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Abstract: Background/Objectives: Iron is a fundamental micronutrient. Its deficit could 11 

have potential harmful influence on maternal and fetal well-being. Methods: This review 12 

synthesizes current evidence on the epidemiology, consequences, and clinical meaning of 13 

iron deficiency (ID) and iron deficiency anemia (IDA) in pregnant women. Results: Un- 14 

treated ID in pregnancy is associated with a wide spectrum of adverse outcomes:  mater- 15 

nal clinical symptoms, cardiovascular disturbances, preterm birth, low birth weight, im- 16 

paired fetal neurodevelopment. Furthermore, ID has been related to impaired implanta- 17 

tion, miscarriage, congenital heart defects, and neurological complications in fetuses. 18 

Women with gastrointestinal disorders and low socioeconomic status constitute high-risk 19 

group of developinfdeveloping IDA. ID remains underdiagnosed and suboptimally man- 20 

aged insomein some clinical practices. Conclusions: This review highlingtshighlights the 21 

critical importance of early detection, individualized supplementation, and public health 22 

interventions aimed at reducing the iron deficiency during pregnancy.  23 
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 25 

1. Introduction 26 

Although iron has long been known as an essential micronutrient, it is only in the 27 

context of pregnancy that it becomes apparent how its role emerges [1]. During preg- 28 

nancy, the need for iron gradually increases, which is related to both the needs of the 29 

mother's body and the developing fetus. The element plays an important role in hemato- 30 

poiesis, supports tissue function, and participates in the maturation of key fetal organs 31 

[1]. It is important to note that the impact of iron extends far beyond its role in oxygen 32 

transport, affecting enzymatic activity, immune function, and cognitive development, 33 

thus highlighting its status as a critical nutrient [2]. Iron deficiency can, therefore, be the 34 

initiating factor for various adverse health effects, from anemia and fatigue to cognitive 35 

impairment and increased susceptibility to infection.  36 

Pregnancy is, above all, a period of intense biological change, which at the same time 37 

represents a particularly sensitive time in a woman's life. Numerous physiological adap- 38 

tations on the part of the organism are necessary to ensure optimal conditions for the de- 39 

velopment of the fetus. With the increase in blood volume, the development of the pla- 40 

centa, and the storage of iron by the fetus, the demand for this element increases [3]. When 41 

analyzing the general data, it is important to consider that diet alone does not meet the 42 
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increased iron requirement during pregnancy, especially under conditions of limited 43 

availability of whole foods and insufficient adherence to dietary recommendations [2]. 44 

This increased demand, combined with inadequate iron intake, predisposes pregnant 45 

women in the long term to iron deficiency ( ID), which, if not compensated for, leads to 46 

full-blown iron deficiency anemia (IDA), which has become a global problem among 47 

pregnant women. This only highlights the critical need for effective screening and imple- 48 

mentation of further intervention strategies [4].  49 

Due to the multidimensional nature of iron deficiency and its broad consequences— 50 

from implantation and fetal development to maternal health and postpartum outcomes— 51 

a narrative review format was chosen. This approach offers more freedom to explore the 52 

connections between different aspects of the problem and helps bring together data from 53 

various fields in a way that is clinically meaningful and coherent. 54 

2. Epidemiology 55 

Iron deficiency is the most common nutrient deficiency worldwide. Current epide- 56 

miological data are alarming—it is estimated that more than 2 billion people worldwide 57 

may be struggling with iron deficiency [5]. Iron deficiency anemia remains a significant 58 

health problem in developed countries, affecting approximately 111 million people, or 9.1 59 

percent of the population. Most cases of anemia are due to iron deficiency, but not all 60 

anemias are caused by iron deficiency. 61 

Iron deficiency accounts for ≥72% of anemia during pregnancy and 20%-37% after 62 

delivery [6]. In up to 52% of pregnant women in developing countries, iron deficiency 63 

remains a common health problem [7]. This significant prevalence highlights the wide- 64 

spread nature of the problem and the urgent need for targeted interventions. Iron defi- 65 

ciency figures in India remain exceptionally high, with rates of 68.4 percent of children 66 

and 66.4 percent of women in 2019, respectively, highlighting the severity of the problem 67 

in specific regions. The latest official anemia assessment of the fifth National Family 68 

Health Survey (NFHS-5) 2019-2021 suggests that despite decades of policy interventions, 69 

anemia in India has only worsened [8]. The prevalence increased from 53.2 percent to 57.2 70 

percent in women of reproductive age and from 58.6 percent to 67.1 percent in children 71 

compared to the previous NFHS-4 conducted in 2015-2016; this only highlights the per- 72 

sistent and ever-present challenge of iron deficiency. In Poland, the prevalence of iron 73 

deficiency during pregnancy is estimated at 26.2%, despite the country's relatively high 74 

socio-economic status [9]. The lack of routine diagnostics - including determining ferritin 75 

levels - may contribute to underestimating the prevalence of iron deficiency in Poland, 76 

highlighting the need for improved screening practices. 77 

3. General considerations of ironPhysiological distribution of iron – a 78 

starting point for understanding deficiency 79 

This publication aims to comprehensively analyze iron deficiency's impact on mater- 80 

nal and child health based on data on body iron distribution versus various aspects of 81 

maternal and fetal well-being. By reviewing current clinical studies, this article aims to 82 

clarify the multifaceted consequences of iron deficiency during pregnancy and postnatal 83 

periods. The consequences of iron deficiency on fetal development, including its potential 84 

impact on neurodevelopmental outcomes and long-term health consequences, will be dis- 85 

cussed below. Understanding the complexities associated with iron deficiency during 86 

pregnancy is essential for health professionals, researchers, and policymakers alike, ena- 87 

bling the development of targeted interventions to mitigate the adverse effects of this com- 88 

mon condition. 89 
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Although iron deficiency is easy to diagnose and treat, it is often overlooked in preg- 90 

nancy, and its treatment is suboptimal due to insufficient knowledge of iron supplemen- 91 

tation among healthcare professionals [10]. Many clinicians overprescribe oral iron, which 92 

has limited benefits as doses increase and can cause gastrointestinal side effects [10].  93 

A prospective cohort study conducted in Ireland in 2024 (McCarthy et al., 2024) ob- 94 

served a significant increase in the prevalence of iron deficiency in first-born women 95 

with low-risk pregnancies, from 4.5 percent at week 15 to more than 50 percent at week 96 

33 of pregnancy (for ferritin <30 µg/L) and, using a more restrictive ferritin threshold of 97 

<15 µg/L, up to 83.8 percent in the third trimester (Figure 1) [11].  98 

 99 

Figure 1. Pathway of potential link between maternal iron deficiency and neurode- 100 

velopmental fetal outcome. 101 

In light of these results, it was estimated that ferritin levels below 60 µg/L in the first 102 

trimester of pregnancy are a valuable indicator of iron deficiency in the third trimester of 103 

pregnancy. Early identification of women at risk of iron deficiency may reduce the risk of 104 

adverse maternal and neonatal outcomes [12]. The above study findings are supported by 105 

the fact that a maternal ferritin level below 13.4 μg/L, a critical threshold, indicates a sig- 106 

nificant risk of symptomatic and potentially harmful fetal deficiency [3]. Among pregnant 107 
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women, groups with a higher risk of iron deficiency anemia can be distinguished. These 108 

include women with multiple pregnancies due to higher iron requirements for more than 109 

one fetus and women with insufficient iron intake, especially those who lack haem iron 110 

from meat and fish and non-haem iron from plants. In addition, women with short inter- 111 

vals between pregnancies may not have enough time to rebuild their iron stores before a 112 

renewed period of increased demand [13]. 113 

Severe vomiting during the first trimester of pregnancy can cause loss of nutrients, 114 

including iron. Also, conditions that increase the risk of iron deficiency include chronic 115 

inflammatory or malabsorptive diseases such as coeliac disease, Crohn's disease, or a 116 

growing group of women who have undergone bariatric surgery. Finally, it is also im- 117 

portant not to forget women of low socioeconomic status, who may be at increased risk 118 

of ID due to limited access to iron-rich foods and prenatal care [10]. Identifying the above 119 

risk factors is crucial for targeted interventions and improved maternal and child health 120 

outcomes [14]. 121 

The mother's iron requirement has been calculated to increase from 18 to 27 milli- 122 

grams per day during pregnancy, with the most significant increase occurring in the third 123 

trimester. In addition, the fetus accumulates 250 milligrams of iron throughout preg- 124 

nancy, with 80% of this iron being absorbed in the last trimester. Seemingly, only the iron 125 

requirement decreases during the first trimester of pregnancy as menstruation ceases, 126 

with a median saving of 0.56 mg Fe/d [15].  127 

It is also worth remembering that the increased need for iron also persists during 128 

breastfeeding, as breast milk has a relatively low content of this element in its composition 129 

[16]. Furthermore, the iron reserves accumulated during fetal development are crucial for 130 

the health and well-being of the infant for the first six months of life; this emphasizes the 131 

need to ensure sufficient stores of this element stockpiled during pregnancy [10]. After 132 

about six months of life, infants' iron stores become progressively depleted, which, com- 133 

bined with rapid growth, increases the risk of iron deficiency [17].  134 

In iron-deficient pregnant women, the risk of infant anemia at 8-9 months of age in- 135 

creases threefold [18] , and maternal iron deficiency during pregnancy may predispose 136 

the offspring to develop iron deficiency in infancy, with potentially lifelong sequelae of 137 

the deficiency [19]. 138 

Optimal fetal development depends on an adequate iron supply, with the fetal brain 139 

requiring about 8 mg/kg and red blood cell production requiring a much higher amount 140 

of 55 mg/kg. Iron stores in the fetus, mainly in the liver (~12 mg/kg), serve as a key reserve 141 

during breastfeeding when the iron content of breast milk is low [20]. When these liver 142 

stores are depleted, the brain and other tissues suffer, potentially leading to neurological 143 

symptoms, which can manifest when maternal ferritin levels fall below 13.4 µg/L. Mater- 144 

nal anemia significantly increases the risk of low birth weight and fetal iron deficiency, 145 

affecting neurodevelopmental outcomes [10,21]. Factors such as hypertension, maternal 146 

diabetes, and smoking can interfere with iron transport, further worsening fetal iron sta- 147 

tus [18]. Given the key role of iron in neurodevelopment, maternal anemia during preg- 148 

nancy is associated with an increased risk of neurodevelopmental disorders such as au- 149 

tism spectrum disorders, attention-deficit/hyperactivity disorder, and intellectual disabil- 150 

ity in the offspring [10, 22]. Therefore, maintaining optimal maternal iron levels is of par- 151 

amount importance to protect the health and well-being of both the mother and the de- 152 

veloping fetus. Iron is essential for many developmental processes, including myelination 153 

and arborisation of dendrites [22]. 154 

Iron is essential for many developmental processes, including myelination and ar- 155 

borisation of dendrites [22]. 156 

4. Normal pregnancy development and iron deficiency 157 
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Iron Deficiency and Reproductive Outcomes: Implantation, Infertility, Miscarriage, 158 

and Ectopic Pregnancy 159 

During the luteal phase of the cycle, the endometrium undergoes intense remodeling 160 

to facilitate embryo implantation [23, 24]. Iron, a key cofactor for enzymes involved in 161 

DNA synthesis, supports the rapid cell division and endometrial maturation necessary 162 

for this process. Iron is essential for many developmental processes, including mye- 163 

lination and arborisation of dendrites. Iron deficiency may impair uterine epithelial cell 164 

proliferation, potentially leading to a thin endometrium and impeding implantation. In 165 

particular, iron deficiency can alter endometrial receptivity [25], the ability of the endo- 166 

metrium to allow the embryo to attach, invade and grow [26]. Therefore, maintaining ad- 167 

equate iron levels is crucial for optimal endometrial function and successful implantation. 168 

Studies indicate a potential link between iron status and unexplained infertility [26]. 169 

In particular, women with unexplained infertility were found to have lower transferrin 170 

saturation and mean corpuscular hemoglobin concentrations, as well as a higher preva- 171 

lence of ferritin levels below 30 µg / l compared to fertile controls. Therefore, screening 172 

for iron deficiency may be valuable in assessing and supporting women experiencing un- 173 

explained infertility [27].   174 

Building on the established links between iron, implantation, and miscarriage risk, it 175 

is crucial to highlight the implications for pregnancy outcomes. As mentioned previously, 176 

low serum ferritin levels (<30 ug / l) are associated with an increased risk of miscarriage 177 

in patients with infertility, and correction of iron stores may improve live birth rates [28]. 178 

Maternal anemia can lead to low birth weight and iron deficiency in the fetus, affecting 179 

neurodevelopmental outcomes; maintaining optimal maternal iron levels is paramount. 180 

This involves early identification of at-risk women and targeted interventions to ensure 181 

sufficient iron stores throughout pregnancy [10].    182 

One group particularly vulnerable to iron deficiency is patients qualified for IVF in- 183 

fertility treatment. In one study, these women reported that prior to iron administration 184 

in the form of carboxymaltose, 45.5% of them had experienced at least one pregnancy loss. 185 

After treatment, this percentage decreased to 20.0%, representing a relative risk reduction 186 

of 56.04%. A ferritin level below 30 ug/l doubles the risk of miscarriage in infertile patients 187 

while increasing ferritin levels significantly reduces this risk and improves the live birth 188 

rate (increase from 36.3% to 58.2%, p < 0.001) [28]. 189 

 Increasing evidence suggests that iron deficiency may be one of the elements that 190 

increase the risk of ectopic pregnancy. One proposed mechanism is impaired embryo 191 

transport in the fallopian tube, resulting from hypoxia of the smooth muscle (myome- 192 

trium), which may lead to abnormal development of the endometrium, hindering proper 193 

implantation and leading to chronic inflammation that damages the fallopian [29]. It is 194 

estimated that iron deficiency may play a role in the pathogenesis of up to 10 percent of 195 

ectopic pregnancies, but this relationship remains the subject of further research. Alt- 196 

hough ectopic pregnancy accounts for only a tiny percentage of all pregnancies, it is asso- 197 

ciated with a high mortality rate if diagnosis and treatment are delayed [30,31]. At the 198 

global level, the burden of maternal disorders due to iron deficiency shows a declining 199 

trend in most regions, except in areas where high mortality associated with HIV/AIDS 200 

infection persists [29].  201 

                          Iron Deficiency and the Risk of Congenital Heart Defects (CHD) 202 

Iron deficiency in pregnancy is not only a factor that makes it difficult to maintain - 203 

its possible influence on the development of structural heart defects ( CHD ) in the fetus 204 

is increasingly highlighted. Experimental studies have shown that abnormal iron metab- 205 

olism during embryogenesis can disrupt cardiogenesis, leading to permanent anatomical 206 

defects. Among other things, the role of oxidative stress, dysregulation of signaling path- 207 

ways, and abnormalities in the expression of genes responsible for cardiac development 208 
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are indicated [32]. However, the most likely mechanism is the retinoic acid signaling path- 209 

way disruption during the early differentiation of cardiac progenitor cells [32]. In an ani- 210 

mal model study, it was shown that in mice fed an iron-deficient diet, in which iron defi- 211 

ciency was confirmed, up to 15% of pregnancies ended in intrauterine death. Among live 212 

fetuses, up to 66% of cases had a confirmed heart defect. In comparison, in the control 213 

group - receiving an iron-rich diet - the percentage of heart defects was only 3%, and no 214 

prenatal deaths were observed [32]. Given that congenital heart defects are the most com- 215 

mon disability in humans, with a rate of 0.9-1.0 % of births, this relationship suggests that 216 

iron deficiency may act as an important risk factor for cardiogenesis disorders [23]. Pre- 217 

venting maternal iron deficiency by administering iron early in pregnancy may signifi- 218 

cantly reduce this risk. A similar study in humans also reported a significant association 219 

between maternal iron status and congenital heart defects [33].  In a case-control study 220 

including mothers of children with congenital heart defects, 70.7 percent of women were 221 

found to be iron deficient, compared to 42.4 percent of mothers of children without defects 222 

[33]. Mothers whose fetuses had little CHD were also less likely to consume higher 223 

amounts of total and haem iron and less likely to take iron supplements during pregnancy 224 

[33].  225 

Neurodevelopmental and Perinatal Effects of Maternal Iron Deficiency 226 

Iron is transported to the fetus via the transferrin receptor in the placenta. However, 227 

in iron-deficient conditions, the maternal body prioritizes iron for its own needs, limiting 228 

its availability to the fetus. This reduced iron transport may interfere with energy metab- 229 

olism in the fetal brain, as iron is a key cofactor for mitochondrial enzymes responsible 230 

for ATP (adenosine triphosphate) production [34]. Consequently, reduced energy produc- 231 

tion impairs neuronal function. Furthermore, maternal anemia significantly increases the 232 

risk of iron deficiency in the fetus, which may impede myelination and dendritic network 233 

development in the developing brain [35]. Severe iron deficiency during pregnancy has 234 

also been shown to increase fetal morbidity [10]. Therefore, ensuring sufficient iron levels 235 

during pregnancy promotes optimal neurodevelopment and prevents long-term cogni- 236 

tive deficits [35]. Scientific reports highlight that prenatal iron deficiency affects the ex- 237 

pression of genes related to neuronal differentiation, synaptic plasticity, and neuroprotec- 238 

tion. This may affect the mTOR (mechanistic Target of Rapamycin) pathway and BDNF 239 

(brain-derived neurotrophic factor) expression, potentially causing long-term brain dys- 240 

function that persists even after iron deficiency is corrected after birth [36]. Consequently, 241 

preschool and school-age children may show deficits in attention, working memory, and 242 

language skills, significantly affecting their academic performance.  243 

Given the potential link between maternal iron intake and the child's risk of devel- 244 

oping autism spectrum disorders (ASD), a thorough history of iron supplementation use 245 

before, during, and during pregnancy and lactation is particularly important [37]. In a 246 

study conducted as part of the CHARGE project, 520 mothers of children on the autism 247 

spectrum and 346 mothers of typically developing children participated. They analyzed 248 

iron intake from supplements, multivitamins, and breakfast cereals (rich in iron) at differ- 249 

ent times: 3 months before pregnancy, during pregnancy, and lactation. Based on existing 250 

studies, it is clear that maternal iron deficiency during pregnancy can significantly in- 251 

crease the risk of autism spectrum disorders in children [37]. The CHARGE study showed 252 

that pregnant women with lower iron intake were more likely to have children diagnosed 253 

with autism spectrum disorder (ASD) [37]. Specifically, mothers who took fewer iron-spe- 254 

cific supplements during a key period - which lasted from three months before pregnancy 255 

to the end of breastfeeding - were more likely to have a child with ASD [37]. Additionally, 256 

when low iron intake was compared and contrasted with advanced maternal age (35 years 257 

or older) or metabolic disorders such as obesity, diabetes, and hypertension, the risk of 258 

having a child with ASD increased more than fivefold [37]. This suggests that iron plays 259 
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a key role in early neurodevelopmental processes and that iron deficiency may interfere 260 

with these processes, leading to increased susceptibility to ASD, nevertheless more stud- 261 

ies are needed. It is worth noting that iron deficiency affects a significant proportion of 262 

pregnancies, between 40% and 50% [38]. Given these findings, ensuring adequate iron 263 

intake through supplementation and dietary modifications is crucial for pregnant women 264 

to reduce the risk of ASD in their offspring [37]. Further research is needed to fully eluci- 265 

date the mechanisms of this relationship and develop targeted prevention strategies [37]. 266 

Building on previous findings, maternal anemia during pregnancy is further complicated 267 

by several additional risk factors [22]. Late anemia is more common in mothers with obe- 268 

sity, positive psychiatric history, and older age (over 40 years [22]. Early anemia, diag- 269 

nosed before the 30th week of pregnancy, is more common in mothers with lower educa- 270 

tion, lower income, and underweight [22]. Babies of mothers with early anemia are more 271 

likely to be born prematurely and small for gestational age, while late anemia is associated 272 

with higher birth weight [22]. A study of 532,232 children born to 299,768 mothers in Swe- 273 

den between 1987 and 2010 found that early anemia was associated with an increased risk 274 

of neurodevelopmental disorders in children [22]. Specifically, early anemia was associ- 275 

ated with a 44% increased risk of autism spectrum disorders, a 37% increased risk of 276 

ADHD, and a 120% increased risk of intellectual disability [22]. Continuing this line of 277 

research, another project conducted at a university hospital in Finland analyzed a group 278 

of 215 pregnant women with anemia (Hb <10.0 g/dl). They showed significantly more fre- 279 

quent adverse perinatal outcomes compared to a control group of 11,545 pregnant women 280 

without anemia who gave birth in the exact center and during the same period [39]. The 281 

iron-deficient group had a higher risk of preterm birth (10.2 percent versus 6.1 percent in 282 

the control group, p=0.009) and a higher frequency of fetal growth restriction (1.9 percent 283 

versus 0.3 percent in the control group, p=0.006) [39]. In addition, there was a higher inci- 284 

dence of postpartum infections (9.3% vs. 3.5%, p<0.001) and a more extended average hos- 285 

pital stay of one day for mothers with anemia (p<0.001) [39]. These findings highlight the 286 

broader consequences of maternal iron deficiency anemia beyond neurodevelopmental 287 

risk, including significant perinatal complications, increased healthcare burden, and po- 288 

tential long-term health challenges for both mother and child [10,39]. Given that iron de- 289 

ficiency affects a significant proportion of pregnancies [10], these data highlight the critical 290 

importance of proactive screening and managing iron status throughout pregnancy to 291 

mitigate this risk and improve maternal and neonatal outcomes. 292 

One study reported a clearly higher rate of perinatal complications compared to a 293 

control group of 11,545 pregnant women without anemia who delivered in the same cen- 294 

ter and during the same period [39]. The iron-deficient group had a higher risk of preterm 295 

birth (10.2% vs. 6.1% in the control group; p = 0.009) and a higher incidence of fetal growth 296 

restriction (1.9% vs. 0.3% in the control group; p = 0.006) [39]. Additionally, there was a 297 

significantly higher rate of postpartum infections (9.3% vs. 3.5%; OR 2.86; 95% CI: 1.79– 298 

4.59; p < 0.001) and a longer average postpartum hospital stay by one day in women with 299 

anemia (p < 0.001) [39]. 300 

Women with anemia also required postpartum blood transfusions significantly more 301 

often than those without anemia (5.6% vs. 2.6%; OR 2.48; 95% CI: 1.37–4.49; p = 0.002) [39]. 302 

Although the incidence of massive postpartum hemorrhage (defined as blood loss >1000 303 

mL) did not differ significantly between groups, anemic women were more susceptible to 304 

uterine atony—a leading cause of postpartum hemorrhage—and delayed uterine involu- 305 

tion, which may lead to prolonged bleeding and increased infection risk. These disturb- 306 

ances, together with chronic tissue hypoxia and impaired immune response, may contrib- 307 

ute to a higher rate of severe maternal morbidity, including sepsis, thromboembolic 308 

events, and the need for intensive care unit admission [39]. 309 
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These findings highlight the broader consequences of iron deficiency anemia in preg- 310 

nancy—extending beyond neurodevelopmental risk—including serious perinatal compli- 311 

cations, increased burden on healthcare systems, and potential long-term health risks for 312 

both mother and child [10,39]. 313 

Given that iron deficiency affects a significant proportion of pregnancies [10], these 314 

data highlight the critical importance of proactive screening and managing iron status 315 

throughout pregnancy to mitigate this risk and improve maternal and neonatal outcomes. 316 

(Figure 1) 317 

 318 

 319 

Figure 1. Pathway of potential link between maternal iron deficiency and neurode- 320 

velopmental fetal outcome. 321 

                          Restless Legs Syndrome and Iron-Related Neurological Changes in Pregnancy 322 

Iron deficiency contributes significantly to restless legs syndrome (RLS) during preg- 323 

nancy, affecting between 20% and 30% of pregnant women [40]. RLS symptoms usually 324 

appear in the second trimester of pregnancy and worsen in the third, often resolving 325 

within a few weeks after delivery ( in 70-90% of women) [41]. RLS increases the risk of 326 

depression, insomnia, and stress, and in severe cases can be associated with preterm birth 327 
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[42]. Women who experience RLS during one pregnancy have a 30% chance of recurrence 328 

in subsequent pregnancies [41]. Given that iron deficiency is a known risk factor for RLS 329 

[41], adjusting iron levels through diet or supplementation may help alleviate symptoms 330 

[43]. One likely mechanism for the onset of RLS isiron deficiency in the central nervous 331 

system. The increased need for iron during pregnancy may limit its availability to the 332 

brain, which promotes increased oxidative stress and disrupts nerve conduction, thereby 333 

increasing the risk of restless legs syndrome (RLS) [18]. 334 

                         Cardiac Function and ECG Changes in Pregnant Women with Iron Deficiency 335 

Iron deficiency during pregnancy has far-reaching consequences for the mother-to- 336 

be beyond the commonly recognized symptoms of fatigue and irritability [10]. Emerging 337 

research has highlighted the impact of iron deficiency on heart function in pregnant 338 

women, and studies comparing electrocardiographic parameters between iron-deficient 339 

and healthy pregnant women have shown significant differences. One such study, con- 340 

ducted in India, assessed the effect of iron deficiency anemia on myocardial function using 341 

ECG during the second trimester of pregnancy [44]. The study reported a significant short- 342 

ening of the QRS complex duration, a prolongation of the QTc interval in the iron defi- 343 

ciency group, and more frequent T-wave abnormalities [44]. Notably, 90% of individuals 344 

in the study group showed tachycardia and ECG abnormalities, with a negative correla- 345 

tion observed between hemoglobin, serum ferritin, and these cardiac abnormalities (Table 346 

1) [44]. These findings suggest that iron deficiency anemia in pregnancy may induce ECG 347 

changes, potentially leading to cardiac hypertrophy due to anemia and volume overload 348 

[44]. 349 

Table 1. Key Health Consequences of Iron Deficiency During Pregnancy and Postpartum. 350 

Health Domain Impact of Iron Deficiency Source 

Mother Anemia and fatigue Benson et al., 2022 [10] 

Mother Cardiac rhythm disturbances (QTc, tachycardia) Sifakis & Pharmakides, 2000 [44] 

Mother Restless legs syndrome (RLS) Srivanitchapoom et al., 2014 [41] 

Mother Prenatal and postpartum depression Goshtasebi et al., 2013 [49] 

Mother Impaired immunity, increased risk of infections Sobhani et al., 2011 [45] 

Mother 
Lactation difficulties – reduced milk volume and iron 

content 
Benson et al., 2022 [10] 

Mother 
Increased risk of perinatal complications (hemorrhage, 

infections, prolonged hospitalization) 
Kemppinen et al., 2020 [39] 

Mother 
Higher risk of cardiovascular complications (cardiac 

hypertrophy) 
Sifakis & Pharmakides, 2000 [44] 

Fetus / Newborn Low birth weight Alwan et al., 2015 [21] 

Fetus / Newborn Fetal growth restriction (FGR) Kemppinen et al., 2020 [39] 

Fetus / Newborn Increased risk of congenital heart defects Kalisch-Smith et al., 2021 [32] 

Fetus / Newborn 
Neurodevelopmental disorders (e.g., autism, ADHD, 

intellectual disability) 
Wiegersma et al., 2019 [22] 

Fetus / Newborn Disrupted myelination and dendritic development Georgieff, 2023 [20] 

Fetus / Newborn Higher risk of miscarriage and implantation failure Silfvast & Simberg, 2022 [28] 

Fetus / Newborn Increased risk of ectopic pregnancy Wu et al., 2024 [29] 

Fetus / Newborn Impaired energy metabolism in the fetal brain Zaugg et al., 2022 [34] 

Infant Risk of anemia by 9 months of age Georgieff, 2020 [18] 

Infant Attention, working memory and language deficits Ö zyurt & Bulutlar, 2024 [36] 

Infant Shortened breastfeeding duration Benson et al., 2022 [10] 

Furthermore, maternal iron deficiency can result in breathing difficulties, syncope, 351 

palpitations, or sleep disturbances [7]. It is also associated with an increased risk of 352 
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perinatal infection, pre-eclampsia, and bleeding, as well as postpartum cognitive impair- 353 

ment and behavioral difficulties [7].  354 

                          Immune Suppression and Maternal Outcomes in Iron Deficiency Anemia 355 

Iron deficiency anemia in pregnant women can also impair immune function and increase 356 

susceptibility to infectious diseases [45]. Studies have shown pregnant women with IDA 357 

have significantly lower T-lymphocyte subsets (CD3 + and CD4 + cells), serum interleu- 358 

kin-2 and IgG (immunoglobulin G) levels than healthy women without IDA [45]. The in- 359 

cidence of infectious diseases is significantly higher in pregnant women with iron defi- 360 

ciency anemia (IDA) compared to pregnant women without IDA [45]. This highlights the 361 

significant impact of IDA on cellular immune function and the risk of infectious diseases 362 

during pregnancy [46]. The CD4/CD8 ratio indicates a balance between helper T cell re- 363 

sponsesand cytotoxic T cells. A value above 1 indicates CD4+ T-cell dominance, while a 364 

below 1 may suggest immunodeficiency [47]. The CD4⁺/CD8⁺ lymphocyte ratio in healthy 365 

individuals is usually between 1.5 and 2.5, reflecting a normal balance between helper and 366 

cytotoxic lymphocytes. In pregnant women with iron deficiency anemia (IDA), this value 367 

was reduced to about 1.2, which may indicate a disturbed immune response and reduced 368 

cellular immunity [47]. 369 

Pregnant women with IDA had significantly more infections than healthy women, 370 

confirming the effect of anemia on immunosuppression (p < 0.05). The infection rate is 371 

highest in pregnant women with iron deficiency anemia, reaching about 40%. The infec- 372 

tion rate in healthy pregnant women is around 15%, indicating a significantly lower risk 373 

of infection compared to women with IDA. The lowest infection rate is observed in 374 

women who are not pregnant, around 10%. Therefore, pregnancy with iron deficiency 375 

anemia is associated with a significantly increased risk of infection compared to both 376 

healthy pregnant women and nonpregnant women. These findings highlight the im- 377 

portance of monitoring and treating IDA in pregnant women to reduce the risk of infec- 378 

tion. Based on an extensive study in California involving 3.86 million births, anemia dur- 379 

ing pregnancy is a significant risk factor for severe maternal morbidity [10]. The study 380 

found that 12.6 percent of women had anemia, and the prevalence of anemia increased 2- 381 

3-fold between 2011 and 2020 across all ethnic groups. Anaemia was associated with a 3.5- 382 

fold increased risk of severe pre-eclampsia, a 3.2-fold increased risk of postpartum hem- 383 

orrhage requiring transfusion, a 2.8-fold increased risk of acute kidney injury, a 2.5-fold 384 

increased risk of preterm birth and a 2.3-fold increased risk of low birth weight [10,48]. 385 

Overall, 1 in 5 cases of major maternal complications can be attributed to anemia [10]. 386 

These findings highlight the critical importance of monitoring and treating anemia during 387 

pregnancy to reduce the risk of severe maternal morbidity and improve maternal and 388 

neonatal outcomes. In addition, there are racial and ethnic differences in iron deficiency 389 

and iron deficiency anemia [10]. 390 

                          Perinatal Mental Health and Iron Status 391 

Another important aspect of iron deficiency during pregnancy is its association with 392 

maternal depression [49]. A systematic review and meta-analysis of 15 studies involving 393 

32,792,378 women found a statistically significant association between anemia and mater- 394 

nal depression. The review found that perinatal depression affects approximately 16% of 395 

women during pregnancy and 12% of women after delivery, with even higher rates in 396 

low-income countries (25.3% during pregnancy and 19% after delivery) [50]. Women with 397 

anemia had a 36% increased risk of depression during pregnancy and a 53% increased 398 
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risk of postpartum depression [49]. Proposed mechanisms linking anemia to depression 399 

include the important role of iron in brain function, particularly in the synthesis of sero- 400 

tonin and dopamine [49]. Iron deficiency can lead to reduced neurotransmitter synthesis, 401 

hormonal imbalances, and reduced brain oxygenation, all of which can negatively impact 402 

mood and cognitive function [49-50].   403 

                          Impact of Iron Deficiency on Breastfeeding 404 

Iron deficiency can significantly affect breastfeeding, affecting milk production and 405 

quality [51-52].  Studies have shown that anemic mothers produce 20-25% less milk than 406 

mothers without anemia. Furthermore, the iron concentration in the milk of anemic moth- 407 

ers is reduced by 50% [10]. Consequently, the average breastfeeding time is shorter in 408 

anemic mothers, approximately 4 months, compared to 6 months in non-anemic mothers 409 

[10]. These findings highlight the importance of screening and treating anemia in the post- 410 

natal period to support maternal health and optimal infant nutrition [10] Reducing iron 411 

levels through diet or supplementation can help alleviate these issues and ensure ade- 412 

quate infant milk supply and iron content [51]. 413 

In Poland, while the initial percentage of women initiating breastfeeding after deliv- 414 

ery is high, it decreases significantly over time [53]. A 2015 report showed that 91.5 percent 415 

of pregnant women expressed an intention to breastfeed, and 81.6 percent of mothers ex- 416 

clusively breastfed after discharge from the hospital. However, by the child's sixth month, 417 

this rate had dropped to 35.2% [53]. The most significant decline in breastfeeding rates in 418 

Poland occurs around the infant's 2nd to third month of life [53]. Therefore, early detection 419 

and treatment of anemia can significantly reduce the risk of maternal depression, and 420 

treatment of iron deficiency should become standard in both prenatal and postnatal care 421 

[49]. 422 

In summary, iron deficiency during pregnancy is an often underestimated but critical 423 

deficiency with far-reaching consequences for both the mother and the developing baby 424 

[10,18] . Its impact includes increasing the risk of severe maternal illnesses such as pre- 425 

eclampsia and postpartum hemorrhage, as well as contributing to maternal depression, 426 

impaired immune function, and cardiac abnormalities [10]. In particular, iron deficiency 427 

anemia can induce ECG changes, potentially leading to cardiac hypertrophy due to ane- 428 

mia and volume overload. In addition, iron deficiency can significantly affect fetal devel- 429 

opment, leading to low birth weight, neurological disorders, and long-term health prob- 430 

lems [10,38]. The effects of breastfeeding, including reduced milk production and lower 431 

iron content in breast milk, further emphasize the importance of managing iron deficiency 432 

in the postnatal period [10]. Given the high prevalence of iron deficiency among pregnant 433 

women - affecting more than 40% of pregnancies in the first trimester of pregnancy in the 434 

US [3,10] and its wide range of adverse effects, routine screening, and appropriate iron 435 

supplementation, tailored to individual iron status, is essential to ensure the well-being of 436 

both mother and child. Addressing this deficiency should be a priority in prenatal and 437 

postnatal care to mitigate its profound and lasting effects [10]. Public health strategies 438 

should educate the population about the need for a healthy diet and iron supplementation 439 

before conception or at least early in pregnancy [7]. 440 

Supplementary Materials: none. 441 

Author Contributions: Conceptualization, K.Z-K..; methodology, K.Z-K.; software, K.Z-K, M.K..; 442 

validation, M.K...; formal analysis, M.K..; investigation, K.Z-K.; resources, M.K., K.Z-K.; data cura- 443 

tion, K.Z-K.; writing—original draft preparation, K.Z-K.; language polishing O.S. writing—review 444 

and editing K.Z-K, O.S..; visualization, K.Z-K.; supervision, Z.Z-K, M.K..; project administration, 445 

Formatted: Line spacing:  Multiple 1.15 li



J. Clin. Med. 2025, 14, x FOR PEER REVIEW 12 of 14 
 

 

K.Z-K, O.S..; funding acquisition, K.Z-K, submission O.S, final version M.K. All authors have read 446 

and agreed to the published version of the manuscript. 447 

Funding: The APC was funded by University of Social Sciences in Lodz. 448 

Institutional Review Board Statement: Ethical review and approval were waived for this study due 449 

to the retrospective and noninvasive nature of the research. 450 

Informed Consent Statement: not applicable. 451 

Data Availability Statement: Data available after reasonable request. 452 

Conflicts of Interest: The authors declare no conflicts of interest. 453 

References 454 

1. Brannon, P. M., & Taylor, C. L. (2017). Iron Supplementation during Pregnancy and Infancy: Uncertainties and Implications for 455 

Research and Policy [Review of Iron Supplementation during Pregnancy and Infancy: Uncertainties and Implications for 456 

Research and Policy]. Nutrients, 9(12), 1327. Multidisciplinary Digital Publishing Institute. https://doi.org/10.3390/nu9121327 457 

2. Zhang, Q., Lu, X., Zhang, M., Yang, C., Lv, S., Li, S., Zhong, C., & Geng, S. (2021). Adverse effects of iron deficiency anemia on 458 

pregnancy outcome and offspring development and intervention of three iron supplements. Scientific Reports, 11(1). 459 

https://doi.org/10.1038/s41598-020-79971-y 460 

3. Díaz-Torres, S., Díaz-López, A., & Arija, V. (2024). Effect of Prenatal Iron Supplementation Adapted to Hemoglobin Levels in 461 

Early Pregnancy on Fetal and Neonatal Growth—ECLIPSES Study. Nutrients, 16(3), 437. https://doi.org/10.3390/nu16030437 462 

4. Garzon, S., Cacciato, P. M., Certelli, C., Salvaggio, C., Magliarditi, M., & Rizzo, G. (2020). Iron Deficiency Anemia in Pregnancy: 463 

Novel Approaches for an Old Problem [Review of Iron Deficiency Anemia in Pregnancy: Novel Approaches for an Old 464 

Problem]. Oman Medical Journal, 35(5). Oman Medical Specialty Board. https://doi.org/10.5001/omj.2020.108 465 

5. Breymann, C. (2015). Iron Deficiency Anemia in Pregnancy [Review of Iron Deficiency Anemia in Pregnancy]. Seminars in 466 

Hematology, 52(4), 339. Elsevier BV. https://doi.org/10.1053/j.seminhematol.2015.07.003 467 

6. Davidson, E. M., Scoullar, M. J. L., Peach, E., Morgan, C., Melepia, P., Opi, D. H., Supsup, H., Hezeri, P., Philip, W. P., Kabiu, 468 

D., Tokmun, K., Suruka, R., Fidelis, R., Elijah, A., Siba, P. M., Pomat, W., Kombut, B., Robinson, L. J., Crabb, B. S., … Fowkes, F. 469 

J. I. (2023). Quantifying differences in iron deficiency-attributable anemia during pregnancy and postpartum. Cell Reports 470 

Medicine, 4(7), 101097. https://doi.org/10.1016/j.xcrm.2023.101097 471 

7. Abu-Ouf, N. M., & Jan, M. M. (2015). The impact of maternal iron deficiency and iron deficiency anemia on child’s health. Saudi 472 

Medical Journal, 36(2), 146. https://doi.org/10.15537/smj.2015.2.10289 473 

8. Ministry of Health and Family Welfare. (2021). National Family Health Survey (NFHS-5), 2019–21: India, Phase-II. Government 474 

of India. (2021). https://mohfw.gov.in/sites/default/files/NFHS-5_Phase-II_0.pdf 475 

9. (1 C.E.). https://www.ceicdata.com/en/poland/health-statistics/pl-prevalence-of-anemia-among-pregnant-women- 476 

10. Benson, A. E., Shatzel, J. J., Ryan, K. S., Hedges, M. A., Martens, K. L., Aslan, J. E., & Lo, J. O. (2022). The incidence, complications, 477 

and treatment of iron deficiency in pregnancy [Review of The incidence, complications, and treatment of iron deficiency in 478 

pregnancy]. European Journal Of Haematology, 109(6), 633. Wiley. https://doi.org/10.1111/ejh.13870 479 

11. McCarthy, E. K., Schneck, D., Basu, S., Xenopoulos-Oddsson, A., McCarthy, F. P., Kiely, M., & Georgieff, M. (2024). Longitudinal 480 

evaluation of iron status during pregnancy: a prospective cohort study in a high-resource setting. American Journal of Clinical 481 

Nutrition, 120(5), 1259. https://doi.org/10.1016/j.ajcnut.2024.08.010 482 

12. Stewart, T., Lambourne, J., Thorp-Jones, D., & Thomas, W. (2020). Implementation of early management of iron deficiency in 483 

pregnancy during the SARS-CoV-2 pandemic. European Journal of Obstetrics & Gynecology and Reproductive Biology, 258, 484 

60. https://doi.org/10.1016/j.ejogrb.2020.12.055 485 

13. Iglesias-Vázquez, L., Gimeno, M., Coronel, P., Caspersen, I. H., Basora, J., & Arija, V. (2023). Maternal factors associated with 486 

iron deficiency without anaemia in early pregnancy: ECLIPSES study. Annals of Hematology, 102(4), 741. 487 

https://doi.org/10.1007/s00277-023-05123-7 488 

14. Benson, A. E., Lo, J. O., & Caughey, A. B. (2024). Iron Deficiency and Iron Deficiency Anemia During Pregnancy. 489 

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2822546 490 

15. Bothwell, T. H. (2000). Iron requirements in pregnancy and strategies to meet them [Review of Iron requirements in pregnancy 491 

and strategies to meet them]. American Journal of Clinical Nutrition, 72(1). Elsevier BV. https://doi.org/10.1093/ajcn/72.1.257s 492 

https://doi.org/10.1016/j.xcrm.2023.101097


J. Clin. Med. 2025, 14, x FOR PEER REVIEW 13 of 14 
 

 

16. Friel, J. K., Qasem, W., & Cai, C. (2018). Iron and the Breastfed Infant [Review of Iron and the Breastfed Infant]. Antioxidants, 493 

7(4), 54. Multidisciplinary Digital Publishing Institute. https://doi.org/10.3390/antiox7040054 494 

17. Qasem, W., & Friel, J. K. (2015). An Overview of Iron in Term Breast-Fed Infants [Review of An Overview of Iron in Term 495 

Breast-Fed Infants]. Clinical Medicine Insights Pediatrics, 9. SAGE Publishing. https://doi.org/10.4137/cmped.s26572 496 

18. Georgieff, M. (2020). Iron deficiency in pregnancy. American Journal of Obstetrics and Gynecology, 223(4), 516. 497 

https://doi.org/10.1016/j.ajog.2020.03.006 498 

19. Burke, R. M., León, J. S., & Suchdev, P. S. (2014). Identification, Prevention and Treatment of Iron Deficiency during the First 499 

1000 Days [Review of Identification, Prevention and Treatment of Iron Deficiency during the First 1000 Days]. Nutrients, 6(10), 500 

4093. Multidisciplinary Digital Publishing Institute. https://doi.org/10.3390/nu6104093 501 

20. Georgieff, M. (2023). The importance of iron deficiency in pregnancy on fetal, neonatal, and infant neurodevelopmental 502 

outcomes. International Journal of Gynecology & Obstetrics, 162, 83. https://doi.org/10.1002/ijgo.14951 503 

21. Alwan, N. A., Cade, J. E., McArdle, H. J., Greenwood, D. C., Hayes, H. E., & Simpson, N. A. B. (2015). Maternal iron status in 504 

early pregnancy and birth outcomes: insights from the Baby’s Vascular health and Iron in Pregnancy study. 505 

22. Wiegersma, A. M., Dalman, C., Lee, B. K., Karlsson, H., & Gardner, R. M. (2019). Association of Prenatal Maternal Anemia With 506 

Neurodevelopmental Disorders. JAMA Psychiatry, 76(12), 1294. https://doi.org/10.1001/jamapsychiatry.2019.2309 507 

23. Simon, A., & Laufer, N. (2012). Assessment and treatment of repeated implantation failure (RIF) [Review of Assessment and 508 

treatment of repeated implantation failure (RIF)]. Journal of Assisted Reproduction and Genetics, 29(11), 1227. Springer 509 

Science+Business Media. https://doi.org/10.1007/s10815-012-9861-4 510 

24. Watters, M., Martínez-Aguilar, R., & Maybin, J. A. (2022). The Menstrual Endometrium: From Physiology to Future Treatments 511 

[Review of The Menstrual Endometrium: From Physiology to Future Treatments]. Frontiers in Reproductive Health, 3. Frontiers 512 

Media. https://doi.org/10.3389/frph.2021.794352 513 

25. Birkenfeld, A., Goldfarb, A., Rachmilewitz, E. A., Schenker, J. G., & Okon, E. (1989). Endometrial glandular haemosiderosis in 514 

homozygous beta-thalassaemia. European Journal of Obstetrics & Gynecology and Reproductive Biology, 31(2), 173. 515 

https://doi.org/10.1016/0028-2243(89)90178-0 516 

26. Lessey, B. A., & Young, S. L. (2019). What exactly is endometrial receptivity? [Review of What exactly is endometrial 517 

receptivity?]. Fertility and Sterility, 111(4), 611. Elsevier BV. https://doi.org/10.1016/j.fertnstert.2019.02.009 518 

27. Holzer, I., Ott, J., Beitl, K., Mayrhofer, D., Heinzl, F., Ebenbauer, J., & Parry, J. P. (2023). Iron status in women with infertility 519 

and controls: a case-control study. Frontiers in Endocrinology, 14. https://doi.org/10.3389/fendo.2023.1173100 520 

28. Silfvast, A. T.-, & Simberg, N. (2022). P-416 Low serum ferritin level might be associated with an increased risk of miscarriages 521 

in infertility patietns. Human Reproduction, 37. https://doi.org/10.1093/humrep/deac107.393 522 

29. Wu, N., Ye, E., Ba, Y., Caikai, S., Ba, B., Li, L., & Zhu, Q. (2024). The global burden of maternal disorders attributable to iron 523 

deficiency related sub-disorders in 204 countries and territories: an analysis for the Global Burden of Disease study. Frontiers 524 

in Public Health, 12. https://doi.org/10.3389/fpubh.2024.1406549 525 

30. Chundakkadan, M. S., Chandramathy, K., & Selvest, N. (2021). Clinical presentation and outcome of ectopic pregnancy. 526 

International Journal of Reproduction Contraception Obstetrics and Gynecology, 10(9), 3301. https://doi.org/10.18203/2320- 527 

1770.ijrcog20213226 528 

31. El-Shirif, A., & Sadiq, S. (2015). A Case of Ectopic Pregnancy—An Unusual Diagnostic Challenge and Lesson Learnt. Open 529 

Journal of Obstetrics and Gynecology, 5(4), 192. https://doi.org/10.4236/ojog.2015.54027 530 

32. Kalisch-Smith, J. I., Ved, N., Szumska, D., Munro, J. E., Troup, M., Harris, S., Rodriguez-Caro, H., Jacquemot, A., Miller, J. J., 531 

Stuart, E. M., Wolna, M., Hardman, E., Prin, F., Lana-Elola, E., Aoidi, R., Fisher, E., Tybulewicz, V. L. J., Mohun, T. J., Lakhal- 532 

Littleton, S., … Sparrow, D. B. (2021). Maternal iron deficiency perturbs embryonic cardiovascular development in mice. Nature 533 

Communications, 12(1). https://doi.org/10.1038/s41467-021-23660-5 534 

33. Yang, J., Kang, Y., Cheng, Y., Zeng, L., Shen, Y. L., Shi, G., Liu, Y., Qu, P., Zhang, R., Yan, H., & Dang, S. (2019). Iron intake and 535 

iron status during pregnancy and risk of congenital heart defects: A case-control study. International Journal of Cardiology, 536 

301, 74. https://doi.org/10.1016/j.ijcard.2019.11.115 537 

34. Zaugg, J., Solenthaler, F., & Albrecht, C. (2022). Materno-fetal iron transfer and the emerging role of ferroptosis pathways. 538 

Biochemical Pharmacology, 202, 115141. https://doi.org/10.1016/j.bcp.2022.115141 539 

35. Georgieff, M. (2008). The role of iron in neurodevelopment: fetal iron deficiency and the developing hippocampus [Review of 540 

The role of iron in neurodevelopment: fetal iron deficiency and the developing hippocampus]. Biochemical Society Transactions, 541 

36(6), 1267. Portland Press. https://doi.org/10.1042/bst0361267 542 



J. Clin. Med. 2025, 14, x FOR PEER REVIEW 14 of 14 
 

 

36. Ö zyurt, R., & Bulutlar, E. (2024). Effect of Iron Deficiency Anemia on Fetal and Maternal Morbidity. Bagcilar Medical Bulletin, 543 

0. https://doi.org/10.4274/bmb.galenos.2024.2024-02-020 544 

37. Schmidt, R. J., Tancredi, D. J., Krakowiak, P., Hansen, R., & Ozonoff, S. (2014). Maternal Intake of Supplemental Iron and Risk 545 

of Autism Spectrum Disorder. American Journal of Epidemiology, 180(9), 890. https://doi.org/10.1093/aje/kwu208 546 

38. Mihaila, C., Schramm, J., Strathmann, F. G., Lee, D. L., Gelein, R., Luebke, A. E., & Mayer-Pröschel, M. (2011). Identifying a 547 

Window of Vulnerability during Fetal Development in a Maternal Iron Restriction Model. PLoS ONE, 6(3). 548 

https://doi.org/10.1371/journal.pone.0017483 549 

39. Kemppinen, L., Mattila, M., Ekholm, E., Pallasmaa, N., Törmä, A., Varakas, L., & Mäkikallio, K. (2020). Gestational iron 550 

deficiency anemia is associated with preterm birth, fetal growth restriction, and postpartum infections. Journal of Perinatal 551 

Medicine, 49(4), 431. https://doi.org/10.1515/jpm-2020-0379 552 

40. Hensley, J. G. (2009). Leg Cramps and Restless Legs Syndrome During Pregnancy [Review of Leg Cramps and Restless Legs 553 

Syndrome During Pregnancy]. Journal of Midwifery & Women s Health, 54(3), 211. Wiley. 554 

https://doi.org/10.1016/j.jmwh.2009.01.003 555 

41. Srivanitchapoom, P., Pandey, S., & Hallett, M. (2014). Restless legs syndrome and pregnancy: A review [Review of Restless legs 556 

syndrome and pregnancy: A review]. Parkinsonism & Related Disorders, 20(7), 716. Elsevier BV. 557 

https://doi.org/10.1016/j.parkreldis.2014.03.027 558 

42. Watson, S. (2022). Pregnancy and RLS. https://www.webmd.com/baby/pregnancy-and-rls-restless-legs-syndrome 559 

43. Dixon, H. (2023). Handling Restless Leg Syndrome During Pregnancy. https://pregnantchicken.com/restless-leg-syndrome- 560 

during-pregnancy/ 561 

44. Sifakis, S., & PHARMAKIDES, G. (2000). Anemia in Pregnancy [Review of Anemia in Pregnancy]. Annals of the New York 562 

Academy of Sciences, 900(1), 125. Wiley. https://doi.org/10.1111/j.1749-6632.2000.tb06223.x 563 

45. Sobhani, S. A., Etaati, Z., Mirani, S., Saberi, P., Mahnaz, S., Salmasian, H., & Naderi, N. (2011). The association between iron 564 

status and some immunological factors in the pregnancy. DOAJ (DOAJ: Directory of Open Access Journals), 9(3), 251. 565 

https://doaj.org/article/35769c86f9314234a4796f96700f5432 566 

46. Prema, K., Ramalakshmi, B. A., Madhavapeddi, R., & Babu, S. (1982). Immune status of anaemic pregnant women. BJOG An 567 

International Journal of Obstetrics & Gynaecology, 89(3), 222. https://doi.org/10.1111/j.1471-0528.1982.tb03619.x 568 

47. Liu, B., Li, K., Li, S., Zhao, R., & Zhang, Q. (2023). The association between the CD4/CD8 ratio and surgical site infection risk 569 

among HIV-positive adults: insights from a China hospital. Frontiers in Immunology, 14. 570 

https://doi.org/10.3389/fimmu.2023.1135725 571 

48. Igbinosa, I., Leonard, S. A., Noelette, F., Davies-Balch, S., Carmichael, S. L., Main, E. K., & Lyell, D. J. (2023). Racial and Ethnic 572 

Disparities in Anemia and Severe Maternal Morbidity. Obstetrics and Gynecology. 573 

https://doi.org/10.1097/aog.0000000000005325 574 

49. Goshtasebi, A., Alizadeh, M., & Behboudi-Gandevani, S. (2013). Association between Maternal Anaemia and Postpartum 575 

Depression in an Urban Sample of Pregnant Women in Iran. Journal of Health Population and Nutrition, 31(3). 576 

https://doi.org/10.3329/jhpn.v31i3.16832 577 

50. Weintraub, M. J., Schneck, C. D., Walshaw, P. D., Chang, K. D., Singh, M. K., Axelson, D., Birmaher, B., & Miklowitz, D. J. (2020). 578 

Characteristics of youth at high risk for bipolar disorder compared to youth with bipolar I or II disorder. Journal of Psychiatric 579 

Research, 123, 48. https://doi.org/10.1016/j.jpsychires.2020.01.010 580 

51. Could Iron Deficiency Be Harming Your Milk Supply? (2025). https://www.motherlove.com/blogs/all/could-iron-deficiency-be- 581 

harming-your-milk-supply 582 

52. Griffin, I. J., & Abrams, S. A. (2001). IRON AND BREASTFEEDING [Review of IRON AND BREASTFEEDING]. Pediatric 583 

Clinics of North America, 48(2), 401. Elsevier BV. https://doi.org/10.1016/s0031-3955(08)70033-6 584 

53. Iron Deficient Anemia and Milk Supply. (2024). https://internationalbreastfeedinginstitute.com/2024/09/iron-deficient-anemia- 585 

and-milk-supply-what-cbcs-need-to-know/ 586 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au- 587 

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 588 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 589 


