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ABSTRACT 

 

INTRODUCTION 

Gestational diabetes mellitus (GDM) is a major health problem worldwide. Insulin 

resistance is a major feature of diabetes mellitus as well as a cause of GDM. Associations 

have been reported between increased body iron stores and insulin resistance. Serum levels 

of ferritin (a marker of body iron stores) and hepcidin (the central regulator of systemic 

iron homeostasis) have been reported to be elevated in women with GDM. Such elevations 

have been reported to be a significant risk factor for GDM. However, it is not clear how 

exactly these are linked to development of GDM.  

 

AIM  

The aim of this study was to estimate iron-related parameters in blood and insulin 

resistance in women with GDM, and to determine if they are associated. 

 

MATERIAL AND METHODS  

The study was carried out in the antenatal clinic of the Community Health and 

Development (CHAD) hospital of Christian Medical College, Vellore, Tamil Nadu, India. 

Primigravidae who were referred for an oral glucose tolerance test (OGTT) were recruited, 

after obtaining informed consent. A fasting blood sample was obtained from each woman 

and used to estimate levels of glucose, insulin, ferritin, iron, total iron-binding capacity 

(TIBC) and C- reactive protein (CRP). 
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RESULTS 

One hundred and fifty-five primigravidae were screened. Twenty-five were found to have 

GDM. From among those screened, 25 age-matched (chronological and gestational ages) 

control subjects were chosen from among those who did not have GDM. Maternal age, 

gestational age at the time of recruitment, gestational age at delivery and birth weight of 

babies were similar in both groups. Levels of glucose in blood and insulin resistance (as 

assessed by HOMA-IR) were higher in those with GDM. Levels of haemoglobin and iron-

related parameters were similar in the 2 groups. Iron-related parameters correlated with 

one another, in keeping with known biological relationships. Parameters linked to glucose 

and insulin were also significantly associated with one another, in keeping with known 

relationships. Iron-related parameters and indices of insulin resistance did not show any 

significant association with one another. 

 

CONCLUSIONS 

In this study, no significant association was found between iron-related parameters in blood 

and insulin resistance. However, the sample size in this study was small. An adequate 

number of subjects would need to be studied to confirm these observations. 

Key words: 

Gestational diabetes mellitus, insulin resistance, iron, ferritin, pregnancy
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REVIEW OF LITERATURE 

Diabetes mellitus (DM) is a disorder of metabolism characterized by hyperglycemia. 

It may be a consequence of decreased insulin production or insensitivity of cells to the 

action of insulin or both (Petersmann et al., 2018). India has been estimated to have 

about 62 million diabetics, which is the second highest in the world (Anjana et al., 

2017). On the global front, there are around 451 million diabetics which is expected to 

rise to 693 million by the year 2045 (Cho et al., 2018). 

According to the American Diabetic Association (ADA) diabetes mellitus is classified 

into (American Diabetic Association, 2020):  

1. Type 1 diabetes mellitus: Absolute insulin deficiency due to destruction of 

pancreatic β-cells  

2. Type 2 diabetes mellitus: Insulin resistance with insufficient insulin secretion to 

compensate 

3. Gestational diabetes mellitus: Seen in pregnant women  

4. Other types:  

a. Neonatal diabetes  

b. Maturity-onset diabetes of the young  

c. Drug induced diabetes 

d. Diseases of exocrine pancreas such as cystic fibrosis and pancreatitis  
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GESTATIONAL DIABETES MELLITUS 

Introduction 

Gestational diabetes mellitus (GDM) is glucose intolerance that is first diagnosed 

during pregnancy (Kaaja and Rönnemaa, 2008). Its prevalence has been estimated to 

be highly variable, with estimates ranging from 10.5% (lowest) to 24.2% (highest) 

among pregnant women (Plows et al., 2018; Zhu and Zhang, 2016), making it one of 

the most common metabolic disorders in pregnancy (Amiri et al., 2013). Its prevalence 

in India has been estimated to vary between 3.8% to 21% (Reddy et al., 2017).. Such 

variations in prevalence have been attributed to socio-economic status, dietary habits, 

geographical locations, and diagnostic criteria used  

The most commonly used criteria for diagnosing GDM are those of the International 

Association of Diabetes and Pregnancy Study Group (IADPSG) which was based on 

the findings of the Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) study 

(Chiefari et al., 2017; HAPO Study Cooperative Research Group et al., 2008).  As per 

IADPSG, a fasting plasma glucose (FPG) estimation should be done for all women at 

their first antenatal visit, according to which a value > 92mg/dL confirms GDM. 

Women with FPG < 92mg/dL are again screened for GDM between 24 and 28 weeks 

where fasting plasma glucose levels > 92 mg/dL or a 1-hour plasma glucose level (post 
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75g oral glucose tolerance test [OGTT]) > 180 mg/dL or 2-hour plasma glucose level 

(post OGTT) >153 mg/dL is indicative of GDM (Plows et al., 2018). 

 

Other criteria used in the diagnosis of GDM are given below. (Table 1) 

Table 1: Criteria used in diagnosis of GDM 

Criteria Pregnancies Timing 

of 

OGTT 

Steps Glucose 

load 

(gm) 

Glucose Threshold 

(mg/dL) 

 

     
Fasting 1 

hour 

2 

hours 

3 

hours 

O' Sullivan, 

1964 

All 24-28 

weeks 

2 100 90 166 146 124 

WHO, 1999 All 24-28 

weeks 

1 75 126 
 

140 
 

American 

Diabetic 

Association 

(ADA), 2004 

High and 

medium risk 

14-18 

weeks 

for high 

risk, 28-

32 weeks 

for 

medium 

risk 

2 100 95 180 155 140 

National 

institute for 

health and 

care excellence 

(NICE), 2015 

High risk As early 

as 

possible 

1 75 101 
 

140 
 

IADPSG, 2010 

WHO, 2013  

ADA, 2016 

All 24-28 

weeks 

1 75 92 180 153 
 

Source: Reproduced from (Plows et al., 2018)
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Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) study was done to 

evaluate whether glucose intolerance in mother less than the diabetic range is 

associated with adverse pregnancy outcomes. In the study, hyperglycemia was 

compared with primary pregnancy outcomes like birth weight >90th centile for 

gestational age, primary cesarean delivery, clinical neonatal hypoglycemia, cord 

serum C-peptide >90th centile and with secondary outcomes like delivery before 37 

weeks of gestation, shoulder dystocia or birth injury, need for intensive neonatal care, 

hyperbilirubinemia, and preeclampsia. A strong correlation was observed between 

increased glucose levels in mother and birth weight >90th centile and cord serum C-

peptide >90th centile whereas weak correlation was observed between increased 

glucose levels in mother and preterm delivery, hypoglycemia in newborn, delivery 

by caesarean section, shoulder dystocia, need for intensive care for baby, 

hyperbilirubinemia (COUSTAN et al., 2010; HAPO Study Cooperative Research 

Group et al., 2008). 

Risk factors for GDM include increased maternal age, obesity, increased maternal 

weight gain during pregnancy, previous history of GDM, and a family history of 

diabetes mellitus (Durnwald, 2015; Lao et al., 2006; Levy et al., 2010; Okosun et al., 

2004). Polycystic ovarian syndrome (PCOS), a disease of insulin resistance, is also a 

risk factor for GDM (Ben-Haroush et al., 2004). There is direct or indirect 

involvement of these risk factors with beta cell dysfunction (Plows et al., 2018). 
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GDM is also associated with other post-partum maternal  as well as fetal 

complications (HAPO Study Cooperative Research Group et al., 2008).  Sixty percent 

of women with past history of GDM developed type 2 DM (T2DM) and 63% develop 

cardiovascular disease (CVD) later on in life (Peters et al., 1996; Shostrom et al., 

2017).  

Fetal complication includes macrosomia (which can lead to shoulder dystocia) and 

stillbirth. Macrosomia is due to fetal overgrowth which is because of increased 

production of insulin and insulin like growth factor 1(IGF-1) (Langer et al., 2005; 

Schwartz et al., 1994). Other complications seen in infants born to GDM mothers 

include neonatal hypoglycemia and childhood obesity (Esakoff et al., 2009; Vohr and 

Boney, 2008). 

Pathophysiology of GDM 

During the course of a normal pregnancy, insulin sensitivity changes over time. It 

increases early in the first trimester, but by third trimester, a state of insulin resistance 

develops (Buchanan and Xiang, 2005). Insulin resistance in late pregnancy is thought 

to be due to the rise in levels of placental hormones, such as estrogen, progesterone, 

leptin, cortisol, placental lactogen, and placental growth hormone (Catalano et al., 

1991). The role of these hormones in the pathogenesis of GDM is supported by the 

fact that, post-delivery, maternal insulin sensitivity returns to pre- pregnancy levels 
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(Ryan et al., 1985). To maintain glucose homeostasis during pregnancy, the 

pancreatic beta cells undergo certain adaptive changes. These help to overcome 

insulin resistance during pregnancy. These include increased glucose-stimulated 

insulin secretion, beta cell hyperplasia and hypertrophy, increased insulin synthesis, 

increased glucose oxidation and cAMP metabolism and increased gap-junctional 

coupling among beta cells (Parsons et al., 1992; Plows et al., 2018; Sorenson and 

Parsons, 1985). 

 

More than 80% of those with GDM manifest with dysfunction of beta cells and 

chronic insulin resistance (Buchanan and Xiang, 2005). These are, therefore, 

considered the major pathological mechanisms that result in GDM. 

 

• Pancreatic beta cell dysfunction 

Pancreatic beta cell dysfunction is a characteristic finding in GDM (Buchanan and 

Xiang, 2005; Plows et al., 2018). It is defined as the inability of beta cells to sense 

the blood glucose concentrations and subsequently cause the release of insulin in 

response (Weir et al., 2001). Women with GDM were found to have decreased 

expression of genes related to regulation of insulin secretion, such as glucokinase 

(Gck) and potassium voltage-gated channel KQT-like 1 (Kcnq1) (Prentki and Nolan, 

2006) (Prentki and Nolan, 2006).  
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Insulin resistance causes worsening of the beta cell dysfunction. Beta cells secrete 

more insulin in response to the hyperglycemia caused by the reduced insulin-

stimulated glucose uptake. Glucotoxicity occurs due to the contribution of glucose to 

β-cell failure (Ashcroft et al., 2017). Animal studies have shown that, not only beta 

cell dysfunction, but also a reduction in beta cell mass or beta cell number can 

contribute to GDM (Delghingaro-Augusto et al., 2009; Simmons et al., 2001). Beta 

cell dysfunction can occur before and after pregnancy and in many cases can progress 

to overt diabetes, so GDM is considered as early stage of T2DM (Buchanan et al., 

2012). 

 

• Chronic insulin resistance  

Insulin is a polypeptide hormone made up of 51 amino acids, with two chains - A 

chain (21 amino acid) and B chain (30 amino acids) - held together by disulphide 

bridges. It is synthesized by the pancreatic beta cells (islets of Langerhans)(Dodson 

and Steiner, 1998; Wilcox, 2005). Plasma glucose levels are regulated mainly by 

insulin, along with glucagon. Insulin promotes glycogenesis and lipogenesis but 

suppresses gluconeogenesis and glycogenolysis (Wilcox, 2005).  

Chronic insulin resistance has been reported to be one of the main causes of GDM 

(Catalano et al., 2003). Insulin resistance is a condition in which target tissues (mainly 
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liver, muscle, and adipose tissue) show impaired response to insulin. This often 

results in increased production of insulin from beta cells and hyperinsulinemia 

(Freeman and Pennings, 2019). Insulin resistance can result in impaired translocation 

of glucose transporter 4 (GLUT 4) which is the transporter involved in the entry of 

glucose into the cells (Figure 1). As compared to a normal pregnancy, insulin 

stimulated uptake of glucose is reduced by 54% in GDM (Catalano, 2014). 

Abnormalities of insulin signaling, such as decreased or increased expression of 

insulin receptor substrate (IRS)-1, phosphatidylinositol 3-kinase (PI3K) or an altered 

phosphorylation of  insulin receptor, can result in insulin resistance (Barbour et al., 

2007; Catalano, 2014).Glucose and free fatty acid concentrations in blood are 

increased due to the insulin resistance (Phelps et al., 1981).  

Multiple studies have shown that when the acquired insulin resistance of pregnancy 

abates post-partum, women who had GDM end up with a greater insulin resistance 

than normal women (Buchanan and Xiang, 2005; Homko et al., 2001; Kautzky-

Willer et al., 1997). This increase in insulin resistance in GDM as compared to normal 

pregnancy is due to alteration in insulin signaling pathway, abnormal subcellular 

localization of GLUT4 transporters, increased expression of the membrane 

glycoprotein PC-1 or reduced insulin-mediated glucose transport (Buchanan and 

Xiang, 2005). 
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Figure 1: Insulin signal transduction pathway 

Insulin binds to the insulin receptor (IR) which in turn activates IRS-1. Activated IRS-1 

activates phosphatidylinositol-3-kinase (PI3K), which catalyzes the conversion of 

phosphatidylinositol-4, 5-bisphosphate (PIP2) to phosphatidylinositol-3, 4, 5-phosphate 

(PIP3). PIP3 activates Akt, which induces the translocation of GLUT4 to the plasma 

membrane. GLUT4 increases uptake of glucose into the cell. IRS 1 is can also be activated 

by adiponectin promotes IRS-1 through AMP-activated protein kinase (AMPK). TNF α, IL 

6 and IL 1β (proinflammatory cytokines) bind to their respective receptors and activate 

protein kinase C (PKC) via the IkB kinase (IKK). PKC inhibits IRS-1.  Source: Reproduced 

from (Plows et al., 2018) 

_______________________________________________________________ 
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As mentioned earlier placental hormones like progesterone, estrogen, placental 

lactogen, leptin and placental growth hormone can cause insulin resistance in 

pregnancy. Progesterone decreases the expression of IRS 1 (Fig 1) thereby 

suppressing the phosphoinositol 3-kinase-mediated pathway thereby inhibiting 

GLUT4 translocation and glucose uptake into the cell (Wada et al., 2010). Estrogen 

can also decrease insulin sensitivity (González et al., 2000). Human placental growth 

hormone can increase in insulin levels and decrease insulin stimulated uptake of 

glucose. Both insulin-like and anti-insulin effects are associated with human placental 

lactogen (Barbour et al., 2002). 

Leptin is a hormone synthesized by adipocytes and, in pregnancy,  by the placenta as 

well (Masuzaki et al., 1997). It plays a role in satiety by stimulating anorexigenics, 

such as pro-opiomelanocortin (POMC), and inhibiting orexigenics, such as agouti-

related peptide (AgRP) and neuropeptide Y (NPY) (Farr et al., 2015). Leptin 

resistance is normally seen in pregnancy, but it increases in GDM causing a state of 

hyperleptinemia (Honnorat et al., 2015). This contributes to fetal macrosomia by 

facilitating amino acid transport across the placenta (Pérez-Pérez et al., 2013). 

Adiponectin is synthesized mainly by the adipocytes and decreased levels are seen in 

GDM (Williams et al., 2004). Studies have reported strong association between 

adiponectin and insulin resistance(Retnakaran et al., 2004). Adiponectin facilitate 

IRS 1 (Fig 1) action by activating AMP-activated protein kinase (AMPK), enhancing 
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insulin signaling and fatty acid oxidation (Yamauchi et al., 2002). It also causes 

exocytosis of insulin granules and upregulation of insulin gene expression, 

stimulating insulin secretion (Kishida et al., 2012).  

GDM is characterized by increased circulating concentration of pro-inflammatory 

cytokines like TNF-α, IL-6, and IL-1β (Atègbo et al., 2006; Fasshauer et al., 2014). 

They act by decreasing release of insulin from beta cells and altering insulin 

signaling. They degrade IRS 1 via the STAT3-SOCS3 pathway, decrease tyrosine 

kinase activity of insulin receptor, enhance phosphorylation of IRS 1, thereby 

activating insulin resistance (Barbour et al., 2007; Kim et al., 2009).  

 

Figure 2, shown below, depicts the relationship between β-cell dysfunction, insulin 

resistance, and GDM. 
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Figure 2: Relationship between β-cell dysfunction, insulin resistance, and GDM 

There is hyperplasia and hypertrophy of beta cells in normal pregnancy. As insulin sensitivity fall with 

advancement of pregnancy, blood glucose levels rise. In GDM, beta cells fail to compensate for 

increasing insulin resistance resulting in hyperglycemia. Insulin sensitivity returns to normal after 

delivery. However, β-cell function may remain impaired following delivery. This may lead to GDM 

in subsequent pregnancy or T2DM in future. Source: Reproduced from (Plows et al., 2018) 
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IRON 

Iron is an important trace mineral required for various metabolic reactions. It is a 

cofactor for a large number of enzymes in the body(Fu et al., 2016). Iron plays a role 

in transport of oxygen, production of neurotransmitters, functioning of immune 

system etc(Edison and Bajel, 2008; Gulec et al., 2014). The ability of iron to exist in 

two forms (ferric and ferrous) enables it to be part of electron transfer reactions. Iron 

levels have to be maintained in normal limits as excess iron can cause damage to 

membrane lipids, proteins and DNA due to production of oxygen free radicals 

(Fenton Reaction) (Gulec et al., 2014).  

 

Absorption of iron 

Iron absorption is highly regulated because there are no physiologically regulated 

mechanisms for iron excretion. To compensate for small amounts of iron loss (1-2 

mg/day) caused by sloughing of intestinal epithelial cells, desquamation of skin and 

urinary cells, blood loss, or sweat, an equal amount of dietary iron is absorbed in the 

duodenum.  When the needs are higher (like in pregnancy or increased erythropoiesis) 

iron absorption is enhanced whereas it is suppressed in iron overload (Hentze et al., 

2010).  
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Dietary iron is of two types- heme and non heme, which are maximally absorbed in 

the duodenum and upper part of jejunum (Carpenter and Mahoney, 1992; Edison and 

Bajel, 2008). 

 

(a) Absorption of non-heme iron (Figure 3) 

Foods of plant origin are rich sources of non-heme iron(Anderson and Frazer, 2017). 

In the duodenum, iron, which is present in ferric (Fe3+) form, is first reduced to ferrous 

form. This is achieved with the help of duodenal cytochrome b (DCYTB) which is a 

ferrireductase present on the brush border epithelium of the intestinal cells (McKie et 

al., 2001). Multiple studies have shown an upregulation of DCYTB during conditions 

of iron deficiency and acute hypoxia, clearly indicating importance of DCYTB in 

intestinal transport of iron (Collins et al., 2005; Latunde-Dada et al., 2011, 2002).   

Ferrous iron is imported into the enterocyte through Divalent Metal ion Transporter 

1 (DMT 1) present on the apical surface (Mackenzie and Garrick, 2005). DMT 1 can 

transport, in addition to iron, other divalent ions like manganese, cobalt and copper 

(Arredondo et al., 2014; Shawki et al., 2012). Importance of DMT 1 as an intestinal 

iron transporter (importer) is established by the fact that mutation of SLC11A2 (gene 

encoding DMT 1) result in severe iron deficiency anemia (Blanco et al., 2009; 

Fleming et al., 1998, 1999; Mims et al., 2005). 
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Once inside the cell, iron is either stored as ferritin(Abboud and Haile, 2000) or 

released into circulation.  It is transported out of the cell with help of ferroportin 

(FPN)(Donovan et al., 2005). This fate of whether iron will be stored or transported 

out depends on the body’s requirement for iron i.e. when body iron demands are high, 

it will be transported out by FPN and when the demands are low iron, is stored as 

ferritin (Gulec et al., 2014). FPN is the only known iron export protein in mammals 

and is highly expressed in enterocytes, macrophages and hepatocytes (McKie et al., 

2000). Hephaestin is a ferroxidase present on the basolateral surface, which works 

alongside FPN in the export of iron into the circulation (Abboud and Haile, 2000; 

Donovan et al., 2000). Ferrous iron is oxidized to ferric form with help of hephaestin.  

  

Iron absorption (mainly of non heme iron) is affected by certain dietary factors which 

can either inhibit or enhance the process. Inhibitors of iron absorption include (a) 

Polyphenols which are present in tea, coffee, cocoa, red wine, vegetables like spinach, 

grains like red sorghum, spices like oregano, cinnamon etc. (b) Phytates- seen in 

cereals like bran, oats, seeds, nuts, vegetables, and fruit.  (c) Calcium- can inhibit 

absorption of both non heme and heme iron. Enhancers include ascorbic acid, gastric 

hydrochloric acid and other reducing substances present in diet (Zijp et al., 2000). 
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(b) Absorption of heme iron 

Heme iron in the diet is mainly of animal origin (from hemoglobin or myoglobin), 

and its absorption is not influenced by other dietary constituents (Anderson and 

Frazer, 2017). Uptake of heme into the duodenal enterocytes is mediated by a 

membrane protein called heme carrier protein 1 (HCP) (Shayeghi et al., 2005). Once 

inside the enterocyte, heme is acted upon by heme oxygenase to release the ferrous 

(Fe2+) form of iron. Hereafter fate of heme iron is same as non heme-iron  (Edison 

and Bajel, 2008). 
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Figure 3: Absorption of non heme iron  

Duodenal cytochrome b (Dcytb) has a ferrireductase activity, reduces ferric iron to ferrous 

iron. Divalent metal transporter1 (DMT1) transports this ferrous iron into enterocyte.  Iron 

undergoes two fates in the enterocytes: it is either stored as ferritin or transported out by 

ferroportin. Hephaestin oxidizes the ferrous to its ferric form which binds to transferrin in 

the circulation. Source: Reproduced from (Rodwell et al., 2018) 

____________________________________________________________________ 
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Iron in circulation 

In the circulation, iron is transported bound to transferrin (Tf) (Frazer and Anderson, 

2014). Apotransferrin, a bilobed protein, binds two atom of Fe3+ to become holo-

transferrin (Edison and Bajel, 2008). In normal conditions, the transferrin saturation 

is about 30%, which means only ~30% of the iron-binding sites on transferrin are 

occupied (Anderson and Frazer, 2017). Transferrin saturation is an indicator of the 

body iron status – low levels indicate iron deficiency and high levels indicate iron 

overload (Luck and Mason, 2012).  

 

Cellular uptake of iron (Figure 4) 

Uptake of iron by cells is initiated by the binding of transferrin to transferrin receptor 

(TfR) present on the membrane (Frazer and Anderson, 2014). Two types of 

transferrin receptors are present- transferrin receptor 1 (TfR1) and transferrin receptor 

2 (TfR2). The function of TfR1 is to mediate the uptake of transferrin by cells and it 

is present in all cells of the body, whereas TfR2 is present mainly in hepatocytes 

(Edison and Bajel, 2008; Kawabata et al., 1999). Binding of transferrin to TfR1 

initiates receptor-mediated endocytosis and formation of intracellular endosomes 

containing Tf-TfR1 complex. The endosome formed is acidified by pumping H+ ions 

into the endosome via proton pumps. Acidification induces a conformational change 
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in transferrin resulting in the release of iron. STEAP3, a metalloreductase, converts 

the ferric iron into its ferrous form (Ohgami et al., 2006, 2005). DMT 1 then 

transports the Fe2+  out into the cytosol from the endosomes (Fleming et al., 1998). 

Apotransferrin remain bound to TfR1 and the complex is returned to the plasma 

where transferrin is released into blood.  (Ponka et al., 1998). 
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Figure 4: Cellular uptake of iron: Transferrin cycle 

Holotransferrin (Tf-Fe3+) binds to transferrin receptor 1 (TfR1) present on the surface of 

cells.  They undergo invagination to form early endosomes. Early endosomes mature into 

late endosomes. Pumping of H+ ions into the late endosomes resulting in a decrease in pH 

which cause dissociation of iron from transferrin. Ferric iron is converted to its ferrous form 

by Steap 3 which is then transported out into the cytosol via DMT1. Apotransferrin remain 

bound to TfR1, and this complex is returned to surface where transferrin gets released into 

circulation and TfR1 is reutilized. Source: Reproduced from (Rodwell et al., 2018) 

____________________________________________________________________ 
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Iron storage 

The major storage form of iron is ferritin (Theil, 2013). It consists of 24 subunits that 

are arranged to form a spherical shell with a large central cavity which can hold 3000-

4500 atoms of ferric iron. It consists of 2 types of subunits - heavy (H) and light (L) 

chain (Anderson and Frazer, 2017; Gulec et al., 2014). As the cellular iron 

concentrations rises, expression of ferritin increases leading to the accumulation of 

ferritin which fuses with lysosomes causing its degradation and the resulting mixture 

of Fe3+ cores and peptides is known as hemosiderin (Theil, 2013). Increased levels of 

hemosiderin are seen in disorders of iron overload. 

 

Regulation of iron homeostasis 

Iron homeostasis regulation can occur both at systemic and cellular levels. 

(a) Systemic iron homeostasis 

Hepcidin is the central regulator of systemic iron homeostasis (Ganz and Nemeth, 

2012).  It is produced by the liver as a prohormone (84 amino acid prepropeptide) 

which is cleaved by furin to give 25 amino acid-containing mature hepcidin (Hentze 

et al., 2010). Hepcidin can also be synthesized in small amounts by a variety of other 

cells including  inflammatory monocytes, macrophages (Peyssonnaux et al., 2006) 
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and adipocytes (Bekri et al., 2006). It binds to  α2- macroglobulin in the plasma 

(Peslova et al., 2009) and is excreted in the urine .(Hentze et al., 2010). 

Hepcidin binds to ferroportin and causes it to be internalized and degraded , thereby 

reducing iron release from cells (Nemeth et al., 2004). It binds to the extracellular 

loop of ferroportin containing the amino acid cysteine (C) at 326th position. So, a 

mutation in C326S will result in impaired hepcidin binding to ferroportin, leading to 

a hepcidin-resistant state (Fernandes et al., 2009; Sham et al., 2005). 

Iron recycling by macrophages 

Macrophages play a major role in maintaining adequate levels of plasma iron by 

recycling iron from senescent erythrocytes. Consequently,  less than 10% of the daily 

iron needs are met by intestinal absorption (Hentze et al., 2010). Macrophages of the 

reticuloendothelial system (RES) like spleen, liver phagocytose damaged or 

senescent erythrocytes to form phagocytic vesicles(Beaumont and Delaby, 2009). 

Heme, present in hemoglobin, is broken down to iron by action of the enzyme, heme 

oxygenase 1(Ganz, 2016). Iron, that is released, is transported out into the cytoplasm 

by divalent metal transporter, DMT1 (also callednatural resistance-associated 

macrophages protein 1; NRAMP1) (Soe-Lin et al., 2009). Ferroportin helps the in the 

iron export from macrophages, thus playing a role both in iron absorption in the 

intestine and iron recycling from macrophages (Rodwell et al., 2018). 
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Regulation of hepcidin synthesis  

Hepcidin production is dependent on iron. When iron levels are high, more hepcidin 

is produced by the liver to limit duodenal iron absorption and release from 

macrophages. When iron levels are low, less hepcidin is produced, thus allowing 

increased duodenal iron absorption and recycling (Ganz and Nemeth, 2012). Other 

factors which influence hepcidin expression includes hypoxia, erythroid demand, and 

inflammation , (Edison and Bajel, 2008). 

Regulation of hepcidin occurs at the level of transcription (Hentze et al., 2010). It is 

induced by inflammation, high iron levels and repressed by increased erythropoiesis 

and decreased iron levels (Edison and Bajel, 2008; Ganz and Nemeth, 2012). Iron 

dependent regulation of hepcidin occurs through the bone morphogenetic protein-

SMAD regulatory pathway(Ganz, 2013). Interleukin 6 (IL 6), a key pro-inflammatory 

cytokine, enhances the hepcidin gene expression by activating the JAnus Kinase 

Signal Transducer and Activator of Transcription (JAK/STAT) pathway (Fleming, 

2007). Erythroid regulators of hepcidin (e.g., erythroferrone) are produced by 

erythroid precursors in the bone marrow in response to increased iron demands during 

iron deficiency. It inhibit hepcidin activity independently of the BMP – SMAD 

pathway (Kautz et al., 2014). 
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(b) Cellular iron homeostasis 

Iron-responsive elements (IRE)⁄Iron regulatory protein (IRP) system  helps in the 

regulating the cellular iron homeostasis (Rouault, 2006). IRP interact with hairpin 

structures present in the 5’ and 3’ untranslated regions of mRNA known as IRE.  Two 

types of IRPs are present- IRP 1 and IRP 2. Depending on whether the IRE is in 5’ 

or 3’ UTRs, IRE- IRP interaction can result in an increase or decrease in protein 

translation (Muckenthaler et al., 2008). Ferritin, FPN1, 5-aminolevulinic acid 

synthase 2, and hypoxia inducible factor 2α have IRE in 5’ UTR and TfR1, and 

DMT1 have IRE in 3’ UTR (Harms and Kaiser, 2015).  

 

When cellular concentrations of iron are low, IRPs binds to IRE in 5’ UTR of the 

ferritin mRNA inhibiting translation, so that little ferritin is produced. Binding of IRP 

to IREs in the 3’ UTR of the TfR1 mRNA stabilizes it and increases its half-life, thus 

enabling more TfR1 to be translated and expressed on the cell membrane to facilitate 

increased iron intake. In condition of high cellular iron concentration, there is no IRP- 

IRE binding, causing translation of the ferritin mRNA and TfR1 mRNA degradation. 

This limits cellular iron uptake and promotes storage as ferritin (Anderson and Frazer, 

2017). 
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IRON AND PREGNANCY 

Iron requirements during pregnancy are high due to increased demands (Fu et al., 

2016). As shown in Figure 5, there is 10-fold increase in the iron requirements during 

pregnancy (from 0.8 mg/day in the first trimester to 7.5 mg/day in the third trimester) 

(Bothwell, 2000). The excess iron is required for  placental and fetal growth, increase 

in maternal red blood cell mass and to compensate for blood losses during delivery 

(Allen, 2001; Scott, 1972; Tapiero et al., 2001).  Many major health organizations 

recommend iron supplementation throughout pregnancy as the dietary iron intake 

among pregnant women (approximately 15 mg/day), is insufficient to meet the 

increased demand (Institute of Medicine (US) Panel on Micronutrients, 2001).  
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Figure 5: Iron requirements during pregnancy 

This graph shows the variation in iron requirements during various phases of a normal 

pregnancy. In a nongravid female, iron requirement per day is approximately 1.5mg. During 

the first trimester, iron requirement is very minimal (0.8mg/day). As pregnancy progresses, 

iron requirement increases to a maximum of about 7mg/day during the third trimester to 

provide for the increased demand for growing fetus and placenta. In the postpartum period 

iron requirement again fall to pre-pregnancy levels Source: Reproduced from 

(Cunningham et al., 2018) 

____________________________________________________________________  
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Iron deficiency in the mother can lead to complications, such as preterm delivery, 

low birth weight of baby, etc (Bothwell, 2000; Chen et al., 2006; Klebanoff et al., 

1991). Studies have shown an association between severe anemia and increased risk 

of maternal mortality which ranges from 7 to 194 deaths per 100 000 live births in 

developing countries (Allen, 2000). An U-shaped association was observed between 

maternal hemoglobin concentrations and birth weight meaning that both abnormally 

high hemoglobin concentrations as well as low hemoglobin concentration are 

associated with lower birth weight babies (Garn et al., 1981; Singla et al., 1997; Steer, 

2000) . Studies done on Welsh women with anemia showed a 1.18–1.75-fold higher 

relative risk of preterm birth and low birth weight (Murphy et al., 1986).  

 

Iron transport across placenta (Figure 6) 

In the maternal circulation, iron is bound to transferrin. Holo-transferrin binds to 

TfR1 on the maternal side of the syncytiotrophoblasts in the placenta and undergoes 

endocytosis. Acidification of vesicle results in dissociation of iron from transferrin 

and iron is transported into the cytosol by the divalent metal transporter-1 (DMT-1) 

(Rao and Georgieff, 2007). Iron enters the fetal circulation via ferroportin which is 

located on the fetal side of the syncytiotrophoblasts (Sangkhae and Nemeth, 2019). 



40 

 

Ferrous iron is then oxidized to ferric iron by Zyklopen, a ferroxidase, before it binds 

to transferrin in fetal circulation (McArdle et al., 2011).  

 

Figure 6: Iron transport across placenta 

Iron transferrin bind to transferrin receptors on the maternal side of syncytiotrophoblast. This 

complex is endocytosed, and it forms an endosome. Acidification of the endosome cause the 

dissociation of the iron transferrin complex. Ferric iron is converted to its ferrous form by 

STEAP. Divalent metal transporter 1 (DMT 1) transports iron into the cytosol.  Iron is 

exported out into the fetal circulation by Ferroportin.  Zyklopen oxidizes ferrous iron to its 

ferric form which binds to transferrin in fetal circulation Source: Reproduced from (Fisher 

and Nemeth, 2017). 

____________________________________________________________________ 
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Regulation of placental iron transport  

Maternal hepcidin is thought to regulate iron transport across the placenta to some 

extent (Fisher and Nemeth, 2017). It decreases to undetectable levels in second and 

third trimesters of pregnancy to maximize iron bioavailability and enhance transport 

across the placenta (Koenig et al., 2014; van Santen et al., 2013). Hepcidin is a 

negative regulator of placental transport of iron to the fetus. This fact was 

demonstrated in transgenic mice which over-expressed hepcidin; pups died shortly 

after birth due to severe iron deficiency (Nicolas et al., 2002).  

 

IRON METABOLISM AND GDM 

Iron excess has been implicated in the pathogenesis of diabetes mellitus (Beutler et 

al., 2003; Wilson et al., 2003). Studies have shown that increased serum ferritin levels 

(a marker of body iron stores) is associated with higher risk of developing diabetes 

mellitus (Forouhi et al., 2007; Rajpathak et al., 2006; Wrede et al., 2006). This 

relationship was first observed in patients with hereditary hemochromatosis 

(Pietrangelo, 2006). There are mainly three ways by which iron plays a role in the 

development of diabetes: by decreased insulin production, increased resistance to 

insulin and by causing liver dysfunction (Swaminathan et al., 2007). 
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It has been reported that iron overload in pregnancy may be involved in the 

development of GDM (Lao et al., 2001). In vitro studies have shown that iron 

overload is toxic to beta-cells of the pancreas, resulting in decreased insulin secretion 

and impaired glucose metabolism (Bowers et al., 2016; Liu et al., 2009).  Studies 

done on Chinese and Malaysian subjects have shown an association between raised 

hemoglobin levels and increased risk of GDM (Lao et al., 2001; Tan et al., 2011). 

Lao et al showed that initial hemoglobin, hemoglobin levels in third trimester was 

similar in both GDM as well as controls whereas post-partum hemoglobin (day 3) 

was significantly higher in the GDM group (Lao et al., 2001). Other studies have 

shown that higher maternal hemoglobin levels in first trimester (Tan et al., 2011) and 

prepregnancy Hb levels higher than 13 g/dL (Hy et al., 2021) were independently 

associated with the risk of developing GDM. Women with prepregnancy Hb levels 

higher than 13 g/dL were also associated with GDM that required insulin therapy (Hy 

et al., 2021). 

GDM women tend to have high iron and low insulin levels (Kaygusuz et al., 2013). 

Insulin synthesis in the pancreas can be affected by iron due to its pro-oxidant 

property (Rajpathak et al., 2009).  

High levels of serum ferritin have been reported in women with GDM, as compared 

to those without (Amiri et al., 2013; Bowers et al., 2016; Chen et al., 2006; Derbent 
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et al., 2013; Fu et al., 2016; Khambalia et al., 2016). Amiri et al showed that 

concentration of serum iron and total iron binding capacity were similar in both GDM 

as well as controls whereas serum ferritin level was found to be significantly higher 

in women with GDM. In addition, the risk of developing GDM was increased 2.4-

fold in pregnant women who had higher ferritin levels (> 80 ng/mL) as compared to 

pregnant women with lower ferritin levels. These findings were similar to other 

studies (Chen et al., 2006). This study, however, did not adjust for inflammation since 

ferritin is an acute phase reactant and can be elevated in conditions of inflammation. 

Both Chen et al and Bowers et al showed that women with higher levels of ferritin 

had a twofold increased risk of developing GDM. Even after adjusting for 

inflammatory markers like CRP and oxidized LDL, the association between ferritin 

and GDM remained significant (Bowers et al., 2016; Chen et al., 2006).  

High levels of hepcidin in blood result in reduced absorption of dietary iron, recycling 

of iron from macrophages and release of iron from stores in the liver (Ganz and 

Nemeth, 2012). Women with GDM were found to have elevated levels of serum 

hepcidin (Rawal et al., 2017). Derbent et al (2013) showed that women with GDM 

had higher levels of hepcidin and ferritin as compared with controls. Hepcidin 

showed significant positive correlation with fasting glucose and fasting insulin levels. 

To determine whether the elevations in hepcidin and ferritin were related to 
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inflammation, CRP was analyzed, and this showed no correlation of CRP with ferritin 

and hepcidin levels.  

A study done in Indian population showed GDM cases had significantly higher levels 

of ferritin as compared to controls and a negative correlation was established between 

ferritin and blood glucose (Yadav et al., 2017). 

To summarize, there is evidence to suggest that elevations in iron parameters may be 

a significant risk factor for GDM. However, there is very little data from India. In 

addition, the precise mechanistic links between the two remains unclear.  
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SCOPE OF STUDY 

Studies have shown an association between insulin resistance (IR) and increased 

serum ferritin levels. Serum levels of hepcidin (the central regulator of systemic iron 

homeostasis) and ferritin have been reported to be elevated in women with GDM. 

Such elevations may be a significant risk factor for GDM. However, it is not clear 

how exactly they are linked.  

 

The available literature shows that elevated body iron stores (as indicated by serum 

levels of ferritin and/or hepcidin) are associated with development of GDM. The 

present study aims to look for links that may exist between iron parameters and 

insulin resistance in patients with GDM. This may help to ascertain if iron parameters 

(such as ferritin or hepcidin) may be useful in prediction of GDM. This assumes 

significance in the light of the fact that iron supplementation is routinely given to all 

pregnant women, irrespective of their iron status.  
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THE STUDY 

 

HYPOTHESIS 

Iron-related parameters in blood correlate with insulin resistance, in women with 

gestational diabetes mellitus (GDM).  

 

AIM  

The aim of this study was to estimate iron-related parameters in blood and indices of 

insulin resistance in women with GDM, and to determine if they correlate with one 

another. 

 

OBJECTIVES 

Primary objectives:  

• To estimate iron-related parameters in blood from pregnant women, with and 

without GDM  

• To estimate fasting blood glucose and insulin levels in pregnant women, with 

and without GDM  

• To calculate indices of insulin resistance in pregnant women, with and without 

GDM  
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• To determine if any correlation exists between iron-related parameters in 

blood and indices of insulin resistance in pregnant women, with and without 

GDM  

 

Secondary objective:  

• To determine the outcomes of pregnancy in subjects, with and without GDM, 

and to correlate these with the parameters of interest in this study 
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MATERIALS 

 

Equipment used 

1. Table-top refrigerated centrifuge (MPW R 350, MPW, Poland)  

2. -70OC freezer (Cryo Scientific, Chennai, India)  

 

 Other materials used  

1. For blood collection - red vacutainer tubes (BD Biosciences, Plymouth, UK) 

2. Micro-tubes (Tarson Products Private Limited, Kolkata, India)  

3. Micro-tips (Tarson Products Private Limited, Kolkata, India 
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METHODS 

This study was approved by the Institutional Review Board (IRB) of Christian 

Medical College (CMC), Vellore, India (IRB approval no: 13458, dated 

05.10.2020). The letter of approval for the study from the IRB is included as 

Appendix 1. 

 

SUBJECTS  

The study was carried out on subjects who attended the antenatal clinic of the 

Community Health and Development (CHAD) hospital, CMC, Vellore. 

Primigravidae who were referred for an oral glucose tolerance test (OGTT), at the 

time of their antenatal check-up, were recruited, after obtaining informed consent. 

The recruitment period was from March 2021 to September 2021.  

 

The inclusion and exclusion criteria used were as follows: 

Inclusion criteria  

• Hb ≥ 11 g/dL  

• Willing to participate in the study  

Exclusion criteria:  

• Hb < 11g/dL 

• Already known to be diabetic  

• Any complication of pregnancy
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CALCULATION OF SAMPLE SIZE 

Data from the publication by Derbent et al (2013) was used to calculate sample size 

as shown below, using nMaster 2.0. The data in this publication for serum ferritin 

was used for the purpose of calculation of sample size.  

Two means - hypothesis testing for two means 

 

Based on the publication by Derbent et 

al (2013) 

Standard deviation in group I  

(Cases-GDM) 13.37 13.37 

Standard deviation in group II 

(controls) 9.66 9.66 

Difference between means in the 2 

groups 11.45 11.45 

Effect size 0.994355 0.994355 

Alpha error (%) 5 5 

Power (1- beta) % 80 90 

1 or 2 sided 2 2 

Required sample size per group 16 22 
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Ref: Derbent et al (2013). Serum hepcidin is associated with parameters of glucose 

metabolism in women with gestational diabetes mellitus. J. Matern. Fetal Neonatal 

Med 26, 1112–1115. doi:10.3109/14767058.2013.770462 

 

The formula that was used to calculate the sample size, using nMaster 2.0, was: 
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• Where n1 = number of subjects in group 1 (cases- GDM) in the publication by 

Derbent et al (2013) 

• n2 = number of subjects in group 2 (controls) in the publication by Derbent et 

al (2013) 

• s1 = SD of mean in group 1(cases- GDM) in the publication  

• s2 = SD of mean in group 2(controls) in the publication  
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•  d = Difference between the means in the 2 groups in the publication  

• The calculated sample size, with a power of 90% was 22 in each group. Hence, 

it was proposed to study 25 subjects with GDM and 25 without GDM, a total 

of 50 subjects 

 

INFORMED CONSENT 

After identification of eligible subjects, based on the inclusion and exclusion criteria 

listed above, details of the study were explained to each subject. They were each 

provided with an information sheet about the study, which were made available in 

Tamil, English or Hindi, as per their preference. Written informed consent was 

obtained from each participant. The information sheet and the informed consent form 

used are included as Appendix 2. 

  

DATA COLLECTION 

Relevant socio-demographic and clinical information was collected from each 

participant. The proforma used for this is included as Appendix 3.  

 

The weight and height of each subject was obtained from the hospital records. This 

information was used to calculate body mass index (BMI) for each subject which is 

given by the formula 
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Body mass index (BMI)= Weight (Kg)/(Height (m))2 

 

Information on supplementation with iron and folic acid tablets was noted from the 

hospital records. They were asked about how regular they were in taking these tablets.  

 

The hemoglobin value for each subject was obtained from the hospital records. 

Information regarding the outcomes of pregnancy was obtained either from hospital 

records or by contacting the subjects by phone. 

 

BLOOD SAMPLE COLLECTION  

A fasting blood sample (6ml) was collected from each participant, at the time of the 

OGTT. Blood was collected in a plain red vacutainer tube (for clotted blood), from a 

peripheral vein in either arm, using aseptic precautions 

 

PROCESSING AND STORAGE OF BLOOD SAMPLES  

Serum was separated from the clotted blood samples obtained, by subjecting them to 

centrifugation at 2500g for 10 min. The serum obtained was divided into multiple 

aliquots and stored at -70oC, until laboratory analyses were carried out. Serum 

samples were thawed on the day of analyses. They were used for estimation of serum 

iron, ferritin, total iron-binding capacity (TIBC), insulin and C-reactive protein. 
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DIAGNOSIS OF GDM 

The criteria used to diagnose gestational diabetes mellitus were as follows: Fasting 

plasma glucose levels > 92 mg/dL or a 1-hour plasma glucose level (post 75g oral 

glucose tolerance test [OGTT]) > 180 mg/dL or 2-hour plasma glucose level (post 

OGTT) >153 mg/dL (American Diabetic Association, 2020). 

 

ESTIMATION OF SERUM IRON  

Estimation of serum iron was done in the diagnostic laboratory of the Department of 

Clinical Biochemistry, CMC, Vellore.  

Analyzer used: 

Roche Cobas c720 modular analyzer from Roche Diagnostics, Gmbh, Mannheim  

Principle: Guanidine/ferrozine spectrophotometric method 

Guanidine hydrochloride caused release of ferric ions from transferrin. This ferric ion 

was reduced to ferrous state by hydroxylamine. Ferrous ions reacted with the dye 

ferrozine, forming a purple-coloured complex. The intensity of color formed was 

directly proportional to the concentration of iron and was determined by measuring 

the absorbance at 546 nm.  
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ESTIMATION OF SERUM FERRITIN  

Estimation of serum ferritin was done in the diagnostic laboratory of the Department 

of Clinical Biochemistry, CMC, and Vellore. 

Analyzer used:  

Siemens, Atellica IM 

Principle of the method: Two-site sandwich immunoassay, using direct 

chemiluminescence technology 

This method utilized two anti-ferritin antibodies. The first antibody was an 

acridinium-labelled polyclonal goat anti-ferritin antibody. The second antibody was 

a monoclonal mouse anti-ferritin antibody, which was covalently bound to 

paramagnetic particles. Solid phase for the immunoassay was provided by the 

paramagnetic particles. These antibodies were then added sequentially to the reaction 

chamber and formed a complex with ferritin present in the sample. A substrate was 

added which caused excitation of the acridinium, causing release of photons. The 

intensity of photons released was directly proportional to the concentration of ferritin 

in the sample. 
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ESTIMATION OF TOTAL IRON-BINDING CAPACITY (TIBC)  

Estimation of TIBC was done in the diagnostic laboratory of the Department of 

Clinical Biochemistry, CMC, Vellore.  

Analyzer used: 

Roche Cobas c720 modular analyzer from Roche Diagnostics, Gmbh, Mannheim  

Principle: Colorimetric method  

Serum sample was added to a reagent solution consisting of a buffer and known 

concentrations of iron and ferrozine. The buffer provided the alkaline pH needed for 

binding of iron in the reagent to iron-binding sites on transferrin. The unbound iron 

reacted with ferrozine to give a purple complex. The intensity of color formed was 

directly proportional to the concentration of unbound iron and was determined by 

measuring the absorbance at 546 nm. Unbound iron binding capacity (UIBC) was 

calculated as the difference between the amount of iron added and the measured 

unbound iron. Total iron binding capacity (TIBC) was obtained by the sum of serum 

iron and UIBC. 

 

CALCULATION OF TRANSFERRIN SATURATION  

Transferrin saturation was calculated as the percentage of the ratio of serum iron to 

TIBC, as shown in the formula below:  

Transferrin saturation (%) = (Serum iron/TIBC) x 100  
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ESTIMATION OF SERUM HIGH SENSITIVITY C-REACTIVE PROTEIN 

(hs-CRP) 

Estimation of hs-CRP was carried out in the diagnostic laboratory of the Department 

of Clinical Biochemistry, CMC, Vellore. 

Analyzer used:  

Immulite 2000 xpi from Siemens, UK.  

Principle: Solid-phase chemiluminescent immunometric assay 

Anti-ligand-coated beads constituted the solid phase. The liquid phase contained an 

anti-CRP murine monoclonal antibody and rabbit polyclonal anti-CRP antibody in 

buffer. Anti-CRP murine monoclonal antibody was attached to the ligand, and rabbit 

polyclonal anti-CRP atibody was conjugated to alkaline phosphatase. The sample and 

the reagent were incubated together, with the anti-ligand-coated bead, for 30 minutes. 

The CRP in the sample formed a sandwich with the antibodies, anti-CRP murine 

monoclonal antibody and rabbit polyclonal anti-CRP antibody. A chemiluminescent 

substrate that emitted a light signal was added after washing away unbound 

antibodies. The intensity of light emitted was proportional to the concentration of hs-

CRP in the sample. 
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ESTIMATION OF SERUM INSULIN  

Estimation of serum insulin was carried out in the diagnostic laboratory of the 

Department of Clinical Biochemistry, CMC, Vellore.  

Analyzer used: 

Immulite 2000 xpi from Siemens, UK.  

Principle Solid-phase chemiluminescent immunometric assay 

Solid phase beads were coated with monoclonal murine anti-insulin antibody. The 

liquid phase comprised of two antibodies, which were conjugated to alkaline 

phosphatase i.e., polyclonal sheep anti-insulin antibody and monoclonal murine anti-

insulin antibody. Sample and reagents were added to the reaction chamber. Insulin 

present in the sample formed a sandwich with monoclonal murine antibody on the 

solid phase, polyclonal sheep anti-insulin antibody and monoclonal murine antibody 

in the liquid phase. A chemiluminescent substrate that emitted a light signal was 

added after washing away unbound sample and reagent. The intensity of light emitted 

was proportional to the insulin concentration of the sample. 
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CALCULATION OF HOMEOSTASIS MODEL ASSESSMENT OF INSULIN 

RESISTANCE (HOMA-IR)  

This was calculated by the formula: 

HOMA-IR =Fasting plasma insulin (µIU/ mL) x fasting plasma glucose (mg/dL)/405  

 

 

ESTIMATION OF PLASMA GLUCOSE 

Estimation of plasma glucose was carried out in the diagnostic laboratory of the 

Community Health and Development Hospital (CHAD), CMC, Vellore.  

Analyzer used: 

Beckman Coulter 

Principle: Hexokinase method 

Glucose was converted to glucose-6-phosphate by the enzyme hexokinase, in the 

presence of ATP. 

Glucose-6-phosphate dehydrogenase oxidized the glucose-6-phosphate formed to 6-

phosphogluconate and NADPH. The amount of NADPH produced was directly 

proportional to the concentration of glucose in the sample and was determined by 

measuring the absorbance at 340 nm. 
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STATISTICAL TESTS 

Statistical analysis was done using Statistical Package for Social Sciences version 

21.0 (SPSS 21.0). Normality of data was assessed by Kolmogorov–Smirnov (KS) 

test. Normally distributed data were expressed as mean and standard deviation and 

skewed data were expressed as median and interquartile range.  Independent t-test 

was used for comparison of data in two groups that were normally distributed and 

Mann-Whitney U test was used for comparisons of data that were not normally 

distributed. Bivariate correlation analyses were done using Pearson correlation for 

variables with normal distribution and Spearman’s rank correlation for variables that 

are not normally distributed. A P-value less than 0.05 was considered statistically 

significant in all cases.  
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RESULTS 

 

One hundred and fifty-five primigravidae were screened. Of these, 25 were diagnosed 

to have GDM, based on results of the OGTT. .  They were matched, by chronological 

and gestational age, with 25 control participants, who had normal results for their 

OGTT.   

 

Distribution of the data was determined by Kolmogorov-Smirnov (KS) test. Data on 

maternal age, serum iron, serum ferritin, transferrin saturation, serum insulin, 

HOMA-IR and C-reactive protein were found to be normally distributed. Gestational 

age at the time of recruitment, weight, height, body mass index, hemoglobin, plasma 

glucose values (fasting values and values at 1 and 2 hours after the glucose load), 

TIBC, gestational age at delivery and birth weight of infant were found to have  

skewed distributions.  
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Table 1: Characteristics of participants 

 Controls 

(N=25) 

Cases (GDM) 

(N=25) 

P value 

Maternal age (years) 

26.68 + 4.26 

 

26.48 + 3.87 

0.863 

Gestational age at the time 

of recruitment (weeks) 

25.29 (24.29 - 27.14) 25.71 (24 – 27.58) 0.771 

Weight (kg) 60 (54.50 – 65.35) 65 (54.80 – 71.50) 0.346 

Height (cm) 153 (149.50 – 159) 155 (149.50 – 160) 0.648 

Body mass index (BMI) 

(kg/m2) 

25.68 (23.57 – 26.96) 26.37 (22.77 – 28.75) 0.332 

Haemoglobin (g/dL) 12 (11.45 – 12.5) 12.1 (11.55 – 12.5) 0.734 

 

Data were expressed as means (+ SD) or as medians with interquartile ranges (IQR), 

depending on the distribution of the data.  
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All the above characteristics were similar in both groups. Both women with GDM 

and without GDM were on iron and folic acid supplementation from 13 weeks of 

gestation. When enquired about the regularity of taking the supplements all the 

women said they were regular.  
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Table 2: Results of glucose tolerance test 

 

Data were expressed as medians with interquartile ranges (IQR). 

 

Values of fasting plasma glucose. and at 1 and 2 hours after the glucose load were 

significantly higher in women with GDM than in the control subjects.

 Controls 

(N=25) 

Cases (GDM) 

(N=25) 

P value 

Fasting plasma glucose 

(mg/dL) 

82 (74 – 85.50) 92 (80 – 98.50) 0.003 

 

Plasma glucose 1 hr after 

glucose load (mg/dL)  

131 (117.5 – 157.50) 181 (144.5 – 207) 0.000 

Plasma glucose 2 hr after 

glucose load (mg/dL) 

112 (98 – 128) 144 (119.5 – 172.50) 0.000 
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Table 3 

 

Data were expressed as means (+ SD)  

 

Nine of the 25 control subjects and 4 of the cases had insulin levels too low to be 

detected by the assay used (<2 μIU/mL). These subjects were excluded from the 

analysis involving insulin and HOMA-IR.  

 

Serum insulin levels were higher in those with GDM (p=0.06).  Values for HOMA-

IR were significantly higher in the GDM group than in the control group. Serum CRP 

levels were similar in both groups.  

 Controls 

 

Cases (GDM) 

 

P value 

Serum insulin (μIU/mL) 5.65 + 3.07 

(N=16) 

10.99 + 10.63 

(N=21) 

0.060 

 

HOMA-IR 1.15 + 0.68 

(N=16) 

2.55 + 2.49 

(N=21) 

0.036 

Serum C-reactive protein 

(mg/L) 

10.36 + 9.71 

(N=25) 

17.49 + 28.96 

(N=25) 

0.248 



66 

 

 Table 4: Iron-related parameters 

 Controls 

(N=25) 

Cases (GDM) 

(N=25) 

P value 

Serum iron (μg/dL) 94.32 + 44.27       101 + 74.09 0.700 

Serum ferritin (μg/L) 21.49 + 19.54 20.23 + 19.77 0.821 

Total iron-binding 

capacity (TIBC) (μg/dL) 

451 (424.5 – 514.5) 440 (394.5 – 529)  0.516 

Transferrin saturation 

(%) 

20.84 + 10.93 22.64 + 16.66 0.654 

 

Data were expressed as means (+ SD) or as medians with interquartile ranges (IQR), 

depending on the distribution of the data.  

 

All iron-related parameters in blood were similar in those with and without GDM. 
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Table 5: Outcomes of deliveries 

 Controls 

(N=24) 

 

Cases (GDM) 

(N=22) 

P 

Value 

Gestational age at 

delivery (weeks) 

39.64 (39.29 – 40.11) 

 

39.5 (38.97 – 40.14) 

 

0.774 

Birth weight (kg) 3.01 (2.62 – 3.32) 

 

2.74 (2.40 – 3.03) 

 

0.069 

 

Data were expressed as medians with interquartile ranges (IQR). 

Mean gestational age at delivery and birth weights of the babies in the 2 groups were 

similar. 

 

 

 

 

 

 



68 

 

Table 6: Bivariate analysis of iron-related parameters (N=50) 

Correlation analysis was done using Spearman’s correlation. 

Serum iron showed significant positive correlation with transferrin saturation. TIBC 

correlated significantly and negatively with serum ferritin and transferrin saturation 

 

 

  Serum 

iron 

(μg/dL) 

Serum 

ferritin 

(μg/L) 

Total iron 

binding 

capacity 

(μg/dL) 

Transferrin 

saturation 

(%) 

  Serum iron 

(μg/dL) 

Correlation 

Coefficient 

   
.968 

P Value   
  

0.000 

Serum 

ferritin 

(ng/mL) 

Correlation 

Coefficient 

  
-.590 

 

P Value 
 

  0.000 
 

Total iron 

binding 

capacity 

(TIBC) 

(μg/dL) 

Correlation 

Coefficient 

 
-.590 

 
-.292 

P Value 
 

0.000   0.039 

Transferrin 

saturation 

(%) 

Correlation 

Coefficient 

.968 
 

-.292 
 

P Value 0.000 
 

0.039   
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Table 7: Bivariate analysis of metabolic parameters (N=37-50) 

  Fasting 

plasma 

glucose 

(mg/dL) 

Plasma 

glucose 

1hr after 

glucose 

load 

(mg/dL) 

Plasma 

glucose 

2hr after 

glucose 

load 

(mg/dL) 

Insulin 

(μIU/mL) 

HOMA-

IR 

Fasting 

plasma 

glucose 

(mg/dL) 

Correlation 

Coefficient 

  
.311 .364 .562 

Sig. (2-

tailed) 

  
 

.028 .027 .000 

Plasma 

glucose 

1hr after 

glucose 

load 

(mg/dL) 

Correlation 

Coefficient 

  
.547 

 
.323 

Sig. (2-

tailed) 

 
  .000 

 
.051 

Plasma 

glucose 

2hr after 

glucose 

load 

(mg/dL) 

Correlation 

Coefficient 

.311 .547 
   

Sig. (2-

tailed) 

.028 .000   
  

 

Spearman’s correlation coefficient was used for correlation analysis. 
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Fasting plasma glucose showed significant positive correlation with plasma glucose 

values 2hrs after glucose load, insulin levels and HOMA-IR. Plasma glucose 1hr after 

glucose load showed significant positive correlation with plasma glucose 2hr after 

glucose load and HOMA-IR.  
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Table 8: Bivariate analysis of metabolic and iron-related parameters (N= 37-

50) 

 

 

  

Serum 

iron 

(μg/dL

)  

Serum 

ferritin 

(ng/mL) 

Total iron- 

binding 

capacity 

(μg/dL) 

Transfe

rrin 

saturati

on (%) 

Hemog

lobin 

(g/dL)  

CRP 

(mg/L)  

Fasting 

plasma 

glucose 

(mg/dL) 

Correlation 

Coefficient 
-.398   -.323  .553 

Sig. (2-

tailed) 
.004 

 

 
 .022  .000 

Plasma 

glucose 1 hr 

after glucose 

load (mg/dL) 

Correlation 

Coefficient 
  -.279   .271 

Sig. (2-

tailed)   .050   .057 

Plasm 

glucose 2hr 

after glucose 

load (mg/dL) 

Correlation 

Coefficient 
    .322  

Sig. (2-

tailed) 
    .023  

Insulin 

(μIU/mL) 

Correlation 

Coefficient 
      

Sig. (2-

tailed) 
      

HOMA IR Correlation 

Coefficient 
     .344 

Sig. (2-

tailed) 
     .037 
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Spearman’s correlation coefficient was used for correlation analysis. Fasting plasma 

glucose levels showed significant negative correlation with serum iron and transferrin 

saturation, and positive correlation with serum CRP levels. Plasma glucose levels at 

1 hour after the glucose load showed significant negative correlation with TIBC and 

positive correlation with serum CRP levels. Plasma glucose levels at 2 hours after the 

glucose load showed significant positive correlation with hemoglobin. HOMA-IR 

values showed a significant positive correlation with serum CRP. 
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SUMMARY OF RESULTS 

 

1. There were no significant differences between women with and without GDM, 

with regard to maternal age, gestational age at recruitment, weight, height, BMI 

and values of hemoglobin, serum iron, serum ferritin, TIBC, transferrin saturation 

and serum CRP.  

 

2. Outcomes of deliveries, gestational age at delivery and birth weight of the babies 

were similar in both groups. 

 

3. The iron-related parameters measured in blood correlated with one another.  

 

4. Fasting plasma glucose levels showed significant positive correlation with insulin 

levels and HOMA-IR. 

 

5. Fasting plasma glucose levels showed significant negative correlation with serum 

iron and transferrin saturation. Plasma glucose 1 hour after glucose load showed 

significant negative correlation with TIBC. Plasma glucose 2 hour after glucose 

load showed significant positive correlation with hemoglobin.
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DISCUSSION 

In this prospective case control study, primigravidae who were referred for an OGTT 

at 24-28 weeks of gestation were recruited. Based on the results of the OGTT, they 

were categorized into those with GDM and those without (control subjects). Twenty-

five subjects were studied in each group.  

 

The hypothesis postulated by the present study was that iron-related parameters in 

blood would correlate with insulin resistance in women with gestational diabetes 

mellitus. This was based on studies that have suggested that iron may be implicated 

in the pathogenesis of diabetes mellitus (Beutler et al., 2003; Wilson et al., 2003). 

Studies have shown that increased body iron stores (as indicated by elevated serum 

ferritin concentrations) were associated with increased risk of developing diabetes 

mellitus (Forouhi et al., 2007; Rajpathak et al., 2006; Wrede et al., 2006). Iron 

overload has been shown to be toxic to beta-cells of the pancreas, resulting in 

decreased insulin secretion and impaired glucose metabolism (Bowers et al., 2016; 

Liu et al., 2009). In pregnancy, iron excess has been suggested to be involved in the 

development of GDM (Lao et al., 2001). Studies have also shown an association 

between raised haemoglobin levels and increased risk of GDM (Lao et al., 2001; Tan 

et al., 2011). Patients with GDM were reported to have increased iron and decreased 

insulin levels (Kaygusuz et al., 2013). Iron has also been shown to affect insulin 
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synthesis in the pancreas, due to its pro-oxidant property (Rajpathak et al., 2009; 

Fernández-Real et al., 2002; Lenzen, 2008). An increase in insulin resistance in 

pregnancy has been reported to be associated with increased risk of GDM (Zhang et 

al., 2014).  

 

Ferritin is the most studied biomarker of iron in relation to GDM (Rawal et al., 2017).  

It is the major storage form of iron, and its serum levels are an indicator of body iron 

stores because it correlates with the bone marrow iron (Kaneshige, 1981; Lipschitz 

et al., 1974).  Increased levels of ferritin have been reported in chronic inflammatory 

conditions, as it is also a positive acute-phase reactant (Harrison and Arosio, 1996; 

Kalantar-Zadeh et al., 2004).  GDM is accompanied by inflammation, as assessed by 

an increase in markers of inflammation such as C-reactive protein (CRP) (Qiu et al., 

2004; Wolf et al., 2003).  In normal pregnancy, serum ferritin levels have been 

reported to highest in the second trimester (12- 16 weeks); it falls by the third 

trimester (Fenton et al., 1977; Kaneshige, 1981; Romslo et al., 1983). In those with 

GDM, maternal serum ferritin levels have been reported to higher (even in the third 

trimester) than in control subjects (Lao et al., 2001; Lao and Tam, 1997). 

 

In the present study, no differences were found in serum ferritin levels in those with 

GDM and in control subjects. Similar results have been reported before (Maitland et 
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al., 2014; Zein et al., 2015). Maitland et al (2014) conducted a randomized control 

trial to study whether obesity was a risk factor in the development of GDM. They 

recruited pregnant women between 15 and17 weeks of gestation (n=106). Of these, 

27.4% developed GDM, as diagnosed by the criteria of the International Association 

of Diabetes and Pregnancy Study Groups Consensus Panel (IADPSG, 2010). Most 

parameters they studied (lipid profile, hsCRP, AST, ALT, ferritin, fructosamine, 

insulin, tissue plasminogen activator, interleukin 6, visfatin and leptin) were similar 

in women with and without GDM except for adiponectin, which was found to be 

lower in those with GDM.  Zein et al (2015) recruited women at gestational ages less 

than 12 weeks (n =104). They were divided into 4 groups based on the subjects’ 

serum ferritin levels at recruitment (<13μg/L, 13 to 21.55μg/L, 21.55 to 38.5μg/L and  

> 38.5μg/L). Subjects in the 4 groups did not differ in terms of age, BMI, gestational 

age Hb, CRP and fasting plasma glucose (FPG) at time of recruitment.  Dietary iron 

intake was found to be higher in the group with highest serum ferritin values, as 

assessed by a food frequency questionnaire. Of the subjects in that study, 15.4% 

developed GDM, as per IADPSG criteria (2010).  Mean values for BMI, hemoglobin, 

FPG, and glucose levels post 1-h OGTT were similar in the 4 groups. The 2-h OGTT 

values were significantly higher in the group with the highest serum ferritin 

concentrations (at recruitment) than in the other 3 groups. At 24- 28 weeks (at the 

time of the OGTT) the subjects in the study were categorized into 3 groups, based on 
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ferritin values at this point as follows: <8μg/L, 8 to15μg/L, and > 15μg/L. Values for 

FPG and 1-h OGTT values were found to be similar in the 3 groups. The 2-h OGTT 

values were significantly higher in the group with the highest serum ferritin 

concentrations. However, no association was found between high ferritin 

concentrations and incidence of GDM.  

 

Other studies have reported associations between serum ferritin and increased risk of 

GDM (Amiri et al., 2013; Bowers et al., 2016; Chen et al., 2006; Yadav et al., 2017). 

In 2 of these papers, statistical analyses had adjusted for serum CRP concentrations 

to confirm that the elevated ferritin levels were due to increased iron stores and not 

due to inflammation (Bowers et al., 2016; Chen et al., 2006). Hence, these 2 studies 

showed that the increased serum ferritin levels observed were indicative of increased 

body iron stores, whereas in the other 2 studies (Amiri et al., 2013; Yadav et al., 2017) 

the possible effect of inflammation on serum ferritin levels was not ruled out.  

 

The following table compares the findings of the present study with those by Chen et 

al (2006), Amiri et al (2013), Bowers et al (2016), Yadav et al (2017), Derbent et al 

(2013), Lao et al (2001), Soheilykhah et al (2017) and Tan et al (2011). 

 



78 

 

 Gestational 

age at which 

blood sample 

was collected 

for estimation 

of iron-related 

parameters 

Sample 

size 

Population 

studied 

Diagnosis of GDM based on 

Present 

study 

24 - 28 weeks 50 (25 with 

GDM and 

25 without) 

Indian One abnormal value of either 

fasting plasma glucose or 1 hour 

or 2 hours plasma glucose, post 

75 gm glucose load (American 

Diabetic Association, 2020) 

Study by 

Chen et al 

(2006) 

15.6 + 0.1 

weeks 

1456 

subjects 

(45 with 

GDM and 

1411 

without) 

American Glucose challenge test (GCT) 

with 50 gm of glucose load.  

Those who tested positive on the 

GCT underwent an OGTT. Two 

abnormal values of the OGTT - 

fasting plasma glucose or 1 hour, 

2 hours and 3 hours glucose 

levels, after a 100gm glucose 
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load confirmed the diagnosis of 

GDM (Carpenter and Coustan, 

1982) 

Study by 

Amiri et al 

(2013) 

24 - 28 weeks 200 

subjects 

(100 with 

GDM and 

100 

without) 

Iranian Glucose challenge test (GCT) 

with 50 gm of glucose load.  

Those who tested positive on the 

GCT underwent an OGTT. Two 

abnormal values of the OGTT - 

fasting plasma glucose or 1 hour, 

2 hours and 3 hours glucose 

levels, after a 100gm glucose 

load confirmed the diagnosis of 

GDM (Carpenter and Coustan, 

1982) 

Study by 

Bowers et 

al (2016) 

9.4 + 3.2 weeks 350 with 

GDM and 

349 

without 

Danish One abnormal value of either 

fasting plasma glucose or 2 

hours plasma glucose, post 75 

gm glucose load (World Health 

Organization, 1999) 
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Study by 

Yadav et al 

(2017) 

28 weeks 90 subjects 

–(30 with 

GDM and 

60 without) 

Indian Glucose challenge test (GCT) 

with 50 gm of glucose load.  

Those who tested positive on the 

GCT underwent an OGTT. Two 

abnormal values of the OGTT - 

fasting plasma glucose or 1 hour, 

2 hours and 3 hours glucose 

levels, after a 100gm glucose 

load confirmed the diagnosis of 

GDM (Carpenter and Coustan, 

1982) 

Study by 

Derbent et 

al (2013) 

24 - 28 weeks  30 with 

GDM, 72 

without 

GDM 

Turkish Glucose challenge test (GCT) 

with 50 gm of glucose load.  

Those who tested positive on the 

GCT underwent an OGTT. Two 

abnormal values of the OGTT - 

fasting plasma glucose or 1 hour, 

2 hours and 3 hours glucose 

levels, after a 100gm glucose 

load confirmed the diagnosis of 
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GDM (Carpenter and Coustan, 

1982) 

Study by 

Lao et al 

(2001) 

28 - 31 weeks 97 with 

GDM, 194 

controls 

Chinese One abnormal value of either 

fasting plasma glucose or 2 

hours plasma glucose post 75 gm 

glucose load (“WHO Expert 

Committee on Diabetes 

Mellitus,” 1980). 

Study by 

Soheilykha

h et al 

(2017) 

12-16 weeks 1384 

subjects 

(306 with 

GDM, 

1078 

without 

GDM) 

Iranian One abnormal value of either 

fasting plasma glucose or 1 hour 

or 2 hours plasma glucose, post 

75 gm glucose load (American 

Diabetic Association, 2020) 

Study by 

Tan et al 

(2011) 

< 26 weeks 1538 

subjects 

(182 with 

GDM, 

1356 

Malaysian Glucose challenge test (GCT) 

with 50 gm of glucose load.  

Those who tested positive on the 

GCT underwent an OGTT. One 

abnormal value of either fasting 
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without 

GDM) 

plasma glucose or 2 hours 

plasma glucose, post 75 gm 

glucose load (World Health 

Organization, 1999) 

 

As can be seen from the information summarized in the table above, the various 

studies shown differed in many methodological details. These include the gestational 

ages at which the blood samples were taken for estimation of iron-related parameters, 

the ethnicities of the subjects studied and the criteria used for diagnosis of GDM. 

Some of the methodological features are similar to one another. For example, the 

study by Derbent et al (2013) employed methodology and diagnostic criteria similar 

to those used by Chen at al (2016), Amiri et al (2013) and Yadav et al (2017), while 

Lao et al (2001) used methodology similar to the present study. The OGTTs in all the 

studies above were carried out between 24 to 28 weeks of gestation. Most of the 

above studies differed from the present one in the diagnostic criteria to diagnose 

GDM and in the gestational ages at which the estimations for iron-related parameters 

were carried out. These differences make it difficult to directly compare the results 

of these parameters in these studies with the present one. 
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Studies have suggested the involvement of high body iron stores in the pathogenesis 

of glucose intolerance (Cheng et al., 2020; Zein et al., 2015). A significant positive 

correlation was observed between serum ferritin concentrations in the first trimester 

and plasma glucose values 1-h after the glucose load in an OGTT (r=0.208, p= 0.045) 

and with 2-h OGTT values (r=0.428, p <0.001), and also between ferritin levels at 

mid-pregnancy with 2-h OGTT values (r=0.245, p= 0.018) (Zein et al, 2015). Cheng 

et al (2020) have reported similar findings of a significant positive association 

between serum ferritin and 1-h OGTT values (r= 0.087, P = 0.011).  

 

The present study did not find any correlation between serum ferritin and glucose 

levels. However, it showed that serum iron and transferrin saturation correlated 

negatively with fasting plasma glucose and that TIBC correlated negatively with 

plasma glucose 1 hour after the glucose load. It also showed a significant positive 

correlation between hemoglobin and plasma glucose levels 2 hour after the glucose 

load. Other studies have reported an association between increased hemoglobin levels 

and risk of development of GDM (Lao et al., 2001; Tan et al., 2011). In these studies, 

iron-related parameters (such as serum iron, total iron-binding capacity and 

transferrin saturation) did not differ between the 2 groups, as observed in the present 

study. Similar findings have been reported in other studies as well (Amiri et al., 2013; 

Soheilykhah et al., 2017). It has been reported in a study done on individuals with 



84 

 

impaired glucose tolerance that insulin secretion and resistance was associated with 

plasma glucose levels; the association was stronger with the 1 h glucose levels post-

OGTT than with fasting plasma glucose concentrations and 2-h  glucose levels post 

OGTT (Abdul-Ghani et al., 2008).  

 

Another important biomarker of iron is hepcidin. It is the central regulator of systemic 

iron homeostasis (Nemeth et al., 2003). It regulates iron homeostasis by binding to 

ferroportin, and causing it to undergo degradation (Nemeth et al., 2004). Studies have 

shown strong associations between serum hepcidin levels and risk of GDM (Derbent 

et al., 2013; Rawal et al., 2017). It was not possible to estimate hepcidin levels in 

blood in the present study, due to financial and logistical constraints. Hence, data is 

not available to make comparisons with the above published studies.  

 

The mean ages of the subjects in the present study were similar in both the groups. 

Other studies (Derbent et al., 2013; Lao et al., 2001) have reported that women with 

GDM were older than those without. All the subjects in the present study were on 

iron and folic acid supplements. This was similar to the study by Lao et al (2001), 

whereas subjects in the study by Derbent et al (2013) were specifically stated as not 

being on iron or folic acid supplements. 
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Women who were obese have been reported to have a higher incidence of GDM (6–

12%) than those who were not (2–4%); the risk of developing GDM was found to 

directly proportional to maternal body mass index (Ehrenberg et al., 2002; Gross et 

al., 1980). Studies have shown that women with BMI > 30 have a 2.9-fold increased 

risk of developing GDM as compared to women with BMI < 20 (Solomon et al., 

1997). There was no difference in the BMI between the two groups in the present 

study. This finding was similar to Lao et al (2001), while Derbent et al (2013) showed 

that BMI values of women with GDM were significantly higher than those of women 

without GDM.  

 

In the present study, parameters related to outcomes of pregnancy, such as mean 

gestational age at delivery and birth weights of the newborns, were similar in 2 

groups. This is in contrast with studies which have shown women with GDM had 

adverse outcomes of pregnancies, such as preterm birth, abnormal fetal development 

(macrosomia) (Mayor, 2017; Yang et al., 2002). The fact that the number of subjects 

in the present study was small may account for the differences in observations.  
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CONCLUSION 

 

In the present study, no significant differences in iron-related parameters were found 

in women with and without GDM. Serum iron and transferrin saturation correlated 

negatively with fasting plasma glucose and TIBC correlated negatively with plasma 

glucose 1 hour after glucose load. No correlation was found between ferritin and 

glucose levels. 
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LIMITATIONS OF THIS STUDY 

The sample size in the present study was small. It was not possible to study more 

subjects due to financial and logistical constraints (due to the pandemic).  

 

This study was unable to reliably document details of iron supplementation in the 2 

groups. This is a factor likely to affect the iron status in the subjects. 

 

Estimation of serum hepcidin may have provided additional information on the iron 

status of the subjects. However, it was not possible to carry out this estimation 

because of financial constraints and delays in procuring reagents (due to the 

pandemic). 
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                        INFORMATION SHEET FOR STUDY PARTICIPANTS 
 

Departments of Biochemistry and Community Medicine, CMC, Vellore 
 
Title of project: Is there a link between iron-related parameters and insulin resistance 
in gestational diabetes mellitus? 
 
Date: 
 
This is a study to be carried out by the Departments of Biochemistry and Community Medicine 
in CMC, Vellore. The aim of the study is to see if there is a connection between iron levels in 
blood and insulin resistance, in women who become diabetic in pregnancy (gestational diabetes 
mellitus). 
 
This study will help provide doctors with a better understanding of the link between iron and 
insulin resistance in gestational diabetes mellitus. 
 
For the purpose of this study, we need 6 ml of blood sample from each subject, which will be 
collected at the same time when blood is drawn for your glucose tolerance test. We would like 
to know if you are willing to participate in the study and provide a blood sample for it. 
 
The collection of blood will not cause any harm to you or your baby. Blood samples collected 
will be used only for research purposes. If there is any sample remaining after this study is 
complete, we would like your permission for the samples to be stored and used for related 
studies in the future.  
 
All information provided by you will be kept confidential.  
 
You may not benefit directly by participation in this study. 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 part of this study. 
 
If you are not willing to participate in the study, you are free to do so. It will not, in any way, 
affect the treatment you will receive in the hospital. 
 
For your further queries, please contact us on the numbers given below.  
 
Dr. Lois Sara James, PG Registrar, Department of Biochemistry, CMC, Vellore, Contact 
number: 8860164833 
 Dr. Molly Jacob, Professor, Department of Biochemistry, CMC, Vellore, Contact number: 
0416 – 2284267  
Dr. Joe Varghese, Professor, Department of Biochemistry, CMC, Vellore, Contact number: 
0416 – 2284267 

APPENDIX 2- INFORMATION SHEET AND 

CONSENT FORM 
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Departments of Biochemistry & Community Medicine, Christian Medical College, Vellore. 

                                         Informed consent form for subjects 
 

Study title: Is there a link between iron-related parameters and insulin resistance in gestational diabetes mellitus? 
 
Subject’s full name:  
 
Date of birth/age: 
 
I confirm that I have read and understood the information sheet dated ____________ for the above study and 
have had the opportunity to ask questions. [  ] 
 
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 rights being affected. [  ] 
 
I understand that when I participate in the study, a blood sample (6 mL) will be collected from me. [  ] 

I understand that the blood sample collected will be used only for research purposes. If there is any sample 

remaining after this study is completed, I give permission for the sample to be stored and used for related studies 

in the future. [  ] 

I understand that the ethics committee and the regulatory authorities will not need my 
permission to look at my health records, both in respect of the current study and any further  
research that may be conducted in relation to it, even if I withdraw from the study. I agree to this  
access. However, I understand that my identity will not be revealed in any information released  
to third parties or published. [  ] 
 
I agree not to restrict the use of any data or results that arise from this study provided that such a use is only for 
scientific purpose(s). [  ] 
 
I agree to take part in the above study. [  ] 
 
   
Signature (or thumb impression) of the subject/legally acceptable  
 
Date: _____/_____/______ 
 
Signatory’s name: _________________________________          
 
 
 
Signature of the investigator: ________________________ 
 
Date: _____/_____/______ 
 
Study investigator’s Name: _________________________ 
 
 
 
Signature or thumb impression of the witness: ___________________________ 
 
Date: _____/_____/_______ 
 
Name & address of the witness: ______________________________ 

 

Study number:  
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Proforma for patient’s details 

Departments of Biochemistry and Community Medicine, Christian Medical College, 

Vellore-632 002 

Study title: Is there a link between iron-related parameters and insulin resistance in gestational 
diabetes mellitus? 
 
Information collected by:      Date: 
 
Subject’s full name:  
 
Date of birth /age: 
 
Hospital number: 
 
Address with phone number: 
 
 
Occupation:  
 
 
Name of husband: 
 
Occupation:  
 
 
Gestational age on day of recruitment (as per LMP):  

 

Last menstrual period (LMP): 

 

Expected date of delivery: 

 
History of any previous pregnancy/abortion/miscarriages: Yes/No 
 
If yes, brief details:  
 
 
 
Any previous illnesses/current illnesses: 
 

APPENDIX 3- PARTICIPANT’S PROFORMA 
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On any medications currently (including traditional medicines): Yes/No 
If yes, brief details 
 
On iron and folic acid supplements: Yes/No 
 
How regular in taking these supplements: 
 
 
 
On examination 
 
Height:        Weight: 
 
Mid arm Circumference: 
 
Pulse rate:        BP: 
 
Pallor:        Pedal edema: 
 
Urine for glucose and protein:  
 
 
Results of laboratory tests 
Haemoglobin/haematocrit: 
 
Results of oral glucose tolerance test: plasma glucose (mg/dL) 
Fasting: 
1-hour post OGTT: 
2 hours post OGTT: 
 
Biochemical parameters of interest in the study 

Investigations Results 

Ferritin  

Iron, TIBC, transferrin saturation  

Hepcidin  

Glucose  

Insulin  

hs-CRP  
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Outcomes of pregnancy  
BP at time of admission for delivery: 
 
Any pregnancy-related complication that developed: 
 
Gestational age at delivery:   
 
Mode of delivery: 
 
Sex of baby: 
 
Birth weight: 
 
Length of baby: 
 
APGAR score: 
 


