30 weeks. Two hundred and ninety-three 
(47%) babies were diagnosed with ROP (cases) and were compared 
with 329 infants without ROP (controls).

  Data Analysis 
 We used the Statistical Analysis Software (SAS 9.1) to create 

logistic regression models that yield odds ratios (OR) and 95% CI. 
After initial exploratory analyses, we focused on 3 variables: low 
gestational age ( ! 26 weeks), oxygen exposure (operationalized as 
exposure to oxygen at 28 postnatal days), and any neonatal sepsis 
(including early bacterial sepsis, late bacterial sepsis, coagulase-
negative Staphylococcus infection, and fungal sepsis). OR for 
combinations of these variables were calculated to identify inter-
actions among them  [31] .

  The most parsimonious model was built by stepwise deletion 
of independent variables in decreasing order of their p values. All 
variables from  table 1  were included as a starting point, except 
oxygen at 36 weeks’ postmenstrual age (PMA), early sepsis, and 
late sepsis. Since information on oxygen exposure at 36 weeks’ 
PMA was missing for more than half of the cohort due to transfer 
to home or to another unit before 36 weeks’ PMA, we created a 
variable for missing information on oxygen exposure at 36 weeks’ 
PMA. Early and any late sepsis obviously overlap with ‘any sepsis’ 
and were not included in the multivariable model to avoid collin-
earity. Variables were retained in the adjusted model if they were 
significant at p  !  0.05. A process of refitting was performed to 
facilitate the identification of potential collinearity or confound-
ing among the predictors. We checked model fit with Hosmer-
Lemeshow’s goodness-of-fit statistic. The final model included 
variables that were significantly associated with ROP (p  !  0.05) 
and their confounders, i.e. variables that changed the  � -coeffi-
cient of  6 1 covariable in the final model by  6 10%.

  Three-way interactions between the association of low gesta-
tional age, oxygen exposure, and any sepsis were evaluated using 
the Bartlett test for 2  !  2  !  2 tables  [32] . Some cells in this sce-
nario might have small numbers with n  !  5. The Bartlett test was 
designed to accommodate exactly this situation. Any cell with
n  !  5 works well in the Bartlett test (as it does in Fisher’s exact test, 
for example).

  Stratified analysis based on gestational age categories was used 
to explore the relationship between ROP and oxygen or infection 
exposure. Homogeneity of the OR was assessed using the Breslow-
Day test for stratified analysis.
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  Results 

 Of the 293 infants with ROP, 125 (43%) were diag-
nosed with stage 1, 76 (26%) with stage 2, 83 (28%) with 
stage 3, and 9 (3%) with stage 4 ROP. No child in this co-
hort had stage 5 ROP.

  Univariable Analysis   ( table 1 )   
 Newborns diagnosed with ROP were more likely 

than controls to have a birth weight  ! 1,000 g and a ges-
tational age  ! 26 weeks. The impact of birth weight 
 ! 1,000 g persisted when controlling for gestational age 

 ! 26 weeks (OR 2.3, CI 1.6–3.4). Multiple birth was as-
sociated with a two-fold increased risk for ROP (OR 1.8, 
CI 1.3–2.6). Gender, Hispanic ethnicity, outborn status, 
prenatal care and vaginal delivery were not associated 
with ROP.

  Among infants with ROP, early sepsis, late bacterial 
sepsis, coagulase-negative staphylococcal infection, fun-
gal sepsis and any sepsis were observed more frequently 
than in the control group. We did not find an association 
between necrotizing enterocolitis and ROP.

  Infants with ROP were much more likely than controls 
to have received respiratory support and to be exposed to 

Table 1.  Infant characteristics

Retinopathy of prematurity O R and 95% CI

yes 
(n = 293)

no 
(n = 329)

crude adjusted for 
gestational age
<26 weeks

Birth weight <1,000 g (mean) 79 (835 g) 48 (1,016 g) 4.0 (2.8–5.7) 2.3 (1.6–3.4)
Gestational age <26 weeks (mean) 42 (25.8 weeks) 9 (27.4 weeks) 7.1 (4.6–11.0) –
Male 53 56 0.9 (0.6–1.2) 0.9 (0.6–1.2)
Multiple birth 36 29 1.4 (1.0–1.9) 1.8 (1.3–2.6)
Outborn 12 16 0.7 (0.4–1.1) 0.6 (0.4–1.0)
Hispanic 14 19 0.7 (0.5–1.1) 0.6 (0.4–1.0)
Race

Black 15 15 1.0 (0.6–1.5) 0.8 (0.5–1.4)
White 78 75 1.2 (0.8–1.8) 1.3 (0.9–2.0)
Other 7 10 0.7 (0.4–1.2) 0.7 (0.4–1.3)

Prenatal care 99 98 2.4 (0.6–9.2) 3.0 (0.7–13.2)
Early bacterial sepsis 3 0.3 9.2 (1.1–74) 9.9 (1.2–83.4)
Late bacterial sepsis 22 11 2.3 (1.5–3.7) 2.0 (1.3–3.3)
Coagulase-negative Staphylococcus 25 12 2.4 (1.6–3.7) 1.9 (1.2–3.0)
Late sepsis 42 21 2.6 (1.9–3.8) 2.2 (1.5–3.2)
Fungal sepsis 8 2 4.4 (1.7–10.9) 3.3 (1.3–8.9)
Any sepsis 44 22 2.8 (2.0–4.0) 2.3 (1.5–3.2)
Necrotizing enterocolitis 13 11 1.2 (0.7–2.0) 1.3 (0.7–2.1)
Ventilation 98 91 4.8 (2.0–11.7) 3.0 (1.2–7.5)
High-frequency ventilation 48 20 3.6 (2.5–5.2) 2.3 (1.6–3.4)

Oxygen at day 28 87 65 3.6 (2.4–5.3) 2.4 (1.6–3.7)
Oxygen at 36 weeks’ PMA 54 31 2.6 (1.7–4.0) 2.1 (1.3–3.3)
Oxygen at 36 weeks’ PMA
missing data 20 54 0.3 (0.2–0.5) 0.3 (0.2–0.4)

Respiratory distress syndrome 98 91 5.8 (2.2–15.1) 4.0 (1.5–10.7)
Pneumothorax 10 5 2.3 (1.2–4.4) 1.7 (0.9–3.5)
Antenatal steroid 91 88 1.4 (0.8–2.3) 1.3 (0.7–2.2)
Postnatal steroid 27 13 2.6 (1.7–3.9) 1.7 (1.1–2.7)
Patent ductus arteriosus 54 29 2.8 (2.0–3.8) 2.0 (1.4–2.9)
Duct ligation 13 5 2.8 (1.5–5.2) 1.5 (0.8–2.9)
Indomethacin 43 22 2.6 (1.9–3.7) 2.0 (1.3–2.9)
Surfactant at any time 97 89 3.6 (1.8–7.3) 2.7 (1.3–5.6)
Intraventricular hemorrhage (any) 153 139 1.5 (1.1–2.0) 1.4 (0.9–2.0)
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oxygen at 28 days and at 36 weeks’ PMA. The absence of 
information about oxygen at 36 weeks’ PMA due to the 
child’s discharge before this age was associated with a 
prominently decreased risk. Moreover, ROP cases had 
more patent ductus arteriosus and indomethacin treat-
ment than controls.

  After adjusting for gestational age  ! 26 weeks, respira-
tory distress syndrome (OR 4.0, CI 1.5–10.7), mechanical 
ventilation (OR 3.0, CI 1.2–7.5), and the need for high fre-
quency ventilation (OR 2.3, CI 1.6–3.4) were strongly as-
sociated with ROP. Both oxygen at 28 postnatal days and 
oxygen at 36 weeks’ PMA were significantly associated 
with ROP (OR 2.4, CI 1.6–3.7 and OR 2.0, CI 1.3–3.3, re-
spectively).

  Postnatal steroid use was associated with a two-fold 
increased risk of ROP (OR 1.7, CI 1.1–2.7), while patent 
ductus arteriosus and indomethacin were associated with 
a two-fold increase in the risk of ROP (OR 2.0, CI 1.4–2.9 
and OR 2.0, CI 1.3–2.9, respectively). Surfactant use at 
any time was associated with a three-fold increased risk 
of ROP (OR 2.7, CI 1.3–5.6). We found no significant as-
sociation between pneumothorax, duct ligation and an-
tenatal steroid use and ROP. Intraventricular hemorrhage 
was associated with ROP at the univariable level, but not 
when adjusted for gestational age.

  Multivariable Analysis   ( table 2 )   
 Twenty-seven variables served as a starting point for 

our most parsimonious model for ROP that included only 
significant factors for ROP (any grade). The final model 
retained birth weight  ! 1,000 g, gestational age  ! 26 weeks, 

multiple birth, any sepsis, high-frequency ventilation, ox-
ygen at day 28 and patent ductus arteriosus as significant 
predictors, with race as a confounder.

  Interaction   ( table 3 )   
 We looked at all possible combinations of the 3 risk 

factors gestational age  ! 26 weeks, oxygen exposure at 28 
days, and sepsis in comparison to infants who were not 
exposed to any of the three. The observed OR for the joint 
effect of all 3 risk factors (23.5) was considerably higher 
than expected under the additive (8.6) and multiplicative 
pattern (16.5) of interaction.

  An examination of each of the two-factor interactions 
showed that the joint effect of gestational age  ! 26 weeks 
and oxygen exposure was significantly higher than would 
have been expected under the multiplicative model (16.4 
compared to 3.9). The joint effect of gestational age  ! 26 
weeks and any sepsis was higher than the expected mul-
tiplicative model (8.6 compared to 6.6). The joint effect of 
oxygen exposure and any sepsis was much lower than ex-
pected under the multiplicative model (5.0 compared to 
11.8). Hence, the main sub-multiplicative interaction ap-
peared to be the two-way interaction between gestational 
age  ! 26 weeks and oxygen exposure (p  !  0.0001), with 
the sub-multiplicative interaction between gestational 
age  ! 26 weeks and any sepsis (p = 0.0149) also contribut-
ing significantly.

  Stratified Analysis   ( table 4 )   
 In stratified analyses, oxygen exposure was associated 

with a six-fold increased risk of ROP (5.9, 1.3–28.3) in in-
fants with a gestational age  ! 26 weeks, but with a less 
prominent risk increase in older gestational age strata 
(26–27 weeks: OR 1.5, CI 0.8–2.8; 28–29 weeks: OR 1.9, 
CI 0.9–3.9). Conversely, any sepsis was associated with a 
4.5-fold risk increase for ROP among infants  1 27 weeks’ 
gestation, but not in those 23–27 weeks’ gestation.

  ‘Multi-Hit’ Analysis 
 When displayed by the presence or absence of low ges-

tational age ( ! 26 weeks), any sepsis, and oxygen expo-
sure, fully 85% (95% CI for proportion 74–92%) of the 
newborns in our database who had all 3 ‘hits’ had a ROP 
diagnosis ( fig.  1 ). Only 19% (13–27%) of the newborns 
without any of these factors had ROP. Among the 3 fac-
tors, gestational age had the most prominent effect for 
ROP occurrence and progression. The incidence of high-
grade ROP tended to decrease with exposure to a decreas-
ing number of these 3 risk factors.

Table 2.  Multivariable logistic regression model predicting any 
ROP with confounders

Variables OR and 95% CI p value

Birth weight <1,000 g 2.2 (1.4–3.4) 0.0003
Gestational age <26 weeks 2.9 (1.7–4.9) <0.0001
Multiple birth 2.1 (1.4–3.2) 0.0004
Any sepsis 2.1 (1.4–3.2) 0.0003
High-frequency ventilation 1.7 (1.1–2.6) 0.0106
Oxygen at 28 days 1.7 (1.0–2.7) 0.0347
Patent ductus arteriosus 1.7 (1.1–2.5) 0.0104
Black 1.2 (0.7–2.1) 0.4676
Other race 0.8 (0.4–1.5) 0.4399
White ref. –
Years 2003–2007 1.0 (0.7–1.5) 0.9079
Years 1997–2002 ref. –
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  Discussion 

 We observed prominent interaction patterns among 
the 3 known risk factors of ROP, low gestational age, oxy-
gen exposure, and neonatal sepsis. This is the first report 
that quantifies these patterns.

  Our first major finding is that we confirmed the 
known strong association between low gestational age, 
low birth weight, and ROP  [33–35] . Our finding that neo-
natal sepsis is a significant risk factor for ROP is also in 
keeping with previous studies  [9, 10, 36, 37] . In our uni-
variable analyses, both bacterial sepsis and fungal sepsis 
were associated with increased risk of ROP, confirming 
one meta-analysis  [38]  and multiple observational studies 
 [10, 11, 36] . As expected based on received knowledge, 
oxygen exposure was a strong predictor of ROP.

  Oxygen Exposure 
 Our second major finding is that oxygen exposure is 

more strongly associated with ROP risk among infants 
with the lowest gestational age than in older infants, 
probably because low gestational age stands in for in-
creased vulnerability of the developing retina at lower 
gestational ages.

  The first phase of ROP occurs from birth to PMA ap-
proximately 30–32 weeks trigged by hyperoxia  [39] . Oxy-
gen exposure in this phase suppresses vascular endothe-
lial growth factor (VEGF) expression, resulting in the 
cessation of normal vessel growth and regression of exist-
ing vessels, explaining the longstanding recognition that 
oxygen exposure in the first few weeks of life increases 
the likelihood of ROP occurrence  [4–6, 40–44] . Our find-
ing that the risk of ROP in association with oxygen expo-

Table 3.  Three-way interaction of low gestational age, oxygen at 28 neonatal days, and any sepsis for ROP

Group Gestational 
age <26 weeks

Oxygen at 
28 days

Any
sepsis

R OP Bartlett
interaction test
p value

Expected OR
under multipli-
cative assumption

OR1

yes, n no, n yes, %

1 + + + 60 11 85 0.46 16.5 23.5
2 + + – 61 16 79 <0.0001 3.9 16.4
3 + – + 2 1 67 0.0149 6.6 8.6
4 + – – 1 3 25 1.4
5 – + + 53 46 54 0.22 11.8 5.0
6 – + – 79 137 37 2.5
7 – – + 13 12 52 4.7
8 – – – 23 99 19 ref.

1 F rom univariate comparisons of children with one of the first 7 combinations of characteristics to infants without any of these. 

Table 4.  Oxygen exposure at 28 days and any sepsis predicting 
ROP in strata defined by gestational age at birth/post-menstrual 
age at 28 days

Age, weeks O R and 95% CI

gestational post-menstrual 
(at 28 days)

oxygen 
at  28 days

any sepsis

23–25 27–29 5.9 (1.3–28.3) 1.6 (0.7–3.5)
26–27 30–31 1.5 (0.8–2.8) 1.7 (1.01–3.0)
28–29 32–33 1.9 (0.9–3.9) 4.5 (2.2–9.3)

GA <26 weeks
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  Fig. 1.  Low gestational age, oxygen at 28 day, and any sepsis as risk 
factors in different combinations for ROP in the whole sample.    
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sure at 28 days is modified by gestational age at birth ( ta-
ble 4 ) is likely to be related to the different PMA of infants 
at 28 days, since the gestational age plus 28 days equals 
the PMA at which the infant received oxygen. In our data, 
oxygen exposure loses its strong risk information at 
around 30–33 weeks’ PMA ( table 4 ).

  The second phase of ROP is characterized by hypoxia-
induced retinal neovascularization and begins around 
32–34 weeks’ PMA  [39] . This raises the possibility that 
supplemental oxygen at this PMA range might improve 
retinal oxygenation and down-regulate retinal neovascu-
larization in phase II of ROP. Randomized clinical trials 
and cohort studies indicated that high oxygen supple-
mentation during the second phase of ROP has protective 
effects  [45–49] . Indeed, the STOP-ROP trial showed that 
higher supplemental oxygen saturation in infants with a 
mean PMA of 35 weeks reduced disease progression to 
threshold by 28%, although the 95% confidence limits of 
this estimate include the null (OR 0.72, CI 0.52–1.01)  [46] . 
We recently performed a meta-analysis on this issue  [50]  
which further supports our results reported here that a 
risk reduction by supplemental oxygen should probably 
not be expected until approximately 33 weeks’ PMA. A 
recent study reported that low oxygen supplementation 
before 34 weeks’ PMA and higher oxygen supplementa-
tion after 34 weeks’ PMA significantly decreased the se-
verity and incidence of ROP  [51] . Unfortunately, actual 
oxygen concentrations for individual babies are not avail-
able in our database.

  Much of our discussion revolves around the concept 
of a two-stage etiology of ROP. Even if this concept was 
unequivocally accepted, it would not need to invoke a 
clear-cut threshold between the two phases of ROP at a 
certain fixed PMA that is similar for all infants. At least 
part of both phases, and also the transition from the first 
to the second, are now attributed to the effects of VEGF 
 [52]  and insulin-like growth factor I  [13,   53] . Thus, devel-
opmentally regulated differences among newborns with 
respect to such growth factors might help explain inter-
individual differences regarding the timing of the two 
phases of ROP, or even simpler, regarding the two bio-
logically different mechanisms that are part of the ROP 
etiology at different stages of development.

  Infection Exposure 
 Our third major finding is that sepsis yields stronger 

associations with ROP at higher gestational ages ( table 4 ), 
probably by standing in for a reduced capability of young-
er infants to mount a potentially harmful inflammatory 
response.

  Infections and sepsis are frequent complications 
among preterm infants  [54, 55] , and both are associated 
with neurodevelopmental and vision impairment  [56] . 
Fungal sepsis and any (non-specified) sepsis are signifi-
cant risk factors in preterm newborns, both for threshold 
and all degrees of ROP  [9–11, 20, 38, 57, 58] . In our study, 
the excess relative risk among individuals with both sep-
sis and low gestational age is greater than the product of 
the two factors. However, stratified analyses do not sup-
port the interpretation of increased vulnerability at lower 
gestational ages. To the contrary, the sepsis-associated 
risk of ROP is higher at older gestational ages. It is pos-
sible that the capability of mounting an inflammatory 
response to neonatal sepsis is developmentally regulated 
and that it is not the infection but the inflammation that 
contributes to ROP occurrence. For example, at least part 
of the protective effect of omega-3-polyunsaturated fatty 
acids in an experimental model of ROP is mediated 
through a down-regulation of the inflammatory cyto-
kine tumor necrosis factor- �   [59] .

  Interaction 
 Our fourth major finding is that the 3 risk factors (ges-

tational age  ! 26 weeks, oxygen exposure and any sepsis) 
have a joint effect that exceeds what would be expected if 
the individual effects were multiplicative (defined as the 
mathematical product of the potential interacting risk 
factors’ OR). Further exploration revealed that the main-
sub-multiplicative interaction appeared to be the two-
way interaction between low gestational age and oxygen 
exposure, with the sub-multiplicative interaction be-
tween low gestational age and any sepsis also contribut-
ing significantly.

  Interestingly, the co-occurrence of oxygen exposure 
and any sepsis was associated with a risk for ROP smaller 
than expected under the multiplicative assumption, indi-
cating that either exposure might reduce the effect of the 
other. One possibility is that timing of oxygen adminis-
tration fell into the second phase ROP for some infants 
exhibiting its potentially protective effects. Another pos-
sibility is that such an effect might be similar to the pro-
tection by hyperbaric oxygen from sepsis mortality via an 
interleukin-10-dependent mechanism in mice  [60] .

  One major disadvantage of our study is that it is a sec-
ondary analysis of an existing single center database, de-
signed for outcome research and quality control. Thus, 
the variables available to us lack the detail desirable for 
more thorough analyses. Also, the sample size of n = 622 
is too small to model interactions in a more elaborate 
fashion. The database incorporates infants who stayed in 
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our neonatal intensive care unit for more than 4–6 weeks  
and who were assessed for ROP. Our results might be bi-
ased because we did not include infants who were trans-
ferred to other hospitals before 4–6 weeks of age, the time 
of ROP screening. There were no practice changes re-
garding oxygen administration during the duration of 
the study other than a more pro-active use towards the 
end of the study period of high-flow nasal cannula. Dur-
ing the study years, the oxygen saturation target range 
was 92–96% with alarm limits set at 90 and 97%. This 
policy was in effect until 2008 and this change should, 
therefore, not affect our sample. Otherwise, there were no 
new types of ventilators or ventilation techniques brought 
into the unit and patients were routinely extubated to na-
sal CPAP. In keeping with these issues, the two halves of 
the study period were not significantly different with re-
gard to ROP risk ( table 2 ).

  In conclusion, our study suggests that neonatal sepsis, 
oxygen exposure and low gestational age are not only in-
dependently associated with a significantly increased risk 
for ROP, but also interact in a fashion that suggests syn-

ergistic effects that go beyond additive and even multipli-
cative patterns between low gestational age and any sep-
sis. We also might have detected antagonistic effects be-
tween oxygen exposure and sepsis. Finally, we offer data 
in support of the notion that among very preterm infants, 
oxygen exposure might be a more prominent risk factor 
at extremely low gestational ages, while infection appears 
to gain importance later. Future observational and inter-
vention studies of ROP should consider such interaction 
patterns.
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