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ABSTRACT

Obesity and anemia are major problems all over the world; pregnancies often suffer from these
medical conditions. Obesity is associated with an increased risk of iron deficiency associated with
the activation of inflammatory markers and their influence on iron regulatory pathways. All of the
pregnant obese women have a mild inflammatory response, which later leads to increased hepcidin
levels, thereby influencing iron metabolism. The purpose of this review was to summarize recent
findings that have reported the measuring of markers of iron metabolism and inflammatory in
pregestationally obese pregnancies in the development of anemia. This review examines obesity-
related activation of inflammatory mediators as a potential primary cause of iron deficiency (ID) or
iron deficiency anemia (IDA) in obese pregnant women. Despite numerous studies, the effect of
maternal weight on the risk of developing ID/IDA during pregnancy remains unclear. Markers of iron
metabolism in the background of inflammation are being considered. Pre-pregnancy obesity is
associated with an increased risk of developing ID/IDA during pregnancy and in the postpartum
period for mother and child.
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Introduction

Anemia is a decrease in hemoglobin levels. According to the World Health Organization (WHO),
anemia in pregnant women is when hemoglobin <110 gr/l [1]. Worldwide, 38% of pregnant women
are suffering from anemia. Women of fertile age are at risk, resulting in severe morbidity and
mortality [2]. Hemoglobin below <70 gr/l is determined as severe anemia in pregnant women. lron
demand changes during pregnancy, decreasing by the end of the first trimester and increasing more
than triply by the third trimester due to increased placental requirement, fetal growth, increased
mother's red blood cell production, and maternal iron replenishment.

Anemia during gestation can contribute to preterm birth, low birth weight, and an increased risk of
anemia in younger children. The mothers with anemia also experience the typical signs of anemia:
tiredness, headaches, lethargy, and decreased functioning. Severe anemia can lead to antenatal
fetal mortality or infant death. In infants, iron reserves are depleted by approximately 6 months of
age, and iron deficiency (ID) or iron deficiency anemia (IDA) develops when iron intake is
inadequate. Subsequently, behavioral, cognitive and motor development can be impaired in the
child. Despite the worldwide efforts of scientists to prevent or treat it, iron deficiency anemia
continues to be a serious international problem [3, 4].

Another global epidemic affecting bazillions of people is obesity. Obesity and ID/IDA are two forms
of the world's most common eating disorders. Both obesity and ID/IDA are serious diseases in their
own right. Over the past fifty years, the widespread prevalence of obesity has increased. More than
billions people are now considered to have a body mass index (BMI) of more than 30 kg/m2 and
this number is expected to increase over the following thirty years. A diagnosis of obesity is
identified as a BMI >30 kg/m2. In pregnancies, a BMI of 30 kg/m2 or higher in the first trimester is
defined as obesity, a BMI of 25.0-29.9 kg/m2 is defined as overweight, and a BMI of 18.5-24.9
kg/m2 is defined as a normal index. Classification of obesity is divided into class | (BMI 30 and <35),
class Il (BMI 35 and <40), and class Il (BMI 40 and above) [5]. Maternal obesity is associated with
an increased risk of developing gestational diabetes, preeclampsia, intrauterine growth restriction,
congenital anomalies, fetal malformations, stillbirth, infant death, preterm delivery, cesarean section
and an increased risk of low Apgar score [ 6, 7, 8, 9]. Maternal obesity also increases the probability
of childhood obesity and type 2 diabetes in mothers and their children in the future [10, 11].

This review assesses whether obesity-induced inflammation may contribute to the increased
incidence of ID/IDA in pregnant women. Despite numerous studies, the effect of maternal weight on
the risk of ID/IDA during pregnancy remains unclear. Iron status metabolism markers against
inflammation are considered. Pre-pregnancy obesity carries a greater risk of developing ID/IDA
during pregnancy and the postnatal period for the mother and the baby.

How obesity contributes to Anemia during pregnancy?

Obesity is a low-grade chronic inflammatory disease associated with increased hepcidin expression
and, secondarily, with iron homeostasis [12]. A study in Mexico showed that obese women have
higher hepcidin concentrations and a twofold higher risk of iron deficiency than unobese women.
Hepsidin is a key regulator of iron metabolism in the body and has been recognized as one of the
connections between obesity and IDA [13]. Hepcidin is a hormone that regulates systemic iron. This
hepcidin boost causes hypoferremia, defined by a rise in solvable transferrin receptor (sTfr) and a
reduction in serum iron (Fe), while ferritin is also increased [14, 15]. Hepcidin is mainly produced in



the liver and controls the mobilization of iron stores in the body through post-translational regulation
of Fpn-1. However, hepcidin is also produced in the heart, adipose tissue, placenta, and kidneys.
However, it remains unclear whether the hepcidin produced by these peripheral tissues has a local
and/or systemic effect. Several studies have examined hepcidin concentrations during pregnancy.
During physiologic pregnancy, hepcidin decreases significantly from an almost undetectable level
before the end of the third trimester [16, 17, 18]. Endogenous estrogen, which increases
dramatically during pregnancy, probably plays a significant role in suppressing hepcidin levels [19].
Suppression of maternal hepcidin ensures active expression of Fpn-1 at major sites of iron flow,
including maternal intestinal enterocytes, liver stores, and the placenta. The fetus also produces
hepcidin, but the role of fetal hepcidin in regulating iron flow through the placenta remains unknown
[20]. There is evidence that maternal hepcidin is overexpressed in the 3rd trimester, maternal iron is
utilized with food, and the transfer of iron through the placenta is reduced [21, 22].

Particularly, enhanced inflammation and the expression of leptin stimulate hepcidin secretion in the
liver. The elevated level of hepcidin in the blood binds to ferroportin (in enterocytes), causing its
disruption. Consequently, the outflow of iron into the bloodstream is prevented, resulting in
inflammatory anemia. Iron deficiency (DI) can arise despite high ferritin levels due to the direct
action of hepcidin on ferroportin [23]. During enhanced erythropoiesis, red blood cells release the
hormone erythroferrin, which diminishes hepcidin production, thereby ensuring the release of
cellular iron from reserves as well as enhancing the absorption of iron from the intestines [24, 25].
Nevertheless, the influence of erythroferrin on hepcidin in inflammatory diseases or increased blood
volume during pregnancy remains not completely studied. Obesity-related inflammation promotes
hepcidin expression by interleukin-6 (IL-6) in the liver and also occurs in adipose tissue. In addition,
increased leptin production in enlargeed adipocytes can also contribute to high hepcidin expression
[26]. Although IL-6 can be produced by activated immune cells, it is also produced by adipose
tissue. Researches reveal that adipose tissue produces approximately 30% of circulating IL-6.
Among other more direct actions, sometimes interleukin IL-6 causes the liver to release C-reactive
protein (CRP). One way in which obesity can adversely affect iron levels throughout pregnancy is
through mild inflammation, a chronic condition that can lead to CRP [27]. Specifically, it can be
linked to elevated levels of inflammatory cytokines, including CRP, tumor necrosis factor-a (TNFa),
and IL-6. This is observed in non-pregnant women who are overweight or obese. In the alternative,
poor iron levels may result from a poor diet low in bioavailable iron and, therefore, an inability to
meet elevated iron requirements during pregnancy. In a study of fifteen pregnant women with
obesity and fifteen pregnant women with normal BMI, hepcidin levels were greater in the second
trimester in pregnant women with obesity compared with women without obesity and were positively
correlated with CRP levels. These observations suggest that an increased inflammatory profile in
obese pregnant women is associated with elevated hepcidin levels [28].

A detailed number and description of pro-inflammatory cytokine mediators in gestational obesity
was presented in 2017 in a review by Pendeloski et al. [29]. Despite a large number of
investigations, there are conflicting data on the profile of inflammatory mediators in pregnant women
with obesity. Several investigations have examined the association between obesity and iron
deficiency/iron deficiency anemia. Obese children are more likely to be anemic compared with their
non-obese peers [13, 30].

Ferritin is an acute phase protein, and high levels of CRP and IL-6 in obese mothers are indicative
of an inflammatory state. Therefore, ferritin levels may have been elevated due to an inflammatory
condition. This is the total ferritin score among obese women and women with a normal body mass
index. In addition, because the data came from two different studies, they differed in maternal
characteristics. Flynn et al. [31] reported greatly elevated CRP and IL-6 levels in pregnant obese
women compared with pregnant women with normal body mass index (BMI) without differences in
serum ferritin or hepcidin levels at 15-18 weeks of pregnancy, assuming that hepcidin is not



encouraged during this period. In another study, failed to demonstrate the effect of obesity on
hepcidin and iron biomarkers in pregnant women. This negative result may be explained by the fact
that the participants in this study were adolescent girls, who are known to be at risk for iron
deficiency regardless of obesity [32].

Cao et al. [32] evaluated the correlation between BMI before pregnancy, weight gain during
pregnancy, and maternal and neonatal iron metabolism parameters (ferritin, transferrin receptor
(TfR), erythropoietin (EPO), CRP, and hepcidin). In these studies included pregnant teenage
women, 38% of whom were overweight or obese. The participants in this study wtre significantly
younger than in the other reports, their ages ranged from 13 to 18 years old. BMI was positively
associated with inflammatory markers (CRP and IL-6) and with leptin in midgestation before
pregnancy, which is consistent with previous results. Only the association between BMI and leptin,
however, persisted after delivery. There were no significant differences between BMI categories of
pregnant women and iron status parameters (ferritin, transferrin receptor, serum iron, erythropoietin
and hepcidin) in pregnancy. However, hepcidin and ferritin were significantly higher in the
midpregnancy in women with grade 2 and 3 obesity (BMI 35-39.9 and 40 kg/m2, respectively)
compared with thinner women. In addition, pre-gestational BMI was positively correlated with
hepcidin levels in the middle of pregnancy. Inflammation does not affect iron metabolism during
pregnancy, and a certain threshold of obesity-induced IL-6 levels may have to be achieved to
influence hepcidin levels.

The impact of maternal anemia on the condition of the newborn

Also in another study of pregnant women [33], the authors reported that obese mothers had lower
iron stores (ferritin) with higher hepcidin levels throughout pregnancy compared with women with a
normal BMI. In this study, pregnant women without diabetes and blood samples were taken in the
second and third trimesters and at the time of delivery. The research included 86 plecentas and 97
cord blood samples from 61 normal-weight, 20 overweight, and 16 obese women. Maternal ferritin
correlated with transferrin receptor in all BMI groups and did not correlate with CRP, suggesting that
in this cohort ferritin levels were related to iron levels rather than inflammation. From about twenty-
five weeks' gestation, ferritin levels in obese women decreased and remained low until term,
whereas ferritin levels in normal-weight women increased from about thirty-five weeks' gestation
until term. The authors suggest that because hepcidin is highly correlated with CRP, the
inflammatory pathway likely plays a role in controlling iron levels in obese pregnant women.
Maternal hepcidin levels at delivery correlated strongly with cord blood hepcidin levels, but neither
maternal hepcidin or cord blood hepcidin correlated with other iron parameters (serum iron, ferritin,
TfR). However, other mechanisms [34, 35], such as hepcidin production by adipose tissuee, may
also play a role. Excess adipose tissue not only has negative consequences for the mother, but can
also adversely affect the health of the baby . In addition, this study reported that regardless of the
mother's BMI, the placenta lacks iron for the placental transferrin receptor, which is critical for iron
transfer to the fetus. Maternal iron status had no effect on ferritin and transferrin receptor, in the
blood. The placental increase in transferrin in iron deficiency may play a key role in ensuring
adequate fetal iron levels [33, 35, 36].

It was also verified that the content and distribution of adipose tissue and liver lipids in newborns
depended on maternal BMI. With each unit increase in maternal BMI, there was an increase in total,
abdominal, and nonabdominal adipose tissue, and an 8.6% increase in intrahepatocellular lipids.
Abdominal fat tissue and infant liver lipids increased with maternal BMI within the normal range.
These effects may be initial signs of metabolic abnormalities leading to adverse health throughout
life [37].



Other effects of pregestational obesity and anemia

Maternal obesity may increase the risk of fetal macrosomia (birth weight greater than 4000 grams)
[10]. This increase, in exceptional cases, becomes mainly a consequence of increased body weight.
Higher fat mass at birth may contribute to obesity at a later age. This, in turn, can lead to lethargic
inflammation, elevated hepcidin levels, and ultimately inflammatory anemia. There are several
studies that show that umbilical cord blood ferritin levels below 76 micrograms/| are associated with
significantly impaired fine motor and speech skills [35]. Two other researches agree that umbilical
cord blood ferritin concentrations below 76 micrograms/I are suboptimal and are also associated
with adverse effects on neurodevelopment [36]. Flynn et al. [32] reported that infants born to obese
mothers had significantly reduced umbilical cord blood ferritin levels (<76 micrograms/l) compared
with those born to lean mothers. However, this relationship ceased to appear when adjusting for
maternal gestational age at birth, parity, method of delivery, maternal smoking status, and ethnical
background. Interestingly, ethnic differences were noted: children born to black mothers had the
poorest umbilical cord blood ferritin scores compared to other ethnic groups and white mothers.
Analogously, a study [37] of 85 pregnant women revealed that higher maternal BMI at birth was
negatively associated with umbilical cord plasma ferritin and positively associated with CRP levels.
Umbilical cord hepcidin wes not correlated with maternal BMI or maternal inflammatory status.
However, it was negatively related to hemoglobin and positively associated with ferritin levels. When
the authors applied a BMI threshold of 35 (n = 16), markers of inflammation (CRP, IL-6, and TNF-a)
in umbilical cord blood were significantly higher than in women with BMI < 35, with diabetes further
contributing to the inflammatory response. These results support the body of evidence that obesity
during pregnancy can cause an inflammatory response and, in turn, negatively affect the iron
balance of the newborn.

Korleski et al. [8] analyzed ferritin, hepcidin, erythropoietin, reticulocytes, and CRP in 201 umbilical
cord blood of newborns at high risk for ID/IDA. A total of 40% of mothers with a BMI of 30 and 37%
of mothers with a BMI < 30 had gestational diabetes. Another 36% and 23% of obese and non-
obese mothers, respectively, had gestational diabetes. The authors report that newborns from
obese mothers had lower ferritin and hepcidin levels, whereas erythropoietin, hemoglobin, and
reticulocytes were higher compared with newborns from thin mothers. Maternal BMI at delivery was
positively related to neonatal erythropoietin and negatively related to hepcidin, indicating iron
insufficiency in newborns. Also, a subsequent study [37] tested 180 cord blood samples from infants
at high risk for iron deficiency (ferritin <50 mcg/dl, serum iron <100 micrograms/l and transferrin
saturation <30%) and found that all 16 newborns with iron deficiency were born to obese mothers,
4.9 times the risk of developing iron deficiency than those with a BMI less than 30. It is worth noting
that none of the participants in this research had anemia, but there were four who had low iron
levels. The authors suggest that iron transportation at the placental boundary may have a negative
effect in overweight/obese pregnancies, a hypothesis that requires further investigation. Similarly,
Phillips et al. [39] reported that maternal obesity and excessive weight gain affect the iron status of
newborns. Pre-pregnancy obesity was observed in 28.5% of women, and another 27.5% exceeded
the advised weight gain during pregnancy. Umbilical cord serum ferritin levels were significantly
lower and hemoglobin levels were significantly higher in children born to obese mothers. Umbilical
cord serum CRP was not associated with maternal obesity. However, CRP was associated with an
excess weight gain of 18 kilograms. Based on their own study, the authors conclude that obesity
before pregnancy and excessive weight gain during gestation can be considered as risk factors for
the development of ID in newborns. In a similar study in China [30], children born to overweight
mothers had a higher incidence of ID (serum ferritin below 75 micrograms/I, directed into the
bloodstream) compared with children born to normal-weight mothers. Newborn iron status (serum
ferritin, body iron) was negatively related to maternal BMI before pregnancy. The sTfR levels were
significantly higher and ferritin levels significantly lower in the umbilical cord blood of newborns born



to women with higher BMI. Hepcidin levels were lower in healthy, noncomplicated pregnancies
compared with non-pregnant women [40].

There is abundant evidence that pre-pregnancy obesity and obese pregnancy bring an increased
maternal and postpartum risk of ID/IDA, as well as negatively impacting child development [36, 37].
High levels of CRP, hepcidin, sTfR, and IL-6 have been reported in existing studies, mainly in two
case studies, suggesting an inflammatory profile in pregnant obese women [30] and, thus, may play
a role in the development of ID and IDA in obese women during pregnancy [37]. In addition,
mothers with BMI or obesity are at greater risk of developing ID and IDA because of obstetric
problems and greater frequency of obstetric interventions, which may lead to more blood loss [41,
42]. There are also studies showing that inflammation plays no role in controlling iron metabolism
during pregnancy; and that children born to young obese mothers had significantly higher levels of
iron and hemoglobin in their bodies compared with children of mothers with normal BMI. In the
same way, differences in placental data between obese and mothers with normal BMI have been
reported [43] with changes related to cellular function. Although in the third trimester of pregnancy,
no differences in nutritional iron absorption have been reported between obese and normal-weight
women [33].

Prevention and treatment of anemia

The WHO promotes daily iron supplementation during pregnancy for women who live in areas with
a high prevalence of iron deficiency because the administration of prophylactic iron in women with
low iron stores represents a significant benefit [1].

The iron requirement is higher in pregnant women compared to non-pregnant women. But the iron
requirement decreases in the first trimester due to the interruption of menstruation and thus the
daily iron requirement is about 0.8mg (2). It then increases steadily in proportion to fetal weight in
the second and third trimester (the average iron content of a fetus with a body weight >3 kg is =270
mg) from 4 - 5 mg to 6-10 mg in the third trimester, with most of the iron accumulated during the
third trimester (10, 12, 14). Iron absorption decreases in the first trimester, probably because of
lower iron requirements, increases in the second trimester, and continues to increase during the
remainder of pregnancy (18,20). Regardless of the exact value, it is clear that the daily iron
requirement cannot be met by diet alone (45). The Centers for Disease Control and Prevention and
the American College of Obstetricians and Gynecologists recommend that all pregnant patients take
low-dose (27mg) iron from the beginning of pregnancy to improve maternal hematological outcomes
[46, 47]. Kawata et al. showed a significant association between malnutrition and anemia and
overweight/obesity in pregnant Nepalese women, indicating an urgent need for improved nutrition.
In this regard, nutrition programs shall focus on the reproductive generation and families with low
health literacy [48]. Thus, finding the most effective approach to predicting and managing the risks
of identifying IDA throughout pregnancy is an important topic for future research.

Anemia during pregnancy leads to adverse pregnancy outcomes for both mother and fetus,
including reduced physical capacity, susceptibility to infections, susceptibility to depression,
premature rupture of membranes, intrauterine delayed fetal growth, fetal hypoxia, premature birth,
low birth weight, antenatal fetal death, poor quality interaction with children in the postnatal period
[45].

Because of the significant impact of IDA on maternal and fetal health, it is recommended that iron
preparations be taken to treat iron deficiency [49]. The use of liposomal iron is well tolerated in
pregnant women with IDA, showing high gastrointestinal absorption and bioavailability and low
incidence of side effects [50, 51]. Another study in obese women found that, regardless of iron
status, higher BMI was associated with lower iron absorption. And in infants, a higher BMI predicted
worse iron status at baseline and less improvement in iron status during the intervention [52].



Conclusions

Overall, the need for a trimesterly evaluation of iron and inflammatory status in prenatal and
postpartum follow-up of pregnant women becomes apparent. Women of childbearing age who are
obese tend to gain more weight during pregnancy than women with normal BMI. Because pregnant
obese women are more prone to ID/IDA during pregnancy and in the postpartum period, more
careful monitoring of pre-pregnancy weight and the rate of weight gain during pregnancy is
necessary.

Thus, analysis of the recent scientific literature indicates that, despite numerous studies, the issue
of the pathogenetic relationship between obesity and ID/IDA and early markers for their diagnosis
during pregnancy remains unresolved, which undoubtedly determines the need for further research
in this direction.

Compliance with Ethical Standard
Author's contribution:

All authors were involved in the process of writing this article: methodology, project administration,
supervision, writing original draft, writing review and editing.

Funding:

This research does not have any funding.
Study registration:

Does not apply.

Disclosure of Interests:

The authors declare no conflict of interest.
Ethical approval

N/A.

Informed consent

N/A.

Data sharing.

Data are available under reasonable request to the corresponding author.

References:

1. WHO. The global prevalence of anaemia in 2011 Geneva: World Health Organization.
2015. Geneva. Switzerland.

2. Vos T, Abajobir AA, Abate KH, Abbafati C, Abbas KM, Abd-Allah F, et al. Global,
regional, and national incidence, prevalence, and years lived with disability for 328 diseases
and injuries for 195 countries, 1990-2016: Systematic analysis for Global Burden of Disease
Study 2016. Lancet. 2017;390(10100):1211-1259. doi: 10.1016/S0140-6736(17)32154-2.



3. Ribot B, Ruiz-Diez F, Abajo S, March G, Fargas F, Arija V, et al. Prevalence of
anaemia, risk of haemoconcentration and risk factors during the three trimesters of
pregnancy. Nutr Hosp. 2018;35(1):123-30. doi: 10.20960/nh.1045.

4. Habib MA, Raynes-Greenow C, Soofi SB, Ali N, Nausheen S, Ahmed |, et al. of
reproductive age in Pakistan. Asia Pac J Clin Nutr. 2018;27:195-203.
doi: 10.6133/apjcn.042017.

5. WHO EUROPEAN REGIONAL OBESITY REPORT. World Health Organization.
2022.

6. Daru J, Zamora J, Fern a ndez-F ¢é lix BM, Vogel J, Oladapo OT, Morisaki N, et al.
Maternal mortality risk in women with severe anaemia during pregnancy and post-partum: A
multilevel analysis. Lancet Glob Health. 2018;6(5):548-554. doi: 10.1016/S2214-
109X(18)30078-0.

7. Australian Institute of Health and Welfare. Australia's Mothers and Babies 2015 in
Brief. Perinatal Statistics Series Number 33. 2017. Darlinghurst. Australia.

8. Kambule L, George JA. The role of Inflammation in the developmentement of GDM
and the use of Markers of Inflammation in GDM screening. Adv Exp Med Biol.
2019;1134:217-242. doi: 10.1007/978-3-030-12668-112,

9. Korlesky C, Kling PJ, Pham DQD, Ovasapyan AA, Leyns CEG, Weber MB, et al.
Cord Blood Erythropoietin and Hepcidin Reflect Lower Newborn Iron Stores due to Maternal
Obesity during Pregnancy. Am J Perinatol. 2018;36(5):511-516. doi: 10.1055/s-0038-
1669444,

10. Ovesen P, Rasmussen S, Kesmodel U. Effect of Prepregnancy Maternal overweight
and Obesity on Pregnancy Outcome. Obstet Gynecol. 2011;118(2):305-
312. doi: 10.1097/A0G.0b013e3182245d49.

11. Radulescu L, Munteanu O, Popa F, Cirstoiu M. The implications and consequences
of maternal obesity on fetal intrauterine growth restriction. J Med Life. 2013;6(3):292-298.

12. Tussing-Humphreys L, Pustacioglu C, Nemeth E. Rethinking iron regulation and
assessment in iron deficiency, anaemia in chronic disease and obesity: introduction of
hepcidin. J Acad Nutr Diet. 2012;112(2):391-400. doi: 10.1016/j.jada.2011.08.038.

13. Dao MC, Sen S, lyer C, Klebenow D, Meydani SN. Obesity during pregnancy and
fetal iron status: Is Hepcidin the link? J Perinatol. 2013;33(3):177-181.
doi: 10.1038/jp.2012.81.

14. Triyonate EM, Kartini A. Faktor determinan anemia pada wanita dewasa usia 23-35
tahun. Journal of Nutrition College. 2020;4(2):259-263. doi:10.14710/jnc.v4i3.10091.

15. Rahma R, Lumbanraja SN, Lubis Z. Hepcidin and Feritin Levels in Obese Pregnant
Nonnormal Body Weight before Pregnancy. Indonesian Journal of Medicine. 2018;13(1):22-
26. doi: https://doi.org/10.26911/theijmed.2018.03.01.03.

16. Finkenstedt A, Widschwendter A, Brasse-Lagnel CQ. Hepcidin is correlated to
soluble hemojuvelin but not to increased GDF15 during pregnancy. Blood Cells, Molecules
and Diseases. 2012;48(4):233-237. doi: 10.1016/j.bcmd.2012.02.001.



17. Gyarmati B, Szab¢6 E, Szalay B. Serum maternal hepcidin levels 3 days after
delivery are higher compared to those measured at parturition. J Obstet Gynaecol Res.
2011;37(11):1620-1624. doi: 10.1111/j.1447-0756.2011. 01586.x.

18. Van Santen S, Kroot JJC, Zijderveld G, Wiegerinck ET, Spaanderman MEA, Swinkels
DW. The iron regulatory hormone hepcidin is decreased in pregnancy: A prospective
longitudinal study. Clin Chem Lab Med. 2013;51(7):1395-1401. doi: 10.1515/cclm-2012-
0576.

19. Lehtihet M, Bonde Y, Beckman L, Pantopoulos K. Circulating hepcidin-25 is reduced
by endogenous estrogen in humans. PLoS One. 2016;11(2). doi:
10.1371/journal.pone.0148802.

20. Fisher AL, Nemeth E. lron homeostasis during pregnancy. In: American Journal of
Clinical Nutrition. American Society for Nutrition. 2017;106(6):1567-1574.
doi:10.3945/ajcn.117.155812.

21. Young MF, Griffin I, Pressman E. Maternal Hepcidin Is Associated with Placental
Transfer of Iron Derived from Dietary Heme and Nonheme Sources. J. Nutr. 2012;142(1):33-
39. d0i:10.3945/jn.111.145961.

22. Young MF, Pressman E, Foehr ML. Impact of maternal and neonatal iron status on
placental transferrin receptor expression in pregnant adolescents. Placenta.
2010;31(11):1010-1014. doi: 10.1016/j.placenta.2010.08.009.

23. Nemeth E, Ganz T. Anemia of Inflammation. Hematol. Oncol Clin N Am.
2014;28(4):671-681. doi: 10.1016/j.hoc.2014.04.005.

24, Kautz L, Jung G, Valore EV, Rivella S, Nemeth E, Ganz T. Identification of
erythroferrone as erythroid regulator of iron metabolism. Nat Genet. 2014;46(7):678-
684. doi: 10.1038/ng.2996.

25. Srole DN, Ganz T. Erythroferrone structure, function, and physiology: Iron
homeostasis and beyond. J Cell Physiol. 2021;236(7):4888-4901. doi: 10.1002/jcp.30247.

26. Dao MC, Meidani SN. Biology of iron, immunology, ageing and obesity: four areas
related to the small peptide hormone hepcidin. Adv Nutr. 2013;4(6):602-617.
doi: 10.3945/an.113.004424.

27. Cooke AA, Connaughton RM, Lyons CL, McMorrow AM, Roche HM. Fatty acids and
chronic low-grade inflammation associated with obesity and the metabolic syndrome. Eur J
Pharmacol. 2016;785:207-214. doi: 10.1016/j.ejphar.2016.04.021.

28. Ellulu MS, Patimah |, Khaza'Ai H, Rahmat A, Abed Y. Obesity and inflammation: The
linking mechanism and the complications. Arch Med Sci. 2017;13(4):851-863.
doi: 10.5114/aoms.2016.58928.

29. Pendeloski KPT, Ono E, Torloni MR, Mattar R, Daher S. Maternal obesity and
infammatory mediators: A controversial association. Am J Reprod Immunol. 2017;77(5):1-
8. doi: 10.1111/aji.12674.

30. Jones AD, Zhao G, Jiang YP, Zhou M, Xu G, Kaciroti N, et al. Maternal obesity in iron
negatively associated with maternal and neonatal iron status. Eur J Clin Nutr.
2016;70(8):918-924. doi: 10.1038/ejcn.2015.229.



31. Flynn AC, Begum S, White SL, Dalrymple K, Gill C, Alwan NA, et al. Relationships
between Maternal Obesity and Maternal and Neonatal Iron Status. Nutrients.
2018;10(8):1000. doi: 10.3390/nu10081000.

32. Cao C, Pressman EK, Cooper EM, Guillet R, Westerman M, O'Brien KO.
Prepregnancy body mass index and gestational weight gain have no negative impact on
maternal or neonatal iron status. Reprod Sci. 2016;23(5):613-622. doi:
10.1177/1933719115607976.

33. Garcia-Valdes L, Campoy C, Hayes H, Florido J, Rusanova |, Miranda MT, et al.
Impact of maternal obesity on iron status, placental transferrin receptor expression and
hepcidin expression in human pregnancy. Int J Obes. 2015;39(4):571-578.

doi: 10.1038/ijo.2015.3.

34. Shao J, Lou J, Rao R, Georgieff MK, Kaciroti N, Felt BT, et al. Maternal Serum
Ferritin Concentration It Positively Associated with Newborn Iron Stores in Women with Low
Ferritin Status in Late Pregnancy. J Nutr. 2012;142(11):2004-20009.

doi: 10.3945/jn.112.162362.

35. Sewell MF, Huston-Presley L, Super DM, Catalano P. Increased neonatal fat mass,
not lean body mass, is associated with maternal obesity. Am. J. Obstet. Gynecol.
2006;195:1100-1103. doi: 10.1016/j.2jog.2006.06.014.

36. Amin SB, Orlando M, Wang H. Latent Iron Deficiency in Utero Is Associated with
Abnormal Auditory Neural Myelination in 35 Weeks Gestational Age Infants. J Perinatol.
2013;163(5):1267-1271. doi: 10.1016/j.jpeds.2013.06.020.

37. Dosch NC, Guslits EF, Weber MB, Murray SE, Ha B, Coe CL, et al. Maternal Obesity
Affects Inflammatory and Iron Indices in Umbilical Cord Blood. Physiol Behav. 2016;172:20-
28. doi: 10.1016/j.jpeds.2016.02.023.

38. MacQueen BC, Christensen RD, Baer VL, Ward DM, Snow GL. Screening umbilical
cord blood for congenital iron deficiency. Blood Cells Mol Dis. 2019;77:95-
100. doi: 10.1016/j.bcmd.2019.04.005.

39. Phillips AK, Roy SC, Lundberg R, Gilbert TW, Auger AP, Blohowiak SE, et al.
Neonatal iron status is impaired by maternal obesity and excessive weight gain during
pregnancy. J Perinatol. 2014;34(7):513-518. doi: 10.1038/jp.2014.42.

40. Koenig MD, Tussing-Humphreys L, Day J, Cadwell B, Nemeth E. Hepcidin and Iron
Homeostasis during Pregnancy. Nutrients. 2014;6(8):3062-3083. doi: 10.3390/nu6083062.

41. Shields LE, Goffman D, Caughey AB. Postpartum hemorrhage. Am Coll Obstet
Gynecol Pract Bull Ne183. 2017;130(4):168-186. doi: 10.1097/A0G.0000000000002351.

42. Butwick AJ, Abreo A, Bateman BT, Lee HC, El-Sayed YY, Stephansson O, Flood P.
Effect of Maternal Body Mass Index on Postpartum Hemorrhage. Anesthesiology.
2018;128(4):774-783. doi: 10.1097/ALN.0000000000002082.

43, Oliva K, Barker G, Riley C, Bailey MJ, Permezel M, Rice GE, et al. The effect of pre-
existing maternal obesity on the placental proteome: two-dimensional difference gel
electrophoresis coupled with mass spectrometry. J Mol Endocrinol. 2012;48(2):139-149.
doi: 10.1530/JME-11-0123.



44. Koenig MD, Klikuszowian E, O'Brien KO, Pauls H, Steffen A, Demartelly V, et al.
Prepregnancy Obesity Is Not Associated with Iron Utilization During Thirty Trimesters. J Nutr.
2020;150(6):1397-1404. doi: 10.1093/jn/nxaa065.

45. Pavord S, Daru J, Prasannan N, Robinson S, Stanworth S, Girling J. UK guidelines
on the management of iron deficiency in pregnancy. Brit. J. Haematol. 2020;188 (6):819-830.
doi:10.1111/bjh.16221.

46. American College of Obstetrics & Gynecology. Anemia in pregnancy. ACOG Practice
Bulletin, No. 233. Obstet. Gynecol. 2021;138 (2):55-64.
doi.org/10.1097/A0G.0000000000004477.

47. Siu AL. Screening for iron deficiency anemia and iron supplementation in pregnant
women to improve maternal health and birth outcomes: U.S. Preventive Services Task Force
recommendation statement. Ann. Intern. Med. 2015;163 (7):529-536. doi:10.7326/M15-1707.

48. Michael F, Michael KG. Guidelines for iron deficiency in pregnancy: hope abounds:
Commentary to accompany: UK guidelines on the management of iron deficiency in
pregnancy. British Journal of Haematology. 2020;188(6):814-816. doi.org/10.1111/bjh.16220.

49.

50. Zhou SJ, Gibson RA, Crowther CA, Makrides M. Should we lower the dose of iron
when treating anaemia in pregnancy? A randomized dose-response trial. Eur J Clin
Nutr 2009;63(2):183-190. doi: 10.1038/sj.ejcn.1602926.

51. Parisi F, Berti C, Mando C, Martinelli A, Mazzali C, Cetin |. Effects of different
regimens of iron prophylaxis on maternal iron status and pregnancy outcome: a randomized
control trial. J Matern Fetal Neonatal Med. 2017;30(15):1787-1792.
doi:10.1080/14767058.2016.1224841.

52. Simone G, Patrizia MC, Camilla C, Calogero S, Maria M et al. Iron Deficiency Anemia
in Pregnancy: Novel Approaches for an Old Problem. Oman Med
J. 2020;35(5):166. doi: 10.5001/0mj.2020.108.

53. Zimmermann MB, Zeder C, Muthayya S, Winichagoon P, Chaouki N, Aeberli I, Hurrell
RF. Adiposity in women and children from transition countries predicts decreased iron
absorption, iron deficiency and a reduced response to iron fortification. Int J Obes (Lond).
2008;32(7):1098-1104. doi: 10.1038/ij0.2008.43.





