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Abstract 

Background: Gestationa l diabetes mellitus (GDM) is the glucose intolerance that results in 

hyperglycemia, wh ich is first recogni zed during pregnancy. Recently, attenti on 011 GDM 

pathophysio logy has bee n focused on the relation between iro n overloads and glu cose 

intolerance. In most developing countri es including Ethiopia, pregnant women are exposed to 

adverse pregnancy outcomes related to iron. However, evidence is lacking regarding the 

association of iron in the development of gestati onal diabetes me llitus. 

Objective: the objective of the study was to assess the association between iron status of 

pregnant women and GDM. 

Method: Hospi ta l based matched case control study design consisti ng 100 pregnant women , 

50 cases diagnosed with GDM and 50 controls with non-GDM. Both groups were matched 

for maternal agc and gestational wcek. Following case and contro l idcntification, participants 

in both groups were assessed back in time for the exposure status (haemoglobin and other red 

blood ce ll indi ces) measured at their first antenatal vis it. Independent sample t-test and 

logis ti c rcgress ion anal ysis were computed to identify s ignifi cantl y associated variables. 

Result: During earl y pregnancy (at first trimester) , hi gher concentrations of mul tiple indices 

haemoglobin (Hgb), haemarocrit (HCT), and mean cell haemoglobin concentrati on (MCHC) 

were shown a sign ificant assoc iation with GDM occurrence. Rcgardin g iron status indices 

measured at third trimester, s ignifi cantl y higher values of HGB and !-I CT were associated 

with GDM. Whereas, on ly hi gher value of HCT was assoc iated with GDM in the second 

trimester. The mean Hgb concentrations among cases ( 13± 1 gldl) and controls ( 12.5± l.l 

gldl) (p=0.003) were observed at first trimester. Regress ion analysis of the present study 

demonstrated that for every unit increase in Hgb concentration, the odds of GDM occunence 

nearly doubles (OR = 1.97,95% CI= 1.2 16 - 3.209 , p=0.006). Furthermore, in comparison to 

those with Hgb concentration of < 13 gldl, pregnant women wi th Hgb concentrat ion of > 14 

were 4.6 times more likely to develop GDM. 

Conclusion: Higher iron status during pregnancy is assoc iated with GDM . Either HGB alone 

or in combination w ith HCT concentrations at early pregnancy cou ld be used as an iron status 

indicator in predi cting the potential occurrence of GDM. 

Key-words: Gestational Diabetes Mellitus, iron status, Hem oglobin, pregnancy. 
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1. INTRODUCTION 

1.1. Background 

Iron de fi c iency is the most common micronutrient deficiency in th e world and 

di sproportionately affects pregnant women and young children (Georgieff el at., 2019). 

Pregna ncy poses a large ri sk of negative iron balance to a woman. In compari son to the non ­

pregnant, durin g pregna ncy wo men require one gram of additi onal iron . Thi s iron demand is 

mainly utili zed in: (i) the fetoplacental growth and devclopment during gestation. From the 

req uired I gm, 360 mg is transferrcd fro m the mother to the fetus, particularly during th e third 

trimester when growth is most rapi d- in order to maintain a content of 75 mg of iron per kg 

body weight of th e fems; (i i) the ex pansion of plasma and blood volumes by pregnant women 

to mainta in proper circu lation and oxygen delivery to her own organs as well as to the 

placenta. The blood volu me expansio n consumes 450 mg of th e add itional iron requ ired 

during pregnancy (Fisher & Ncmeth , 20 17). 

Increas ing eviden ce suppOl1S the concept that postnatal iron status at 9 months of age depends 

on proper feta l iron store during pregnancy. Therefore, the goal s of maintaining iron 

sufficiency during pregnancy are to reduce maternal morbidity, promote fetal health , and to 

set up the new-born with adequate nutri ent stores for earl y post natal li fe. With this regard , 

iron supp lementation programs have been successful in reducing tb is hea lth burden. 

However, iron suppl ementation of iron-sufficient indi viduals is likely not necessary and may 

carry hea lth risks (Zhao el at. , 201 5). 

Iron sufficiency during pregnancy results in better pregnancy outcomes for the mother and 

the child (Georgieff el at. , 20 19). However, there ex ists controversy with respect to the 

routine iron supplementation in apparently iron-sufficient (i.e., non-iron-defi cient) women 

during pregnancy. The US Preventi ve Services Task Force (2015) stated that there was 

insuffici ent evidence to advocate routine iron supplementation during pregnancy. A s imilar 

statement from the European Food Safety Authority (2015) concluded that Iron 

supplementation during pregnancy should be reserved for those at ri sk for or with 

docum ented iron defi ciency. A randomi zed placebo-controlled trial by Ziaei et at. (2007) 

have assessed th e effect of iron suppl ementation on women with high hemoglobin 

co ncentrat ions (i.e. , > 13.2 g/dL) durin g the second trimester leads to even hi gher hemoglobin 

concentrations and foun d an increased rate of maternal preeclampsia and fetal growth 
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restriction. Zhangz & Rawal (20 17) observed that iron supplementation in pregnant women 

has also been linked to a greater risk of gestationa l diabetes mell itus. 

GDM is a serious di sease, which may cause fe tal death and compli cati ons such as 

preeclampsia, increased cesarean rates, macrosom ia in moth ers and neonates, shoulder 

dystoc ia, neonata l hypoglycemia, respiratory di stress syndromc, and childhood obes ity 

(Fattah el al. , 2020). The American Diabetes Associat ion (2000) defi nes gestationa l diabetes 

mell itus as any degree of gl ucose intolerance with onset or fi rst occulTence during pregnancy. 

Among the vari ous suggested causes for GDM occurrence, stu dies have been showing 

sign ificant association of GDM with high levels of haemoglobin that was measured in fi rst 

trimester (Yerebasmaz ef al. , 20 J 5; Georgieff el al. , 20 19). Pregnant wo men in Ethi opia, like 

in most other developing coun tries, have becn receiving additional iron from a un iversal iron 

supplementation irrespective of their iron status. However, iron status of pregnant women 

was not so fa r studied for any associat ion with the occurrence of GDM in the Ethiopia 

context. 

Therefore, the present study aimed to assess whether GDM in recent days in Ethiopia is 

related to maternal iron status during pregnancy th rough a hospi tal-based case-contro l study. 

2 



1.2. Statement of the Problem 

Gestationa l di abetes mellitus (GDM) is posing a seri ous comp li cation to the maternal an d 

child health/nutrition status parti cu larl y in resource limited settings that are cha ll enged with 

conducting early detection and management of the problem. Limited studies have assessed 

thc prcvalence of GDM from dcveloping countries including Ethiopia. For instance, in 

Eth iopia, the existing few studies showed an increasing trend in GDM fro m a prevalence of 

3.7% in 1999 to 12.8% in 2019 as demonstrated in cross-sectional studies conducted 111 

northern Ethiopia by Seyoum el al. ( 1999) and Muche el al. (20 19) respectively. 

Furthermore, those stud ies have pointed out facto rs associated with the occurrence of GDM 

including ovelweightfobesity, family history of diabetes, previous hi stOlY of GDM and 

increase in number of pregnancies (Wolka et aI., 2018; Muche et aI., 20 19). However, 

contribution of maternal iron status during pregnancy to GDM remains to be studied in the 

Ethiopian context. 
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1.3. Significance of the study 

Globa ll y, GDM is ri s ing, but it is a neg lected hea lth threat to mothers and their children in 

low resource countries. The presen t study tri es to evaluate the association between maternal 

iron status during pregnancy with the ri sk of occurrence to GDM. The finding of the study 

will provide a baseline evidence to suggest what has to be done in th e ex isting antenatal care 

to avert an increas ing trend in GDM and will serve as a spring board for further future 

studies. 
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1.4. Objective of the study 

1.4.1. General Objective 

• To assess the associa ti on between iron status of pregnant wo men and the occurrence 

ofGcstati onal Diabetes Mcllitus. 

1.4.2. Specific Objectives 

• To eva luate an association between iron status (hemoglobin levels) and GDM 

• To determine an assoc iation between Red blood cell indices: HCT. MCV, MCH, 

MCHC with GDM. 
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2. LITERATURE REVIEW 

2.1. Iron 

2.1.1. Historical Background and Importancc of Iron 

From ancient times, man has recognized the special rol e of iron in health and disease. Iron 

had early med icinal uses by Egyptians, Hindus, Greeks, and Romans. For many years, 

nutritional interest of iron focused on its rol e in hemoglobin format ion and oxygen transport. 

Nowadays, low iron intake and/or bioavailabi lity are responsible for most anem ias in 

industriali zed countries. In fectious and in flammato ry di scases, blood loss, and othcr nutrient 

deficienc ies (v itamin A, riboflavin , foli c acid, and vitamin B 12) are a lso important causes 

(Nazanin, Richard and Roya, 2014). 

Iron is a trace mineral that is vita l for growth and dcvelopment. It plays a key ro le as a 

cofacto r for enzymes involved in oxidation reduction reactions, wh ich occur in all 

cell s during mctaboli sm. It is also importan t for proper production and catabolism of 

several ncurotransmitters mostl y durin g fetal and early chi ldhood (Edelstein,2011). Iron is a 

mineral that is naturall y present in man y foods, added to some food products, and availab le as 

a d ietary supplement. It is an essential component of hemoglob in , an erythrocyte protein that 

transfers oxygen from the lungs to the ti ssues (Wes sling et al. , 20 14). 

2.1.2 Iron mctabolism and Absorption 

With respect to the mec hani sm of absorpti on, there are two kinds of di etary iron: heme iron 

and non-heme iron. In the human diet the primary sources of heme iron are fro m 

consumption of meat, poultry, and fi sh whereas non-heme iron is obtained fro m cereals, 

pulses, legumes, fruits, and vegetables. The average absorption of heme iron from meat­

co ntaining meals is about 25 percent and can vary from about 40 percent during Iron 

defici ency to about 10 percent during iron repletion. Heme iron can be degraded and 

converted to non-heme iron if foods are cooked al a high temperature for too long. Calcium is 

the onl y di etary factor that negatively influences the absorption of heme iron and does so to 

the same extent that it influences non-heme irons (Hallberg & Gramatkovski , 1997). 
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Figure 1: Iron absorption, transport and storage (Abbaspour et al .. 2014). 

Iron is bound and transported in the body via transferrin and stored in fen'itin molecules 

(Figure I). Once iron is absorbed, there is no physiologic mechanism for excretion of excess 

iron from the body other than blood loss, that is, pregnancy, menstruation, or other bleeding 

(Abbaspour et at. . 2014). 

2.2. Pregnant women and Iron Inadequacy 

The highest probability of suffering iron deficiency is found in those parts of a population 

that have inadequate access to foods rich in absorbable iron during stages of high iron 

demand. During prcgnancy, plasma volume and red ccll mass expand due to dramatic 

increases in maternal red blood cell production. As a result the needs of the fetus and 

placenta, the amount of iron that women need increases during pregnancy. [ron deficiency 

during pregnancy increases the risk of maternal and infant mortality, premature bilth, and low 

birth weight (WHO, 200 I). 
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In th e las t trimester of pregnancy, th e fetus req uisitioned from th e mother at an average rate 

of 3 to 4 mg/day. Each pregnancy extracts about 1000 mg of iron which exceeds the normal 

iron stores. Hence iron must be supp lcmented in such cascs to avoid iron deficiency anemia. 

So that, it is vita l to determine iron levels in a ll patients with anemia, since th ere are di sorders 

such as thalassemia that may be present and misdiagnosed as iron deficiency (Chatteljea, 

20 II). Infants especiall y those born prctCll11 or with low birth weight or whose mothers have 

iron deficiency are at ri sk of iron defi ciency because of their high iron requirements due to 

th eir rapid growth (DomeIlOf, 20 II). 

During pregnancy, there is a signifi cant increase in iron req uirement due to th e rapid growth 

of thc placenta and the fetus and the cxpansion of the globular mass. In contrast, adult men 

and postmenopausal women the amount of iron in a normal diet is usually enough to cover 

their physiological requirements (Vist el al. , 2011). 

2.3. Iron status and gestational diabetes risk 

Unlike pre-gestational diabetes, gestational diabetes has not been clearly shown to be an 

independent risk factor for birth defects. Birth defects usually originate sometime during the 

first trimester of pregnancy, whereas GDM gradually develops and is least pronounced 

during tbe first and earl y second trimester. Studies have shown that the offspring of women 

wi th GDM are at a higher risk for congen ital malformations (Allen e/ al. , 2007). 

Studies on body iron stores in early pregnancy and subsequent GDM risk are light. A case­

control study conducted in participants from thc Danish National Birth Cohol1 iron stores 

measured in earl y pregnancy are associated with GDM risk. Plasma biomarkers of iron 

stores, including ferritin and soluble transferrin receptor (sTIR) suggesting that plasma 

fenitin measured in early pregnancy is sign ificant ly and positively associated with GDM risk 

(Bowers el.al, 2016). 

Free radicals have a role in GDM. As th ere are little data about iron status in GDM, A 

transitional metal, especially iron, which is abu ndant in the placenta, is important in the 

production of free radical s which is risk of GDM (Afkhami, 2009). 

There was a relationship between serum fenitin concentration in early pregnancy and the risk 

of GDM. Diagnosis of GDM was done by 75 oral glucose tolerance tests between 24-28wks 

Women who developed GDM had a hi gher concentration of SCIUi11 ferritin tban women who 
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did not develop GDM. The ri sk ofGDM with th ese high levels offerritin was 1.4 fo ld higher 

than that for subjects wi th lower concentrations. So that High serum ferritin can be regarded 

as a signi fi cant ri sk factor fo r the development of gestational diabetes (Sohei lykhah S.el al., 

201 7). 

Assoc iation of iron overload with GDM may inform th e health debate. One meta-anal ys is 

investigating the association of iron biomarkers and dietary iron exposure with GDM 

identifi ed 33 eligib le studies (N= 44, II 0), did not find any differences in Total iron Binding 

Capaci ty (nBC) or transferrin concentration in women with and witho ut GDM. 

Accumulat ing evidence suggests that circul ati ng and dietary iron biomarkers among pregnant 

women are assoc iated, whi ch is a good predictor for th e development of GDM (Ga lal and 

Salah, 20 15). 

There is one study show opposi te from above studies. In a total 100 subj ects: 43 with healthy 

non diabeti c and non-anemic pregnant women (Control group) and 57 with pregnant women 

having GDM (cases), se rum iron concentration was significantly lower in GDM group as 

compared to Control. So that, GDM does not seem to be associated with iron deficiency or 

e levated body iron storc (Sarkcr el al. , 201 1). Some Studies showed that higher iron stores 

are al so associated w ith an increased ri sk of type 2 diabetes in healthy populations, 

independently of known diabetes ri sk factors (Jiang el al., 2004). 

2.4. Iron Supplementation and absol'ption 

Iron deficiency anem ia occurs mainl y in in fants, children, and fe rtile women. For thi s 

reason, a vari ety of foods , including infant fOlmula and infant cerea ls is fortifi ed with 

iron. Ferrous sulfate is a form of iron that is most readil y absorbed by the gut, but 

when added to dry cereals it can promote their spoilage and ran cidity. For this reason , 

dry cereals are fortified with elemental iron part icles, ferric pyrophosphate, or ferrous 

fumarate (Chattelj ea, 2011). 

Randomized trial s of iron prophylax is during pregnancy have demonstrated positive 

effects on reducing low hemoglob in and hematocrit , and increas ing Sel1lm ferrit in , 

serum Iron and other measures, including bone marrow iron (S hukla, el.al, 20 14). 

Iron is availabl e in man y dietary supplements. Multivitaminlmultimineral supplements with 

Iron , especia ll y those designed for women; typicall y provide 18 mg Iron . 
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Multivitamin/multimineral supplements for men frequent ly contain less or no iron. 

Frequentl y used forms of iron in su pplements inc lude ferrous and ferri c iron salts, such as 

ferrous sulfatc, ferrous gluconatc, ferri c c itratc , and ferric sulfate (Oslon el aI. , 2005). 

Bccause of its hi gher solubility, ferrous iron in dietary suppl ements is more bioavailable than 

ferri c iron . High doses of sup pl ementa l iron (45 mg/day or more) may cause gastro intes tinal 

side effects, such as nausea and const ipation. Other forms of suppl emental iron , such as heme 

iron polypeptides, carbonyl iron , iron amino-acid che lates, and polysaccharide-i ron 

complexes, mi ght have fewer gastro intestinal s ide e ffec ts. For oral iron suppl ementat ion, 

ferrous iron salts (ferrous sulfate and ferrous gluconate) are preferred because of the ir low 

cost and high bioavailability (Oslon el al., 2005). lron supplementation during pregnancy is 

adv isabl e in deve lop ing countri es, where women often enter pregnancy with low iron stores 

(CDC, 2002) . 

2.S. Iron supplementation and GDM 

High level s of iron biomarkers in the body are assoc iated with an increased ri sk of GDM 111 

pregnant women, rai s ing questions about routine recommendat ions of iron supp lementation 

(Rawa l el aI. , 2017). The role of iron excess from iron supplementation in the pathogenes is of 

GDM needs to be examined (Afkahami , 2009). Howevcr, some studies have shown no 

association between iron suppl ementation and GDM (Milman, 2006). 

In in vestigat ing the assoc iation between maternal iron sta tus an d the risk of developing 

gcstational diabetes, resu lts from a poolcd analysis of case-control studies there was an 

association between the increased risk of gestational diabetes and higher leve ls of ferritin , 

serum iron, and dietary heme iron intake. But, not result from short exposures to iron 

supplemcnts during pregnancy, however is associated with higher intakes of di etary heme 

iron during the preconcept ion and early pregnancy period (khambalja, 2016). 

Iron and folic acid suppl ementation during pregnancy in develop ing countries has improved 

th e maternal and fetal outcome. There is a stud y on improvement in overall nutritional status 

and an increase of iron supplemen t in pregnancy may be responsible for the increasing 

prevalence of GDM in developing areas. Assessment of hemoglob in statu s in all pregnant 

women, and prcscribing iron suppl ements to on ly those with anem ia is done indicating that 

routin e iron suppl ementation should be avoided in women with GDM (lm'gar el aI. , 2004). 
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There are a number of other studies which suggest a sign ifi cant association between iron 

overload and GDM (Stephansson el al. , 2000). 

One prospective study was conducted to determ ine ifpre-pregnancy dietary and suppl emental 

iron intakes are assoc iated w ith the risk of GDM. Among 13,475 women who reported a 

singleton pregnancy between 199 1 and 200 1, a total of 867 inciden t GDM cases were 

reported. The result show, di etary heme iron intake was positively and significantly 

associated wi th GDM risk. No s ignifi cant assoc iations were observed between total dietary, 

non heme, or supp lemental iron intake and GDM risk (Bowers, 20 II , Zhao el al., 2017). 

A case co ntrol study of 107 GDM cases and 2 14 control s done to assess several biomarkers 

of iron status, including plasma hepcidin, ferritin, and soluble transferrin receptor (sTfR), and 

these data were used to ca lcu late the sTfR :ferritin ratio, wh ich captures both ce llul ar iron 

need and ava ilability of body iron sto res. The result suggested that, higher materna l iron 

stores may playa rol e in the development of GDM st3Iting as early as the first trimester, and 

rai se potential concerns about the recommendation of routine iron supp lementation among 

pregnant women who already have suffici ent iron (Rawal el al., 20 17). 

2.6. Iron overload and Health Risl{s 

Iron overl oad is the accumulation of excess iron in body tissues, and it usually occurs as a 

result of a geneti c tendency to absorb iron in excess but also caused by an increase ingestion 

of iron supplements or multipl e blood transfusions. In advanced stages of iron overload 

di sease (hemochromatosis), the iron accumu lates in several organs particularly in liver, 

followed by the heart and pancreas; thi s condition can lead to organ dysfunction and even 

death (Pietrangelo, 2004) . Excess ferrous iron forms free hydroxyl radi cals that cause damage 

to ti ssues through oxidative reactions with lipids, proteins, and nucleic acids. Thus, dietary 

iron absorption and factors affecting bioavailability in the body are strongly regulated 

wherever poss ible (Thom as and Martin , 20 18). 

Iron IS also potentially toxic, that it can catalyze th e conversion of hydrogen 

peroxide into fi'ee radicals. Free rad icals can cause damage to a wide variety of cellul ar 

structures, and ultimate ly kill the cell. To prevent that kind of damage, al l life forms that use 

iron bind the iron atoms to proteins. Th is binding tolerates cell s to benefit from iron whil e 

also limiting its ability to do harm (Stewart, 2003). 
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There is no homeostati c mechani sm for di sposing of excess iron chroni c iron overload occurs 

in three s ituati ons: In heredita ry hemochromatosis , Patients w ith in tractabl e anemia, (fo r 

example, thalasscmia) and rcpeated blood transfusions and Pcople who regularly drink 

alcohol beverages with hi gh iron content receive excess abso rbabl e iron by mouth (Stewart, 

2003). However, acute intakes of more than 20 mglkg iron from supp lcments or medicines 

can Icad to pa ins, cspecially if food is not taken at the samc time (Aggctt, 20 I 2). 

It has been prev iously reported that iron overload promotes infiammatOlY processes by 

inducing free radical formation throu gh an oxidative mechani sm (Fernandez el al., 2002). 

Iron overload is believed to reduce placental perfusion and result in preeclamps ia, low birth 

weight and preterm birth (Stephansson , Dickman and Johansson el al. 2000). 

2.7. Body iron storage and storage compounds 

Iron is found in two forms, essential iron for normal function of the body and the reserve for 

times of needs. The essential iron is mostly haemo proteins and is present in hemoglobin or 

erythrocyte and is the major part of the body iron. The second largest fraction is myoglobin. 

The other important pos ition of essential iron is in enzymes required fo r mitochondria l 

function and DNA Synthesis (Wriggles worth & Baum, \980). 

Of the body's total iron content; about 400 mg is devotcd to cellular proteins that use iron for 

important cellular processes. 3-4 mg circu lates through plasma bounding to 

transferrin. Because of its tox icity, free soluble iron is kept in low concentration in the body 

(Camasche1la and Scl1Tier, 20\8). Iron function s as a component of proteins and enzymes. 

Almost two thirds of the iron in the body (approximately 2.5 grams of iron) is found in 

hemoglobin , the protein in red b lood cell s that ca rries oxygen to ti ssues, and about 15 percent 

is in the myoglobin of muscle tissue (Miret, 2003).Transporting iron from one organ to 

another is accomplished by the revers ible binding of iron to the transport protein, transferrin, 

which wi ll then form a complex with a hi ghl y specific transferr in receptor (TfR) located on 

the plasma membrane surfaces of cells. Ferritin is the major iron-storage compound: its 

production increases in cells as iron supplies increase. All cell s are capable of storing iron , 

the li ver, spleen , and bone marrow cell s are primary iron-storage sites in people (Trumbo, 

2001). 

Under steady state conditions, serum ferritin concentrat ions relate with total body iron stores 

(Hunt, 200 I). Thus, serum ferritin is the 1110st convenient laboratory test to estimate Iron 
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stores. Apart from iron losses du e to menstru ation , other bleeding or pregnancy, iron is hi ghl y 

preserved and not readily lost from the body (Hunt, Zito and Johnson, 2009). Free iron IS 

toxi c and catalys is the conversion of oxygen to hydrox yl radi cals. Iron bound to fe rritin IS 

nontox ic (Chatteljea, 20 I I). 

Hemos iderin is an iron storage complex that less readily releases iron for bod y needs. 

Evidence suggests that hemosiderin is derived fro m ferritin. Hemosiderin contains a larger 

fraction of its mass and ex ists as mi croscopica lly v isib le iron staining parti cles. Hemosiderin 

is usua lly seen in states of iron overload or when iron is in excess. Iron in hem osiderini s 

ava il able for form ation of Hgb, but mobil ization of iron is much slower from hemosiderin 

than ferrit in (Cha tteljea , 20 11 ). 

2.8. Iron deficiency Anemia (low iron) 

Anem ia is the cond ition of low leve ls of hemoglobin in the blood. This results in a reduced 

amount of oxygen being transported in the body. Iron is a main component of hemoglobin 

and iro n deficiency is est imated to be responsible for over half of all anemias globa ll y. Otber 

causes of anemia include ma lari a, hookwOllll and other he lminths; o th er nutritiona l 

defi c ienci es such as vitamin A, vitamin B 12 or folic ac id deficiency; chron ic infections; 

genetic conditions and hi gh fe rt ility (WHO, 200 1). 

Ferritin index has been proposed as a usefu l tool ID the diagnosis of iron deficiency. 

Anem ia al so defin ed as hemoglobin level < 12 g/dL in women and<13 gldL in men. 

Hemoglobin is a commonly used, well val idated, and widely accepted indicator for anem ia. 

Mean hemoglobin is one useful way to present this indicator. However, anemia is also 

commonly presented based on cutoffs (Enjuenes, el al. , 20 J 6) . 

2.9. Markers of iron status and measurements 

2.9.1. Markers of iron status 

Markers that have been used to assess iron status are categorizcd according to whether they 

represent: the di stributi on (transport and supp ly) of iron to ti ssues, iron deposits in tissu es 

and a functional use of iron in the synth esis of hemoglobin . There are a number of 

hematological and biochemica l indicators whi ch are used to assess iron adequacy, de fi ciency 

and excess. These include: 
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Iron in tissues: serum transferrin (transport iron capacity), 

Functiona l iron biomarkers : serum ferr itin (systemic iron depots) , hemoglobi n (functional 

iron) concen trat ion, z inc protoporphyrin (hemoglobin synthesis), red blood cell indices 

(MCV and MCH). 

Tissue iron supply: serum transferrin receptors (ti ssue needs for iron). Most assessmen ts 

combine ferritin and hemoglob in concentrati ons as markers of th e deposi tion of iron in 

tissues and iron utili zati on (Calder, 20 I 0). 

[ron status is essentially a qualitati ve concept. It cannot bc precisely quantifi ed because of 

diffi culties in determining accurate thresholds for adaptive responses and for adverse events 

assoc iated with iron defic iency or excess. Assessment of status [or iron, as for other 

micronutTicnts, requires an approach based on integrated use of the markers according to thei r 

functiona l significance and potential confounders. However, because they each measure 

different aspects of iron metabolism, the iron related markers do not always cOlTelate wel l. 

(Ca lder, 20 I 0). 

No s ingle marker of iron metabo li sm is considered idea l for the assessment of iron 

defi ciency, adequacy or excess, as all the ind ividual indices have limi tat ions in terms of their 

sens itiv ity and specificity. However, in accordance with practical decisions made by others 

such as WHO, hemoglobin (fimctional iron) and ferritin (iron depots), in combination, are 

considered to be the most useful indicators of iron status. Although th ese markers are useful 

for fiel d work, th ey need to bc used criticall y in developing and moni toring interventions in 

practice, and in developing po li cy. A re lationship between iron markers and outcomes can 

onl y be expected to exist in iron deficiency or increased iron needs (WHO /CDC, 2004). 

2.9.2. M easures of iron status markers 

Many different measures of iron status are avai lable, and different measures are usefu l at 

different stages of iron depletion. Measures of serum ferritin can be used to identify iron 

depletion at an early stage (Gibson, 2005). The measures are most informative when multip le 

measures of iron status are examined and eva luated in th e context of nutriti onal and medical 

history (WHO/CDC, 2004). 
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Quantitative estimates of body iron enhance the evaluation of iron status and the sens itivity of 

iron intervention trial s in populations in which inflammation is unCOlll11l0n or has been 

excluded by laboratory screening. The method is uscful c lini call y for monitoring iron status 

in those who are hi gh ly susceptible to iron deficiency (Cook, 2003). 

The clini ca l app lication of body iron measurements is limited by the numerous disorders that 

affect serum ferriti n and sTfR level s independently of iron status, although the most 

important ones can be detected by elevated levels of C-reactive protein . At present, clin icians 

depend on serum ferritin level to determine the adequacy of iron stores and on the 

hemoglobin concentration to identify advanced iron deficiency. However, there is no reliable 

laboratory method at present for detecting ti ssue iron deficiency before the onset of anemia 

(Cook, 2003). 

Hematocrit is also commonly used as an indicator of anem ia. Hematocrit and hemoglob in are 

interchangeable using the following conversion factors ( I OOg hemoglohin=6.2mmol 

hemoglobin = 0.20 III (WHO, 2001) . neither hemoglobin nor hematocrit are indicators of iron 

defici ency. Iron deficiency is measured using serum ferritin which requires techniques and 

laboratories. Assessment of adu lt populations should include qucstions related to smoking 

habits including what type of smoking and how many per day, high alt itudes «1000 fee t) 

(Parker, el al., 2018). 

Iron in tissues and Tissue iron supply test 

Several methods are used to measure iron and related analyses. Serum iron concentration 

measures the amount of fen"ic iron (Fe3+) bound mainly to serum transfelTin but does not 

include the divalent iron contained in serum as hemoglobin. Elevated concentrations of serum 

iron occur in iron-loading di sorders such as hemochromatosis. Serum iron is not a good 

indicator of iron stores and is not a sensitive measure of iron deficiency because of da il y 

fluctuations. Serum iron measurements are used in conjunction with TIBC measurements. 

Nonnall y, because one third of the iron-binding sites of transferrin are occupied by Fe3+, 

serum transfenin has considerable reserve iron-binding capacity (WHO, 2001). 

Another indicator of iron status is the concentration of TfR in serum. Since TfR is mostly 

dcri ved from developing RBCs, it reflects the intensity of erythropoies is and the demand for 

iron (WHOICDC, 2004). The major advantage of TstR as an indicator is estimating the 

magnitude of the functional iron shortage once iron stores are depl eted (Baynes, 1996). 
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The ratio ofTfR to ferritin (TfRJferritin) was designed to evaluate changes in both stored iron 

and functiona l iro n and was thought to be more useful th an either TfR or ferriti n alone. 

TfRJferritin has been used to estimate body iron stores in both children and adults (Cook el 

ai., 2005). However, the hi gh cost and th e lack of standardi zation have limited the 

appli cabi lity of the method (Yang et al. , 2008). But fer ri tin levels may be artifi ciall y hi gh in 

cases of anemia of chronic di sease and inflammatory acute phase protein and not a marker for 

iron overload (Theil , 20 12). 

If ferriti n is hi gh, there is iron 111 excess or else th ere is an acute inflammato ry reacti on in 

wh ich ferritin is mobili zed w ithout iron excess. Ferritin is also used as a marker for iron 

overload disordcrs, such as hemochromatosis or hemosiderosis (Kennedy el al. 2004).The 

measurement of ferritin through immunoassay or imm une-turbid imeteric methods may also 

be picking up th ese isoferritins thus not a true reflection of iron storage status (Tran J. el al., 

20 13). Total iron-binding capacity (TlBC) or sometimes transferrin iron-binding capacity is a 

med ica l laboratory test that measures th e blood's capaci ty to b ind iron with transferrin 

(Yamanishi et af. 2003) . 

Function al iron biomarkers test 

Rather than examining th e Hgb content of the entire RBC population that may be anywhere 

between I and 120 days o ld , the reticul ocyte I-1gb content provides a picture of how much 

iron was avail able for RBC production in a clinically relevant time fram e. The reticulocyte 

Hgb content is widely avai lable on many of the same multichanne l hematology analyzers that 

does the complete blood coun t (Wish, 2006). 

Another alternative iron marker is percentage of hypochromic red blood cell s, which is a test 

of the concentration ofHgb in RBC, as opposed to the Hgb content as in the reticulocyte Hgb 

content. Because percentage of hypochromic red blood cell s is based on the Hb concentration 

in RBC; it takes in to account th e abso lute amount ofHgb as well as the s ize of the ce ll . The 

big problem w ith the ut il ity of thi s test is that RBC tends to ex pand whil e they are stored 

(Wish, 2006). Another iron test related tests are CBC, especiall y: total red blood cell count, 

Hgb, MCV, MCH or MCHC (Buttarello & Pleban i, 2008). 

Various Red blood ce ll indices (parameters ca lculated from other CBC results) are often 

reported in addition 10 cell counts and hemoglobin. Automated hematology analyzers 

ca lculate the MCH and MCHC ofT-1gb within each red blood cell . Average red blood ce ll s ize 
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MCV and shape (RDW) are al so calcu lated to provide additional diagnosti c inFormation (Tan 

el al., 20 16). 

Depleti on of iron concentration leads to inhibition of Hgb synthes is Taking thi s into 

consideration est imation of iron concentration and J-1 gb level from blood samples of 96 

wo rking women vo lun teers frolll various age groups is carri ed out. 37 cases show normal 

Hgb but are defic ient in iron concentration whi ch may be predisposed to anem ic condition in 

future . This condition may be due to dehydration which causes fa lse ly hi gh Hgb and 

iron concentrat ion wh ich disappears when proper flu id balance is restored. Even if there is 

enough iron in blood, the Hgb can be low or vice versa as there is no direct correlation 

between iron concentration and Hgb level in blood (Raju rkar, et. al., 20 12). 

2.10. Effects of pregnancy on hormones 

Pregnancy hormones and other factors are thought to interfere w ith the action of insulin as it 

binds to th e insulin receptor. Because insulin promotes the entry of glucose into most ce lls, 

insulin resistance prevents glucose from entering the cell s properl y. As a resu lt, gl ucose 

remains in the bloodstrea m, where glucose levels ri se. More insulin is needed to overcome 

thi s resistance (Carr and Gabbe, I 'In). Pregnancy is attributed to increased maternal 

adiposity and insu lin desensi ti z ing effects of placental products such as human placental 

lactogen, estrogen an d prolactin (Gilmartin et al., 2008). 

A decrease in insu li n sens itivity (i.e. an increase in insu lin resistance) is normally seen du ring 

pregnan cy to spare the glucose fo r the fetus. T hi s is attri buted to the effects of placental 

hormones. Tn a few women the physiologica l changes during pregnancy result in impaired 

glucose toleran ce whi ch mi ght develop GDM. Although the majority of women with GDM 

return to normal glucose tol erance immediatcly after delivery, a sign ificant number wi ll 

remain diabeti c or continue to have impaired glucose tol erance (A I-Noaemi , 2011 ). 

Emerging evidence has poi nted to a poss ible link between hi gher iron stores and abnormal 

blood suga r cont rol (inc luding type 2 diabetes) in non-pregnant individual s (Rawal et al., 

(20 16). 

Clinicians are more aware of the need to precisely identify and manage metabolic 

dysfunction in pregnancy manifested especially by abnormal glucose metaboli sm. This has 

led to an increased focus on the abili ty to pred ict and prevent man y potential feta l and 
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maternal comp lications in the guide pregnancy (Hod e/ al ., 2015). Certain factors including 

having a family history of diabetes, over 25 years of age, obese, belong ing to a particular 

ethni c group and hav ing previously given birth to a baby weighing 4 kg or more 

(microsomal), put women at grea ter risk of developing GDM (ADA, 20 I 0). 

2.11. Prevalence or GDM 

Approx imately 7% of all pregnanc ies are compli cated by GDM, resu lting in more th an 

200,000 worldwide cases annually and the prevalence may range from 1% to 14% of all 

pregnancies depending on the population studied and the diagnosti c tests employed (Sue 

Kirkman and Schaffner, 2012). Determin ing a country's GDM prevalence can ass ist with 

policy gui delines regard ing GDM screening, management and focus areas requiring research 

(Macaulay, Dunger and NOIl'is, 20 14). 

The effects of urbanization have not only had impact on developing countries' economies but 

also on public health. The transition from ru ral to urban ways of life is often associated with 

changes in eating habits, body mass and composition , and reduction in physical activity. The 

movement towards more Westerni zed di ets that consumption of fats, suga rs and refi ned 

carbohydrates. As a result , low or middle-income countri es are go ing through a rapid increase 

in overweight and obesity as we ll as non-communicab le diseases, such as diabetes, that 

accompany such condit ions (Popkin and Adair, 20 12). Developed countries are almost low 

prevalence for example, (Denmark (2- 3%), UK (2- 3%), Gellllany (0.3- 0. 8%) (Macaulay, 

Dunger and Norri s, 2014). 

GDM in African 

Diabetes was essentially unknown in Afi'ica in 190 1, until now in 20 13 19.8 million people 

were reported ly li ving with the conditi on and thi s number is pred icted to in crease to 4 1.5 

million in 2035 equating to a 109% increase (IOF, 2013). 

Systematic review of the literature search identified 466 unique records in Africa. Preva lence 

was obta ined for six African countries; Ethi opia (n = I), Morocco (n = I), Mozambique (n= I), 

Nigeria (n = 6), South Africa (n = 4) and Tanzania (n = I) . Prevalence figures ranged fro m 0% 

(Tanzan ia) to 13.9% (Nigeria) with some studies focusing on women with GDM risk factors. 

In the result six cOUlmies, equating to II % of the A frican continent, were represented in thi s 

systemati c review. Th is indicates how little is known about GDM in Africa and highlights the 
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need fo r further research to allow effective intervention programs (Macaulay, Dunger and 

Norris, 20 14) . 

CDM in Ethiopia 

GDM in rural pregnant mothers of Ethiopia determines Ih e prevalence of gestational diabetes 

melli lus 3.7% Ihi s prevalence was low compared to other study (Berhan e e/ ai. , 1999). 

Study led by Management Sc iences for Health revea led that about I I % of women in Mekell e 

have GDM hi gh even for Africa with a rate of about 5 percent An estimated 80 % of cases in 

Ethi opia remain undiagnosed (Abraha et ai., 2014). Universal or selective screening is 

routine in most hi gh-income countries. But in Eth iopia, as in most low-income counlri es, 

screen ing is the exception and not th e rule. Tnternational GDM guidelines were successfull y 

adapted and imp lementcd within the loca l contex t in Tigray, providing the basis for scale up 

across Ethi op ia (Abraha e/ ai., 20 14) . 

The poss ible exposure of the general popu lation in this area are, chron ic malnutr ition as a 

result of long famin e, drought and war, to th e high prcval ence of gestational diabctes melli tus 

permits further study (Seyoum el ai. , 1999). Recent study from southern Ethi opia, from a 

total of 5 18 pregnant women with durat ion of 24-28 weeks of pregnancy were exam ined for 

gestational diabetes melli tus by using WHO 20 13 cri teria, The overall prevalence of 

gestational diabetes mellitus was 4.2%,(4%) among urban residents and (4.9%) among rura l 

(wolka,2 01 9). 

2.11.1. Prevalence and risk factors of CDM 

Pregnancies affected by GDM create a ri sk for compli cations such as the need for Caesarean 

sections due to feta l macrosomia. Macrosomia occurs as a result of accelerated fetal growth 

fuelled by matern al hyperglycemia (Lindsay, 2009). In addition , research into the long-term 

effects of poor maternal glucose metabolism on the fetus has exposed that offspring born to 

mothers with GDM are susceptib le to obesity. (Hilli er e/ ai. , 2007). With these associations it 

would be important to identify pregnant women at ri sk for GDM. So that, prevention 

management such as lifestyle modifi cations can be implemented (Forsbach-Sanchez e/ aI. , 

2005). 

As urbani zation and lifestyle transitions, th e double burden of under and over nutrition is a 

cause fo r concern . Therefore, epidemiologists, public health speciali sts, health professionals, 
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and pol icy leaders need to pl ace GDM and macrosom ia as key e lements in th eir maternal and 

chil d hea lth framework. Thus, enabl ing poli cies and practi ce to minim ize the ri sk o f matern al 

impaired glucose metabolism during pregnancy is a soluti on (A I-Noaemi , 2011 ). 

2.12. Criteria used for diagnosis of GDM 

A systemati c rev iew was undertaken focusing on short-term pregnancy and prenata l 

outcomes and effects on pregnancy when both the In tern ational Assoc iat ion of Diabetes and 

Pregnancy Study Groups (lADPSG) and th c WHO cri teria (which had different diagnostic 

cutoffs) were used . 

2.13. Association of iron status and GDM (high iron) 

Du ring p regnancy, increased matern al red cel l synthesis and transfer o f iron to th e developing 

fetu s causc a greatcr dcmand for iron. Unl ess iron supplcments are givcn, iron storcs 

genera ll y fa ll, with accompanying fa ll s in serum felTitin and selUm iron , and ri ses in serum 

transferring and total iron binding capacity (WHO. 2003). Both iron defi ciency and iron 

overload have scrious hca lth consequcnces. Iron overload, on the oth er hand. is th e result of 

genetic disorders that a ffect the contTol of iron absorp t.ion and hematologica l condi tions 

(Andrews, 2008). 

Ox idati ve stress induced fi'o m excess iron accumulation can cause damage to and death of 

pancreati c beta cell s whi ch produce insulin and, consequentl y, contribute to impaircd insulin 

synthesis and secretion . In the li ver, hi gh iron stores may induce insulin res istance by means 

of damaging insu li n signaling as well as by limiting the capacity of the li ver to extract insu lin 

(Rawa l, 201 7) . Thus, those pati ents who have limited beta cell capacity fo r the compensation 

of pregnancy induced insulin resistance due to variati ons in the genes involved in insulin 

sec retion and utili zation of carbohydrates is I ikely to develop GDM (Sonagra e/ al., 2018). 

Some auth ors suggest th at iron overload can cause insulin res istance. An interesting study 

demonstrated that iron can affect insulin synthesis and secreti on by decreasing glucose 

utili zation in muscles and increasing hepati c gluconeogenesis .FUlthermore, it has been 

shown that elevated selUm ferritin level s are associated with a two-fold increase in th e risk of 

developing type 2 diabetes melli tus and higher plasma ferritin leve ls (J avadi an e/ al. , 20 J 4). 

2. 14. T he role of iron in the induction of diabetes 
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Although th e exac t mechani sm of iron-induced di abetes is uncertain, it is likely, as discussed 

below, to be mediated by th ree key mechani sms: insulin deficiency, insulin resistance, and 

hepat ic dysfunction. An understanding of the pathogenic pathways of iron- induced diabetes is 

derived mainl y fro m studi es on animal models of hemochromatosis (Fernandez-Real , 2005). 
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Figure 2: Pathogenic pathways for iron induction of diabetes (Swaminathan el al. , 2007) 

Systemic iron overload could contribute to abnorma l glucose metaboli sm was first derived 

from the observation that th e frequency of diabetes is increased in classic hereditary 

hemochromatosis. However, with the di scovery of novel genetic di sorders of iron 

metaboli sm, it is obvious that iron overload, irrespective of the cause or the gene involved , 

resu lts in an increased incidence of type 2 diabetes. The role of iron in the pathogcnesis of 

diabetes is suggested by: An increased incidence of type 2 diabetes in diverse causes of iron 

overload and Reversal or improvement in diabetes (glycemic control) w ith a reduction in iron 

load achi eved us ing either phlebotomy or iron chel ation therapy (Fernandez-Real , 2005). 

2.15. Association of Hemoglobin (functional iron) and GDM 

Pregnancy has va ri ous effects on hemato logic parameters, it is well known that Hgb levels 

decrease during the first trimester, reaching minimum in late second trimester and tend to 

increasc during third tri mester (Lafl amme, 20 11 ). So that, Hgb levels must be screened 
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during pregnancy because, both low and hi gh Hgb levels are re lated with adverse pregnancy 

outcomes (Cakmak, 201 I) . 

Another interesting find ing is th e ri sk of adve rse pregnancy outcomes in pregnancies with 

high Hgb levels (both total erythrocyte number an d plasma volume increase), but J-lgb levels 

decrease acco rdin g to th e hi gher increment in pl asma vo lume. This condition prov ides 

placental perfusion with reduccd blood viscosi ty. As a consequence, th cse pregnanci es can be 

compli cated with pregnancy-i nduced hypertension , fetal growth restriction, and perinata l 

death (Mani & Duffy, 1995). The association between Hgb levels and adverse pregna ncy 

outcomes differs by trimesters. However, it is more ev ident in early pregnancy for low J-lgb 

leve ls , and it is evident in all trimesters [or high Hgb concentrations (Dewey, 20 17). 

There are li mited data about th e relat ionship between adverse pregnancy outcomes and Hgb 

leve ls in th e first trimester of pregnancy. In Turkish popu lati on one study evaluated the effect 

of first trim estcr Hgb levcls. Prcgnancy outcomes were compared bctwccn the groups. Thc 

main prenata l outcomes were accepted as stillbillh, Increased I-1gb and fe rri tin have been 

associated with GDM (Kaur et aI. , 20 15). 

Examining thc relationship between hi gh maternal Hgb conccntration at first antenatal v isit 

and occurrence of GDM in the third trimester in no anemic women conclude that, hi gh 

maternal Hgb (more than 13 g/dL) is an independent risk factor fo r GDM in Ch inese women. 

This may reflcct a bctter nutritional status in these women (Lao et a/., 2002). 

Thc retrospcctive cohort study including 13 1 GDM and 300 non- GDM pregnant mothers 

resu lt found out th at the mean Hgb value and MCV were significantl y hi gher in the GDM 

group. After the analysis of covari ance for maternal age, body mass index , parity, bilth 

weight there were s ignifi cant di fferences in Hgb values and mean corpuscul ar vo lume va lues 

between two groups were signifi cantl y hi gher. The study demonstrated GDM was associated 

with hi gh leve ls ofHgb that was measured in first trimester (yerebasmaz et al. 2015). 

Adequate nutrition is criti cal in pregnan cy. One study assesses statuses of th e essential 

micronutrient (iron, copper and zinc) in nonnal pregnancy and in pregnancies compli cated 

GDM. The study included three groups: non-pregnant (n = 44), health y normal pregnancy (n 

= 47) and pregnan cy complicated w ith GDM (n = 42). It concluded that normal pregnancy 

and GDM are associated with imbalance in iron (Amani et al. , 201 8). 
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3. MATERIAL AND METHODS 

3.1. Stud y Area 

The study was conducted in Tikur Anbessa spec iali zed teaching hosp ital, a tertiary referral 

hospital located in Addis Ababa. Tikur Anbessa spec iali zed teaching hospital is the largest 

with 800 beds. The hospi tal provides a tertiary level of health care service fo r more than 

400,000 patients per year in all ward s. In th e obstetri cs and gyneco logy departm ent, over 

4,600 del iveries were atrended each year. Furthermore, the hospita l has a well -organi zed 

di abetes center to look after pregnant women with gestational diabetes millets (Eshetu el a/., 

201 9). 

3.2. Study Design 

Hospital based matched case control study des ign was employed. 

3.3. Study period 

Study was conducled from November 1, 20 19 to February 25, 2020. 

3.4. Source Popula tion 

Al l records of mo thers with gestationa l d iabetes at Ti kur Anbessa Specialized Hospital 

diabetes center for cases. Control source popu lation are those non-GDM pregnant women 

attending ANC althe same hospita l matched fo r gestational age to cases. 

3.4.1. Study Population 

All records of singleton and non-smoker mothers w ith GDM whi ch fu lfill inclusion criteria 

and controls which sign consent. 

3.5. Inclusion criteria 

Case groups : Records of pregnant mother wi th gestational diabetes at Tikur Anbessa 

Speciali zed Hospital di abetes center Positi ve on the basis of OGTT (Fasting and 2 hour after 

75 g Oral glucose) following the WHO criteria (2006) (Sarker el a/., 20 II), do not have pre­

existing hypertension, renal disease, previous GDM 

Con tr ol G roup : Healthy non diabetic pregnant women at antenatal care clinic who are 

signed informed consent to participate in the study. Non-GDM pregnant women attending 
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ANC at the same hospital, Matched fo r age & gestationa l age to cases and do not have pre­

ex isting hypertension, renal di sease 

3.6. Exclu sion criteria 

Mothers' cards with incomplete records of study variabl c, diabctic pregnant women with 

chronic diabetic complicati ons , prev ious GOM , Pregnant subj ects with renal di sease and 

pregnancy with acute or chroni c medical connective tissue di seases and chronic hypertension 

(Sarker et al., 20 I I). 

3.7. Sample size determination 

In a case control study where th e exposure status is measured in a quantitative cont inuous 

unit, the following sample size calculation formula is suggested (Charan & Biswas, 20 13) 

Sample size (each group) = 
r + 1 (SD)2 (Zp + Z((/2)2 

r = Ratio of control to cases, r = I for equal number of case and control; 

so = Standard deviation that can be taken from prev ious studies 

Zp = Standard normal variate for power = for 80% power is 0.84 and fo r 90% va lue is 1.28 

Zul2 = Standard normal vari ate for level of sign ificance (LS) (at 5% LS = 1.96 or at 1%= 

2.58) 

d = Expected mean di ffe rence between case and control (from previous stud ies) 

The present study considered (i) equal number of sample size, r = I, (ii) standard dcviation 

and mean difference were 1.64g!dL and 1.26g!dL, respectively taken from previous study by 

Afkhami-Ardekani and Rashidi (2009), (iii). Standard normal vari ate at I % level of 

significance (Zul2=2.58) and power of 90% (ZI,= 1.28). Finally, the resulting samp le size for 

each group was found 50. 

3.8 Sampling procedure 

The required data were ex tracted from admission registrati on and GOM registrat ion in 

diabetes center. Card numbers were obtained and document of all women who have GOM 

during the study period were searched and checked for completeness of the requi red data. 

Then those cards whi ch had a compl ete record of data (58 cards) were ident ifi ed and 

consecutively rev iewed whether they satisfy th e inclusion criteria to define cases (those 
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hav in g GOM). Aga in, from ANC follow- up registry, pregnant women having no-GDM and 

tested for iron stat liS at s imilar gestational age (trimester) to that of cases (88 cards) were 

identified as controls. From th e li sts of el igible women (sampling frame) , cases and controls 

were randoml y chosen [systematic random sampling method]. 

3.9. Study Va riables 

3.9.1. Dependent Variable 

Pregnant women presented: with or without GDM 

3.9.2. Independent Variables 

Iron (hemoglobin) stat"lrs of the mother, BCT, MCV, MCB, and MCHC, Age, Gestational 

Age (gestationa l age at time of sampling) 

3.10. Operational and conceptual delinitions of variables 

Gestational Diabetes Mellitus: is any degree of glucose intolerance with onset or first 

recognition during pregnancy and disappears by the end of the prepartum. 

Pre gestationa l diabetes: diabetes diagnosed prior to onset of pregnancy this can be type 1/2. 

Type I Diabetes: Metabo lic di sorder resu lting from absolute insuli n deficiency. 

Type 2 Diabetes : Metabolic di sorder resul ti ng frol11 defective insulin secretion or res istance. 

Hemoglobin : a protein that carri es oxygen that show status of iron . 

MCV defines the size of the red blood cell s; MCH quantifies the amount of hemoglobin per 

red blood cell . MCHC indicates th e amount of hemoglobin per unit vo lume. In contrast to 

MCH , MCHC correlates the hemoglob in content wi th the volu me of the cell. 

3.1l. Data collection tools and procedure 

Cases information and CBC results were coll ected through document review in Diabetic 

center from patient card of mothers who has GDM during the study period and checked for 

completeness of th e data. From those mothers who have complete documents, the data 
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were collected by the principa l investi gator. Controls were collected from no rmal pregnant 

moth ers from antenata l clinic. 

Sample type: whole blood was collected w ith anti coagu lated tes t tube (purpl e top) from non 

GDM pregnant mothers who are positive for conscn t fo rm by laboratory technologists. CBC 

was clo ne within half to an hou r after collecti on with an automated hematology ana lyzer in 

central laboratory ofTASH. 

Laboratory Diagnosis Methods : 

A tota l of 4mls of venous blood was co ll ected from each (depending on the accessibi lity to 

the vein) by th e laboratory techn ologists and in vesti gator. The b lood sample in anti­

coagul ated vacuta in er was analyzed for RB C, HGB, HCT, MCV, MCH, M CHC and oth er 

parameters, using Sysmex hematology analyzcr (SN, kx-5014, Japan) at Tikur Anbcsa 

Specia li zed Hosp ital ha lf to one hour after co ll ection. To avoid any poss ible transmission of 

blood borne diseases, all lancets and vacuta iners to draw blood were di sposable. For th e 

safet y of the sllldy parti cipan ts' antiseptic solution (70% alcohol with cotton) was used before 

the vei n puncture in order to prevent infections. Hgb measurement was adjusted for al titude 

(WHO, 201 1). 

Hgb cOITcction = - 0.032 (a lti lllde x 0.0032808) + 0.022 (altilllde x 0.0032808)2 for the 

average altitude of Add is Ababa (2350 meter above sea level) = + 1.06 gldl uni t 

Principle of sample Analysis 

To perform the mentioned test for controls whole blood samples are taken and performed in 

th e central laboratory. The RB C coun t and platel ets are takcn by the RBC detector block. The 

haemoglobin detector block measures the haemoglob in concentration using th e non-cyanide 

haemoglob in method (S ys mex KX-2l N'" Sysmex Corporation, Kobe, Japan). 

3.12. Data quality control 

To ensure the quality of the data and checking the ex istence of required variable, before the 

aCllla l data co ll ecti on, pre- test was done, and then appropriate modifi cations were made on 

the procedures after checking. The principal investigator checks the data col lection process 

and ensures the completeness and consistency of the gathered infonnation. 
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3.13. Data processing and analysis 

All data were analysed using SPSS for windows version 22 (Ch icago, IL; SPSS Inc.). Data 

normal ity test was done by Shapiro-Wi lk test. Descripti ve stati stics was used. Categori ca l 

variab les were prescnted and continuous vari ables were cxpressed as mean and standard 

deviat ion. Comparisons between cases and control were done using independ ent sampl e t­

test. Relationship between HGB and other iron status indicators like RBC and RCT, MCV, 

MCH and MCHC were examined between case and controls using Pearson's correla ti on 

coefficient (1'). Binary logisti c regress ion was used to assess the association among the 

pred ictor va riables and gestational diabetes in the comparison group. A bi vari ate and 

multi va riate logistic regression (elUde and adj usted odds ratio) analys is was performed to 

identify associated factors related to GDM. A p-va lue of <0.05 was cons idered as significan t. 

The resu lts were presented in tables, graphs . P-value <0.05 were used to declare statistical 

signifi cance. 

3.14. Ethical Consideration 

The protocol of th is study was approved for implementation by the Institutional Review 

Board o f Coll ege of Natural and Computation al Science, Add is Ababa U ni vers ity (Reference 

number: CNS/DOIl85112119 and Minute number: IRB/40120 19). All the participants were 

informed about th e general purpose of the study, their participation in the study wou ld not 

involve any ri sks and th ey have a full ri ght to refuse or di scontinue the study. Following this 

information , volunteer participants were given their wri tten consen t. Participants' information 

was kept confidential by exclud ing names and other personal identifi ers- instead , codes were 

used to ind icate parti cipants' card and co llccted specimen. 
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4. RESULTS AND DISCUSS IO N 

4.1. Resu lts 

4.1.\. Characteristics of the participants 

Thi s matched case-control study consisted of 100 pregnant women, 50 cases diagnosed with 

GDM and 50 con trols wi th no n-GDM . Both groups were matc hed for maternal age and 

gestationa l week. Age of th e participants ran ges from 19 to 39 years and about ninety percen t 

of all th e pm1icipants were aged :0 35 years. Age group difference was not stati stical ly 

signifi cant (p=0.056) between cases and controls. Similarl y, gestationa l age of parti cipants 

presented with insignifi cant betwee n group (p=0.9 14) where, mo re than a quarter of 

pat1icipants were in the firs t trimester (Tab le I). 

Table I : Characteri stics of cases and controls (N= 100). 

Variables 
Case Control 

N (%) N (%) 
p-value 

Age (Year) 0.056 

~ 35 years 44 (88) 49 (98) 

> 35 years 6 ( 12) I (2) 

Gestational age (Trimester) 0.914 

First 14 (28) 15 (30) 

Second 18 (38) 16 (32) 

Third 18 (36) 19 (38) 

Gestational age (Week) (Mean ± SD) 24.66 ± 8. 13 23.86 ± 8.04 0.620 

4.1.2. Iron statns indicators and GDM 

As a part of routine diagnostic parameters of pregnancy, iron status indicators like 

haemoglobin and red blood cell indices such as, HCT, MCV, MCH, and MCHC were 

availabl e ii-DIn pati ent record. Aggregate mean compari son of haemoglobin concentration 

presen ted wi th s ignifi cantl y hi gher in cases (13.93± 1.02) than the co ntrols (13.38±O. 80) . 

Likewise, s ignificantl y hi gher values were observed among cases for HCT and MCHC (Table 

2). 
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Table 2: Mea n comparison of va ri ous iron sta tus indicators between cases and controls 

(N= IOO). 
Case (n- 50) Control (n- 50) 

Variables 
Mean SO Mean SO P va lue 

RBC (x I 0"/ 111m3) 5. 11 1.22 5.05 1.47 0.807 

HGB (gm/dl) 13.93 1.02 13.38 0. 80 0.004 

HCT (%) 40.98 3.26 37.8 1 2.50 <0.001 

MCV (11) 87.27 4.90 86 .89 2.50 0.633 

MCI-! (pg) 30.52 2.25 30.80 1.27 0.445 

MCI-l C (gm/dl) 34.59 1.44 35.66 2.92 0.023 

Data expressed as mean ± Slandard Deviation (SD). n- ll/lll/ber of sGlllples, RBC-Red 
Blood Cell, HGB= HaemogLobin, HCT= haelllalocril, MCV = /II ean cell volllllle, MCN = 
mean cell haemoglobin, MCHC= lJIean cell haellloglobi1l concentration. P-values were 
derivedfrom independent sample I-test 

In correlation analyses, occurrence ofGDM was correlated negati ve ly with MCHC (1= -0.227, 

p=0.023) and correlated positively with HCT (R=0,482, 1'<0.00 I), age (t=0.328, p=O.OO I) 

and HGB (1= 0.289, p=0.004) concentrations (Tab le 3). In addition, haematocri t va lue was 

positively correlated with haemoglobin concentration (0.673, p<O.OO I) . 

Tab le 3: Pearson Co rrelation of iron status indices to GDM occurrence 
Variables RBC HGB HeT MCV MCH MCHC Age Gestat ional age 

r 0.025 0.289 0.482 0.048 0.077 ·0.227 0.328 0.05 

P-value 0.807 0.004 0.000 0.633 0.445 0.023 0.001 0 .620 

RBC-Red Blood Cell; NGB - Haemoglobin, NCT - haelllalocril, MCV - mean cell volllllle, 
MCH=mean cell haemoglobin, MCHC=lIIeo11 cell haemoglobin concelltration, r=Pearso11 's 
corre/alio11 coefficient, p=signijicQllce difference. 

4,1.3. Jron status indicators and GDM - disaggregated by gestational age 

In first trimester a stati stically sigr ificant mean differences were observed for RBC (4 .9 ± 0.3 

in cases and 5.9 ± 1.8, p=0.038), HGB (13.0 ± 1.0 in cases, 12.5 ± 0. 8 in controls, p=0.003), 

HCT (4 1.3± 2.7 in cases and 37.9 ± 2.9 in control s, p=O.003) and MCHC (34.5 ± 1.5 in cases 

and 35 .7 ± 1.1 in contTOls, p=O.02 J) , respectively. Whi le MCV and MCH (p=0. 84 1 and 

0.735) are not s ignifi cant (Tab le 4). In second trimester, HCT was the only parameter 

demonstrated a signi fi cant between group di fference (40.9 ± 3,4 in cases and 38.2± 2.6 in 

controls, 1'=0.0 (5) (Tab le 5). In Ihird tri mester, both HGB and HCT va lues were show 

stati stically s ignificanl belween group differences (Tab le 4). 
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Table 4: Mean compari sons between cases and control at first and third trimesters (N=64). 

First trimester Third trinwster 
Variables 

Case Control Case Control 
(n= 14) (n=15) 

P value (n= 16) (n= 19) 
p-value 

RBC (x I 0'1 mm3) 4.9 ± 0.3 5.9 ± 1.8 0.038 4.8 +0.4 4.8 ± 1.4 0.81 8 

11GB (gm/dl) 13.0 ± 1.0 12.5 ± 0.8 0.003 13.2 ± 1.1 12.6 ± 1.0 0.001 

HCT (%) 41.3 ±2.7 37.9 ±29 0.003 4 1.2 + 3.7 37.4 ± 2.2 0.001 

MCV (0) 86.4± 2.2 86.3 ± 2.8 0.841 88.6 +6.7 86.7 ± 2.5 0.256 

MCH (pg) 30.6 ± 2.6 30.8 ± 1.0 0.735 30.9 ± 2.3 30.5 + 1.4 0.554 

MCHC (gm/dl) 34.5 + 1.5 35.7 + 1.1 0.021 34.6 + 0.9 36.5 + 4.7 0.242 

Data expressed as mean ± Standard Deviation (SD). 1I =lIulI/ber of sOli/pies, RBC=Red Blood Cell: 
J-fG B= Haemog lobin, HCT= hacmalocril, MeV = mC(lI1 cell volume, MCH = mean cell haemoglobin, 
A1CHC= mean cell haemoglobin cOllcenlratioll. P-vailles \overe derived /1'0111 indepCI1c1eJ/l sample I-test. 

Table 5. Mean compariso n between cases and control at second trimester (N=36). 

Second trimester 

Variables Case (n= 18) Control (n= 18) P value 

RBC (xl061 mm3) 8.3 ± 1.5 4.5 ± 0.7 0.07 1 

HGB (gm/dl) 13.9 ± 1.2 136 ± 0.7 0.453 

HCT (%) 40.9 ± 3A 38.2 ± 2.6 0.015 

MCV (fl) 86.9 ± 4.5 87.8 ± 2.2 0.475 

MCH (pg) 30.4 ± 2. 1 31.1 ± 1.3 0.225 

MCHC (gm/dl) 34.8 ± 1.7 35.2 ± 0.6 0.41 2 

Data expressed as mean ± Standard Deviation (SD), II - number afsamples, RBC- Red Blood 
Cell; HGB = Haemoglobin, HCT= haemalocril, MCV = mean cell volume, MCH = meall cell 
haemoglobin, A1CHC= mean eel/haemoglobin concen/rohan. 

Generally, among participants across the three trimesters, haemoglobin concentration was 

higher in cases than controls. Except in the second trimester, the observed differences were 

stati sticall y s ignificant in the other trimesters (Figure 3). Haematocrit value was shown a 

consistent significant increase in cases across all the trimesters. 
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Figure 3: Dynamics of Haemoglobin concentrations across the gestational age among cases 

and contro ls. 

4,1.4, Risk factors associated with gestati ona l diabetes mellitus, 

Logistic regrcssion was performed to define the strength of variables associated to GDM. 

HGB, I-I CT, MCI-IC we re fou nd to be associated with GDM. Factors associated with GDM 

were identifi ed by using binary logistic regression model. In binary logistic regression the 

following variab les were significantly associated, I-I GB (OR: 1.976, 95%CI: 1.2 16-3.209, p 

=0.006), HCT (OR: 1.471 ; 95% CI: 1.232-1.756, P< 0.001) , MCHC (OR: 0.598; 95% CI: 

0.405-0. 884, P= 0.0 1). This indicates that, iron (HGB) status of prcgnant mother has an 

association with mothers who did not have GDM. On the other hand, RBC (OR: 1.038; 

95%C1: 0.774- 1.39 1, P=0.805), MCV (OR: 1.026; 95% CI, 0.925- 1.1 37, P=0.630) and MCI-I 

(OR: 0.9 18; 95% CI: 0.405-0.884, P= 0.442) were not signi ficantly associated wi th outcome 

or GDM (Table 6). 

In age adjustment for tbe variabl es associated with GDM, RBC (AOR: 1.007; 95% Cl : 0.735-

1381 , p=0. 963), HGB (A OR 1.896; 95% Cl; 1.130-3.1 80, p=O.O 15) , HCT (AOR; 1.473 ; 

95% C1: 1.2 17-1.782, p<O.OOI ), MCV (AOR: 1.061 ;95% CI; 0.948-1.189, p=OJ03) , MCH 

(AOR: 0.964; 95 % CI: 0.762-1.022, p=0. 760), MCHC (AOR:0.67 1; 95% CI; 0.444-1.0 14, 

p=0.580) (Table 6). 
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In comparison to those w ith Hgb concentration < 13 gld l, pregnant women with Hgb 

co ncentration > 14 were 4.6 tim es more likely to develop GDM. Furthermore, ror every unit 

increase in Hgb concentration , the odds ofG DM occu rrence increases by 1.97 times. 

Tab le 6: Logi stic regress ion analysis of ractors associated with Gestational Diabetes Mellitus 

Variables 

RBC(x 10'/mm]) 

HGB (gm/dl) 

I-ICT % 

MCV (11) 

MCI-! (pg) 

MCHC (g/dl ) 

Haemoglobill (gllll) 
< 13 

13· 14 
> 14 

Bivariate Alw lys is 
Crude OR P va lue 
(95 % CI) 

1.038 (0.774. 1391) 

1.976 (1.216, 3.209) 

1.026(0.925 , 1.1 37) 

0.9 18 (0.737, 1.143) 

0.598 (0.405, 0.884) 

1.538 (0523 , 4523) 
4.600 ( 1.424, 14.856) 

0.805 

0.006 

<0.001 

0.630 

0.442 

0.010 

0.434 
0.011 

Mu ltivariate Analysis 

Adjusted OR P value 
(95% CI) 

1.007 (0.735, 138 1) 0.963 

1.896 ( 1.1 30,3. 180) 0.015 

<0.001 

1.061 (0.948, 1. 189) 0.303 

0.964 (0.762, 1.220) 0.760 

0.671 (0.444, 1.014) 0.580 

OR- odds ratio, RBC-Red Blood Cell, HGB - Haemoglobil1, HCT- hoell/atoeril, Mev - mean cell 
vO/lll11e, MCJ-I= lII eclII cell haellloglobin. MCHC=lIIean cell haemoglobin COllcell/ralioll. 
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4.2. Discussion 

The purpose of th is sflldy was to asscss th c association betwcen iron status and GDM. 

Various biochemical and haemalological markers are used in recent days to measure iron 

status, of whi ch, HGB and RBC indices remain in th e routine blood tests to eva luate basic 

hcalLh/anaem ia status of pregnant mothcrs during antcnatal carc in most dcvcloping countrics 

including Ethiopia. The present study used thi s opportunity to assess how do iron status 

during pregnancy is assoc iated with GDM through making use of those routine iron stafll s 

indicators. 

During ea rl y pregnancy (at first tri mester), higher concentrations of multipl e indices (HGB, 

!-lCT and MC!-lC) wcre show a s ignificant assoc iation with GDM OCCUlTence. Regarding iron 

status ind ices measured at third trimester, s ignificantly higher va lues of HGB and HCT were 

associated with GDM. Whereas, only higher val ue of HCT was associated with GDM in the 

second tr imestcr. The mean Hgb concentrations among cases (13± 1 gldl) and controls 

(12.S± 1. 1 g/dl) were observed at first trimester (p=0.003) in the present study. T hi s finding is 

in line with recent studies that reported a high prevalence of GDM among women with high 

haemoglob in levels in early pregnancy (Lao, 2004, Wang el.al. 2012, Yerebasmaz el. al., 

2015; Chen c/ al., 2018; Wang e/ al. 2018; Rayi s e/ aI. , 2020). 

High materna l HGB has not received th e same attention as anemia because it is more looks as 

a symbol of good nutrition status (Rasmussen el al., 2005). However, there are studies that 

show hea lth prob lems including GDM associated with increased maternal iron status or !-lGB 

(Scholl, 2005, Nastaran & Nourossadat, 2012, Mehrabian & Hosseini , 20 13 and Fernandez­

coa e/. ai, 20 16). In line with present stud ies, particularl y show that high levels of iron status 

during first trimester are more exposed to GDM (Alamolhoda, el al. , 20 10, Yerebasmaz el 

al. , 2016). 

How high haemoglob in leve ls can predispose pregnant women to GDM is uncl ear and seems 

to have contex t-specifi c; however, genera lly, a hi gh haemoglobin level indicate high iron and 

fe rri t in levels (Afkhami-A rdekani and Rashid i, 2009; Kaur el al., 20 15). Iron overl oad and 

high fe'Titin levels are thought to playa role in the development of GDM through several 

potentia l mechani sms: (i) free iron can promote several cell ular reactions that generate 

reactive oxygen species and increase the level of ox idative stress as a strong pro-oxidant; (ii) 

ox idative stress induced from excess iron accumulation can cause damage to and death of 

pancreatic beta cells and, consequently, contribute to reduced insulin synthesis and secretion ; 
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(i ii) in the li ver, high iron stores may induce insulin resistance by means of damaging insulin 

s ignaling as well as by limiting the capac ity of the li ver to ex tract in sulin (Khambali a el al., 

2016; Rawal, 2017). Gcnera ll y, an incrcase in oxidative stress is part of norma l pregnancy, 

routine iron suppl ementation in women without iron depletion might contribute to furthe r 

ox idati ve stress. Furthermore, increased iron stores in the general population have been 

associated with increased incidence of diabetes (Scho ll el aI.2005). 

Regress ion analys is of the present study demonstrated that for every unit increase in Hgb 

concentration, thc odds of GDM occurrence nearl y doub les (OR = 1.97). Furthermore, in 

compari son to those with Hgb concentrati on < 13 gldl, pregnant women with Hgb 

concentration > 14 were 4 .6 times more likely to develop GDM. 

Prev ious study by Lao el al. (2002) reported th at a hi gh maternal haemoglobin leve ls (> 13 

g/dl ) led to a hi gher ri sk of developing GDM. In settings where the prevalence of anaemia is 

higher, even a smaller ri se in iron status during pregnancy shown to predi spose GDM. This is 

ev idenced in Sudanese study by Rayi s el al. (2020) that showed wo men with Hgb > 10.8 gldl 

were at ri sk of having GDM (with the 2.5 times more odds). Likewise, Tarim el al. (2004) 

indicated that pregnant women with haemoglobin levels of 12.2 gldl had a significant ri sk of 

developing GDM. These findings further suggest the vari ation in Hgb cut-off as a risk for 

havi ng GDM is partly dependent on prevalence of anaem ia among women of reproductive 

age in a particul ar sctting. 

Iron and foli c acid supplementation duri ng pregnan cy in developing countries has improved 

the materna l and feta l outcome in Ethiopia as well (Desta et al., 2019). Iron supplementation 

du ring pregnancy increases maternal iron status in clud in g hemoglobin, serum iron, MeV, 

transferrin saturation, and selUm fenitin. (Shukla P, Xiao X, Mishra R.,2014). Interesti ngly, 

th is iron suppl ementation II1creases lipid peroxidation possibly through triggering 

inilammatory processes. (Lach ili B, Hininger I, Faure H, el al. , (200 I). Therefore, risk of 

GDM in pregnant women becomes ra ising questions about routine recommendations on iron 

supplementation in pregnancy (Rawal el al., 201 7). The study on im provement in overa ll 

nutritional status and excessive use of supplementation in pregnancy may be responsible for 

the increasing prevalence (pred ictor) of GDM in deve loping areas. So, th is requires the 

assessment of hemoglobin status in a ll pregnant women, and prescribing iron supplements to 

only those with anemia to prevent an iron overload (Zargar e/ al. , 2004). 
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The association between HGB levels and adverse pregnancy outcomes differs by trimesters. 

However, it is more evident in early pregnancy for low HGB levels, and it is evident in a ll 

trimesters for hi gh Hgb concentrations (Dcwey, 20 17, Laflamme, 20 I I). Howcver, in current 

study, at first trimester, means of, HGB, HCT and MCHC have stati stica ll y significant 

association with GDM. HCT is significant at second trimester (p=O.OIS). At third trimester 

HGB and HCT arc significant (p=<O.OO I). This indicates that high iron status predicts GDM 

or it seems that high levels of hemoglob in or iron status during the first trimester may be a 

warning sign for development of gestationa l diabetes over the next gestational weeks of 

pregnancy. HGB and HCT level in GDM mi ght probably due to an increase in blood glucose 

level which probably favors the proliferation of red blood cells (Hope el al., 20 19). The result 

agrees with the study carried out by Dhirendra el al. , 2016 and Nasiri el al., 20 11. So that, 

HGB and HCT levels must be screencd durin g pregnancy because both low and high HGB 

levels are related with adverse pregnancy outcomes on maternal and fetal well -being 

«:akmak, 20 II , Nas iri el al., 20 II). 

The first trimester is an impottant lifestyle to reduce the ri sk of adverse outcomes in GDM 

and th ere are many studi es to analyse serum biomarkers e ither alone or in conjunction with 

other maternal ri sk factors to prcdict GDM in first trimester. However; even though th e 

studies, there is not yet a method and s ingle biomarker that predicts the di sease (GDM) 

accurately at first trimestcr (Y cral et al., 2014 and Ozgu-Erdinc el al., 20 IS). HGB levels 

assessed in seco nd trimester of gestations affected by the iron suppl ementation received 

during the second half of pregnancy and probably obscured the true difference of hemoglobin 

level among the groups (Ga lal & Salah, 20 15 and Gungor el al. , 2007). 

In line with the cu rrent study, one prospective study of non -anaemic pregnant mothers 111 

china at third trimester also shows hi gh maternal HCT levels could be used in predicting 

GDM (Wang et al. , 2012). Hematocrit is also comillonly used as an indicator of anemia. But, 

Hematocrit and hemoglobin are interchangeable using the fo ll owing conversion factors ( I OOg 

hemoglobin=6.2mmol hemoglobin = 0.20 II I (WHO. 200 1). 

Studies fo cusing on status of HGB levels and pregnancy outcomes like GDM are limited, and 

the findings from those studies again present with SOllle variation due to variations in study 

des igns, sample s izes, populations and the time of HGB testing or gestationa l weeks. For 

instance, tbe study by Galal & Salah (2015) showed there was no significant difference in 

HCT concentrations between prcgnant mothers who developed GDM when compared to who 
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did not develop. In other case co ntro l study, th ere is no difference between GDM and control 

groups w ith respect to l-l CT (R aju rkar el al. , 2012; lavadian el aI. , 20 14). Th is cond ition may 

bc due to dehydration which causes fa lsely hi gh HGB and iron conccntrati on wh ich 

di sappears when proper Ou id balance is resto red (Rajurkar et al., 2012). I-1GB leve ls decrease 

accord ing to the hi gher increment in plasma vol ume (Man i & Duffy, 1995). 
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Limitation of the study 

• Assessment of serum ferritin status (iron depot) and other iron specific indicators are 

not measurcd togethcr due to that it is not donc for cases. 

• Iron specific measures serum iron/ferriti n are considered as an ideal/gold standard 

measure of iron store/status th an haemoglob in concentrati on. However, studi es that 

used multiple iron status indicators including serum iron, ferritin and haemoglobi n 

concentrations in rclation to GDM occurrence havc shown that haemoglobin 

concentrat ion was well resonate with iron-specifi c indicators - with s im ilar pattem of 

iron status was observed among participants in comparison to iron specific indicators. 

Moreover, in resou rce poor settings haemoglobin is the convenient and eas ier to 

conduct proxy indicator of iron status that is not affected by infectionlinflaml11atioll. 

• Even though nearly all pregnant women supplemented with iron-folate pill , the level 

of ad herence to the supplcmental iron was not assessed among participants. However, 

the present study partly tried to captll re iron statu s and GDM assoc iation at ea rl y 

pregnancy (at first trimester) before thc start of iron supplementation. 

• A ll the requi red data were obta ined fro m patient records and this limited us to from 

obtaining additional information regarding tamil y hi story of diabetes, number of 

pregnancics, body weight/composition-based indices (Iikc MUAC during pregnancy 

or pre-pregnancy 8M!). 

• Limited number of pregnant women notice their pregnan cy earlier and visi t the health 

facilities for fo ll ow-up. Whereas most of them do thei r first ANC vis it beyond the 

first trimester of pregnancy and hence we could not find iron status of all pregnant 

women at early pregnancy. 
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5. CONCLUSIO NS AND RECOMMENDATIONS 

5.1. C onclusion 

Higher iron status during pregnancy is assoc iated with GDM. Haemog lobin concentrations at 

earl y pregnancy could be used as a proxy iron status indi cator in predi cting the potentia l 

occurrence of GDM. Haematocrit level have shown a consistent level across the three 

trim esters and an elevated level of this indicators could al so be used as an addition al 

predictor. With the exception of MCHC, the oth er RBC indices (MCV, MCH) wcre not 

associated to GDM occurrence. 

5.2. Recommendations 

Based on current study we wou ld like to fOlward the follow ing recommendations fo r the 

conccrned bodies: 

• To health care practitioners: As a part of rout ine antenatal fo ll ow-up, the pract ice of 

measurin g haemoglobin concentration has to be strengthened. Those women 

presented w ith a higher haemoglobin concentrat ion at carly pregnancy may signa l 

other hea lth problems including GDM as the pregnancy progresses and therefore 

closer medical attention has to be given to those subjects. Simi lar caution has to be 

paid in prescribing supplcmental iron that w ill overload w ith additional iron. 

• To policy makers: Blanket iron supplementation recommendati on has to be revisited 

as per individua l's iron status. Furthermore, universal iron fortification with whear 

flour or other vehi cles has to cons ider both ta rget intervention groups and those at risk 

of developing secondary health problems. 

• To resear chers: We recommend further futme study with a prospective/cohort study 

design in larger samples to capture various other covariates affecting the associat ion 

between iron status and GDM - including body wight/composition, fam ily history of 

diabetes, number of pregnancies, previous GDM, level of adherence to iron 

suppl ementalion - encompass ing iron-specific indicators along w ith haemoglobin 

concentrations at earl y pregnancy. Detennine cut-off value of how high haemoglobin 

levels or other iron status indicators can predispose pregnant women to GDM. 

39 



REFERENCES 

Abbaspour, N .. Hurrell , R. , & Kelishadi , R. (20 14). Review all irol1 and its importance for 

human health. Journal ()f research ill medical sciences: the official journal of Isfahan 

Uni ,'ersily of Medical Sciences, 19 (2), 164- 174. 

Abraham. , Elke K., Christ ie R ., (20 14), Management Sciences for Hea lth . True-cast-and 

maternal-mortality for the Maternal Hea lth Task force. Retrieved on OcUO, 

2019. https://www. mhtforgl20 IS/02/ 

Atk hami-Ardekani , M .. & Rashi di . M. (2009). Iron status in women wi th and without gestational 

d iabetes mell itus. Journal of Diabetes and ils COlllplicaliolls, 23(3), 194- 19S. 

Aggett P 1. (20 12) Erdman JW, Macdona ld lA , Ze ise l SH, eds. Presen l KnolVledge ill Nu lrilion. 

loth ed. Washington, DC: Wi ley-Blackwell ; 506-20. 

Alamol hoda , S. H. , Kariman , N. , Hose inpanah, F. , & Majd , H. A. (20 I 0). Relationship between 

maternal hemoglobin level in first o'i mester wi th gestational diabetes mellitus . Irallian 

JOIlr/wl o/Endocrinology and MClabolislII. /1(6),661-734. 

Alle n. V. M .. Annson, B. A .. Wi lson , R. D .. Blight, C , Gagnon , A., John son , 1. A .... . & Crane, 

.I. (2007). Teratogenicity Associated With Pre-Existing and Gestational Diabete. Journal of 

Obstelrics and G)'naecology Canada, 29( 11), 927-934. 

AI-Noaemi , M. C, & Sha layel, M. H. F. (20 11 ). Pathophys iology of gestational diabetes 

mellitus: the past, the prese nt and the future. Gestatiollal Diabetes, 6, 91- 114. ISBN:978-953-

307-5S 1-5.: http ://www. intechopcn.comlbooks 

American Diabetic Association . (2010) , Diagnosis and classification of diabetes mellitus. 

Diabeles Care, 33( I ):62- 69. 

Amreen, S. , Suneel, A., Shetty, A., Vasudeva, A. , & Kumar, P. (20 18). Use of glycosylated 

HbA I c and random blood sugar as a screeni ng tool for gestationa l diabetes mellitus in fi rst 

trimester. 1111 J Reprod Contracepl Obslel Gynecol, 7(2). 524-52S. 

A ndrews, N. C (2008). Forg ing a fie ld : the go lden age of iron biology. Blood, The Joumal of the 

American Sodely ofHematolog)" 112(2),2 19-230. 

Baynes, R. D. ( 1996). Assessment of iron stat us . Clinical biochemistry, 29 (3), 209-215. 

40 



Bowers, K., Tobias, D. K., Yeung, E .. Hu, F. B., & Zhang, C. (2012). A prospective st ud y of 

prepregnancy di etary rat intak e and ri sk of gestational diabetes. The American journal 0/ 

diniellinutritiun , 95(2) , 446-453. 

Bullarello, M. and Pleban i M. (2008), automated blood ce ll counts: state o f the art. Americclll 

Jo urnlll 0/ Clinical Pathology, 130 (I): 104-16. 

<;:akmak, B. D .. Turker, O. A .. bzta~. S., Ank. M. , & Ostunyurt , E. (20Ig). The effect of fi rst 

trim ester hemoglobin leve ls on pregna ncy outcomes. Turkish journal of' obstetrics lllld 

gIll/ecology, 15(3), 165- 170. 

Caldcr, P. C. (20 I 0). fron and Health : Pri nted in London: TSO. ISBN 978 0 I I 706992 3 

www. tsoshop.co .uk. 

Camaschella, c., & Schrier, S. L. (2012). Regulation of iron balance. In UpToDate. Wolters 

Kluwer Hea lth. Retrieved on 20 18-03- 11 . https:l/scho lar.google.com/scholar?hl 

Carr, D. B., & Gabbe, S. (1998). Ges tation al di abetes: detection , management, and 

imp lications . Clinical Diabetes, 16(1), 4- 12. 

Centers for Disease Con trol and Prevention (CDC. (2002). Iron defi ciency--United States, 1999-

2000. iVIMWR. Morbidity and mortality weekly report, 51(40), 

897. h ttps:l Is ch 0 la r. goo gl c. coml 

Charan, J. , & Biswas, T. (20 13). How to Calculate Sample Size for Different Study Dcsigns in 

Medical Research? fndian} Psychol Med, 35(2), 121 - 126. 

Chattelj ea, M. N., & Sb inde, R . (201 1). Textbook of medical biochemistry. Wife Goes On, glh 

edn. Jaypee Brothers Medical Ltd . New Delhi ISBN https:llscho lar.google.com/scho lar 

Cook, J. D ., Flowers, C. H., & Skikne, B. S. (2003). The quantitative assessment of body 

iron. Blood, The Journal o/the American Society o/H elllatology, 101(9), 3359-3363. 

Desta et a!. (20 19) Adherence of iron and foli c acid supplementation and detell11inants among 

pregnant women in Ethi op ia: a systemati c rev iew and meta-ana lysis. Reproductive Health 

16: I 82 https:l/doi.orglJO. I I 86/s1 2978-0 I 9-0848-9 

Dhirendra K, Kumar P, Ani l K (201 6) Drugs for gestat ional di abetes. Australian Fresciber 33: 

141-144. 

Ede lstein, J.S. (20 10) . Life Cycle Nutrition. K. B irtcher, ed., United Kingdom: Jones and 

Bartlett Canada. http ://salllpl es.jb l earni ng.com/9780763 777920177920_ xx FM _ OOi_ Oxx.pdf 

41 



EFSA Panel Diet. Prod. Nutr. A lI erg. (2015). Scientific opinion on dietalY reference val ues 

fo r iron. EFSA 1 13: 4254 

Enjuanes, c., Bruguera. J., Grau, M. , Cladellas, M., Gonza lez, G., ... & Com in-Co let, J. (20 16). 

Iron status in chronic heart fa il ure: impact on sym ptoms, functio na l class and submax imal 

cxcrcisc capacity. Revisla EspGliola de Cardiologia (English Edilion). 69(3), 247-255. 

Eshetu, B. , Sintayehu, Y. , Mekonnen, B., and Daba, W. (20 19). Bi rth Outcomes among Diabetic 

Mothers Who Deli vered in Tikur Anbessa Specialized Hosp ital, Addi s Ababa, E thi op ia. 

Advances in Medic ine. hnps :lldoi .org/ l O. I 155/20 19/69426 17 

Fattaha, A.T.A., Elboghdadya, A.A. , Abo-Ghabs hab, M.E., Ahmad, MAG. (2020). Fi rst 

trimester g lycated hemog lobi n in the prediction of gestational diabetes mell itus. AI-Azhar 

Assiut Medical Journal, 18:209- 216. DO r: 10.4 1 03 /AZMJ.AZMJ_68_20 

Fernandez- Rea l, 1. M., Lopez-Be rmejo, A., & Rican. W. (2005). [ron stores, blood do nation , and 

insulin scnsitivity and sccrction . Clinical chelllisOy, 5J(7), 1201-1205 . 

Fernandez-Rea l, J. M .. Lopez-Bermejo , A. , & Rican, W. (20 16). Cross-talk between iron 

metabolism and diabetes. Diabeles. 5J(8), 2348-2354. 

F isher A, Nemeth A. (20 17). Iron homeostasi s duri ng pregnancy. Am. J. Clin. Nutr., 106(Suppl. ), 

1567S- 74S 

Forsbach-Sanchez G, Tamez-Perez HE, Vazquez-Lara J (2005) Diabetes and pregnancy. Arch 

Med Res 36: 29 1- 299. https:llwww. ncbi.n lm. ni h.gov/pmc/arti cles/PMC67127301 

Ga la l, M., & Salah, M. (20 15). Correlation between tlrst tri mester pregnancy serum ferriti n and 

risk of gestat iona l d iabetes in th is pregnancy. {t!-a~har assiutllledical joumal; 13(3), 2. 

Georgieff, M.K., Krebs, N.F., and Cusic k, S.E. (201 9). The Benefits and R isks of Iron 

Supplementati on in Pregnancy and Chil dhood. Annual Review of Nulrilion, 39, 121- 146. 

https:lldoi.org/ l 0.1 I 46/annu rev- nutr-0820 18-1 242 13 

G ibson R.S. (2005) Assessment of Iron Status. In : Principles of Nutritional Assessmenl. 2nd 

edn. New Yo rk: Oxford Un iversity Press; 443-76. 

Gilmartin , A. H. , Ural, S.H . and Repke, 1.T . (2008) Gestati onal Diabetes Mell itus. Reviews in 

Obstetrics and Gynecology, 1, 129-134. hrtps :llwww. ncbi .n lm .nih .gov/pu bmedIl90 15764 

42 



Gungor, E. S. , Dani sman, N., & Mollamahmutoglu , L. (2007). Materna l serum ferritin and 

hemoglobin values ,n patients with gestat ional diabetes mellitus. Saudi medical 

jOllrnal, 28(3), 478-480. 

Hall berg, L, Hu lten, L. , & Gramatko vsk i, E. ( 1997). Iron absorption from the whole diet in men: 

how effective is the regulation of iron absorption') The Alllerican journal of clinical 

nulrilion, 66(2), 347-356. 

Hamid AM , Abbas HF, Nourossadal K, Nastaran SA. Hemoglobin leve l du ri ng the first trimester 

of pregnancy in gestational diabetes. Gi neko log ia Polska. 20 12;83 ( 12). 

Hillier, T. A., Pedula , K. L, Schm idt, M. M., Mullen, l. A. , Charles, M. A., & Pettitt, D. l. 

(2007). Ch ildhood obes ity and metabolic imprinting: the ongoing effects of maternal 

hyperglycemi a. Diabetes care, 30(9), 2287-2292. 

Hod. M. , Kapur, A., Sacks, D. A., Hadar, E .. Agarwa l, M., Di Renzo, G. C, ... & Divakar, H. 

(2015). The International Federation of Gynccology and Obstetrics (FIGO) Initiative on 

gesta tional diabetes melli tus: A pragmatic guide for diagnosis, management, and 

care# . {llternational Journal o/Gynecology & Obstetrics, i 3i, S 173-S21 1. 

Hope 0, Ifeanyi OF.. Braxlon AQ (2019). Investigati on of some Hemato logical Parameters in 

Pregnant Women with Gestational Diabetes at Federal Medical Center, Owerri,lmo Stale, 

Nigeria. Ann C/ill Lab Res. Vol 7. No.2:305. 

Hunt J.R. (200 I) how important is dietary iron bioavailabi li ty? Am J ClinNulr.; 73:3-4. 

Hunt, J. R .. Z iIO, C A, & Johnso n, L. K. (2009). Body iron excretion by healthy men and 

women. The A merican journal ole/inical nlltrilioll, 89(6), 1792- 1798. 

Hurrell , R. , & Egli , I. (2010). Iron bioavai lability and dietary reference values. The American 

joumal of c/inicalnlltritioll, 9 i(5), 1461 S-1467S. 

IDF & Atlas, (20 13). International Diabetes Federation. fDF diabetes atlas, 6th edn Brussels, 

BelgiulII: international Diabetes Federation. 

Javaclian , P. , Alimohamadi , S., Gharedaghi , M. H. , & I-Iantoushzadeh, S. (2014). Gestational 

diabetes mellitus and iron supplement; effects on pregnancy outcome. Acta Medica 

{ranica, 52:385-389. 

Jiang R, Manson JE, Meigs lB, Ma J, Ri fa i N, j-ju FE. (2004) Body iron stores in relation to ri sk 

of type 2 diabetes in apparently health y women. JAm Med Assoc; 29 1 :7 11 -7 

43 



Kaur. M. , Chauhan. A., Manzar. M. D. , & Rajput. M. M. (2015). Maternal anaemia and neonatal 

out co me: a prospect ive study on urban pregnant women. JOllmal of clin ical and diagnostic 

researcil: JCDR , 9( 12), QC04. 

K en nedy, A., Kohn, M. , Lamm i, A., & Clark e, S. (2004). hon status and hnematological changes 

in adolesccnt fcma le inpatients with anorex ia nervosa. Joumal of paediatrics and eilild 

il ealth , 40(8), 430-432. 

KJ,ambalia, A. Z., A imo ne, A .. Nagubandi, P. , Roberts, C. L.. MeEl d ufl~ A. , Morri s. J . M. , & 

Nassar, N. (2016). Hi gh maternal iron statu s, di etary iron intake and iron supplement use in 

pregnancy and ri sk of gestationa l diabetes melli tus: a prospecti ve study and systematic 

review. Diabetic Medicine. 33(9), 1211 - 1221. 

Laflamme. E. M. (20 11). Maternal hemoglobin concentration and pregnancy outcome: a stud y of 

the effects of elevation in EI Alto, Boliv ia. McGill joumal of Medicine. M.JM, 13( 1 ).46 

Lao, T. T. , & Ho, L. F. (2004). Impact of iron deficiency anemia on prevalence of gestational 

diabetes mell itu s . Diabetes Care , 27(3), 650-656. 

Lao, T. T.. Chan, L. Y., Tam. K. F. , & Ho, L. F. (2002). Maternal hemoglobin and risk of 

gestation a l diabeles melli tus in Chinese women. Obstetrics & GVllecolo;,,.'v, 99(5).807-812. 

Lindsay, R. S. (2009). Gesta tiona l diabetes: causes and consequences. The British joumal oj" 

Diabetes & Vascular Disease, 9( 1),27-3 1. 

Man i S, Duffy TP. (1995) Anemia of pregnancy. C/ill Perillatol; 22:593-607. 

Mehrabian, F. , & Hosseini , S. M. (2013). Comparison of gestational d iabetes mell itus and pre­

eclamps ia in women w ith h igh hemoglobin in the fi rst tr imester of pregnancy: A longitudi nal 

study. Pakis!al/jollrnal of medical sciences, 29(4), 986.- 990. 

M ilman, N. (2006). Iron and pregnancy-a delicate balance. Anl/als oj"hematologv, 85(9), 559. 

Miret. S , Simpson. R. J. , & McKie, A. T. (2003). P hysiology and molecu lar bio logy of dietary 

iron abso rpt ion. Annual review o{nutrition, 23( 1),283-3 0 I. 

M uche, A.A. , O layem i 0. " Gete, Y.K. (20 19). Prevalence of gestational d iabetes mellitus and 

associated factors among women attend in g antenatal care at Gondar town public hea lth 

fac ilities, NOIthwest Ethi opia . BMC Pregnancy and Childbirth , 19( 1). 001: 10.1 I 86/s12884-

0 19-2492-3 

44 



Nas iri F. et al. . (20 II ). Compari son of Hemoglob in concent rati on and body iron store in norma l 

pregnancy and Gestational Diabetes Melli tus. 1. Babon unil'. fli ed sci. 13(2) ,5 

Oj eze le 0 , Ojezele M, Onyeaghala A. Nutrition Evaluation and Heavy Meta l Analys is of 

Commonl y Consumed Fruit and Milk Drinks in South -West Nigeria. Biokemistri . 2018 Feb 

26;29(4). 

Ozgu-Erdinc, A. S. , Yi lmaz, S .. Yeral , M. I., Seckin, K. D. , Erkaya, S. , & Danisman , A. N. 

(2015). Prediction of gestationa l diabetes me lli tus in the tirst trimester: compari son of e­
reacti ve protein, fasting plasma glucose. insulin and insulin sensiti vity indices. The 1.0 U/'l1 0 I of 

Maternal-Fetal & Neonalal Medicine, 28( 16), 1957- 1962. 

Parker, M., Han, Z ., Abu -Hayda r, E., Mats iko, E., Iyakaremye, D. , Tuyisenge, L., ... & 

Lyambabaje, A. (2018). An evaluation of hemoglobin measurement tools and their accuracy 

and reliability w hen screenin g for child anemia in Rwanda: A randomized study. PloS 

aile, f3(1).:eO I87663. https:l/doi.orgIl 0.1371 

Pietrangelo. A. (2004) . Heredi tary hemoc hromatosis-a new look at an old disease. Nel" 

England Journal a/Medicine, 350(23), 2383-2397. 

Popkin, B. M ., Aclair, L. S .. & Ng, S. W. (20 12). G lobal nutrition trans ition and the pandcmic of 

obesity in developing countries. Nutrition reviews, 70(1) ,3-21 . 

Rajurkar, S. F. Patil and N. H. Zatakia 1. (2012) Assessment of iron and haemoglobi n status in 

working women of various age groups. 1. of Chem. Phal'm. Res, 4(4):2300-2305. 

Rasmussen, S., Bergsjo, P., Jacobsen, G. , Haram, K. , & Bakketeig, L. S. (2005). Haemoglobin 

and serum ferritin in prq,'11ancy correlation with smoking and body mass index. ElIl'Opean 

Journal a/Obstetrics & Gyl/ecologv and Reproductive Biology, 123( l) , 27-34. 

Rawal, S. , Hinkle, S. N ., Baa, W .. Zim. Y ., Grewal, 1. , Albert, P. S .... & Zhang, C. (20 17). A 

longitudinal study of iron sta tlls during pregnancy and the risk of gestational diabetes: 

findings from a prospective, multiracial cohort. Diabetologia, 60(2),249-257. 

Rayi s, D.A ., Musa, l.R. , AI-Shafei , A.I. , Abdelmarouf H. Moheldein, A.H. , Ola A . EI-Gendy & 

l shag Adam (2020): H igh haemoglob in levels in earl y pregnancy and gestational diabetes 

mell itus among Sudanese women, Journal of Obstetrics and Gynaecology, DOl: 

10. 1080101443615.2020. 1741522 

45 



Rodri gues PL, Lacerda EM, Schliissel MM, Spyrides MH, Kac G. Determinants of weight ga in 

in pregnant wom en attending a public prenatal care fa cility in Ri o de Janei ro , Braz il: a 

prospecti vc stud y, 2005-2007. Cademos de saudc publi ca. 2008;24 :s272-84. 

Sarker, M. R., Jebunnesa, F., Khallln, T., I-Ielal, R .. Ali , L. , & Rahim , A. T. M. (20 11). Ro le of 

Maternal Iron Status in the Pathogcncs is Of Gcstati onal D iabetes M clli tus. Bangladesh 

Medical Joumal, 40(3) , 55-60. 

Scho ll , T. O. (2005). Iron status du ring pregnancy: setting the stage fo r mother and infant. The 

AlI1ericonjoumal of clinicalnulrilion, 8 / (5), 12 18S-1222S. 

Scyoum. B., Kiros. K., Hailcselasc, T. , & Lcolc, A. (1999). Prcvalcnce of gestational diabctcs 

mellitus in ru ra l pregnant mothers in nOlt hern Eth iop ia. Diabetes research and clinical 

practice. 46(3), 247-25 1. 

Shukla, p .. Xiao, X., & M ishra, R. (2014) . Tron biomarker in gestationa l diabetes 

path ogenesis. Journal of Molecular Biomarkers & Diagnosis . 5(6). 1. 

Sohe il ykhah. S .. Mojiblan, M., & Jannati Moghadam, M. (2017). Serum ferritin concentrat ion in 

early pregnancy and risk of subscqucnt developmcnt of gcstational diabctes: A prospective 

study. 1111ernalillnaljollmal of'reproductive hiolll edicine n'a~d. 1rau), 15(3), 155- 160. 

Sonagra , A. D .. Biraclar, S. M .. Dattatreya, K ., & DS. J. M. (2014). Nonnal pregnancy-a state of 

insulin resistance. JOIIl'l1al of clinical and diagnoslic research: JCDR, 8( II), CCO I. 

Stephansson, 0 ., Dickman, P. W. , Johansson , A .. & Cnatt ingi us, S. (2000). Matelllal hemoglob in 

concentrat ion du rin g pregnancy and ri sk of stillb irth. Jama, 284(20), 26 11 -26 17. 

Stewart Truswe ll. (2003) ABC of 1'I11tritiol1 41h edn . Iron in Pregnancy. John Wi ley & Sons., 

ISBN 978-1-444-31422-9 

Swam inathan, S. , Fonseca, V. A., A lam, M . G. , & Shah, S. V. (2007). The ro le of iron m 

diabetes and its compli cations. D iabetes care, 30(7), 1926-1933. 

Tan , GC; Sta ll ing, M; Dennis, G; Nun ez, M ; Kahwasb, SB (2016). Pseudothrombocytopeni a due 

to Platelet Clumping: A Case Report and Brief Review of the Literature. Case Reporls in 

Hematology: 1- 4. 

Tarim, E. , Kili cdag, E. , Bagis, T., Ergin , T . (2004). High matemal hemoglobin ancl ferrit in 

va lues as risk fa ctors for gestational cl iabetes. International Journal of Gyneco logy & 

Obstetri cs, 84, 259- 26 1. 

46 



Theil. 201 2 Theil EC, Chen H, Miranda C, Janser H, El senhans B, Nill1ez MT, Pi zarro F, 

Schum ann K. Absorption of iron from ferritin is independent of heme iron and ferrous salts in 

women and rat intestinal segments. The Journal of nutrition. 20 12 Mar I; 142(3):478-83. 

Thomas Ems; Martin R. Huecker. (2018) iron Absorption. StatPearis Publi shingLLC. 

(http ://crcativecommons.o rglliccnses/by/4.0/ NB K 44g204 PMID: 28846259 

Tran . J. , Story, c. , Moore. D. , & Metz, M. (2013). Unex pected increased fer ri tin concentration in 

pati ents wi th anorexia nervosa .. Allnals o/Clinical Biochemistry. 50 (5): 504-6. 

Trumbo. P. , Yates, A. A. , Schlicker, S., & Poos, M. (200 I). Dieta ry reference intakes: vitamin A, 

vilamin K, arscnic. boron, chromium, copper, iod ine. iron. manganese, mol ybdenum, nickel. 

s ilicon , vanadium, and zinc. Jourl/al of the Academy of Nut rition and Dietetics , 101(3), 294 . 

US Prevent. Servo Task Force. (2015). Iron deficiency anemia in pregnant women: screening and 

supplementation . US Prevent. Servo Task Force . Availablee at: 

https://www.usprcvcntiveservicestaskforce.org/PagelDocumentlU pdateSummaryFinalli ron­

deficien cy-anemia-in-pregnant-women-screening-and-suppl ementation 

Vi st, G. E. , Suchdev, P. S. , De-Regil, L. M. , Wall eser, S, & Pella-Rosas, J. P. (2011). Home 

li,rtific"lion of foods wi th multiple micronutri ent powders for hea lth and nutrition in ch ildren 

under 2 years of age. Cochrane Database of Systematic Reviews, (1). doi: 

10.1002/ 14651 858.CD008959 

W ang, c., Lin. L. , Suo R., Zhu , W ., Wei , Y. , Yan , J . .. & Yang, H . (2018). Hemoglobin leve ls 

during the first trimestcr of prcgnancy are associatcd with the risk of gestational diabctes 

mellitus, pre-ec lampsia and preterm birth in Chinese women: a retrospective study. BMC 

pregnancv and childbirth , J8( I), 263. 

Wang, J. , Chen, Z., Runmei, M. A. , Yang, M. , Yin, R. , Sun , Y. & Zhan g, L. (20 12). 

Relationship between maternal red cell index in early pregnancy and gestational diabetes 

mellitlls in Kunming. Chill!!se Joumal olPerinatal Medicille, ( 12). 705-709. 

Wessling-Resnick M. (2014). Modem Nutrition in Health alld Disease, 11 th cd. Baltimore, MD: 

Lippincott Williams & Wilkins ; pp.176-88. 

WHO (200 I). UNU. iJ'on dcfici ency anaemia: assess ment. prevention and control , a guidc for 

programm e managers. Geneva: World Health Orgall i~ation , I- I 14. 

WHO, (2006). Dcfinition and diagnosis of di abetes mellitus and intcrmediatc hypcrglycacmia: 

report o f a WHO/lDF consultation. Geneva: p. 2 1. ISBN 978-92-4- 159493-6 

47 



WHO,(2003). Diagnostic criteria and classifi ca tion of hyperglycaemia first detected in 

pregnancy (No. WI-IOfN MH/MND/ 13.2).https:llscho lar.google.com/scholar 

WHO/CDC. (2004). Expert consultation agrees on best indicators to assess iron defic iency, a 

major cause of an emia. http ://www.who.int/mediacentre/news/notes/anaem iaAccessed on 

Dec 6, 2018. 

WHO;(200 I) Human vi tamin and mineral requirements. Rome; pp. 7- 25. 

hltps:l/apps. who.i ntliris/bitstream/handlell 0665/427 1 6/924 15461 23.pdf 

Wish , 1. B. (2006). Assessing iron status: beyond serum ferritin and transferrin 

saturation. Clinical Journal oI the American Society oI Nephrology, I(Supplemcnt I), S4-

S8.do i: I 0.22 I 5/CJN.0 1490506 

Wolka , E., Deressa, W. , Reja, A. (20 18). Prevalence of gestational diabetes mellitus and 

associated factors in Southern Ethiop ia. Asian Journal oI Medical Sciences, 10 (I). DOl : 

I 0.3 I 26/ajms. v I Oi 1.21331 

Wrigglesworth, J. M. , Baum, H., Jacobs, A. , & Worwood, M. (1980). Iron in biochemistry and 

medic ine II. Academic Press, New York, 29. 

Yamani shi , 1-1. , Iyama, S. , Yamaguchi , Y. , Kanakura, Y. , & Iwatani, Y. (2003). Total iron­

binding capacity ca lculated fi'om serum transferrin concentration or selUm iron concentration 

and unsaturated iron-binding capacity. Clinical chemistry, 49(1), 175-178. 

Yeral, M. 1. , Ozgu-Erdinc, A. S. , Uygur, D. , Seckin, K . D .. Karsli. M. F., & Danisman, A. N. 

(20 14). Pred ict ion of gestational diabetes mellitus in the first trimester, comparison of fasting 

plasma glucosc, two-stcp and onc-step mcthods: a prospective randomized controlled 

tri al. Endocrine, 46(3) , S 12-SI8. 

Y crebasmaz. N .. Asiltiirk, S., FadIlltoglu, E., Scngiil, 6., Yalva~ , S .. & Kandemir, 6. (2016). 

Gestational diabetes mellitus and iron deficiency anemia. Gynecology Obstetrics & 

Reprodllctive Medicine, 21(3), 140-143. 

Yerebasmaz, N., FadJloglu, S. , Fadiioglu, E., Sengiil, O. (20 IS). Gestationa l Diabetes Mellitus 

and Iron Deficiency Anemia Obstetrics; Maternal-Fetal Medicine and Perinatology. 

Gynecology Obstetrics & Reproductive Medicine, 21 (3), 140-143. 

Zargar, A. H. , Sheildl. M. t , Bashir, M. I.. Masoodi , S. R .. Laway, B. A .. Wani. A. I. , & Dar, F. 

A. (2004). Prevalcnce of gcstationa l diabetcs mcl li tus in Kashmiri womcn from thc Indian 

subcontinent. Diabetes research and clinical practice, 66(2), 139- 14S. 

48 



Zhang, C , & Rawal , S. (20 17). Dietary iron intake, iron stams, and gestational diabetes. The 

American Journal a/Clinical Nutritiol/ , I06(supp l_6), I 672S- 1680S. 

Zhao, G., Guobin, x., Zhou, M. , Jiang, Y. , Richards, B. et a/. (20 15). Prenatal Iron 

suppl ementation red uces maternal anem ia, iron defici ency, iron defi ciency anemia 111 a 

randomi zed clin ical tr ial in rural China, but iron deficiency rcmains w idespread in mothcrs 

and neonates. J NUlr., 145, 19 16- 1923. 

Zhao, L., Lian, J. , T ian , J., Shen, Y. , Ping, Z. , Fang, X .... & Wang, F. (2017). Dietary intake of 

heme iron and body iron status is associated with the ri sk of gestat ional diabetes mell itus: A 

systematic revi ew and meta-anal ysis. Asia Paci/icjournal o/clinical lIutrition, 26(6), 1092. 

Ziae i, S ., Norrozi, M., Faghihzadeh, S., Jafarbegloo, E. (2007). A rand omized placebo-contro ll ed 

tri al to detelllline the effect of iron supp lementation on pregnancy outcome in pregnant 

women with haemoglobin 2: 13.2 g/dl. BJDG, I J 4, 684- 88. 

49 



ANNEXES 

Annex I: Consent form and information sheet - English Version 

Dear participant! 

In the case of promotion of mothers' hea lth understandi ng the assoc iation of iron status and 

Gestationa l Diabetes Melli tus is needed. You are chosen to participate in thi s study. The 

choice is made consecuti vely. 

In order to attain the goa l e ffectively, J requ est your wi ll and full cooperation. Confidenti a lity 

is stri ctl y protected. It is your ri ght to partic ipate or to refuse in the study, if you do not won't 

to parti cipate in the study, you ca n di scontinue at any tim e. But your honest participation will 

have contribution to generate vali d in forma tio n Ihal can be used for in vestigat ion des ign. So 

please be cooperative to give the samp le. If th ere is an ything that require clarifi cation pl ease 

ask th e faci litator. 

Do you w ish to participate in the study? 

Yes J wan l to pa rticipate ( ) 

No I do not want to participate ( ) 

T hank you! 
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Information sheet 

Titl e: Assessment of the assoc iat ion between iron status and Gestational Diabetes Mellitus: A 

hospital -based case-control study at TASH. Ethiopia. 

Principal investigator: Dereje Meskela 

Institution: Addis Ababa Uni versity; center fo r food sc ience and nutri tion 

Introduction : Diabetes is one of the most common medi ca l problems that complicate 

pregnancy. Diabetes in prcgnancy can be gestational or pre-gestational. Globall y, Gestational 

Diabetes Mellitus remains a seri ous chall enge especiall y in deve loping country. Ethiopia and 

bac kground co morbiditi es compoun d the problem. 

It is preva lent in most of the developing world and it is probabl y nutritional association . High 

matcrnal hemoglobin concentrations have been reported to have a posi ti ve corre lati on with 

adverse pregnancy outcome. Excess iron has been shown to affect insulin synth esis and 

secretion, increase lipid ox idati on, and dec rease glucose utili zation in muscle; hepatic 

gluconcogenesis is also stimu lated and a statc of insulin resistance is induced. 

l'rocedu res 

If you agree to participate, I will co ll ect th e 4ml blood for analys is. 

Risks 

Unless fe w pa in , nothing harmful wi ll come from your partic ipati on. 

Benefits 

There are no direct benefits to you. However the results will poss ibl y help others. Based on 

the finding I wi ll inform the auth ori zed person to work on it and help others li ke you. 

Compensation 

There will be no compensation to you for participating. 
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Participant's right 

If I have sa id thin gs tha t are not clear to you, you may ask me without any fear, and I w ill 

give you answer and explanation .You may feel free and ask question s. Your participation in 

the study is entircly vo luntcer and up to you to decide. T here is no penalty if you don ' t agree 

to participate. You can say no without worry. The hospital and the health care prov ider w ill 

continue to give care for you as usual. 

C onfidentiality By excluding namcs and other identifying numbers fro m the questionnai re 

confidentia lity of information will be assure. Test res ul ts and any information about your 

chi ld wi ll be kept pri vet. 

Persons to contact 

If you have any qu estion , you can ask at any time, if you have additional questions about th e 

study you may contact: Dereje mes ke la.Emai l.deremesk@gmail.com. Phone No. 

0922573 157. 

Do you wish to part icipate in the study? 

Yes' lVant to participate (_) Name __________ Signanlre ____ Date 

No I do not want to participate (_) 

Thank you for your cooperation I 
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Annex 2: Consent form and information sheet - Amharic Version 

'1''1 Ta»&''''16: - Derejc Mcskela , hM.11 iIO~ nlicl!-t: IJ) ~9°'Hl <'I.e ,}11 '1 ~.m+t;!i'} o'/6h/\, 

"'Il1UY: - i..eo ~o~.~.U'm· '}T': )7C ·U'nm·).~·f'} (l17]9° M.l.fL 1 (l 00U' )' (l1'·U'.e9° ».071" ~)c ·li 11 C'\·)· 

1,'1'1" ~/'hl1~,} '!fm·m·c nm·)Yh (l'"LI.A7m· aDm'} I,,},p,.h'lm,} .\'.~C,:J/\,:: (laDU" ,·9° (l.e(l/\'T ·U':r"7~· 

,(-,:JfL 61,> (l oOU''1:''m- 9°h'}.H 1'<;'1, (lMn· fL.e I, '}.'t U''} M~'c ~;I'n,: : I, ,}.PLv,'I" (lil.eo ~a'Lm4' '1<1'C 

(lh'!'1'<;' ,~':If </11'&'·1'm· I&r.t,oo,: (l9°I7]'I: :r-"7o;.. '} ilm·,y, o',!,~·'t. .U'o'l1m·)· .\'l1ft\. In.~ ~°'LJ'.':°7 1'<;~' ',OJ ' : 

'I",}'I" ~,.e)·)' 1'1'1'<;' 1,1'9" fL '}'r ~,.e~OC9":: "7'} (l1' 11'I''I'6 fL '}'f: fT'I'/: m·m.~· fL .e 1'ooctw .U' m'T 

1I' .\'ODfl» ~0'l. III M'1' (l"'l<'lm;P I, ,}!l.no;..(l ·)· .Pl1ffL/\' : : 

'I",}'I" M?, ).). "7/\':\ .\'/\'U') 'nc "HI' U ,'U'''77im''} T.\''iJ i'J-U'9",}9" '!'CU·}'1 "!l,'}H· oomf'p ·H ·.\'-U'o: : '/' <'1 ;1'6. 

(lOO'1I ,!,.9'.~:~)·l' fL.e f '/'oon': ' /' )OJ· :: 

~ .U'oo<'l ·/·,!,9' fO'L~CMl7i 9D,}9" iI.e ).} ~'I7] 'l- ~,.ec;' ,:m'9°:: U'I1T;I'II9" U') fmS ~·U'1''pjP:1i ~O>L.\'116 .t\7m ·'} 

il7/\'''7''~' lI.h I, '},(: (l6,'" .enrl]II:: 
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"'UI'T't-'e'I"r. "'n<:'OFl" il\. "P.' rlf)- 'nc:l "'I-If:"'!" Ii9n <~'I'C r(lD~M1-'} n"'l!iOJ7.~' °n<:,ar'} (lDiP; 

n"'Lil'f'c ,emnj'l\,:: 

,!"'W" I"e)t 1'J'4: m,e'!" M'I-fr')- fL<;,t-Ttr Oereje Meskela (derelllesk@glllail.colll) ill\,h</!1'C 

0922573 157 'n,lfm- ,e~1·1\, '}/,e,~o)tll\,'}:: 

il'!" ---------------------------------- ,cCO', ------------------------- </,'} --------------------

r1'<;'r. I,Ml]Ilt ,cC"'I ------------------------------

54 



Annex 3: Letter of Ethical approval 
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