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ABSTRACT 

Background: Retinopathy of Prematurity (ROP) is a leading cause of blindness in developed and developing countries. 
Maternal anemia can endanger the health of the fetus. Studies suggest a link between maternal anemia and an 
increased risk of ROP in newborns. Therefore, this study aimed to determine the relationship between maternal 
anemia and ROP in newborns. 
Methods: This cross-sectional study was conducted on premature infants. Group 1 consisted of all infants diagnosed 
with ROP (n = 51). The control group included premature infants without ROP. Demographic characteristics and 
laboratory results were compared between the groups. Data were analyzed using IBM SPSS version 19. 
Results: The results showed that 34 infants (75.6%) had ROP in both eyes, and the remainder in one eye. Regarding 
ROP stage, most infants (71.7%) were in stage 2 and zone 3. Hemoglobin, hematocrit, mean corpuscular hemoglobin 
(MCH), and mean corpuscular hemoglobin concentration (MCHC) were significantly lower in the ROP group than in the 
control group. Furthermore, the comparison of the two groups in terms of anemia (hemoglobin < 11 g/dL) indicated a 
significantly higher prevalence of maternal anemia in infants with ROP (23 [45.1%]) than in the control group (8 
[15.4%]) (P = 0.001). 
Conclusion: Our results suggest that maternal anemia and hemoglobin level are risk factors for the development of 
ROP in preterm infants. Given that the diagnosis and treatment of anemia in pregnant women is cost-effective and 
straightforward, it is crucial to prioritize diagnosis and treatment in mothers at high risk of preterm delivery to 
potentially reduce the incidence of ROP. 
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Introduction 

Retinopathy of prematurity (ROP) is a leading 
cause of blindness in developed and developing 
countries (1). This disease has an inverse 
relationship with birth weight and gestational age 
(2-3). Multiple factors contribute to its 
development, leading to impaired growth and 
development of retinal blood vessels and the 
formation of misplaced vessels (4-5). 

ROP in premature neonates is classified into 5 
stages based on disease severity. Higher stages 
can cause retinal scarring and complications such 
as retinal detachment, vitreous hemorrhage, eye 

deviation, and amblyopia. Additionally, many 
affected individuals experience myopia (3). 

Considering the quantitative and qualitative 
expansion of neonatal services and the significant 
increase in survival rates among premature 
infants, and recognizing that blindness is a major 
complication with profound impacts on an 
individual's life, the prevention and treatment of 
ROP are of paramount importance. 

Maternal anemia can endanger the health of the 
fetus. Anemic mothers often experience fatigue, 
sleep disorders (6), infection, preeclampsia, and 
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bleeding (7-9), while the fetus may suffer from 
premature delivery, low birth weight, and growth 
restriction (10-12). Although evidence suggests a 
potential link between maternal anemia and an 
increased risk of ROP in newborns (13), further 
research is needed. Therefore, we aimed to 
determine the relationship between maternal 
anemia and ROP in newborns. 

 

Methods 
This cross-sectional study was conducted on 

all premature neonates with retinopathy referred 
to Alzahra Hospital, Rasht, Iran, from January 
2016 to January 2020. Subjects were included 
using convenience sampling. In Group 1, we 
enrolled all children diagnosed with retinopathy, 
excluding those with conditions such as heart 
disorder, congenital anomalies, recurrent 
bradycardia, ventricular-atrial block, hypotension, 
or cerebral hemorrhage, within the specified four-
year period. After the final confirmation of 
retinopathy, the mothers' blood test results during 
pregnancy were examined. In the control group, 
premature infants of the same age and sex as 
those in the first group were examined for ROP. 
Data were collected using a form including sex, 
characteristics of ROP (affected side, stage, zone), 
and treatment method. A retina subspecialist 
performed weekly eye examinations in the NICU 
department. Examinations continued at regular 
intervals until retinal vessel completion, even 
after discharge. 

Regarding the affected eye(s), three conditions 
were considered: right, left, and both eyes. ROP 
stage was classified from one to four. Stage 1 ROP 
is characterized by a line on the retina separating 
the normal retina from the premature retina. 
Stage 2 ROP is defined by a ridge with height and 
thickness on the retina. Stage 3 ROP involves the 
growth of fragile, new, abnormal blood vessels on 
the retina. 

For Type 1 ROP, zone classification was as 
follows: zone 1 (any stage with plus disease), zone 
1 (stage 3 without plus disease), zone 2 (stages 2 
to 3 with plus disease). For Type 2 ROP, zone 1 
was defined as stages 2 to 3 without plus disease, 
and zone 2 was defined as stage 3 without plus 
disease. The treatment method was categorized 
into four options: laser, injection, follow-up, and 
infant death. 

Mothers of the newborns were referred to a 
single, specific laboratory for testing. Blood 
hemoglobin, hematocrit, mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC), 

red cell distribution width (RDW), and white 
blood cell count (WBC) were measured using a 
SYSMEX-KX21N device (Japan). The presence or 
absence of maternal anemia was evaluated and 
compared between the two groups. Maternal 
anemia was defined as a hemoglobin level less 
than 11 g/dL in the first trimester, less than 10.5 
g/dL in the second trimester, and less than 11 
g/dL in the third trimester. 

Data were collected and analyzed using 
descriptive statistics (number, percent, mean, 
standard deviation) and analytical statistics (t-test 
and chi-square) in IBM SPSS Statistics for 
Windows, Version 19.0 (Armonk, NY: IBM Corp.). 
A significance level of p < 0.05 was considered 
statistically significant. 
 
Ethical Approval  

The study was approved by the Ethics 
Committee of Research at Guilan University of 
Medical Sciences (IR.GUMS.REC.1394.493). 

 

Results 
The results of this study, which included 99 

infants (51 in the affected group and 48 in the 
non-ROP group), showed that 30 (51.7%) infants 
in the affected group and 28 (48.3%) in the non-
ROP group were male. There was no significant 
difference in sex between the two groups  
(p = 0.611). 

The results of retinopathy of prematurity 
showed that 34 babies (75.6%) had ROP in both 
eyes and the rest in one eye. In terms of 
retinopathy STAGE, most of the babies (71.7%) 
were in stage 2 and ZONE 3. Regarding the 
treatment, most of the 35 patients (70%) 
underwent laser treatment. 

 
Table 1. The characteristics of ROP in neonates 

 Number Percent 

ROP  

left eye 6 13.3 
right eye 5 11.1 
both eyes 34 75.6 
Total 45 100.0 

    

Stage 

1.00 3 6.5 
2.00 33 71.7 
3.00 10 21.7 
Total 46 100.0 

    

Zone 

1.00 2 4.3 
2.00 9 19.1 
3.00 36 76.6 
Total 47 100.0 

    

Treatment  

Laser 35 70.0 
Injection  7 14.0 
Follow-up 6 12.0 
Death  2 4.0 
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Table 2. Comparison of mean laboratory results in two groups 
 group N Mean Std. Deviation P-value 

Hb 
With ROP 51 11.0725 1.02354 

.000 
Without ROP 52 12.3558 1.50404 

      

Hct 
With ROP 51 32.9451 2.94885 

.000 
Without ROP 52 36.0096 3.56190 

      

Mcv 
With ROP 51 86.0980 12.69746 

.914 
Without ROP 52 85.8173 13.64518 

      

McH 
With ROP 51 29.3490 2.45221 

.043 
Without ROP 52 30.3617 2.55185 

      

MCHC 
With ROP 51 33.5233 1.46022 

.015 
Without ROP 52 34.2056 1.32119 

      

RDW 
With ROP 45 14.1067 1.13626 

.971 
Without ROP 52 14.0981 1.15970 

      

WBC 
With ROP 27 13.2537 3.26735 

.125 
Without ROP 4 10.5500 2.47723 

Hb: hemoglobin, Hct: hematocrit, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular 
hemoglobin concentration, RDW: red cell distribution width, WBC: white blood cell  

 
A comparison of the two groups in terms of 

hemoglobin, hematocrit, MCH, and MCHC showed 
that the mean values of these variables in the 
patients with ROP were significantly lower than 
those in the control group. However, other 
variables, including WBC, RDW, and MCV, did not 
show significant differences between the two 
groups. Furthermore, the comparison of the two 
groups in terms of anemia (hemoglobin < 11 
g/dL) showed that maternal anemia was 
significantly more prevalent in the infants with 
ROP (23 [45.1%]) than in the control group (8 
[15.4%]) (P = 0.001). 
 

Discussion 
Several factors contribute to the development 

of ROP. Although some studies have reported that 
multiple pregnancies, apnea, race, intraventricular 
hemorrhage, light exposure, anemia, sepsis, 
prolonged mechanical ventilation, and multiple 
transfusions are risk factors for ROP, the precise 
role of these factors in the development of this 
disease remains undefined. Conversely, low birth 
weight and gestational age, as well as high 
postnatal oxygenation, have consistently been 
shown to increase the risk of ROP (14). 

Our results demonstrated that the levels of 
hemoglobin, hematocrit, MCH, and MCHC in the 
retinopathy group were significantly lower than 
those in the control group. Moreover, a higher 
percentage of infants with ROP had mothers with 
anemia in the first trimester of pregnancy. 

To date, studies have investigated the effect of 
maternal characteristics on the occurrence of ROP. 

A Turkish study indicated that maternal iron 
deficiency anemia was associated with the 
development of ROP (13). While the 
aforementioned study focused on iron deficiency 
anemia in mothers, our study only assessed 
anemia based on complete blood count (CBC) 
levels. Additionally, previous studies on maternal 
and neonatal parameters indicated that ROP was 
significantly related to maternal blood leukocyte 
count (15-16). 

In addition to the articles mentioned above, 
some studies have considered the relationship 
between infant anemia and the occurrence of ROP. 
While Banerjee et al. reported a significant 
relationship between infant anemia and ROP (17), 
others did not find anemia to be an independent 
risk factor (18-19). Furthermore, a recent study 
examining the relationship between maternal and 
infant diseases and ROP and its progression found 
that, out of 828 neonates, 303 had ROP. Their 
results indicated that ROP occurred more 
frequently in infants with preeclampsia (odds 
ratio of 2.54, p < 0.001), respiratory distress 
syndrome (odds ratio of 2.2, p < 0.001), and 
congenital heart defects (odds ratio of 1.53, p = 
0.047). Conversely, infants with transient 
tachypnea of the newborn (odds ratio of 0.7, p < 
0.001) and infants with anemia (odds ratio of 
0.373, p < 0.001) had a lower chance of 
developing ROP. They concluded that maternal 
preeclampsia, respiratory distress syndrome, and 
congenital heart defects are among the diseases 
affecting the incidence of ROP (20). 

In conducting this study, several measures 
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were taken to mitigate potential sources of bias. 
First, we employed a cross-sectional design, 
focusing on a clearly defined cohort of premature 
infants diagnosed with retinopathy of prematurity 
(ROP) compared to a control group without ROP. 
This design allowed for a direct comparison while 
controlling for some confounding variables, such 
as gestational age and birth weight. To ensure a 
representative sample, we utilized convenience 
sampling of infants referred to Alzahra Hospital, 
which is a referral center for neonatal care in the 
region. Inclusion criteria were strictly defined to 
exclude infants with known confounding 
conditions (e.g., congenital anomalies or 
significant comorbidities), which helps reduce 
selection bias. Although this study showed 
significant results regarding maternal anemia and 
ROP, which can be very useful, there are 
limitations to the present study. We did not assess 
the risk factors related to maternal and neonatal 
complications that may have a potential role in the 
development of ROP. Therefore, prospective 
studies with detailed analyses of maternal and 
infant characteristics and attention to other 
underlying diseases and anemia characteristics, as 
well as controlling factors in the second and third 
trimesters, are needed. 

The implications of our findings suggest that 
screening for anemia in pregnant women, 
particularly those at risk for preterm delivery, 
should be a priority. Early identification and 
management of anemia could be a cost-effective 
strategy to reduce the incidence of ROP in 
premature infants. This underscores the 
importance of comprehensive prenatal care, 
focusing not only on maternal health but also on 
neonatal outcomes, thereby potentially preventing 
significant long-term visual impairments in 
affected infants. 

 
Conclusion 

In this study, we found that there was a 
significant difference in the laboratory factors of 
hemoglobin, hematocrit, MCH, and MCHC, with 
these values being significantly lower in the group 
with ROP. Our results indicate that maternal 
anemia and hemoglobin level are risk factors for 
the development of ROP in preterm infants. Given 
that the diagnosis and treatment of anemia in 
pregnant women are practically cost-effective and 
straightforward, prioritizing diagnosis and 
treatment in mothers who are at high risk of 
preterm delivery is crucial and may reduce the 
incidence of ROP. 
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