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Background: The aim of this study was to screen for retinopathy of prematurity (ROP) in southwestern China and under-
stand the prevalence and risk factors of ROP, which may provide evidence useful in the prevention and treat-
ment of ROP.

Material/Methods: 1864 preterm infants (gestational age of <37 weeks and birth weight of <2500 g) underwent ROP screening
from January 2009 to November 2012 in Southwest China. The medical information of infants during perinatal
period was reviewed, and risk factors of ROP were determined. A total of 1614 infants were recruited for final
analysis.

Results: Incidence of ROP was 12.8%. The first, second, third, and fourth stage of ROP was found in 64.6%, 29.6%, 3.4%,
and 0.5% of infants, respectively. No fifth stage of ROP was observed. In addition, 7.7% of infants required sur-
gical intervention. In our Department of Neonatology, the incidence of ROP was 20.0%, which was significant-
ly higher than in non-hospitalized patients (9.9%). The incidence of ROP remained unchanged over the years.
Independent risk factors of ROP included low birth weight (p=0.049), low gestational age (p=0.008), days of
oxygen supplementation (p=0.008), and myocardial injury after birth (p=0.001).

Conclusions: The prevalence of ROP in preterm infants is relatively high in Southwest China, and low birth weight, low ges-
tational age, days of oxygen supplementation, and myocardial injury after birth are independent risk factors
for ROP.
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Background
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Material and Methods

Vision is crucial for the life of humans. Poor vision and blind-
ness may cause difficulties in learning, living, and working and
is a heavy burden for family and society. Although the number
of blind children is low, the proportion of blind children is as
high as 20% in blind persons after adjustment for disability-
adjusted life years (DALYs) [1]. Thus, the control of blindness
in children is considered a high priority by the World Health
Organization’s (WHO’s) VISION 2020 - The Right to Sight pro-
gram [2]. In about 6-8% of blind children, retinopathy of pre-
maturity (ROP) is the major cause of blindness, and it is a main
cause of blindness worldwide. ROP-induced vision impairment
or blindness significantly impairs the quality of life of preterm
infants [3]. In recent years, with the development of perinatal
science and newborn technology, the survival rate of very low
birth weight children is increasing significantly. ROP is consid-
ered an important cause of blindness in developed countries. In
developing countries, increasing attention has also been paid
to ROP [4]. Thus, it is imperative to investigate the epidemi-
ology of ROP, aiming to reduce the incidence of ROP-induced
vision injury and blindness.

In most countries, the prevalence of ROP has been surveyed.
It was reported that the prevalence of ROP was 15.6% in the
USA [5], 36.1% in Germany [6], 36.4% in Sweden [7], 29.2% in
Singapore [8], 8.5% in Iran [9], and 18.2% in Brazil [10]. The
significant difference in the prevalence of ROP among these
countries suggests that the race, geographical region, country,
degree of social and economic development, and medical lev-
el are factors influencing the incidence of ROP. In China, the
prevalence of ROP was surveyed in Beijing [11], Shanghai [12],
Guangzhou [13], and Shenzhen [14]. However, these cities are
capitals and are located in the economically developed coastal
areas. Thus, these data fail to represent the actual prevalence
of ROP in China. As compared to economically developed areas
such as Beijing and Guangzhou, western China is underdevel-
oped, and few studies have been conducted to investigate the
prevalence of ROP in these areas [15]. In the present study,
the prevalence of ROP was investigated in western China. Our
findings may provide evidence for studies on ROP in western
China, and present theoretical evidence for understanding the
prevalence of ROP in China, which are beneficial for formulat-
ing government policy to assure prenatal and postnatal care
and to increase the quality of life.

In terms of risk factors of ROP, studies on ROP focus on infants
who are low birth weight and low gestational age [7,8,16],
and the problems during gestation and after birth are less re-
ported. Accordingly, to avoid risk factors, we investigated the
risk factors of ROP other than low birth weight and low ges-
tational age.

General information

A total of 1864 preterm infants received retinal screening for
ROP in the Department of Ophthalmology of Affiliated Children’s
Hospital of Chongging Medical University from January 2009 to
November 2012. These infants were from western China. Preterm
was defined as gestational age of <37 weeks in the Textbook
of Pediatrics (Second Edition) [17]. We found that larger pre-
term infants with gestational age over 28 weeks or birth weight
more than 1500 g were also diagnosed with severe ROP (12
cases of pre-threshold type 1 or threshold ROP in total), when
analyzing all the data collected. Thus, preterm was defined as
gestational age of <37 weeks and birth weight of <2500 g in
this study. We recruited 1614 preterm infants into this study.

Inclusion criteria: 1) gestational age <37 weeks and birth
weight <2500 g; 2) the parents or legal guardians agreed with
screening for ROP; 3) refracting media had no turbidity and
fundus image was clear; and 4) the medical information was
complete and reliable.

Exclusion criteria: 1) gestational age >37 weeks or birth weight
>2500 g; 2) the parents or legal guardians refused infant screen-
ing for ROP; 3) the refracting media were turbid due to con-
genital cataract, intraocular hemorrhage, or other diseases,
and the fundus image was blurred; and 4) the medical infor-
mation was incomplete (children with incomplete medical in-
formation were enrolled for calculation of overall prevalence,
but not for analysis of ROP risk factors).

Ethics statement

The ethics committee of Children’s Hospital of Chongging
Medical University approved this study.

Time of screening

The initial screening was done at 4-6 weeks after birth or the
corrected gestational age of 32 weeks.

Frequency of follow-up and end points

1. ROP was diagnosed and classified according to the criteria
for ROP developed by the ROP International Conference in
1984 [18]: stage 1 or 2 ROP in zone Il without plus disease,
or stage 1 or 2 ROP in zone llI: examination was done once
weekly; pre-threshold ROP: the retinal examination was done
once every 2-3 days; threshold ROP: laser or cryotherapy
was done within 72 h; and stage 4 or 5 ROP: surgical inter-
vention was required. The end points included the stabili-
zation or scarcity of ROP or post-therapy.
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2. For infants without ROP but with incomplete peripheral vas-
cularization of the retina, follow-up was done once every 2
weeks until complete retinal vascularization was observed.

Instrument for screening

For screening, we used a digital wide-field ocular fundus im-
ager (RetCamll; Massie Research Laboratories, USA) and bin-
ocular indirect ophthalmoscope (HEINE OMEGA180, Germany).

Methods for screening

1. Pupil dilation: One hour before examination, eye drops con-
taining 0.5% tropicamide and 0.5% phenylephrine hydro-
chloride (Santen Pharmaceutical Co., Ltd., Japan) were used
to dilate both pupils once every 5-10 min (a total of 2-3
times). At the same time, the lacrimal sac was pressed to
avoid the discharge of eye drops via the nasolacrimal duct.

2. Fundus examination: an eye speculum was used to keep the
eye open, followed by surface anesthesia with 0.4% hydro-
chloric oxybuprocaine eye drops (Santen Pharmaceutical Co.,
Ltd., Japan). Then, a fundus examination was done using an
indirect ophthalmoscope, with a scleral device and +20.00D
aspheric, and images were captured with the RetCamll sys-
tem. Examination was done first in the right eye and then in
the left eye, and attention was paid to the temporal retina.
Once the ROP of both eyes was classified at different stages,
results were recorded independently. Once ROP was present
in 1 eye, ROP was recorded for calculation of prevalence of
ROP. The eye with more severe ROP was recruited for stag-
ing of ROP. Once infants had received laser photocoagula-
tion before admission and laser spots were observed, ROP
was classified as threshold ROP. Screening was done in the
presence of neonatologist physicians who closely monitored
the conditions of infants. If necessary, heart rate, breathing,
and oxygen saturation were monitored.

Collection of risk factors

The medical information was carefully reviewed in 459 preterm
infants who received fundus examinations in the Department
of Neonatology of Children’s Hospital. We recorded infant and
maternal data. The infant data included: sex, gestational age,
birth weight, neonatal pneumonia, respiratory distress syn-
drome (acute respiratory distress syndrome [ARDS]; apnea,
respiratory failure, asphyxia), pulmonary hemorrhage, neona-
tal encephalopathy (intracranial hemorrhage, brain damage in
preterm infants, hypoxic-ischemic encephalopathy [HIE]), sep-
sis, congenital heart disease, myocardial injury (the activity of
creatine phosphokinase-Mb(CK-MB) is greater than 5 mg/L was
defined as myocardial injury), coagulation disorders, anemia,
hyperbilirubinemia, pathological jaundice, hypoalbuminemia,
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hypoglycemia, hyperglycemia, acid metabolic imbalance, oxy-
gen supplement, days of oxygen supplement (days of mechan-
ical ventilation + days of routine oxygen supplement), blood
transfusion, volume of transfused blood, blood type, multiple
deliveries, steroids, vasoactive substances, pulmonary sur-
factant, and erythropoietin. Maternal data collected included:
maternal age, pattern of delivery (eutocia/cesarean section),
gestational hypertension, premature rupture of membranes,
amniotic fluid abnormalities, fetal distress, placenta previa,
placental abruption, cholestasis of pregnancy, anemia in preg-
nancy, colds, and medications with dexamethasone, penicil-
lin, or tocolytic agents.

Statistical analysis

Data were recorded in categories and filled in tables. Statistical
analysis was done with SPSS version 17.0. Prevalence of ROP
was tested with the chi-squared test. When 20% of theoreti-
cal frequencies were <5, P value was calculated with Fisher’s
exact test. When a difference was noted among groups, com-
parisons between groups were further performed. The alpha
level was 0.05/[n(n-1)/2+1], where n=number of groups [19].

Various risk factors were comprehensively analyzed on the
basis of the presence of ROP. Univariate analysis was done
with the chi-squared test or the t test. A value of P<0.05 was
considered statistically significant. Multivariate analysis was
done with logistic regression analysis. ROP served as a de-
pendent variable (yes=1, no=0) and risk factors served as in-
dependent variables. A value of P<0.05 was considered sta-
tistically significant.

Results

Characteristics of subjects

From January 2009 to November 2012, a total of 1864 pre-
term infants received retinal examination for screening of ROP
in the Department of Ophthalmology of Children’s Hospital of
Chongging Medical University. According to the inclusion crite-
ria and exclusion criteria, 1614 were recruited, including 898
males (55.6%) and 716 females (44.4%) (M/F: 1.25:1). Among
these infants, there were 459 hospitalized patients (28.4%) and
1155 subjects without hospitalization (71.6%). The demograph-
ics, gestational age, and birth weight are shown in Table 1.

Prevalence of ROP

According to the criteria for screening, 1614 subjects were in-
cluded, of whom 206 were diagnosed with ROP. The overall
prevalence of ROP was 12.8% (206/1614). Stage 1, 2, 3, and
4 ROP was found in 64.6% (133/206), 29.6% (61/206), 3.4%
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Table 1. Demographic data of the studied cases (n=1614).
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Data n (%) Gestational age (w) Birth weight (g)

Total 1614 (100.0%) 32.34+2.19 1773.7+389.9
M 898  (55.6%) 32.33+2.16 1804.3+382.4

(O o L O EEREEREEEEEN
F 716 (44.4%) 32.3542.23 1735.4+396.0
Non-hospitalized 1155 (71.6%) 32.63+2.14 1842.0+382.7

T 0L o
Hospitalized 459  (28.4%) 31.60+2.13** 1601.8+353.5*

n — number; * P<0.001 vs. non-hospitalized patients.

A [ Total population B
Il Non-hospitalized patients 250 | 2009
25,0 | Hospitalized patients . = %8](1)
W 2012
22.2 " 200
20.0 19.3 17.1
17.1 S
g 5.4 g 150
X .
g 15.0 4 % 12.912.4
= 129 = 110
e <
g S 100
< 100 &
g 100 8.5
5.0
5.0
0.0
0.0 Total population Non-hospitalized patients Hospitalized patients
2009 (n=246) 2010 (n=355) 2011 (n=467) 2011 (n=546) (n=614) ~ (=m1ss) (n=459)
Year (y) Differential populations

Figure 1. (A) Prevalence of retinopathy of prematurity (ROP) in different years of different populations; (B) Prevalence of ROP of
different populations in different years. All the subjects were divided into total population (n=1614), non-hospitalized
patients (n=1155) and hospitalized patients (n=459). In addition, 245, 356, 467, and 546 subjects received diagnosis at 2009,
2010, 2011, and 2012, respectively. A value of P<0.0125 was considered statistically significant when comparisons were done
between 2 groups (chi-squared test: P=0.05/[n(n-1)/2+1]; n=number of groups=3).

(7/206), and 0.49% (1/206) of subjects, respectively. No Stage
5 ROP was observed. In addition, 7.8% (16/206) of subjects re-
quired surgical intervention, including 4 patients with thresh-
old ROP and 12 with pre-threshold type 1 ROP.

All the subjects were divided into total population (n=1614),
non-hospitalized patients (n=1155) and hospitalized patients
(n=459). Additionally, 245, 356, 467, and 546 subjects received
diagnosis of ROP in 2009, 2010, 2011, and 2012, respectively.

The change in the prevalence of ROP in different populations
is shown in Figure 1A. The prevalence of ROP was the highest
in hospitalized patients, followed by total population, and non-
hospitalized patients had the lowest prevalence. This trend was
obvious in 2010 (x2=8.875, P=0.012), 2011 (x?=13.04, P=0.001)
and 2012 (x2=8.955, P=0.011), but was not obvious in 2009. In

2009, the prevalence of ROP was not comparable among sub-
jects of different populations (x?=1.54, P=0.463).

The prevalence of ROP in different years is shown in Figure 1B.
The prevalence of ROP remained unchanged in different years
(total population: x2=5.884, P=0.117; non-hospitalized patients:
x?=7.44, P=0.059; hospitalized patients: x?=0.676, P=0.879).

Correlation between gestational age and ROP
On the basis of complications, these preterm infants were di-
vided into different gestational age groups. Then, the preva-

lence of ROP was calculated among these groups.

As shown in Figure 2 and Table 2, the prevalence of ROP
was 41.2%, 27.5%, 12.7%, 6.4%, and 2.6% in subjects with
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Figure 2. Prevalence of retinopathy of prematurity (ROP) in
subjects of different gestational ages. The prevalence
of ROP was 41.2%, 27.5%, 12.7%, 6.4%, and 2.6%
in subjects with gestational age of <28 w, 28-30 w,
30-32 w, 32-34w, and 34-36 w, respectively.

Table 2. Prevalence of ROP in subjects of different gestational ages.

Gestational age (w) No. of subjects

<28 w 85
o ssw 58
""""""""" 2w 44
""""""""" 234w s
""""""""" 6w w5

Figure 3. Prevalence of retinopathy of prematurity (ROP) in
preterm infants with different birth weights. The
prevalence of ROP was 64.0%, 24.0%, 10.0%, and
3.0% in preterm subjects with birth weight of <1000
g, 1000-1500 g, 1500-2000 g, and 2000-2500 g,
respectively.

No. of ROP patients Prevalence of ROP(%)

35 41.2
""""""""""" nows
""""""""""" s w7
""""""""""" ea
S 26

No. — number; ROP — retinopathy of prematurity.

gestational age of <28 w, 28-30 w, 30-32 w, 32-34 w, and
34-36 w, respectively. A significant difference was found among
these groups (x2=157.27, P<0.001): the lower the gestational
age, the higher the prevalence of ROP was. As shown in Table
3, a significant difference was noted in the prevalence of ROP
among subjects of different gestational ages.

Correlation between birth weight and ROP

On the basis of birth weight, infants were divided into differ-
ent birth weight groups. As shown in Figure 3 and Table 4,
the prevalence of ROP was 64.0%, 24.0%, 10.0%, and 3.0% in
preterm subjects with birth weight of <1000 g, 1000-1500 g,
1500-2000 g, and 2000-2500 g, respectively. A significant dif-
ference was noted in the prevalence of ROP among these groups
(x2=137.879, P<0.001): the lower the birth weight, the higher
the prevalence of ROP was. As shown in Table 5, significant

difference was noted in the prevalence of ROP among subjects
of different birth weights.

Risk factors of ROP

ROP risk factors (neonatal and maternal factors) of were as-
signed values, followed by univariate analysis and logistic re-
gression analysis (Tables 6 and 7).

As shown in Table 6, among these risk factors, the neonatal
factors of gestational age, birth weight, total days of oxygen
supplementation, days of mechanical ventilation, ARDS, intra-
cranial hemorrhage, hypoproteinemia, anemia, oxygen supple-
ment, blood transfusion, vasoactive substances, and pulmo-
nary surfactant were related to ROP (P<0.05). Other neonatal
factors were not associated with ROP (P>0.05). Maternal fac-
tors including maternal age, pattern of delivery, gestational
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Table 3. Prevalence of ROP in subjects of different gestational ages.

Gestational age (w) x2

<28w/28-30w 5.585
- oswsosw 41.008
"""""""""" 28-30w30-32w 24613
"""""""""" 8-30w/32-34w 67300
"""""""""" 2830w3436w 66458
"""""""""" 032w32-3ew  117m
"""""""""" 0-32w/3a-36w 21958
"""""""""" 32-34w/3a-36w 5559

CLINICAL RESEARCH

P

<0.0045

<0.0045

(P=0.05/[n(n-1)/2+1]; n — number of groups=5; P=0.0045.

Table 4. Prevalence of ROP in preterm infants with different birth weights.

Birth weight (g) No. of subjects

<1000 24
"""""""" 1000-1500 a8
"""""""" 1s00-2000 e
"""""""" 2000-2500 40

No. of ROP patients Prevalence of ROP (%)

15 64.0
””””””””” 03 240
"""""""""" 2 10
"""""""""" 6 30

No. — number; ROP — retinopathy of prematurity.

Table 5. Prevalence of ROP among subjects with different birth weights.

Birth weight (g) x? P
<1000/1000-1500 18.183 <0.0071
"""""""""" <1000/1500-2000  sa14  coo;1
"""""""""" <1000/2000-2500 1287  <oo;n
"""""""" 1000-1500/1500-2000 3230 o071
"""""""" 1000-1500/2000-2500 7835 <0071
"""""""" 1500-2000/2000-2500 &7 <071

(P=0.05/[n(n-1)/2+1]; n — number of groups=4; P=0.0071); ROP — retin

hypertension, premature rupture of membranes, amniotic
fluid abnormalities, fetal distress, placenta previa, abruption,
gestational cholestasis, pregnancy anemia, colds, and medi-
cations (dexamethasone, penicillin, or tocolytic agents) were
not associated with ROP (P>0.05).

As shown in Table 7, among these risk factors, low gestational
age, low birth weight, total days of oxygen supplementation, and
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opathy of prematurity.

myocardial injury were risk factors closely related to the occur-
rence of ROP (P<0.05). The other factors were not related to ROP.

Discussion

1447

In the present study, severe ROP was usually found in preterm
infants with gestational age of >28 weeks or birth weight of
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Table 6. Univariate analysis of risk factors of ROP.

Risk factors ROP patients Non-ROP subjects t P
Neonatal Gestational age (w) 30.3+2.2 32.0+2.0 t=6.97 <0.001
fACHOrS
Days of mechanical ventilation (d) 3.6+8.8 1.4+3.5 <0.001
| Days of non-mechanical ventilation (dy  23.6+18.4  129s113  t=-535 0001
Cseew® so/42 22155 x=0351 0554
Neonatal pneumonia &7 36 e=001l 0915
 ARDS, apnea, respiratory failure, asphyxia 55 10 7739 0005
Pulmonary hemorthage 6 n 0085 | o
Encephalopathy of preterm infants 8 255 c=8647 | 0003
Csepsis ou 34 00603 0437
Congenital heart diseases 7 13 x=130 0251
myocardialinury 55 254 x=2972 0085
Coagulation dysfunction s 79 x=0001 0981
 Hyperbilirubinemia, pathological jaundice s 203 x=0125 0724
Hypoproteinemia 3 8 =549 | 0019
Hypoglycemia o 39 ¢=005% 0813
Hypergycemia 16 7 xc-3g8 0050
CAvema 78 255 ee8e47 0003
Add-baseimbalance 7 e x=091 0337
Oxygensupplement % 3 eseds 0017
| Mechanical ventilation 2 %  x-1876 0171
Blood transfusion 77 06 xe=23e42 w0001
| Multiple deliveries 2 13 =239 | 0404
Vasoactive substances s7 152 oe-l2si3 oo
Pulmonary surfactant » 29 6215 0012
Eythopoietn 15 49 e=0535 0465
Maternal  Maternalage 20458579 29113545 t=-0516 0606
fACHOrS
Eutocia/Cesarean section 43/49 158/209 x*=0.406 0.524
 premature rupture of fetal membranes 3 156 oe=0001 0977
 Amniotic fluid abnormalities s 7 x=0419 0517
Fetaldistess 10 a5 xe=0135 0713
Placenta praevia 3 2 w312 0078
Placental abruption 3 10 $<0001 1000
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Table 6 continued. Univariate analysis of risk factors of ROP.

CLINICAL RESEARCH

Risk factors ROP patients Non-ROP subjects t P

Maternal Gestational hypertension 7 34 x?=0.248 0.619
fACHOrS

Gestational cholestasis 5 87 x2=0.002 0.961
Gestational diabetes 2 0 c=1086 0297
Anemiainpregnancy s % we0152 0697
ol 5 1m0 x0278 0598
Dexamethasone 20 101 e=1267 026
Cpeniclin 1 14 xe0976 033
Tocohticagents s ou x-0e76 oann

* Total days of oxygen supplementation = days of mechanical ventilation + days of non-mechanical ventilation; ** Days of non-
mechanical ventilation = total days of oxygen supplementation via nasal tube, mask or chamber. ROP — retinopathy of prematurity;
ARDS - Acute Respiratory Distress Syndrome; HIE — hypoxic-ischemic encephalopathy.

Table 7. Logistic regression analysis of risk factors of ROP.

Risk factor OR 95% Cl P
Gestational age 0.82 0.707-0.950 0.008
CBithweight 0999 0991000 0029
Total days of oxygen supplement 02 10051035 0008
myocardialinwry 237 133917 0001

ROP - retinopathy of prematurity; OR — odds ratio.

>1500 g (12 patients with threshold ROP or pre-threshold Stage
1 ROP). Once ROP was not identified in these patients, ROP
might cause blindness. Thus, criteria from other countries are
not applicable in China. In China, the Guidelines for Therapeutic
Application of Oxygen and Prevention and Therapy of Retinal
Lesions in Preterm Infants were developed in 2004 and used
for screening of ROP [24]. On the basis of this definition and
Chinese criteria developed in 2004, screening was done in
subjects with gestational age of <37 weeks and birth weight
of <2500 g. This study was conducted to validate the Chinese
criteria and provide evidence useful in improving these crite-
ria. The criteria for screening of ROP are developed according
to the incidence of ROP and risk factors of ROP. Better criteria
for screening can save medical resources, reduce medical risk,
and reduce the incidence of mis-screening. Currently, there is
no consensus on the criteria for screening of ROP. In the USA,
screening is performed in infants with birth weight of <1500 g
or gestational age of <28 weeks [20]; in the UK, screening is
done in infants with birth weight of <1500 g and/or gestational
age of <31 weeks[21]; in Canada, screening is conducted in in-
fants with birth weight of <1500 g or gestational age <30 weeks
[22]; and in Germany, screening is done in infants with birth
weight of <1501 g and/or gestational age of <32 weeks [23].
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Presence of a pre-threshold lesion is an indication for initial
laser therapy and cryotherapy [24,25]. With the introduction
of the “pre-threshold lesion” concept, studies found that laser
therapy and/or cryotherapy conducted within 48 h can signifi-
cantly improve the poor prognosis in infants with pre-thresh-
old type 1 ROP, thus early intervention is recommended for
patients with pre-threshold type 1 ROP [26,27]. In the present
study, 6 eyes of 3 patients with threshold ROP and 24 eyes of
12 patients with pre-threshold type 1 ROP received laser ther-
apy or cryotherapy. Other patients with ROP were closely fol-
lowed up by fundus examination — retinal hemorrhage, macu-
lar traction, and retinal detachment were not found (i.e., only
7.3% [15/206] of ROP patients required surgical intervention),
which was consistent with the above findings.

The prevalence of ROP varies among races, geographical ar-
eas, countries, survival rate of neonates, and level of perina-
tal care. In the present study, the overall prevalence of ROP
was 12.8%, which was lower than that in Germany 36.1%)
[6], Sweden (36.4%) [7], and Singapore (29.2%) [8], but com-
parable to that in developing countries, including Iran (8.5%)
[9] and Brazil (18.2%) [10]. This may be attributed to the ad-
vanced technology in developed countries, and the survival
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rate of preterm infants with low gestational age and/or very
low birth weight is high, which leads to a high incidence of
ROP. However, in developing countries, the perinatal care is
imperfect and the survival rate of preterm infants with very
low birth weight is at a low level, which leads to a low inci-
dence of ROP. In addition, we postulate that the late starting
of retinal screening in developing counties, which may cause
missed diagnosis of ROP. In the present study, the incidence
of ROP in hospitalized infants was higher than that in non-
hospitalized infants. This may be because hospitalized infants
had shorter gestational age, lower birth weight, more severe
diseases, and more concomitant complications than did non-
hospitalized infants. In 2009, this difference was not appar-
ent. It might be because fewer of these cases were collected
in 2009 compared to other years. The sample size in our fu-
ture studies should be expanded, in order to make the sam-
ples more equal. From 2009 to 2012, the incidence of ROP re-
mained unchanged, which may be related to the short 4-year
time span, thus the survival of preterm infants with very low
birth weight remained relatively stable. In addition, the collec-
tion of subjects had good equality, and thus the prevalence of
ROP remained stable.

Although the pathogenesis of ROP remains poorly understood,
premature delivery and low birth weight are widely accepted
as risk factors [7,8,16] negatively related to the occurrence of
ROP. The lower the gestational age, the more immature the
retinal development is and the wider the avascular regions are.
Under this condition, the extra-uterine hyperoxic environment
may cause damage to the vascular endothelial cells of retinal
vessels, resulting in ROP [28]. Our findings fit this hypothesis.

In preterm infants, the development of organs is immature,
and the immature retinal vessels are extremely sensitive to
oxygen. Prolonged oxygen supplementation, high inspired ox-
ygen concentration, and high arterial oxygen partial pressure
may significantly increase the incidence and severity of ROP
[29]. Some investigators propose that the occurrence of ROP
is related to relative hypoxia: rapid discontinuation of oxygen
supplementation after administration of oxygen at a high con-
centration may cause relative hypoxia, which promotes the
occurrence, suggesting that the fluctuation of arterial oxygen
partial pressure plays an important role in the pathogenesis of
ROP [30]. Although the concentration of oxygen is determined
according to Chinese Guidelines [26], but results of the pres-
ent study indicate that total days of oxygen supplementation
is an independent risk factor of ROP. This suggests that stan-
dardized oxygen supplementation, strict control of indications
for and duration of oxygen supplementation and avoidance of
repeated oxygen supplementation are important for preterm
infants with low birth weight. Other investigators propose that
patterns of oxygen supplementation are also closely related
to ROP. There is evidence showing that the incidence of ROP
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in subjects receiving CPAP or mechanical ventilation is high-
er than that in subjects receiving oxygen supplement via na-
sal tube or mask [8]. In the present study, our results showed
the patterns of oxygen supplementation had no influence on
the incidence of ROP, and days of mechanical ventilation are
not an independent risk factor of ROP. However, this needs
further study in future investigations because the duration of
oxygen supplementation was calculated in the form of days,
which is relatively rough (oxygen supplementation for 1-24 h
per day was used to define 1 day of oxygen supplementation).
This also applies to mechanical ventilation and other patterns
of oxygen supplementation, and may fail to accurately reflect
the duration of oxygen supplementation.

To date, few studies have been conducted to investigate the
correlation between myocardial injury and ROP. There is ev-
idence showing that perinatal hypoxia can cause myocardial
injury [31]. In the present study, our results showed myocar-
dial injury was an independent risk factor of ROP. This may
be related to the following factors: 1) The organs of preterm
infants have immature development and the myocardial con-
traction and dilation are still imperfect, which may cause the
susceptibility to myocardial injury. In addition, hypoxia and ac-
idosis may directly cause damage to myocytes and energy me-
tabolism disorder of myocytes, resulting in myocardial injury.
2) Preterm infants are susceptible to concomitant congenital
heart diseases (e.g., patent ductus arteriosus [PDA]) [32]. The
above factors may cause reduction in cardiac output and de-
teriorate hypoxia in tissues, including the retina, which fur-
ther promotes the occurrence of ROP.

In the present study, univariate analysis showed myocardial in-
jury was not a risk factor of ROP, but logistic regression anal-
ysis revealed it was a risk factor. Univariate analysis showed
that encephalopathy in preterm infants was a risk factor of
ROP, but logistic regression analysis showed it was not a risk
factor. This is because multiple factors influence the occurrence
of ROP in univariate analysis, which reflects not only the in-
fluence of a specific factor, but also the indirect influence of
other factors. However, in multivariate analysis, the influence
of other factors is excluded, which makes the results more
reliable. There is evidence showing that preterm infants with
low birth weight have high risk for hypoxic myocardial inju-
ry, and the incidence of myocardial injury in infants with low
birth weight is significantly higher than that in infants with
normal birth weight [33].

Our study has some limitations. The calculation of duration of
oxygen supplementation was not precise. In our future study,
the duration of oxygen supplementation will be calculated on
the basis of hours (not days) of oxygen supplement, and the
influence of mechanical ventilation with oxygen and other
patterns of oxygen supplementation will be further studied.
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Although all the hospitalized infants were fed artificially, the
feeding data of non-hospitalized infants were not collected.
In the Methods section there is nothing mentioned about the
feeding or growth recordings of these infants. Thus, the im-
pacts of feeding methods on ROP incidence have not been in-
vestigated, which should be addressed in our future studies.
In the analysis of risk factors, maternal factors (pregnancy-re-
lated diseases and medications during pregnancy) were retro-
spectively reviewed on the basis of medical records. However,
the medical records may contain errors, and this needs to be
investigated in prospective studies. The complete medical in-
formation of ROP patients has been recorded in detail, and our
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The prevalence of ROP in preterm infants is relatively high in
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birth are independent risk factors of ROP.
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