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Purpose: This study aimed to determine the incidence of retinopathy of prematurity (ROP) 
and to assess whether assisted reproductive technology (ART) is a risk factor for ROP 
independent of the generation of multiple births by determining the occurrence and severity 
of ROP and the need for treatment. We will also evaluate other risk factors associated with 
the development of ROP among preterm infants.
Patients and Methods: We conducted a retrospective chart review for all premature 
infants who were screened for ROP according to the screening guidelines of the American 
Academy of Ophthalmology and born at King Abdulaziz University Hospital from 2015 to 
2019. In addition to ophthalmological results, data on gestational age (GA), birth weight 
(BW), type of pregnancy (singleton or multiple), type of conception (natural or ART), 
infantile factors, and maternal factors were recorded.
Results: A total of 229 preterm babies met our criteria. The mean GA at birth was 29.35 
weeks. Notably, 175 neonates were conceived naturally and 54 were conceived by ART. 
Furthermore, 33 infants in the natural conception group were products of multiple pregnan-
cies, as were 49 infants in the ART group. ROP was noted in 96 of 229 infants (41.92%). No 
significant difference was found in the occurrence of ROP between multiple neonates in the 
natural and ART groups. However, ART birth babies in general were significantly associated 
with the development of ROP (P=0.045). On multiple regression analysis, early GA, low 
BW, and extended oxygen therapy were the variables most significantly associated with ROP 
(P≤0.001).
Conclusion: In our sample, ART in multiple birth babies per se did not seem to be a risk 
factor for ROP. However, ART babies were more prone to develop ROP than natural 
conception birth babies, which seemed to be more severe.
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Introduction
Retinopathy of prematurity (ROP) is a major cause of preventable childhood 
blindness worldwide. If it was recognized late, it may lead to permanent visual 
impairment despite the advances in the management of retinal conditions.1 ROP is 
considered a disease of abnormal vascular development of the retina in preterm 
neonates, originally reported in 1942 by Goggin M.2 There are determined risk 
factors such as early gestational age (GA), low birth weight (BW), duration of 
oxygen therapy, and systemic risk factors such as anemia, sepsis, and blood 
transfusions that are associated with the development of ROP.1,3
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Assisted reproductive technology (ART) of multiple 
birth babies comprises a big proportion of the ROP screen-
ing burden, and their number is probably going to increase 
as ART is increasingly used.4 However, there is a debate 
as to whether ART (eg in vitro fertilization [IVF]) consti-
tutes an independent risk factor for ROP. Studies have 
reported inconsistent results regarding this relationship.5

The incidence of ROP in the literature from Saudi 
Arabia varies from 23.31% to 46.4%.6,7 Because of the 
improvements in neonatal care, the incidence has been 
increasing in the last few years, and hence, the survival 
of extremely premature babies increased.7

This study aimed to determine the incidence of ROP 
and to assess whether ART is a risk factor for ROP 
independent of the generation of multiple births by deter-
mining the occurrence and severity of ROP and the need 
for treatment. We will also evaluate other possible risk 
factors associated with the development of ROP among 
preterm infants.

Patients and Methods
Design and Settings
This study is a retrospective, observational analysis of 
premature infants who had been screened for ROP accord-
ing to the screening guidelines of the American Academy 
of Ophthalmology (Infants with a BW of ≤1500 g or GA 
of ≤30 weeks; selected infants with BW between 1500 and 
2000 g or GA of >30 weeks with an unstable clinical 
course). All premature neonates who had been admitted 
to the neonatal intensive care unit (NICU) at King 
Abdulaziz University Hospital from January 2015 to 
December 2019 and had been screened for ROP by an 
ophthalmologist were included in the study. The study 
protocol was approved by the Biomedical Ethics 
Research Committee at King Abdulaziz University, 
Jeddah, Saudi Arabia. Informed consent was waived 
given that no personal identifiable data of any of the 
participants were recorded.

We reviewed the following data from the charts of 
these infants: type of pregnancy (singleton or multiple), 
type of conception (natural or ART), GA, infants factors 
[such as gender, birth body weight, proven sepsis, Apgar 
score of <5 at 5 minutes, phototherapy, blood transfusion, 
surfactant therapy, intraventricular hemorrhage, surgery 
(including abdominal, cardiac, and neurological surgeries) 
and patent ductus arteriosus], maternal history (such as 
maternal age, hypertension, gestational diabetes mellitus 

(DM), use of antenatal steroids, and premature rupture of 
membranes), and duration of oxygen use. The stages of 
ROP and treatment for threshold ROP in multiple birth 
babies were recorded. GA was expressed in weeks, ignor-
ing any additional days (eg 25 weeks 0 days to 25 weeks 6 
days expressed as 25 weeks). Infants who did not survive 
or whose data were not complete were excluded. All these 
infants underwent initial fundus examination by a trained 
ophthalmologist in the ROP field using indirect ophthal-
moscopy at 31 weeks postmenstrual age or at 4 weeks 
chronological age, whichever came later, and the follow-
ing examination was based on the severity of ROP. The 
ROP classification was based on the International 
Classification of Retinopathy of Prematurity.8

Statistical Analysis
The data were examined for completeness and correctness. 
Descriptive statistics were used to present the data in 
tables. Comparison between ART (multiple) and natural 
(multiple) neonates in terms of ROP, stage, zone, and 
referral to treatment was done using the chi-square test. 
Again, the chi-square test was done to observe the asso-
ciation between retinopathy (yes/no) and categorical risk 
factors. Continuous variables were assessed for normality 
by the Kolmogorov–Smirnov test and the Shapiro–Wilk 
test, which revealed normal distribution. Independent sam-
ples t-test was done to compare the means of risk factors 
(continuous variables) in cases with ROP vs cases without 
ROP. P≤0.05 was considered statistically significant. The 
incidence rate of ROP was presented.

Results
A total of 229 premature babies were included in this 
study; 175 (76.4%) neonates were conceived naturally 
and 54 (23.6%) were conceived by ART (eg IVF). 
A total of 33 infants in the natural conception group 
were products of multiple pregnancies, as were 49 infants 
in the ART group. ROP was noted in 96 of 229 infants 
(41.92%). Among 96 ROP babies, there were 67 of 175 
natural conception (38.3%) and 29 of 54 ART babies 
(53.7%); a significant difference (P=0.045) was found in 
the occurrence of ROP between 2 groups.

Among the 33 natural (multiple) deliveries, 15 (45.5%) 
had ROP, and among the 49 ART (multiple) deliveries, 27 
(55.1%) had ROP. No statistically significant difference 
was found between the natural and ART (multiple) babies 
with regard to the stages of ROP and the referral to treat-
ment. However, zone II ROP was significantly higher 
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among the IVF (multiple) babies than their counterparts 
(P=0.033); moreover, zone I and stages IV and V were not 
applicable (Table 1).

In general, 51.2% of all multiple pregnancy babies in 
both natural and ART groups showed a significant dif-
ference in the occurrence of ROP compared with single-
tons (P = 0.033). The following infant risk factors were 
significantly associated with ROP (% of cases with ROP, 
P-value): Apgar score of <5 at 5 minutes (80%, P = 
0.015), blood transfusion (60%, P = 0.001), intraventri-
cular hemorrhage (62.3%, P < 0.001), surgery during 
NICU admission (72%, P = 0.001), patent ductus arter-
iosus (59.1%, P < 0.001), and proven sepsis (58%, P < 
0.001). However, 53.4% of preterm babies who received 
surfactant therapy did not develop ROP compared to 
46.6% of cases with ROP (P = 0.001). In terms of 
significantly associated maternal factors, more than half 
of premature rupture of membranes (PROM) cases (52%, 
P = 0.007) had ROP whereas the higher percentage of 
antenatal steroid therapy recipients (54.9%) did not have 
ROP in their neonates (P = 0.048) (Table 2).

The study revealed a lower mean GA among ROP 
cases (27.25 ± 1.65 vs 29.35 ± 1.60 weeks), lower mean 
BW among ROP cases (907.02 ± 220.56 vs 1176.24 ± 
224.22 grams), and higher mean number of days for oxy-
gen therapy (56.56 ± 33.24 vs 16.68 ± 14.02 days) (all P < 
0.001). Other studied risk factors such as maternal age, 
gestational DM, maternal hypertension, gender, and 

phototherapy were not statistically significantly associated 
with ROP (Table 3).

Discussion
Nowadays, ART has been increasingly used and is easily 
obtainable. This results in the increasing number of multiple 
birth babies that make up a considerable proportion of the 
ROP screening burden.4 Other than ROP, some studies report 
an increased frequency of ocular abnormalities in children 
born in the ART group. These malformations include Coats 
disease, hypoplastic optic nerve head, idiopathic optic atro-
phy, congenital cataract, congenital glaucoma, coloboma 
with microphthalmos, and retinoblastoma.9

There is a controversy as to whether ART constitutes an 
independent risk factor for ROP. Some authors failed to 
demonstrate any associations between them. In contrast, 
some showed a significant difference. In 2016, 
a retrospective study that was conducted in Turkey in 
a single maternity hospital analyzed the medical records of 
consecutive premature triplets in both natural and ART neo-
nates who had been screened for ROP. No association was 
found in the presence of ROP and the mode of conception 
(P = 0.674).10 The first team to confirm a statistically sig-
nificant association between ART and severe ROP requiring 
treatment in infants was from the NewYork–Presbyterian 
Hospital from 2002 to 2008. Their studies indicate that 
ART placed infants at a greater risk of treatment-requiring 
ROP (P = 0.0150).11 In addition, a study by Chan et al12 

found that, regardless of BW, ART was associated with 
a nearly fivefold increased risk of severe ROP requiring 
treatment by using multifactor analysis (P = 0.007); they 
proved that ART seems to be an independent risk factor 
associated with the risk of severe ROP requiring laser.

However, some articles show only a tendency of ART of 
being an independent risk factor for ROP, without evidence 
of statistically significant results. A retrospective study per-
formed by Barker et al4 in a tertiary neonatal unit in the 
United Kingdom that involved a total of 205 babies, of 
whom 87.3% were twins, found no significant difference 
between the number of babies that developed ROP in the 
ART and non-ART groups. However, they did not rule out 
a possible association because the estimated odds ratio (OR) 
was slightly higher in the ART babies in developing ROP.

In our study, we reported a significant difference in 
relation between developing ROP and ART group (OR, 
1.87; 95% confidence interval [CI], 1.01–3.46; P = 0.045). 
In addition, we studied the occurrence of ROP in multiple 

Table 1 Incidence of ROP in Multiple Neonates of Natural and 
ART

Natural  
(n = 33) 
N (%)

ART  
(n = 49) 
N (%)

P value

ROP 15 (45.5) 27 (55.1) 0.391

Stage I 13 (39.4) 16 (32.7) 0.531

II 2 (6.1) 10 (20.4) 0.065
III 0 (0.0) 1 (2.0) 0.598

Zone

II 5 (15.2) 18 (36.7) 0.033

III 10 (30.3) 9 (18.4) 0.209

Plus disease 2 (6.1) 5 (10.2) 0.409

Referred to 

treatment

4 (12.1) 6 (12.2) 0.633

Abbreviation: N, number of cases.
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Table 2 Incidence of ROP by Patient Characteristics

Risk Factors Case without ROP (n = 133) 
N (%)

Case with ROP (n = 96) 
N (%)

OR 95% CI P value

Infant factors

Gender
Male (n = 119) 65 (54.6) 54 (45.4) 1.0 0.44–1.26 0.270
Female (n = 110) 68 (61.8) 42 (38.2) 0.74

Apgar score of <5 at 5 minutes
No (n = 219) 131 (59.8) 88 (40.2) 1.0 1.24–28.70 0.015
Yes (n = 10) 2 (20.0) 8 (80.0) 5.96

Phototherapy
No (n = 36) 19 (52.8) 17 (47.2) 1.0 0.38–1.58 0.483
Yes (n = 193) 114 (59.1) 79 (40.9) 0.78

Blood transfusion
No (n = 166) 108 (65.1) 58 (34.9) 1.0 1.56–5.14 0.001
Yes (n = 63) 25 (39.7) 38 (60.3) 2.83

Surfactant therapy
No (n = 36) 30 (83.3) 6 (16.7) 1.0 1.74–10.97 0.001
Yes (n = 193) 103 (53.4) 90 (46.6) 4.37

Intraventricular hemorrhage
No (n = 160) 107 (66.9) 53 (33.1) 1.0 1.86–6.01 <0.001
Yes (n = 69) 26 (37.7) 43 (62.3) 3.34

Proven sepsis
No (n = 119) 87 (73.1) 32 (26.9) 1.0 2.17–6.59 <0.001
Yes (n = 110) 46 (41.8) 64 (58.2) 3.78

Surgery
No (n = 204) 126 (61.8) 78 (38.2) 1.0 1.66–10.40 0.001
Yes (n = 25) 7 (28.0) 18 (72.0) 4.15

Patent ductus arteriosus
No (n = 141) 97 (68.8) 44 (31.2) 1.0 1.83–5.54 <0.001
Yes (n = 88) 36 (40.9) 52 (59.1) 3.18

Conception factors

Type of pregnancy
Single (n = 147) 93 (63.3) 54 (36.7) 1.0 1.05–3.13 0.033
Multiple (n = 82) 40 (48.8) 42 (51.2) 1.81

Type of conception
Natural (n = 175) 108 (61.7) 67 (38.3) 1.0 1.01–3.46 0.045
ART (n = 54) 25 (46.3) 29 (53.7) 1.87

Maternal factors

Hypertension
No (n=173) 97 (56.1) 76 (43.9) 1.0 0.38–1.32 0.279
Yes (n=56) 36 (64.3) 20 (35.7) 0.71

Premature rupture of membranes
No (n = 129) 85 (65.9) 44 (34.1) 1.0 1.23–3.57 0.007
Yes (n = 100) 48 (48.0) 52 (52.0) 2.09

(Continued)
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versus single babies; it showed that 51.2% of multiple 
neonates had ROP with a significant difference (OR, 
1.81; 95% CI, 1.05–3.13; P = 0.033). However, we com-
pared only multiple babies in natural and ART groups 
regarding the development of ROP and its severity and 
the need for treatment; we found that ROP in multiple 
ART group tends to be more severe. More babies devel-
oped ROP in zone II (P = 0.033), and more babies devel-
oped stage II (P = 0.065, which is approaching 
significance) in the multiple ART group compared to the 
multiple natural group, but no difference was found in the 
frequency of ROP development nor the need for treatment 
(P = 0.391, P = 0.633, respectively). There is no clear 

explanation in the literature regarding why the ART group 
is more prone to develop severe ROP. It has been sug-
gested that this might be attributed to a genetic predisposi-
tion to develop severe ROP as part of genetic 
abnormalities that may occur as a result of ART.12 

However, more studies regarding this point are needed.
The strongest determined risk factors for the development 

of ROP are GA, BW, and use of supplemental oxygen. 
Multiple studies found that lower BW (1500–1250 g) and 
younger GA (<31 weeks) were strongly associated with the 
development of ROP.13–15 Similarly, the more oxygen con-
centration, prolonged duration, and prolonged mechanical 
ventilation, the more severe and treatment-requiring ROP 
is. However, despite many large randomized-controlled stu-
dies comparing different ranges for oxygen saturation, the 
ideal range remains debatable.15–17 This study revealed 
a lower mean GA, lower mean BW, and higher mean number 
of days for oxygen therapy among ROP cases (all P<0.001).

We found no clear association between maternal hyper-
tension (including preeclampsia-eclampsia) or gestational 
DM and the development of ROP (P = 0.279, P = 0.168, 
respectively). A total of 45,082 babies in a meta-analysis 
on hypertensive disorders of pregnancy and ROP that 
included 13 cohort studies revealed no clear 
association.18 There are conflicting results on the associa-
tion between ROP and maternal DM. Several studies 
report a significant association, and some do not. 
However, among these studies, there are many differences 
in DM treatment and other characteristics, which limit 
interpretation.15

In this study, we reported that maternal age had no 
association with the occurrence of ROP (P = 0.706). The 
association between maternal age and ROP has been stu-
died, with inconsistent results including studies showing 
increased incidence to one showing no association with 
maternal age in a large Canadian cohort study.15,19

Table 2 (Continued). 

Risk Factors Case without ROP (n = 133) 
N (%)

Case with ROP (n = 96) 
N (%)

OR 95% CI P value

Gestational diabetes
No (n = 202) 114 (56.4) 88 (43.6) 1.0 0.23–1.30 0.168
Yes (n = 27) 19 (70.4) 8 (29.6) 0.55

Antenatal steroid therapy
No (n = 45) 32 (71.1) 13 (28.9) 1.0 1.01–4.10 0.048
Yes (n = 184) 101 (54.9) 83 (45.1) 2.02

Abbreviations: N, number of cases; OR, odds ratio; CI, confidence interval.

Table 3 Mean and Standard Deviation for Gestational Age, Birth 
Weight, Oxygen Therapy Duration, and Maternal Age in Groups 
of Premature Infants Screened for Retinopathy of Prematurity

Risk Factors Case without 
ROP 
(n = 133)

Case with 
ROP 
(n = 96)

P value

Gestational age 
(weeks)

Mean 29.35 27.25 <0.001
SD 1.60 1.65

Birth weight 
(grams)

Mean 1176.24 907.02 <0.001
SD 224.22 220.56

Oxygen therapy 
(days)

Mean 16.68 56.56 <0.001
SD 14.02 33.24

Maternal age 
(years)

Mean 30.14 29.84 0.706
SD 5.78 6.10

Abbreviation: SD, standard deviation.
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Published data regarding PROM on its association with 
ROP risk are conflicting. PROM seems to be an independent 
risk factor in our study, similar to a previous Turkish single- 
center study that found an increased risk of type 1 ROP with 
PROM >18 hours.20 However, a reported study by Lynch 
et al21 showed a decreased incidence of severe ROP in 
preterm PROM groups and indicated possible roles of peri-
natal therapies (such as corticosteroids) for PROM in ROP. 
Similarly, in our study, the higher percentage of antenatal 
steroid therapy recipients (54.9%) did not have ROP (P = 
048), which may have—the corticosteroids—an inhibitory 
effect on the development of ROP. In addition, we found that 
preterm babies who received surfactant therapy had a lower 
rate of developing ROP (P = 0.001), which may have a role 
—the surfactant therapy—in decreasing apnea and decreas-
ing the duration of oxygen supplementation, which means 
less risk factors to develop ROP. We evaluated preterm 
neonates for certain clinical and demographical features 
and risk factors including Apgar score of <5 at 5 minutes, 
blood transfusion, intraventricular hemorrhage, patent ductus 
arteriosclerosis, proven sepsis, and previous surgery, and we 
found that these factors were significantly related to ROP. 
Literatures in previous several studies showed the same 
findings.14,15,22,23

There are some limitations in this study. First, the 
limited number of preterm neonates may influence the 
power of statistical outcomes. Second, other ROP risk 
factors such as necrotizing enterocolitis, apnea, race, and 
insulin-like growth factor 1 were not included in the study 
parameters. Finally, the study was retrospective, which 
limited the data available. Despite these limitations, this 
study has important implications regarding the incidence, 
severity, and risk factors of ROP in preterm neonates.

Conclusion
In our sample, ART in multiple birth babies per se did not 
seem to be a risk factor for ROP. However, ART babies 
were more prone to develop ROP than natural conception 
birth babies, which seemed to be more severe. The most 
significant factors associated with ROP are GA, BW, and 
use of oxygen therapy.
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