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ABSTRACT

Background of study

In pregnancy, there is an increased requirement for iron to meet maternal and
fetal demands. How exactly the placenta takes up iron from the maternal
blood and transfers it to the fetus is not clear. Hepcidin is the central regulator
of systemic iron homeostasis. Its levels in maternal blood have been shown to
decrease in pregnancy to enable uptake of iron by the fetus. The underlying
mechanism for such decreases is not known. It is also not clear to what extent

maternal iron status during pregnancy influences that of the fetus.

Aims

The aim of this study is to study haematological and iron-related parameters,
and a marker of inflammation, in blood from pregnant women and in the cord
blood of their babies, and to determine how these parameters correlate with each
other and with outcomes of pregnancy.

Methodology

Primigravidae, with uncomplicated pregnancies, who attended the antenatal
clinics of Unit 4 of the Department of Obstetrics and Gynaecology, at Christian
Medical College (CMC), Vellore, India, were the subjects of the study. They

were recruited in their first trimester, after obtaining informed consent. Blood



samples were collected from them. At the time of delivery, a sample of cord

blood was also obtained.

Haematological parameters (haemoglobin and mean corpuscular volume) and
parameters linked to iron were estimated in the blood samples collected. The
latter consisted of concentration of serum ferritin, serum iron and total iron-
binding capacity (TIBC). Transferrin saturation was calculated from values of
serum iron and TIBC. Concentrations of serum C-reactive protein (a marker of
systemic inflammation) were also estimated. Correlations were determined

between maternal and fetal parameters studied.

Results

Twenty subjects were recruited for the study. Their mean age was 25 years (SD
3.21), gestational age at delivery was 39.6 weeks (SD 0.98), hemoglobin level
was 12.01 gm/dL (SD 1.14) and MCV was 82.27 fL (SD 1.14). Mean maternal
serum iron was 74 ug/dL (SD 29.30), ferritin was 29.72 ng/mL (SD 30.48),
TIBC was 383.3 pg/dL (SD 51.90) and transferrin saturation was 20.19 % (SD

9.03). The mean weight of the babies delivered was 3.07 kg (SD 0.31).

In cord blood, the mean hemoglobin value was 14.92 g/dL (SD 2.16) and MCV
was 111.2 fL (SD 4.59). Mean serum iron was 114.19 ug/dL (SD 24.54), serum
ferritin was 131.73 ng/dL (SD 53.89), TIBC was 273.42 ug/dL (SD 50.69) and

transferrin saturation was 42.51% (SD 8.92).
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In the maternal samples, serum iron correlated significantly and positively with
serum ferritin and transferrin saturation, and negatively with TIBC. Maternal
serum hepcidin correlated significantly and positively with maternal serum iron
and transferrin saturation. Iron-related parameters in cord blood also correlated
with one another and with some hematological parameters. Maternal total iron
binding capacity (TIBC) correlated significantly and positively with cord blood
haemoglobin. Maternal mean corpuscular volume (MCV) correlated

significantly and positively with cord blood mean corpuscular volume (MCV).

Conclusion

Maternal serum hepcidin in the first trimester correlated significantly and
positively with maternal serum iron and transferrin saturation. Work is
ongoing to determine if this is so in the other 2 trimesters as well, and also in

cord blood.
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REVIEW OF LITERATURE

OVERVIEW OF IRON METABOLISM

Iron is a trace element that is required for many biological processes in humans.
It is a transition metal which has two important properties: the ability to exist in
2 oxidative states, viz. ferrous (Fe?") and ferric (Fe*"), and to form coordinate
complexes. Based on the first property, it can accept and donate electrons,
enabling it to play a critical role in enzymatic catalysis of redox reactions in the
body (Vogt et al., 2021). Based on the second property, iron is present in heme,
a tetrapyrrole coordinate complex found in haemoglobin (for oxygen transport),
myoglobin (for oxygen storage), cytochrome P450 monooxygenases,
cytochromes in the electron transport chain and in ribonucleotide reductase
(Hoffbrand et al., 2016; V.W. Rodwell et al., 2018; Vogt et al., 2021). Iron is,

therefore, a very important part of metabolism (Hoffbrand et al., 2016).

The body contains about 3 to 4g of iron. It is distributed in haemoglobin (2500
mg), ferritin (1000 mg), myoglobin and various enzymes (300 mg) and
transferrin (3-4 mg) (Rodwell et al., 2018), As shown in Figure 1, large majority
of iron required for erythropoiesis is provided by recycling of iron present in

hemoglobin in senescent RBCs by the splenic macrophages. This constitutes
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about 20-25 mg of iron every day. Iron is highly conserved in the body; only a
small amount of iron is lost by desquamation of skin and cells lining the
gastrointestinal tract (1-2 mg per day). Women in the pre-menopausal age group
lose additional iron in menstrual blood. Iron lost from the body is replaced by

intestinal absorption of dietary iron.

Theiron cycle

[ ’ Erythrocytes &
’ (~1800 mg)

Erythropoiesis

(~300 mg) '
. A-ZS mg/day

Plasma Fe3* Transferrin

Macrophage
(~600mg)

(~3 mg)
~1-2 mg/day
A \ .
-1-2 mg/day ’
Iron loss Heart, muscle, Li
: iver
Enterocyte (cell desquamation) other organs

(up to 1000 mg)

(~300 mg)

Figure 1: Iron cycle in the human body. Source (Camaschella et al., 2020) |




Iron absorption

As there are no physiologically regulated mechanisms for excretion of iron
from the body, the regulation of iron homeostasis primarily occurs at the level
intestinal absorption. (Hoffbrand et al., 2016). Iron content in the earth’s crust
is ~4% and most plant and animal foods contain significant amounts of iron.
However, all of it is not available for absorption (Hoffbrand et al., 2016). It is
established that a major cause of anaemia is dietary iron deficiency (Vogt et al.,

2021; WHO, 2011a).

The iron in the diet is complexed with proteins. It is released from the protein
by the action of hydrochloric acid and proteolytic enzymes secreted by the
stomach and small intestine. This results in the release of heme from heme-
containing proteins, and non-heme iron from other sources(Barrett et al., 2019;

Hoftbrand et al., 2016)
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Figure 2 Heme and non- heme iron transport across the enterocytes. From
the luminal side of the enterocyte, heme is taken up via HCP1 (heme carrier
protein -1). Heme may also be taken up by clathrin-coated pits contianing heme
binding receptors. Inside the enterocyte, heme degradation is catalyzed by the
enzyme HO-1(heme oxygenase-1). Alternatively, it can enter the circulation
through the transporter present on the basolateral membrane, FLCVR (Feline
leukemic virus receptor). Non-heme iron in the intestinal luman is converted
from Fe** to Fe?" form by DcytB (Duodenal cytochrome B). Fe** is then
taken up by DMT 1 (Divalent metal transporter protein 1) into the enterocyte.
Subsequently, iron can exit to the circulation through FPN1 (ferropotin 1). Fe**
is then converted to Fe** by HepH (Hephaestin) and binds to carrier protein in
blood, transferrin. Source: (West and Oates, 2008).
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Factors affecting iron absorption are (Hoffbrand et al., 2016):
1. Content of iron in the diet
2. Iron bioavailaibilty

3. Body iron status

The absorption differs depending on how iron is found in the diet — as heme
and in non-heme forms. Heme is present abundantly in animal proteins and is
absorbed efficiently by enterocytes. As shown in figure 1, there are two known
mechanisms by which heme iron is absorbed. Firstly, heme receptor mediated
endocytosis and secondly via heme transporters (Hooda et al., 2014; West and
Oates, 2008). In contrast, non-heme iron is usually present in the diet in its ferric
(Fe*") form and is poorly bioavailable. It must be converted to its ferrous (Fe?")
form before it can be absorbed. This is done by duodenal cytochrome b, a ferri-
reductase found on the luminal surface of enterocytes. The ferrous form of iron
is taken up into the enterocyte by divalent metal transporter 1(DMT 1), which

is also found on the luminal surface of enterocytes (Victor W. Rodwell et al.,

2018).
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Inside the enterocyte, heme-bound iron is released from heme by the action of
heme oxygenase. The iron released can be stored or transferred out of the cell.
Iron is stored by binding to ferritin. Ferritin is a globular protein complex of
474kDa molecular weight, with 24 subunits. It can hold about 3000 to 4000
ferric atoms. On the other hand, ferrous iron may be transported across the
basolateral membrane and released into the blood, via ferroportin. Ferroportin
is the only known iron exporter in mammalian cells. This step is regulated by a
peptide hormone, hepcidin, which is produced by the liver and is the central
regulator of systemic iron homeostasis (Victor W. Rodwell et al., 2018). Once
exported, ferrous iron is converted to its ferric form by the membrane-bound,

copper-containing ferroxidase, haephestin.

Iron in circulation

In the circulation, ferric iron binds with high affinity to the plasma protein,
transferrin. Transferrin is produced in the liver and exists in two forms in blood:
apo-transferrin (not bound with ferric atoms) and holo-transferrin (bound to two

ferric atoms)(Kennelly et al., 2018; Victor W. Rodwell et al., 2018)
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Figure 3 Transferrin cycle. Holo-transferrin binds with transferrin receptor 1
(TfR1) which is present on the surface of cells in clathrin-coated pits along with
DMT1. The membrane invaginates to form an endosome with transferrin bound
to TFR1 and DMT1 on the membrane walls. The pH in the endosome becomes
acidic; this causes the release of iron from transferrin. The iron is released into
the cytoplasm from the endosome through DMTI1. Following this, the
endosome is recycled back to the cell surface where transferrin dissociates from
TfR1 and is released into the circulation. Source : (Elliott and Head, 2012)
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Iron is taken up from transferrin by almost all cells of the body. However, large
majority of transferrin-bound iron is taken up by the erythroid precursors of the
bone marrow where it is used for the synthesis of haemoglobin. Holo-transferrin
is taken up by cells via a membrane-bound receptor called transferrin receptor
1 (TfR1). As shown in figure 3, once transferrin binds to its receptor, it is
endocytosed and forms an endosome within the cell. Iron is released from the
transferrin when the pH inside the endosome becomes acidic. It exits the
endosome via DMT1 on the endosomal membrane. The apo-transferrin, still
bound to the transferrin receptor, is recycled to the cell surface, where the two
separate; the receptor remains on the cell surface and apo-transferrin is released

into the blood. (Victor W. Rodwell et al., 2018).

Recycling of iron from senescent erythrocytes by macrophages

Macrophages present in the spleen and liver form the reticuloendothelial
system. They phagocytose senescent and damaged erythrocytes. In the
phagocytic vesicle formed, heme released from haemoglobin is degraded to
biliverdin, carbon monoxide and iron by the enzyme heme oxygenase. The iron
that is released is transported out of the vesicle by DMTI1 on the vesicular
membrane. Iron is subsequently either stored as ferritin or transported out of the

macrophage by ferroportin. The iron released from macrophages is in its Fe?*
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form. Ceruloplasmin, a plasma protein with ferroxidase activity, converts it into
Fe’". The ferric form then binds with transferrin and is available cells to be taken

up via the transferrin cycle.(Victor W. Rodwell et al., 2018)

Senescent erythrocyte
phagocytosed by the
macrophage

Hemoglobin

Globin 4/1 Ferroportin
Heme /

|\> Fe?* » Fe?*
Biliverdin -
MACROPHAGE

l Ceruloplasmin

Bilirubin Fe3+

1
<>

Holo-transferrin

Figure 4 Iron recycling: Macrophages phagocytose senescent and damaged
red blood cells in the circulation. The haemoglobin released is degraded to
release globin and heme. The heme is further degraded by heme oxygenase to
give ferrous (Fe2+) iron and biliverdin; biliverdin is subsequently converted to
bilirubin. Ferrous (Fe2+) iron is released into circulation by ferroportin.
Ceruloplasmin is a ferroxidase that converts Fe?* to Fe*'. Ferric iron is
transported in blood bound to transferrin. Source: (Victor W. Rodwell et al.,
2018)




Hepcidin — central regulator of systemic iron homeostasis

Regulation of iron homeostasis in the body is of great importance. Higher than
normal levels in the body can lead to toxicity. This is because iron can take part
in the Fenton reactions, resulting in production of free radicals, which can
damage tissue (Backa et al., 1993; Jomova et al., 2012; Park et al., 1987;
Winterbourn, 1995). If iron levels are abnormally low in the body, it can lead

to iron-deficiency anemia.

Liver produces hepcidin, which is the chief regulator of systemic iron
homeostasis. It is known to bind to ferroportin on the surface of cells, triggering
the internalization and degradation of ferroportin. This results in decreased
release of iron from the enterocytes and macrophages into the blood, resulting

in hypoferremia. (Nemeth et al., 2004b; Victor W. Rodwell et al., 2018)

The term “hepcidin’ has 2 parts, with corresponding meanings; hep- (of hepatic
origin) and -cidin (possessing anti-microbial activity)(Ganz, 2003a; Park et al.,
2001). It is made up of 25 amino acids (Krause et al., 2000) and is encoded by

the HAMP gene.
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Hepcidin is up-regulated by iron overload and inflammation, and down-
regulated by erythropoiesis and hypoxia (Zhao et al., 2013). Hepcidin has been
shown to regulate iron absorption in the gut, iron release from the macrophages
andiron storage in the liver.(V.W. Rodwell et al., 2018) The mechanisms

involved are summarized in Figure 5.
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Figure 5: Regulation of hepcidin: Sinusoidal endothelial cells (LSEC)
produce bone morphogenetic proteins (BMP2 and BMP6) that bind to bone
morphogenetic receptor (BMPR) on the plasma membrane of hepatocytes to
phosphorylate and activate intracellular SMAD proteins. SMAD proteins
translocate to the nucleus where it induces hepcidin (H4AMP) gene transcription.
Pro-inflammatory macrophages release interleukin 6 (IL6), which binds to
interleukin 6 receptors (IL6R). IL6R activates the STAT3 pathway and activates
transcription of HAMP gene. Source: (Pagani et al., 2019)
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Cellular iron homeostasis

Intracellular iron homeostasis is achieved mainly by the iron regulatory element
(IRE) / iron regulatory protein (IRP) system that regulates cellular iron uptake,

storage and export (Hentze et al., 2004).

There are 2 orthologous RNA-binding iron regulatory proteins - IRP 1 and IRP
2. They bind to cis-regulatory hairpin structures known as iron response element
(IRE) present on the untranslated regions (UTRs) of mRNA. The IREs are
found either in the 5° or 3> UTR of the mRNAs coding for some of the most
critical genes involved in iron homeostasis, including ferritin, transferrin
receptor, divalent metal transporter 1, ferroportin, erythroid specific form delta
— aminolevulinic acid synthase, and hypoxia inducible factor- 2 a. (Ec, 1993;

Muckenthaler et al., 2008).

The binding of IRP to IRE present on the 3’IRE on mRNA results in its
stabilization and increase in half-life of the mRNA. This eventually results in
increased protein translation. Transferrin receptor 1 (TfR1) is a classic example
of a gene with multiple IREs in its 3’UTR. On the other hand, binding of IRP
to 5’IRE results in translation arrest. This is classically seen in ferritin mRNA

which has a highly conserved IRE in its 5 UTR.
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The two IRPs, IRP 1 and IRP 2, are regulated by iron (and other factors) by

distinct mechanisms as shown below.

Functioning of the IRP in various states

Type & state

Iron replete state

Iron-deficient state

IRP 1(Dupuy et al., 2006;

Walden et al., 2006)

In the presence of iron,

IRP1 forms a 4Fe-4S
cluster that converts it to a
cytosolic aconitase that is

unable to bind to IRE.

In the absence of iron,
the cluster of (4Fe-4S)
1s lost. In this form,
IRP 1 binds to IRE in

the mRNA.

IRP 2(Takahashi-Makise

et al., 2009)

In the presence of iron,
FBXL5 (Ubiquitin ligase)
ubiquitinates and induces
proteasomal degradation

of IRP2.

In the absence of iron,
FBXL5 activity
decreases, thus
increasing the levels of

IRP 2

As shown in Figure 9, in the absence/deficiency of intracellular iron, the IRPs

are active and bind to 3’-IRE of TfR1 and DMT-1 mRNA resulting in their

stabilization and increased translation. The net result would be increased uptake




of iron in order to increase intracellular iron levels. On the other hand, binding
of IRPs to the 5’-IREs results in the inhibition of translation of the following

mRNA:

1. Ferritin— L

2. Ferritin — H

3. Ferroportin

4. Mitochondrial aconitase

5. Erythroid ALA-synthase (ALAS2)

This results in increased storage of iron (ferritin) and increased itestinal
absorption of iron (via ferroportin). In erythroid cells, there is IRP-dependent
control of amino levulenic acid synthase- 2 (Alas-2). This is the rate limiting

enzyme in heme synthesis (Cooperman et al., 2005; Melefors et al., 1993).
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Figure 9 : IRP 1 and IRP2 regulate the cellular iron homeostasis.

In the presence of iron, IRPs are stabilized and bind to IREs present in mRNA
of specific genes. Genes that have 5’IREsm such as ferritin, ferroportin, cALAS
etc. are subjected to translational arrest, while those with 3-IREs, such as TfR1,
are stabilized. The IRPs themselves are regulated by iron, nitric oxide (NO),
hydrogen peroxide (H202) and hypoxia. Source : (Hentze et al., 2004)
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IRON METABOLISM IN PREGNANCY

Physiologic changes in pregnancy

One of the most important physiological changes that occurs during pregnancy
is the increase in blood volume (Cunningham et al., 2018a; Koller, 1982). This
is achieved primarily by increasing the plasma volume. The increase in blood
volume is essential during pregnancy for the following reasons (Cunningham et

al.,2018a) —

. To maintain blood flow for the enlarged uterus and its hypertrophied
vasculature

. To supply nutrients for the rapidly growing fetus and placenta

. It protects the mother and the fetus against the effect of impaired venous return
in supine or erect position due to the pressure of the gravid uterus on the

abdominal venous system

. It protects against hypovolemia due to blood loss associated with parturition

Iron requirements during pregnancy

The increase in plasma volume in pregnancy is associated with an increase in
erythropoiesis to prevent dilutional anaemia. Therefore, iron requirement
increases to meet the demand for the increased erythropoiesis (Bencaiova et al.,

2019). In addition, iron requirements increase significantly during pregnancy to
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meet the demands of the placenta and the growing fetus (Table 1 and Figure 5).
The requirement for iron in each trimester varies, depending on the
physiological needs of the mother and on her stores of iron (Chetchowska et al.,
2016). When the increased demand for iron during pregnancy is not met, it often

results in anaemia (Scholl, 2011).

In non-pregnant women, obligate losses of iron occur via menstruation and via
the skin, gut, and urine. In pregnancy, menstruation does not occur. Hence, the
losses to be compensated during pregnancy are losses from the skin, gut and in
urine. Obligatory losses via these routes in a pregnant woman is <0.8 mg/d in a

55-kg woman (230 mg/pregnancy)(Bothwell,2000).
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Figure 6 Estimated iron requirements during pregnancy in a 55-kg woman.
In a non-pregnant menstruating female, the iron requirement is approx. 1.5
mg/day. In the first trimester of pregnancy, iron requirements are low due to the
absence of menstrual blood loss. As pregnancy progresses into second trimester
and third trimester, the iron requirement increases from 1 mg/day to 7 mg/day
to meet the demands for increased erythropoiesis and growing fetus and
placenta. Source: (Koenig et al., 2014)
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Table 1 (reproduced from Bothwell, 2000)

Iron requirement in pregnancy

Amount In mg

Total need in pregnancy

Fetus 270

Placenta 90

Expansion of red cell mass 450

Obligatory basal losses 230

Maternal blood loss at delivery 150

Total 1190

Net iron requirement in pregnancy

Contraction of maternal red blood cell mass - 450

Absence of menstruation during pregnancy - 160

Total - 610
1190 -610

Net total 580
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Mechanism of iron transfer across the placenta
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Figure 7 Placental iron transfer: Holo-transferrin in maternal blood binds to
transferrin receptors on the maternal aspect of the syncytiotrophoblast and is
endocytosed by the cell forming an endosome. Iron is released from transferrin
when the pH becomes acidic in the endosome. The released iron exits the
endosome through DMTI1. Iron is then exported into fetal circulation via
ferroportin which is present on the fetal aspect of placental synctiotrophoblast.
The released Fe** is converted into Fe**by the placental ferroxidase, zyklopen.

Source: (Koenig et al., 2014)
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Iron from the maternal blood is transferred to the fetal circulation via
mechanisms similar to those in other cells (Figure 7). Holo-transferrin is taken
up via the transferrin cycle that takes place in syncytiotrophoblasts (Koenig et
al., 2014; Sangkhae and Nemeth, 2019). Iron is then transferred to the fetal
circulation by ferroportin (Iregl) (Koenig et al., 2014). Iron is loaded into fetal
transferrin after is oxidized to its ferric form by a ferroxidase, called zyklopen.

(Figure 7)

Anaemia in pregnancy

Anaemia is a global problem, with iron-deficiency anaemia being the
commonest cause for it (WHO, 2011.). It has been estimated that 40.1 % of
pregnant mothers in the world suffer from iron-deficiency anaemia (Stevens et
al.,2013; WHO, 2016.). India contributes significantly to this burden (National
Family Health Survey 4 report 2015-2016; Rai et al., 2018; Rammohan et al.,

2011).

Pregnant women are particularly vulnerable to anaemia because of the increased
demands for iron in pregnancy. The additional amount of elemental iron needed

during pregnancy is about 1g. Demands for iron increase with increasing



gestational age (Ganz, 2003b). Supplementation of iron is often required to meet

the increased demands in pregnancy.

Several parameters in blood can be used to determine the iron status of the body.
These include haemoglobin serum ferritin, serum iron, TIBC, transferrin
saturation, RBC porphyrins, soluble transferrin receptor, and RBC morphology
(Goddard et al., 2011; Victor W. Rodwell et al., 2018). Haemoglobin levels in
blood decrease when there is a deficiency of iron which is required for the

synthesis of heme.(Victor W. Rodwell et al., 2018).

Serum iron is a measure of iron present in the blood that is bound to transferrin.
It decreases in iron-deficient states (Burtis and Bruns, 2014; Victor W. Rodwell
et al., 2018). Ferritin is the intracellular storage form of iron in the body. Levels
of ferritin in the serum is widely held to reflect body iron stores. (Victor W.
Rodwell et al., 2018). The total iron binding capacity (TIBC) of blood indicates
how much iron can be bound to transferrin (Victor W. Rodwell et al., 2018). It
is increased in iron-deficiency anaemia which is characterized by elevated
transferrin levels in blood. Transferrin saturation is an indication of the extent
to which the total iron-binding capacity of transferrin is saturated. In normal

conditions, ~30% of the binding sites on transferrin have iron bound to them.
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The amount of iron bound to transferrin decreases in iron-deficient states and
increases in iron-overloaded states (Victor W. Rodwell et al., 2018). RBC
porphyrins are a measure of red cell protoporphyrins; an increase in levels of
red cell protoporphyrin indicates iron deficiency (Victor W. Rodwell et al.,

2018).

When iron levels decrease in cells, the number of transferrin receptors on their
surfaces increases to enable it to take up more iron. Some of these receptors are
cleaved and found in blood as soluble transferrin receptor (sTfR).
Approximately 80 to 90% of TfR are present on erythropoietic precursor cells.
Hence, the sTfR is proportional to the TfR on erythroid precursor cells, where
they increase markedly in iron-deficient states (Berlin et al., 2011; Gupta and
Abbi, 2003; Victor W. Rodwell et al., 2018; Y, 2003). RBC morphology can
also indicate iron deficiency, when they appear as hypochromic and microcytic

cells (Ford, 2013; Kumar et al., 2012).
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Table 2: Diagnostic criteria for anemia (WHO, 2011a)

Pregnant women

Haemoglobin value (g/dL)

No anaemia 11 or higher
Anaemia

Mild 10.0-10.9
Moderate 7.0-9.9

Severe Lower than 7.0
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Table 3: Diagnostic criteria for iron deficiency (WHO, 2020)

Iron deficiency

Apparently  healthy

Individuals with infection

years)

individuals or inflammation
Infants & young | <12 <30
children
Pregnant women | <15 (first trimester) -
Adults (20 to 59 | <15 <70
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Table 4: Reference ranges for iron-related parameters in

(reproduced from Adamson, 2018)

normal adult

Parameters | Normal Negative Iron-deficient | Iron-
iron erythropoiesis | deficiency
balance anaemia

Marrow iron | 1+ to 3+ Otol+ 0 0

stores

Serum 50-200 <20 <15 <15

ferritin

(ng/L)

TIBC 300-360 >360 >380 >400

(ng/dL)

Serum iron | 50-150 - <50 <30

(ng/dL)

Transferrin | 30-50 - <20 <10

saturation

(%)
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Table 5: Reference ranges for iron-related parameters in pregnancy

(reproduced from Cunningham et al., 2018b)

Parameter Non- First Second Third
pregnant trimester trimester trimester
Haemoglobin 12-15.8 11.6-13.9 9.7-14.8 9.5-15.0
(mg/dL)
Mean 79-93 81-96 82-97 81-99
corpuscular
volume (MCV)
(fL)
Serum iron | 41-141 72-143 44-178 30-193
(ng/dL)
Serum ferritin | 10-150 6-130 2-230 0-116
(ng /L)
251-406 278-403 Not reported | 359-609
Transferrin iron
binding
capacity
(TIBC) (png/dL)
Transferrin 22-46 Not reported | 10-44 5-37
saturation (%)




Hepcidin in pregnancy

Maternal hepcidin

As we have seen above, there is increased physiological demand of iron in
pregnancy to support feto-placental development and other maternal changes
during pregnancy. The iron requirement during the pregnancy is not uniform.
We have also seen that the iron requirement in the first trimester is <0.8 mg/d
due to the absence of menstrual cycles. The need of iron requirement increases

1.0 mg/d in 2" trimester to 7 mg/d in the 3™ trimester(Thomas H Bothwell,

2000)

50 Hepcidin

10 .
=
g *%k%*
=

*%x% -
0.1 1st 2nd_3rd 24h_6 weeks
Trimester Postpartum

Figure 10: Serum hepcidin concentrations during the pregnancy. Shown as
medians with the interquartile range. The asterisks represent the significance in
relation to first trimester values, ** p < 0.001, *** p < 0.0001 Source
:Reproduced from van Santen et al., 2013
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Normal hepcidin values during pregnancy reported by various studies is given

below (Koenig et al., 2014):

The hepcidin values given by various studies are listed below:

Maternal hepcidin findings in serum

Van Santen et al., 2011

4.2 nmol/L (0.5-13.9) nmol/L

Finkenstedt et al., 2012

Ist trimester: median = 16 ng/mL (4-97)

2nd trimester: median = 11 ng/mL (6-36)

3rd trimester: median = 9.5 ng/mL (1-43), p <

0.001

Van Santen et al., 2013

Median 2.0 nmol/L (range < 0.5—12.3 nmol/L)

15—-19 weeks gestation: 1.85 nmol/L (1.10-4.10)

20-25 weeks gestation: 0.25 nmol/L (0.25-1.20)

29-35 weeks gestation: 0.25 nmol/L or

undetectable

24 h postpartum: 3.0 nmol/L (0.66-9.22)

6 weeks post-delivery: 1.35 nmol/L (0.73-2.40)
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Young et al., 2012 At time of admission to hospital after onset of

labour

Median = 9.30 ng/mL (range not provided in

publication)

In order to meet the increasing iron requirements, there needs to be more
intestinal absorption and iron recycling from macrophages than in the non-
pregnant state(Ganz, 2003a). This is made possible by suppression of the iron
regulatory hormone, hepcidin. In pregnant state, hepcidin suppression may be
due to increased erythropoiesis (due to plasma dilution) and increased iron
utilization by the feto-placental unit. However, the exact mechanisms involved

are not clearly known (Fisher and Nemeth, 2017; Young et al., 2012).

It is seen that regulation of hepcidin during pregnancy is similar to that seen in
the non-pregnant state, except that the thresholds are set at a lower level. In
previous studies, maternal hepcidin was shown to positively correlate with
serum ferritin and transferrin saturation throughout pregnancy. It also correlated

inversely with soluble transferrin receptors and hemoglobin. This shows that
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these regulatory pathways are intact and functional during pregnancy (Fisher

and Nemeth, 2017).

Hepcidin levels are generally low or undetectable in maternal blood during the
third trimester with the decline starting in the beginning of second trimester
(Koenig et al., 2014; van Santen et al., 2013).It has been argued that there is
gradually increasing iron deficiency during the course of the pregnancy and that
this may explain hepcidin suppression. However, iron replete pregnant women

are also seen to have suppressed hepcidin.

It is known that the pregnancy is a mild inflammatory condition in the initial
first trimester as the implantation process is considered as an open wound in the
endometrium. However, in studies done on healthy pregnant women, it is shown
that serum hepcidin markers did not correlate with inflammatory markers. This
suggests that the mild inflammation associated with normal pregnancy does not

affect maternal hepcidin (Dekel et al., 2014; Schulze et al., 2008)

There is increase in hepcidin concentration in obese pregnant women and

preeclamptic individuals compared to normal pregnant women which did not
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interfere with the haematological and iron parameters in the mother or newborn
(Toldi et al., 2010). This suggests us that mild elevation of hepcidin
concentration during pregnancy does not cause a significant decrease in iron

absorption or recycling.

The advantage of measuring hepcidin is that it provides an integrated picture of
iron handling in the body (Bah et al., 2017). Hepcidin levels reflect the net
effect of the various factors that impact upon hepcidin gene transcription
(Sangkhae and Nemeth, 2017). Therefore, serum hepcidin is a useful marker for
detecting iron deficiency during early pregnancy even before anaemia is
detected (Rehu et al., 2010). Abioye et al., in their study found hepcidin and
haemoglobin to be the best predictors of iron deficiency and iron deficiency

anaemia in pregnancy women.

Since hepcidin is induced by inflammatory cytokines, especially interleukin 6
(IL-6), it reduces the availability of iron causing iron restricted erythropoiesis
in inflammatory conditions resulting in anaemia of inflammation. If hepcidin is
elevated, then it can differentiate anaemia of inflammation from iron deficiency

anaemia (Abioye et al., 2020).
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Fetal Hepcidin

Maternal Fetal tissues

Figure 11: Action of fetal hepcidin: Hepcidin secreted from the fetal liver
primarily acts on the ferroportin (fpn) present on the fetal hepatocytes.
Regulation of hepatocyte ferroportin plays a role in the supply of iron to the
developing erythroid progenitor cells in the fetal liver. Source : (Ganz, 2020)
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Very little is known about the physiological role of fetal hepcidin and
regulation of hepcidin expression in the fetal liver. It has been shown that
fetal hepcidin, at physiological levels, does not have a significant effect on
ferroportin expression in the syncytiotrophoblasts, suggesting that it may not
play a major role in regulation of maternofetal iron transport across the
placenta (Ganz, 2020; Kdmmerer et al., 2020). On the other hand,
supraphysiological levels of fetal hepcidin (as seen in Tmprss6-deficinet and
hepcidin-overexpressing mouse embryos) down-regulates placental

ferroportin, resulting in iron deficiency in the fetus (Sangkhae et al., 2020).

The fetal liver is a major site of erythropoiesis in the growing fetus.
Hepcidin, which is secreted by the fetal liver, is thought to have an
autocrine/paracrine effect on fetal hepatocytes. It is hypothesized that it may
play a key role in supplying iron to rapidly proliferating erythroblasts in the
liver by regulating the levels of ferroportin expression in both the
erythroblasts and hepatocytes (Ganz, 2020; Kammerer et al., 2020).
However, further work is essential to confirm this and provide evidence for

the physiological role of fetal hepcidin.
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SCOPE OF STUDY

It is not totally clear whether maternal iron status during pregnancy correlates
with that of the fetus. This information is important because it is generally
assumed that improving maternal iron status would also improve iron status in
the fetus. It is not clear whether this assumption is true. As far as is
ascertainable, there is no data from Indian subjects on this aspect. This study
attempts fill these lacunae in the literature. It is envisaged that the results of this
study will provide insights into links between maternal hepcidin and fetal iron

status.
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THE STUDY

BACKGROUND TO THE STUDY

In pregnancy, requirements for iron are increased to meet maternal and fetal
demands. Mechanisms involved in the uptake of iron from the maternal blood,
its handling by the placenta and its subsequent transfer to the fetus are not clear.
Hepcidin (the key regulator of systemic iron homeostasis) in the maternal
circulation has been postulated to play a role in such processes. Its levels have
been shown to decrease in pregnancy to enable uptake of iron by the fetus, and
to return to normal levels post-partum. The mechanism that underlies such
decreases is not known. There is little known on whether fetal hepcidin
regulates placental iron uptake and transfer. It is also not clear to what extent
maternal iron status during pregnancy influences that of the fetus. As far as

ascertainable, there is no data on Indian subjects on these aspects.

HYPOTHESIS

Haematological and iron-related parameters in maternal blood, during

pregnancy, correlate with the same parameters in cord blood.
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AIM

The aim of this study was to estimate hematological and iron-related parameters
in blood from pregnant women and in the cord blood of their babies and to
determine how these parameters correlate with each other and with outcomes

of pregnancy.

OBJECTIVES

(a)  To estimate iron-related and haematological parameters, and a marker of
inflammation, in blood from pregnant women and in the cord blood of their

babies

(b)  To determine how these parameters correlate with each other and with

outcomes of pregnancy
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MATERIALS

Equipment used

1. Table-top refrigerated centrifuge - MPW R 350, MPW Med Instruments,

Poland

2. Freezer (-70°C) — Cryo Scientific Systems Pvt Limited, Chennai, India

Materials used

1. Vacutainer tubes for blood collection (BD Biosciences, Plymouth, UK)

2. Micro centrifuge tubes 1.5mL and micro tips - Tarsons Products Private

Limited, Kolkata, India
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METHODS

The study was approved by the Institutional Review Board (IRB) at Christian
Medical College (CMC), Vellore, India (IRB minute number 13367, dated

02.09.2020) (approval letter in Appendix I).

Subjects

In this study, primigravidae who attended the antenatal clinics of Unit 4 of the
Department of Obstetrics and Gynecology at Christian Medical College (CMC),
Vellore, India, were recruited in their first trimester, after obtaining informed

consent. They were followed up through pregnancy, until delivery.

Inclusion criteria:

1. Primigravidae (between the ages of 18 and 35) in their first trimester

2. Those with singleton uncomplicated pregnancies

3. Those who planned to deliver their babies in CMC, Vellore

4. Those willing to give consent to be part of the study
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Exclusion criteria:

1. Those with multiple pregnancies

2. Those who developed any complication of pregnancy

3. Those who were considered by the obstetric team to have a high-risk

pregnancy

Eligible subjects were screened, according to the inclusion and exclusion
criteria listed above. Informed consent was sought from those who were found

to meet these criteria and who were willing to participate in the study.

Informed consent

An information sheet about the study was provided to each willing subject. This
was provided in 3 languages — English, Tamil and Hindi. Each subject chose
the language that she was most conversant with. The investigators also
explained the details of the study to each potential subject and answered any
questions she or her attendant relative had. Written informed consent was
obtained from those who were willing to participate. The form for this is shown

in Appendix II.
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Data collected

Once recruited into the study, basic and relevant demographic data was
collected from each subject. Relevant past medical history, including
gynecological and obstetric history, was obtained. Any supplements that the
subjects were on at that point was noted from the hospital record and from the
history. Subjects were followed up throughout pregnancy until delivery. The
extent of subjects’ compliance with iron supplements prescribed throughout

pregnancy was documented during antenatal visits.

After recruitment, a blood sample was collected from each subject. The sample
was used for estimation of haematological parameters (haemoglobin and mean
corpuscular volume), iron-related parameters (serum iron, ferritin and hepcidin,
total iron-binding capacity, transferrin saturation) and C-reactive protein (a
marker of inflammation). At the time of delivery, a sample of cord blood was
obtained to estimate the same parameters, as listed above. Outcomes of

pregnancy were documented.
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Sample size

A sample size calculation was done, based on a publication by Simavli
et al.,, 2014. The mean hepcidin level reported in healthy pregnant
women in this publication was 7.8 ng/mL, with a standard deviation of
3.4 ng/mL. With a precision of 1 ng/mL and 95% confidence interval,
the sample number that was calculated, based on these figures, was 44
subjects. The sample size calculation was done with nMaster 2.0. The

formula that was used is shown below.

Single mean - estimating the population mean - absolute
precision

Standard deviation of hepcidin 34
Absolute precision 1
Desired confidence level (%) 95
Required sample size 44
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Formula:

2 2
&y 20
H= T
Where,
¢ Standard deviation
d : Precision

1-a/2 : Desired Confidence level

Sample collection
A fasting sample of blood (about 6 mL) was collected from each subject, The
patient was followed up, during subsequent antenatal visits, till delivery. At the

time of delivery, a cord blood sample was collected.

The blood samples collected were used for estimation of haematological
parameters (haemoglobin and mean corpuscular volume) and iron-related
parameters (serum iron, ferritin, total iron-binding capacity, and transferrin

saturation) and C-reactive protein (a marker of systemic inflammation)

Processing of blood samples
Blood samples collected in the red tube were allowed to clot and then
centrifuged at 2500 relative centrifugal force (RCF) for 10 minutes to obtain

serum; this was done within 3 hours of collection of blood.
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Storage of blood samples
The serum obtained was collected and stored at -70°C, till analyses was carried
out. On the days of the analyses, the samples were thawed to room temperature,

and used for estimation of serum iron, TIBC, ferritin, hepcidin, and CRP.

Estimations carried done in the diagnostic laboratory of the Department of

Clinical Biochemistry, CMC, Vellore

1. Estimation of serum iron

Reference intervals:

Males: 60 to 160 pg/dL

Females: 40 to 145 pg/dL

Sample matrix: Serum

Instrument: Roche - Cobas ¢ 702 modular analyzers

Principle: Guanidine/ ferrozine spectrophotometric method

Guanidine released the ferric ions bound to transferrin, which was present in the
sample. Hydroxylamine reduced ferric iron to its ferrous form. A purple-colored
complex was formed, when ferrozine reacted with the ferrous form of iron. The

intensity of the color obtained was measured at 560 nm, using a
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spectrophotometer, and was directly proportional to the concentration of iron in

the sample.

2. Estimation of serum ferritin

Reference intervals

Males: 22 to 322 ng/mL

Females: 10 to 291 ng/mL

Sample matrix: Serum

Instrument: Chemiluminescence immune assay (CLIA): SIEMENS - Atellica

immunoassay

Principle: double sandwich immunoassay

In the reagent there were 2 ferritin antibodies. A goat polyclonal anti-ferritin
antibody labeled with acridinium ester was the first antibody, and a mouse
monoclonal anti-ferritin antibody was the second antibody. These were in the
solid phase, coupled to paramagnetic particles. The system detected relative
light units (RLU), which was in directly proportional to the amount of ferritin

present in the sample.
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3. Estimation of total iron-binding capacity (TIBC)

Reference intervals:

Male: 300 to 400 pg/dL

Female: 250 to 350 pg/dL

Sample matrix: Serum

Instrument: Roche-Cobas 8000 ¢ 702 modular analyzer

Principle: At alkaline pH, a known amount of Fe™ was added to the sample.
These Fe™ ions bound to the transferrin in the sample. Unbound ions were
measured by a spectrometric methos using ferrozine (described under
estimation of serum iron). The value of unbound iron was subtracted from total
amount of iron added. This gave the value for unsaturated iron-binding capacity
(UIBC).

UIBC = (Amount of ferrous iron added) — (Amount of unbound ferrous iron)

TIBC was calculated by adding serum iron concentration to the UIBC.

4. Calculation of transferrin saturation (TSAT)
The reference range for transferrin saturation is 30 - 40 %

TSAT = (Serum iron / TIBC) x 100
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5. Estimation of hs-CRP

Reference interval: < 3mg/L

Sample matrix: Serum

Instrument: SEIMENS- IMMULITE 2000
Principle: Solid-phase chemiluminescent immunometric assay (CLIA)
There were 2 phases in this assay.

1. Solid phase: anti-ligand coating on the beads

2. Liquid phase: murine monoclonal antibody to CRP was attached to
the anti-ligand, rabbit polyclonal anti-CRP antibody conjugated with

alkaline phosphatase in buffer

A diluted serum sample was added to the reagent and incubated for 30 minutes.
The reaction chamber was washed. The CRP bound to the anti-CRP murine

antibody was retained. Unbound antibodies were removed.

CRP in the sample formed a double sandwich complex. A chemiluminescent
substrate was then added to the tube. The intensity of photons released was

measured and was directly proportional to the CRP concentration in the sample.
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Estimation carried out in the Department of Biochemistry, CMC, Vellore

1. Estimation of hepcidin

Sample matrix: Serum

Reagents used: Intrinsic Hepcidin IDx™ ELISA

The following reagents and materials were provided in the kit.

Hepcidin-25 mAb coated wells (96-well plate)

Hepcidin-25 standard

Hepcidin-25 control 1,

Hepcidin-25 control 2

Biotinylated hepcidin-25 tracer

Streptavidin-HRP conjugate

TMB substrate

Stop solution

Sample diluent

Polypropylene (PP) 96 microwell plate covers

Wash buffer
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Principle:

This was a competitive binding assay. The kit contained a monoclonal antibody
(mAb) that bound with high affinity to the N-terminus of hepcidin-25. The
antibody had low affinity to N terminus of isomers of hepcidin—25. It was a
competitive binding assay between hepcidin-25 in the sample and a biologically
active biotinylated human hepcidin-25 tracer, for a fixed number of high-

affinity anti-hepcidin-25 N-terminal-specific mAb binding sites.

Procedure:

The monoclonal antibody (mAb) was coated on the microwells in the plate. The
hepcidin-25 standard provided, hepcidin-25 controls (controls 1 and 2), and
patients’ samples were added to the wells. They were incubated with
biotinylated hepcidin-25 tracer for 60 minutes. This biotinylated hepcidin-25
tracer competed with native or reference hepcidin for a fixed number of N-
terminal specific antibody-binding sites. The amount of tracer bound that was
able to bind to the antibody decreased with increasing concentrations of
hepcidin in the patients’ samples. The unbound tracer was washed out. The
streptavidin-horseradish peroxidase (HRP) conjugate was added to the wells
next and incubated for 30 minutes. The wells were then washed to remove

unbound streptavidin-HRP. The substrate (3,3',5,5'-tetramethylbenzidine) was
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then added and incubations carried out for 15 minutes. The reaction was stopped
by addition of the stop solution provided. The absorbance of the solutions in
each well was measured at 450nm, using a microwell plate reader. The data

obtained was recorded. All reactions were carried out in duplicate.

Estimations carried done in the diagnostic laboratory of the Department

Transfusion Medicine, CMC, Vellore

1. Estimation of hemoglobin

Reference interval:

Males: 13to 17 g/L

Females: 11to 15 g/L

Sample Matrix: Blood anticoagulated with EDTA

Analytical Method: Photometric measurement on automated cell counter

(transmittance 525 nm).

2. Estimation of mean corpuscular volume (MCYV)

Reference interval: 80 to 100 fL

Sample matrix: Blood anticoagulated with EDTA

Analytical Method: Derived from RBC histogram
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Statistical analyses

The Shapiro—Wilk test was used to assess the distribution of data obtained.
Normally distributed data was expressed as means and standard deviations.
Correlations were determined among the various parameters, using Spearman’s
correlation coefficients. A p value of < 0.05 was taken to be statistically
significant. All the analyses were carried out using Statistical Package for the

Social Sciences (SPSS) software version 21 (SPSS Inc., Chicago, IL, USA).
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RESULTS

The circumstances of the pandemic made recruitment of subjects extremely
challenging. Patients were lost to follow up, as they did not come for antenatal
care due to restrictions imposed by the pandemic. Several subjects recruited
also finally did not manage to come to CMC for their delivery because of
difficulties in transportation and travel, due to the pandemic. In view of this,
it was possible to follow up only 20 subjects for the purpose of this thesis.
There were also financial constraints encountered and delays in procurement
of reagents for estimation of hepcidin. The various estimations had to be done
on 2 samples of blood, for each subject recruited. These were the maternal
blood sample at time of recruitment and the cord blood sample at the time of
delivery. Hence, hepcidin estimations were carried out only on the maternal

samples collected.
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Table 1: Clinical characteristics of patients in the study (n=20)

Characteristics of subjects

Age (years) 25 (£3.21)
Height (meters) 1.58 (£ 0.06)
Weight at the time of recruitment (kg) | 54.49 (+ 9.05)

Body mass index (BMI) (kg/m?)

21.78 (£ 3.28)

Gestational age at recruitment (weeks)

9.92 (% 2.60)

Values shown indicate means (+ SD)
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Table 2: Outcomes of delivery

Parameters

Gestational age at delivery (weeks)

39.6 (+ 0.98)

Weight of baby at delivery (kg)

3.07 (£ 0.31)

Placental weight (gm)

5903 (= 103.12)

Length of baby (cm) 49.2 (£ 1.67)
1 min APGAR score 9 (£ 0.00)

5 min APGAR score 10 (£ 0.00)
Mean APGAR 9.5 (= 0.00)

Values shown indicate means (+ SD)
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Table 3: Haematological, iron-related parameters and an inflammatory

marker in maternal blood (n = 20)

Parameters

Hemoglobin (g/dL) 12 (x1.14)
Mean corpuscular volume (fL) 82.3 (£6.75)
Serum iron (pg/dL) 74.36 (£ 29.30)
Serum ferritin (ug/L) 29.72 (= 30.48)

Transferrin iron binding capacity (TIBC) (ng/dL) | 383.26 (£51.90)

Transferrin saturation (%) 20.19 (£9.03)
Serum hepcidin (ng/mL) 11.12 (£ 6.11)
CRP (mg/dL) 6.73 (+ 8.65)

Values shown indicate means (+ SD)

As shown in table 3, values for haemoglobin and MCV were within reference
ranges, showing that the patients in the study were not anaemic at recruitment.
Serum iron and serum ferritin values were also within reference ranges and

indicate that the recruited subjects were iron-sufficient.
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Table 4: Haematological, iron-related parameters and an inflammatory marker in

cord blood (n =17)

Parameters

Hemoglobin (g/dL) 14.92 (£ 2.16)
Mean corpuscular volume (fL) 111.15 (£4.59)
Serum iron (pg/dL) 114.19 (£24.54)
Serum ferritin (ug/L) 131.735 (£ 53.89)
Transferrin iron binding capacity (TIBC) (ng/dL) 273.42 (£ 50.69)
Transferrin saturation (%) 42.51 (= 8.92)
hs-CRP (mg/dL) <0.02 (£ 0.00)

Values shown indicate means (+ SD)

Haematological parameters in cord blood samples were studied for 17 subjects only, as 3
samples had clotted due to over-filling of the collection tubes. In the cord blood samples,
mean values for haemoglobin and mean corpuscular volume (MCV) were within the
reference ranges (15.0 to 24.0 g/dL and 99 to115 fL respectively, for age- 0 to 30 days)
(Kliegman and Geme, 2019), indicating that the newborns were not anaemic. Mean values
for serum iron and ferritin were also within reference values (22-184 pg/L for all ages)
(Kliegman and Geme, 2019) and the WHO cutoff of <12 pg/L (0-23 months) for iron
deficiency) (WHO, 2020), indicating that the newborns were iron- sufficient. CRP levels

were undetectable in the cord blood, showing absence of inflammation.
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Correlation analyses (by use of Spearman’s correlation coefficient)

Table 5: Correlations among parameters in maternal blood

Serum Serum
Maternal blood Serum | ferriti hs- | hepcid | Haemo
sample (n=20) iron n TIBC | Tf-sat | CRP in globin | MCV
Serum Correlation . i . .
1.000 | .633 -.530" | .976 -.250 523 .266 328
iron coefficient
Sig. (2-
.003 .016 .000 288 018 257 157
tailed)
Serum Correlation . . .
.633 1.000 | -.490" | .655 219 414 294 330
ferritin coefficient
Sig. (2-
.003 .028 .002 354 .069 208 155
tailed)
TIBC Correlation i . -
-.530 -.490 1.000 . .139 -.399 -.147 | -.255
coefficient .637
Sig. (2-
016 .028 .003 .558 .081 537 278
tailed)
Tf-sat Correlation . . - .
976 .655 .. | 1.000| -204 494 .303 .366
coefficient .637
Sig. (2-
.000 .002 .003 .389 .027 .195 12
tailed)
hs-CRP | Correlation
-.250 219 39 -204 | 1.000 .037 -.037| -.076
coefficient
Sig. (2-
288 354 .558 .389 877 877 .750
tailed)
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Serum Correlation . .
523 414 | -399| .494 .037 | 1.000 059 | .281
hepcidin | coefficient
Sig. (2-
018 069 | .081 027 | .877 806 | 231
tailed)
Haemogl | Correlation
266 294 | -147| .303| -.037 .059 1.000 | .081
obin coefficient
Sig. (2-
257 208 | 537 .195 877 .806 733
tailed)
MCV Correlation
328 330 -255| .366| -.076 281 .081 | 1.000
coefficient
Sig. (2-
157 155 278 1 112 750 231 733
tailed)

Serum iron correlated significantly and positively with serum ferritin, transferrin

saturation, and serum hepcidin and negatively with TIBC. Serum ferritin correlated

significantly and positively with transferrin saturation. TIBC correlated significantly and

negatively with transferrin saturation. Serum hepcidin correlated significantly and

positively with serum iron and transferrin saturation.
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Table 6. Correlations among parameters in cord blood (CB)

Serum | Serum Haemo
Cord blood sample
iron | ferritin | TIBC | Tf-sat | globin | MCV
Serum Correlation
1.000 .042 326 | 575 - 156 | .544"
iron coefficient
Sig. (2-tailed) .860 .161 .008 .550 .024
N 20 20 20 20 17 17
Serum Correlation
.042 1.000 | -.327 152 | -.684 155
ferritin coefficient
Sig. (2-tailed) .860 .159 523 .002 .554
N 20 20 20 20 17 17
TIBC Correlation
326 -.327 | 1.000 | -.505" 416 .067
coefficient
Sig. (2-tailed) .161 .159 .023 .097 .799
N 20 20 20 20 17 17
Tf-sat Correlation
575 152 | -.505% | 1.000 -.336 327
coefficient
Sig. (2-tailed) .008 523 .023 187 .200
N 20 20 20 20 17 17
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Haemoglo | Correlation
-.156 -.684™ 416 | -.336 1.000 .044
bin coefficient
Sig. (2-tailed) .550 .002 .097 187 .866
N 17 17 17 17 17 17
MCV Correlation
544" 155 .067 327 .044 | 1.000
coefficient
Sig. (2-tailed) .024 .554 .799 .200 .866
N 17 17 17 17 17 17

In cord blood, serum iron correlated significantly and positively with transferrin

saturation and mean corpuscular volume (MCV). Serum ferritin correlated

significantly and negatively with haemoglobin. TIBC correlated significantly and

negatively with transferrin saturation.
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Table 7 Correlations among parameters in maternal and cord blood

Cord blood sample
First
trimester
maternal Serum | Serum Tf- | Haemo
blood iron | ferritin | TIBC | sat | globin | MCV
Serum Correlation -
.031 .146 262 -.144 | -.064
iron coefficient 242
Sig. (2-
.897 .539 264 | 303 582 .807
tailed)
N 20 20 20 20 17 17
Serum Correlation
010 328 029 | .013 -.352 .103
ferritin coefficient
Sig. (2-
967 158 905 | .957 166 | .694
tailed)
N 20 20 20 20 17 17




TIBC Correlation
.093 -412 114 | .005 .598% | -.177
coefficient
Sig. (2-
.696 071 .633 | 982 011 498
tailed)
N 20 20 20 20 17 17
Tf-sat Correlation -
-.005 .185 223 - 177 | .017
coefficient 237
Sig. (2-
.985 435 344 | 315 498 | .948
tailed)
N 20 20 20 20 17 17
hs-CRP Correlation
-.150 182 -.187 | .151 087 | -.222
coefficient
Sig. (2-
.529 442 431 | .525 740 | .392
tailed)
N 20 20 20 20 17 17
Serum Correlation
138 233 -219 | .389 -018 | .184
hepcidin | coefficient
Sig. (2-
.563 323 354 | .090 944 | .480
tailed)
N 20 20 20 20 17 17
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Haemogl | Correlation -
.008 -.367 .255 .053 | -.093
obin coefficient 141
Sig. (2-
972 d12 278 | .554 840 | .722
tailed)
N 20 20 20 20 17 17
MCV Correlation
.168 .069 -.003 | .100 028 | .585"
coefficient
Sig. (2-
479 772 990 | .675 914 | .014
tailed)
N 20 20 20 20 17 17

Cord blood haemoglobin correlated significantly and positively with maternal

TIBC. Cord blood MCV (mean corpuscular volume) significantly and

positively correlated with maternal MCV

75



DISCUSSION

In the present study, primigravidae with uncomplicated pregnancies were
recruited in their first trimester and a sample of blood collected. They were
followed up till delivery, at which time point a sample of cord blood was also
obtained. Haematological parameters (haemoglobin and mean corpuscular
volume) and parameters linked to iron were estimated in the blood samples
collected. The latter included serum ferritin, serum iron and total iron-binding
capacity (TIBC). Transferrin saturation was calculated from values of serum
iron and TIBC. Concentrations of serum C-reactive protein (a marker of
systemic inflammation) were also estimated. Outcomes of pregnancy were
documented. Correlations were determined between maternal and fetal

parameters studied.

Only primigravidae were recruited in the present study to avoid the effects of
previous pregnancies on iron homeostasis in the subjects. The subjects
delivered at term. The babies born had normal birth weights, indicating they had
developed appropriately in utero. Their APGAR scores were 9 and 10, at 1 and
5 minutes respectively, showing that the babies did not have any untoward

incident during birth.
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The mean value for maternal haemoglobin in the study was 12 g/dL (£ 1.14).
The women in the study, thus, did not have anaemia (WHO, 2011b). They were
also found to be iron-sufficient, based on their mean serum ferritin level being
29.72 ng/L (£ 30.48). The WHO has set a value of <15 pg/L of ferritin in the

first trimester for the diagnosis of iron deficiency (WHO, 2020).

In the present study, serum CRP levels were estimated to detect the presence of
systemic inflammation. CRP is an acute phase protein and, hence, is useful as a
marker of inflammation. It plays a role in the innate immune system
(Peisajovich et al., 2008). In inflammatory conditions, pro-inflammatory
mediators are released from various immune cells (Kany et al., 2019). One such
pro-inflammatory mediator is interleukin 6 (IL-6), released from macrophages,
Th cells, and fibroblasts (Turner et al., 2014). IL-6 triggers the JAK/STAT
signaling pathway and triggers transcription of hepcidin. Thus, inflammation
induces hepcidin and causes its levels in blood to increase (Nemeth et al., 2004a;
Wrighting and Andrews, 2006). This increase in hepcidin decreases the
availability of iron for invading microorganisms (Barton and Acton, 2019).
Pregnancy is an inflammatory state, especially in the first trimester, because
inflammation plays a role in implantation (Dekel et al., 2014). In the present

study, serum hepcidin did not show any significant correlation with serum CRP.
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Van Santen et al (2013) have reported similar findings. It is possible that IL-6
may be a better inflammatory marker to be used to look for correlations with
hepcidin (Suega and Widiana, 2019). This was, however, not estimated in the

present study.

Hepcidin is the central regulator of systemic iron homeostasis (Nemeth and
Ganz, 2009). Its levels are suppressed in pregnancy; this increases the
availability of iron for uptake by the placenta (Fisher and Nemeth, 2017). In
pregnancy, the requirement for iron is increased to meet maternal and fetal
needs. Decreases in hepcidin during pregnancy enables increased intestinal
absorption of iron and recycling of iron from macrophages. This makes iron

available for the fetus (Koenig et al., 2014).

Studies have estimated hepcidin in blood in pregnant women, using different
(range reported was between 4 and 97 ng/mL) for serum hepcidin in the first
trimester, as estimated by mass spectrometry. The study by van Santen et al.,
(2013) also used mass spectrometry to measure serum hepcidin concentrations;
they did this across the three trimesters. They reported that levels decreased

from the first trimester to the second trimester, to reach undetectable limits by
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the third trimester. Hedengran et al., (2015) used a liquid chromatography
system for estimations of hepcidin and reported that hepcidin was suppressed
in pregnant women on iron supplementation, with the suppression occurring
between 13- 20 weeks and 21-28 weeks. On the other hand, Simavli et al.
(2014) have reported that there was no decrease in serum hepcidin levels during
pregnancy, and that there were no associations between serum hepcidin levels
and iron-related parameters in maternal blood. They used an enzyme-linked
immunosorbent assay (ELISA) (DRG Instruments, Marburg, Germany) for the
estimation of serum hepcidin. Bah et al., 2017 studied pregnant women with
singleton fetuses with no accompanying complication of pregnancy, who were
on iron supplementation. They also estimated hepcidin levels in blood, using an
ELISA (Bachem, Peninsula Laboratories International), at different gestational
ages and showed that hepcidin concentrations declined after the first trimester.
They suggested that serum hepcidin may be useful as a marker of iron
deficiency in pregnancy, if it is undetectable in serum. In a study by Guo et al.,
(2019) on Chinese primigravidae, the mean serum hepcidin level in the first
trimester (measured by an ELISA [Intrinsic Lifesciences]) was reported to be
36.4 ng/mL (SD 27.6). This value is higher than the value reported in the present
study (mean serum hepcidin level 11.12 ng/mL [+ 6.11]), which also estimated
serum hepcidin using the same commercially available ELISA (Intrinsic Life

Sciences, USA). The reason for this difference in observations is not clear. The
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Chinese primigravidae had a higher mean hemoglobin level than that in the
present study (13.22 g/dL [SD 9.0] vs 12 g/dL [SD 1.14]). Their mean serum
ferritin value was also higher than that in the present study (31.6 ng/mL vs 29.72
ng/mL). These may be important factors that may contribute to differences seen
in the values for serum hepcidin, as hepcidin is regulated by iron stores in the

body (Nemeth and Ganz, 2009).

From the published studies listed above, it is clear that there are marked
differences in the values reported for serum hepcidin in pregnancy. The various
studies have used different assays to measure serum hepcidin. Currently, assays
for serum hepcidin have not been standardized. Efforts are on-going to
harmonize the assays available, with standardization as the ultimate goal
(Girelli et al., 2016). Hence, it is difficult to make direct comparisons of the

results of the various studies that have used diverse methodologies.

The mean cord blood haemoglobin in the present study was 14.92 g/dL (SD
2.16). Several studies have suggested reference ranges for this parameter. These

are summarized in the table below.
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Concentrations of cord blood haemoglobin reported in studies done in

different countries

Country Authors Haemoglobin
value (g/dL)

Greece (n=2000) Katsares et al., (2009) 8.8 (SD 2.9)

Taiwan (n=5602) Chang et al., (2011) 11.2 (SD 1.5)

Nigeria (n=130) Adewumi et al., (2014) Male =13.27
(SD 1.60)
Female
=13.32 (SD
1.61)

Sudan (n=500) Elgari and Waggiallah, 14.35 (SD

(2014) 1.55)

Chennai, South India. Suman, (2015) 14.9 (SD 1.7)

(n=120)

Pakistan (n=316) Pasha et al., (2015) 15.4 (SD 1.9)

Nepal (n=210) Basnet et al., (2016) 15.24 (SD
1.96)

Ethiopia (n=139) Angelo et al., (2021) 15.8
(SD 1.64)

This table shows that there is a wide variation in mean values reported for cord
blood hemoglobin. The value reported in the present study falls among the

various values reported.



The lower reference limit for serum ferritin, set by the World Health
Organization, for the age group 0-23 months (for apparently healthy babies) is
12 ng/L. The cut-off value for serum ferritin in the presence of infection or
inflammation is 30 ug/L (WHO, 2020). A value below the lower reference limit
is interpreted as indicating iron deficiency. The mean cord blood ferritin in the
present study was 131.735 pg/L (+ 53.89), indicating that the newborns were
iron-sufficient. Cord blood CRP concentrations were undetectable, indicating

an absence of inflammation.

In the present study, maternal iron and haematological parameters were found
to correlate with one another, as has been shown in earlier studies (Bencaiova
et al., 2019; Finkenstedt et al., 2012; Means, 2020; van Santen et al., 2013;
Young et al., 2012). Studies have shown that serum hepcidin concentrations in
the first trimester of pregnancy correlated positively with values for serum
ferritin and transferrin saturation. It has also been reported to correlate
negatively with the soluble transferrin receptor-ferritin index (sTfR/log ferritin
ratio) and haemoglobin concentrations, indicating that hepcidin regulation by
iron and erythropoiesis is not disturbed in pregnancy (Bah et al., 2017; Rehu et

al., 2010; Schulze et al., 2008; van Santen et al., 2013; Young et al., 2012).
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Transferrin receptors on the surface of cells help them take up iron from
transferrin in blood ( Rodwell, 2018). They are highly expressed on erythroid
precursors cells (Ponka and Lok, 1999). Truncated forms of the receptor are
shed into blood and referred to as soluble transferrin receptor (sTfR). When
there is increased erythropoiesis, the number of transferrin receptors on
erythroid precursor cells increases, with increased numbers being released into
the circulation. The concentration of circulating sTfR also increases in the
presence of iron deficiency, before anemia is apparent (Beguin, 2003; R’zik and
Beguin, 2001; Shih et al., 1990). Its levels are, however, not elevated in anaemia

of inflammation (Punnonen et al., 1997).

Serum ferritin levels are an indicator of body iron stores ((Rodwell, , 2018)).
When there is negative iron balance, serum ferritin levels decrease and sTfR
level increases (Skikne, 2008). The ratio between them gives a good indication
of iron status in the body. The sTfR- ferritin index (sTfR/log ferritin ratio) has
been suggested to be a better indicator of iron-deficiency anaemia, than serum
ferritin and sTfR individually (Skikne et al., 2011). A ratio greater than 2 has

been taken to be an indicator of iron deficiency (Speeckaert et al., 2010).
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A significant positive correlation has been reported between concentrations of
serum ferritin and hepcidin in pregnancy (Finkenstedt et al. 2012) The present
study did not show such a correlation. Van Santen et al., (2013) showed that
maternal serum hepcidin levels correlated with iron-related parameters in blood,
but not with inflammatory markers. In the present study, maternal serum
hepcidin was correlated significantly and positively with maternal serum iron

and transferrin saturation, but not with the inflammatory marker, CRP.

It has been hypothesized that fetal hepcidin influences the release of iron from
the placenta into the fetal circulation (Donker et al., 2021). In the present study,
no correlation was found between maternal serum hepcidin and fetal iron levels
and haematological parameters. It is not clear whether maternal hepcidin plays
a direct part in regulation of placental iron transport and fetal uptake (Cao and
Fleming, 2016; Hedengran et al., 2015). Declines in hepcidin levels in maternal
blood have been shown to occur from the second trimester onwards, to increase
iron availability for needs of the growing fetus (Bah et al., 2017; van Santen et
al., 2013). Hepcidin concentrations in blood have been shown to reach
undetectable levels in the third trimester, when the requirement for iron is

maximal (Fisher and Nemeth, 2017).
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It would have been useful to study correlations of second and third trimester
maternal blood parameters with cord blood parameters. This is likely to have
given a better understanding of how maternal and fetal hepcidin play a role in
iron metabolism in pregnancy. However, in the present study, it was not
possible to obtain blood samples in the second and third trimester of
pregnancy. The circumstances of the pandemic made recruitment of subjects
extremely challenging. Patients were lost to follow up, as they did not come
for antenatal care due to restrictions imposed by the pandemic. Several
subjects recruited also finally did not manage to come to CMC for their
delivery because of difficulties in transportation and travel, due to the
pandemic. In view of this, it was possible to follow up only 20 subjects for the
purpose of this thesis. There were also considerable financial constraints to
carrying out additional estimations. For example, there were delays in
procurement of reagents for estimation of hepcidin. The various estimations
had to be done on 2 samples of blood, for each subject recruited. These were
the maternal blood sample at time of recruitment and the cord blood sample at
the time of delivery. Because of financial constraints and limited supply of
reagents (due to disruptions in supply systems as a result of the restrictions
imposed by the pandemic), hepcidin estimations were carried out only on the

maternal samples collected. All the above are limitations of the present study.
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CONCLUSIONS

Maternal serum hepcidin in the first trimester correlated significantly and positively with
maternal serum iron and transferrin saturation. It did not correlate with any parameters in
cord blood. Maternal MCV correlated with fetal MCV. Work is ongoing to determine if

this is so in the other 2 trimesters as well, and in cord blood.

LIMITATIONS

The calculated sample size was not achieved, due to the circumstances of the pandemic.

It was also not possible to obtain blood samples in the second and third trimesters of the
subjects in the study. This would have provided more information on the parameters of

interest.

It was not possible to estimate hepcidin in the cord blood samples due to lack of reagents

because of disruptions in the supply chain.

Estimation of serum IL-6 would have been a better marker of inflammation.

It was also not possible to obtain a maternal blood sample at the time delivery.

Multivariate analyses would be also need to be done necessary to reliably elucidate any

relationships that exist among the parameters studied. It had not been possible to do this.

All these short-comings are being addressed as the study is continued.
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APPENDIX -1

Informed consent form

Study title: Hepcidin and iron-related parameters in pregnancy: how do these correlate?

Subject’s name: Date:

Hospital number:

Date of birth:

I confirm that I have read and understood the contents of the information sheet provided
for the above study and have had the opportunity to ask Dr. Arthur Amit Suryakumar I
had. [ ]

I understand that my participation in the study is voluntary and that I am free to
withdraw at any time, without giving any reason, without my medical care or legal right
being affected. [ ]

[ understand that my participation in the study, a blood sample of 6 mL will be collected
fromme. [ ]

I understand that if I agree to participate in the study, 6 mL of blood from the umbilical
cord will be collected, after delivery of my baby. [ ]

I understand that these will not affect my health or that of my baby in a foreseeable
way[ ]

I understand that the blood samples collected will be used only for research purposes.
If there is any sample remaining after this study is completed, I give permission for the
samples to be stored and used for related studies in the future. [ ]

I understand that the investigator of this study, the ethics committee and regulatory
authorities will not need my permission to look at my health records both in respect of100



the current study and any further research that may be conducted in relation to it, even
if [ withdraw from the trial. I agree to this access.

[ ]

I agree to take part in the above study of my own free will. [ ]

Subject’s name and signature/thumb impression (with date):

Witness’s name and signature/thumb impression (with date) and address:

Investigator’s name and signature (with date):
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HEPCIDIN AND IRON RELATED PARAMETERS IN PREGNANCY: HOW
DO THESE CORRELATE?

INFORMATION SHEET FOR STUDY PARTICIPANTS
Date:

Department of Biochemistry & Department of Obstetrics and Gynaecology (Unit
4), Christian Medical College, Vellore

You are invited to participate in a study, conducted by the Department of Biochemistry
and the Department of Obstetrics and Gynaecology (Unit 4), Christian Medical College,
Vellore, to see what influences iron being taken up by the baby from the mother’s blood.
This is being done to help doctors understand better how this happens.

For this study, we require 6 ml of blood sample to be collected from each person in the
study, at 3 points during antenatal visits (once each in the first, second and third
trimesters). We also require 6 ml of cord blood immediately after delivery. We would
like to ask if you are willing to provide these samples for the purpose of this study.
Collection of blood will not cause harm to you or to your baby’s health and will be done
at the same time that blood is taken for other routine tests, as far as possible.

The samples collected will be used only for research purposes. If there is any sample
left over after this study is completed, we would like to request you for permission to
store it and use it for related research studies in the future.

All information you give us will be kept confidential. You may not benefit directly by
participation in the study. However, if you are willing to provide the required samples,
you will contribute to improving understanding of how the baby acquires iron from the
mother.

If you are not willing to participate in the study, you are free to say so. It will not affect
the treatment you will receive in the hospital. Participation in the study does not entitle
you to concession or any other special treatment. You have to pay for all the routine
tests that the doctor might ask you to do as part of your antenatal health check-up,
however you need not pay for the tests done as a part of this study.

If you have further queries, please contact us, using one of the numbers given below. ),



Contact persons

Dr. Arthur Amit Suryakumar, PG demonstrator, Department of Biochemistry, CMC,
Vellore 632002. Contact phone number: 9381388414

Ms. Nikhitha Mariya John, Junior Research Fellow, Department of Biochemistry,
CMC, Vellore 632002. Contact number: 9791152307

Dr. Molly Jacob, Professor, Department of Biochemistry, CMC, Vellore,
Contact number: 0416 — 2284267

Dr. Manisha Beck, Professor, Unit 4, Department of Obstetrics and Gynaecology,
CMC, Vellore
Contact number: 0416 - 2286185

Dr. Joe Varghese, Professor, Department of Biochemistry, CMC, Vellore, Contact
number: 0416 — 2284267
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2 urCeauBullwiev Slenm, L& LIGLMI W6 Slenm, S5 Sleu
LD(BS SI6us BTl

Geusumiy- 632002

STLUSH 6L QanlIFiqer IMMIL @Y FLUBSLILILL S 6TeHH 6T :
A\HS 3 emai[H &6IT eTeUeUTM QSTLITLeMLWSI?

U166V LIMICE MHLICUIHE S ITEIT &8 6U6V LILG6LD

CxH :

o WIFCausHuUlwe SHemm  HMILD LsUCUMWe  gSlemm, Smlssiel
DHSSIUEHESHOVTT], Causmy BLESID wImFfuley bBrser UBICHEMS
SOPESELILOR N TEHET . @bs e, sTuldar @UHs5HNBGHS
GBS WML @HLOL] T SHHLILGIMSL LIMTT&HS. @& 6TeleuTm Bl&HLS M
GTOTLIENS  LD(HSSUTHT BT UFlhasQsmerer 2. 5a|ld elensuiley
QEWWLLGRMSI.

QbhS eHE SILUULD &TaugHe 6 el @IEHSID eLPETO MM (LLSEY,
@ TeooTLMaUG! L0MMILD eLNETMITEUS! eLN6TMI MG MHBIGETI6L @@ (Wemm )OMMILD
Uggalld i9hs 2 Leriquwimgds 6 Wlevedl sHevor(h (Cord blood) @U&SOLD
CpamallUGBMmE. @Qbs elear CHTHEESHMETS @bs TS iflseamer
QIPMHIS 2 MIG6ET NBLLSNS HTHEIGET CHLSReTCMTLD

@QUSSHHH6V 2 6TaT @UHOL FHS FMIHS UFICFTHmaTHameT QFUIW @3
CoemaullLGLD. @bs @UHSD efUUSTL FHHEHEHEHECHT, GHLHNSHHEHT
6T UMHLLWL @eveme. @Qbs pllalled LUBCHEMUSTH SHhHIGEHEG
callFINmeT 9H&H QFeve|ld UETS @QbHS SpUiellesd LMGCSHMLIGETTE
SHIGEHSHEG CHILIQWIMTET LILET 6i&la)ld @ (hHHTS. geflelld STmIGT @\hs
ulafley LUBICHEMHUSETTL SHHalsd @UHSHGID GBS 6Melalmm @) IHLOL
FHEHemeT STUILID @QUHS QUMHMISG Q&HTTHMS cTeTLIeNS Q&5 fH Sl
Q&IMeTeT 2 Hald. SHIGETILID @HS QUMOLILILL @SS TTUF&HSTS
L RHGW LwWeTLURSSLILGILD. ISTGSD @THHD CFsfleasaln LMHameus S ev
@& FTIbS WITURESTE ULWLGTLUGSSD DG  SE0IY
CHL (HEQSHTETHCMITLD.

@QbhS UI&GESHTE QUDMLILMGLLD SHIEHTS HHAIVEET LITS&HTEHELLGILID. @hHH
pulader wige] smlellwe LsHleHamaserle LSeumsaLILGW. HUQUTWS
SmIGefleor GeoflliLl L emLwimerd QeueflulL LML LTS 6TeTLIens 2 M)
6fl&ESHGMTID.

ShIGefledr URGCHML Shisag SHwalGusHerme amHHGS  (WYe.
SHIGEHEHEG ll(BLILILD @)60606V 6T60TMITEV &UIMISTIN6 SnMEVTD GLosvild Bbisser
aelmg Bheld all(h GUTHEIMD. @&H6ETMT @HS L0([HSHS 6ULNem6oTUll6n
SMTHIG6T GLMASTETEHLD FHREFnFLnanmuiley erelalls LDMTMHMUNLD @) HESTSI.
@Qbs Ulaler LUBIGCHEOHUSMHUFHOTTL 2 HBIEHEHHEG FME 6VevgE Ceauml
s FmlLy FRFoFWUD I6flEs @QU6eTsl. 2 ThIG6T Ln@g,gjeur,r
QEFWIWIDLILG CHL G 2 MIGET QPG SLNTET GF M0 6015 EH8 @ HMHIGHET LI6ooTLD
QENGEEH Gauecor(Gld. @UUsD, @bs puleleT 6@ UGSHWTS
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GUMHAGETTETLILGWL Sa(hFHev GCFMHMNTHEHEE HHIGET LD QFGHSH
B6U600T L LIS 6LEDIGV.

GO FHBSH&HMBIHEHE G HLD&HTEID LMY emMeVECLIF 6V6v S LA 60TEOTEHE 6V
eLOGVID QFITL L] Q&M6T6Ta)]LD.

QSMLFY BT

@G wIsT s GHluewry, 1.8 wilurlLesryy, 2 uily Causulluley
Slenm, KIS FI6] LD[HSSI6UEHLNTT], CeusuTT-632002, 3{6m6VECLIF): 9381388414

Q&eval: BISGT 2meot, 2 Ul CauHulwiev sienm, HMIS S DIHSSI6UEH 80T,
GoURTIT-632002 26em6VGLIE): 9791152307

. Comed C&aL, 2 Uil CauGBlullwe siemm, G SIal LD[HESI6UE 80T,
GEUITIT-632002 {6M6VGLIE: 0416 2284267

D@. Wesflagm QuE, LsLUCUMIWE Semm, HMSSIe DHES eSS,
Cousyy e6LVBLIG): 0416 2286185

. Cum aufGev, 2 ulj Cauduwlwey glemm, FNGHSI6l DIHESSIEUHFHVTI,
GeuITT, 26M6VCLIF): 0416 2284267

2_uFGeuB B uilwiev Slenm, L&LICLMIWe6 Slenm, S5 sieu
LGS SIusSEONTH], GCeugury- 632002

LIMIGEMUIITETIY 6T600T 62LIL| &6V LILg.6ULD 105



Spuiedledr Hemevli] STLUUSH Qanueliger wLwmmib @l

FUOUBSLLLL  3|6T6(HE 6T : QhHs S emai () & 6T eTeu6UITm)
QSTLILenLWSI?
pulafev LImIGHMLIafler QUIWIT: HHLOG) CxH) :

LO(H & S16ULD6DI60T 3|60 L_UIITEIT 6T600T:

HNmbhs C5H:

@bs Ule UMHMIWL $&H6aI6V LSS LSS 56T lalJhigGen6T 0.
AT5T 95 & luGLmy eevuld GHL (D L& Q& meoorGLeor. [ ]

@b WUaley HHFH QSTETET 6TedTemeT WMIHLD S LTuWlILGSSe60emev.
6TeoTSl & NHLILSIL 60T @H& llelley LIlIGHMHEICMET. @bH&H 2lleled(mHSl
6168 CHIWLW QelaflGWMm 6TaT&HE SDUNE 2 6TaTH. @SV  6TeTE S
Seflsalu@l FHFams weamsealGur , FlLfBwmer 2 flenngerflGeur
CaumiLIm(h) @HEHTSH 6TedTml 2 MG WefGHLILLLG. [ ]

@Qbs lellev LBICHMS FINNFHEHHTE, &HILIL HTVSHT6V (LNTM DTHHMES
@M wem 6 Weved @QUESsld dHSSIE QSMETET [HITET (D LOEITSIL 60T
FOLHEHRCM6T. [ ]

@hS AWTTUFR&HETS LNTFaSH 6T QUMW 6 1levedl WeLed QS TLILI6T Q&L
@USSWLD, 6T(H &SI CIG&ITETET [HITEOT (LN LOEITSIL 60T FLDHEH Cmeor. [ ]

@) &H60TITEV 6T60T 2 L6V hVSEH MG eThSells LML gmULTS eTer SMlbHS
Q& meooT GL6OT. [ ]

@QbS @QUHSSLD, WITUFRSETE LLHICL UWeTUGSSLILGLWL ererm LiFflhal
Q&meooTCL6T.  LSHLOMGLID QUss5MmE CrFaflesas aHIGTUEH0 @3
QSMTLILLW QTMUEFRHGSG LWeTLUBO S FIHSRCmeT.[ |

6TeoTSl DS SI6N allalThisGaneT guilelley 2 LCWTHRES L1868 meTsH Gm6or.
@G LD 6T6Tgl H6oTILILIL L 3]6mLWITETLD/ H&HeU60, LnmmeurflLGLom/ Ln(hs Siel
@5WGCT QaleflulLLILIL DML LTS 6TeTLIeMSULD Q&S Q& mevor GLeor. [ ]

@bs <puleiler LjeveTmlemeTy, QBMIWeNMEEHT G WHMID R LPMHIGLNMD
G &M H6T eT60TH FHTSHTT LH 6 SHem6T SMELTmMS U QU6 LDMHMILD 6L
umn  CaIld  HSQUTMH  WTTUFAUININD UMTEHES 6ard 3 sllnG)
Gxemaiuillevemey  eTeTLIENS BT LFlh&HQ&TeTHCMer. GOSN  [HITeoT
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T TUERWIN BHES LT eTTIN @) HSH 3|TVUFHM) RLILIEGCHTETHCMET. ” [
]

@bs aulelley LBIGCHMS (LN LDEUTHIL 60T FLDINGHHHCMe6T. [ ]

pulalev LImIGHMLIUSl6T em&QUIMLILILD /QUalgev Cremss (CHS):

FTLH W6 QUWT/emSQUTLILLD /QL@eilFev Crend (G55 LnmmILd (&euifl:

SITUEFRWTeTT QUWT/ em&SQWmliub (Ca5H)
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faUTT 3R TR fAvmT
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SIRIRGE
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U5, GO 3R R et 7 | et Tore St e fohan Simem ofd 39 o afird uteron & forg
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HRA P foTT MUY SIHS BT SR Hd & |

3MMUDT IR TSR Mo @ S| seqa § YT o J Y] 4 1Y g1 81 9l
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foaT ST X1 & i 98 HA I 5|

Ife; 3T 31T T U A b S 81 §, Ol 3T YT e & 17T T & | T8 SRYaTe o 3T
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THIFHER: 9381388414
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SI. TN o, MBIR, TRAT f[AUNT (GfAT-4), Tl Afgswd S, dw@R- 632004
TIAER: 0416 — 2286185

ST, ST Jffel, UIthaR, SR ERS! fauTT, fohfEa Afedhd Picd, deaR- 632002 BIFHER: 0416 —
2284267
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A Ty § fob sremge o 0t HrfiaRt Wikse 81 fom1 15 Ro1 adg a1 9 Rifde Savmer o
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o eyl § o O3 g IOR T8 &t S a1 A SR R U 61 UBIIRId g1 i St
3R B Tt FerfareT STFGp T -1 Xt et | )

o qrgrt § o 39 sremaq & Sraves, Afdddl Ifd ok Fames sifieieal & adar sreoaa &
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T 3T Toff & SWRIad 3T H UFT o4 & g TgHd §1[ |
gfaunft &1 A 3R gETeR/SS &1 R (i)
1eft BT AT 3R TEXATER/ 3L &1 A=A (fiep) 3R U
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Appendix T
PROFORMA FOR DETAILS OF PARTICIPANT

Name Hospital No | DOB

Age | Spouse Name

Phone No

Clinical details at the time of recruitment

LMP | Calculated | EDD by | GA at | Blood | Height | Weight | BP | Obstetrics
EDD scan recruitment | group | (cm) (kg) score
Urine test
Alb:
Results of tests done on maternal blood:
Laboratory Test 1% trimester (GA)
Hb
Transfusion Medicine
MCV (mean corpuscular volume )
Serum iron
Serum ferritin
Clinical Biochemistry TIBC
Transferrin saturation
hsCRP
Biochemistry Hepcidin
Date and time of admission due to onset of labour:
BP at time of admission:
Labour induced: Yes/No
Gestational age at delivery:
Mode of delivery:
Any pregnancy-related complication that developed:
Outcomes of pregnancy
Sex of baby Birth weight Length of baby APGAR score

Cord blood obtained: Yes/No
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Results of tests done on cord blood

Laboratory

Test

Result

Transfusion medicine

Hb

MCYV (mean corpuscular volume)

Clinical Biochemistry

Serum iron

Serum ferritin

TIBC

Transferrin saturation

hsCRP
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