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(GW), gestational age (GA), sepsis, continuous 
positive airway pressure (CPAP) time, and invasive 
mechanical ventilation (MV) time were associated 
with TR-ROP, stage 3 ROP, and zone I, and II disease 
(p < 0.05). Pregestational diabetes mellitus (DM) was 
only associated with stage 3 ROP (p = 0.031). Gesta-
tional hypertension was only associated with zone I 
and II disease (p = 0.034). The use of low-molecular-
weight heparin may be protective against stage 3 dis-
ease (p = 0.031).
Conclusion  Antenatal steroid administration, GDM, 
GW, GA, sepsis, CPAP time, and invasive MV time 
were risk factors for TR-ROP and stage 3 ROP, while 
pregestational DM was only associated with stage 3 
ROP.

Keywords  Retinopathy of prematurity · Antenatal 
steroid · Gestational diabetes mellitus · Mechanical 
ventilation · Gestational hypertension · Sepsis

Introduction

Retinopathy of prematurity (ROP) is a disease of pre-
mature babies whose gestational age (GA) is below 
32  weeks and gestational weight (GW) is less than 
1500  g (g) [1]. However, ROP may also develop in 
infants older than 32 weeks of gestation [1]. Binocular 
indirect ophthalmoscopy is the gold standard method 
for ROP screening. Recently, optic coherence tomog-
raphy (OCT) has been shown to provide significant 

Abstract 
Purpose  To analyze the effects of various obstetric 
and perinatal factors on the severity of retinopathy of 
prematurity (ROP).
Methods  Infants born at ≤ 32  weeks of gestation, 
with less than 1500 g gestational weight and having at 
least stage 1 ROP, were reviewed. Group1A included 
treatment-requiring ROP (TR-ROP), and group 2A 
included the remaining patients not requiring treat-
ment. Group 1B included stage 3 ROP cases, and 
group 2B included the remaining stage 2 or 1 ROP 
cases. Group 1C included cases with zone III dis-
ease, and group 2C the remaining. The control group 
(group C) was composed of premature infants without 
ROP. The multiple comparisons were made among 
groups 1A, 2A, and C; 1B, 2B, and C; 1C, 2C, and C.
Results  A total of 311 infants were included. Group 
1A included 34 cases, group 1B 60, group 1C 51, and 
group C 98. Antenatal steroid administration, gesta-
tional diabetes mellitus (GDM), gestational weight 
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findings in many pediatric retinal diseases such as 
ROP and juvenile X-linked retinoschisis [2]. Subtle 
retinal alterations, epiretinal membranes, and macular 
edema are major findings in ROP [3, 4]. In addition to 
well-established risk factors, including GA, GW, and 
uncontrolled oxygen therapy, many other risk factors 
have been analyzed. It has been speculated that apart 
from the known risk factors, other environmental and 
genetic factors may be associated with the develop-
ment and severity of ROP disease [1]. There are sev-
eral reports on the association of obstetric factors with 
ROP, including gestational diabetes mellitus (GDM), 
gestational hypertension (GHT), and antenatal steroid 
use in pregnant women [5–8]. The findings are incon-
sistent and should be further studied. The associa-
tion of anticoagulant therapy during pregnancy and 
thrombophilia in pregnant women with ROP has not 
been studied previously. Perinatal factors related to 
premature infants have been studied by many authors, 
but discrepancies still exist regarding the association 
of oxygen therapy and sepsis with ROP [9, 10] To the 
best of our knowledge, AlRyalat et al. conducted the 
research which had included the largest number of 
perinatal factors associated with ROP, studied in the 
largest sample of premature infants [11]. The study 
pointed out the association of the need for prophy-
lactic indomethacin, pneumonia, isolated bowel per-
forations, sepsis, and receiving ventricular shunt with 
ROP. Obstetricians as well as neonatologists and oph-
thalmologists have an important role in the prevention 
of ROP. However, a few papers emphasized this role. 
Kindinger and David published a review on the role 
of obstetrician in the prevention of ROP [12].

The management of ROP requires a multidiscipli-
nary approach involving neonatologists, obstetricians, 
and ophthalmologists [13]. There is a paucity of data 
on the relationship between various obstetric factors 
and ROP. Our aim was to analyze the effects of vari-
ous obstetric and perinatal factors on the severity of 
ROP.

Materials and methods

This study was performed in accordance with the 
Declaration of Helsinki and was approved by The 
Medical Research Ethics Committee (ATADEK) 
(2020–16/4). This retrospective study was con-
ducted on premature infants born and cared for at 

Acibadem Eskisehir Hospital between January 2012 
and July 2020. All premature infants were referred 
to the Eskisehir Osmangazi University Ophthalmol-
ogy Department for ROP screening. Retinal findings 
were classified according to the “Revisited Interna-
tional Classification of ROP” [14]. The demarcation 
line was the only finding in stage 1 ROP cases. Reti-
nal neovascularization developed in stage 3 cases. 
Zone III disease was defined as cases in which vas-
cularization was not complete only in the residual 
temporal crescent of the retina. The zone of the dis-
ease was defined according to the worst vasculari-
zation in either eye at the first screen. The stage of 
the disease was defined as the worst stage of ROP in 
either eye at any examination.

The inclusion criteria for this study were as fol-
lows: (1) infants born at ≤ 32  weeks of gestation, 
with less than 1500  g GW; (2) follow-up until 
vascularization was completed and/or therapy, 
namely intravitreal injection, laser photocoagula-
tion, and surgery, was applied; (3) initial screening 
at between 4 and 6  weeks of life (4) at least stage 
1 ROP; and (5) complete charts. The control group 
was composed of premature infants without ROP. 
The controls were born at ≤ 32 weeks of gestation, 
with less than 1500 g GW, and screened for ROP at 
between 4 and 6 weeks of life.

Infants meeting any of the following criteria were 
excluded: (1) genetic diseases or (2) infants who 
missed the initial screening examination (3) infants 
who died during follow-up.

To calculate the required number of cases, a 
priori sample size calculation was performed. The 
calculation was made using effect size assumption. 
The effect size conventions level was assumed to be 
medium (w = 0.3). I type error level was 0.05 and 
power level was 99%. The total sample size calcu-
lated was two hundred and six.

Seven groups of infants were defined. Group 
1A included treatment-requiring ROP (TR-ROP), 
and group 2A included the remaining patients not 
requiring treatment. Group 1B included stage 3 
ROP cases with or without indication for treatment, 
and group 2B included the remaining stage 2 or 1 
ROP cases. Group 1C included cases with zone III 
disease, and group 2C included the remaining. The 
control group (group C) was composed of prema-
ture infants without ROP.
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Perinatal factors, including the baseline charac-
teristics (sex, GW, and GA), the occurrence of bron-
chopulmonary dysplasia (BPD) and sepsis, and the 
number of days in which continuous positive airway 
pressure (CPAP) and/or invasive mechanical ventila-
tion (MV) were used, were recorded.

Obstetric factors, including maternal age, deliv-
ery type, the use of antenatal steroids, the application 
of anticoagulant therapy, the presence of maternal 
thrombophilia, chronic hypertension, GHT, preges-
tational diabetes mellitus (DM) and GDM, were 
recorded. The timing of antenatal steroid adminis-
tration, namely intramuscular betamethasone (Cele-
stone  Chronodose, Schering-Eczacıbası, Luleburgaz, 
Turkey), was noted. The use of low-molecular-weight 
heparin (LMWH) [enoxoparin (Oksapar 4000 anti-
Xa IU/0.4  ml®, Kocak Farma, Istanbul, Turkey)], 
100 mg acetylsalicylic acid (ASA) or their combina-
tion was noted.

The obstetric and perinatal factors were compared 
among groups. The multiple comparisons were made 
among groups 1A, 2A, and C; 1B, 2B, and C; 1C, 2C, 
and C.

The data failed the Shapiro–Wilk test for normal 
distribution; therefore, we compared the continuous 
clinical characteristics among groups using the non-
parametric Kruskal–Wallis H test. We compared the 

categorical variables among groups using Pearson/
Pearson exact chi-square tests. P values < 0.05 were 
considered statistically significant. Statistical analyses 
were performed using SPSS statistical software (IBM 
Corp. Released 2012. IBM SPSS Statistics for Win-
dows, Version 21.0. Armonk, NY: IBM Corp.).

Results

One thousand one hundred fifty-five premature 
infants born were reviewed. Three hundred eleven 
cases satisfied the inclusion criteria. The mean GW 
was 1259.94 ± 212.60  g (438–1490), and the mean 
GA was 29.83 ± 1.89 weeks. The indication for ROP 
treatment was present in thirty-four infants out of 
two hundred thirteen cases with different degrees of 
ROP (15.9%). The mean number of examinations per 
infants diagnosed with ROP was 4.30 ± 2.05 (2–9). 
The control group was examined only once.

Group 1A was composed of thirty-four infants, 
group 1B was composed of sixty stage 3 ROP cases, 
and group 1C was composed of fifty-one cases with 
zone III disease. One of the stage 2 zone 2 ROP cases 
is presented in Fig.  1. The control group was com-
posed of ninety-eight premature infants without ROP.

Fig. 1   Left eye in a case 
of 30-week premature with 
stage 2 zone 2 retinopathy 
of prematurity
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Table  1 presents the comparison of the obstet-
ric factors among groups 1A, 2A, and C. The use of 
antenatal steroids, the use of antenatal steroid therapy 
0–48 h before birth, and the presence of GDM were 
significantly higher in group 1A.

Table  2 presents the comparison of the obstet-
ric factors among groups 1B, 2B, and C. The use of 
LMWH was significantly higher in group 2B, while 
the use of antenatal steroids, the use of antenatal 
steroid therapy 0–48  h before birth, the presence of 
pregestational DM, and GDM were significantly 
higher in group 1B.

Table  3 presents the comparison of the obstet-
ric factors among groups 1C, 2C, and C. The use of 
antenatal steroid therapy, the use of antenatal steroid 
therapy 0–48  h before birth, GHT, and GDM were 
significantly higher in group 2C.

Table  4 presents the comparison of the perinatal 
factors among groups 1A, 2A, and C. The GW, GA, 
sepsis frequency, CPAP time, and invasive MV time 
were significantly different.

Table  5 presents the comparison of the perinatal 
factors among groups 1B, 2B, and C. The GW, GA, 
sepsis frequency, CPAP time, and invasive MV time 
were significantly different.

Table  6 presents the comparison of the perinatal 
factors among groups 1C, 2C, and C. The GW, GA, 
BPD, sepsis frequency, CPAP time, and invasive MV 
time were significantly different.

Discussion

In the current study including three hundred eleven 
infants, 8 perinatal and 8 obstetric risk factors for 
ROP were analyzed. To the best of our knowledge, 
this was the research which included the largest num-
ber of risk factors for ROP in one study. Antenatal 
steroid administration, GDM, GW, GA, sepsis, CPAP 
time, and invasive MV time were found to be associ-
ated with TR-ROP, and stage 3 ROP. Pregestational 
DM was found to be associated with stage 3 ROP in 
which treatment is commonly indicated. The use of 
LMWH was found to lower the risk of stage 3 dis-
ease. On the other hand, the use of antenatal steroids, 
GHT, GDM, GW, GA, sepsis occurrence, CPAP ther-
apy, and MV ventilation times were associated with 
halting vascularization in zone 3.

Prolonged and/or uncontrolled oxygen use, 
GA and GW are the major risk factors for ROP 

Table 1   The association between obstetric factors and severe retinopathy of prematurity requiring therapy

C = control; LMWH = low molecular weight heparin; ASA = acetylsalicylic acid; DM = diabetes mellitus
a Kruskal Wallis H Test, bPearson/Pearson exact chi-square test, *p < 0.05

Group 1A (n = 34) Group 2A (n = 179) C Group
(n = 98)

p value Multiple 
compari-
son

Maternal age 29.32 ± 5.79 29.93 ± 5.36 28.69 ± 4.26 0.204a –
Delivery type (vaginal delivery) 4/34 (11.8%) 21/179 (11.7%) 17/98 (17.3%) 0.4052 –
Multiple pregnancy 6/34 (17.6%) 32/179 (17.9%) 16/98 (16.3%) 0.947b –
Antenatal steroid treatment 27/34 (79.4%) 102/179 (57%) 36/98 (36.7%)  < 0.001b, * 1A-C
Antenatal steroid treatment 0–48 h before birth 11/34 (32.4%) 38/179 (21.2%) 5/98 (5.1%)  < 0.001b, * 1A-C

2A-C
 > 48 h before birth 16/34 (47.1%) 64/179 (35.8%) 31/98 (31.6%) 0.270b –

Anticoagulant therapy 12/34 (35.3%) 82/179 (45.8%) 41/98 (41.9%) 0.489b –
LMWH therapy 2/34 (5.9%) 21/179 (11.7%) 14/98 (14.3%) 0.425b –
100 mg/day ASA therapy 5/34 (14.7%) 23/179 (12.8%) 9/98 (9.2%) 0.577b –
100 mg/day ASA + LMWH therapy 5/34 (14.7%) 36/179 (20.1%) 18/98 (18.4%) 0.749b –
Maternal thrombophilia 4/34 (11.8%) 12/179 (6.7%) 7/98 (7.1%) 0.582b –
Chronic hypertension 1/34 (2.9%) 6/179 (3.4%) 3/98 (3.1%) 0.987b –
Gestational hypertension 4/34 (11.8%) 22/179 (12.3%) 5/98 (5.1%) 0.151 –
Pregestational DM 3/34 (8.8%) 6/179 (3.4%) 4/98 (4.1%) 0.343 –
Gestational DM 8/34 (23.5%) 19/179 (10.6%) 6/98 (6.1%) 0.018b, * 1A-C
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Table 2   The association between obstetric factors and stage 3 retinopathy of prematurity

C = control; LMWH = low molecular weight heparin; ASA = acetylsalicylic acid; DM = diabetes mellitus
a Kruskal Wallis H Test, bPearson/Pearson exact chi-square test, *p < 0.05

Group 1B (n = 60) Group 2B (n = 153) C Group (n = 98) p value Multiple 
Com-
parison

Maternal age 29.36 ± 5.85 30.02 ± 5.25 28.69 ± 4.26 0.164a –
Delivery type (vaginal delivery) 7/60 (11.7%) 18/153 (11.8%) 15/98 (15.3%) 0.683b –
Multiple pregnancy 11/60 (18.3%) 27/153 (17.6%) 16/98 (16.3%) 0.941b –
Antenatal steroid therapy 42/60 (70.0%) 87/153 (56.9%) 36/98 (36.7%)  < 0.001b, * 1B-C
Antenatal steroid treat-

ment
0–48 h before birth 15/60 (25.0%) 34/153 (22.2%) 5/98 (5.1%)  < 0.0012, * 1B-C

2B-C
 > 48 h before birth 27/60 (45.0%) 53/153 (34.6%) 31/98 (31.6%) 0.218b –

Anticoagulant therapy 23/60 (38.3%) 71/153 (46.4%) 41/98 (41.9%) 0.525b –
LMWH therapy 3/60 (5.0%) 20/153 (13.1%) 14/98 (14.3%) 0.031b, * 1B-2B

2B-C
100 mg/day ASA therapy 10/60 (16.7%) 18/153 (11.8%) 9/98 (9.2%) 0.369b –
100 mg/day ASA + LMWH therapy 8/60 (13.3%) 30/153 (19.6%) 18/98 (18.4%) 0.559b –
Maternal thrombophilia 6/60 (10.0%) 10/153 (6.5%) 7/98 (7.1%) 0.681b –
Chronic hypertension 3/60 (5.0%) 4/153 (2.6%) 3/98 (3.1%) 0.671b –
Gestational hypertension 8/60 (13.3%) 18/153 (11.8%) 1 0.143b –
Pregestational DM 6/60 (10.0%) 3/153 (2.0%) 4/98 (4.1%) 0.031b, * 1B-2B
Gestational DM 13/60 (21.7%) 14/179 (7.8%) 6/98 (6.1%) 0.006b, * 1B-C

Table 3   The association between obstetric factors and zone III retinopathy of prematurity

C = control; LMWH = low molecular weight heparin; ASA = acetylsalicylic acid; DM = diabetes mellitus
a Kruskal Wallis H Test, bPearson/Pearson exact chi-square test, *p < 0.05

Group 1C (n = 51) Group 2C (n = 162) C Group (n = 98) p value Multiple 
Com-
parison

Maternal age 28.74 ± 3.53 30.18 ± 5.85 28.69 ± 4.26 0.078a –
Delivery type (vaginal delivery) 7/51 (13.7%) 18/162 (11.1%) 15/98 (15.3%) 0.607b –
Multiple pregnancy 10/51 (19.6%) 28/162 (17.3%) 16/98 (16.3%) 0.881b –
Antenatal steroid therapy 20/51 (39.2%) 109/162 (67.3%) 36/98 (36.7%)  < 0.001b, * 1C-2C

2C-C
Antenatal steroid treat-

ment
0–48 h before birth 2/51 (3.9%) 47/162 (29.0%) 5/98 (5.1%)  < 0.001b, * 1C-2C

2C-C
 > 48 h before birth 18/51 (35.2%) 62/162 (38.2%) 31/98 (31.6%) 0.555b –

Anticoagulant therapy 21/51 (41.2%) 73/162 (45.1%) 41/98 (41.9%) 0.826b –
LMWH therapy 8/51 (15.7%) 14/162 (8.6%) 14/98 (14.3%) 0.234b –
100 mg/day ASA therapy 4/51 (7.8%) 24/162 (14.8%) 9/98 (9.2%) 0.246b –
100 mg/day ASA + LMWH therapy 9/51 (17.6%) 35/162 (21.6%) 18/98 (18.4%) 0.740b –
Maternal thrombophilia 4/51 (7.8%) 12/162 (7.4%) 7/98 (7.1%) 0.988b –
Chronic hypertension 2/51 (3.9%) 5/162 (3.1) 3/98 (3.1%) 0.952b –
Gestational hypertension 3/51 (5.9%) 23/162 (14.2%) 5/98 (5.1%) 0.034b 2C-C
Pregestational DM 2/51 (3.9%) 7/162 (4.3%) 4/98 (4.1%) 0.991b –
Gestational DM 3/51 (5.9%) 24/162 (14.8%) 6/98 (6.1%) 0.043b 2C-C
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development [1]. The risk of severe ROP increases as 
GA decreases [1]. We reviewed infants of ≤ 32 weeks 
GA and < 1500 g GW in whom mild-to-severe ROP 
developed. The mean GW was not different between 
group 1A (TR-ROP) and 2A, whereas there was a 
one-week difference in the mean GA. The group 1C 
neonates (zone 3 disease) and group 2B neonates 
(stage 1 and 2 disease) were significantly larger 
than neonates in the other groups. We evaluated the 

effect of oxygen therapy on the severity of ROP. ROP 
severity was especially associated with the MV time. 
Consistent with our study, Chaves-Samaniego et  al. 
concluded that MV time must be taken into account 
when predicting the need for ROP treatment [15]. The 
duration of CPAP therapy increased the risk of stage 
3 disease and zone I and zone II disease. Although 
the duration of CPAP therapy failed to reach a statisti-
cal significance between group 1A and 2A, statistical 

Table 4   The association between perinatal factors and severe retinopathy of prematurity requiring therapy

C = control; CPAP = Continuous positive airway pressure
a Kruskal Wallis H Test, bPearson/Pearson exact chi-square test, *p < 0.05

Group 1A (n = 34) Group 2A (n = 179) C Group
(n = 98)

p value Multiple 
Compari-
son

Sex (Female/Male) 14/34 (41.1%) 82/179 (45.8%) 45/98 (45.9%) 0.875b –
Gestational weight (gram) 1191.7 ± 269.0 1213.1 ± 230.8 1368.9 ± 66.13  < 0.001a, * 1A-C

2A-C
Gestational age (months) 28.3 ± 1.9 29.4 ± 1.9 30.9 ± 0.92  < 0.001a, * 1A-C
Bronchopulmonary dysplasia 10/34 (29.4%) 51/179 (28.5%) 23/98 (23.5%) 0.631b –
Sepsis occurrence 13/34 (38.2%) 28/179 (15.6%) 9/98 (9.2%)  < 0.001b, * 1A-C
Surfactant therapy 15/34 (44.1%) 94/179 (52.5%) 49/98(50%) 0.656b –
CPAP therapy (days) 12.4 ± 8.9 10.7 ± 7.7 6.3 ± 3.49  < 0.001a, * 1A-C

2A-C
Invasive mechanical ventilation (days) 9.1 ± 15.2 2.9 ± 4.4 1.68 ± 1.9 0.001a, * 1A-2A

1A-C

Table 5   The association between perinatal factors and stage 3 retinopathy of prematurity

C = control; CPAP = Continuous positive airway pressure
a Kruskal Wallis H Test, bPearson/Pearson exact chi-square test, *p < 0.05

Group 1B (n = 60) Group 2B (n = 153) C Group
(n = 98)

p value Multiple 
Compari-
son

Sex (F/M) 27/33 (45.0%) 69/84 (45.0%) 45/98 (45.9%) 0.990b –
Gestational weight (gram) 1103.0 ± 281.6 1251.6 ± 202.8 1369.0 ± 66.13  < 0.001a, * 1B-C

1B-2B
2B-C

Gestational age (months) 28.1 ± 2.0 29.7 ± 1.7 30.9 ± 0.92  < 0.001a, * 1B-C
1B-2B
2B-C

Bronchopulmonary dysplasia 18/60 (30.0%) 43/153 (28.1%) 23/98 (23.5%) 0.610b –
Sepsis occurrence 26/60 (43.3%) 30/153 (19.6%) 9/98 (9.2%)  < 0.001b, * 1B-C
Surfactant therapy 33/60 (55.0%) 76/153 (49.7%) 49/98(50%) 0.769b –
CPAP therapy (days) 13.8 ± 9.5 9.8 ± 6.9 6.28 ± 3.49  < 0.001a, * 1B-C

1B-2B
2B-C

Invasive mechanical ventilation (days) 6.5 ± 12.0 2.9 ± 4.5 1.68 ± 1.91 0.008a, * 1B-C
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significance was found between TR-ROP and control 
cases. Similar to our finding, Arima et  al. reported 
that CPAP therapy was highly associated with TR-
ROP [9]. Contrary to our results regarding the dura-
tion of oxygen therapy, BPD and surfactant therapy 
were not associated with ROP severity. In many stud-
ies, sepsis was found to increase the risk of ROP [16], 
but Wang et  al. stated that there were inconsistent 
findings among different studies [10]. In the current 
study, sepsis was significantly more frequent in cases 
with stage 3 disease than in those with milder stages. 
The sepsis rate was also higher in group 1A cases 
(38%) compared to group 2A cases (15%), but the dif-
ference between these two groups failed to reach sta-
tistical significance. The sepsis rate was significantly 
higher in TR-ROP, when compared to control infants.

Antenatal steroids have been used in women at risk 
of preterm labor. This treatment decreases the risk 
of mortality and morbidity in premature births [17]. 
There are inconsistent publications about the effects 
of antenatal steroids on ROP. Karna et  al. showed 
that the use of antenatal steroids had no significant 
effect on the development of severe ROP [18]. In a 
study by Smith et  al., single or multiple courses of 
antenatal steroids did not prevent severe ROP [7]. 
In a systematic review and meta-analysis, antenatal 
steroid administration was associated with a reduced 
risk of severe ROP [8]. It is well known that antena-
tal steroids decrease the risk of respiratory distress 

syndrome and the requirement of oxygen therapy 
[17]. These effects may reduce the risk of severe ROP 
development, since prolonged supplemental oxygen is 
a risk factor for ROP development. On the other hand, 
antenatal steroids may improve preterm survival [17]. 
This may increase the ROP incidence since more 
premature patients will survive. In the current study, 
antenatal steroids were associated with TR-ROP, 
while their early use two days prior to birth was asso-
ciated with halting retinal vascularization. Our find-
ing was inconsistent with the previous literature [8]. 
The BPD occurrence was similar among groups, 
while the duration of MV was significantly longer in 
our TR-ROP cases. The higher incidence of antenatal 
steroid administration in severe ROP cases may be an 
indication of prematurity. This could be an independ-
ent explanation for the higher development of severe 
ROP in these cases. However, the mean GW was 
similar among groups 1A (TR-ROP) and 2A (1191 vs 
1213 g). The difference in the mean GA was only one 
week (28. vs 29.4  weeks). Based on our results, we 
speculated that antenatal steroids could have halted 
retinal vascularization. Based on our literature search, 
we found two possible independent explanations for 
the association of ROP and antenatal steroids. Ante-
natal betamethasone use has been shown to increase 
vascular reactivity to endothelin-1 in an in vitro study 
[19]. Second, antenatal steroid exposure in the late 
preterm period was associated with reduced cord 

Table 6   The association between perinatal factors and zone III retinopathy of prematurity

C = control; CPAP = Continuous positive airway pressure
a Kruskal Wallis H Test, bPearson/Pearson exact chi-square test, *p < 0.05

Group 1C (n = 51) Group 2C (n = 162) C Group
(n = 98)

p value Multiple 
Compari-
son

Sex (F/M) 23/30 (45.0%) 73/89 (45.0%) 45/98 (45.9%) 0.461b –
Gestational weight (gram) 1370.6 ± 134.9 1159.1 ± 239.5 1368.98 ± 66.13  < 0.001a, * 1C-2C

2C-C
Gestational age (months) 31.0 ± 1.4 28.7 ± 1.8 30.9 ± 0.92  < 0.001a, * 1C-2C

2C-C
Bronchopulmonary dysplasia 19/51 (37.3%) 42/162 (25.9%) 23/98 (23.5%)  < 0.001b, * 1C-C
Sepsis occurrence 6/51 (11.8%) 50/162 (30.9%) 9/98 (9.2%)  < 0.001b, * 2C-C
Surfactant therapy 26/51 (50.1%) 83/162 (51.2%) 49/98(50%) 0.975b –
CPAP therapy (days) 7.5 ± 5.5 12.0 ± 8.2 6.28 ± 3.49  < 0.001a, * 1C-2C

2C-C
Invasive mechanical ventilation (days) 1.5 ± 2.1 4.6 ± 8.5 1.68 ± 1.91 0.002a, * 1C-2C

2C-C
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blood neurotrophin-3 [20]. This reduction may pre-
vent neuroretinal development, which is mandatory 
for the termination of retinal vascularization [21].

GDM and hypertension are known risk factors for 
premature delivery [22, 23]. GDM also raises the risk 
of GHT [22]. The incidence of gestational DM has 
been reported to be approximately 10% in the USA, 
while variable values between 7 and 17% have been 
reported [24]. Hypertensive disorders in pregnancy 
complicate 3–8% of all pregnancies [25]. In the cur-
rent study, twenty-seven out of two hundred thirteen 
infants (12.7%) were born to women with GDM. The 
incidence was over 20% in severe ROP cases. Hyper-
tension was diagnosed in over 10% of patients in all 
of our groups. Several studies have evaluated the rela-
tionship between GDM and ROP. In some papers, 
GDM was an independent risk factor for ROP sever-
ity, while no association has been found in others [26, 
27]. Kaempf et  al. showed that higher mean blood 
glucose levels were associated with both mild and 
severe ROP [28]. Opara et al. found that the strength 
of the association between GDM and ROP increased 
with increasing severity of ROP [29]. Tunay et  al. 
found GDM to be a risk factor for ROP in premature 
neonates with a GW of 1500 g or more [30]. On the 
other hand, in a systematic review and meta-analysis 
by Razak and Faden, GDM was not a risk factor for 
ROP [27]. In our study, GDM was significantly asso-
ciated with TR-ROP and stage 3 ROP. Garg et  al. 
reported a relationship between hyperglycemia and 
ROP [31]. They conducted a study on rat retinal Mül-
ler and mesangial cells and suggested that VEGF 
protein expression increases in hyperglycemia. This 
is a possible reason for the higher ROP in premature 
infants born to women with GDM. The association of 
GHT disorders and ROP is controversial. Many stud-
ies concluded no significant association, but larger 
avascular areas in the retina were associated with 
maternal hypertension in a study by Zayed et al. [32, 
33]. In the current study, increased GHT was found to 
be associated with zone I and II disease (p = 0.034), 
but no association was shown between group 1A (TR-
ROP) and 1B.

LMWH and ASA are the most commonly con-
sidered anticoagulants for use in pregnant women. 
The risk of deep venous thrombosis, prosthetic heart 
valves, central venous sinus thrombosis, and recur-
rent pregnancy loss are major indications for antico-
agulant use in pregnant women [34]. Acquired and 

inherited thrombophilias are common etiologies for 
an increased risk of thrombotic diseases, spontane-
ous abortions, and premature birth [34]. In the cur-
rent study, maternal thrombophilia was slightly more 
frequent in severe ROP cases but failed to reach sta-
tistical significance. This may be due to the inherit-
ance of some genes associated with the risk of severe 
ROP from pregnant women with thrombophilia. 
Aydin et  al. reported that the prevalence of the fac-
tor V Leiden polymorphism was higher in ROP cases 
[35]. On the other hand, the use of LMWH was more 
frequently used in group 2A (ROP not requiring treat-
ment) and 2B (stage 1 and 2 ROP) cases, but the 
difference was not statistically significant. We only 
obtained a statistically significant difference in the use 
of LMWH between stage 3 cases and the other ROP 
patients. In several studies, women receiving LMWH 
and/or aspirin had lower rates of premature birth [34, 
36]. Anticoagulant therapy, especially LMWH, may 
be associated with larger GAs (28.1 weeks in group 
1B vs 29.7 weeks in group 2B). This may be the rea-
son for the increase in the occurrence of stage 3 dis-
ease in cases not receiving LMWH therapy.

The strengths of this study include the evaluation 
of sixteen variables, including eight obstetric and 
eight perinatal factors, among groups with different 
ROP severities and the relatively large number of pre-
mature infants included. Premature infants ≤ 32 weeks 
GA and < 1500 g GW in whom ROP developed were 
included. This study group enabled us to make some 
relevant comments about the associations of vari-
ables other than GA and GW on ROP severity. There 
are several limitations related to the inclusion crite-
ria, variables, and statistical analyses. GA and GW 
are well-known risk factors for ROP, and our aim 
was not to compare these variables. If we could have 
included infants ≤ 30  weeks GA, the groups would 
have been more uniform, which would have improved 
our analysis of obstetric factors and perinatal factors 
other than GA and GW. OCT under topical anesthe-
sia could be routinely applied in all of our cases, and 
this could add valuable data to our study groups [3, 4, 
37]. However, the difficulties of its application in neo-
nates, especially with ROP, prevented us to perform 
OCT in all premature infants. Intraventricular hem-
orrhage has been proposed as one of the risk factors 
for severe ROP [38]. We could also have involved this 
factor, but the medical charts lacked this information. 
Although the number of cases included was relatively 
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large, the number of patients was not sufficient to 
perform binary logistic regression analysis of sixteen 
parameters.

In conclusion, antenatal steroid administration, 
GDM, GW, GA, sepsis, CPAP time, and invasive 
MV time were found to be associated with TR-ROP 
and stage 3 ROP, while pregestational DM was only 
found to be associated with stage 3 ROP. The use of 
LMWH was postulated to be a possible protective 
factor against stage 3 disease. Based on our findings, 
collaboration between pediatric ophthalmologists, 
neonatologists, and obstetricians may help ophthal-
mologists to identify the riskier premature infants. 
This collaborative approach to ROP could improve 
ROP outcomes by timely diagnosing TR-ROP. We 
would like to point out the importance of obstetri-
cians as well as neonatologists and ophthalmologists 
in the prevention and early treatment of ROP. Further 
studies are required that should include more infants 
with smaller GA compared to the current study to 
support our findings.
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