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Context: Retinopathy of prematurity (ROP) is known as the abnormal growth of
retinal blood vessels in premature and very low birth weight (VLBW) infants that can
be caused by exposure to high oxygen pressure through oxidative damage and
inflammation.

Evidence Acquisition: In this review, the keywords zinc deficiency, iron deficiency,
and retinopathy of premature was first searched in databases including Scopus,
Google Scholar, and PubMed. There were no time limitations for the search. Full-text
articles in the English language were included in this study. Searching with these
keywords did not yield any results. In the next step, preterm neonate, preterm infant
and VLBW infants were added to the keywords.

Findings: The results showed that iron and zinc deficiencies are very common in
premature and VLBW infants. VLBW and preterm birth are also risk factors for ROP.
In addition, the use of zinc and iron supplements in low birth weight and premature
infants is also commonly necessary to maintain normal growth and development.
Conclusion: It can be concluded that premature infants receiving high doses of zinc
and adequate doses of iron inhibited not only inhibit oxidative damage and
inflammation caused by hypoxia but also vascular endothelial growth factor (VEGF)
expression. In support of this mechanism, our results showed that premature infants
receiving high doses of zinc and adequate doses of iron significantly reduce the ROP
process. Therefore, monitoring serum zinc and iron levels and normalizing them may
play an important preventive role in the development of ROP.
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Context

Iran;

Retinopathy of prematurity (ROP) is defined as the irregular growth of retinal blood vessels in premature
infants and is the leading cause of visual impairment and in some cases blindness 2 The growth and

formation of new blood vessels during this period depend on the level of oxygen provided naturally or

artificially Bl rop usually occurs between 28 and 34 weeks of pregnancy. However, in 40 to 50% of ROP
patients, the babies are born before the 30" week. Moreover, almost 10% of all births worldwide occur before
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the 37th week of pregnancy, in other words, they are premature 4 It is estimated that more than 32,000 visually
impaired or blind neonates are born each year due to ROP, 10% of whom are in Latin America and the
Caribbean . According to Azimi et al., (2018) the prevalence of ROP in Iran is 23.5% and in premature infants,
boys and girls, is 18.3% and 18.9%, respectively. The lowest prevalence of ROP was in Semnan (1.1%) and
Zanjan (1.2%) provinces, while the highest prevalence was in Mazandaran (34.8%) and Khuzestan (32%)
provinces 61 In total, about 70,000 children worldwide suffer from ROP-induced blindness 71,

The main strategies of health management to reduce blindness in children due to ROP is to use appropriate
screening programs based on two main risk factors, namely birth weight and gestational age [8], and provide
adequate care for infants with ROP [5. 10] Moreover, common ROP treatments are laser photocoagulation and
anti-VEGF injections. The onset and development of ROP are very complex and depends on many factors,
including maternal factors before pregnancy, during pregnancy and lactation, neonatal factors such as the
presence of certain diseases such as respiratory distress syndrome, nutrition and factors associated with keeping
a premature infant in intensive care unit include excessive oxygen exposure, hypoxia, and infections [2, 11-14]
However, short gestational age, low birth weight and duration of oxygen therapy are the most important risk
factors for ROP (figure 1) [12.231 ‘Maternal nutrition before pregnancy, pregnancy and lactation are other risks of
ROP that have received much attention in recent years Bl 5o that micronutrient deficiencies in mothers,
including iron deficiency and zinc deficiency are other factors that have received special attention in the
occurrence of this complication in recent years.

Studies have shown that deficiency of iron and zinc is associated with preterm delivery and premature birt
Moreover, several studies showed that iron deficiency and zinc deficiency is common in preterm neonates and is
considered one of the pathogens of ROP (14181 However, there are few etiological and pathophysiological
studies regarding the role of deficiency of these elements in the incidence of ROP (192%1 Therefore, the aim of
this study was to investigate the status of iron and zinc two elements on the course of ROP (figure 1) 1% 17 2-2%],

p [16.17]
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Figure 1. Risk factors for retinopathy of premature
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Evidence Acquisition

In this review, the keywords zinc deficiency, iron deficiency, and retinopathy of premature was first searched
in databases including Scopus, Google Scholar, and PubMed. There were no time limitations for the search. Full-
text articles in the English language were included in this study. Searching with these keywords did not yield any
results. In the next step, preterm neonate, preterm infant and VLBW infants were added to the keywords. Our
inclusion criteria were zinc deficiency, preterm neonate, VLBW, iron deficiency, comorbid disorders, English
language, original articles, and full-text articles. All identified abstracts were assessed by two reviewers.

Findings and Discussion

An initial search of the keywords of zinc deficiency, preterm neonate, VLBW, iron deficiency and
retinopathy of premature found more than 463 articles. About 100 articles were selected by title evaluation. The
evaluation was then performed based on access to the full text of the article and English language and 8 articles
remained (table 1). The results showed that iron and zinc deficiencies are very common in premature and VLBW
infants. VLBW and preterm birth are also risk factors for ROP. In addition, the use of zinc and iron supplements
in low birth weight and premature infants is also commonly necessary to maintain normal growth and
development.

Table 1: Studies and results related to iron and zinc deficiency and their relationship with the
incidence of neonatal retinopathy

[20] | The prevention of morbidities, such as bronchopulmonary dysplasia, retinopathy of prematurity, and
intraventricular hemorrhage.

[21] | Iron deficiency in preterm infants is positively correlated with very low birth weight and iron deficiency
anemia.

[22] | zinc deficiency may have significant subclinical effects, increasing the risk of several complications typical of
preterm neonates (i.e., necrotizing enterocolitis, chronic lung disease, and retinopathy)

[23] | Early diagnosis, optimal treatment, and appropriate follow-up of iron-deficient infants are recommended.

[24] | Transfer of sufficient zinc to the fetus is dependent on maintenance of normal maternal serum zinc
concentrations.

[25] | Increased oxidative stress and deficiency of micronutrients from fetal life were associated with ROP.

[26] | Infants who take iron supplements have slightly higher hemoglobin levels, better iron stores, and a lower risk
of iron deficiency anemia than infants who do not take iron supplements.

[27] | Oral zinc supplementation given at high doses reduces morbidities and mortality in preterm neonates.

Iron and premature infants

Iron is an essential micronutrient for physiological processes and its deficiency is associated with many
complications 28] Jron deficiency is common at all ages and is unfortunately very common in children under 5
years of age 2%1 In the under-5 age group, premature infants have the highest iron deficiency, and those who
consume breast milk without iron supplements are prone to negative iron balance (30 Maternal factors such as
iron deficiency and blood loss during pregnancy are the main factors that lead to iron deficiency in newborns 1],

Diagnosis of iron deficiency in premature infants is made by an initial assessment that includes birth weight
and gestational age. In addition, complete blood count tests 32 and ferritin evaluation =) are performed to
diagnose iron deficiency anemia (IDA), indicating the amount of iron stored in the body. High postnatal growth
in premature and low birth weight infants are the main factor that causes iron deficiency and predisposes them to
IDA B *1 1ron stores in infants are usually considered proportional to age and birth weight. In the third
trimester of pregnancy, there is the highest absorption of iron and the maximum reserves are created in the body.
However, due to premature birth, iron reserves are not formed and the infant is exposed to iron deficiency or
IDA !, In this case, the amount of iron stored is less than normal. In addition, the half-life of red blood cells is
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shorter due to neonatal characteristics, and on the other hand, due to rapid growth and low absorption of iron,
further depletion of iron stores accelerates the onset of clinical symptoms such as retinopathy [36],

Premature infants often undergo several phlebotomies during their stay in neonatal intensive care units. In
addition, babies born to mothers with IDA have low blood indexes, low hemoglobin and ferritin levels ST
this case, iron supplementation is recommended to prevent IDA 58] However, the recommended doses in some
studies have been associated with side effects such as diarrhea ° and weight loss [40], Moreover, an
inappropriate dose of iron supplementation in preterm infants is considered a potential risk factor due to
insufficient growth and development in defense systems such as the antioxidant system 4 A premature infant
needs to receive 1.6-2.0 mg/kg of iron daily intravenously or 5-6 mg/kg through the intestine because intragastric
absorption is approximately 30% 421 However, such a supplement soon after birth is neither practical nor
physiological. Moreover, it is not possible to feed early after birth in most premature infants with very low birth
weight % These results showed that premature infants need to receive an appropriate and accurate dose of iron
for proper growth.

Zinc and premature infants

Zinc is one of the essential micronutrients involved in many biological activities. Zinc is an essential
component of the expression of members of a multigene family, including hormonal receptors. The DNA
binding domain of many proteins contains zinc. Therefore, its deficiency or deletion disrupts the activation of
their genes by glucocorticoids or estrogens. Participation in metabolism, enzymatic, regulatory and structural
activities are among the activities of this element, so any change in plasma concentration or exposure to its
deficiency will affect many normal functions of cells and the body[43].

Zinc homeostasis depends on the balance of zinc absorbed from the intestine and its excretion. Unlike healthy
infants, in preterm infants, zinc intestinal absorption is not regulated by serum status. The gastrointestinal tract is
the main site of zinc loss due to zinc secretion [44], the amount of which is estimated to be between 50 and 150
pa/kg/day (%] However, part of the zinc that is excreted in the feces is reabsorbed. However, pathological
conditions such as diarrhea and steatorrhea can change this condition [44] Urinary excretion of zinc in premature
infants is very high (35 pg/kg/day). As a result, serum zinc concentrations decrease rapidly in the first months of
life. This situation shows the importance of supplementing the baby and paying attention to the breastfeeding
mother's nutrition. Zinc deficiency can occur at any age and physiological condition, and children, especially
infants, pregnant women, and the elderly, are prone to zinc deficiency 141 Zinc deficiency in these physiological
conditions can seriously damage the processes associated with embryogenesis and change the length of
pregnancy. Adequate amounts of zinc during embryogenesis affect the final phenotype of all organs 471,
Maternal zinc deficiency increases mortality and abnormalities such as neural tube defects and growth
retardation in the fetus. As the duration of pregnancy increases, the concentration of zinc in the fetus increases,
and after 24 weeks of pregnancy, hepatic zinc storage is established by its transfer and accumulation via
metallothioneins (MTSs).

MTs are the most abundant cysteine-rich proteins containing zinc, which is involved in the hepatic
accumulation of zinc in the fetus. Moreover, the MTs have antioxidant activity and stabilize the presence of zinc
on cell membranes ). In the last trimester of pregnancy, transfer of zinc via MTs plays a very important role in
hepatic zinc accumulation, so that up to 1.5 mg/kg/day of zinc is transferred to the fetus 9] The function of
these proteins is an active process and the concentration of zinc in the fetus is always higher than its content in
the mother. In addition, consumption of foods containing phytate during pregnancy should be controlled during
pregnancy due to limited absorption of zinc.

Zinc deficiency is well shown in premature infants. Inadequate consumption during pregnancy can be one of
the main causes of zinc deficiency in fraternal women. Premature birth, like iron, reduces zinc stores in the liver.
Zinc deficiency can be due to a lack of transfer of zinc from mother to fetus or due to its internal wastage in
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neonates ). Zinc transmission from mother to baby is through breastfeeding, which is mainly controlled by
vector proteins such as ZnT-1, ZnT-2 and ZnT-4. Impaired expression of any of these carriers leads to impaired
zinc secretion in breast milk and reduces its content. The zinc content of breast milk at the beginning of lactation
is 0.7 to 1.6 mg/L, which decreases over time. Net absorption of zinc in premature infants from breast milk
increased probably due to an increase in intestinal transport proteins. In addition, the concentration of zinc in
breast milk can be affected by the status of vitamin A, which regulates the status of zinc carriers in the mammary
gland. Moreover, zinc metabolism and vitamin A are interrelated, and severe deficiency of this vitamin can
reduce zinc absorption by altering its synthetic protein synthesis.

Measurement of serum zinc concentration is the best indicator for diagnosing zinc deficiency. Typical signs
of zinc deficiency in newborns include growth impairment and clinical manifestations are observed only for
severe zinc deficiency. Premature babies who do not receive supplements are in a negative zinc and iron balance
in the first one to two months of life, which is actually due to reduced gestational age and low birth weight. It has
been observed that maternal zinc supplementation from the second trimester of pregnancy to delivery by
strengthening the immune system reduces the risk of infectious diseases in the first six months of infancy B In
addition, the reduction in preterm delivery in low-income women receiving zinc supplementation supports this
view 7. In another way, the use of micronutrient supplements in poor areas should be a priority. Zinc and iron
in premature infants are supplied by injection or fortified milk. The recommended dose for the injection method
is 0.5-0.8 mg/Kg/day and oral route 4-5 mg/Kg/day.

Association of zinc and iron deficiency with the incidence of ROP

Although the improper growth of retinal vessels is the main pathophysiological mechanism in the
development of ROP, its complications are also involved in its development and growth. Excessive increase in
inflammatory cytokines, VEGF, hypoxia-inducing factor (HIF) and insulin-like growth factor-1 (IGF-1) along
with overproduction of nitric oxide and free radicals impairs retinal blood vessel function and causes retinal
ischemia °% **.. In addition, polymorphisms in some VEGF, IGF-1, Frizzled-4 (FZD4), and LDL 5 receptor-
associated proteins (LRP5) have been reported as important genetic predictors in disease treatment and
management 541

Oxidative damage and inflammation caused by ischemia and subsequent reperfusion due to compensatory
growth of blood vessels 5] can be important factors in impaired vision and blindness due to ROP. Excessive
release of superoxide anion and NO can damage retinal arteries and cause retinal ischemia. This condition causes
serious damage in premature infants and very low birth weight infants due to the lack of antioxidant protection.
Studies have shown that defects in the activity of the antioxidant system in order to clear free radicals play an
important role in this disease, part of which may be due to impaired homeostasis of some essential elements such
as iron and zinc during this period (5] Premature infants do not have sufficient antioxidant capacity to inhibit

oxidative damage, and improper use of iron as a supplement is one of the risk factors for oxidative damage 571,
In addition, oxidative damage is a common pathogenic mechanism in neonatal diseases B8l such as
[59]

bronchopulmonary dysplasia, subependymal, intraventricular hemorrhage, and necrotizing enterocolitis
Inhibition of these conditions can be important in improving these diseases.

Studies have suggested an association between zinc and iron deficiency as predisposing factors for oxidative
damage[58' %01 Zinc and iron act as co-factors for antioxidant enzymes. Zinc acts as an antioxidant in the
stabilization of membranes by inducing the synthesis of MTs. The MTs inhibit hydroxyl radicals and
sequestering ROS damages. Zinc also inhibits the enzyme nicotinamide adenine dinucleotide phosphate oxidase
(NADPH-Oxidase) (1] (figure 2). Moreover, zinc acts as a glutathione peroxidase cofactor. Zinc and iron are the
structural component of superoxide dismutase and catalase. Catalase has an active center with an iron and a zinc
ion. This enzyme promotes the neutralization of ROS 21 In addition, high concentrations of iron are believed to
cause oxidative stress. Therefore, proper concentration is essential. It has been reported that zinc upregulates the
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MRNA levels of glutamate-cysteine ligase %3] Therefore, proper levels of iron and zinc are essential for the
proper functioning of the antioxidant defense system.

The role of lactation and its physiological mechanisms on ROP

The importance of maternal health and proper nutrition before pregnancy, during pregnancy and lactation, is
one of the effective ways to control the incidence of these diseases in infants %1t is revealed that
breastfeeding, in addition to other benefits for the baby, reduces the incidence of ROP in premature neonates [65],
The most important physiological mechanisms by which breast milk inhibits the occurrence of ROP are its
antioxidant and immune protective properties [641 Inositol, vitamin C, vitamin E, beta-carotene, secretory
immunoglobulin A, lactoferrin, lysozyme, cytokines, oligosaccharides and essential fatty acids such as
docosahexaenoic acid (DHA) are the main immune-boosting and antioxidant compounds in breast milk [66. 67]
The DHA is an omega-3 fatty acid and a major component of the retina [68] Omega-3 long-chain
polyunsaturated fatty acids improve ROP %% In addition, premature infants who are breastfed have higher
serum IGF-1 levels °"). IGF-1 is very important for the physiological growth of retinal vascularization, and its
deficiency can lead to impaired vascular growth and ROP. It was found that premature infants who were
breastfed had a reduced risk of developing ROP 1701 " In addition, breast milk was found to reduce the risk of ROP
at discharge compared with RBC injection. These results suggest that promoting breast milk use and improving
RBC injections can help reduce the risk of ROP in premature infants. There is a consensus that breast milk has a
protective effect on ROP 731 Zhou et al., (2015) and Miller et al., (2018) demonstrated that breast milk
reduces the risk of severe ROP ™" ] Therefore, feeding with a mother’s milk can decrease the risk of ROP and
severe ROP in very preterm infants (figure 2) (27,35, 41,65, 71-73]
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Figure 2: The role of maternal and neonatal factors along with iron and zinc deficiency in the
development of retinopathy of premature

Limitations of the study

Preterm infants are at risk of depleting their zinc and iron stores. To prevent the consequences of deficiency
of these elements, it is common to supplement them in premature and low birth weight infants. However, iron
overload can lead to oxidative damage in premature infants and can cause or exacerbate conditions such as
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necrotizing enterocolitis and premature retinopathy. Serum ferritin measurements are used to estimate the body's
total iron stores and the risk of iron deficiency or overload. In addition, the optimal dose and time to start and
stop iron supplementation are unclear. Therefore, it is necessary to evaluate the serum concentrations of these
elements in order to control the damage caused by their deficiency or overload after birth and lactation.

Conclusion

Zinc and iron are key elements for growth and development. Maintaining adequate levels of zinc and iron is
very important to prevent the adverse consequences of impaired prenatal and postnatal development. Adequate
iron and zinc are essential for embryogenesis and the final phenotype of all organs. Therefore, the restriction of
maternal zinc and iron during pregnancy affects fetal growth. Knowing the status of these two elements during
this period and taking appropriate supplements not only improve the embryonic process, but also reduce the risk
of premature birth. Premature infants are at increased risk for associated diseases including ROP, due to low iron
and zinc stores resulting from reduced placental transfer time, increased endogenous losses, and low intake.
Early diagnosis of maternal zinc and iron deficiency by measuring serum concentrations is essential to avoid
severe prenatal and postnatal consequences. The most common clinical manifestations of iron and zinc
deficiency include developmental disorders of important organs such as the retina of the visual system and the
differentiation of the nervous system. Thus, moderate zinc and iron deficiency can exacerbate necrotizing
enterocolitis, chronic lung disease, and retinopathy. The occurrence of these manifestations despite care during
pregnancy and before birth suggests that the current recommended rate should be revised to meet the needs of
premature infants.
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