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Abstract
Purpose: Retinopathy of prematurity (ROP) is the main cause of blindness in premature
infants. Despite developments in neonatal care and management guidelines, ROP is becoming
increasingly prevalent worldwide. Hence, the identification of risk factors for ROP is critical to
diminish the burden of the disease.
Methods: This cross-sectional study included all infants with gestational age≤ 36 weeks referred
to the ophthalmology clinic at Shafa hospital, Kerman, Iran from 2014 to 2015. Ophthalmologic
examinations were performed followed by demographic and ophthalmic data collection and
analysis.
Results: A total of 579 preterm neonates were screened including 325 boys and 254 girls.
The incidence of ROP was 17.96%. Mean birth weight (BW) and gestational age (GA) were
1668.0 grams and 31.2 weeks, respectively. The results indicated that BW, GA, duration of
hospitalization and oxygen therapy were significantly related to the development of ROP,
however, after multivariate logistic regression analysis, only BW and duration of hospitalization
remained significant. There were no significant associations between gender, type of delivery,
or assisted reproductive technologies, and ROP (P = 0.461, 0.461, and 0.826, respectively).
Conclusion: BW and duration of hospitalization were significant risk factors for ROP in the current
study. BW was also strongly associated with the need for therapy.
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INTRODUCTION

Retinopathy of prematurity (ROP) is a
vasoproliferative retinal disease which can lead
to blindness. ROP is currently the commonest
cause of avoidable blindness in low/middle-income
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countries.[1–3] Along with advances in neonatal
care, more cases of ROP occur in extremely low-
gestational-age neonates (less than a gestational
age of 28 weeks at birth) and the total number of
children at risk for ROP is increasing worldwide.[4, 5]
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There is a disruption in the growth of normal
vasculature in premature infants leading to
aberrant angiogenesis in the retina.[6, 7] ROP
develops in two phases: (1) inhibition of growth
factors induced by hyperoxia and disruption
of maternal–fetal interaction in the retinal
vasculature and (2) metabolically active, yet
inadequately vascularized retina becomes
hypoxic, stimulating growth factor induced
vasoproliferation, which can lead to retinal
detachment.[8, 9] Therefore, understanding the
ROP mechanism can contribute to the recognition
of the optimal postnatal conditions in premature
infants. In addition, identification of postnatal risk
factors of ROP may assist neonatologists and
ophthalmologists in preventing illness and limiting
comorbidities.

Various risk factors including hereditary
and perinatal factors, demographical and
nutritional comorbidities, medical interventions,
and maternal factors have been proposed for
ROP.[10–14] However, oxygen exposure, low
birth weight, and low gestational age are the
key risk factors of ROP.[15] In some cases,
factors which lead to preterm birth that may
also interfere with the development of the
intrauterine retinal neurovascular infrastructure.
Antenatal factors including placental infection
and inflammation may also make the fetal retina
more susceptible to severe ROP. This heightened
sensitivity could potentially trigger a precursor
to the disease.[16,17] Additionally, fluctuations
in oxygen concentrations throughout the first
few weeks of the infant’s life are correlated
with the risk of ROP.[18] A high incidence of
periodic hypoxia through the first eight weeks
of life often results in subsequent severe
disease.[19, 20]

Despite developments in neonatal care and
administration guidelines, ROP is a common
blinding disease in infants worldwide. The
percentage of blindness secondary to ROP
varies exceedingly among countries and is
influenced by the level of neonatal care as
well as the level of accessibility to powerful
ROP screening and treatment plans.[21] Timely
screening and treatment are important to reduce
the adverse outcomes including blindness.[22]
It is suggested that each country develops
and applies its own specific screening criteria
suitable for its population. Low birth weight

and low gestational age are both major risk
factors for ROP, however, to the best of our
knowledge, no study has been conducted
to differentiate between the two risk factors.
Therefore, this study was designed to compare
the effects of these two risk factors as well as to
investigate other risk factors associated with ROP
in Iran.

METHODS

The current cross-sectional study was performed
at the ophthalmology clinic of Shafa Hospital in
Kerman, Iran from 2014 to 2015. We assessed the
medical reports of the preterm infants referred
to the eye clinic for ROP evaluation. Screening
was carried out by trained ophthalmologists and
the infants who had ROP were referred to an
experienced vitreoretinal surgeon. The criteria
for the screening were: gestational age ≤ 32
weeks or birth weight ≤ 2000 gr, as well as the
neonates at older gestational age and higher birth
weight who had one or more of the following risk
factors: oxygen therapy, sepsis, blood transfusion,
respiratory distress syndrome, infection. The first
retinal examination of premature infants with a
gestational age of ≤27 weeks was performed
at 31 weeks of postmenstrual age. For neonates
with a gestational age between 28 and 32
weeks, the first retinal examination was at 4–6
weeks after birth or postmenstrual age of 31–33
weeks (whichever was later). Demographical
data (gestational age, birth weight, and gender)
and ophthalmic findings for each patient were
collected and categorized. Pupils were dilated
with 0.5% tropicamide eye drops combined
with 2.55% phenylephrine drops 1 hr before
examination. Indirect ophthalmoscopy was used
with an infant lid speculum and scleral indentation
under topical anesthesia. Preterm infants with
insufficient medical records were excluded
from the study and 579 infants were selected
eventually.

Data analysis was performed using the
IBM SPSS version 19 (Armonk, NY: IBM
Corp) software. The comparison between
data of patients with and without ROP was
analyzed using student t-test. P-value <
0.05 in the t-test was considered statistically
significant. Multiple regression analysis was
performed.
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Table 1. The frequency of ROP* by gender, type of birth delivery, ART*.

Retinopathy No- retinopathy Total P-value

Gender Male 55 ± 52.9 270 ± 56.8 325 ± 56.1 0.461

Female 49 ± 47.1 205 ± 43.2 254 ± 43.9

Type of birth delivery Vaginal delivery 26 ± 25 120 ± 25.3 146 ± 25.2 0.95

Cesarean section 78 ± 75 355 ± 74.7 433 ± 74.8

ART Not used 89 ± 85.6 402 ± 88.09 491 ± 88.3 0.82

IUD 1 ± 1 4 ± 0.9 5 ± 0.9

Ovarian activating drug 6 ± 5.8 15 ± 3.3 21 ± 3.8

Unclear 1 ± 1 3 ± 0.7 4 ± 0.7

IVF 7 ± 6.7 20 ± 4.4 27 ± 4.9

IU-I 0 ± 0 5 ± 1.1 5 ± 0.9

ART, assisted reproductive technologies; ROP, retinopathy of prematurity

Table 2. Key risk factors for ROP.

Retinopathy No- retinopathy P-value

Maternal age 28.33 ± 7.04 28.88 ± 6.72 0.454

Gestational age 29.88 ± 5.74 32.64 ± 5.44 0.001

Birth weight 1414 ± 476.33 1922.06 ± 570.99 0.001

Duration of hospitalization 22.17 ± 14.03 8.95 ± 9.80 0.001

Oxygen uptake time 12.74 ± 12.60 5.14 ± 7.26 0.001

Ethical Considerations

This cross-sectional survey was approved by the
Research Ethics Committee of KermanUniversity of
Medical Sciences (Code: IR.KMU.REC.1395.366).

RESULTS

In this study, 579 infants including 325 males and
254 females were evaluated. The incidence of
ROP was 17.96%. We observed that 55 boys and
49 girls suffered from ROP. The results of our
study demonstrated that there was no significant
relationship between gender and ROP (P = 0.461)
[Table 1]. In other words, both sexes were equally
likely to get the disease. The results of our study
did not show a significant relationship between the
method of birth delivery and the occurrence of ROP
(P = 0.95). In other words, the ratio of neonates
who suffered from ROP was identical between
vaginal delivery and cesarean section. We also
discovered that assisted reproductive technologies

(ARTs) were not correlated to the development of
ROP (P = 0.82) [Table 1].

Our findings revealed that birth weight,
gestational age, duration of hospitalization,
and oxygen uptake time were all significantly
related to the occurrence of ROP (P = 0.001). We
also assessed the association between maternal
age with ROP which revealed that it was not
significantly related to ROP (P = 0.454) [Table 2].

In addition to the aforementioned factors, the
reviewed maternal medical history revealed a
wide range of diseases. The reports indicated that
nephrotic syndrome (P = 0.032) and preeclampsia
in mothers correlated with ROP in their infants
(P = 0.028); however, in the multivariate logistic
regression analysis, the correlation was not
statistically significant. Hypothyroidism, diabetes,
and high blood pressure listed in Table 3
were also not significantly associated with
ROP.

The findings of the current study revealed that
there was no significant association between the
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Table 3. Determining the frequency of ROP by disease during pregnancy.

Retinopathy No- retinopathy Total P-value

Nephrotic syndrome 1 ± 1 0 ± 0 1 ± 0.2 0.032

Diabetes 11 ± 10.6 50 ± 10.5 61 ± 89.5 0.988

Preeclampsia 2 ± 1.9 1 ± 0.2 3 ± 0.5 0.028

High blood pressure 16 ± 15.4 57 ± 12 73 ± 12.6 0.346

Table 4. Determining the frequency of ROP according to drug use during pregnancy.

Retinopathy No-retinopathy Total P-value

Methyldopa 6 ± 5.8 23 ± 4.8 29 ± 5 0.695

Levothyroxine 19 ± 18.3 68 ± 14.3 87 ± 15 0.307

Insulin 8 ± 7.7 26 ± 5.5 34 ± 5.9 0.383

Aspirin 6 ± 5.8 17 ± 3.5 23 ± 3.9 0.324

occurrence of ROP in infants whose mothers took
drugs listed in Table 4.

Based on multivariate logistic regression
analysis, only birth weight and duration of
hospitalization were statistically significant.

Our study also evaluated the correlation
between gestational age and birth weight with
the need for treatment in infants with ROP. It was
revealed that the birth weight of an infant with ROP
was strongly associated with the need for therapy
(P = 0.001). However, such an association was not
detected in the survey of the gestational age factor
[Table 6].

ROP is classified based on two categories: the
zone of abnormal blood vessels and the extent
of abnormal vessels; dividing into 3 zones and 5
stages, respectively. Accordingly, involvement of
zone 3 and stage 1 was the most frequent one
(39.4%). The least frequencies (1%) were zones
2,3,1,3,1 and stages 0,0,2,3,4, respectively [Table
7].

Due to the importance of the two risk factors,
gestational age and birth weight, in the occurrence
of ROP, we assessed the relationship between
each one at different stages of this disease.
Our analysis did not present any significant
relationship between the three stages of ROP and
the mentioned factors [Table 8].

DISCUSSION

Our study revealed that birth weight, gestational
age, duration of hospitalization, and oxygen

uptake time were all significantly related to
the occurrence of ROP. However, based on
multivariate logistic regression analysis, only the
birth weight and duration of hospitalization were
statistically significant. Birth weight of infants with
ROP was also strongly associated with the need
for treatment, however, such an association was
not detected in the survey of the gestational age
factor; therefore, it seems that birth weight is a
more influential factor compared to gestational
age.

İkbal Seza and colleagues investigated the
effect of birth weight on the stages of ROP in
twin pairs. Since twin pairs have equal gestational
age, they investigated the specific effect that birth
weight may have on the development of ROP and
showed that birth weight plays an important role
in any stage of ROP.[23] Insulin-like growth factor
I (IGF-I) is an important somatic growth factor for
fetal and neonates’ growth and development that
is correlated with birth weight.[24, 25] Early levels of
low IGF-I are associated with slower-than-expected
weight gain and more severe ROP.[26] Therefore,
birth weight is a more important factor than
gestational age as it pertains to the development
of RO.

The results of our study about the relation
between gender and ROP did not show any
association between these factors. Saeidi and his
colleagues also conducted a study on low-birth-
weight infants admitted at Imam Reza Hospital,
Mashhad, Iran where their results confirmed
the lack of meaningful communication between
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Table 5. The result of multiple logistic regression analysis.

P-value OR 95% CI for OR

Lower Upper

Gestational age 0.27 1.02 0.98 1.06

Birth weight 0.001 1 1 1

Duration of
hospitalization

0.001 0.93 0.91 0.96

Oxygen uptake time 0.66 0.99 0.95 1.02

Nephrotic syndrome 1 – – –

Preeclampsia 0.09 10.06 0.68 148.04

OR, odds ratio; CI, confidence interval

Table 6. Relevance of gestational age and birth weight with required treatment.

Need for therapy No need for therapy P-value

Gestational age 30.17 ± 0.49 32.24 ± 0.24 0.056

Birth weight 1368.12 ± 78.41 1854.31 ± 24.67 0.001

the two factors.[27] In addition, several studies
demonstrated the significance of maternal factors
in the development of ROP such as maternal
diseases, maternal drug consumption, gestational
age, smoking, and white blood cell count.[28–30] In
our study, there was only one case of nephrotic
syndrome in which the infant was born with ROP,
two cases of preeclampsia were also reported and
their infants had ROP. Although, a meta-analysis
study with 13 cohort studies was conducted, no
association was revealed between preeclampsia
and ROP.[31] The conflicting results observed in the
studies could be attributed to the diverse range of
study conditions and other interfering factors that
were considered in the analysis. On the other hand,
nephrotic syndrome has not been recorded as a
risk factor in any study. Therefore, further research
is recommended in this area.

Some drugs used during pregnancy are also
recognized as maternal risk factors for ROP,
including antihistamine, beta blockers, aspirin,
non-steroidal anti-inflammatory drugs (NSAIDs),
and antibiotics.[32] Furthermore, in our study,
using methyldopa, levothyroxine, insulin, and
aspirin by mothers were not associated with
the occurrence of ROP in their infants. The role
of diabetes, however, has remained unclear in
different societies.[28]

Conflicting data exists regarding the association
between the method of delivery and the
occurrence of ROP.[33, 34] Although our study
did not demonstrate a significant relationship, an
analysis of Italian infants suggested that vaginal
delivery could pose a risk factor for infants with
threshold ROP and a weight of <1000 gr. The
argument was that the mechanical pressure
experienced during vaginal delivery could lead to
ischemia and an imbalance in hyperoxia–hypoxia,
thus serving as a risk factor for ROP. Additionally,
the presence of vaginal infections was found
to increase the risk of ROP.[35] However, in our
study, no relationship was found between the
type of delivery and the risk of ROP. This disparity
may be due to the composition of our study,
which included all stages of ROP, while the study
by Manzoni et al examined infants separately
according to ROP stages.

Although multiple studies have been performed
on the relationship between ART and ROP in
infants, the results are still inconclusive.[36, 37] These
studies often showed that ART such as IVF
due to multiple births and low birth weight was
considered as a risk factor of ROP. However,
the results were challenging in other studies.
Barker and colleagues assessed the prevalence
of ART in multiple birth infants seen for ROP
screening in a retrospective study. They found
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Table 7. Stage and zone.

Stage and Zone Frequency (%)

0&2 1 (1)

0&3 1 (1)

1&1 2 (1.9)

1&2 13 (12.5)

1&3 41 (39.4)

2&1 1 (1)

2&2 16 (5.4)

2&3 3 (2.9)

3&1 16 (15.4)

3&2 8 (7.7)

3&3 1 (1)

4&1 1 (1)

Table 8. Relevance of gestational age and birth weight with the stage of retinopathy of prematurity.

Stage 1 Stage 2 Stage 3 P-value

Gestational age 29.6 ± 0.86 31 ± 2.91 31.07 ± 2.36 0.33

Birth weight 1428.71 ± 78.41 1346.25 ± 100.94 1500.38 ± 86.62 0.129

no significant difference between the number of
babies developing ROP in the ART and non-ART
groups which was consistent with our results.[38]

In summary, we identified birth weight,
gestational age, duration of hospitalization,
and oxygen uptake time as the most important
factors that correlated with the incidence of ROP.
However, based on multivariate logistic regression
analysis, only the birth weight and duration of
hospitalization were statistically significant. It was
also revealed that the birth weight of infants with
ROP was significantly associated with the need
for therapy, however, such an association was
not detected in the survey of the gestational
age factor; therefore, it seems that birth weight
is a more important risk factor as compared to
gestational age.

Financial Support and Sponsorship

None.

Conflicts of Interest

None.

REFERENCES

1. Blencowe H, Moxon S, Gilbert C. Update on blindness due
to retinopathy of prematurity globally and in India. Indian
Pediatr 2016;53:S89–S92.

2. Blencowe H, Lawn JE, Vazquez T, Fielder A, Gilbert C.
Preterm-associated visual impairment and estimates of
retinopathy of prematurity at regional and global levels for
2010. Pediatr Res 2013;74:35–49.

3. Quinn GE. Retinopathy of prematurity blindness
worldwide: Phenotypes in the third epidemic. Eye
Brain 2016;8:31.

4. Goldenberg RL, Culhane JF, Iams JD, Romero R.
Epidemiology and causes of preterm birth. Lancet
2008;371:75–84.

5. Lawn JE, Gravett MG, Nunes TM, Rubens CE, Stanton
C. Global report on preterm birth and stillbirth (1 of 7):
Definitions, description of the burden and opportunities to
improve data. BMC Pregnancy Childbirth 2010;10:1–22.

6. Hellström A, Smith LE, Dammann O. Retinopathy of
prematurity. Lancet 2013;382:1445–1457.

7. Heidary G, Vanderveen D, Smith LE, editors. Retinopathy
of prematurity: Current concepts in molecular
pathogenesis. Semin Ophthalmol 2009;24:77–81.

8. Hartnett ME, Penn JS. Mechanisms and management of
retinopathy of prematurity. N Engl J Med 2012;367:2515–
2526.

9. Smith LE. Through the eyes of a child: Understanding
retinopathy through ROP the Friedenwald lecture. Invest
Ophthalmol Vis Sci 2008;49:5177–5182.

56 JOURNAL OF OPHTHALMIC AND VISION RESEARCH Volume 19, Issue 1, Jan-Mar 2024



Risk Factors for ROP; Daneshtalab et al

10. Akçakaya AA, Yaylali SA, Erbil HH, Sadigov F, Aybar A,
Aydin N, et al. Screening for retinopathy of prematurity in
a tertiary hospital in Istanbul: Incidence and risk factors. J
Pediatr Ophthalmol Strabismus 2012;49:21–25.

11. Cunningham S, Mclntosh N, Fleck B, Elton R.
Transcutaneous oxygen levels in retinopathy of
prematurity. Lancet 1995;346:1464–1465.

12. Alajbegovic-Halimic J, Zvizdic D, Alimanovic-Halilovic
E, Dodik I, Duvnjak S. Risk factors for retinopathy
of prematurity in premature born children. Med Arch
2015;69:409.

13. Alizadeh Y, Zarkesh M, Moghadam RS, Esfandiarpour B,
Behboudi H, Karambin M-M, et al. Incidence and risk
factors for retinopathy of prematurity in North of Iran. J
Ophthalmic Vis Res 2015;10:424.

14. Allegaert K, Casteels I, Cossey V, Devlieger H. Retinopathy
of prematurity: Any difference in risk factors between
a high and low risk population? Eur J Ophthalmol
2003;13:784–788.

15. Mansouri M, Kadivar M, Karkhaneh R, Riazi Esfahani M,
Nili Ahmadabadi M, Faghihi H, et al. Prevalence and risk
factors of retinopathy of prematurity in very low birth
weight or low gestational age infants. Bina J Ophthalmol
2007;12:428–434.

16. Lee J, Dammann O, editors. Perinatal infection,
inflammation, and retinopathy of prematurity. Semin
Fetal Neonatal Med 2012;17:26–29.

17. Chen ML, Allred EN, Hecht JL, Onderdonk A, VanderVeen
D, Wallace DK, et al. Placenta microbiology and histology
and the risk for severe retinopathy of prematurity. Invest
Ophthalmol Vis Sci 2011;52:7052–7058.

18. Saito Y, Omoto T, Cho Y, Hatsukawa Y, Fujimura M,
Takeuchi T. The progression of retinopathy of prematurity
and fluctuation in blood gas tension.Graefes Arch Clin Exp
Ophthalmol 1993;231:151–156.

19. York JR, Landers S, Kirby RS, Arbogast PG, Penn JS.
Arterial oxygen fluctuation and retinopathy of prematurity
in very-low-birth-weight infants. J Perinatol 2004;24:82–
87.

20. Di Fiore JM, Bloom JN, Orge F, Schutt A, Schluchter
M, Cheruvu VK, et al. A higher incidence of intermittent
hypoxemic episodes is associated with severe retinopathy
of prematurity. J Pediatr 2010;157:69–73.

21. Bowe T, Nyamai L, Ademola-Popoola D, Amphornphruet
A, Anzures R, Cernichiaro-Espinosa LA, et al. The current
state of retinopathy of prematurity in India, Kenya, Mexico,
Nigeria, Philippines, Romania, Thailand, and Venezuela.
Digit J Ophthalmol 2019;25:49–58.

22. Fang JL, Sorita A, Carey WA, Colby CE, Murad MH,
Alahdab F. Interventions to prevent retinopathy
of prematurity: A meta-analysis. Pediatrics
2016;137:e20153387.

23. Petriçli İS, Kara C, Işık DU, Demirel N, Baş AY. Effect of
birth weight on retinopathy of prematurity in discordant
twin pairs. Indian J Ophthalmol 2019;67:806–810.

24. Bennett A, Wilson DM, Liu F, Nagashima R, Rosenfeld RG,
Hintz RL. Levels of insulin-like growth factors I and II in

human cord blood. J Clin Endocrinol Metab 1983;57:609–
612.

25. Giudice LC, de Zegher F, Gargosky SE, Dsupin BA, de las
Fuentes L, Crystal RA, et al. Insulin-like growth factors and
their binding proteins in the term and preterm human fetus
and neonate with normal and extremes of intrauterine
growth. J Clin Endocrinol Metab 1995;80:1548–1555.

26. Löfqvist C, Hansen-Pupp I, Andersson E, et al. Validation
of a new retinopathy of prematurity screening method
monitoring longitudinal postnatal weight and insulin like
growth factor I. Arch Ophthalmol 2009;127:622–627.

27. Saeidi R, Taraghi BJIJoNI. Incidence of retinopathy
of prematurity (ROP) in low birth weight newborns.
2017;8:102–106.

28. Kim SJ, Port AD, Swan R, Campbell JP, Chan RVP, Chiang
MF. Retinopathy of prematurity: A review of risk factors and
their clinical significance. Surv Ophthalmol 2018;63:618–
637.

29. Özkan H, Cetinkaya M, Koksal N, Özmen A, Yıldız M.
Maternal preeclampsia is associatedwith an increased risk
of retinopathy of prematurity. J Perinat Med 2011;39:523–
527.

30. Wu W-C, Ong FS-C, Kuo JZ-C, Lai C-C, Wang N-C, Chen
K-J, et al. Retinopathy of prematurity and maternal age.
Retina 2010;30:327–331.

31. Zhu T, Zhang L, Zhao F, Qu Y, Mu DJPO. Association
of maternal hypertensive disorders with retinopathy of
prematurity: A systematic review and meta-analysis. PLoS
One 2017;12:e0175374.

32. Tolsma KW, Allred EN, Chen ML, Duker J, Leviton
A, Dammann O. Neonatal bacteremia and retinopathy
of prematurity: the ELGAN study. Arch Ophthalmol
2011;129:1555–1563.

33. Darlow BA, Hutchinson JL, Henderson-Smart DJ,
Donoghue DA, Simpson JM, Evans NJJP. Prenatal
risk factors for severe retinopathy of prematurity among
very preterm infants of the Australian and New Zealand
Neonatal Network. Pediatrics 2005;115:990–996.

34. Wikstrand MH, Hård AL, Niklasson A, Smith L, Löfqvist
C, Hellström A. Maternal and neonatal factors associated
with poor early weight gain and later retinopathy of
prematurity. Acta Paediatr 2011;100:1528–1533.

35. Manzoni P, Farina D, Maestri A, Giovannozzi C, Leonessa
M, Arisio R, et al. Mode of delivery and threshold
retinopathy of prematurity in pre�term ELBW neonates.
Acta Paediatr 2007;96:221–226.

36. Trifonova K, Slaveykov K, Mumdzhiev H, Dzhelebov
D. Artificial reproductive technology–A risk factor for
retinopathy of prematurity.Open Access Maced J Med Sci
2018;6:2245.

37. Chan RVP, Yonekawa Y, Morrison MA, Sun G, Wong
RK, Perlman JM, et al. Association between assisted
reproductive technology and advanced retinopathy of
prematurity. Clin Ophthalmol 2010;4:1385–1390.

38. Barker L, Bunce C, Husain S, Adams GGW. Is artificial
reproductive technology a risk factor for retinopathy of
prematurity independent of the generation of multiple
births? Eur J Ophthalmol 2017;27:174–178.

JOURNAL OF OPHTHALMIC AND VISION RESEARCH Volume 19, Issue 1, Jan-Mar 2024 57


