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Incidence and Risk Factors of Retinopathy of Prematurity
From 2 Neonatal Intensive Care Units in a

Hong Kong Chinese Population
Gordon S.K. Yau, FRCSEd,* Jacky W.Y. Lee, FRCSEd,* Victor T.Y. Tam, FCOphthHK,*

Catherine C.L. Liu, PhD,† Stan Yip, PhD,† Edith Cheng, PhD,‡
Benjamin C.Y. Chu, FCOphthHK,* and Can Y.F. Yuen, FRCSEd*

Purpose: To determine the incidence and risk factors of retinopathy of pre-
maturity (ROP) in very low birth weight (VLBW) preterm Chinese infants.
Design: Retrospective review.
Methods: Medical records were reviewed for all neonates screened for
ROP between January 2007 and December 2012 in Hong Kong. Screening
was offered to VLBW (≤1500 g) and/or preterm (gestation, ≤32 weeks)
neonates using the Royal College of Ophthalmologists ROP guideline
and the International Classification of ROP by 3 pediatric ophthalmol-
ogists. Maternal and neonatal covariates were analyzed using univariate
and multivariable logistic regression analyses for both ROP and type
1 ROP.
Results: Of the 513 screened infants, the mean gestational age (GA) was
30.0 ± 2.5 weeks and the mean birth weight (BW) was 1232.6 ± 325.2 g.
The incidence of ROP and type 1 ROP was 18.5% and 3.7%, respectively.
In univariate analysis, a lighter BW, lower GA, blood transfusion, patent
ductus arteriosus, nonsteroidal anti-inflammatory drug use, postnatal hypo-
tension, inotropes usage, low Apgar scores, sepsis, mechanical ventilation,
supplementary oxygen use, respiratory distress syndrome, anemia, surfac-
tant use, and bronchopulmonary dysplasiawere found to be associated with
the development of both ROP and type 1 ROP (P < 0.05). In multivariable
logistic regression analysis, BW, GA, and intraventricular hemorrhagewere
significant risk factors for ROP. Preeclampsia and eclampsia were the only
protective factors for ROP development on multivariable logistic regres-
sion analysis (P = 0.02).
Conclusions: In VLBW preterm Chinese infants, lower GA, lighter BW,
and intraventricular hemorrhage were significant risk factors for ROP,
whereas preeclampsia and eclampsia were protective.

Key Words: retinopathy of prematurity, Chinese, risk factors,
UK-ROP guideline, International Classification of ROP

(Asia Pac J Ophthalmol 2016;5: 185–191)

R etinopathy of prematurity (ROP) is a retinal vasoproliferative
disease, previously known as retrolental fibroplasia.1 It affects

low birth weight (BW) preterm neonates, especially those having
stormy postnatal periods and those exposed to high ambient
oxygen concentrations.2

The avascular retina at birth and during the postnatal period
is particularly susceptible to oxygen damage (even in normal atmo-
spheric oxygen). In vitro tests have shown that the avascular zone of
the retinawill induce the release of vascular endothelial growth fac-
tors (VEGFs)3 so as to enhance disorganized fibrovascularization,
which may result in the formation of various fibrous tissues. Reti-
nopathy of prematurity can regress spontaneously in some; whereas
in others, it can progress to various stages of severity including total
retinal detachment.

With the advancement and modernization of neonatal care,
especially in developed countries, the survival rates for preterm in-
fants have improved,4 thus leading to an increase in the incidence
of ROP.5,6 However, Schwarz et al7 demonstrated there was no
change in ROP incidence, severity, or related blindness despite the
increased number of preterm survivals from 1978 to 2007.

Several risk factors have been demonstrated to be associated
with the development of ROP, including low gestational age (GA),
low BW, anemia of prematurity, blood transfusion, mechanical venti-
lation especially with high concentrations of supplementary oxygen,
hypoxemia, perinatal sepsis, use of inotropes, intraventricular hemor-
rhage (IVH), invitro fertilization (IVF), andmultiple pregnancies.8–12

The prevalence of ROP varies between geographic regions
and socioeconomic status from 5% to 8% in developed countries
and up to 30% in middle-income families or developing coun-
tries.13 There are only a few studies on the incidence and risk factors
of this important morbidity among very low birth weight (VLBW)
infants (≤1500 g) in the Chinese population.14–17 It has been sug-
gested that the incidence of and risk factors for ROPmay also differ
in different regions due to differences in perinatal care, ethnicity,
and screening criteria.18–25

The aim of this study was to analyze the risk factors and
the incidence of ROP among VLBW preterm Chinese infants
in Hong Kong.

MATERIALS AND METHODS
This study was approved by the Institutional Review Board

of the Hospital Authority of Hong Kong. The study was con-
ducted in accordance with the Declaration of Helsinki and no pa-
tient personal data were disclosed. The authors declare no financial
or proprietary interests.

This was a retrospective study conducted at Caritas Medical
Centre, Hong Kong Special Administrative Region, China, which
provides ophthalmological service to 2 neonatal intensive care
units (NICUs) for a population of 1.8 million.

Medical records for consecutive subjects screened for ROP
between the period of January 2007 and December 2012 were
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retrieved using the Clinical Data Record System of the Hospital
Authority of Hong Kong.

Screening Criteria
All preterm babies admitted to these 2 NICUs with a BWof

1500 g or less and/or GA of 32 weeks or less were referred to a
pediatric ophthalmologist for evaluation. All eligible preterm in-
fants were examined according to the screening protocol recom-
mended by the Royal College of Ophthalmologists and United
Kingdom-ROP (UK-ROP) guideline.26,27 Subjects were first
screened at 4 to 8 weeks of postnatal age (≤30 weeks GA) and
were examined weekly to biweekly, until retinal vascularization
reached zone 3 or showed features of established ROP re-
gression.26 Treatment with diode laser was implemented when
the disease progressed to type 1 ROP as per the Early Treatment
for Retinopathy of Prematurity Study, which was the standard
treatment in Hong Kong at the time of this study.28 The staging

of ROP was recorded according to the revised International Clas-
sification of ROP, including the extent, zone, and presence or ab-
sence of “plus” disease.29

All examinations were performed by 3 experienced pediatric
ophthalmologists (S.K.Y., T.Y.T., and C.Y.C.). Each infant was
screened by an indirect ophthalmoscope using a 30-diopter lens
after full pharmacological pupil dilatation with tropicamide
0.5% and phenylephrine 1% eye drops. A lid speculum with
scleral indentation was routinely used after topical anesthesia
(amethocaine). All screeningwas performed under oxygen satura-
tion monitoring and the screening was temporarily withheld in
case of desaturation.

The inclusion criteria were as per the ROP screening criteria
described previously. Neonates with incomplete clinical data or
those who were deceased before the completion of ROP screen-
ing were excluded. The ROP screening ends upon complete
vascularization of the temporal retina, which usually occurs by
42 gestational weeks.

TABLE 1. Univariate and Multivariate Logistic Regression Analysis of Maternal and Natal Covariates for ROP Development

Covariates

Univariate Logistic Analysis Multivariate Logistic Analysis

P
Coefficient
Estimate OR 95% CI P

Coefficient
Estimate OR 95% CI

Sex (male) 0.31 −0.23 0.79 0.50 1.24 Excluded from multivariate logistic analysis
GA <0.001* −0.85 0.43 0.36 0.50 <0.001* −0.49 0.61 0.47 0.77
BW <0.001* −0.01 0.99 0.99 1.00 0.03* 0.00 0.998 0.996 1.000
Multiple pregnancies 0.11 −0.44 0.64 0.35 1.11 Excluded from multivariate logistic analysis
Preeclampsia 0.01*† −0.86 0.42 0.19 0.83 0.02*† −1.33 0.26 0.08 0.76
Gestational diabetes mellitus 0.02*† −1.20 0.30 0.07 0.85 0.37 −0.67 0.51 0.10 2.00
IVF 0.18 −0.62 0.54 0.18 1.29 0.11 −1.13 0.32 0.07 1.17
Postnatal hypotension <0.001* 1.91 6.76 4.12 11.16 0.94 0.06 1.06 0.26 4.13
Inotrope use <0.001* 2.04 7.70 4.46 13.39 0.27 0.85 2.33 0.53 10.65
Antenatal steroid use 0.63 0.13 1.14 0.68 1.98 Excluded from multivariate logistic analysis
Apgar score 1 min <0.001* −0.22 0.80 0.72 0.89 Excluded from multivariate logistic analysis
Apgar score 5 min <0.001* −0.26 0.77 0.68 0.87 Excluded from multivariate logistic analysis
Apgar score 10 min <0.001* −0.31 0.73 0.60 0.89 Excluded from multivariate logistic analysis
Respiratory distress syndrome <0.001* 2.32 10.16 3.71 41.94 Excluded from multivariate logistic analysis
Bronchopulmonary dysplasia <0.001* 1.96 7.09 4.25 11.93 0.43 0.31 1.36 0.63 2.90
Surfactant use <0.001* 2.12 8.31 4.95 14.51 0.75 0.16 1.18 0.45 3.20
Invasive mechanical ventilation <0.001* 2.10 8.18 4.68 15.21 0.92 0.05 1.05 0.36 3.01
Oxygen supplement <0.001* 17.25 30861340.00 0.00 9.45E + 134 Excluded from multivariate logistic analysis
Mean oxygen concentration (%) 0.03* 0.06 1.06 1.01 1.12 0.20 0.07 1.07 0.96 1.19
Congenital heart disease 0.14 0.42 1.52 0.87 2.59 Excluded from multivariate logistic analysis
Patent ductus arteriosus <0.001* 1.68 5.38 3.37 8.68 0.80 0.12 1.13 0.43 2.84
NSAID use <0.001* 1.88 6.53 3.94 10.86 0.84 0.11 1.12 0.40 3.19
Anemia <0.001* 2.13 8.39 4.97 14.79 0.86 0.19 1.21 0.12 8.46
Thrombocytopenia <0.001* 1.06 2.87 1.63 4.99 Excluded from multivariate logistic analysis
Blood transfusion <0.001* 2.26 9.59 5.67 16.96 0.82 0.25 1.28 0.18 13.17
IVH <0.001* 1.27 3.55 2.15 5.84 0.02* 0.86 2.37 1.11 5.06
Necrotizing colitis 0.62 0.24 1.27 0.46 3.07 Excluded from multivariate logistic analysis
Neonatal jaundice 0.02 0.93 2.53 1.15 6.73 Excluded from multivariate logistic analysis
Phototherapy <0.001* 1.09 2.98 1.36 7.89 Excluded from multivariate logistic analysis
Total parenteral nutrition 0.05* 1.24 3.47 1.02 21.69 Excluded from multivariate logistic analysis
Hypoglycemia 0.43 0.26 1.30 0.66 2.41 0.22 0.63 1.88 0.67 5.10
Sepsis <0.001* 1.17 3.22 2.05 5.12 Excluded from multivariate logistic analysis
Meningitis 0.38 0.80 2.23 0.31 11.58 Excluded from multivariate logistic analysis

*Statistically significant.

†Protective factor.
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The primary outcome measures included the incidences of
ROP and its severity (the extent, zone, and presence or absence
of “plus” disease) and the secondary outcomes included the odds
of the 32 risk factors (both maternal and neonatal) in contributing
to the development of ROP.

Antenatal Maternal Risk Factors
• Maternal diseases: preeclampsia and eclampsia (PEE), gesta-
tional diabetes mellitus (GDM), order of pregnancy (singleton
or multiple gestations);

• IVF;
• Use of antenatal steroid (Table 1).

Neonatal Risk Factors
• Demographic information (GA, BW, sex);
• Apgar scores at 1, 5, and 10 minutes;
• Postnatal interventions: surfactant administration, mechanical
ventilation, use of supplementary oxygen, maintenance of sup-
plementary oxygen concentration (mean oxygen concentration),
use of nonsteroidal anti-inflammatory agents (NSAIDs) for pat-
ent ductus arteriosus (PDA) closure, blood transfusion, and total
parenteral nutrition (TPN);

• Neonatal diseases: respiratory distress syndrome (RDS),
bronchopulmonary dysplasia, hypotension, congenital heart
disease, PDA, anemia (defined as hemoglobin < 110 g/L,
hematocrit < 25%), thrombocytopenia, neonatal jaundice (NNJ),
phototherapy, IVH, necrotizing enterocolitis, hypoglycemia,
sepsis (culture positive or use of antibiotics for more than
7 days), and meningitis (Table 1).

Statistics
To eliminate the duplication of data from multiple pregnan-

cies, only 1 subject in cases of multiple pregnancies was random-
ized (by card shuffling) for inclusion in the statistical analysis.

The association of the 33 covariates with the development of
ROP and type 1 ROP was analyzed separately using univariate
and multiple logistic regression analyses. Univariate association be-
tween the covariates and ROP development was analyzed using lo-
gistic regression. For multiple logistic regressions, covariates with
coefficients estimated to be 0 were excluded. Variable selection
by the elastic net method was used to eliminate redundant covari-
ates to address the high collinearity of the sample. Correlations
were expressed in coefficients and odds ratios (ORs) and adjusted
odds ratios (AORs) for univariate and multivariable logistic re-
gression analysis, respectively. A P value less than 0.05 was con-
sidered statistically significant. All means were expressed as
mean ± SD.

RESULTS
During the study period, a total of 612 preterm infants were

screened. Of the 612 screened infants, 15 (2.5%) did not survive
before the completion of ROP screening and 36 (5.9%) had
insufficient/incomplete clinical information; these 51 (8.4%)
cases were excluded. Ninety infants belonged to multiple preg-
nancies (72 from twins pregnancies and 18 from triplets) and 1 in-
fant from each multiple pregnancy was randomly selected for
inclusion in the study; thus, another 48 infants frommultiple preg-
nancies were excluded. The remaining 513 eligible VLBW pre-
term infants were included for analysis (Fig. 1).

Demographics
Of the 513 infants included in the study, all were of Chinese

ethnicity. There were 284 male (55.4%) and 229 female (44.6%)

subjects. The mean GA at birth was 30.0 ± 2.5 weeks (range,
23.4–38.3 weeks) and the mean BW was 1232.6 ± 325.2 g
(range, 445–2210 g).

The majority (471/513) were singletons (91.8%), 36 were
twins (7.0%), and 6 were triplets (1.2%).

Retinopathy of prematurity developed in 95 infants (18.5%)
and type 1 ROP developed in 19 infants (3.7%).

Risk Factor Analysis for ROP
Using univariate analysis, the following were significant risk

factors for ROP development: lighter BW; lower GA; postnatal
hypotension; use of inotropes; lower Apgar scores at 1, 5, and
10minutes; RDS; bronchopulmonary dysplasia; use of surfactant;
invasive mechanical ventilation; supplementary oxygen; higher
mean oxygen concentration; presence of PDA; NSAID use; ane-
mia; thrombocytopenia; blood transfusion; IVH; phototherapy;
sepsis; and NNJ (Table 1).

The following were significant protective factors for ROP
development: the presence of PEE [OR, 0.42; 95% confidence in-
terval (CI), 0.19–0.83; P = 0.01] and GDM (OR, 0.30; 95% CI,
0.07–0.85; P = 0.02) (Table 1).

Using multivariable logistic regression analysis, lighter BW,
lower GA, and the presence of IVH were significant risk factors for
ROP development, whereas the presence of PEEwas the only protec-
tive factor (AOR, 0.26; 95% CI, 0.08–0.76; P = 0.02) (Table 1).

FIGURE 1. Schematic diagram of ROP screening and
study recruitment.
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Risk Factor Analysis for Type 1 ROP
For type 1 ROP using univariate analysis, the following were

significant risk factors: lighter BW; lower GA; anemia; blood trans-
fusion; PDA; use ofNSAID; postnatal hypotension; use of inotropes;
surfactant use; bronchopulmonary dysplasia; RDS; lowApgar scores
at 1, 5, and 10 minutes; sepsis; invasive mechanical ventilation; and
supplementary oxygen use (Table 2). There were no protective fac-
tors identified for type 1 ROP.

For type 1ROP, none of the covariates reached a level of statistical
significance using multivariable logistic regression analysis (Table 2).

The incidences of ROP and type 1 ROP according to GA are
summarized in Table 3.

DISCUSSION
Retinopathy of prematurity is a leading cause of childhood

blindness,5,6 accounting for up to 10% of childhood blindness in
developed countries.13,30–32 This study included a neonatal popula-
tion in the developed city of Hong Kong using strict screening

criteria as per the Royal College of Ophthalmologists and
UK-ROP guidelines.26,27 Most of the previously published litera-
ture involving Chinese infants used quite diverse screening criteria,
leading to differences in the incidence and risk factors of ROP,
which may just be a reflection of the differences in clinical guide-
lines and health care policies.16,17,33–35

To the best of our knowledge, this is one of the largest studies
investigating the incidence and risk factors of ROP development
in Chinese infants using the United Kingdom–based screening
guidelines of the Early Treatment for Retinopathy of Prematurity
Study and the revised UK-ROP screening guideline. The adopted
screening criteria are much narrower than that suggested by the
Chinese Medical Association, where screening is offered to neo-
nates with BWof less than 2000 g or GA of less than 34 weeks.36

In our study, themeanGA at birth was 30.0 ± 2.5 weeks (range,
23.4–38.3 weeks) and the mean BW was 1232.6 ± 325.2 g (range,
445–2210 g). This is comparable to another local study that reported
a mean GA of 29.4 ± 2.5 weeks and a mean BWof 1192 ± 233 g.14

Our findingswere also in linewith a study on the Chinese population

TABLE 2. Univariate and Multivariable Logistic Regression Analysis of Maternal and Natal Covariates for Type 1 ROP Development

Covariates

Univariate Logistic Analysis Multivariate Logistic Analysis

P
Coefficient
Estimate OR 95% CI P

Coefficient
Estimate OR 95% CI

Sex (male) 0.09 −0.84 0.43 0.14 1.14 1.00 −8.26 0.00 0.00 2.20E+194
Gestational age <0.001* −1.54 0.22 0.10 0.36 1.00 −32.30 0.00 0.00 5.34E+240
Birth weight <0.001* −0.01 0.99 0.99 0.99 1.00 −0.16 0.85 0.01 59.99
Multiple pregnancies 0.36 0.44 1.55 0.57 3.58 1.00 69.83 2.12E+30 0.00 Inf
Preeclampsia 0.09 −1.40 0.25 0.01 1.21 Excluded from multivariate logistic analysis
Gestational diabetes mellitus 0.06 −15.40 0.00 NA 8.73E+19 1.00 24.75 5.59E+10 0.00 Inf
In vitro fertilization 0.30 0.73 2.07 0.47 6.54 1.00 41.88 1.54E+18 0.00 Inf
Postnatal hypotension <0.001* 1.88 6.52 2.57 17.31 1.00 −163.90 0.00 0.00 Inf
Inotrope use <0.001* 2.10 8.19 3.18 21.43 1.00 120.90 3.37E+52 0.00 Inf
Antenatal steroid use 0.76 0.17 1.19 0.42 4.24 1.00 15.36 4.70E+06 0.00 Inf
Apgar score 1 min <0.001* −0.30 0.74 0.61 0.91 1.00 −3.47 0.03 0.00 9.74E+59
Apgar score 5 min 0.02* −0.27 0.76 0.62 0.95 Excluded from multivariate logistic analysis
Apgar score 10 min 0.02* −0.37 0.69 0.53 0.93 1.00 −9.77 0.00 0.00 6.55E+82
Respiratory distress syndrome <0.001* 16.55 15433990.00 0.00 NA Excluded from multivariate logistic analysis
Bronchopulmonary dysplasia <0.001* 2.31 10.05 3.91 27.81 1.00 −37.49 0.00 0.00 4.12E+156
Surfactant use <0.001* 3.39 29.55 6.03 533.84 Excluded from multivariate logistic analysis
Invasive mechanical ventilation <0.001* 18.09 71841470.00 0.00 NA 1.00 20.73 1.01E+09 0.00 Inf
Oxygen supplement 0.03* 16.44 13826280.00 0.00 NA Excluded from multivariate logistic analysis
Mean oxygen concentration, % 0.97 0.00 1.00 0.89 1.12 Excluded from multivariate logistic analysis
Congenital heart disease 0.82 −0.14 0.87 0.20 2.67 1.00 −5.85 0.00 0.00 3.98E+213
Patent ductus arteriosus <0.001* 2.36 10.61 3.77 37.74 1.00 −1.21 0.30 0.00 Inf
NSAID use <0.001* 2.73 15.40 5.71 48.80 1.00 26.13 2.24E+11 0.00 Inf
Anemia <0.001* 18.25 84563400.00 0.00 NA 1.00 162.30 2.92E+70 0.00 Inf
Thrombocytopenia 0.12 0.89 2.44 0.77 6.63 1.00 −37.68 0.00 0.00 Inf
Blood transfusion <0.001* 19.32 245191600.00 0.00 NA 1.00 −168.60 0.00 0.00 Inf
Intraventricular hemorrhage 0.16 0.76 2.13 0.73 5.55 1.00 −52.28 0.00 0.00 1.75E+241
Nectrotizing colitis 1.00 0.00 1.00 0.05 5.15 1.00 −24.90 0.00 0.00 Inf
Neonatal jaundice 0.73 0.25 1.29 0.36 8.24 1.00 36.92 1.08E+16 0.00 Inf
Phototherapy 0.58 0.40 1.50 0.42 9.57 1.00 −57.44 0.00 0.00 Inf
Total parenteral nutrition 0.12 15.37 4745847.00 0.00 NA 1.00 87.44 9.47E+37 0.00 Inf
Hypoglycemia 0.09 0.99 2.68 0.84 7.31 1.00 37.85 2.75E+16 0.00 Inf
Sepsis <0.001* 2.85 17.26 4.87 109.70 1.00 54.36 4.06E+23 0.00 Inf
Meningitis 0.21 1.69 5.43 0.28 36.07 1.00 78.70 1.52E+34 0.00 Inf

*Statistically significant.
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in Taiwan using the same screening criteria, which reported a
mean GA of 29.1 ± 2.7 (range, 21–38) weeks and a mean BW
of 1157 ± 313 (range, 455–1968) g.17

In comparison, in a study of the mainland Chinese popula-
tion, the mean GA and BW were higher at 32.7 ± 2.0 weeks and
1771.5 ± 362.7 g, respectively.34 Likewise, Xu et al37 reported
similar findings of 31.7 weeks and 1724.0 g, respectively. These dif-
ferences are likely due to different screening protocols. In a white
population using the same screening criteria, the mean GA and
BW were similar to our study. Van Sorge et al38 reported a mean
GAof 30.1weeks and ameanBWof 1320.0 g; whereas in a Spanish
study by Hernández et al,39 the mean GA was 29.67 weeks and
the mean BW was 1325.0 g. On the whole, the screening criteria
used in Hong Kong are much more stringent than those used in
China or Taiwan.

The incidence of ROP in our current study was 18.5%, which
was lower than the 24% previously reported by Lam et al14 in
1998 and other published incidences of ROP for the Chinese pop-
ulation that range from 20.3% to 37.8%.17,33,40,41 It is difficult for
us to directly compare the differences in the incidence of ROP
among various studies due to different screening criterias.17 Never-
theless, the lower incidence in this current study may be attributed
to the overall improvement in the standard of antenatal and postna-
tal care over the past decade, including more vigilant monitoring of
oxygen saturation using continuous pulse oximetry, setting lower
target oxygen saturations of 88% to 95%, and using antenatal ste-
roids to boost lung maturation.

Our univariate analysis showed that lower GA, lighter BW,
postnatal hypotension, use of inotropes, lower Apgar scores, pres-
ence of RDS, bronchopulmonary dysplasia, PDA, anemia, throm-
bocytopenia, sepsis, jaundice, use of surfactant, supplementary
oxygen, invasive mechanical ventilation, NSAID, TPN, higher
mean oxygen concentration, blood transfusion, and IVH were all
associated with a greater risk of ROP development. These find-
ings were in agreement with what has been reported in the litera-
ture for both Chinese and white populations.8–12,33,34

We found that the presence of GDM (OR, 0.30; 95% CI,
0.07–0.85; P = 0.02) and PEE (OR, 0.42; 95% CI, 0.19–0.83;
P = 0.01) were protective of ROP development but not for type
1 ROP. Gestational diabetes mellitus is the most prevalent meta-
bolic disorder during pregnancy.42 It is associated with an increased
risk for congenital malformations, maternofetal complications, pla-
cental abnormalities, and intrauterine growth retardations.43 Previous
studies have identified an association between GDM and PEE,43–45

and we also demonstrated in this study that PEE was a protec-
tive factor for ROP development. Maternal antiangiogenic factors
including the soluble form of VEGF receptors and soluble endoglin

have been shown to be elevated in women with PEE.46,47 Yu et al44

hypothesized that these antiangiogenic factors in the amniotic fluid
may be absorbed into the retina via the exposed corneal epithelium,
which in turn may offer a protective effect for ROP development.
Although we do not know the exact pathophysiological mechanism
for the protective effect of GDM, we postulate that it is the indirect
relationship between the presence of GDM and PEE that gives
GDM its protective effect on ROP. However, as the association of
GDM was no longer significant in the multivariable analysis, it
may just have been a confounding observation. Larger scale cohort
studies would be of interest to confirm our preliminary findings.

In contrast to some studies, we did not find any significant
association between ROP development with IVF for multiple
pregnancies. With advanced maternal age, IVF is one of the most
commonly used modalities for assisted reproduction, and multiple
pregnancies are commonly a byproduct of IVF.48,49 The relation-
ship between ROP with IVF and multiple pregnancies is still de-
bated in the literature. Watts and Adams50 found that IVF was
associated with a higher risk of threshold ROP, and multiple preg-
nancies have been reported as an independent risk factor for ROP
development.51,52 But overall, most of the studies did not reveal
any significant association between IVF or multiple pregnancies
with the development of ROP, as in our findings.33,53–55 Retinop-
athy of prematurity develops in 2 phases and the use of supple-
mentary oxygen can influence the level of VEGF, which in turn
affects the development of ROP. Phase 1 begins soon after birth,
where suppression of VEGF with supplementary oxygen results
in partial regression of normal retinal vessels, followed by a sec-
ond phase of hypoxia, inducing pathological vessel growth.56

The Supplemental Therapeutic Oxygen for Prethreshold Reti-
nopathy of Prematurity multicenter study showed that the use of
higher target supplementary oxygen therapy did not result in the
worsening of ROP severity nor did it affect the number of infants
requiring laser therapy.57 The SUPPORT Study Group deter-
mined that a lower target oxygen level did not significantly reduce
the severity of ROP but was associated with higher infant mortal-
ity.58 On the other hand, Urrets-Zavalia et al59 demonstrated that a
lower target oxygen saturation was associated with a lower rate of
severe ROP without increasing the mortality rate. A higher mean
oxygen concentration was correlated with a higher risk of devel-
oping any stage of ROP and a higher rate of threshold ROP in a
Singaporean study.33 Thus, the influence of supplementary oxy-
gen on ROP development is inconsistent in the literature. In our
study, we found that the use of a higher mean oxygen concentra-
tion was only weakly correlated with the development of ROP
(coefficient = 0.06; OR, 1.06; P = 0.03) in univariate analysis,
and there was no significant correlation on multivariable logistic
regression analysis nor did it influence the risk of type 1 ROP
using either univariate or multivariable logistic regression analy-
ses. Our findings may reflect the equivocalness of the impact of
mean oxygen concentration on ROP development as reported in
the literature, but more likely they are a reflection of the stricter
control of mean oxygen concentration by neonatologists who rec-
ognize the potential dangers of a higher mean oxygen concentra-
tion on ROP development despite the existing controversies. The
mean oxygen concentration used in our population was low
(27.4% ± 4.1%); thus, all subjects were exposed to a rather narrow
range of mean oxygen concentration.

Our study had its limitations. First, our data cannot represent
the entire population of Hong Kong and it may not be generaliz-
able to other less developed Chinese populations, although our
institution is situated in one of the lowest socioeconomic districts
in Hong Kong where there are also many immigrants from main-
land China; thus, our population represents a diversified socio-
economic class. Second, the retrospective nature of this study

TABLE 3. Incidence of ROP According to GA

GA, wk No. Infants
No. Infants

With ROP (%)
No. Infants With
Type 1 ROP (%)

≤24 19 18 (94.7) 10 (52.6)
25 23 19 (82.6) 7 (30.4)
26 19 14 (73.7) 2 (10.5)
27 45 17 (37.8) 0
28 52 10 (19.2) 0
29 61 8 (13.1) 0
30 90 3 (3.3) 0
31 109 4 (3.7) 0
≥32 95 2 (2.1) 0
Total 513 95 (18.5) 19 (3.7)
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inevitably generates inconsistencies in data, although every effort
was made to exclude subjects with incomplete clinical data. Third,
subjects were screened by 3 pediatric ophthalmologists and minor
interobserver variability can exist, but as all were trained to follow
a strict ROP screening guideline and given the large population re-
quiring screening, it was the most optimal balance in terms of pro-
viding clinical service and standardization for research. Fourth,
we did not account for those who died before the completion of
ROP screening. As time to event information was inadequate,
we used logistic regression rather than the Cox regression model.
Fifth, the use of anti-VEGF was not a routine practice in our cen-
ter at the time of publication and was not included in the treatment
options, although there are various publications supporting its
role in ROP treatment, but this is beyond the scope of this arti-
cle.60 Nevertheless, this study provides important data on the inci-
dence and risk factors of ROP in the Chinese population using
more updated and stricter ROP screening guidelines than what
is currently found in the literature. This serves as a platform for
future multicenter, prospective trials.

In conclusion, in aHongKongChinese population, the incidence
of ROP was 19% among VLBW preterm infants from 2 NICUs.
A lower GA, lighter BW, and the presence of IVHwere significant
risk factors for ROP development, whereas PEE was the only pro-
tective factor using multivariable logistic regression analysis.
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The responsibility of tolerance lies with those who have the wider vision.
— George Eliot
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