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Vitalllin A, B12,folate,ferritin and transferrin statlls of second amI third trimester 

anaemic pregnant women attending antenatal care in Ambo Health centers and Hospital. 

Teshonte Bekele Elenta 

Addis Ababa University, 2015 

ABSTRACT 

Iron, folate and vitamin B12 play important roles in the healthy development and brain 

function of the fetus. The levels of these micronutrients in pregnant women are influenced 

among other factors by dietmy habits. The purpose of this study was to determine the level of 

iron biomarkers, serum retinol, B12, C-reactive protein (CRP) andfolate in second and third 

trimester pregnancies at/ending antenatal care in the west showa, Oromia region. One 

hundred four anaemic pregnant women were screened during their 2nd and j"d prenatal visit. 

A socio-demographic characteristic of study subjects were obtained and Hemoglobin (Hb), 

serum retinol, serum ferritin (sf), serum transferrin (sTjR), folate, retinol and vitamin Bil 

levels were evaluated. Based on WHO guidelines, anaemia was defined as severe Hb <7gIL, 

moderate 7-9.9gIL and mild 9.9-1 0.9gIL; ID as sf <12 pglL and sTjR >8.3glL. Serum folate 

and B 12 deficiencies were defined as levels <6.8 nglml and 150 pglml respectively. The mean 

age and gestational week 1vas 24.6±5 years and 23.3± 5.6 weeks re:,pectively. The mean 

concentrations of llb in serum were 10.5±1.2 gldL, 30.3±23.6 pglL for sf, 5. 4± 2. 8glL for 

sTjR, 1. 69±2.02JU1101l L for retinol, 7. 6±3.5nglml for folate, 187.4±53. 7pglml for vitamin 

B12 and 4.5±1.6 mglL for CRP. IDA was present in 32.7%, VitB l l deficency in 26.9% and 

fol ic acid deficiency in 2 7. 9% of anaelllic pregnant women. Vitamin 812 and serum 

transferrin were associated with CRP (I·~ 0.189; P~ O. 015). Iron, vitamin A, vitalllin B12, and 

folate defiCiencies as well as infections were relatively common in the anaemic pregnant 

women. Vitamin A and vitalllin B12 supplementation in addition to iron IIIUSt be considered 

in pregnant women living in the study areas. 

Key words: Anaemia, Hemoglobin, ferritin, fo late, vitam in B 12, Vitamin A, pregnancy 
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1. Introduction 

1.1 Background 

Anem ia is a public hea lth concern that affect ing 2 billion people world wide (Z immerm an el 

al., 2005). Anaemia affects disproportionately women in deve loping countries, and is an 

independent ri sk factor for decreased quality of life, increased morbidity and mortality, 

part icul arly for pregnant women. According to WHO, about half of the anae mia is believed to 

be due to iron deficiency anaemia (IDA). IDA is ranked 91h on the li st of ri sk factors 

contributing to the globa l burden of di sease (WHO, 2008). However, bes ides iron defici ency, 

deficits in severa l other mic ronutri ents including vitamin A, folate, vitamin B 12, and possibly 

zi nc can cause anaem ia (Samuel el al. , 20 13; Bhandari and Banjara, 20 15 and WHO/Un icef, 

2004) . 

Diets in most developing countri es are predominantly plant-based with littl e consu mption of 

animal-source foods. Th is leads to an increased ri sk of mUltiple micronutrient defic ienc ies, 

especially at lifestages li ke pregnancy when physiological demands are substantia lly 

increased (WHO/FAO, 2003 and FAO, 2004). Besides, such plant-based d iets also conta in 

s ignificant amount o f mineral absorption inhibitors li ke phytate and polyphenols that im pa ir 

the bioavailab il ity of micronutrients. Despite WHO' s recommendat ion that pregnant women 

take a prophylactic dose of 30-60 mg of iron/iron-foli c acid supplements, ad he rence to these 

recommendations, particular ly in deve loping countries li ke Eth iopia have been very low 

(Gebremedhin el al., 20 14). 

The first 1,000 days, starting from conception to the chi ld 's second birthday, is a critical 

window o f opportunity For nutri t iona l interventions that aim to improve pregnancy, birth, and 

deve lopmental outcomes. This is a period when a child ' s brain, organs, and body is rapidly 

developing (Samuel, 2013) . Anaemia during pregna ncy has been assoc iated with 

complicati on in pregnancy outcomes and greater ri sk o f low birth weight, which itself has 

been linked to adverse phys ica l and cogniti ve development. It is therefore, crucia l to prevent 

and correct anemia during pregnancy. 
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1.2 Statement of the problem 

In Ethiopia, the preval~nce of anaemia among pregnant women was reported to be 22 % 

(DI-IS, 20 II), which suggests that anaemi a is a moderate public health concern 

(WHO/Unicef/UNU, 200 1) Although ironliron-folic acid (lFA) supplements are ava ilab le 

and recommended by health personnel, the adherence has been extremely low (Gebremedhin 

et al. , 20 14). Although anaem ia could also be due to other micronutrient de fi ciencies, 

multiple micronutrient supplements are not yet proposed and available for pregnant women. 

More importantly, little is known on the etio logy of anaemia in most developing countries 

including Ethiop ia. In Ethi opia, the leading cause for the poor adherence to iron supplements 

was reported to be s ide effects (Gebremedhin el al., 2014; Pavord el ai., 2012; SAPPG, 

20 13). 

The investigation of the eti ology of anaem ia during pregnancy by assessing serum levels of 

mu ltiple micronutrients is necessary to identi fy nutritional defic iencies with certa inty 

(Johnson el al. , 2010; Pasricha el al. , 2010; Fleming, 1989 and van den Broek, 1996). The 

purpose of this study was to investigate the vitam in A, B 12, iron biomarkers, fo late and CRP 

status among anaemic pregnant women attendi ng ANC in Oromia regional state of west 

showa zone, Ethiopia 
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1.3 Objective 

1.3.1 General objective: 

~ To determine the serum retinol, ferritin, transferrin, fo late and B 12 status of anaemic 

2"d and )'d trimester pregnant women attending ANC in Ambo Health centers and 

Hospital. 

1.3.2 Specific objectives 

~ To investigate the preva lence of iron deficiency, vitamin A, B 12, and folate status of 

anaemic 2"d and 3'd trimester pregnant women attending ANC in Ambo Health centers 

and Hospital. 

~ To investigate the relationship between vitamin A, B 12, iron biomarkers, fo late, and 

CRP with hemoglobin level among study subjects. 
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2. Literature review 

2.1 Iron 

2. 1.1 Health effects, absorption, transpo r tation a nd excretion of iron 

Health effects : Of the 3 to 5 g of iron in the body, approx imately 2 to 2.5g of iron is in 

hemoglob in, mostly in RBCs and red cell precursors. A moderate amount (ca.1 30) mg is in 

myoglobin, the oxygen-carrying protein of muscle. A small, S mg, but extremely important, 

poo l is in tissue where iron is bound to severa l enzymes that require iron fo r full activity. 

These include peroxidases, cytochromes, and many of the Krebs cyc le enzymes (Michael et 

ai., 20 I 0). Catalase for the breakdown of hydrogen perox ide and mye loperox idase fo und in 

neutrophil s both require iron as cofactor. The ribonucleotide reductase and xanth ine oxidase 

invo lved in RNA and DNA metabolism both require iron as cofactor (Ghosh, 2006). Iron is 

a lso stored as fe rritin and hemosiderin, primarily in the bone marrow, spleen, and liver. Only 

3 to 5 mg of iron is fo und in plasma, a lmost a ll of it associated with transfe rrin , albumin, and 

free hemoglobin (Rossi, 2005). 

There are niany other enzymes that require Iron, and without sufficient quantities, these 

enzymes are prevented from performing as they should in energy metabo li sm, growth and 

proli feration, biotransformat ion of drugs, myelinogenesis, ce ll differentiation, and nutri ent 

absorption. Deficiencies of iron are associated with anaemia but also akathis ia, or "restless 

leg synd rome" (Michael et al., 20 I 0). Increas ing the iron supplies to these patients has led to 

im provement and a red uction in symptoms (Nutta ll and Klee, 200 I). 

Iron is essentia l for life and a consti tuent of hemoglobin and other prote ins, ca lled enzymes. 

Iron partic ipates in many important processes that fac ilitate oxygen transport and supply to 

the tissue and organs. In a healthy, well-nouri shed individual, iron balance occurs when the 

quantity of iron absorbed from the diet is sufficient to compensate dail y iron loss, and to 

mainta in adequate body iron stores. The iron balance can be disturbed by a vari ety of factors, 

such as low di etary iron intake, increased iron losses and increased iron requirements. A 

certain amount of iron is lost da ily due to basa l iron losses with epithe lial ce lls from internal 

and external sur faces (Michael e/ al., 20 I 0). The Recommended da iy a ll owance (RDA) of 

iron ranges from 8gm/day for an adult over 5 1 years of age and to I Sgm/day fo r 19- 50 yea rs 

of age fe males (Michael e/ aI., 20 I 0; FNBIM, 2002; Underwood, 1990 and Bogden, 2000). 
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Absorption of iron from the intestine is the primary means of regulating the amount of iron 

withi n the body. Typically, only about 10% ( I g/day) of dietary iron is absorbed. To be 

absorbed by intestinal cell s, iron must be in the form of Fe2+ (ferrous) ox idation state and 

bound to protein. Because Fe3+is the predominant form of iron in foods, it must first be 

reduced to Fe2
+ by agents such as vitamin C before it can be absorbed. In the intestinal 

mucosa l cell, Fe3+ is bound by apoferritin, and then oxidized by ceruloplasmin to Fe3+ bound 

to ferritin (Michael el 01. , 20 I 0) . From there, iron is absorbed into the blood by 

apotransferrin, which becomes transferrin as it binds two Fe3+ ions. In plasma, transferrin 

carries and releases Fe to the bone marrow, where it is incorporated into hemoglob in of red 

lood cells (RBCs). After about 4 months in circulation, red ce ll s are degraded by the spleen, 

liver, and macro phages, which return Fe to the circulation, where it is bound and carried by 

transferrin for reuse. Ferroportin controls the release of iron from cells. The recently 

discovered peptide hormone hepcidin largely contro ls iron metabolism by its ab ili ty to 

mod ulate the release of iron from cell s by inhibiting ferroportin (Rossi , 2005). 

Iron regu lation is primarily through modifi ed absorption from the upper gastrointestinal tract. 

Absorption and transport capacity can be increased in conditions such as 1D and anaemia. As 

iron is obta ined in the form of non-haem iron from vegetab les and as haem iron from meat; 

haem iron is absorbed about two to three times better than non-haem iron. A small amount of 

haem iron in the diet wi ll improve absorption of non-haem iron and thus the diet composit ion 

is an important determinant of the amount of iron actua lly absorbed (Bhale et 01.,20 13). 

Transport and excretion : Iron absorption by the GI system will be affected by the level of 

iron present in the body and in ferritin storage form. Low levels of serum or body iron 

enhance absorption from the intestinal ce lls as the ferritin levels are low and the 

apotransferrin levels are high. During iron absorption and metabolism special protein helps 

the body to absorb iron from food. Mucosal ferritin protein receives iron from food and stores 

it in the mucosal cell s of the small intestine. When the body needs iron, mucosal ferritin 

releases some iron to another protein ca lled mucosal transferrin ; aga in mucosal transferr in 

transfers the iron to another protein called blood transferrin which transports the iron to the 

rest of the body (Rady el ai. , 2005). Ferritin is found mostly in the liver, but smaller amounts 

are also in bone marrow, the sp leen, and muscles. Normally only a small amount is in the 
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blood, but this test can still help estimate the body's total iron stores. Stored iron is important 

because when iron intake is low, the body relies on ferritin to release the iron it needs. 
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Figure 2.0: Iron digestion, absorption, enterocyte use and transport 

Source: TINU MARY SAMUEL, Journal os south India. 2013 Pp. 31 

Legend: 

Step 1: iron is released from food bound components. HCl in the stomach reduces Fe 3+ to 

Fe h Step 2: Free heme is absorbed by heme carrier protein l(located in proximal small 

intestine). In step 3: within the enterocyte, heme is catabolised by heme oxygenase to 

protoporphyrin & Feh Step 4: In the small intestine non heme iron may react with 

one or more inhibitors, which promotes fecal excretion of iron. In fifth step 

cytochrome b reductase 1 reduces Fe3
+ to Fe2

+. Step 6: DMT 1 carries Fe2
+ across the 

brush border membrane into the cytosol of the enterocyte. Step 7: Fe2
+ may bind to polyrC 

binding protein for transport into cytosol; iron may also be used within the cell or stores as 
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a part of ferritin. Step 8: Ferroportin transports iron across the basolateral membrane. Iron 

transport is coupled with its oxidation to Fe3
+ by hephaestin. At last step Fe3

+ attaches to 

transferrin for transport in blood. 

2.1.2 Iron loss 

About one-third of iron is lost from the GI tract and a tiny fraction of iron is lost in urine or 

sweat. Significant iron loss occurs in women during menstruation. Median monthly loss of 

blood during menstruation has been estimated at 35 mI, which is equivalent to more than 12 

mg of iron. Menstrual blood flow is increased by approximately 100% in women using 

intrauterine devices and reduced by about 50 percent in women using oral contraceptives 

(Madan el al.. 1989). Because of women's greater iron requirements due to menstruation, 

and also because they usually consume less food than men, woman's daily iron intake tends 

to be marginal, and they are therefore more likely to develop IDA than men. This is 

especially true in many developing countries where the general food consumption is reduced 

because of poverty, unwise agricultural practices, and other reasons. There are certain critical 

periods when iron requirements are significantly increased and the iron balance can be easily 

disturbed. Such situations include pregnancy and growth during infancy (Sharman, 2000). 

2.1.3 Iron Losses in Pregnancy and lactation 

The second and third trimesters of pregnancy constitute a major drain on the iron reserves of 

women of reproductive age (figure 2). 
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FigUl'e 2.1: Daily iron requirements during pl-egnancy and postpartum 

During these periods, the requirements of the growing fetus (ca 270 mg), umbilical cord and 

placenta (90 mg) are especially great. There is an expansion of maternal RBC mass (ca. 450 
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mg), which rai ses the iron requirements even more. Expressed in terms of need for iron, these 

changes along with blood loss during delivery (150 mg) and basal iron losses (170 mg) are 

equi va lent to about an add itional 1,130 mg of iron (Sharma and Shanka r, 20 I 0). 

2.1.4 Importance of iron in pregnancy 

The amount iron lost is greater than that which can be absorbed from diet; hence iron 

supplementat ion is necessary during pregnancy. After de livery, expanded red cell mass 

contracts and some iron returns to reserve s ites (Samuel et al., 2013). However, despite such 

return, the average cost of each pregnancy in terms of iron loss is still hi gh, approximately 

680 mg. The size of iron stores at the beginning of pregnancy plays an important role 

(Sharma and Shankar, 20 I 0). Iron req uirements are hi gher in mothers who begin pregnancy 

with depleted or low iron stores. Such situat ion is common in developing countries. Low 

birth intervals may negatively affect initia l iron stores and increase the chance of ID during 

pregnancy (Samuel et al., 20 13). 

2.1.5 Dietary iron content and bioavailability of iron 

There are at least four dietary facto rs that determ ine iron status in humans: (I) food iron 

content, (2) Levels of iron absorpti on (the so-ca lled bioavailabili ty of iron), (3) the presence 

of nutri tional facto rs that promote iron absorption, and (4) the presence of nutriti onal factors 

that inhibit iron absorption. Accord ing to food ba lance sheets, in deve loping countries the 

tota l iron in diet per capita usua lly varies between 13 and 2 1 mglday, and most of this iron is 

provided by vegetables (WHO/FAO, 2003) ; while the amount of dietary iron is important in 

maintaining iron balance, perhaps the more important factor is the level of iron absorption, 

which determines the bioavailability of iron. 

In humans, iron is absorbed in the upper intestine in two form s: heme iron and non-heme 

iron. Heme iron is easily absorbed (1 5% to 20%), and its absorption is una ffected by gastric 

ac idity and di etary composit ion . Heme iron is of great nutritional significance and is ca lled 

bioavai lable. But, only 2 to 5% of non heme iron is absorbed. Absorption of non-heme iron 

requires three major factors: (a) an adeq uate gastric ac idity; (b) the presence of dietary 

components that promote iron absorption, such as ascorbic acid or meat; and (c) the absence 

of facto rs that inh ibit iron absorption, such as phytates and tan nates (contained in tea, coffee, 

and cerea ls), phosphates, egg yo lk, and iso lated soy prote in (S impson el al., 20 I 0). Today, 

the typica l diet of most inhabitants of developing countries is based on cerea ls or roots and 
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tubers, with little or no meat, fi sh, and foods rich in ascorb ic acid, and with high 

concentrations of iron absorption inhibitors. It has been estimated that the average iron 

absorption of thi s type of diet is between I % and 5% (Samue l el 01. , 2013). Such a d ietary 

pattern is a major reason for the hi gh prevalence of iron defi ciency anemia in economically 

deprived and deve loping countries. 
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2.1.6 Iron Deficiency and iron deficiency anaemia in pregnancy 

Increased blood loss, decreased dietary iron intake, or decreased release from ferritin may 

result in iron deficiency, !D. Reduction in iron stores usually precedes both a reduction in 

circulating iron and anaemia, as demonstrated by a decreased RBC count, mean corpuscu lar 

hemoglobin concentration, and microcytic RBCs (Michae l el ai., 20 I 0). Iron deficiency can 

be defi ned as a depletion of body iron stores and a restricted supply of iron to various tissues. 

Iron deficient anem ia of pregnancy is a reduction of the concentration leve l of circulating 

hemoglobin below normal that occurs during pregnancy due to iron deficiency in a woman ' s 

body (Unicef/U nu/WHO, 2001 and Umeta et al., 2008). 

2.1.7 Toxicity of Iron 

Iron overload states are co llectively referred to as hemochromatosis, whether or not tissue 

damage is present. Primary Fe overload is most frequently associated with hereditary 

hemochromatosis (HH). HH is a single-gene homozygous recessive disorder leading to 

abnormally high Fe absorption, culminating in Fe overload. Secondary Fe overload may 

result from excessive dietary, medicinal, or transfusional Fe intake or be due to metabolic 

dysfunction. Hemosiderosis has been used to specifically designate a condition of iron 

overload as demonstrated by an increased serum iron and TIBC or transferrin, but without 

demonstrable tissue damage (Michael et al. , 2010). HH causes tissue accumulation of iron, 

affects liver function , and often leads to hyper pigmentation of the skin. Some conditions 

associated with severe hemochromatosis include diabetes mellitus, arthritis, card iac 

arrhythm ia or failure , cirrhosis, hypothyro idi sm, impotence, and liver cancer. Transferrin can 

be administered in the case of a transferrinemia (Weinberg, 1990 & Anghileri, 1995, 

Meneghini, 1997 and Halliwell, 1991). Fe (Ill), released from binding proteins, can enhance 

production of free radicals to cause oxidative damage. In iron-loaded individuals with 

tha lassemia who are treated with chelators to bind and mobilize iron, intake of ascorbic acid 

may actual ly promote the generation of free radicals (Herbert, 1996). 
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2.2 Anaemia 

Anaemia is not a di sease, rather a symptom of various di seases. In the case of s ickle cell 

anem ia, a defect in the hemoglobin molecul e changes the shape of the RBCs (Rady el ai, 

2005) . Anaemia describes the conditi on in wh ich the number of RBCs in the blood is low. 

Any processes that can di srupt the norm al life span of a RBC may cause anaem ia. Norma l 

life span of a RBC is typicall y around 120days (Michael el al., 2005). The body needs the 

iron to make hemoglob in . The most common nutritional cause of anaemia is iron defi c iency. 

It results from a combination of several factors: (I) inadeq uate iron intake and/or low dietary 

avai lab ility; (2) high physio logic demands in early ch ildhood and pregnancy, and periods of 

rapid growth such as ado lescence; (3) chronic iron losses from paras itic infections such as 

hookworm and schistomiasis; and (4) defic iencies of vitamin B 12, fol ic acid, and vi tamin A 

(Y ip, 2008, B lack el al. , 1994 and Van den Broek and Letsky, 2000). Non nutrit ional causes 

of anaem ia include malari a, hemorrhage, inherited di sorders, and various chronic diseases 

(Madan el al., 1989). This form of anaemia occurs qu ite often in pre-menopausal women 

because women lose blood during menstruation (WHO, 2008 and Mohammed el al., 20 13). 

2.2.1 Classification of anaemia 

Generally there are three major types of anaemia based on the size of the RBCs: Microcytic 

anaemia if the RBC 's are small er than normal, MCV <80. If the RBC's are normal in size 

(but low in number) thi s is ca lled normocytic anaemia, such as anaemia that accompanies 

chronic di sease or anaemia re lated to kidney disease (Mohammed el al .. 20 13). Third type is 

macrocytic anaemia ifRB C's are larger than norm al and major causes are pern ic ious anaem ia 

mostly anaemia related to a lcoholi sm (M ichae l el aI. , 2005 and WHO, 2008). Anaemia is 

usually class ified as e ither chronic or acute. Chron ic anaem ia occurs ove r a long period of 

time and symptoms typica ll y beg in slowly and progress grad ually; whereas acute anaemia 

occurs quickly and symptoms can be abrupt and more di stress ing (Mohammed el al., 2013). 

2.2.2 Anaemia in Ethiopia and chronic infections 

Anaemia in Ethiopia 

Beside the prevalence of anaemi a, globally 41.8% of the pregnant women are anaemic 

(Kazm i el al. , 201 3). In Africa , 57.1 % of the pregnant women were anaem ic. Moreover, 

anaemia in pregnant women is a severe public hea lth problem in Ethi op ia; 62.7% of pregnant 

women were anaem ic (Melku el ai. , 20 14 and WHO, 2008). Nutriti ona ll y, lD is the main 
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cause of anaemia throughout the world espec ially in WRA and particularly durin g pregnancy 

(Kazmi et al., 2013). Many factors have been associated with the risk oflD in pregnancy, it is 

due to increased demand and decreased iron intake in diet and many other reasons (Kazmi et 

al. , 20 13) such as nutritional status, socioeconom ic variables, cu lture, age, parity, spac ing of 

pregnancies (Williams and Wheby, 1992, Umniyati, 1997 and Tayrab et al., 20 13). 

2.2.3 Stages in iron deficiency and iron deficiency anaemia 

10 develops in three stages. The first stage is iron stores diminish . This is a 

red uction in the serum ferritin leve l, with no evidence of functional consequences (Bharati et 

al. , 2008). The second stage is characterized by a decrease in transporting iron (serum iron 

fall s) and iron carrying protein transferring increases (an adaptation that enhance iron 

absorption) whi le in both the stages the level of hemoglobin is normal as shown in table 2. 1 

below. The last stage is when the lack of iron limits hemoglobin production. Now the 

hemoglobin precursors, erythrocyte protoporphyrin, begin to accumulate as hemoglobin and 

Hematocrit values decline. These cells can ' t carry oxygen from the lungs to the ti ssues which 

results fatigue, weakness, headaches, apathy, pallor and poor resistance to cold temperatures 

(Rady et al., 2005). Iron deficient erythropoiesis occurs when the needs of the erythroid 

marrow for iron are no longer met, with a subsequ ent rise in e rythrocyte protoporphyrin and 

serum transferrin receptor level; and finall y, IDA is the most severe form assoc iated with 

funct ional consequences. 10A is diagnosed when the Hb concentration is lower than the leve l 

considered normal for the person ' s age, gender, and physio log ica l status (ie, below a 

statistically defined threshold of2SD from the mean fo r a healthy population) (M ichael et aI. , 

2005). 
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T able 2.1: Stages in I ron deficiency and their results 

'Sources: Imran Shahzad Anjum, MD 

2.3 Laboratory Evaluation of Anaemia status 

The physio logica l changes occurring durin g pregnancy affect both hemato logical and 

biochemical laboratory tests ava ilab le for eva luati ng iron, folate, vitamin A, B 12 and anaemia 

status (Kazmi el ai, 20 13). 

2.4 Diagnosis of iron deficiencies and iron deficiency anaemia 

Among the approaches used for the assessment of either iron nutritional status or the 

diagnos is of iron metaboli sm di sorders, hemoglobin concentration and hematocrit 

measurement most frequentl y used even though th ese are least sensitive to ID. Di sorders of 

iron metabo li sm are evaluated by measuring total iron and TIBC, percent saturation, 

transferrin, and fe rri tin from serum (Tofa letti et al. , 2004; Carl el ai., 1999; Donald el al., 

200 I and Tayrab el al. , 201 3), 
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Figure 2.4 Laboratory evaluatiou of iroll status 

2.4.1 Ferritin 

Ferritin is a water so luble protein-iron complex of molecular weight 465,000 (B ha le et al. , 

2013). Ferritin is found in nearly all ce ll s of the body. In hepatocyte and in the macrophage 

system of the bone marrow and other organs, ferr itin provides a reserve of iron readily 

avai lable for formation of hemoglobin and other haem prote ins. Ferritin is the key to this 

impOltant contro l of the amount of iron available to the body (Jaime and Vihko, 1980). 

Ferritin is a prote in that stores iron and releases it in a contro lled fashion (Bhale el al., 2013) . 

Hence, the body has a "buffer" against ID (Bha le et al. , 20 13). Measures of serum ferritin 

provide an estimate of iron stores. Such information is most valuable to iron assessment. 

Ferritin level s are considered the gold standard for the diagnosis of IDA in pregnancy and the 

ferritin levels measured usually have a direct correlation with the tota l amount of iron stored 

in the body (Janne and Vihko, 1980 and Bhale et al. , 2013). If the ferr itin leve l is low, there 

is a risk for lack of iron, which could lead to anaem ia. In the setting of anaem ia, low serum 

ferritin is the most specifi c laboratory test for IDA (Tayrab el al., 2013). 

2.4.1.1 Measurement of Serum Ferritinllron stores: 

Ferriti n is measured in serum by immunochemica l methods, such as Immunoradiometric 

assay (IRMA), enzyme- linked immunosorbent assay (ELISA), and chem iluminescent 

techniques (Weinberg, 1990). Severa l manufacturers prov ide kits for measuring serum 

ferritin by either manual or automated means. Ferritin is decreased in IDA and increased in 



iron overl oad , other conditions, such as chroni c infect ions, malignancy, and vira l hepatitis 

(Smith and Perry, 1995; Herbe.t and Shaw, 1996; Tofaletti et al. , 2004, Chi swel l et al., 1994 

and Milne, 1999). 

2.4.2 Total iron contcnt (Serum iron) and measurement of serum iron concentration 

The diagnosis of IDA using iron related parameter is associated with a number of challenges. 

Serum iron levels are not helpful by themselves because they vary with time of the day and 

due to various systemic insults (Adams, 2005). Measurement of total iron concentrat ion 

refers specifically to the Fe+3 bound to transferrin and not to the iron circulating as free 

hemoglobin in se rum. The specimen may be co llected as serum without anticoagulant or as 

plasma w ith hepar in. Oxalate, c itrate, or EDT A binds Fe ions and all are unacceptable 

anticoagulants. Early morning sampling is preferred because of the diurnal variation in iron 

concentration. Specimens with visible hemolysis should be rejected. Spectrophotometric 

determinations have been adapted to automated analysis. These procedures generally have the 

fo llowing steps: Fe+3 is released from binding proteins by ac idificat ion, reduced to Fe+3 by 

ascorbate or a similar reduc ing agent, and complexed with a color reagent such as ferrozine, 

ferene, or bathophenanthroline. Another challenge is that a lthough serum iron levels can be 

measured directly in the blood, but these levels increase immediately with .ron 

supplementation (patient must stop supplements for 24 hours) (Ahlan el al .. 200 I). 

2.4.3 Total Iron-Binding Capacity and determination 

TIBC refers to the amount of iron that could be bound by satu rating transferrin and other 

minor iron-binding proteins present in the serum or plasma sample. Typically, about one­

third of the iron binding sites on transferrin are saturated. TIBC is determined by addi ng 

suffi cient Fe+3 to saturate the binding s ites on transferrin, with the excess iron removed by 

addition of MgC03 to precipitate any Fe+3 remaining in solution. After centrifugation to 

remove the precipitated Fe +3, the supernatant so lution containing the so luble iron bound to 

proteins is analyzed for total iron content (Tayrab et al., 200 I). 

2.4.4 Percent Saturation 

The percent saturation, also ca lled the transferrin saturation, is the ratio of serum iron to 

TIBC. Saturati on or transferring saturation index or percent) is the most specific indicator of 

ID (Tayrab et al., 20 13 and Ahlan el aI, 200 I) . 
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2.4.5 Transferrin 

Iron moves through the blood attached to a protein ca lled transferrin. Transferrin is a 

glycoprote in with a molecular we ight of 79570 daltons and with a biologic half-l ife of 

approximate ly 9 days (shorter than albumin). It consists of a polypeptide strand with two 

N-glycosidically linked oligosaccharide chains and exists in numerous isoforms. Th is test 

indicates how well that protein can carry iron in the blood (Goldman, 20 II ). The rate of 

synthes is in the li ver can be altered in accordance with the body's iron requirements and iron 

reserves. It is synthesized in the liver and binds and transports ferric iron. When hepatocyte 

iron is absent or low, transferrin leve ls ri se in proportion to the deficiency. It is an early 

indicator of ID, and the elevated transferrin is the last analyte to return to normal when ID is 

corrected. IBC is a measure of an iron that serum protein can combine and nearly all the 

binding capac ity is due to transferrin. A decrease in transport iron characterizes the second 

stage of ID. This is revealed by an increase in the IBe of the protein transferrin and a 

decrease in serum iron. These changes are reflected by the transferrin saturation, which is 

ca lculated from the ratio of the two values (Ahlan et 01., 200 I). 

Normally; only about one third of the iron binding sites of transferrin are occupied by iron, so 

that serum transferrin is considered as reserve I Be. A decrease in [Be may be due to 

hemochromatosis and/or acute iron poisoning. Increased IBe appears in IDA (Dona ld et 01. , 

200 I and Bu ri ti s et ai., 2005). Transferrin rises as ID grows worse and fa lls as iron status 

im proves. Marked ly reduced transferrin levels indicate severe PEM; in mild-to-moderate 

PEM, transferrin levels may vary, limiting their usefulness (Rady el 01, 2005). The half-life of 

transferrin is approximately one half that of albumin and the body pool is sma ll er than that of 

albumin; therefore, transferrin is more likely to indicate protein depletion before serum 

albumin concentration changes. Transferrin levels can be lowered by factors other than 

protein or energy deficiency, such as nephrotic syndrome, liver di sorders, anaemia, and 

neoplastic di sease (Ferguson et 01., 1992). 

2.4.5.1 Measurement of serum transferrin/ transports iron 

Transfe rrin is measured by immunochemica l methods such as nephelometry. Transferrin 

(TIBC) may also be decreased in chronic in fections/ inflammatory conditions and 

mal ignancies. Transferrin is primaril y moni tored as an indicator of nutritional status. TfR can 
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be detected in serum; the measurement of sTfR has been introduced as a powerfu l tool for the 

diagnosis of lD in a variety of clinical situations (H uebers el al., 1990; Baynes, 1996a; 

Punnonen el al. , 1997; Suominen el aI. , 1997). 

2.4.6 Folate 

Folate is the generic term for components nutritionally and chemica lly similar to folic acid . 

Folate, also known as folac in or PGA in short, has a chemical name that would fit a fl ying 

dinosaur. Folate functions metabolically as coenzymes involved in var ious one-carbon 

transfer reactions. Folate in the diet is absorbed in the jejunum, and the excess is excreted in 

the urine and feces (Ronald el aI., 2008). Large quantities of folate are also synthesized by 

bacteria in the co lon . Folate is one of the few nutrients whose nutritional statu s in humans can 

be defined from low dietary intakes and marginal defic iency to depleted tissue stores and 

clinical symptoms (megaloblastic anaemia) . Food fo lates are primarily found in green and 

leafy vegetab les, fruits, organ meats, and yeast. Boiling food and using large quantities of 

water result in folate destruction. Folate must be reduced to H2 folate or Tetrahydrofo late (H4 

fo late is the active coenzyme form of the vitamin) (Mahmood, 20 14). Folates are al so present 

in most foods with legumes (peanuts, cow peas, peas, etc .), leafy greens, citrus (orange juice), 

some fruits, vegetables (brocco li, cauliflower), and li ver considered to be good sources. 

Enriched cereal prod ucts are fortifi ed at 140 ~lg 100 g- I (Ronald e l al. . 2008). 

Folate chemistry is complex because of the many different molecular forms and the presence 

of poly glutamate-conjugated form s. Plasma folates exist predominantly in the monoglutamate 

form, polyglutamate form s in red ce lls, tissue and foods must be hydrolyzed before rad io 

assay. Folate participates in formation of DNA required for rapid growth (Mahmood, 2014). 

For folate coenzyme to be effective (active form) the methyl group should be removed from 

inactive form of folate by the help of vitamin B 12. Primary coenzyme of folic ac id THF serve 

as a part of an enzyme complex that transfers one carbon compounds that arise during 

metaboli sm. This action he lps convert vitamin B 12 to one of its coenzyme form s and helps 

synthesize the DNA required for all rapidly growing cells (Rady el al., 2005) . Impaired DNA 

synthesis ari ses from decreased production of 5, 10-methylene Tetrahydrofolate (5, 10-CHzH. 

folate) , which is required for the synthes is of deoxythymidine monophosphate nucleotide. 

The small intestine prefers to absorb the "free" folate form-folate with on ly one glutamate 

attached (the monoglutamate form). Enzymes on the intestinal ce ll surfaces hydrolyze the 
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polyglutamate to monoglutamate and severa l glutamates. Then the monoglutamate is attached 

to a methyl group (-CH3). Special transport system deli vers the monoglutamate with its 

methyl group to the li ver and other body cells (Mahmood, 2014). 

Folate, vitamin B12, vitamin B6 and one carbon metabolism 

Figure 1. Foiatc1 vitamin B 12, vitamin 86 and one carbon metaboUsm 

One carbon 
DOllor (Serine, Formyl-TEF 
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Homocysteine 

PLP ~ 
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Figure 2.S: Folate, Vitamin B12, B6 and one carbon metabolism 

Source: Selhub, J. 2002. The Journal of Nutrit ion, Health and Aging, 6: 40 

Fo late is required for the remethylation of homocysteine to methion ine, which is dependent 

upon sufficient levels ofS-methyltetrahydrofolate (S-CH3-H4 folate) as the one-carbon donor 

(Figure 2.S) . Folate defici ency impairs cell divis ion and prote in synthesis processes critical to 

grow ing ti ssues. Marginal deficiency produces genera l symptoms inc luding tiredness, 

irritability, and decreased appetite. Severe deficiency produces megaloblast ic anaem ia or the 

prod uction of large immature RBCs. Other symptoms inc lude abdom inal pain, diarrhea, 

ulcers in the mouth and pharynx, skin changes, hair loss, and neurologica l di sorders such as 

dementia and depression (Gibson, 200S). 

In a folate deficiency, the rep lacement of RB Cs and GI tract cell s falters . Not surpri s ingly, 

then, two of the first symptoms of a folate deficiency are anaem ia and Gl tract deterioration. 

The anaem ia of folate defi ciency is characterized by large, immature RBCs. Without fo late, 

18 



DNA damage destroys many of the RBCs as they attempt to divide and mature (Koury and 

Ponka, 2004). The resul t is fewer, but larger, RBCs that cannot carry oxygen or travel 

through the cap illaries as ef fi c iently as norma l RBCs. Plasma folate leve ls (5-CH3-H4 folate) 

rapid ly fluctuate with recent intake; therefore, erythrocyte folate level s are considered a more 

reliable status index (G ibson, 2005). Folate depletion is characterized by a fa ll in the folate 

concentrations of RBCs (erythrocytes). As erythrocyte folate leve ls d imin ish, folate­

defi c iency anaemia develops. Patients receiving dialys is treatment rap idly lose folate. 

Clin ical conditions associated with FAD include megaloblastic anaemia, a lcoholism, mal­

absorption syndrome, carc inoma, liver di sease, chronic hemodia lys is, and hemolytic and 

siderob lastic anaemia (Bai ley and Berry, 2005). Certain anticonvul sants and other drugs that 

interfere with fo late metabo li sm include sul fasalazine, isoniazid, and cycloserine. Folate 

defi ciency of di etary origin commonly occurs in older persons. Phenyto in (Dilantin) therapy 

accelerates fo late excretion and interferes with folate absorption and metaboli sm. Alcoho l 

interferes with folate 's enterohepatic circulat ion, and methotrexate, a chemotherapeutic agent, 

inhibits the enzyme dihydrofolate reductase. The final stage of fo late defi c iency prod uces 

megaloblast ic anaemia and hyper segmented neutrophi ls, which was described by Herbelt el 

al., (1996). 

2.4.6.1 Fola te toxicity 

The increase in fo late requirement during lactation results, in part, from the presence of hi gh­

affin ity fo late binders in mi lk. In women of chi ldbear ing age, 400 g of folate per day is 

recommended to prevent or reduce the incidence of neural tube defects (FNBIM, 2002). 

Folate has proven to be cri tica l in reducing the risks ofNTDs (Ba iley and Berry, 2005) . The 

brain and spinal cord deve lop from the neural tube, and defects in its orderly fo rmation 

duri ng the early weeks of pregnancy may result in various central nervous system di sorders 

and death. 

Low levels of serum folate can occur with use of ora l contraceptives. There are no known 

cases of fo late tox icity; the RDA is 400 g/day for ad ul t males and fema les (FN BIM, 2002). 

The major c lin ica l symptom of folate defi c iency is mega loblastic anaemia. Fo late and 

vitamin B 12 are close ly re lated metabolica ll y. The hematologic changes that result from 

defi c iency of e ither vitamin are indistinguishable (Michael el al., 20 10). 
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2.4.6.2 Measurement of serum folate 

Among the severa l test the deoxurid ine suppression test provides a measure of functional 

fo late deficiency and can provide a distinction between fo lic acid and vitam in B 12 

deficiencies. The test is based on the folate requ irement for conversion of deoxyuridine to 

deoxythym id ine. The test is not popu lar for rout ine clinical use, because it is tedious to 

perform while not o ffering diagnostic advantage over red ce ll fo late measures. The hi stidine 

load test, based on the increased un itary excretion of formiminoglutamate after an ora l 

histidine load, is not widely used because it is rather tedious and responds to vitamin B 12 as 

we ll as folate deficiencies (Mahmood, 20 14) . When fo late deficiency develops, serum levels 

fa ll first, followed by a decrease in erythrocyte folate leve ls and ultimately hemato logic 

manifestation (Simpson et 01., 20 I 0). 

Measuring both serum and erythrocyte levels is helpful because serum leve ls indicate 

circulating folate and eryth rocyte levels better approxi mate stores. But, serum contains 

endogenous binding proteins that can bind fo late and resu lt in fa lsely low serum fo late 

concentration measurements. Folate in the serum is almost exclusively present in the 

monoglutamate form ; however, in RBCs, it is in the polyglutamate form and as high­

molecu lar-weight complexes (Simpson et 01. , 20 I 0). Serum fo late levels stabili ze after a few 

weeks at about 7 nmo l/L when subjects are on a folate-deficient diet, Herbert el ai., ( 1996) 

indicating acute status but not the leve l of tissue stores (Gibson, 2005). Serum folate is the 

most sensit ive measure of early folate deplet ion of wh ich va lues less than 3nglmL represents 

a low dietary intake or negative fo late balance (G ibson, 2005). 

2.4.7 Vitamin B12 

Vitamin B 12 is a water-so luble v itam in . It is one of the "B complex vitami ns," wh ich play 

roles in RBC fo rmation, nerve ce ll maintenance, and methyl donation in DNA synthesis (O la 

et ai., 20 II). Vitamin B 12 (coba lamin) is an organ ic complex that contains a cobalt ion in its 

structure (Kumar e/ 01. , 20 I 0). This vitam in is an important coenzyme fo r ce ll deve lopment 

and growth, and its deficiency leads to weakness, fatigue , nausea, constipat ion, weight loss, 

pern ic ious anaemia and nerve degeneration (Bernard e l 01., 1998) . Peculiarly, vitam in B 12 is 

essent ial for the human diet, but cannot be synthes ized by the body. The primary d ietary 

sou rces for vitam in B 12 are fro m anima l products (e.g., meat, eggs, and milk). Therefore, 
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total vegetarian diets a re likely to be deficient or low in vitamin BI2 (Mahmood, 2014). 

Animals derive vitam in B 12 from intestinal microbial synthesis. 

Methionine 

'\ Vitam in B12 
Folato 

SAM 
~ 

) 
Homocysteine 

Vitamin B.l 

Methyl group 

t 
DNA. RNA 

transmitters 
myelin 

SAM = S-adenosylmethionine 

Figure 2.6: Interaction betqeen Folate, Vitamin B 12 and Homocysteine 

Source: Scandinavian Journal of nutririon 2003 47 (3), 132 

2.4.7.1 Absorption and metabolism of vitamin BI2 

Intest inal absorption of vitamin B 12 takes place in the ileum and is mediated by a unique 

binding protein ca lled intrinsic factor (IF), wh ich is a protein secreted by gastric parietal ce lls. 

Vitami n R 12 participates as a coenzyme in enzymatic reactions necessary for hematopo iesis 

and fatty acid metabolism. Excess vitamin B 12 is excreted in the urine. Vitamin B 12 bears a 

corrin ring (conta ining pyrro les sim ilar to porphyrin) linked to a central cobalt atom 

(Mahmood, 201 4). The active cofactor fo rm s of vitam in B 12 are methylcobalamin and 

deoxyadenosylcobalamin. 

Most vitamin B 12 absorption occurs through a complex with IF. This IF- B 12 complex binds 

with specific il ea l receptors (S harma and Shankar, 20 I 0). 

Without the help of vitamin B 12 folate becomes trapped inside ce lls in its methyl form, 

unavailable to support DNA synthesis and ce ll growth. Like folate, vitamin B 12 follows the 

enterohepatic circulation route. It is continua ll y secreted into bile and delivered to the 

intesti ne, where it is reabsorbed (Stabler and Allen, 2004). Because vitam in B 12 is required 

to convert folate to its active form, one of the most obv ious vitami n B 12-deficiency 

symptoms is the anaem ia offolate deficiency (Mahmood, 2014) . 
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2.4.7.2 Effects of vitamin B12 deficiency 

The term pernicious anaemia is now most common ly applied to vitam in B 12 deficiency 

result ing from lack of intrinsic factor. A loss of B 12 also occurs in ind ividuals infected with 

fish tapeworm or because of malabsorption diseases, such as sprue or celiac disease. Vitamin 

B 12 and Folate are c lose ly related: each depends on the other for activation. Reca ll that 

vitamin B 12 removes a methyl group to activate the fo late coenzyme. When fo late gives up 

its methyl group, the vitamin B 12 coenzyme becomes activated (Pawlak el al. , 20 14). 

The regeneration of the ami no acid methionine and the synthesi s of DNA and RNA depend 

on the both fo late and vitamin B 12. In the body, methionine serves as a methyl (CH3) donor. 

In do in g so, meth ion ine can be converted to other amino acids. In addit ion, without any help 

from folate, vitamin B 12 maintains the sheath that surrounds and protects nerve fibers and 

promotes their norma l growth. Bone cell activity and metabo lism also depend on vitam in 

B 12. Close relationships between fo late and vitam in B 12 deficiencies result from the 

involvement of the vitamins in DNA synthesis (Karnaze and Carmel 1990). 

Mega loblastic anaem ia produced by defic iencies of fo late and vitam in B 12 are characterized 

by abnorma ll y large mega loblasts in the bone marrow and abnormally large red ce ll s in the 

blood (G ibson , 2005). Deficiency of vitamin B 12 causes the major disorders includes 

hematological, neurological, and gastrointest inal symptoms/disorders (FNBIM, 2002) . 

Hematological symptoms commonly referred to as pern icious anemia include megaloblastic 

anaemia with diminished energy, fatigue, shortness of breath, and heart palpitat ions (FNBIM, 

2002 and Gibson, 2005). Etiology is similar to megaloblastic anaemia associated with folate 

deficiency and arises from interferences with DNA synthesis (Pawlak, Lester and Babatunde, 

2014). Since folate supp lementation can mask hemato logical changes due to lack of vitamin 

B 12 but not reverse neurological damage associated with the defic iency, conservative 

approaches have been used in the in itiat ion of fo lic acid supplementation programs. 

Hematological effects can be reversed by vitamin B 12 treatment (FNBIM, 2002). 

The neurologic manifestations are variab le and may be subt le. For th is reason, vitami n B 12 

deficiency shou ld be cons idered a cause of any unexp la ined macrocytic anaemia or 

neurologic disorder, especiall y in an older person. Neurol ogica l effects inc lude tingling and 

numbness in the arms and legs, motor disturbances (gait), and various cogn iti ve changes (loss 

22 



of memory, disor ientation, dementia, and mood changes) . Other effects include visual 

d isturbances, insomnia, impotency, and impaired bowel and bladder control. Neurological 

effects can be reversed by treatment, but reversa l depends on duration and extent of the 

neurological damage. Gastrointestinal effects include appetite loss, sore tongue, flatul ence, 

and constipation (FNBIM, 2002). 

2.4.7.3 Toxicity of vitamin B12 

Tox icity of B 12 has not been reported and the average dail y diet contains 3- 30 g of vitam in 

B 12, of which 1- 5 g is absorbed. The frequency of dietary deficiency increases with age, 

occurring in more than 0.5% of people older than age 60, although the symptoms resul ting 

from dietary deficiency are rare. However, compared to other vitam ins, the daily requirement 

of vitamin B 12 is relativel y low. Cobalamin re fers to a large grou p of cobalt contain ing 

compounds (FNBIM, 2000). 

2.4.7.4 Measurement of serum vitamin B12 

As fo late deficiency progresses and low serum levels pers ist, fo late stores decl ine, result ing 

in folate depletion. Because low erythrocyte folate concentrat ions al so occur with vitam in BI2 

defici ency, serUIll B I2 concentrations must also be measured for determination deficiency of 

anaemia (Dil shad el al., 2010). The determ ination of Coba lamin in human serum at picogram 

leve l becomes necessary for the detection of its deficiency (Oh and Brown, 2003). Seve ral 

non-radi o isotopic assays for vitam in B 12 have been developed for routine laboratory use. 

The determination of serum BI2 leve ls prov ides the best test for routine screen ing of 

coba lamin status (Lok el ai., 20 12 and Kazmi et al., 20 13). 

2.4.8 Vitamin A 

Vitamin A is fat so luble and believed to be essential micronutrient for normal embryogenesis, 

hematopoies is, ce ll growth, reproduction and epithel ial differentiation. Vitamin A and related 

ret inoic ac ids are a group of compounds essentia l for vi sion, cellular differentiat ion, growth, 

reprod uction, and immune system function (Tanumihardjo, 2002). 

2.4.8.1 Absorption of vitamin A 

A clearly defined phys iologic role for retinol is in vision. Retinol is ox idized in the rods of 

the eye to retinal, whi ch, when complexed with opsi n, forms rhodopsin, a ll owi ng dim-light 
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vision. Vitamin A and D act th rough spec ific nuclear receptors in the regulation of ce ll 

proliferation (Anke el aI., 1994 and Mi lne, 1999). In VAD states, epithelial ce lls (cell s in the 

outer sk in layers and cells in the lining of the gastrointestina l, resp iratory, and urogenital 

tracts) become dry and keratinized. VAD is most common among children li ving in non­

industrialized countries and is usually a result of insuffic ient dietary intake (Tanumihardj o, 

2002). 

Deficiency may also occur because of chronic fat malabsorption or impai red liver function or 

may be associated with severe stress and protein malnutrition. Premature infants are born 

with lower serum retinol levels, as we ll as lower hepatic stores of retino l; therefore, these 

newborns are treated with vitamin A as a preventive measure (ATSDR, 2003; Ronald, 2008; 

Machlin and Huni , 1994 and van den Berg, 1996). While IDA and VAD are both significant 

problems in many countries, research estab lishing an interaction between iron and vitam in A 

could have maj or imp lications for treatment of anaemia that is due to nutritional statu s. 

Numerous studies using humans have supported the notion that vitamin A has an impact on 

iron status and, in turn, IDA. Early research suggested that peop le defici ent in vitam in A were 

prone to anaemia that was reversed when sufficient doses of vitamin A were taken (Karyadi 

an~ Bloem, 1996). Many studies in humans have been performed in countries where 

nutritional anaemia and V AD are major public hea lth problems (FNBIM, 2002) . 

VAD is a severe public health problem in Ethi opia affecting around 61% of children 6-59 

months of age in the II regions of the country (EDHS, 2012). The situation is probably worse 

in emergency affected areas. Clinica l VAD, untreated can lead to childhood blindness and it 

is like ly that VAD is one of the major contributing factors to the high under-five mortality 

rate of Ethiopia (174 per 1000, UN ICEF). In Eth iopia, 18 percent of all women reported 

having some form of night blindness during their last pregnancy (ANCB, 2001). VAD results 

when body stores are used up e ither because too little vitam in A is present in the foods, or 

there is insuffic ient absorption of vitamin A from foods . VAD can also result fro m rapid 

utilization of vitamin A during illnesses (particularly measles, diarrhoea and fevers), 

pregnancy and lactation and during phases of rapid growth in young children. The immune 

systems become weak and illness is more common and more severe, increas ing under-five 

death rates. The eye could be damaged with appearance of lesions, and when severe, 

blindness can occur. There is an increased risk of a woman dy ing during pregnancy or during 

the first three months after delivery (I-Iamdy, A leem and Shazly, 20 13). 
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2.4.8.2 Vitamin A in pregnancy 

In pregnancy, extra vitam in A is required for grOv.1h and ti ssue maintenance in the fetus, for 

providing it with reserves and for maternal metabo li sm. Basal requirements in pregnancy are 

370 Ilg per day, which increase during lactation to 450 fig per day (Van den Broek, 2003). On 

the other hand, a relationship has been suggested between the incidence of birth defects and 

high vitamin A intakes during pregnancy with an apparent threshold of 10,000 IU per day 

(WHO, 1998, Mills el 01 .• 1997 and Rothman el 01. , 1995). However daily doses of up to 

10,000 IU or week ly doses of 25,000 IU after day 60 of pregnancy are safe, especially in 

areas where VAD is common (WHO, 1998). Vitamin A is known to play a role in 

hematopoiesis, and anaemia is a common consequence ofVAD (Semba and Bloem, 2002). 

Vitamin A supplementation during pregnancy was found to improve maternal Hb. A diet 

devoid of vitam in A results in decreased hemoglobin levels (Hodges el 01. , 1980). Antenatal 

supplementation with both iron and vitam in A was shown to reduce anemia prevalence in a 

study from Indonesia (Suharno el 01. , 1993), but other studies conducted in sub-Saharan 

Africa were not ab le to obtain the same positive result (Van den Broek el 01., 2003). The 

mechanism whereby vitam in A supplementat ion could improve hemoglobin and iron status 

has not been ful ly elucidated but it has been suggested that vitamin A is required for the 

mobilization and utilization of iron for hemoglobin synthesis (B loem, 1990). The one 

suggested mechanism is V AD decreases transferrin synthesis and thus reduces iron transport 

to the bone marrow, reduces bone marrow iron uptake; im pai rs the differentiation of blood 

ce ll s due to lack of retinoic acid and impairs mobilization of iron from ferritin stores (Kifle 

Habte el 01. , 2014). 

An important and large study from Nepal had generated discussion about the role of vitamin 

A in the possible reduction in maternal mortality (West el 01. , 1999) . A clear biological 

explanation could not be given and anaemia was not studied as an outcome in this trial. 

Fu rther trials are currently under way to address these issues (Van den Broek, 2003). 

Although VAD is recogni zed to cause anae mia, 'V AD anaemia' lacks complete 

characterizati on as a distinct clinical entity. Vitamin A appears to be in volved in the 

pathogenesis of anaemia through diverse biological mechanisms, such as the its influence on 

growth and differentiation of erythrocyte progenitor ce ll s, its effect on immunity to infection 
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and reduction of the anemia of infection, and mobi lization of iron stores from tissues. 

Epidemio logica l surveys show that the preva lence of anaemia is high in popu lations affected 

by VAD in developing cou ntries (Semba and Bloem, 2002) . A close association between 

VAD and anaem ia has been shown in many nutriti onal surveys from around the world , and 

perhaps this is not surpri s ing, given the widespread prevalence of nutritional anaemia and 

VAD in developing countries (B loem, 1995). Most of these epidemi olog ical surveys did not 

identify the underlying causes of anaemia, and often the proportion of subj ects with 

concurrent VAD and anaem ia are not stated (Semba and Bloem, 2002). 

Observational stud ies showed that serum retino l was pos itive ly associated with hemoglobi n, 

Hematocrit, and serum iron (B loem el ai., 1989). Some studies a lso showed that vitamin A 

may be required for the mobili zation and utilizati on of iron for hemoglobin synthes is, and 

thus contribute to erythropo ies is (B loem el ai., 1990) . A study conducted in Indonesia 

showed that antenata l iron and vitam in A supplements were better than iron alone (Suharno el 

ai., 1993). The requirements of vitamin A are increased during pregnancy. A da ily intake of 

800 f.lg retinol equiva lents was recommended as a safe leve l of vitamin A for pregnant 

women (FAO/W HO, 2004). However studies in Malawi did not show a simi lar effect 

(Gall oway, 2003). Hodges's study indicated that iron stores are unava ilable for 

erythropoiesis during VAD which imp li es that vitamin A plays a role in the release of iron 

from the liver (Hodges el ai., 1980). The data of an experimental study showed that in a 

popu lation with low soc ioeconomic status, vitamin A supplementation (3.0 mg/d) can 

improve the hematologica l conditi on (hemoglobi n increased by 9 giL) of anemic children 

(Mejia and Chew, 1988). 

2.4.8.3 Toxicity of vitamin A 

When ingested in hi gh doses, e ither chron ica lly or acutely, vitam in A causes many toxic 

manifestations and may ultimate ly lead to liver damage due to hypervitaminos is. High doses 

of vitamin A may be obtained from excessive ingestion of vitam in suppl ements or large 

amounts of liver or fi sh oils, which are rich in vi tamin A. Carotenoids, however, are not 

known to be tox ic because of a reduced effi c iency of carotene absorption at high doses and 

limited conversion to vitamin A. The RDA of vitam in A is 700 g per day for adult fema les. 

Toxicity is usually assessed by measuring retinyl ester leve ls in serum rather than ret ino l, 

which is accompli shed by HPLC (Kratz el al., 2002 and Rossi, 2005). 
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2.4.8.4 Measurement of vitamin A: Retinol 

Human status assessment methods include dietary assessment, assessment of content of liver, 

plasma, and breast mil k, and functional assessment by dark adaptation and conj unctival 

impression cytology (Ronald, 2008; van den Berg, 1996). Biochemical tests include the 

re lative dose response test (RDR) and the mod ified re lative dose response test (MRDR) that 

estimate li ver stores of vitamin A. Such tests are useful to assess marginal VAD. Plasma 

retinol concentration is a commonly used measure of status (FNBIM, 2002 and Gibson, 

2005). More recent cl inical stud ies of defic iency use serum retinol concentrat ion as the status 

indicator (Ramakrishnan and Darnton, 2002; Singh and West, 2004). 

Measurement of ret inol is the most common means of assess ing vi tamin A status in the 

clinical setting (Dilshad et a i, 20 I 0), but because of the serum retin ol leve l is homeostatica lly 

regulated it does not fall to low level until liver stores of the vitami n are nearly exhausted. 

Hence the test does not differentiate vitamin A status over a wide range of nutriture from 

margina lly deficient to near t issue saturation. The test is most useful fo r detecti ng over ti ssue 

dep letion of vitamin A in ind ividual and assessi ng the preva lence of VAD in population. 

Serum retinol va lues less than 0.70~moIfL generally ind icate low dietary intake and tissue 

stores of the vitami n, where as va lues be low a cutoff of 1.05 ~molll has been proposed to 

reflect low vitamin A status among pregnant and lactating women (WHO, 2008; Gibson, 

2005 and Ronald, 2008) . 

2.5 Chronic infections 

Several species of worms contri bute to anemia in developing countries, with hookworms and 

schi stosomes being the most common. Both cause signi fica nt blood loss in the host, which 

leads to iron defic iency and anemia (Hansen 1983 and Huo et al., 20 II ). Anaemia can be 

caused by chronic infections (TB, HIV/AIDS, Ma laria, and Hookworm). Anemia of 

Infl ammatory Condit ions, Hemoglobin apathies (S ick le ce ll anemia, Sideroblastic anemia, 

etc.). The relationsh ip between infection and anaemia varies with the natu re of the disease. 

Chronic inflammation is also associated with anaemia due to swe lling of ti ssues, rather than 

nutritionallD (Ga lloway, 2003). 

HI V infect ion is a lso strongly linked with anaem ia through a variety of mechanisms. These 

include chronic disease and inflammation; increased metabo lic and nutrit ional needs (iron); 
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poor intake of iron and other nutrients due to reduced appetite and anorex ia; mal-absorption 

of nutrients; and direct suppress ion of RBC production. Researchers in Malawi found that 

HIv-infection was significantly more preva lent in anaemic pregnant women (47%) compared 

w ith the overall antenatal populat ion (30%), and was assoc iated with greater severity of 

anaem ia (Van den Broek, 1996). 

2.5.1 Assessment of inflammation 

Nutritional surveys use APP biomarkers such as CRP and AGP to ident ify the influence of 

inflammation on the distri bution of iron statu s biomarkers. CRP is an acute phase prote in 

produced by the liver in response to inflammation, infection and ti ssue injury. But, qual itative 

CRP ana lysis was not effective in ident ifying persons who had other indications of mild 

inflammati on. Increased CRP concentrations occur much earlier than with other acute phase 

reactants- within 4 to 6 hours- and this rapid response to trauma or infection are the 

dist ingui shing feature of CRP. Therefore, its level in the blood increases if there is any 

inflammat ion in the body. In addit ion, CRP levels return to norm al qu ickly at the end of an 

acute ep isode making CRP useful for both the detect ion of acute episodes as we ll as in 

treatment mon itoring. But, the CRP leve l does not provide any spec ifics about the 

inflammatory process gOll1g on in the body (such as the location of the inflammation) 

(Emed icine, 2009). 

2.5.2 Measurement of C-reactive protein 

Conventional CRP assays include quali tat ive, semi-quantitati ve and quantitati ve assays, with 

indications for use for evaluati on of infection, tissue lI1Jury, and inflammatory 

di sorders. These assays provide information fo r the diagnos is, therapy, and mon itori ng of 

inflammatory diseases. [n apparently hea lthy person's blood CRP leve ls are below 5 mg/L, 

while in various condit ions th is thresho ld is often exceeded within 4-8 hours after an acute 

inflammatory event, with CRP va lues reachi ng approx imate ly 20 to 500 mg/L. CRP rises in 

concentration 4-6 hours before other acute phase reactants beg in to rise (Boosa lis el al. , 1989 

and Boosalis el al., 1996). CRP is a more sensitive and more reliable indicator of acute 

in flammatory processes than the erythrocyte sedimentation rate (ESR) and leukocyte cou nt. 

CRP can increase dramatica lly up to 1,000 t imes after t issue injuries, which are more than 

two or three orders of magn itude greater than any other acute-phase reactant and after the 

disease has subs ided CRP values rapid ly fall and reach the reference interva l often days 

before ESR has returned to normal (Boosa lis e/ aI. , 1996) . 
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3.0 Materials and methods 

3.1 Study design 

This cross-sectional study was carried out between December 22, 2014 and June 09, 2015 . 

The study population was composed of pregnant women attending the ambulatory pregnancy 

clinic during second and third trimester. 

3.2 Study Area 

The present research work was carried out in Ambo, western Shoa zone of Oromia regional 

state, located 115 km from Addis Ababa. The area is found at a longitude of37° 32' to 380 3' 

E, and latitude of8° 47' to 90 20' N and the altitude range is from 1900 to 2275 meters above 

sea level. The climatic condition of the area is 23 % highland, 60% midland, and 17% 

lowland. It has an annual rain fall ranging from 800 - 1000 mm and temperature ranging 

from 20·C - 29·C. Agriculture is the main occupation of the population of the area 

Ambo is popular for its immense natural gifts including excellent climate which provides 

comfortable living and working environment. Ambo is also famous for its mineral water 

widely consumed in Ethiopia. Besides, the town also hold the pioneer higher learning 

institution i.e. Ambo University. Man Oromo is the most spoken language here and the 

largest ethnic group in the town is also Oromo. The town has one zonal hospital and two 

health centres, one Maternal Health Center and all the antenatal clinics of these institutions 

were not used for the study. 

, 
\-} ,< , 
W 

( .. \ ........ 

+--. 

\-; 
/ '",.,,----

-/\ - --- ''--7-' 

Map of West Shoa zone with selected districts colored 

Source: Zonal diagnosis and intervention plan West Shoa, Oromia 

3.2.1 Source Population 



24,634 were men and 23,537 were women. 

3.2.2 Study population 

The study population consisted of a sample of all second and third trimester pregnant 

women attending ANC at Ambo hospital and two health centers. 

3.2.3 Inclusion criteria 

All second and third trimester pregnant women attending ANC at Ambo hospital and 

health centers. 

3.2.4 Exclusion criteria 

Any woman with pregnancy-related complications such as history of diabetes mellitus, 

hypertension, those on iron supplements, history of blood transfusion within the last 3 

months were excluded 

3.3 Dependent Variable 

Hemoglobin level 

3.4 Independent Variable 

I. Socio-demographic and socio-economic (age, Marital status, ethnicity, ed ucation, 

income, occupation, avai labi li ty of latrine, washing after toilet, and water resource) 

2. Maternal re lated characteri stics and pregnancy complication (abortion, loss of blood, 

GA, place of delivery, interval of delivery, contraceptive, malaria infection) 

3. Serum retino l, B 12, folate, ferritin and transferrin 

3.5 Sample size and sampling technique 

Sample size was determined based on single population proporti on formula with a 95% CI 

(d=0.95), 5% margin of error, and assumption that among pregnant women attended ANC 

50% of pregnant women were anemic during second and third trimester (p=49. 1 %). The 

sample size for quantitative ana lyses is calculated using the following formula n= Z2p (1-

p)/d2 Z= 1.96: Three health institutions were selected from 3 kebeles using the random 

sampling system. A proportional a ll ocation was employed to obtain the sample size from 

each health institutions. 

3.6 Ethical consideration 

The research proposal was first approved at the center for Food Science and Nutr ition; it was 

eth ically c leared by Institutional Health Research Ethical Reviewer Board of Facu lty of 

Natural Science. The research again ethica lly c leared from Orom ia Hea lth Research Ethica l 

Review Comm ittee. 
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3.7 Sample Collection and Methods 

3.7.1 Socio-demographic characteristics 

Verbal informed consent was obtained from all the partic ipants and a semi-structured 

questionnaire was g iven in Afan Oromo language to gather information incl uding age, t ime 

of previous gestation, and obtain socio-demographic information, present and past history in 

nutritional assessment of anaem ic pregnant women and dietary habit. 

3.8 Management/handling of the experimental unit and sample collection process 

Blood sample (ca. 4ml) was drawn into vacutainer tube without anticoagu lants by medical 

laboratory technicians from the anecubital ve in. Gestational ages were assessed by the 

reported last menstrual period and examination of fundal height by exper ienced midwives at 

materna l and child hea lth, MCH center of each center and were expressed in weeks. 

The samp le co llected into tube was allowed to clot and centrifuged at 3000 x g, for 15 min to 

produce serum for biochemical ana lys is and frozen at -20°C until assayed (Dilshad el ai. , 

20 I 0). Blood samples were stored in the dark immediately after being drawn (Broek and 

Letsky, 2008) . Sample collected into a tube was a llowed to store and transpOited with in 

maxi mum of 3 days to both EPHI and FOSN program Laboratory session for biochemica l 

analysis of serum transferrin , serum ferritin , vitam in A, B 12, CRP and folate. 

3.9 Laboratory Analysis 

3.9.1 Script Roche Elecsys 2010 chemistry analyzer, Cobas Integra 400 Plus Analyzer 

COBAS INTEGRA 400 plus is a fully automated, random access, sample di screte, multi­

analyte analyzer. This table top system employs four different techno log ies namely 

absorption photometry, fluorescence polarization immuno assay (FPIA), Immuno­

tu rbidimetry & Potentiometry. 

Due to the multiple technologies employed the one single platform, the system can 

accommodate wide menu with over 100 types of assays on board. 

Four different measuring technologies on single platform: Fluorescence Pola rizati on, 

Immuno Turbidimetry, Absorbance Photometry and Potentiometry (direct & indirect) 

Clot detection system 

Ready to use reagents in a unique reagent carrier 

Long reagent on-board stability 

31 



Mi nimal ca libration frequency (typically each lot) 

Barcode reading of all relevant reagent information 

3.9.2 Hemoglobin test 

Hemoglobin tests were performed from fresh blood sample before centrifugation. Separate 

vacuta iner tube with out EDTA was used for whole blood samples collection fo r analysis of 

complete blood count (C8C) by ADVIA 2 120i 5 Part Ce ll Counter (SIEM ENS), and 

centrifuged on the same day of coll ection with in a maximum of four hour. At Ambo town 

health center from the fresh blood sample Hematocrit was determined by centrifuging 

heparinized blood in a capillary tube (a lso known as a micro hematocrit tube) at 2500 RPM 

for 15 minutes. 

Altitude adjustment 

Hemoglobin levels was used to define anaemia by adj usting for altitude according WHO Hb 

adjustment formu la (Su i ivan et aI., 2008) 

Hb adjustment = -0.032 x (Altitude x 0.0032808) + 0.022 x (Altitude x 0.0032808)2. Hb 

adjustment was made by using approximate ly 2 1 OOm above sea level and hi gh altitude area. 

Anaemia was then defined as Hgb < 10.9 g/dl in pregnant women (Melaku el aI. , 2008 and 

INACG, 1985). After adjustment severe, moderate and mild anaemia were defined as Hgb 

below 7gm/dl, 7-9.9 gm/dl and 9.9-10.9 gm/dl respectively (WHO, 2008) . 

3.9.3 Extraction of retinol 

A 300~L of serum sample was denatured by mixi ng with 300~L of ethanol containing 300~L 

of sa line solution to standard and 3 00~lL of retinol acetate (0.5 ~g/mL) as an interna l 

standard. The entire rack of tubes was vigorously mixed by hand for 30 seconds, using a 

verti ca l shaki ng motion. HPLC grade Hexane (2.4mL) was then added, and the tubes were 

capped. The tubes were vortexed for 45 seconds, and centrifuged at 3000rpm for 15 minutes, 

800~ L of the supernatant (layer) was carefu lly pippeted off twice. The extract was 

evaporated to dryness under nitrogen gas and the residue was reconstituted immediately in 

800 ~lL methanol (mobile phase) . All solve nt and chemical s used were HPLC grade and a ll 

mob ile phases were filtered through 0.4511m pore size filtered. 
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3.9.4 Serum retiuol determinatioll 

Measurement of serum retinol concentration was done by HPLC (Shimadzu LC-20AD) usi ng 

reversed-phase col umn. Briefly, chromatography was carried out on a 6mm X IS cm CLC­

ODS reverse phase co lumn (Shimpack, Shimadzu Japan) using a Supelco LC- 18 HPLC 

col umn ( ISOX4.6mm; i.d. S !lIn beads). Inert all-trans ret inyl acetate was used as an ISTD. 

T he analytes were separated on a Supelco LC- IS HPLC column ( ISOX4.6mm; i.d. S flln 

beads) at a flow rate of I.S mLim in, by using UV-VIS detector; with detection at 32S nm . 

The temperature is ambient; Run time was 10 minutes and retention t ime app. 3-S min. 

3.9.4.1 Method development 

Qua nt itative interna l standard method was used and target peaks were quantitated by adding 

an interna l standard substance, [STD to both the standard and unknown sample. This method 

gives stable resu lts and eliminates injection errors. A speci fi c amount of ISTD substance is 

added to the standard sam ple that contains a know quanti ty of the target component. The 

standard sample was analyzed and a calibration curve was created from the peak area ratio 

(A'il.AI A1S) and component concentration ratio between the target and ISTD peak. The area 

rat io between the target and ISTD peaks is obtained from the unknown sample that contai ns 

the same ISTD substance. Using the concentration rati o acq uired from the calibration curve 

above, the target concentrati on was quant itated. By usi ng the same ca libration curve 

(y=mx+b) the concentrat ions of retino l in a serum sample was easi ly determined after 

ca lculation of its peak hei ght ratio. 

3.9.4.1 Linearity, Repeatability and analytical recovery 

Ca li brat ion curves were generated using standard so lutions of concentrat ions of Sllg/dL to 

60flg/dL. The measure of linearity was Pearson' s li near correlation coefficient (r) fo r 

parameters with regular distribution was tested and a correlat ion coefficient (R2 = 0.998S) 

was obtained for both compounds . Additiona lly, peak area repeatabi li ty for a concentrat ion of 

about SO Ilg/dL for (n = 6). The analytica l recovery of retinol from serum was determined by 

adding known quantities of retinol to serum and analyzing usi ng the foll owi ng formu la. 

%Recovery= (Ct/Ca)XI00 

Where Ct is the calcu lated/ recovered concentration samp le and Ca standard concentration 

added/spiked. The relative standard deviations (RSDs) va lue for intra-day and inter-day 

repeatability was less than 3.0 1% and 14.62%, respect ive ly which fa ll s in the acceptab le 

region (Sh im el al., 2013) . 
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Figure 3.2 Sample ca libration curve for area ratio versus concentration of retinol 

Calcu lat ion for Res onse facto r Ca lculat ion for concentration of sam Ie 

Conc(flg/dL )=RF .(A [sl Avil) RF= Conc.vi,AdAvi' 

RF= Response factor 

Cone. ViI =Concentrati on ofVit A in STD 

Als= Area ofISTD in the STD 

Conc.ViI =Concentration ofVit A in the sample 

Als= Area of ISTD in the Sample 

Avi.= Area of vit A in the Sampple 

Avit= Area of vit A in the STD 

Code 
53078 

17 1 
5493 1 

20 1 
56284 
10025 

The amount of vitamin A in the samp le was ca lculated using RF 
determined in the ca librat ion run 

ISam[l le Anal):'t ica l recover):, of Retinol from serum using HPLCI 
Initial conc. Spiked Measured Recovered 

(I:!mollLl (I:!mol/L} (I:!mollLl (I:!mol/L} 
1.049 1.708 1.556 1.41 7 
0.581 1.708 2.282 1.30 1 

0.8933 1.708 1.926 1.4327 
0.52 17 1. 708 2.036 1. 5 143 
0.8759 1. 708 2.343 1.467 1 
2.0822 1.708 3.672 1. 5898 

Table 3.1 Analytical recovery of retinol from serum using HPLC 

2.9.5 Serum Ferritin 

Recovery 
(%) 

82.96 
76.17 
83 .88 
88.66 

85.895 
93.08 

Serum ferrit in was measured using Elecsys 2010, Roche diagnostics, GmbH, Germany, an 

immunoassay analyzer using the Electrochemi luminescence immunoassay (ECLlA). 

According to Roche diagnosti c laboratory the measurin g range 0.500-2000 !lg/L (ng/mL) was 

(defined by the lower detection li mit and the max im um of the master curve). Samples with 

ferritin concentrati ons above the measuring range were diluted with diluent uni versa l by the 

cobas e 411 analyzers. The cobas e4 11 software automatica lly takes the di lut ion into account 

when ca lculating th e sample concentrat ion. The expected va lues for norma l measurement 

were 15-150 !l g/L (34-337 pmollL or 15- 150 ng/mL) for women 17-60 years (Elecsys and 

cobas e 4 11 analyzers manual 20 12). 



Based on the iron cut off points, iron deficiency of ferritin « 12 ~l g/L) . The first stage iron 

depletion ferritin level is between 30-50 fl g/L and the value lies between 12-30flg/ L is second 

stage iron depletion. While ferritin va lue is <30 ].lg/L indicates a low iron status that is small 

or no iron reserve (WHO, 2008). 

3.9.6 Serum Transferrin 

A variety of methods were available for determining transferrin including radial 

immunodiffusion, nephelometry and turbidimetry. The Roche transferrin assay is based on 

the immunological agglutination principle (Suominen el aI. , 1997; Mast et ai., 1998). In this 

analys is serum transferrin was determined using human serum transferrin enzyme 

immunoassay test kit by immunologica l analysis instrument (COBAS Integra 400 plus Roche 

Diagnostic, GmbH, Germany) (Dilshad et aI. , 20 I 0). Accord ing to Roche diagnosti c 

laboratory; the normal measuring range is 2.0-3.6 giL (1.26-65 .5 ~llnoIlL, 10-520 mg/dL). 

The sam ples having higher concentrations via the rerun function was determined. The LDL 

of the test was 0. 1 giL (1.26 flmollL, 10 mg/dL). The expected values for normal 

measurement was 2.71-3 .9 1 giL (3 4.2-49.2 flmollL; 27 1-391 mg/dL) . 

3.9.7 Serum Folate and B12 

Serum vitam in B 12 and folate concentrations were measured using an 

electrochemiluminescence llnmunoassay (ECLlA) (Elecsys 20 I 0 Hitachi; Roche 

Diagnosti cs) (D ilshad el aI. , 2010 and Erhabor, 2013). Accord ing to the WHO folate cut off 

point a serum folate concentration of >20ng/ml (>45.3 nmoIlL), 6-20 ng/ml (1 3.5-45.3nmol), 

3-5 .9 ng/ml (6.8-13.4 nmollL) and concentration <3 ng/ml «6.8 nmol/L) are indicative of 

elevated, normal , moderate and severe folate deficiency (Gibson el ai. , 2008; WHO, 20 12). 

Samples with folate concentrations above the measuring range can be diluted w ith diluents 

un iversal. 

For analys is of vitamin B 12 the analyzer automatically calculates the analyte concentration of 

each sample (either in pmollL or pg/mL) . The normal measuring range for COBAS analyzer, 

197-866 pg/mL or 145.386-639.108 pmollL (defined by the LDL and the maximum of the 

master curve). Serum vitamin B 12 was cons idered as severe deficient when serum vitam in 

B I2 was < 150 pg/mL, moderate when lies between 150-200 pg/mL. 
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3.9.8 Serum C-reactive protein 

Various assay methods are ava ilable fo r CRP determination, such as nephe lometry and 

turbidimetry. The Roche CRP assay is based on the principle of partic le-enhanced 

immunologica l agglutination. In thi s study serum sample was used for co lorimetric 

determination of e Rr using the Nephelometry Assay method by Cobas Integra e 411 by 

using Liqu id, ready-to-use reagents (Kimberly el ai., 2003). In apparently healthy person's 

blood CRr levels are below 5 mglL, while in vari ous conditi ons thi s threshold is often 

exceeded w ithin four to e ight hours a fter an acute inflammatory event, with CRP va lues 

reaching approximately 20 to 500 mg/L (WHO, 2008) . The LOQ was determined using the 

result offuncti onal sensitivity testing. 

3.10 Statistical Analysis 

The data were coded and analyzed with the Statist ical analyses using SPSS (vers ion 20; SPSS 

Inc., Chicago, IL) so ft ware (Sherry and Ta numihardjo, 2002 and Dilshad ef ai. , 2010 ). 

Test of Normality 

Shapiro-Wilk test was used to test normality o f data. From the norm ality test, the p-value is 

<0.05, we reject the null hypothes is and conclude that the data comes from a normal 

distribution. The Pearson correlation coeffi cient was used to measures the strength of the 

linear relat ionship between normally di stributed va riables. 

Based on WHO and international guidelines, anaemia was defined as hemoglobin < 11.9 gldl, 

and 10 as ferritin < 12 ).lg/L and sTfR as >8.3 giL (Gibson, 2005). Serum fo late and vitamin 

B 12 de fi c iencies were defined as levels be low 3ng/ml and 150 pg/ml respect ively. Cutoff 

point for C RP and serum retinol were >5mg/L and <0.7).lmoIiL respective ly (Hamdy, Aleem 

and Shazly, 201 3). Descripti ve analyses o f percentages o f categorical variables was reported 

and p<0.05 at ().=0.05 denoted a stati st ically significant difference in all statist ica l 

comparisons. The results were expressed as mean ± SO. Correlat ion coefficients were 

determined by linear regress ion analysis (Rama ef ai., 2004, Sherry ef ai., 2002). To analyze 

the differences between groups, the independent student t test was used for continuous 

vari ables, among mild and moderate anaemic partic ipant and between second and third 

tr imester anaemic pregnant women. Pearson's correlati on was used to examine corre lation 

between hemoglobin and serum retinol concentrations (WHO, 2008). 
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4. Result and Discussion 

4.1 Result and Discussion 

4.1 Socio-demographic characteristics, Correlation and Regression analysis 

4.1.1 Socio-demographic characteristics: 

Socio-demography of mothers (n=206) attended ANC du ring the study period is presented in 

Table 4.1. The mean ± SD of gestational age was 23.3 ± 5.6 weeks, mean age of the pregnant 

women was 24.6±5.03. All of the study participants were Christians and 95.6% were married. 

Only 57.8% had their own latrine and 50% had forma l education . Based on the socio­

demographic data collected, 35 (17%) of pregnant women were infected with malaria at least 

once in the past two years. 

Table: 4. 1 Selected socio-demographic characteristics of the pregnant woman attending ANC 

Characteristics mean ±SD (N=206) (%) 

Age of Participant 24.6 ± 5.03 

15-19 82 39.8 

20-25 50 24.3 

26-30 52 25 .2 

3 1+ 22 10.7 

Marita l Status Marri ed 197 95.6 

Gestational Age 23.3 ± 5.6 
14-26wks (2"d) 137 66.5 

27-37 wks (3'd) 69 33.5 

Occupation Farmer 62 30.1 

House w ife 11 3 54.9 
Merchant 3 1 15 

Educational Status Illi terate 75 36.4 
Read and Write 28 13.6 
With formal education 103 50 

Owns Latrine 11 9 57.8 

Maternal under-nutrition diminishes a woman's productivity, causll1g repercussions for 

herse lf, her fami ly, her community, and the broader soc iety. Daba el al. , (20 13) showed that 

educational leve l, monthly income and nutrition information during pregnancy were 

ident ified as important predictors of knowledge of women on nutrition during pregnancy 

among the study parti c ipants. Due to the third trimester covers the 28lh week onwards till 
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delivery the severity of anaemia is directly proportional to the occurrence of complications in 

pregnancy. Etio logic pattern is often complex in second and third trimester. 

4.1.2 Pregnancy history and complications in the current pregnancy 

Based on the prevous pregnancy history only 1.9% had a delivery interval of less than 2 years 

and 91 (44.2%) was pregnant for the first time. More than one-third of the study parti c ipants 

(34.5%) had received information about nutrition (Table 4.2); and about 12.6% of 

participants had blood loss during previous pregnancy. 

Table 4.2: Maternal pregnancy history (N=206) 

Characteristics 

First pregnancy 

Previous deliveries 

Health Institution 

Home 

Information about Nutrition 

Blood Loss 

Interva l between babies 

<2 year 

>2 year 

Frequency % 

91 44.2 

50 

65 

71 

26 

2 

11 5 

24.3 

31.6 

34.5 

12.6 

1.9 

55.8 

Based on the previous pregnancy hi story delivery recorded in the interval between babies, 

correlation was only observed in use of contraceptive and history of blood loss with 

hemoglobin value. According to the study of Obse et ai., (2013) the magnitude of anaemia 

was determined and told that in decreasing gap between previous birth, increases the 

magnitude of anaemia. [n this finding there was no association between previous bilth and 

hemoglobin status. This might be due to all the participant ' s history of birth interval was 

greater than two years and the study respondents are from the similar status. 
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4.1.3 Complications related to the cnrrent pregnancy 

Table 4.3: Complications related to the cnrrent pregnancy (11=206) 

Frequency 

Characteristics t % 
Use of Contraceptive 126 6 1.2 

Iron or Folate Supplementation 
Iron Supplementation 251: 23 .6 

Iron-fo li c acid supp lementat ion 4q 39.4 

No Supplementation 38 36.5 

Sign of Sym ptoms 
Persistent swe lling of feet, hands or face 24 II. 7 

Increasing breathing, especially on 71 34.5 
routine activ ity 

Headaches 57 27.7 

Blurring of Vision 29 14. 1 

Fever temperature > 38°C 6 2.9 

High Colored urine in the past two 10 4.9 

weeks 
No Symptoms ') 4.4 

tdata in use of contraceptive include a ll the 206 pregnant women in 2nd and 3'" trimester 

t Out of I 04 none of pregnant women took IFA suppmentat ion more than one month. 

As shown in Table 4.3, 36.5% of study participants did not take any iron or iron-folic acid 

supplementation at al l. Hence, not more than one month; 63 .5% of the participants took either 

iron/iron-folic ac id supplementation. Increased breath ing, espec ia lly on ro utine activity 7 1 

(34.5%) and headaches 57 (27.7%) were the two lead ing sign of symptoms and 14.1% had 

blurred vision during current pregnancy. Anaemia during pregnancy has been attributed not 

only to increased iron requ irements duri ng the second and the th ird trimester of gestation, but 

a lso due to effects of physio log ical state as also decribed in study of pregnant women in 

Ugandan (Ba ingana et ai., 2014). 
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4.1.4 Dietary assessment and nut ri tional status of respondents 

Regarding food consumption and dietary pattern, 87.9% (n= 18 1) of the participants had at 

least three meals a day (Table 4.4). Few 5.3% missed their breakfast during fa sting period. 

Calcium and zinc rich foods such as fi sh, cabbage and eggs were consumed by 42.7% (n=88) 

of the study group. Animal source foods were consumed by less than half of the respondents. 

According to 'Gibsn et al., (2008) the study conducted in pregnant fanners of Sidama, 

Southern Ethiopia a high preva lence of prote in and zinc defic iency was observed and two­

th ird of pregnant women had anaem ia, in the area were no cellu lar an imal products 

consumed, 13% had iron deficiency anaem ia, 33% had depleted iron stores, and 27% had low 

plasma retinol. This study might have an advantage over the previous study but, due to a ll 

participants are from the same group (anaemic) still no correlation and any prediction was 

obta ined from the current data. 

Table 4.4: Reported food groups consumed during the period of current pregnancy 

(N=206) 

Characteristics Frequency % 
F requency of meals per day 

2 per day 25 12. 1 
3 per day 18 1 87.9 

Flesh foods 96 46.6 
Dairy 70 34 

Vitam in A rich foods 72 35 
Ca & Zn rich foods 88 42.7 

Level of Fasting 
Deprivation of an imal source food s except fi sh 30 14.6 

Deprivation of a ll animal source foods 32 15.5 

Deprivation of animal Source foods and no II 5.3 
breakfast 

No fasting 62 59.6 
Drink alcohol during pregnancy 51 24.8 
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4.1.5 Anaemia and micronutrient status of pregnant women: 

For comparison of each micronutririent status categorized by age; the mean±SD of serum 

retinol was low in the younger pregnant women, ( 1.40±1.94) than older pregnant women, 

(1.66± 1.96); where as the mean ± SD of serum ferritn and transferrin was low in the middle 

age of pregnant women betwe age of20-30 years. But, serum folic acid and CRP status were 

recorded lower in the older pregnant women . The study conducted by Kefiya lw et al., (2014) 

stated that the prevalence of anaem ia was hi gher in pregnant women in the age group of 18-

26. This might be due to the participant group in the study were inclusion of all status of 

pregnant women (anaemin & nn anaemin). In the current study prevalence of anaemia had 

comparative ly closer hemoglobin. One way ANOYA showed as significant difference in 

mean compari sons of vitamin B12. 

Accord ing to the present finding, severity of anaemia almost increases as the age of the 

respondent 's increases; this finding a lso supported by Obse et al., (2013). No stati st ica lly 

s ignificant difference was observed between serum retinol concentrations of moderately 

anaem ic compared to mildly anaem ic mothers. Pearson corre lation coefficients were 

significant between serum fo late and serum B 12 (r = 0.265 ; P = 0.015), the non significant 

difference between moderate and mild mothers regarding serum folate and B I2 

concentrations indicates that folic ac id deficiency and vitamin B 12 deficiency is not the only 

cause of anemia during pregnancy. 

Table 4.5 Micronutrient status of pregnant women by age category, one way ANOVA 

(n=104) 

15-19 yrs 20-25 yrs 26-30 yrs 

Mean + SD 

30+ yrs 

95% Confidence 

Interva l of the 

Difference 

P-value upper lower 
emoglobin H 

Se 
Se 
s1 
sF 
Se 
Se 

9.80 0.60 9.64 0.56 9.7 0.60 9.40 0.94 0.180 9.4 1 10.07 
rum Retino l 1.40 1.94 1. 74 1.92 1.8 2.32 1.66 1.96 0.952 0.32 2.46 
rum ferritin 28 .56 22.00 28.0 1 23 .62 33 22.20 34.62 30.00 0.736 16.40 40.74 
fR 6.01 3.7 1 5. 15 2.40 4.9 2.89 6.53 2.27 0.215 4.00 8.07 
A 8.4 1 3.72 7.70 4.00 7.6 2.83 6.09 2.97 0.340 6.35 10.46 
rum BI2 206.9 81.0 178.25 40.30 197 58.33 173 .0 36.65 0.006* 162.01 251.72 
rum CRP 5.08 1.86 4.35 1.52 4.6 1.81 3.82 0.84 0.302 4.05 6. 11 

* The mean difference IS slglllficant at the p", 0.05 
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4.1.6 Prevalence of micronutrient deficiencies among pregnant women attending ANC 

The mean hemoglobi n val ue was 10.S± 1.2 gldL. Mean ± SD value of serum ferritin , 

transferr in, retinol, folate, B 12 and CRP was noted to be 30.3±23 .6 (/l g/L), S.4±2.8 (gi L), 

1.7±2.0 (J.lITI o I/L), 7.6±3.S (ng/mL), 187.4 ± S3.7 (pg/mL) and 4.S± I.6 (mgfL), respectively. 

The preva lence micronutri ents was 34 (32 .7%) due to ferrit in <12/lg/L, 23 (22. 1%) cl ue to 

transferr in >8.3g/L, 42 (40.4%) due to V AD based on serum retinol<0.7J.unoI/ L, 28 (26.9%) 

due to vitamin B 12 defi c iency based on serum B 12< ISOpg/mL, and in 29 (27.9%) due to 

FAD based on serum fo late <6.8ng/mL and 24 (23.08% ) had acute inflammation based on 

the serum CRP~ SmglL. Th is study was agreed with deficiency of vitamin B 12 de fi c iency 

that conducted in southern Ethiopia by Gibson et 01. , (2008) and in Nepal (B handa ri and 

Banjara, 20 IS). 

TABLE 4.6: Preva lence of micronutr ient deficiencies among a naemic pregnant women 

a ttendin g (N=104) 

Parameter N % Mean + SD 

Altitude adjusted Hb 206 10.S± 1.2 

I-I b « 10.9g/dL) 9.7±0.66 

Serum ferr iti n 104 30.3±23.6 

IDA for sf< 12 /lg/L) 34 32.7 

Serum Transferr in 104 5.4±2.8 

IDA fo r sTfR >8.3g/L) 23 22.1 

Serum Retino l 206 1.69±2.03 

VAD « 0.h1l110lfL) 42 40.4 

Seru m Fo l ic ac id 104 7.6±3.S 

FAD «6.8ng/ml) 29 27.9 

Serum Vitamin BI2 I 87.4±53.7 

Vit B I2 deficiency « ISOpg/mL) 28 26.9 

Serum CRP 4.S± 1.6 

Presence o f inflammation CRP (>S .OmglL) 24 23 .1 

Hb: hemoglobi n, IDA: iron deficiency anaemia, VA D: vi tam in A de fi cient; FAD: fo lic acid defi cient 
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4.1.7 The comparisons of the micronutrients status of among moderate and mild 

anaemic pregnant women 

The mean micronutrient statu s of pregnant women categorized by the severi ty of anemia 

(mild or moderate) is presented in table 4 .7. Except fo r serum transferrin , no stati stica lly 

signi fica nt di fference was observed between mild and moderate anaemic pregnant wo men. 

Table 4.7: M icronutrient status of pr egnant women with mild and moderate anaemia 

(N=104) 

Types of anaemia 95% CI of the 
Moderate M ild differe nce 

N Mean+SD N Mean + SO [,-va lue lower upper 
Serum Retinol 59 1. 5±2.0 45 1.9±2.1 0.276 -1.232 0.356 
Serum ferritin 59 30.1±23.9 45 30.6±23.5 0.906 -0 .986 8.746 
Serum transferrin 59 5.9±2.9 45 4 7±2.4 0.029' 0.11 9 2.2 1 
Serum FA 59 7.9±37 45 7.2±3.4 0.296 -0.653 2. 122 
Serum B 12 59 I 78 .8±46.5 45 I 98.6±60.5 0.072 -4 1.41 1.838 
Serum CRP 59 4.5±1.7 45 4.4±1.5 0.642 -0.487 0.786 

• The mean diffe rence is sign ificant at the ps 0.05 

4.1.8 Comparisons of the micronutrients status among second and third trimester 

anaemic pregnant women 

A comparison of the micronutrient status of the pregnant women by GA is presented in Ta ble 

4.8. Except for CRP values, no signi fica nt difference in seru m micron utrient composition was 

observed between the second and the third trimester. Infection/ inflammation as indicated by 

elevated CRP values was higher in the third trimester. In the severity of anaemia categoriz ing 

in GA the severity of anaemia was high in the third trimester in whi ch thi s data was agreed 

and su pported by Obse et al., (20 (3) aga in. 

From the study conducted by Alene and Dohe (201 4) in eastern Ethiopia pregnant women in 

the second and third trimesters were more li ke ly to be affected by anaemia as compared to 

pregnant women in the first trimester of which was supported by thi s study. Because 

exc luding the first pregnancy was causes to increase prevalence of anaemia to be high 

(68.3%); aga in supported by Gebremedhin el aI., (20 14). 
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Table 4.8: Micronutrient status of pregnant women between second and third trimester 

anaemic women (N=104) 

14-26wks (2nd 14-26wks (3rd 95% CI of the 

Gestational Age trimester, N=74) trimester, N=30) Difference 

Mean + SD p-a lue Lower ~ 

Hemoglob in 9.64+0.65 9.65+0.6 0.900 -0.29 0.25 

Serum Retino l 1.6+2.0 1.9+2. 1 0.514 -1.16 0.59 

Serum ferritin 30.6+22.64 29.5+26.2 0.834 -9.09 11 .25 

Serum Transferrin 5.0+2.3 6.2+3.64 0. 11 5 -2.60 0.293 

Serum Fo lic acid 8.0+3.6 6.7+3.3 0.105 -.263 2.75 

Serum Vitamin B 12 182.3+45.54 200+69. 1 0.206 -45.28 10.07 

Serum CRP 4.2+ 1.4 5.0+2.0 .050' - 1.60 .00000 

• The mean difference is significant at the p:s 0.05 

4.1.9 Prevalence of IDA (based on Ferritin and Transferrin), vitamin A, folate and 

vitamin B12 and C-reactive protein of pregnant women attending ANC 

Among the anaemic pregnant women (n= 104), - 7 1 % were in the second trimester, whereas 

29 % were in their third trimester of pregnancy. From the 2nd and 3'd trimester pregnant 

women more than half, 55% and 60 % respectively were moderate ly anaemic (Table 4.9). 

About 42 % of the pregnant women had some form of mild (19 .8 %) or moderate (2 1.8 %) 

VAD (serum reti nol < 0.7moIlL). About one-third of the anaemic pregnant women were 

IDA, 32.7% of which were severe, 3 1.7 % were first stage iron depletion , and 18.3 % are 

second stage of iron depletion. Based on serum transferrin only 20 (19.3%) were anaemic. 

Folate and B 12 was severe in 18 and 28 women, possible deficiency in II and 46, ancl 74 and 

30 women had normal range respectively. But, 24 (34%) had high inflammation based on 

serum CRP. 

M icronutrient deficiency, a lso known as "hidden hunger", because it is less visible to the 

naked eye, is an add itiona l, yet related issue in Ethiopia. Regarding the infection of pregnant 

women based on serum CRP the preva lence of infl ammation was very hi gh in compari son to 

study conducted by Gibson et aI. , (2008) in southern Ethiopia. In a study conducted by 

Baingana el al. , (2008) in Uganda similar result was reported. Accord ing to the Baingana el 

al. , (2008) CRP concentration was markedly ra ised and nearly the two-thi rd of the women 
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had elevated CRP. In Ma lawi also the same result was recorded whic h agreed with the 

finding of the present study (Van den Broek and Letsky, 2008). The contrad iction of findings 

with Gibson et al., (2008) might be due differences in study partic ipants (only anaemic 

pregnant included in this study). 

Table 4.9: Preva lence of IDA (based on Ferritin and Transferrin), vitamin A, fo late and 

vitamin B12 and C-reactive protein of pregnant women attending ANC 

Modera te M ild a naemia 
Sub anaemia, Hb<9.9 Hb<lO.9 (N=4S} 

Tot. Tota l Sum % % % 

GA' 206 74 14-26wks 71. 15 4 1(69.5) 33(73.3) 

30 27-37wks 28.85 18(30.5) 1(26.7) 

Reti nol 104 20 Severe 19.23 15(14.4) 5(4.8) 

22 Mild 21.1 5 14(13.5) 8(7.7) 

62 ND 59.62 30(28.9) 32(30.8) 
IDA 104 34 SF<12 32.69 20( 19.3) 14( 13.5) 
based on 33 SF 30-50 3 1.73 18( 17.3) 15( 14.4) 
SF 19 SF12-30 18.27 11(10.6) 8(7.7) 

18 SF 50- 150 17.3 1 10(9.6) 8(7.7) 

STRf \04 84 sTRf<8.3 80.77 43(41.4) 4 1(39.4) 

20 sTRf>8.3 19.23 16(1 5.4) 4(3.8) 

FA 18 Severe 17.31 8(7.7) 10(9.6) 
I I Possib le 10.58 5(4.8) 6(5 .8) 

74 Normal 71. 15 45(43.3) 29(27.9) 

B I2 104 28 Severe 26.92 18(30.5) 10(9.6) 

46 Moderate 44.23 29(27.9) 17( 16.4) 

30 Normal 28.85 12( 11.5) 18( 17.3) 

CRP 104 80 sCRP<5 76.92 47(45 .2) 33(3 1.7) 

24 sCRP>5 23.08 12( 11.5) 12( 11.5) 

NO: Non deficient, 14-26wks - second tr imester; 27-37wks - third trimester 

*Gestationa age data included for a ll the 206 partic ipants 

4.1.10 Micronutrient inter rela tions 

The Pearson corre lat ion (Tab le 4. 10) showed a sign ifica nt pos itive assoc iation between serum 

retino l and hemoglobin va lue (r=0.232; p=O.O 18). There was also a signi ficant negative 

assoc iation between the age of a women and IFA sup lementation (r=-0.208; p=0.034) . The 

negative association of age of women and iron foli c ac id supplementation may indicates that 

the older women awareness of IF A supplementation was low compared with the younger 

women.On the other hand, serum CRP was pos it ive ly correlated with vitamin B 12 (1'=0.263; 

p=0.007) . 
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Table 4 10: Correlat ion of selected socio demographic characteristics and biochemical analysis (N= I 04) value (r= -0.260*; p=0.047); 

Correlations 
Age GA IFA Milk Hemogl Ser. 

Supple ~bin retinol 

Age of r I .086 
woman Sig. (2-tailed) .386 

GA 
R .086 I 
Sig. (2-tailed) .386 

IFA R -.208 -.070 

Supplementati S' (2 '1 d) .034 .483 Ig. -tal e 
on 
Milk and its R -.067 .021 
Product Sig. (2-tailed) .497 .835 
Adjusted R -0.260* .067 
Hemoglob in Sig. (2-tailed) 0.047 .497 

Serum reti nol ~ (2 '1 d) 
.038 .087 

Ig. -tal e .700 .378 

S fi" R .075 -.082 
erum erntlO S' (2 '1 d) .446 .405 Ig. -tal e 

Serum R .015 .117 
Transferrin Sig. (2-tailed) .884 .238 
Serum Folic R -.098 -.147 
acid Sig. (2-tailed) .322 .136 
Serum R .001 .174 
Vitamin B I2 

Sig. (2-tailed) .990 .077 

r -.142 .175 
Serum CRP 

Sig. (2-tailed) .150 .075 
*. Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.0 1 level (2-tailed). 

-.208 -.067 -0.260* .038 

.034 .497 0.047 .700 
-.070 .021 .067 .087 
.483 .835 .497 .378 

I .272 .195 .107 

.005 .048 .278 

.272 1 . 119 .051 
.005 .228 .608 

.195 .11 9 I 0.232* 
.048 .228 0.018 
.107 .05 1 0.232* I 
.278 .608 0.018 
.135 -.050 .063 -.023 
.171 .61 4 .523 .820 

-.022 -.0 14 -.304 .01 2 
.822 .888 .002 .902 
.156 -.064 .007 .055 
.114 .517 .945 .576 

-.140 -.110 .087 .109 

.155 .264 .381 .269 

-.033 -.105 -.025 -.031 

.737 .288 .802 .753 

Serum sTfR Seru m Serum Serum 
ferri tin FA BI2 CRP 

.075 .015 -.098 .001 -.142 

.446 .884 .322 .990 .150 
-.082 .117 -.147 .174 .175 
.405 .238 .136 .077 .075 
.135 -.022 .156 -.140 -.033 

.171 .822 .114 .155 .737 

-.050 -.014 -.064 -.110 -.105 
.614 .888 .517 .264 .288 
.063 -.304 .007 .087 -.025 
.523 .002 .945 .381 .802 

-.023 .012 .055 .109 -.031 
.820 .902 .576 .269 .753 

I -.048 .011 -.090 -.180 
.630 .910 .364 .067 

-.048 I -.054 .189 .141 
.630 .587 .055 .154 
.0 II -.054 I -.137 -.093 
.910 .587 .165 .348 

-.090 .189 -.137 I .263 

.364 .055 .165 .007 

-. 180 .141 -.093 .263 I 

.067 .154 .348 .007 

46 



Table 4. ll a: Correlation analys is of biochemical test with severity of anaemia 

Type of severity Moderate (N~59) 

Hb Retinol Frt sTfr 

r/p- r/p- r/p-

Variables (n) rip-value value val ue value 

Adjusted Hb 0.115 0. 131 -0.241 

10.385 0.327 0.067 

Serum Ret ino l -0.0401 0.1 131 

0.766 0.393 

Serum frT -0.1061 

0.424 

Serum Trs f 

Serum FA 

Serum V itamin 

BI2 resul t 

'Correlat ion is signifi cant at the 0.05 level (2-tailed) 

"Correlation is significant at the 0.0 1 level (2-tail ed) 

FA 

r/p-

value 

0.1451 

0.274 

-0.0831 

0.532 

0.0331 

0.805 

-0 .1181 

0.375 

BI2 CRP Hb 

rip- r/p- r/p-

value value value 

-0.1071 -0.0431 

0.422 0.749 

0.0841 0.0571 

0.527 0.668 

-0.1341 -0.921 

0.310 0.145 

0.472" 0.310' 

10.000 10.017 

-0.2441 -0.0741 

0.062 0.579 

0.322' 

10.013 

Mild (N~45) 

Retinol Frt sTfr 

r/p- r/p-

value value rip-value 

0. 151 -0.70 -0.229 

10.32 1 0.647 10.129 

-0.004 -0.083 

10.98 10.586 

0.050 

10.743 

Hb~ Hemoglobin value (gldL), Ret i nol~ Serum retinol in (,"moIlL), Frt~ Serum ferrit in, sTfp serum transferrin, FA~ Folic acid 

FA B I2 CRP 

r/p- r/p- r/p-

value value value 

0.070 -0.0 10 0.242 

10.649 0.947 10.1 1 

0.273 0.100 -0.1 47 

10.07 0.512 10.335 

-0.017 -0.053 -0.1 62 

10.913 0.727 10.289 

-0.009 -0.040 -0 .185 

10.953 10.792 10.223 

0.010 -0.138 

10.948 10.366 

0.237 

0.118 
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Table 4.11 b: Correlation analysis of selected socio-demographic with severity of anaemia 

Type of seve"ity Moderate 

Hb% Retinol Frt sTfr 

Vari ables (n) r/p- r/p- r/p-
rip-value value value value 

Age of woman -0.260' 0.173 -0.047 -0.033 

10.047 10. 191 10.722 10.815 

GA 0.145 0. 160 -0 .173 0.202 
10.272 10.226 0.191 10.124 

del ivery place 0.363** -0.014 -0 .065 0.1 38 

10.005 10.917 10.627 10.296 

IFA 0.339** 0.078 0.240 0.112 
10.009 10.557 10.067 10.40 

Animal Product 0.119 -0.052 -0.038 -0.040 
10.371 10.698 0.774 0.763 

Vitamin A rich -0.01 1 -0. 188 -0.038 0.017 

food 10.932 10.155 10.775 10.592 

Level of Fasting -0.459" -0.075 0. 124 0.081 

10.000 10.574 10.349 -0.542 

Infection of -0.209 -0.049 0.069 0.1 57 

Malaria 10.113 10.712 10.604 0.236 

Blood Loss -0.242 0.03 1 -0.260' 0.026 
10.065 10.8 15 10.047 10.846 

'Correlation is significant at the 0.05 level (2-tailed) 

'*Correlation is significant at the 0.01 level (2- tailed) 

FA B I2 CRP Hb Retinol Frt 

r/p- r/p- r/p- r/p- r/p- r/p-
value value value value value value 

0.161 -0.075 -0.10 -0.057 -0.137 0.242 

10.222 10.572 10.223 10.710 10.369 0.109 
-0.133 0.065 0.045 0.069 0.005 0.032 
10.314 10.624 10.736 0.653 0.973 10.836 

0.049 -0.168 -0.008 -0 .133 -0.0 14 -0.210 

10.712 10.202 10.953 0.384 0.930 10.166 

0.310' -0.228 -0.036 -0.Q48 0.1 35 -0.006 
10.017 10.083 0.788 10.754 10.377 10.970 

-0.156 -0.40 0.010 -0.028 -0.236 0.118 

10.239 10.711 0.939 10.856 10. 118 10.440 

0.067 0. 126 0.141 -0.096 0.078 0.105 

10.617 10.3 19 10.288 10.529 10.608 10.493 

0.127 -0.187 0.019 -0.186 0.014 0.171 

/0.336 0.155 10.886 0.222 0.927 0.261 

-0.131 -0.003 -0.31 3 -0.223 -0.104 0.101 

/0.323 10.982 10.0 16 10.141 10.496 0.507 

- 0.072 -0.080 0.192 0.024 -0.192 -0.044 

10.5 86 10.545 10.145 10.874 10.206 10.773 

Mild 

sTfr 

rip-value 

0.096 

10.529 
-0.013 

10.933 

0.003 
0.984 

-0.2 13 
10. 161 

-0.012 
10.940 

-0.276 
10.067 
-0.275 

10.067 
0. 180 
10.237 

0.101 
10.51 1 

Hb~ Hemoglobin value (g/dL), Retinol ~ Serum relinol in (~mol/L), Frt~ Serum ferritin, sT fp serum transferrin, FA~ Folic acid 

FA BI2 CRP 

r/p- r/p-
value value rip-value 

-0.006 0.075 -0.1 13 

10.970 0.623 0.462 
-0.173 0.292 0.360' 
0.257 10.051 10.01 5 

-0.255 -0.008 -0.303* 
0.09 1 10.96 1 10.043 

-0.048 -0.077 -0.025 
10.753 0.61 3 10.872 

0.228 0.096 0.167 
10. 132 10.532 10.273 

0.176 -0.141 -0 .11 7 

10.247 10.357 0.443 

0.036 0.116 -0 .020 
10.8 16 10.449 10.899 

-0.037 -0.407* -0.564** 

10.808 0.005 0.000 

0. 15 1 -0.0 13 0.132 

10.323 10.933 10.388 
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In the Tab le 4.12a and 4. 12b the corre lation analys is of selected socio-demograph ic with prevalence of anaemia w ith adequate iron store 

(anaem ic only based on Hb value) as a dependent variable there are not a significant correlation between se lected socio demographic data and 

biochemica l analysis in both IDA with and without considering the val ues of serum ferritin. 

Table 4.l 2a Correlation analys is of biochemical test with prevalence of IDA 

Iron biomarker Non IDA IDA 

Hb Retinol Frt sTfr FA B12 CRr Hb Retinol Frt sTfr FA B12 CRr 

r/p- r/p- r/p- r/p- r/p- r/p- r/p- r/p- r/p-

rip-va lue value value value rip-value va lue rip-va lue value value value rIp-value val ue value rIp-va lue 

Adj usted I-Ib 0. 158 0.05 1 -0. 112 0.067 0.168 0.005 0. 164 -0.512 -0.522** -0.074 -0.083 -0.049 

10. 188 10.674 10.354 10.576 10. 162 10.965 10.362 10.002 10.002 10.682 10.645 10.788 

Serum Retinol 0.010 -0.065 0. 108 0. 144 -0.084 0.328 0.087 -0.025 0.043 0.035 

10.934 10.589 10.372 0.230 10.484 10.063 10.631 0.89 1 10.8 13 10.845 

Serum frT 0.176 0.008 -0. 173 -0.200 0.273 0.174 -0.111 -0. 164 

10. 141 10.950 10 .1 49 10.094 10.124 10.334 10.538 10.3 62 

Serum Trsf 0.008 0.112 -0.144 -0.137 0.438** 0.467** 

10.950 10.351 10.230 10.447 10.0 11 10.006 

Serum FA -0.065 -0.082 -0.309 -0. 109 

10.589 10.499 10.080 0.547 

Serum Vitamin B 12 0.127 0.604* ' 

result 10.291 0.000 

'Correlation is significant at the 0.05 level (2-tai led) 

"Correlation is significant at the 0.01 level (2-tai led) 

Hb= Hemoglobin val ue (gldL), Retinol= Serum retinol in (flmolfL), Frt= Serum ferritin, sTfr= serum transferrin, FA= Folic acid 
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Table 4.l2b Correlation analysis of selected socio-demographic with prevalence of IDA 

[ron biomarker Anemic with adeq uate iron store (n= 58) IDA (n=45 ) 
Hb Retinol Frt sHr FA B12 CRr Hb Retinol Frt sHr FA B12 CRr 

r/p- r/p- ri p- r/p- r/p- r/p- r/p- r/p- ri p-
rIp-va lue value val ue val ue rIp-value value rIp-value value va lue value rip-value value value rIp-value 

Age of woman 0.04 1 0.006 -0.025 -0.056 -0.145 0.024 -0.058 -.423** 0.122 0.410* 0.228 -0.025 -0.089 -0.252 
10.733 10.958 10.836 10.645 10.228 10.844 0.632 10.014 10.499 10.0 18 10.203 10.889 10.623 0.158 

GA 0.154 0.043 0.0 17 0.043 -0.054 0. 189 0.054 -0.051 0.1 61 -0.093 0. 151 -0.341 0.178 0.384* 
10.20 1 10.725 0.885 10.722 10.652 10.115 10.657 10.778 10.37 1 10.606 10.402 10.052 10.321 10.027 

d~livcry place 0.1 04 0.000 0.058 0.016 0.033 -0.111 -0. 186 0.307 -0.104 -0.090 0.0 16 -0.296 0.029 -0.111 
10.389 0.998 10.629 10.894 10.782 0.359 0. 120 10.082 10.564 10.6 17 0.931 10.095 10.873 0.539 

IFA 0.115 0.133 0.224 -0.055 0.185 -0.1 17 -0.047 0.319 0.061 -0.027 0.0 15 0.1 10 -0.202 -0.0 16 
0.339 10.269 10.06 1 0.646 10.123 10.33 1 10.696 10.070 10.737 10.88 1 10.936 10.543 10.260 10.93 1 

Animal Product 
0.275* -0.043 0.045 -0. 108 0.079 0.067 0.092 0.013 -0.249 -0.276 0.0 12 -0.173 0.013 0.023 
10.020 10.724 10.7 12 0.370 0.5 IS 10.580 10.447 10.942 10. 162 10.120 10.947 10.337 10.941 10.899 

Vitamin A rich food 0.051 -0.051 0.048 -0. 190 0.208 -0.083 0.009 -0.094 -0.104 -0.099 0. 126 -0.063 0.22 1 0.081 
10.673 10.676 10.694 10. 11 2 10.082 10.492 10.938 10.60 1 10.563 10.584 10.485 10.728 10.2 17 10.653 

Level of Fasting 0.356** 0.011 0.285* -0.08 1 0.202 -0.0 11 -0.001 0.31 3 -0.093 -0.062 -0.162 -0.17 1 0.015 -0.030 
0.002 10.927 0.0 16 10.500 10.091 10.929 10.992 10.076 10.606 10.731 0.367 10.341 10.935 10.867 

Infection of Malaria -
-0.244* -0.187 0.196 0.168 -0.005 0.366** -0.473** -0.300 0.10 1 0.185 0.207 -0. 186 0.09 1 -0.335 

0.04 1 10.117 10. 101 10.162 10.970 0.002 10.000 10090 10.576 10.303 10.249 10.30 1 10.6 16 10.057 

Blood Loss -0.1 34 -0.059 -0. 127 -0.70 0.090 -0.078 0. 168 -0.302 -0. 177 0.010 0.265 -0.043 -0.010 0.146 

10.267 10.626 10.290 10.562 10.454 10.520 10. 162 10.088 10.326 10.956 10. 136 10.8 12 10.954 10.418 

'Correlation is signifi cant at the 0.05 level (2-talied) 

*'Correlation is s ign ificant at the 0.01 level (2-ta il ed) 

Hb= Hemoglobin value (gldL), Ret inol= Serum retinol in (flmoI /L), Frt= Serum ferritin, sTfr= serum transferrin, FA= Folic acid 
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4.1.11 Correlation and regression analysis of Hb, VAD and 812 

Logistic regression analysis was used to assess association between hemoglobin and retinol. 

Regress ion analysis of serum retinol with altitude adj usted hemoglobin provided the equation of 

Hb=9.56l+0.048(Retinol), with test of slope 95% CI of the diference. This regression equation 

tells that by assuming the other variable constant an increase of I flmollL in the retinol 

concentration was significantly associated with an increase of 0.048 gil haemoglobin. Again in 

moderate ly anaemic pregnant women there was a corre lation between serum transferrin and 

vitamin B 12. There was also a negative corre lation between age of women and hemoglobin 

value (r= -0.260*; p=0.047); where as there was a positive correlation between IFA 

supplementation and Hb. This show that iron and FAD might be the causes for depletion of Hb. 

Surpri singly that there was a positive correlation between IFA supplementation and serum fo lic 

acid. Hemoglobin was associated with vitamin A according to study conducted in Wolay ita, 

Southern Ethiopia (I-liwot el al., 2014). And the same result was found by Geremedhin el al., 

(20 14). 

Factors affecting and predictors in severity of anaemia 

From the correlation analysis of serum transferrin and serum FA with other biochemical analys is 

is presented in Table 4.13a and Table 4. 13b. Positive correlation was found between serum 

transferrin and serum BI2 (r=0.472; p=O.OOO); again between serum CRP and serum BI2 

(1= 0.322; p=0.013) in moderately anaemic pregnant women. Gebremedhin el ai., (20 14) found 

that from the interaction of micronutrients in associating with Hb value synergistic interactions 

were not witnessed across the vitamin A and !D. This was supported by this study. According to 

Gebremedhin el ai., (20 14) in level indicates infection/inflammation only 8.4% of the pregnant 

women had elevated serum CRP (CRP:::6mg/I). This study was agreed with the interaction 

between iron and vitamin A but, there was contradicted discussion regarding inflammation. This 

might be due to variation in cutoff points. A previous study shows that high prevalence of 

anaemia: IDA and ID amongst women aged 31-35 years and involvement of women in income 

generating activities was associated with reduced ri sk of anaemia. 
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Table 4.13a: Correlation analysis of serum transferrin and other biochemical analysis 

Variables Transferrin Moderate Mild 

N Pearson's r p-value N Pearson's r p-value 
Hemoglobin 59 -.240 .067 45 -.229 .129 

Serum Folic acid 59 -.118 .375 45 -.009 .953 

Serum Vitamin B I2 59 0.472' .000 45 -.040 .792 
Serum CRP 59 0.310' .017 45 -.185 .223 

*. Correlation is significant at the 0.05 level (2-tailed). 
Table 4.13b: Correlation analysis of serum FA and other biochemical analysis 

Variables Serum FA Moderate Mil d 

N Pearson's r p-value N Pearson's r p-value 
Serum Vitamin B 12 59 -.244 .062 45 .0 10 .948 

Serum CRP 59 -.074 .579 45 -.138 .366 

Serum B 12 
Serum CRP 59 .322' .013 45 .237 .118 

*. Correlation is significant at the 0.05 level (2 

Among up to date finding conducted in the southern Ethiopia by Gibson el al., (2008) showed 

that none of the biochemical indices of fo late or vitamin B-12 status, plasma retinol were 

significant predictors of hemoglobin concentrations. This finding was not supported by this 

study. This might be due to frequently consumption of folate rich fermented enset in southern 

Ethiopia. Because in Sidama Zone of Southern Ethiopia, maize (Zea mays L.) and fermented 

enset (Enset venlricosum) products are the major staple foods, contributing up to 90% of energy. 

In the current study the older the woman had the least hemoglobin (9.40±0.94), serum folate 

(6.09±2.97) and CRP (3.8±0.8) but relatively had higher serum retinol (1.66±1.96), ferritin 

(34.6±30.0), transferrin (6.53±2.3). 

4.3 Limitation of the study 

This study has a few limitations, first, the nature of the study being a cross-sectional study 

design; it does not show risk factors in detail. Second, it is a hospital based study with a 

relatively small sample size. Lack of comparison group (aneamic with non anaemic). The 

pregnancy complications such as hypertension, blood sugar level and urinary albumin was not 

determined; even that study participants were not recalled their complications such as 

hypertension, blood sugar level and urinary albumin and no fu rther interpretation of analysis was 

done in such compl ication factors. The current status of the mother somewhere else than Ambo 
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health centers and Ambo hospital was not included. And lack of anthropometric measurement of 

participants and their infants' are also other limitation. 

5. Conclusions and Recommendation 

5.1 Conclusion 

In conclusion, this study helped us to understand the association between the level of anaemia 

and the biosocial factors. Women in developing countries have a high prevalence of ID but also 

tend to be deficient in other micro nutrients such as zinc, Iodine, Vitamin A, C, B 12, folate. The 

current study has several advantages over previous Ethiopian studies that examined 

micronutrient status during pregnancy including study area. 

The prevalence of anaemia among third trimester anaemic pregnant women 111 this study 

compared with second trimester anaemic pregnant women was high. Hemoglobin va lues were 

found to be significantly associated with serum retinol positively. Study participants had high 

inflammation/infection based on serum CRP>5mgll. Not only hemoglobin mean concentration of 

other micronutrients comparison between older and younger the older pregnant women were 

observed more deficient almost in all micronutrients than younger women. The high prevalence 

of vitamin B 12 deficiency more than expected might be due to less amount of B 12 required and 

the supplementation of folic acid which causes to increase in B 12 because they have the 

interrelation between them. The present study has shown that clinical study of micronutrients 

iron biomarkers and vitamins defici ency is a hidden risk for pregnant women especially in 

second and third trimester. 

5.2 Recommendation 

The necess ity for vitamin B12 supplementation needs to be confirmed with prospective 

randomized trial s from different regions of our country before the introduction of a fOl1ificalion 

program for prevention of neural tube defect. According to Baingana el ai., (20 14) the recent 

development of ana lytical methods for analysis of hepcidin in biological samples has provided 

an 0ppo11unity to include hepcidin as a novel biomarker refl ecting iron status and to that 

hepcidin concentration was positively correlated with ferritin and this test was recommended to 

be included in the future research. Further research on risk factors of anaemia, which include 

rural residents, should be conducted to strengthen and broaden these findings. 
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Appendix: A 

Table 1: SI unit, Conversion factors and alternative units of analyte 

Analyte Normal SI unit Convel'sion factor Alternative unit 
Range 

Hemoglobin concentration giL 

Retinol flmollL flmollL x 0.286 mglL 

Serum folate nmollL x 0.441 flglL 

Serum vitamin B 12 pmollL x 1.357 ng/L 

Ferritin 15-150 flg/L flglL x 2.247 = pmollL pmollL 
flglL 

fl mollL 445000 flmo llL x = 
ng/mL, 

nghnL=~lg/L 

~lg/L = nglmL, 

Transferrin 2.71-3.9 1 gIL mg/dL x om - gIL, giL mg/dL 
gIL x 100 = mg/dL, giL x 

flmollL flmollL 12.6 = flmollL flmol/L x 
0.0796 = giL). 0.0796 = gIL). 

Serum Folate 8.6-37.0 ng/mL nmollL x 0.44 = ng/mL, nmollL 
ng/mL ng/mL x 2.27 = nmollL. 

ng/mL 

Serum BI2 150-200 pglmL pmol/L x 1.36 - pglmL pmollL 
pg/mL and pg/mL x 0.738 = 

pmollL pg/mL 

C-reactive protein <6.8 1 mg/L mglL x 9.52 = nmollL, mglL 
mg/L mgldL x 95.2 = nmollL, 

nmollL, mglL x 0.1 = mg/dL, 
mg/dL x 10 = mglL, mg/dL 
mgldL x 0.01 = gIL and 
gIL x 100 = mg/dL. giL 

Source: Sonja Nicholson, Kahe Dearnley, Birgit Teucher and Alison Lennox (2008 /2009 -

2009110) . National Diet and Nutrition Survey Head line results from Years I and 2 (combined) of 

the Rolling Programme 
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Appendix: B 

Ethical clearance from AAU College of Natural Science Ethics review Board 

COLLEGE OF N ATURAL SCIENCES 

Ad di s Ababa University 

O FF ICE OF THE DEAN 

P1't'l' C "I ~ )~ I·n. k 
~ .II. h hn ~ un Cfl. t 

Ref: 
"'I' r: ' CNSDO/216/07/15 
Date: 
.." January 13, 2015 

To Whom It May Concern 

The Ethical Committee of the College of Natural Sciences in its meeting held on 
22/12/2015 (Minutes No,12l has examined the project entitled ''Vitamin a, 812, 
Fol ate and Hemoglobin Status of Third T rimester Pregnant Women Attending 
Care" by Teshome Bekele (Depaltment of Center for food Science and Nutrition l for 

ethical approval. 

The proposal is approved for implementation. The decision will remain valid untIl 

December 21, 2015, 

With regards, 

• RERC Minutes 

/"AJ"t.l . • 15J-11· l1 J- 94 7J 
~1I1tf.rw '15J· J J 113-9459 

"""'1.tJ.'OIk .. , IJ 16 "'dill Abollo, fIll "pl(l 
A "'1.d,f"w;r, dro" clIJpoa" o>d,," 

Plrfll. qllo!r "u, ' ~fr:'r:/I't! n"",brr In ¥<1M rorr.spornJrnr. -
"!xam/n, ell {hI"rt!, hold lOll !hell w hich .. goOf!" . 

I 
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Appendix: C 

Ethics Review Board attachment of minute 

Professor Nc~ussje Rcta 
Dean, College of Natural Sciences 
Addis I\lxlba [Jnive rsi ty 

Jan llury 08, 2015 

Subj ec t Cullege RCSClln~h Et hics Rc" j(,w 11nanJ (II{U) Decisio n 

Ocnr Professor l'\cgllssic, 
The College IRB in its meeting on Dccc rnbt:r 22, 2014 has cvalualt:d n.:scarch propl)sals by Ihe 
foJ['l\\ ing principa l investigators :.lIld approved lor implementation. 

I. Dcjcnc Gctachcw 
2. Destllw D:lmlic 
3. Gctachcw Kebede 
4. Iladra Ali 
5. So lomon l3alcmi 
6. Teshomc lickclc 

Fncloscd please find Minutes of IRIJ Meeting. 

With best I"\.:gards, 

~ 
Ilassen Mamo (PhD) 

cc I . Dcjene Getachcw 
2. Dc-slaw Damtic 
3. Gctachc~cbcdc 
.. L J ladra I\l j 

5. Solomon nalcrni 

./ > 6. Teshome Bekelc 
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Appendix: D 

Letter of support from Ambo Hospital 

• • 

M~ nL:ht'l· )\'~;!'I'l1l' l 'nUl' ·t·u~~, -t-lfuu 1111'[\ nft.t.t,h hli ll \!~.ril~!\:t ll!f1"'Hl ... .e."II'lIj' 

~,~·Hi1."l Il'lilhl) IIlIl r'i!flww IlI'an"'ljm· nll'H.'\' \')"Gill'i IlL i1t\tJrnn DlIU~ h'l-'hl 

\,llIlYJ! I; 'I, )..1j·Pf· \lii~;I,Lnl."r 1\.1 n.1 2I 1:. l'l.t hi, \J,P.'. mJ~tI f'lr.'f"t ,1111'7.,\'+" n'"l.t'l 

r.M! 1\,1..', \lUUlIlli.'i!.\' I'lll·!io R':Jli- h·~Jt~CI I'[ ~: tu· fI ,IHJ.lm 'II' I'I! QM'F'/42 1/D/2 11'1'''1 

01/04/01 \')!';l-. JHI,P,n. h'Ufif'I' In 'I'H' I;;I)TtP!.l : : 
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Appendix: E 

Letter of Support from Zonal Health Bureau 

~-'.f'-- . .... ~~~I.~j 
\" ... E OF , I •. ··I~"'·7iifto 11. ....... ~ , ;J ,yaall ml :.J ny)'1I1l 1 'Iagml tI ArnuOO III c;...t ... ""a 

• ..; ",'1?a#.,.. 
~ Hll!>piliUlJ Amboo liif n~" .. to .., 

P" Amhu/) 

UhillllUii ; - D l'l'l!ll rS!l lIrl llfnclnm \t;I :l I :1 

L"" f)f_f,!"12;P/? 
~"))'" iJ r/cc'J',//2;Z 

Milia dllr~c innll; al..\..ullla jb~!Ullu u f }aalam..:ctt i J a~hoom:'ll Bqq:I]U;! bafataa YUll i\ :lrisilii i\dJi~ Ah:lhaa 

bn ta 'lIn b3rum s:I eebba is,mf Dhllahhi lc ..: fa!-)u,1 r.la g,I,lla AmhllO kc:es~nn "nn ,ilrllll Uuufnlnu!cc Ii 

Jlosp ilan ln Amho(1 ilTani dubilnooia I:tia<lj i la UliltUIIISii duma hordofrlll lwqiJul V il ,1111 i!1 ~' A, 131 2 Folnl fi 

Anclllin irraui qur.ml1oo al..ka ga ggccs~n ll d,lurla'tln ,ai:l)aa lal-\... 21 1107,11 -\ guy):!.1 J:'V :!007 

bam:csftni in 1111 Sl1 r~ l illl i i Jirll . I laaill mo kana.1Il i~ j il1j<; dh illl illn !.. tll ln bcd, l llU ii Ql1r.tnllUO idtlllO 

gaggces.1uini d~Cl!.Ir.;il barb'l a~'hii!>:;13 la 'ec nUll g,)Nun iirll t gllllli.tllJ 
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Appendix: F Consent form (English) 

Consent form 

Title: Vitamin A, B 12, folate, and hemoglobin status in third trimester pregnant women of West 

showa Zone of Oromia Region, Ambo Health Center. 

Principal Investigator: Teshome Bekele 

Institutions: Food Science and Nutrition, Addis Ababa University 

Introduction 

Folate has proven to be critical in reduci ng the risk of neural tube defects. The brain and spinal 

cord development from the neural tube, and defects in its orderly formation during the early 

weeks of pregnancy may result in various central nervous system di sorders and death. I have 

decided to study food sc ience and nutrition at Addis Ababa University. This is because my 

country is among one of the world's food insecure countries and still our people are not aware of 

nutrition even if nutrition plays a significant role in their life. Most evidences support that many 

c1u·onic diseases such as heart disease, cancer and cardiovascu lar diseases are highly linked with 

poor nutrition and conversely, that consuming nutritious and fu nctional foods can reduce the risk 

of these diseases. My study is thus an opportunity to investigate the incidence oflron Deficiency 

Anemia among pregnant women in with the hope of generating evidenced- based data than can 

improve the quality of antenatal services offered. Maternal micronutrient nutrition is an 

important determinant of size and body composition of the fetus. Maternal iron, iodine, calcium, 

folate, vi tamin A, and vitamin C nutrition all influence offspring size. 

In Ethiopia, the incidence of malnutrition is relatively very high and also most statistical data 

revealed that malnutrition is a greatest single cause of child death in the country. Previously, the 

government has been designing strategies to double production as a sole so lution for food 

insecurity and malnutrition. However, even if there were improvements in the production, there 

is little reduction in malnutrition. Therefore, my aim as a citi zen of Ethiopia is to address the 

issue of malnutrition and make great contribution to the ambi tious plan of the government 

through research and teaching. 

71 



Objective of the Study: 

The objectives of thi s study will be to determine the serum retinol , serum ferriti n, serum 

transferrin, C-protein reaction (CRP), serum B 12 and hemoglobin status in 3rd trimester anemic 

pregnant women. Specifically I) To evaluate Iron Defic iency in pregnant women, 2) To 

evaluate Vitamin A deficiency of anemic and non anemic in third trimester pregnant women, 3) 

To investigate the relationship between anaemia and fo late, B12 and vitamin A status of 

pregnant women and 4) To investigate folate and B 12 status of pregnant mothers 

Procedures 

If you agree to participate, we wi ll conduct the research on blood samples collected from you 

and will be analyzed in Addis Ababa University or Ethiopian Public Health Institute in addition 

we will ask you about your food intake pattern, health and information related to your social and 

demographic characteri stics. The interview will only take 10-20 minutes; it will be transported to 

Addis Ababa for analysis. 

Risks: nothing harm fu ll wi ll come to you, as the method only involves analysis of the serum 

retinol, serum folate, BI2 and hemoglobin level of your blood. If you have questions about your 

rights as a participant of research, you may contact to Mr. Teshome Bekele :( 0911543975 or 

0942574564) or by E-mail elemabeke le@gmail.com/eteshomebekeleia{yahoo.com Or Dr.Kaleab 

Baye: (091 1890489) or by E-mail kaleabbaye@gmail.com 

Benefits 

There are no direct benefits to you. Therefore taking iron supplements before assessing iron 

status is clearly unwise; hemoglobin tests alone would fai l to make the di stinction because excess 

iron accumulates in storage. However the findings will possibly help others. The finds has 

significant benefits for the · understanding of Iron Deficiency Anemia is a major public health 

problem particularly among pregnant women in deve loping countries with adverse effects on the 

mother and the new born it is considered as the single most prevalent nutritional deficiency. 

Worldwide my study will a im to assess the problem/limitations of health care practitioners to 

treat Iron Deficiency Anemia with other micronutrient deficiency. It contribute to the strategic 

objective of National Nutrition Program to reduce the prevalence of stunting up to 30%; of 
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chronic under nutrition in women of reproductive age to 19% by 20 15 by supplementing an 

appropriate micronutrients for only those deficient in specific micronutri ents and Saves the cost 

of hungry which is estimated about 12% more of Global Deve lopment Program for only anemia 

cases in Ethiopia. 

Cost 

There is no cost to for participant. 

Compensation 

There will be no compensation for participating 

Participant Rights 

If I have said things that are not clear to you, you may ask without hesi tation and I will answer. 

You may fee l free and ask questions. Your participation in the study is entirely vo luntary and up 

to you to decide. There is no penalty if you do not agree to participate. If you don 't agree to 

participate, yo u can say no without worry. You are not under any obligation to participate in this 

research project; there are no negative consequences to dec iding not to pal1icipate your hea lth 

centre and extension health worker will continue to provide health service to you as usual. 

If you do agree to participate, you are not obliged to answer specific questions or to provide 

information you do not wish to give. You have the right to not answer specific questions but 

continue as a participant. If you choose to participate and have agreed to have the interviews; yet, 

yo u can withdraw from the interview by stating that you have decided to withdraw. 

In addition, you can withdraw from the project up until the point when I provide the summary 

report of the interviews. There wi ll be no negative consequences to withdrawing from the 

research project. You can state your intention to withdraw from the project by contacting me, 

Teshome Bekele (the researcher), whose contact information is provided at the end of thi s form. 

If you choose to withdraw from the project please indicate whether you want the previously 

collected data destroyed or returned to you. 
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Confidentiality 

Test resul t and any information will be kept private .only the research team will have access to 

your informat ion. When we write a report every ones information will be put together so that 

information about you or any other individual catmot be seen yo ur blood will be identified with 

random numbers on serum vials. A li st with the names and numbers will be kept in a private, 

locked file cabinet. 

Persons to contact 

If you have any questions, you can ask at any time if you have additional question about the 

study you may contact to Mr. Teshome Bekele at phone number (09 11 543975) E-mai l. 

elemabekele@gmail.com. 

Or Dr. Kaleab Baye (09 11 890489) E-mail kaleabbaye@gmail.com 

If you agree to participate in the study, please sign or give your left thumb impression at the 

space indicated below. 

Thank you for your cooperation. 

Signature: 

Mother' s name ------------------------------------
The study has been explained to me and my questions have been answered to my sati sfaction. 

I agree to participate in thi s study. 

Signature of the left thumb impression printed name Date 

Signature of study representative Printed name Date 
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Appendix: G Consent form (Afan Oromo) 

Uunkaa Walii galtce 

Mata-dure: Qoralmoo Haadholii sadarkaa Vitamin A, Vitamin B 12, Folic Aciidi i fi saelarkaa 

elhiiga irratti argamu yeroo lajaajila horeloffii ela 'umsaa magaalaa Amboo Buufata 

Fayyaa Ambootti gaaggefamu. 

Qorannoo Gaaggessaan : Tashoomaa Baqqala 

lnstituutii: Fooel Science anel Nutrition, University Finfinnee 

Seensa 

Foolik aciieliin rakkoo sal11l11UU elaa ' il11maan ii irra gahuu danda ' uuf furmaataa gaar'ii akka ta'e 

qoraIU1l1oodhaan mirkanaayeera(neural tube defect). Gudd inni sammuu fi ribuu dugdaa dhibee 

kana irraa hambisuuf baayye gargaara keessatluu ji ' oottan j alqabaa ulfaa irratti. Qorannoo kana 

ademsisuuf kan na kakkaase sababa biyyi kooo addunyaa kana irraa biyoota hanqina 

midhaaniitiin mielhaamte keessaa ishee tokko ta'uu ishii fi sababa hanga ammaatti hubannoon 

hangami akka mielhaan jireenya keenya keessatti miielhaa fielu sirriitli hubachuu elhabuuti. 

Akka ragaaleen ibsanitti dhibeen akka Olmee, Kaanserii fi k.k.f hanqinna nyaataa waliin 

hidhannoo cimaa akka qaban ni ibsa. Qorannoon kiyyaa carra a guddaa sababa ka ' umsa hanqinna 

dhiigaa elubartoota ulfaa raga elhugaa fi haqa qabeessa ta'e dhiyeessuun tajaajila haadholii ulfaa 

si rriitti gargaara. Hanqinna nyaataa keessa lronii, Ayoodi nii , Foolik aciidii , Vitaamin A, Vitamin 

C kanneen haadhaa fi daa'il11maan midhaan. 

ltoophiyaatti ka ' umsi hanqina nyaataa sadarkaa ol'aanaa irraa akka jimu fi sababni hanqinna 

nyaataa du ' a daa'immaaniitiif sababa tokkoofi tokko ta ' e qofaa dha. Kanaan dura mootummaan 

istraateejiin elu ' a haadholii hir 'isuu baayyee hojii irra oo lchaa jira. Haa ta ' uu malee carraaqiin 

kun hanga ta 'e hir'isaa jiraatulle hanga ammaatti l11iidhaan hanqina nyaata ammas guulummaa 

guutuutti furmaata hin argarme. Kanaafuu, kaayyoon koo akka dhalattaa biyyaatti dhimma 

hanqilma nyaataa kana hir ' isuuf tattaafatuu fi karoora mootununaan dhimma kana irratti 

baasegalmaan ga' uus gahee koo qorannoo fi barsiisuun ni baha. 

75 



Haala Qoranichaa 

Yoo ati qorannoo kana irratti himaachuuf fedh intaa kee nuu ibsite dhiiga qorannoo kanaaf ta ' u 

sirraa fudhachuun laboratoorii keessatti qorannoon ni adeemsifal11a. Gama biraatiin odeeffannoo 

waa 'ee haala sirna nyaataa keessaanii yoo guddatee daqiiqaa 15 hanga 25tiif afaaniin isin 

gaafachuun sababoota dhibee kanaaf ta' ;uu danda'an jedhal11anii yaadaman qorachuuf ni 

gargaara. 

Miidhaa 

Miidhaa ilaalchisee midhaa tokkolle sirratti hin geesslsu, jechuun takkaa dhiigni keessan 

flldhatarnnaan laboratoorii keessatti adeemsifama malee wanti isin wajj iin walitti fidu tokkolle 

hinjiru. Gaaffilee adda addaa yoo isinti lIumamte bilbila kootiin 09111543975 ykn 0942574564 

imeeliin koo e lemabekele@gl11ail. col11/eteshol11ebeke le@yahoo.com Karaa biraatiin Dr. Kaleab 

Baye (09111890489) imeeliin isaanii il11moo kaleabbayelaJ,gl11ail.col11 gaafachulln ni danda ' ama. 

Bu'aa: 

BlI'aan kallattidhaan argamull hin jiru. Wanti beekkamuu qabull yeroo 1I1faa keessatt i atoo 

sababa ka ' ul11sa dhibee hanqina dhiigaa klln dhufeen hin beekin ykn qorannoo dhiigaa hanqinna 

lronii qofaan murteeffal11ulln lronii flldhachulln sirri i l11iti l11aliif jennaan yoo lronii baay'inaa 

nafa keessa jiraate dhibeen haadha fi daa'immaan irra gahu cimaa waan ta ' eef. Kana jechulln 

qorannoon kun alkallaatt iidhaan sababa ka ' umsa dhibee kanaa ni ibsa, biyyoota guddataa jirani 

irratti sababni dhibee kanaa maal akka ta ' e beeklluf carraa ni uuma. Addunyaaf immoo 

beektonnii dhibee kana wal'aanuuf carraaqan bu'aa baayye irraa argatu. Karaa biraatiin sababa 

qancara daa'immaaniitii fi baasii Itoophiyaa keessatti qofa waa ' ee beelaati in sagantaa gllddinaa 

Walii gala iraa 12% ba ' u ni hir ' isa. 

Baassii 

Baasiin namni qorannoo kana in'atti hinnaatu baasu tokko llee hin j iru. 

Bakka Bu'ummaa 

Sababa dhiigni keessan qorannoof fudhatameen bakka bll ' lImmaa n wanti kaffalal11u hin jim. 

Mirga Hirmaattotaa 
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Wanti gaaffii uumu yoo jiraate sodaa fi shakkii tokko malee akka na gaafattan isin ni jajjabeessa 

gaaffii keessan hundaaf deebiin ni ken nama. Hirmaachuuf murteessuun mirga keessan keessan 

qofa. Yoo fedhintaa hin qabaanne hin ta'ujechuun deebii kennuu ni dandeessu. Ogeessi fayyaa fi 

Exteenshiiniin fayyaa buufata fayyaa keessanii tajaajila barbaachisu hundumaa isiniif ni laatu. 

Mirkanneessan keessan 

Qorannoo fi deebiinlfiriin qorannoo keessanii garee qoranichaa adeemsisuu (buufata qorannoo)f 

malee qaama biraatiif dabarfamee hin kennamu. Qoranichi erga adeemsifamee bu'aan argamee 

booda gabaasni yoo dhiyaatu walitti cuunfamee waan dhiyaatuuf qabxiin eenyuu kan eenyu akka 

ta 'e hin beekkamu kana jechuun firii qorannoo nama dhunfaa namni biraa beekuu hin danda ' u. 

Koodiin kennameefii laakkofsa qofaan gaimee keessatti hidhamee taa'a. 

Qaamni Dhimmichi i1aallatu 

Akka carraa wanti gaaffii uumu yoo jiraate yeroo barbaaddanittin gaafachuu ni dandeessu. 

Obboo Teshoomee BeqqeleeLakk. Bilbilaa (0911543975) E-mail.elemabel{clc@gmail.com. 

Or Dr. Kaieab Baye Lakk. Bilbilaa (09 11890489) E-mai l kaleabbaye@gmail.com 

Yoo qoralmoo kana irratti hirl11aachuuf fedhintaa qabaattan maqaa fi l11allaattoo keessanii asii 

gaditti l11irkaneessa. 

Qorarll1oo kanairratti waan hirl11aattaniif ga latooma 

Mallattoo 

Maqaa Haadhaa __________________ _ 

Qoranichi naa ibsal11ee if a naa ta ' eera. Qorannoo kanairratti hirmaachuufwaliigaleera. 

Mallattoo Maqaa barreeffamaan Guyyaa 

Mallattoo bakka bu 'aa qoranichaa Maqaa barreeffamaan Guyyaa 
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Appendix: H : English version Questionnairc 

A questionnaiJ'c for the Nutritional Assessment and practices of second and third trimcstcr 

pregnant Womcn 

Hello, my name IS I am a student of Food Science and 

Nutrition in Addis Ababa University. I am interested in gathering information about the opin ions and 

practices of pregnant women with iron-deficient anemia. This information is important for elaborating 

strategies to improve quality of care provided at prenatal cl in ics. Your participation in this survey will 

contribute to this purpose. The information you are going to provide will be used only in sc ientific 

purposes, your name will remain confidential. The interview will take IS minutes. 

Do you agree to be interviewed? A. Yes B.No Thank you, let's start. 

A. Socio-demographic, economic and lifestyle characteristics Code 

1.0 Personal information Address 

Name (Optional) 

l.l Age Height_Cm 

1.2 Occupation: A. Farmer B. Housewife C. Merchant 

1.3 What is your monthly income? 

1.4 What is your educational status? A. literature B. Read & write C. Educated 

[[Educated A.I uschool B,2uschool C. 30/University 

1.5 What is your marital status? A, Married B, Single C, Other 

1.6 What is your rel igion? A, Chri stian B, Muslim C, Other 

1.7 Do you have latrine? A, Yes B,No 

If you have latrine do you wash your hand after latrine? A. Yes B, No 

1.8 What is the source of your drinking A, Wells B, Ri ver water 0 Spring water 
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water? water C. Tap water E. Other 

1.9 Do you wear Shoe? A. Yes B. No 

2.0 The nature of complications during pregnancy 

2.1 What is your gestational age? 

2.2 How many children do you have? 

2.3 Where did you deliver your last babies? A. H/institute B. Home 

2.4 Do you have source of informat ion abo ut nutrition 111 A. Yes B. No 

pregnancy? 

2.5 If yes, what is the source of your information? A. B. 

RadiolTelevion NewsletterlInternet 

C. Community advocacy/H.extension 

worker 

D. School E. specify Other, 

2.6 Was there any blood loss in your previous delivery? A. Yes B. No 

2.7 Did you follo w antenatal care 111 yo ur prevIOus A. Yes B.No 

pregnancy? 

2.8 What there any blood loss in your current pregnancy? A. Yes B.No 

2.9 How many months (weeks) pregnant are you? Months weeks 

2. 10 Is it your first pregnancy? A. Yes B. No 

2. 11 How many times have yo u been pregnant? A. Yes B.No 

2. 12 At what interval did you deliver your babies? A. < 2 yrs B>2 yr s 

2.13 was there any abortion in your pregnancy? A. Yes B. No 
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2. 14 Do you use contraceptive? A. Yes B.No 

2. 15 If yes, what kind of infection or diseases? 

2. 16 Are you taking any medication? A. Yes B.No 

2.17 Did you become infected with malaria for the last one A. Yes B.No 

year? 

2. 18 Do you have anti-malaria bed net? A. Yes B. No 

2.19 If you say yes for question 2.17 do you use frequently? A. Yes B.No 

2.20 Did you have nausea / vomiting at the beginning of the A. Yes B. No 

pregnancy? 

2.21 Have you taken iron supplement the current pregnancy? A. Yes B.No 

2.22 If yes, what kind of supplementation? 1. Iron sup 3. Anti-acid 

2. IFA 4.0ther (specify) 

2.23 If you are taking iron/iron-folic acid supplement, when did you start it? 

2.24 How often do (did) you take it? In tablet A. 1 tab/day B.2tab/day 

C. 3 tab/day D. other (specify) 

2.25 Notice any changes in your appetite since you became A. Yes B.No 

pregnant? 

2.26 If yes, specify (please note any Increase Decrease 

increase/decrease) 

2.27 Do (did) you experience some symptoms A. B.Increasing C. Headaches 

like: Persistent breathless, 

swelling of especially on 

feet, hands routine activity 
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or face 

D. Blurring E. Fever) F. High colored 

of Vision temperature > urine in the past two 

38 weeks. 

3.0 Type offoodsfTwenty four hour recall food questionnaire 

3.1 Number of meals per day?_ Ilday 2/day 3/day 

3.2 How often do (did) you eat the following 3.2a. I .Always 2.Somet 3. Do not 

meals? Breakfast Imcs eat 

3 .2b Lunch I .Always 2.Somet 3. Do not 

Imes eat 

3.2c. I .Always 2.Somet 3. Do not 

Dinner lines eat 

3.3 Did you eat the fo llowing foods in the past two weeks? A. Yes B.No 

3.4 Iron rich foods such as, Meat and meat products, eggs, A. Yes B.No 

bread, green leafy vegetables, pulses and fruits 

3.4. If you eat such products how many times? A. Daily B. every2day 

1 
C Every week D. Once a month 

3.5 Animal source food s such as, milk, yogurt and cheese A. Yes B.No 

3.5. If you eat such products how many times? A. Daily B. every2day 

1 
C Every week D. Once a month 

3.6 Vitamin A-ri ch foods such as, (papaya, Mango, Carrot A. Yes B.No 

and green leafY vegetables 

3.6. If you eat such products how many times? A. Daily B. every2day 
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I C EvelY week D. Once a month 

3.7 Calcium rich foods such as, dailY products, cabbage, A. Yes B. No 

eggs and 

3.7. If you eat such products how many times? A. Daily B. every2day 

I 
C Every week D. Once a month 

3.8 Zinc rich foods such as, maize, meat, fi sh and beans A. Yes B.No 

3.8. I f you eat such products how many times? A. Daily B. evely2day 

I 
C EvelY week D. Once a month 

3.9 Did you practice any fasting Sll1ce you became A. Yes B.No 

pregnant? 

3.10 When do you fast? A. Per B. Per year C. per weak 

month 

3. 11 For the question number 3.5 how many A. I B.2 0.4 

times? 
C.3 E.>4 

3.12 If per day only A. Only meat B<6hrs 

C1/2 day D. Full day 

3.13 Level offasting? Deprivation of animal source Deprivation of all 

food except fi sh animal source food 

3. 14 Deprivation of animal source Deprivation of 

food + no breakfast animal source food 

+ fasting until 3.00 

Pm 

3.15 Did you drink tea/coffee daily in the past two weeks? A. Yes B. No 
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3.16 I f yes, how many cups did you drink on average per day? 

3. 17 If yes, to question number 3.8, how often A. Before B. With meal C. Immediately 

did you practi ce to drink? meal after meal 

C. D. Do not know 

Approximately 

I hr after meal 

3.18 Did you drink the fo llowing beverages in the past two A. Yes B.No 

weeks? 

3.19 If your answer in 3.18 is yes, 

3.20 Please specify the number of times and Beer Wine Liquor 

amount you had. 
Local D. Carbonated Tella 

liquor beverages 

(Areqe) 

Other specify No. Amou 

nt 

3.21 Please take time and try to fi 11 the next 

table accordingly. 

I Interviewer ________ _ 
ID number ____ _ 

Location [n terview date :.,-----,--_-,:-:-: _ __=_ 

Mon Tue Wed Thru Fri Sat Sun 
--------------------------

Probe for sickness: I. Yes 2. No 
If yes, did the sickness affect appetite? 1. Yes 2. No 
If yes, I. Increase 2. Decrease 

Was it a feast day? I . Yes 2. No 
Was it a fasting day? 1. Yes 2. No 

Thank you for taking time to fill this survey!! !! 
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Appendix : I: Afan Oromo version Questionnaire 

Gaaffii fi Deebii Afaanii gulaaIIi Muuxannoo fi Sirna Nyaataa Haadholii mana yaalaa Hordofanii 
yeroo da'uumsa I assniitti 

Akkam Jirtll, Ani Maqaan koo jedhamaa barataa Yllniversiitiii Finfinnee 
sagantaa Nyaataa fi Sirna nyaataa Irraa. Waa'ee mllllxannoo fi carraalee mala nyaataa irratti 
odeeffannoo haadholii 1I1faa kan hanq inna dhiigaa qabanii walitii gllllruuf gal11l11achuun gllddaan nalti 
dhaga'ama. Odeeffannoon kun istraateej ii qulqullinna haadholii ulfaatiif kennamu in'atti gar malee 
faayidaa qabeessa. Kunil11moo kan gall11a gahuu danda ' uun hinnaannaa keessan qofaan. Odeeffannoon 
isin nuu kennitan kan ta ' u tajaaji la qorannoo qofaaf yoo ta ' u maqaan keessaan icci itiidhaan qabama 
eenyulle beekuu hin danda ' u. Gaaffiif deebiin kun yoo guddate daqiiqaa IS hanga 20tii 

Gaaffi if deebii kana itti fllfuuffedhintaa qabduu? A. Eeyyeen B. MIti 
Galatool11aa itti fufll ll ni dandeenya 

A. dhuunfaa llaalchisesee gaaffii gaafatamu MallttoolKoodii 

1.0 Odeeffannoo dhuunfaa Iddoo/addaa 

Maqaa (Dirqamaa miti) 

1.1 Umrii Dheerinna Cm - -

1.2 Hojii : A. Q/Bulta B. Ha/manaa C. Daldaltuu 

1.3 Galii dhunfaaji ' aan? 

1.4 Sadarkaa barumsaa keessan? A. Hin bar B. Bar fi Dub C. kan baratte 

Yo kall bamfle fa 'e A.Sad lfaa B. Sad 2ffaa C. KollIYunivcrsiti 

1.5 Haala l11aatii? A.heerumte B.hin eerul11ne C. kan biraa 

1.6 Amantaa? A.kristaana B. MlISliil11a C. kan biraa 

1.7 Mana ficaanii qabduu? A. Eeyyen B. l11iti 

Y 00 qabaattan isa booda harka ni dhiqattu A. Eeyyen B. miti 

1.8 Maddi bishaani i keessan hoo? A.kan B. Bis. ya ' u D. Madda E. 
harkifamu kan bir 

C. kan banba 

1.9 Kophee qabduu? A. Eeyyen B. l11iti 

2.0 Haalawwan yeroo ulfaa kana doorsisan 

2.1 Amma ji ' a meeqaffaa keessan? 
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2.2 Ijoollee meeqa qabdu? 

2.3 Kanaan dura ijoollee keessan eessatti deessan? A. Buf fayyaa B. Manatti 

2.4 Odeeffannoo mala nyaataa kanaan dura qabduu? A. Eeyyen B. miti 

2.5 Maddii odeeffannoo nyaataa keessan hoo? A. Raadoo/TV B. GaazexaiInterneet 

C. Exteenshiinii fayyaa 

D. M/barumsaa E. kan biraa yo ta 'e 

2.6 Dhiigaa kanaan dura mudatee turee? A. Eeyyen B. miti 

2.7 Ulfa kanaan duraa iraatti nama yaala hordoftanii turtan A. Eeyyen B. miti 
moo? 

2.8 Ulfa kana irraatti dhiigni jige hoo jiraa? A. Eeyyen B. miti 

2.9 Amma j i'a meeqafaa Keessan jalqabdanii? Ji 'aan torbaaniin 

2. 10 Ulfaa yeroo jalqabaa keessan moo?? A. Eeyyen B. miti 

2.1 1 Yeroo meeqaffaaf ulfooftan? A. Eeyyen B. miti 

2.1 2 Garaagarummaan ijoollee keessan itti deessan meeqa? A. < 2 yrs B>2 yrs 

2. 13 Kanaan dura ulf isinirraa bahe jiraa moo? A. Eeyyen B. miti 

2.14 KaroOl'a matiitti fayyadamtanii turtan moo? A. Eeyyen B. miti 

2. 15 Dhibee buusan faa qabamtanii turtan moo? 

2. 16 Yoo jiraate qorichi fayyadamtani j iraa? A. Eeyyen B. miti 

2. 17 Waggaa tokkoon darbee keessatti dhibee dhukkuba A. Eeyyen B. miti 
buusa qabduu? 

2. 18 Marabii dhibee bookee hir ' isu qabduu? A. Eeyyen B. miti 

2. 19 Gaaffii 2.18 eeyyen yoo ta'e yeroo hunda fayyadamtu A. Eeyyen B. miti 
moo? 

2.20 Nyaanni isin deddeebisuun yeroo jalqabaa ture moo? A. Eeyyen B. miti 

2.2 1 Qorichii biraa ulfa kana irratti fayyadmatan j ira moo? A. Eeyyen B. miti 

2.22 Yoo jiraate gosa isaa addaan haabaasanu I. Iron 3. farra aciidii 

2.Ironfi foo liki 4.kan bira __ 
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2.23 Yoo jalqabdanii jiraaltan guyyaa itti jalqabdan 

2.24 Yeroo akkam akkamiitti fudhattu qorichicha A. I tab/day B.2tab/day 

C. 3 tab/day D. other (spec ify) 

2.25 Fedhintaa nyaataa keessan irratti dhiibbaan fide jiraa? A. Eeyyen B. miti 

2.26 Yoo jiraatee hir ' ataa deeme moo dabataan daba laa Hir'acha 

2.27 Mallaattoo dhibee as ii gad ii ti in akka tasaa A. [urdilma B. rakkina C. bowwoo 
qabamtan ii jiltan moo? qaama hafura fudhacu 

D. rakkoo E. ho ' l qaama F. diimmachu bifa 
ij aa > 38 fincaanii . 

3.0 Gaaffilee midhaan nyaataa yeroo gabaabaa keessatti argatan qabachiisuuf 

3.1 Lakkoofta baay' ina nyaataa argatan l/day 2/day 3/day 

3.2 Gaaffi i 3.1 ti ifhaa tarreesanii 3.2a. ci ree I.Always 2.darbee 3. hin ny 

3.2b. ciree I. Always 2.darbee 3. hin ny 

3.2c. ciree I .Always 2.darbee 3. hin ny 

3.3 Gosa nyaataa aSH gaditti ibsame kana keessa yoo A. Eeyyen B. miti 
j iraate? 

3.4 lronii dhaan guutamaa kan ta ' a kan akka Foonii , Raafu, A. Eeyyen B. miti 
hanqaaquu, koolaa fi fuduraa fi kudraa adda addaa 

3.4. Yoo jiraatee yeroo akkamiitti nyaattan? A. yero hunda B. duyyaa lamaan 
I 

C torbanitti D. ji ' atti 

3.5 Nyaataa loonii keessaammoo amll1an, dhadhaa fi itittuu? A. Eeyyen B. miti 

3.5. Yoo j iraatee yeroo akkamiitti nyaattan? A. yero hunda B. duyyaa lamaan 
I 

C torbanitti D. ji'atti 

3.6 Vitamin A dhaan kan beekkaman kan akka paapaya, A. Yes B.No 
Maango, karotii fi K. Kf 

3.6. Yoo jiraatee yeroo akkamiitti nyaattan? A. yero hunda B. duyyaa lamaan 
I 

C torbanitti D. ji ' atti 

3.7 Calcium dhaan kan guutaman hoo kan akka aannanii , A. Eeyyen B. miti 
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3.7. Yoo jiraatee yeroo akkamiitti nyaattan? A. yero hunda B. duyyaa lamaan 
1 

C torbanitti O. j i' att i 

3.8 Zinc dhaan kan guutaman kan akka,badalla, qurxllmmii? A. Eeyyen B. miti 

3.8. Yoo jiraatee yeroo akkamiitti nyaattan? A. yero hunda B. duyyaa lamaan 
1 

C torbani tti o ji ' atti 

3.9 Ulfa kana irraatti xoomiin adda adddaa jira turee? A. Eeyyen B. miti 

3. 10 Yeroo akkamii soomtu? A. Ji 'atti B. woggaati C. torbanitti 

3. 11 Oeebii armaan oli tti deebistaniif yeroo A. I B.2 0 .4 
l11eeqatti ? 

C.3 E.>4 

3.12 Gllyyaatti yoo ta ' e akka arl11aan gadiiitti A. foon qofa B<6hrs 
haa ibsan? 

C 1/2 day o. guyyaa gliUtUU 

3.13 Sadarkaan xoomu keessani hoo l11aa l Qurxul11mii l11a lee foon Foon hundaa 
fa kkaata? hunda 

Ciree atoo hin nyaatti n Foon Ci ree aloo hin 
hllndaa nyaattin Foon hunda 

hanga sa . 9 

3. 15 Shaayii fi bllna hoo ni dhugduu? A. Eeyyen B. l11iti 

3. 16 Yoo dhugdan ta'e yero akamiitti akka dhllgdan 
tarreess? 

3.17 If yes, to question number 3.8, how often Nyata dura Nyata woliin battaluma nyaataatti 
did you practice to drink? 

Nyaatan sa .1 Hin beekll 
booda 

3.18 Ohugaatti keessaa hook an yaa ltani jiraa? A. Eeyyen B. miti 

3. 19 Oeebiin eeyyen yoo ta;e go sa dhugaatii dhugdanii 

3.20 Ohugaatii kana mmoo ammam aka Biira Woyiniii Ohugaati addaa 
dhugdan nutty himaa 

(Areqe) O. lallaafa xallaa 

ka nbiraa Baay ' ina lak __ 

3.2 1 Maalloo ogeessi fayyaa gabatee itti aanliU 
akka hin irraanfanne 
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Hubachiisa: Ohuma gaaffif deebiin irratti uunkaan kunsirriilti haa guutamu. 

Namni gaafate 
Lakk addaa 
Guyyaa gaaffi: Iddoon 

Wix Kib Rob Kam Jim S.xiq Oil 

Ohukkubsataan dibeedhaaf: 1. eeyyen 2. miti 
Yoo jiraate fedhii nyaataa 1. Ni qaba 2. Hin qabu 
Yoo qabaate 1. Oabalaa deema 2. Hir'achaa deema 

Yeroon nyaata dhabe? 1. jira 2. hin jiru 
Sooma hoo? I . Ni sooma 2. Hin soomu 

Maqaa Mallattoo Guyyaa: 

88 



Appendix: J 

Table 2: Clinical Sample and Data collection form summary for assessment and practices 
of second and third trimester pregnant Women attending ANC 

Place Hos/Health center 

Code Card NO Client name Age Gestinal Hb MCV PB Remark 
Age 
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Appendix K : 

Sample tables of cross tabs, correlations, regression, chi-square ANOV A 

Table 3: Cross tabulation 

Gestational Age * Vitamin A Def Description Cross tabulation 

IDA based on cutoff Vitamin A DefDescription Total 

severe mild 

Gestational I7-26wks 12 13 

.00 Age 27-37 wks 2 3 
Total 14 16 
Gestational I7-26wks 4 6 

Norma Age 27-37 wks 2 0 
I 

Total 6 6 

Gestational Age * Hb Description Cross tabulation 

IDA based on cutoff Hb Description 

Moderat 
e 

Gestational 17-26wks 28 
.00 Age 27-37 wks 12 

Total 40 
Gestational 17-26wks 13 

Norma Age 27-37 wks 6 
I 

Total 19 

Gestational Age * Frt_IDA Crosstabulation 
Count 

Mild 

24 
7 

31 
9 
5 

14 

Non 
deficienct 

27 
14 
41 
12 
9 

21 

Total 

52 
19 

71 
22 
II 

33 

IDA based on cutoff Frt IDA 
1.00 2.00 3.00 4.00 

Gestational 17-26wks 1 23 15 

.00 Age 27-37 wks 0 10 4 
Total 1 33 19 
Gestational 17-26wks 22 

Norma Age 27-37 wks I I 
I 

Total 33 

52 
19 

71 
22 
11 
"" j j 

Total 

13 52 

5 19 

18 71 
22 
11 
33 
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Gestational Age * sTrf higher 8.3 Crosstabulation 
Count 

IDA based on cutoff sTrf higher 8.3 Total 

.00 1.00 

Gestational 17-26wks 45 7 
.00 Age 27-37 wks 16 3 

Total 61 10 
Gestational 17-26wks 19 3 

Norma Age 27-37 wks 4 7 
I 

Total 23 10 

Hb Description * Vitamin A Def Description Cross tabulation 
Count 

52 

19 

71 
22 

II 

33 

IDA based on cutoff Vitamin A Def Description Total 
severe mi ld Non 

deficienct 

Hb mild II 9 20 
.00 Description moderate 3 7 21 

Total 14 16 41 
Hb mild 4 5 10 

normal Description moderate 2 I I I 

Total 6 6 21 

Hb Description * Vit B12 deficiency based 011 cutoff Crosstabulation 
Count 
IDA based on cutoff Vit BI2 defic iency based on cutoff 

40 

31 

7 1 
19 
14 

33 

Severe Moderate Normal range 
deficiency of deficiency of ofBI2 

Vit BI2 Vit B 12 

Hb Moderate 13 18 9 
.00 Description Mi ld 8 8 15 

Total 21 26 24 
Hb Moderate 5 II 3 

normal Description Mild 2 9 3 
Total 7 20 6 

Total 

40 

31 

71 
19 

14 

33 
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Vitamin A Deficiency * Frt_IDA Crosstabulation 
Count 
IDA based on cutoff 

1.00 

Vitamin A 
non 

I 
VAd 

.00 Deficiency 
VAD 0 

Total 1 

Vitamin A 
non 

2 1 
VAd 

normal Deficiency 
VAD 12 

Total 33 

Frt IDA 
2.00 3.00 4.00 

19 9 12 

14 10 6 

33 19 18 

Vitamin A Deficiency * Vit B12 deficiency based on cutoff Crosstabulation 
Count 
IDA based on cutoff Vit B 12 deficiency based on cutoff 

Total 

41 

30 
7 1 

21 

12 
33 

Total 

Severe Moderate Normal range 
deficiency of deficiency of 

VitBI 2 VitBI 2 

Vitamin A 
non 

IS 12 
VAd 

.00 Deficiency 
VAD 6 14 

Total 2 1 26 

Vitamin A 
non 

5 12 
VAd 

normal Deficiency 
VAD 2 8 

Total 7 20 

Vitamin A Deficiency * Presence ofInflammation Crosstabulation 

Count 

ofB12 

IDA based on cutoff Presence of Inflammation 

.00 1.00 

Vitamin A Deficiency 
non VAd 33 8 

.00 VAD 24 6 
Total 57 14 

Vitamin A Deficiency 
non VAd 15 6 

normal VAD 8 4 
Total 23 10 

14 4 1 

10 30 
24 71 

4 21 

2 12 
6 33 

Total 

41 

30 

71 
21 

12 
33 
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T bl 4 Ch' S T a e : 1- Square ests 

IDA based on cutoff Value df Asymp. Sig. (2-

sided) 

Pearson Chi-Square 71.000a 2 .000 

Likelihood Ratio 96.716 2 .000 
.00 

Linear-by-Linear Association 58.3 16 1 .000 

N of Valid Cases 71 

Pearson Chi-Square 33.000b 2 .000 

Likelihood Ratio 
normal 

43.262 2 .000 

Linear-by-Linear Association 27.243 1 .000 

N of Valid Cases 33 
.. 

a. a ce ll s (.0%) have expected count less than 5. The mll1lmUm expected count IS 5.92. 

b. 4 ce lls (66.7%) have expected count less than 5. The minimum expected count is 2. 18. 

S . M ~ymmetnc easures 

IDA based on cutoff Value Asymp. Std . Approx. Approx. 

Error" Tb Sig. 

Interva l by 
Pearson's R -.9 13 

Interval 
.011 -18.557 .000e 

.00 Ordinal by Spearman 
-.964 .013 -29.945 .000e 

Ordinal Correlation 

N of Va lid Cases 7 1 

Interval by 
Pearson's R -.923 .0 16 -13.325 .000e 

Interval 

norma l Ordinal by Spearman 
-24.428 .000e 

Ordinal Correlation 
-.975 .014 

N of Va lid Cases 33 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 

c. Based on normal approximation. 

Crosstab 
IDA based on cutoff Frt IDA Total 

1.00 I 2.00 I 3.00 I 4.00 
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Vitamin A 
non 

I 19 9 
VAd 

.00 Defic iency 
VAD 0 14 10 

Total I 33 19 

Vitamin A 
non 

2 1 
VAd 

normal Deficiency 
VAD 12 

Total 33 

CI S T 11- square ests 
IDA based on cutoff Value df Asymp. Sig. 

(2-sided) 
Pearson Chi-Square 2.1 58" 3 .540 
Likelihood Ratio 2. 527 3 .470 

.00 Linear-by-Linear 
.053 I .8 18 

Association 
N of Valid Cases 71 
Pearson Chi-Square b 

normal 
N of Valid Cases 11 JJ 

. . 
a. 2 cells (25 .0%) have expected count less than 5. The mllllmum 
expected count is .42. 
b. No statistics are computed because Frt_IDA is a constant. 
Ch' S T 1- square csts 
IDA based on cutoff Value df Asymp. Sig. 

(2-sided) 
Pearson Chi-Square .7 16" I .397 
Continuity Correctionb .25 1 I .6 16 
Likelihood Ratio .740 I .3 90 

.00 Fisher's Exact Test 
Linear-by-Linear 

.706 I .40 I 
Assoc iation 
N of Valid Cases 71 
Pearson Chi-Square .25 1 c I .616 
Continuity Correctionb .0 12 I .9 14 

Likelihood Ratio .255 I .6 13 
normal Fisher's Exact Test 

Linear-by-Linear 
.243 I .622 

Assoc iation 
N 0 f Valid Cases 33 

12 41 

6 30 
18 71 

2 1 

12 
33 

Exact Sig. (2- Exact Sig. (1-
sided) sided) 

.502 .313 

.7 10 .463 

1 a. I cell s (25. 0%) have expected count less than 5. The mlllllllum expected count IS 4.2J. 

Crosstab 
Count 
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IDA based on cutoff 

Vitamin A 
.00 Deficiency 

Tota l 

Vitamin A 
normal Deficiency 

Tota l 

Crosstab 
Count 

non 
VAd 
VAD 

non 
VAd 

VAD 

FAD below 5.9 Total 
.00 FAD 

29 12 41 

23 7 30 
52 19 7 1 

IS 6 21 

9 3 12 
24 9 33 

IDA based on cutoff Vit B 12 defic iency based on cutoff Tota l 

Severe Moderate Normal range 
de fi ciency of defic iency of of B l 2 

Vit B 12 VitBl2 

Vitamin A 
non 

15 12 14 41 
VAd 

.00 Deficiency 
VAD 6 14 10 30 

Tota l 21 26 24 71 

Vitamin A 
non 

5 12 4 21 
VAd 

normal Deficiency 
VAD 2 8 2 12 

Total 7 20 6 33 

Chi-Square Tests 

IDA based on cutoff Value df Asymp. Sig. (2-
sided) 

Pearson Chi-Square 3.047" 2 .2 18 

.00 
Likelihood Ratio 3.098 2 .213 

Linear-by-Linear Association .672 I .412 

N of Va lid Cases 7 1 
Pearson Chi -Square .322b 2 .85 1 

normal 
Likelihood Ratio .327 2 .849 

Linear-by-Linear Association .043 I .836 

N of Va lid Cases 33 
a. 0 cell s (.0%) have expected count less than 5. The mll1 UTIum expected count IS 8.87. 

b. 4 cells (66.7%) have expected count less than 5. The minimum expected count is 2.1 8. 

Chi-Square Tests 
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IDA based on cutoff Value df Asymp. Sig. Exact Sig. (2- Exact Sig. (1-

(2-sided) sided) sided) 

Pearson Chi-Square .003 a I .959 

Continuity Correctionb .000 1 1.000 

Likelihood Ratio .003 1 .959 

.00 Fisher's Exact Test 1. 000 .595 

Linear-by-Linear 
.003 I .960 

Association 

N of Valid Cases 71 
Pearson Chi-Square .082c I .775 

Continuity Correctionb .000 I 1.000 

Likelihood Ratio .08 1 1 .775 

normal Fisher's Exact Test 1.000 .537 

Linear-by-Linear 
.080 1 .778 

Assoc iation 

N of Valid Cases 33 

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 5.92. 
b. Computed only for a 2x2 table 

c. I ce lls (25.0%) have expected count less than 5. The minimum expected count is 3.64. 

Table 5: Regression Analysis of CRP and B12 

M I I S o( e ummary 

Mode R R Square Adjusted R 
I Square 

I .263a .069 .060 

a. Predictors: (Constant), Serum CRP result 

ANOVAa 

Model Sum of df 
Squares 

Regression 20560.994 1 

1 Residual 276045.346 102 

Total 296606.340 103 

Std. Error of 

the Estimate 

52.02237 

Mean 
Square 

20560.994 

2706.327 

a. Dependent Variable: Serum Vitamin B 12 result 
b. Predictors: (Constant), Serum CRP result 

Coefficients" 

F Sig. 

7.597 .007b 
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Model Unstandardized Standardized 

Coefficients Coefficients 

B Std . Error 

(Constant) 148 .3 96 15.027 

1 Serum CRP 

result 
8. 740 3.17 1 

a. Dependent Variable: Serum Vitamin B 12 result 
Regress ion Analys is of VAD and BI 2 

M I IS o( e umman 

Mode R R Square Adjusted R Std . Error of 

I Square the Estimate 

I .1 55' .024 .0 14 .6 1801 

a. Predictors: (Constant), Serum Vitamin A result 

ANOVA" 

Model Sum of df Mean 
Squares Square 

Beta 

.263 

F 

Regression .959 1 .959 2.5 10 

1 Residual 38.958 102 .382 

Total 39.91 7 103 

a. Dependent Variable: Altitude adjusted Hemoglobin 

b. Predictors: (Constant), Serum Vitamin A result 

Coefficients" 

Model Unstandardi zed 

Coeffi cients 

B Std. Error 

(Constant) 9.561 .079 

1 Serum Vitamin A 

result 
.048 .030 

Standardi zed 

Coeffi c ients 

Beta 

.155 

a. Dependent Variable : Altitude adj usted Hemoglobin 

Correlations 

Hb Description Age of Age 

woman 

Moderate 
Age of Pearson 

.956" I 
woman Correlation 

t Sig. 

9. 876 .000 

2. 756 .007 

Sig. 

.116b 

t Sig. 

120.770 .000 

1.584 .116 
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Sig. (2-tailed) .000 

N 59 59 

Pearson 
.956" 

Correlation 
Age 

Sig. (2-tailed) .000 

N 59 59 

Pearson 
.954" 

Age of Correlation 

woman Sig. (2-tailed) .000 

N 45 45 
Mi ld 

Pearson 
.954" 

Correlation 
Age 

Sig. (2-tailed) .000 

N 45 45 

**. Correlation is significant at the 0.01 leve l (2-tai led). 

It ( e IClcncy ase V' B12 I fi . b d on cuto ff 

Hb Description Frequenc Percent Valid Cumulative 

y Percent Percent 

Severe defic iency of 
18 

Vit B 12 
30.5 30.5 30.5 

mi ld Valid 
Moderate deficiency of 

Vit B 12 
29 49.2 49.2 79.7 

Normal range of B 12 12 20.3 20.3 100.0 

Total 59 100.0 100.0 

Severe deficiency of 
10 

Vit B I2 
22 .2 22.2 22.2 

moderate Val id 
Moderate deficiency of 

17 
VitB I2 

37.8 37.8 60.0 

Normal range of B 12 18 40.0 40.0 100.0 

Total 45 100.0 100.0 
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Table 6: Regression to test linearity of Calibration curve 

Model Summary 

Mode R R Square Adjusted R 

I Square 

I 1. 000" 1. 000 .999 

a. PredIctors: (Constant), Peak Area of STD 

Tabe 7 ANOVA" 

Model Sum of df 
Squares 

Regression 2079.12 1 I 

I Residual .879 3 

Total 2080.000 4 

a. Dependent VarI able : ConcentratIon of STD 
b. Predictors: (Constant), Peak Area of STD 

Coefficients" 

Std. Error of 

the Estimate 

.54 137 

Mean 
Square 

2079.121 

.293 

F 

7094.051 

Model Unstandardized Standardized 
Coefficients Coefficients 

B Std. Error Beta 

(Constant) -.7 11 

I Peak Area of 
2.009E-005 

STD 

a. Dependent VarIable : ConcentratIon of STD 

Next day 
Model Summary 

Mode R R Square Adjusted R 
I Square 

I .994" .988 .984 

a. PredIctors: (Constant), Peak Area of STD 

ANOVA" 

Model Sum of df 
Squares 

Regression 2054.402 I 

I Residual 25.598 3 

Total 2080.000 4 

.408 

.000 1. 000 

Std. Error of 
the Estimate 

2.92 109 

Mean F 
Square 

2054.402 240.767 

8.533 

Sig. 

.000" 

t 

-1.741 

84.226 

Sig. 

.001 b 

a. Dependent VarIable: ConcentratIon ofSTD; b. PredIctors: (Constant), Peak 

Area of STD 

Coefficients" 

Sig. 

.180 

.000 
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Model Unstandardized Standardized 

Coefficients Coefficients 

B Std. Error Beta 

(Constant) 1.234 2.11 3 

I Peak Area of 
11 .47 1 .739 

STD 

a. Dependent Vari able : Concentration of STD 

Model Summary 

Mode R R Square Adj usted R 

I Square 

1 .999" .997 .997 

a. Predictors: (Constant), Peak Area of STD 

ANOVA" 

Model Sum of df 

Squares 

Regression 6503.037 I 

I Residual 17.796 4 

Total 6520.833 5 

Std. Error of 

the Estimate 

2. 10927 

Mean 

Square 

6503.037 

4.449 

.994 

F 

1461.679 

t 

.584 

15.5 17 

Sig. 

.000b 

a. Dependent Vari able: Concentration of STD, b. Predictors: (Constant), Peak 

Area of STD 

Coefficients" a. Dependent Variable: Concentration of STD 

Model Unstandardized Standardized t 

Coefficients Coefficients 

B Std . Error Beta 

(Constant) -4 .424 1.429 -3.096 

I Peak Area of 
.002 .000 .999 38 .232 

STD 

Sig. 

.600 

.001 

Sig. 

.036 

.000 
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Serum Folic acid result: 

<\neamia base on Hb 

Freguenc Percent Valid Cumulative 

y Percent Percent 

Moderate 69 33 .2 33.2 33 .2 

Mi ld 73 35. 1 35. 1 68.3 
Valid 

4 66 3 1.7 3 1.7 100.0 

Tota l 208 100.0 100.0 
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Coefficients" 
Hb DescriEtion 

Standardiz 
ed 95 .0% 

Unstandardized Coefficien Confidence 
Coefficients ts t Sig. Interval for B 

Std. Lower Upper 
B Error Beta Bound Bound 

Moderate (Constant) .506 1.366 .370 .7 12 -2.230 3.242 

Serum Vitamin .030 .007 .472 4.047 .000 .015 .045 
B 12 result 

Mild (Constant) 5.0 17 1.266 3.964 .000 2.464 7.570 
Serum Vitamin -.002 .006 -.040 -.265 .792 -.0 14 .01 1 
B 12 result 

a. Dependent Variable: Serum Transferrin result 

Standardiz 
ed 95.0% 

U nstandardized Coefficien Confidence 
Coefficients ts t Sig. Interval for B 

Std. Lower Upper 
B Error Beta Bound Bound 

Moderate (Constant) 3.443 1.049 3.281 .002 1.342 5.544 

Serum CRP .535 .21 7 .310 2.460 .01 7 .099 .970 
result 

Mild (Constant) 6.003 1.11 7 5.377 .000 3.752 8.255 

Serum CRP -.299 .242 -. 185 .223 -.787 .188 
result 1.237 

a. Dependent Variable: Serum Transferrin result 

95 .0% 
Standardiz Confid 

Hb ed ence 
Descripti Unstandardized Coefficien Interva 
on Coefficients ts Sig. I for B 

Std. Lower Upper 
B Error Beta Bound Bound 

Moderate (Constant) 8.625 1.360 6.343 .000 5.902 11 .348 

Serum CRP -.157 .282 -.074 -.558 .579 -.72 1 .407 
result 

Mild (Constant) 8. 542 1.573 5.429 .000 5.369 11.715 
Serum CRP -. 311 .34 1 -.138 -.914 .366 -.999 .376 
result 
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