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ABSTRACT 

Background: Women of reproductive age (WRA) in Sub-Sahara Africa (SSA) are at high risk of 

inadequate intake of micronutrients due to diet being dominated by starchy staples. Collection of 

information on dietary diversity to inform food securi ty and nutritional assessments has been promoted, 

but there is not an agreed upon set of indicators in usc. Recently minimum dietary diversity women 

(MDD-W) endorsed for women, wh ich dictate taking a minimum of five from ten-food groups. However, 

little is known about MDD-W predictive ability for quality of women's diet in SSA including Ethiopia. 

Objective: This study investigated the associ at ion between dietary di versity score, anemia, iron, zinc 

and vitamin A status among women of reproductive age in West Gojjam and Agew Awi zone in Amhara 

Region, Ethiopia. 

Methods: The study conducted in seven kebeles in Bahir Dar Zuria and Dangla District, Amhara 

Region, Ethiopia. Case control study design employed among anemic and non-anemic women of 

reproductive age (WRA). About 179 WRA were part icipated in the study. Data on socio-demographic 

status and dietary diversity using 24-hr reca ll , and validated food frequency questionnaires (FFQ) 

collected . 

Results: The prevalence of iron deficiency anemia, zinc deficiency and vitam in A defi ciency for both 

groups in average were 18.4 %( serum ferritin < 30~g/L), 65 %( 70 ~g/L) and was 12.4 %« 0.81 ~moIlL), 

respectively. The overall MDD-W for the WRA was 3.00± 0.757 and the percentage of WRA who 

achieved minimum dietary diversity (~ 5 food groups) was only 3%. All biomarkers, except serum 

transferrin receptor, had pos itive association with dietary diversity. 

Conclusions: The finding of the study indicates high prevalence of iron and zinc defic iencies in both 

groups ofWRA, wh ile from the total , 97 % ofWRA failed to fulfill MDD. Low prevalence of vitami n A 

also observed. There is sign ificant association between DDS and selected biomarkers. Si nce both groups 

had low dietary diversity score, MDD-W could not predict the diet quali ty. 

Therefore, programs that focus on improvi ng micronutrient intake through stimulating dietary diversity 

and fortification of commonly consumed and affordable food products might be needed. In addition to 

these modern technologies like on-farm di versity, contribute towards improving dietary diversity and 

qual ity. 

Keywords: Minimum dietary diversity, women of reproduct ive age, micronutrients 
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1. INTRODUCTION 

1.1. Background 

Micronutrient is the umbre lla term used to represent essenti al vitamins and mineral s req uired 

from the diet in very small amount for normal human ce llular and molecular functi on and 

deve lopment [I , 2]. Though, micronutrients are req uired in small proportions in a di et, 

consequences of micronutrient defi ciencies (MND) are pervasive, damag ing and often 

irreversible contributing directly or indirectly to morbid ity and mortal ity of billions of people 

worldwide[l , 3, 4]. Every year hunger and under nutrition claims more than 10 million li ves in 

the world- more than the deaths fro m AIDS, malaria and tuberculos is combined and many of 

these people are affected by "hidden hunger," a lack of essential vitamins and minerals [1 , 5]. 

Micronutrient defi ciencies are di sproportionately affect ing Sub-Saharan Afr ica (SSA) and South 

East Asian countries due to a diet with limited diversity, poor bioava ilabi lity and lim ited 

micronutri ent content on top of poor hygieni c conditions and in fections . Thi s place millions of 

people to remain locked in a vicious cycle of hunger and poverty and the ri ght to food rema ins 

the most vio lated internati onal human right to date despite extensive globa l economic growth 

achieved in the past decades [5, 6]. Globally, approximately two bi llion people, the majority of 

women and young child ren, are affected, by micronutri ent defi ciencies, with even higher rates 

during pregnancy[7]. Iron, zinc, vitami n A, iod ine, fo late and other vitami n B defic iencies are 

among the most widespread global micronutrient defi ciencies [8, 9]. 

Anemia resul ting from micronutrient deficiencies such as iron, vi tam in A, folate and vitam in 

B 12, in fections , and other causes is a major globa l pub li c health problem [10]. Anemia affects 

about one fourth of the world ' s popu lation in both industrial ized and deve loping countries, and 

its hea lth consequences a ffect all age groups to vary ing degrees, with hi ghest preva lence reported 

in women of reproductive age(WRA), and yo ung children[ I I ]. According to globa l report of 

worl d hea lth organizati on (WHO) from 1995-20 II preva lence of anemia among women of 

reproducti ve age was 29.4%, affect ing 528.7 mi ll ion women [1 2]. Although it is certai nl y not the 
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on ly cause, iron deficiency is the most freq uent s ingle cause of anemi a and is the most 

wi despread nutrient defic iency in the world [1 3, 14]. 

Likewi se the potentia l magnitude of z inc and vitami n A defic iency(VAD) has been recognized 

as a pub lic-health iss ue amo ng women of reprod uctive age (WRA) in SSA and South- East Asia 

where the diets are predominant ly plant-based and animal-source food intakes are low[ 15]. 

Econom ic constraints, soc io-cultural limitations, insufficient di etary intake, and poor absorption 

has been regarded as potential determinan ts of the prevalence [16, 17]. Precise data on vitamin A 

and z inc status in non-pregnant and non-lactating is lim ited in SSA and Ethiopia is no exception 

desp ite the prevalence of corresponding micronutri ent defi cienc ies based on inadequate intakes 

is estimated to be hi gh and serious publi c hea lth prob lem [18, 19]. 

In SSA countries including Ethiopia, many low-income households consume monotonous d iets 

that are of low qua li ty, cereal based, and lack ing in vegetab les, fru it, and animal-source foods, 

thereby increas ing the risk of micronutrient deficiencies and malnutrition [5, 20]. Conseq uently, 

a gap develops between req uirement and intake[21]. The groups most at ri sk to micronutri ent 

defi c ienc ies are WRA, due to the ir higher nutritional requ irements, low d ietary intake, improper 

food storage and preparat ion ,inequitab le di stribution of foods with in the household, dietary 

taboos, infectious di seases, and inadequate care practice, and it is essential to encourage act ions 

to improve their nutrition that may also improve chi ldren's health[22-24]. 

To im prove the qual ity of women 's diet, there is a need for hi gh-qual ity monitoring and 

evaluation tools in the context of renewed strategies emphasizin g dietary divers ity to find the 

best indicators [22]. T he vu lnerability and gaps in d iet quality have been recognized for whil e 

though its use is limited due to lack of indicators to all ow for assessment, advocacy, and 

accou ntab ili ty [24]. In meeting held by food and agri cultural organization (FAO) ancl stake 

holders in 20 15, new dichotomous proxy indicator ca lled minimum dietary diversity women 

(MDD-W) was deve loped and getting attention to asses micronutrient adequacy of women's 

diets[25]. 
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[t's main use is for assessment of qua li ty of women 's di et with spec ifi c focus on micronutrient 

adeq uacy at national and sub- nati onal levels[26J,based on a reca ll period of a s ingle day and 

night and reflects consu mption of at least five of ten food groups[27]. For improving women's 

nutrition, progress in des igning ,targeting ,and eva luat ing effect ive programs there should be a 

baseline data on women micronutrient intake[24J. Therefore, this study focused on assessi ng 

indicators of diet qua lity of and nutritiona l status of WRA as well as evaluating the predict ive 

ability ofMDD-W in study area [23]. 
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1.2 .Statem ent of th e problem 

Micronutrient malnutrition remains a substanti al cause of morb id ity, intergenerational poverty 

transmiss ion, loss of gross domestic product (GOP), and slow economi c progress in many 

developing countries includ ing Ethiopia [28, 29]. On the average, people sufferin g from 

malnutrition could lose about 10% of their poss ible Ii fetime earnings[9]. Although a number of 

countries across the globe have recorded significant progress in reduc ing the rates of 

ma lnutrition over the past two decades, preva lence of anemia, VAD and zinc defi c iency in SSA 

is unacceptably hi gh especially in rural WRA[30] . According to Gebremedhin et al. (201 1) more 

than a quarter of Ethiopian WRA were anemi c(27.4%)with reference to the WHO cutoff po ints 

[3 1]. Recent study by Ethiopian Demographic Health Survey (CSA, 20 16) covering the whole 

country revea ls an overall 24% preva lence of anemia in WRA. In addi tion to thi s women li ving 

in rural areas are more likely to be anemi c (25%) than those li ving in urban areas (1 8%)[32] , the 

magnitude indicates moderate public heath significance of anemia in Ethiop ia[33]. 

Prec ise data on zinc and vitamin A status in SSA women are lack ing; nevertheless, in countries 

li ke Ethiopia the prevalence of correspond ing micronutrient defic iencies based on inadequate 

intakes is estimated to be hi gh and low bioava ilabili ty of key mi cronutr ients from plant-based 

diets[34]. Furthermore, studies conducted on dietary divers ity of women in Ethiopi a, Oromia 

region [35]and N igeria, abiate state[36] , confirmed that majority of women (85%)consumed 

either two to three food groups. Stap le cerea ls, pul ses and roots/tubers were consumed by 

99.6% of the sample [20, 37]. Ava ilable compelling scientific evidence demonstrates that 

di etary d iversity is indeed strongly assoc iated with nutri ent adequacy and there is no single food, 

whi ch contains a ll the req uired nu tr ients fo r optimal hea lth other than breast mil k for the fi rst six 

months of li fe [20]. Therefore consuming a vari ed diet is a recommended approach to achi evi ng 

nutrit ional requirements and food-based strateg ies recommend ed to overco me mi cronutri ent 

defic iencies. 

4 



Accord ing to Kennedy,(2009), many organizations promote the co llect ion of informat ion on 

dietary divers ity to inform food security and nutritiona l assessments, but there is not an agreed 

upon set of indicators used for thi s purpose[38]. There is proxy indicator ca ll ed DDS of infants 

and young chi ldren deve loped and servin g as diet quality indicator of complementary feedin g 

program, it has vali dated, and a cut-off MDD was set [27] . Recently a si milar effort made for 

women, which dictate tak ing a mi nimum offive from ten food groups to be considered adeq uate. 

But thi s was large ly fro m expert op inion and few data gathered fro m Bangladesh, Phi li ppines 

and few West Afri can countries[25] . Therefore, the a im of this study was to asses, monitor and 

evaluate the pred ictive ab ili ty of MDD-W and the extent to which it is assoc iated with anemia, 

iron, vitamin A, zinc status. 
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1.3. Significance of the study 

Dietary diversification is one of long-term strategies advocated internationally for the 

improvement of micronutrient intake and status in undernouri shed indi viduals [25]. Different 

studies in several age gro ups have shown th at an increase in individual dietary diversity score 

related to increased nutrient adequacy of the diet [39]. Though food insecuri ty is the main 

problem in developing countries includ ing Ethiopia, further, lack of awareness for benefit of 

taking more diversifi ed food and lack of knowledge on benefit of nutrients of different foods for 

them and their children are also cause of micronutrient defici ency especially for WRA[27]. It is 

important for government and poli cy makers to know dietary pattern of the study area, 

prevalence of different micronutrient defi ciency before applying strategies for improvement of 

micronutrient deficiency. So, the information generated from thi s study used to identify 

micronutrient status, dietary patterns as well as to eva luate pred ict ive abil ity of MDD-Win Bahir 

Dar Zuria and Dangla di strict, and to draw strateg ies for im provement of dietary status of rural 

women in Ethiopia in genera l and in study area in particul ar. 
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1.4. Objective 

1.4.1. Gen eral objective 

• Association between dietary diversity score, anemia, iron, z inc and vitami n A biomarkers 

among women of reproductive age in se lected district of west Gojjam and Agew Awi 

Amhara Region, Ethi opia 

1.4.2. Specific objectives 

• To characterize the food consumption pattem of WRA in Bahir Dar Zuria and Dangla 

d istrict. 

• To eva luate the pred icti ve ab ili ty ofMDD-W 

• To assess the preva lence of lOA, z inc and vitamin A deficiency in WRA. 

• To determ ine association between women dietary divers ity score and micronutrient status 

(I ron, zinc, vitami n A). 
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2. LITERATURE REVIEW 

2.1. Background of micro-nutrient Deficiency 

Micronutrients is a term often used to include any of more than 20 essential elements required by 

humans; the elements most commonly studied are ca lcium (Ca), copper (Cu), iron (Fe), iod ine 

(I),magnesi um (Mg), selenium (Se),z inc (Zn), vitamin A, vitamin B 12[28]. Micronutrient 

malnutrition is a global public health problem contributing directly and indirectly to morbidity 

and mortality of billions of people 's worldwide[28]. Globally more than two billion people suffer 

from a chronic defi ciency of micronutrients [40]. The economic consequen ces of und er nutrition 

in terms of costs to the global economy because of the human capital losses are estimated on 

USD3.5 trillion per year[41]. 

Despite the overall progress to reduce global food insecurity and chronic MND in the last few 

decades, SSA and south East Asia remains the most food-insecure region in the world and close 

to 800 million peop le are sti ll class ified as chronically hungry[42] and Most of these people are 

typically deficient in more than one micronutrient[5]. Micronutrient deficiency conditions not 

only cause specific di seases, but also exacerbate complications of infecti ons, such as measles, 

tubercu losis and diarrhea l diseases, as well as chroni c diseases, such as cancers and I-IIV/A IDS, 

greatly influencing morbidity, mortality, and quality of life [43]. 

The adverse hea lth effects of micronutrient deficiencies like impa ired physica l and cognitive 

development, decreased immunity, and impaired work capacity and thereby considered hidden 

hunger, which impact nation economic deve lopment are more severe amon g youn g chi ldren, 

women of reprod uct ive age, and the developing fetus[43]. Approx imately 30% of the world 's 

popu lations are unabl e to use their full mental and physical potential as a result of micronutri ent 

defi ciencies[ 44]. 
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In SSA and south East Asia, the majority of the undernourished people li ve in rural areas and 

many of them are sma ll -scale subsistence farmers who do not have access to micronutri ent rich 

foods such as fruits, vegetables, animal products and fort ified food s, frequently because they are 

expens ive or unava ilab le[ll]. The causes of MND are mult ip le and interconnected (F igure 2. 1). 

T he immed iate cause of MNDs is poor nutrient intake th rough inadequate diets and the other 

causes may be disease and infestations, in which body's abili ty to absorb and retain 

micronutrient decrease with d isease. It can even lead to actua l losses of them, as in the case of 

zinc and other minera ls loss during diarrhca. Vitam in and mineral nutrition severely 

compromised by paras itic infestations such as hookworm. The deficiencies caused by diseases 

leave the individua ls more vu lnerable to further illness and less able to absorb MNs. The 

underlying causes of MND are insufficient access to food, inadeq uate hea lth care, and poor 

caring practices that inh ibit growth and health [45]. 

Micron utr ient defic iency is one of the major publ ic hea lth prob lems in Ethi op ia with women and 

chi ldren most at risk. Dietary inadequacy of consumed nutrients, low bioavailabi lity of key 

micronutrients from plant based di ets and infect ions are major contributing factors for 

micronutrient deficienc ies in Eth iopia [23]. Ma lnutrition is a widespread nutrition challenge 

faced by women living in resource-poor settings, the consequences of which affect not only the 

hea lth and surviva l of women but also that of their children, notab ly through intrauter ine growth 

retardati on [26] . 

Add ressi ng mil d to moderate deficienc ies of mu ltiple micron utrients may require more 

comprehensive approach with package of intervent ion including the right cocktail of 

micronutrients, who le foods, and entire diets for susta ining the effects [42]. These should be 

integrated in such a way that there is a smooth tra ns ition from the sin gle- or multiple­

mi cronutrient interventions to the most susta inable strategy of dietary diversification [42,46] and 

d i versi fied agricu Itura I prod uction to support hea Ithy diets [47] . 
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II 

Given the widespread impacts that MNDs have across the li fe span, it is not surprising that they 

cause tremendous financia l burdens to soc ieties . Ear ly-life nutrition has long-lasting impacts on 

the indi vidual and soc iety, including poorer adu lt hea lth, less educational atta inment, diminished 

work capacity, and lower lifet ime earning potent ial. An estimated 11 % of the gross national 

product in Africa and Asia are lost each year secondary to the high burden of ma lnutrition [ I). 

Underlyi ng causes 

1 
Food insecurity, Low 
content or density of 
vitam ins & minera ls in food 

I nadequate care of mothers 
and chi ldren 

Lack of access to adequate 
health services, clean water, 
and sanitation 

II I Immed iate causes 

1 
Inadequate intake of 
vitamins and minerals 

Diseases &infestations 
that cause loss or 
increase in the need for 
vitamins and minerals 

Figure 2. I: Interlinkage among the causes of MN Ds 
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2.2. Prevalence of zinc deficiency 

Zinc, a dietary essentia l trace element, is primarily an intracellul ar metal in volved in numerous 

metaboli c processes, i.e., as a catalyst, structural e lement, or regulatory ion of gene express ion 

[48]. In the past 40 years, zi nc has emerged as a critical nutrient factor for growth, immune 

function , cognitive development, and normal functioning of the central nervous system[49]. It is 

required for the activity of more than 100 enzymes involved in most major metabolic path ways 

and, consequently, is necessary for a wide range of biochemical, immunological, and cli nical 

functions [15] . 

Because there is no fun ctional reserve or body store of availab le z inc, except poss ibly in infants, 

a regular, adeq uate dietary supply is required [50] . In deve loping countries inadequate intake of 

z inc is by far the most likely cause of ZO, thi s is beca use most diets in developing countri es have 

a very low bio-avai labi li ty of zinc, and at the same t ime poor sanitation and hyg iene generate a 

high preva lence of recurrent infections such as diarrhea that increase the requirements for 

zinc[5 1]. Food items that contain plentiful of zinc include meat (espec ia lly livcr), scafood and 

eggs, and thus lacking in many diets. Moreover, although many food s conta in zinc at lower 

levels, the diets in many develop ing countries also contain many unrefined cerea ls, result ing in 

high dietary levels ofphytate [1 5]. 

Although zinc deficiency is among the most important causes o f morbidity in developing­

country settings, affects multiple funct ions in the body [48], Estimates of the prevalence of z inc 

deficiency and evaluation of its effects on health hampered by the lack of a rei iable biomarker o f 

zinc status. Although the WHO, UN ICEF, and the Internati onal z inc N utriti on Consultative 

Group joint ly recommend the use of serum zin c concentration for assessment of populati on z inc 

status, thi s measure is not reliable at th e individual level and few large-sca le studi es have been 

conducted in developi ng co untries [48, 52] 

Globa lly, it is estimated th at 17.3 -20% (95% CI: 15.9%, 18.8%) of the population could be at 

risk of zinc defic iency, with the highest estimates in A fri ca (23.9%) and As ia ( 19.4%)[48, 53]. In 

Ethiop ia, few studies determ ined th e prevalence of ZO in pregnant women and came up with 
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fi gures ranging from 53 to 76 %[54]. Worldwide, Z inC deficiency is responsi ble for 

approx imately 16% of lower respi ratory tract infections, 18% of malaria, 10% of diarrhea l 

disease, and in tota l 1.4% (0.8 mill ion) of deaths and the hi ghest risk groups are pregnant women 

and their yo ung children[53]. Currentl y, the WHO and UN ICEF recommend provision of zinc 

supplements for 10-14 days along with ora l rehydrati on therapy for acute diarrhea; however, no 

routine suppl ementation recommendations currentl y exist for the preventi on of z inc 

defi c iency[ I]. 

An assessment of dieta ry ZinC intakes is the best method for estimat ing zin c exposure In 

ind ividuals and populations. Reli able methods developed to eva luate dietary z inc intakes and to 

assess the risk of inadequacy for individuals and population groups. Although on ly I % of the 

tota l body zi nc is present in ci rculating blood, several expert com mittees have endorsed SZCs as 

a usefu l biomarker of zinc status, espec ially for assess ing the ri sk of z inc deficiency in 

popul at ions[ 19] . 

Moreover, clini cal signs of zinc deficiency are cl early assoc iated with a low SZC. Thus, SZC is 

a biomarker of both z inc exposure and the ri sk of cl ini cal z inc defic iency. Cutoffs established to 

identi ty individuals and populations with an elevated risk of z inc defic iency by using both 

cl inica l data and statistical criteria. Current cut-offs for z inc deficiency for non-fastin g WRA is 

<70 IlgidL ( 10. 7llmol/L) (morn ing) [55]. 
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2.3. Prevalence of vitamin A deficiency 

Vitamin A is an essential micronutrient requ ired for the normal function ing of the vision system, 

immunity, epitheli al integrity, cellular differentiation, growth, development and rep roduction 

[56]. World Health Organizati on (WHO) defi nes vitamin A defi ciency(VAD) as ti ssue 

concentrations of vitamin A low enough to have adverse health consequences, even if there is no 

evidence of c linica l deficiency[57]. G loba lly an estimated 78 to 253 mill ion preschoo l children 

are affected by V AD. Pregnant women and WRA also constitute high ri sk groups for vitamin A 

defi ciency in deve loping countries[58]. VAD can cause impaired vi s ion and immune functi on, 

and may result in preterm birth and infant mortality [59] . 

The abi li ty of vitamin A to target and affect multipl e pathways, as well as its tight homeostatic 

regulation, makes it a hormone li ke compound active in a large num ber of ti ssues and 

organs[60] . VAD is a w idespread pub lic-hea lth problem with the most vulnerable groups being 

preschool chil dren[61], WRA, and pregnant women [59]. 

Serum retino l levels reflect liver vi tam in A stores on ly when they are severely depl eted « 0.7 

flm ol/g liver) or extremely hi gh (> 1.05 flm ol/g liver). The distribution of serum retinol val ues in 

a population and the preva lence of indi vidua ls with serum retinol va lues below a given cut-off 

can provide im portant information on the vitamin A sta tu s of a population and may reflect the 

severity of VAD as a public health problem[62]. Studies have shown a I: I relati on between 

serum retinol and RBP, and therefore, REP often substituted as an ind icator of vitamin A status 

with the advantage of RBP being more robust for sample co llection and handling processes and 

less expensive to measure [63]. 

Vitamin A defi c iency is of utmost importance as a wo rldwide nutritiona l problem, parti cul arly in 

deve lop ing countries[64]. Thi s deficiency is a pub lic hea lth problem that requires intervent ion 

when at least one of two specificati ons is met: ( I) the preva lence of low serum retinol is within 

the range specified by another biologica l indi cator of vitamin A status (including night blindness, 

breast milk and widespread defi ciency is indi cated retinol, relative dose- response, modifi ed 

dose-response or conjunctiva im press ion cyto logy); (2) the preva lence of low serum retinol 
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indicates widesp read defi ciency, and the presence of certain demographi c and eco log ica l ri sk 

factors[65). 

Despite the important consequences of poor vitamin A status, its measurement in human 

populations is diffi cult [56, 63] . Although there is go ld standard assessment of individual 

vitamin A status, they are not used for population survey [66). Therefore, serum retinol and RBP 

concentrations are surrogate measures of vitamin A status commonly used in nutrition surveys 

but both biomarkers influenced by the presence of inflammation wherein concentrations 

transiently decrease during the acute phase response. This results in overestimation of vitamin A 

deficiency. So, it is recommended to adjust serum retinol and retinol binding protein for 

inflammation [63] . 
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2.4. Dietary Diversification 

Dietary di versity is well recognized as an important dimension of di et quali ty and is refl ected in 

all food-based di etary guide lines, usually through daily consumption of recommended food 

groups. Diverse diets prov ide micron utri ents, phytochemicals and fiber, and satisfy consumer 

preferences[25]. Available compelling sc ientific evidence demonstrates that dietary diversity is 

indeed strongly associated with nutrient adequacy [20, 27]. According to the Food and 

Agricul ture Organization (FAO)[27], di etary divers ity is a qualitative measure of food 

consumpti on that reflects househo ld access to a variety of foods, and is al so a proxy for nutrient 

adequacy of the diet of individuals[67]. Dietary diversity can be assessed by using too ls such as 

di etary diversity scores and these are good prox ies of overall dietary quality and are use ful 

indicators of household food security [68]. 

Low DDS is more prominent III resource-poor countries li ke Ethiopia where low-quality 

monotonous diets are the norm[37]. Women of reproduct ive age are particularly vul nerable 

because o f the ir greater micronutrient needs [26, 27, 69, 70]. So dietary di versification is a 

recommended approach to alleviate nutritional problems resultin g from inadequate intake of 

micronutrient. 

Dietary diversificati on is there fore a key el ement of di et-based strategies that can be used to 

increase intake of multipl e micronutrients [7 1] . 
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2.5. Minimum Dietary Diversity-Women (MDD-W) 

The 'MDD- W' is a simple proxy indicator recently endorsed to monitor nutrition-sensitive 

actions and programmes aimed at improving the diet of WRA [26] . According to the MDD-W, 

women who have consumed at least fi ve of the ten poss ible food groups over a 24-hour recall 

period are classified as hav ing minimally adequate diet di vers ity[72]. The Food and Agri culture 

Organ ization (FAO) and the United States Agency of International Development (USAID) both 

recommend the use of the MDD- W when a categorical indicator of ind ividual dietary di vers ity 

for women is needed[73] . 

MDD- W provides a new tool for assessment, target-setting, and advocacy[69]. The food groups 

which are included in the MDD-W mostly reflect the diet quality with the probabi lity of 

minimum micronutrient adequacy of the women's diets summari zed across II important 

micronutrients [74] . It is a dichotomous indicator relies on two cuto ffs. First, a cutoff chosen for 

the gold standard indicator of micronutrient adequacy. Second, one needs to select a cutoff for 

the number of food groups, to examine how we ll it predicts the status indicated by the go ld 

standard indicator[75]. A woman was class ified as having poor DO and food insecure if she had 

consumed <5 food groups or had achi eved MDD-W with good DO and was food secure if she 

had consumed ~ fo od groups in the previous[25]. 

The MDD-W is currently one of the key nutrition-sensitive indicators recommended by th e FAO 

[27] and is a lso proposed by the new initiative of the Gallup World Poll aimed at providing 

comprehensive data on the quality of people ' s diets worldwide [69]. The MDD-W responds to 

several needs including gathering accurate and comparable data on women's diet quality at 

national or sub national level, making it possible to target at-risk populations, track progress and 

measure the impact of programs and po l icies[76]. 
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2.6. Definition of Anemia 

Anemia is a disorder which is princ ipally characterized by a decline in the concentrati on of 

circulating erythrocytes or hemoglobin in the blood and a concomitant impairment of oxygen 

transportation [77]. Common etiological class ificati on identifies nutritional , acute and chroni c 

infecti ons, marrow di sease and hemolytic anemia types[78]. Nutritional anemia is by far the 

most common type worldwide and mainly includes iron, folate and vitamin B 12 deficiencies and 

parasitic diseases, such as malaria and hookworm[33]. From all Iron is an essential micronutrient 

for human health, and is involved in DNA and enzyme synthes is, oxygen transportation, 

erythropoies is, metaboli sm, and immune function. Low iron status may result in iron defi ciency 

anemia(IDA)[79] . 

Spec ifi c physiologic needs vary with a person 's age, gender, res idential elevation above sea level 

(altitude), smokin g behavior and different stages of pregnancy [80]. It is assumed that IDA 

considered to be one of the top ten contributors to the global burden of disease [8 1]. World 

Health Organ ization (WHO) class ifi es Anemia to mild anemia as hemoglobin concenlrat ions of 

9.0-1 0.9 gldL, moderate anemia as hemoglobin concentrations of 7.0- 8.9 gldL, and severe 

anemia as hemoglobin concentrations < 7.0 gldL[82, 83]. The prevalence of anemia is an 

important hea lth indicator and when it is used with other measurements of iron status the 

hemoglobin concentration can provide informati on about the severity of iron defi ciency [1 2]. 
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2.7. Demography of anemia 

The WHO, estimates that anemia affects nearly two bil li on peop le all over the world, which is 

nearly one third of the rapidly growing world popu lation [77]. Despite worldwide econom ic and 

scientific deve lopment, more than a quarter of the world's popu lat ion remains anemic and about 

half of this burden is a result of IDA, whi ch is most preva lent among WRA around 30.2% [84]. 

On the basis of 20 II globa l estimates, 43% of preschool children and 33% of nonpregnant 

women were anem ic, with the highest burden in Africa and South As ia[IO]. Data co llected from 

23 countries for pre-school children and non-pregnant women of reproductive age concludes that 

the proportion of anem ia assoc iated with iron defic iency for pre-school children and WRA was 

25% and 37%, respective ly[85]. 

World Hea lth Organ ization (WHO), 2004 esti mates, IDA resulted in 273 000 deaths: from th is 

data, 3 1 % are in Africa, a ll over 97% occurring in low- and middle-income countries. It also 

caused the loss of 19.7 million disabil ity-adjusted life years, accounting for 1.3% of the globa l 

total. Of these lost disab ili ty-adjusted life years, 40% were in Southeast As ia, 25% in Africa, and 

17% in the Western Pacific. The median annual econom ic loss because of IDA in ten developing 

countries inc luding Ethiopia was estimated to be 4% ofGDP[84] . 
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2.8. Etiology of Anemia 

A systematic ana lysis of global anem ia burden study reported that with a globa l prevalence of 

32.9%, anemia accounted for 9% of the total di sability from all conditions in 20 I 0[82). While 

the etiology of anemia believed to be common ly iron deficiency, Several other micronutrients 

were also found to be important factors, yet these assoc iations remain to be confirmed by 

interventiona l studies[I I) . Even though MND hold the highest share, infect ions (e.g., intestinal 

parasites, schistosomiasis, malaria, HIV), and inherited red blood ce ll disorders (e.g., sick le cell, 

a-thalassemia) also the cause of anemia [10) . 

Iron deficiency: The most common nutrition deficiency in both developing as well as 111 

developed countries is iron deficiency, causing approximate ly 75- 80% of the tota l burden of 

anemia [82). Iron deficiency may arise due to an insufficient dietary iron intake. Dietary surveys 

have shown that, even in developed countries, dietary iron intake is too low in some population 

groups [83). 

Women of reproductive age (WRA) are at particu lar risk because of menstruation, as pregnancy 

and ch ildb irth result in additional loss of 580 to 680 mg because of fetal and placental 

requirements and bleeding during delivery [32) . Ongoing, continuing blood losses predominantl y 

from the gastrointestinal tract due to infections, intest inal parasites, and/or inflammatory bowel 

disease may contribute to IDA in many parts of the world. Furthermore, women with heavy 

blood losses at their menstrual periods or by recurrent uterine bleeding due to gynecological 

di sease have a highl y increased ri sk of deve loping IDA [22). 

Vitamin deficiencies: A number of vitam in deficiencies are assoc iated with the deve lopment 

of anemia such as vitamin A and vitamin D deficiency[82). Although the exact biological 

mechani sms are yet to be el ucidated, vitam in A is known to influence hematopo ies is [56, 58). 

The hypothes ized mechani sms by which VAD leads to anemia are impaired red bl ood ce ll 

production, increased susceptibility to in fections and impaired iron stores mob ilization [57, 86). 

In humans, cross-sectional studies show pos iti ve corre lations betwcen se rum ret inol 
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concentrati on and Hb that are more apparent with poorer vitam in A status and possibly age[60]. 

According to different studies VAD may induce anemia by impairing the differentiation and 

proliferation of pluripotent hematopo ieti c ce ll s; disturbing renal and hepati c erythropo ieti n 

synth esis; reducing mobilization of body iron stores and disturbing iron and haem 

metabolism[87, 88]. 

Folate: Folate deficiency causes a specific form of anemia termed megaloblastic anemia[50]. It 

has been estimated that, in developing countries, folate deficiency occurs in as many as 25% to 

72% of WRA [82]. In the fetus and newborn baby, folate deficiency is associated with a hi gh 

risk of neural tube defects as well as other organ defects. It is present in food of plant origin, e.g., 

green leafy vegetabl es, grains, etc. However, the problem is that food preparation proced ures 

(cooking, frying, and milling, baking) actually destroy a hi gh percentage of the folate content in 

the food [89]. 

Vitamin BI2: Vitamin B1 2 deficiency is probably the second most common vitamin defi ciency­

caus ing anemia, which is a megaloblastic anemia with high MeV and typical morphological 

features such as hyperlob ulati on of the nuclei of the granul ocytes [1] . In developing countries, 

vitamin B 12 deficiency constitutes a s ignifi cant problem, and studies from Lebanon and Turkey 

have revealed that - 40% of WRA have vitamin B1 2 defi ciency which , in addition to insufficient 

dietary vitamin B1 2 intake [82]. Vitamin B12 is present in food of animal origin, which means 

that subjects consuming food of predominantly plant origin, e.g., vegetarians are not getting 

enough vitamin B1 2 and therefore are at high ri sk of deficiency [90]. 

Infection/ infestations: According to different studi es, both acute and chronic 

infections/infestat ions like intesti nal parasi tes are assoc iated with anem ia in many different 

countries like Ethiopia[82]. Anemia caused by intestinal parasites is mainly due to iron 

deficiency but is often combined with vitamin B1 2 deficiency as we ll as folate deficiency [1 ,9 1]. 
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Hcmoglobinopathics: In many tropical and subtropica l countries, the high prevalence of geneti c 

hemoglobinopathies, thalassemia, s ickle ce ll disorders, etc., plays a signifi cant ro le in the 

prevalence of anemia[28] . Geographica lly, the thalassemia belt covers West and Centra l Asian 

countries as wel l as South-East Asian countries. Th is is also most common in African, Greek, 

Italian, Midd le Eastem, and Southern Asian popu lations. In some of the above regions, as many 

as 30% peop le may be carriers of the gene defect [92]. 
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2.9. Who are the major risk gt·oups of anemia? 

New born and young children: Accord ing to reports globa l anem ia preva lence estimates of 

47% in children yo unger than 5 years, in Africa, the prevalence of anemia is esti mated to be 65% 

which unfortunately is on the top of the list [83] . Stud ies have shown that infants and ch ild ren 

born to iron-deficient mothers have a poorer cognit ive development of the brain funct ions and a 

lower IQ than in fants and ch ildren born to iron-rep lete mothers [82, 93]. If iron deficiency is 

very preva lent in the fema le population, it may therefore affect the health profile as we ll as the 

social structure of the society in a negative direction that is why most countries focused on 

giving pregnant mothers iron supplementation [91] . 

Women of reproductive age: On a worldwide scale, more than (30%) 468mi lli on WRA suffer 

from anemia ; of these numbers, Africa and As ia account more than 85% of the absolute anem ia 

burden in high-risk groups [59]. Women In deve loping co untries faces a difficult s ituation 

concern ing th eir iron balance due to their consumption of a diet containing an insuffic ient 

amount of iron to cover their needs, whi ch probably come from non heme iron in part [28, 83]. 

Pregnant women:. Estimates from the WHO, report that from 35% -75% of pregnant women in 

developing countries, and 18% of women from industria li zed countries are anem ic[94]. 

However, many of these women were already anemic at the time of conception, with an 

estimated prevalence of anemia of 43% in nonpregnant women in deve loping countri es and of 

12% in women in wea lthier regions [95]. South- East As ia and SSA present high prevalence of 

anemia 48% and 57%, respective ly. In general, more than 56 milli on pregnant women all ove r 

the world suffer from anemia; of these 87.5% are in more or less deve loping co untries [94]. 

Postpartulll lactating wOlllen: If left untreated, anem ia III late pregnancy will inevitably 

continue afler delivery into postpartum anemia, wh ich wi ll even be aggravated due to the blood 

losses at delivery[65]. Lactating mothers from low and midd le-income countries are cons idered 

as a nutrit ionally vu lnerable group due to frequent pregnancy, ca ring and nurturing the fami ly as 

well as work load whi ch intern leads to hi gh maternal mOl1ality [76]. 
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2.10. Health Consequ ence of anemia 

Anemi a is an indicator of both poor nutrition and poor health [I). The most dramati c health 

effects of anemi a, i.e., increased ri sk of maternal and child morta lity due to severe anemi a, have 

been well documented[83, 95] . In additi on, the negative consequences of IDA on cogniti ve and 

phys ica l development of children, and on physical perfo rmance - particularly work productivity 

in adults are of major concern[2]. 

I. Reduced Physical and work capacity 

Linear re lationship has been reported between iron de fi c iency and wo rk capacity for agri cultura l 

workers .S imilarly, iron supplementat ion increased work output among road workers and rubber 

tappers in Indones ia [82). Compared with non-anemic women, anemic fe male workers in China 

were 15% less effici ent in performing the ir work, whi ch is likely due to reduced oxygen-carryin g 

capacity in an ind ividual' s blood[96). Another study reported that iron supplementat ion was 

assoc iated with red uced subjecti ve measures of fati gue and shows improvements in hemog lobin 

level, that used to increase physical capac ity[97]. 

II. Negative Pregnancy out comes 

Anemi a has been assoc iated with premature labour and low birth weight and maternal and 

prenatal morta lity[83). Iron defi ciency in WRA increases maternal mortality, prenatal and 

prenata l in fa nt loss, and prematurity and 40% of a ll maternal prenatal deaths are linked to 

anemia[95]. Favorab le pregnancy outcomes occur 30-45% less often- in anemi c mothers, and 

th eir infants have less th an one-half of normal iron reserves in deve loping countries including 

Eth iopia [98]. 

III. Morbidi ty from infection 

Due to iron role in several bio logical mechanisms invo lved in th e immune response to in fecti ons 

Morbidity from infectious d isease is increased in iron-defic ient popul ations, because o f the 

adverse e ffect of iron defi c iency on the immune syste m even though unreso lved issues remain to 

be there [1 4, 82] . 
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IV. Impaired cognitive development 

Iron defici ency can impair cognitive performance at a ll stages of life, Moreover, the effects of 

iron deficiency anemia in infancy and earl y childhood are not likely to be corrected by 

subsequent iron th erapy[99]. An estimated 10-20% of preschool children in deve loped countries, 

and an estimated 30-80% in developing countri es, are severe ly anemic at one year of age [78]. 

These chi ldren will have delayed psychomotor development, and when they reach school age 

they will have impaired performance in tests of language skill s, motor ski lls, and coordi nation, 

equivalent to a five to ten point defic it in IQ [94]. 
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2.11. Measurement and assessment of anemia 

There are Different diagnosis methods for assessment of anemia but most reliable is 

Hematologic lab findings[ I 00]. Identification of the cause of anemia is important so that 

appropriate therapy is used to treat the anemia. According to findings, there are three ind icators 

to meas ure iron status [82, 101 , 102]. 

1. Hemoglobin measurement 

The measurement ofHb is essentia l for the diagnosis of nutritional anemia and is one of the most 

common, easiest and least expensive methods but Hb measurement is not very sensitive and 

specific for iron deficiency (only the third stage affects Hb synthesis). Thus, to determine if iron 

defici ency is responsible for anemia, it is usua lly necessary to include other indicators [82]. 

2. Ferritin measurement 

Ferritin is an iron storage protein, regulated post-transcript iona lly by cellular iron status via iron­

responsive elements in its messenger RNA and is the most important and sensitive indicator of 

iron deficiency [103]. World Health Organization(WHO) recommends that a serum ferritin 

concentration < 15 Ilg/L indicates depleted iron stores in those >5 years ofage[104]. Measuring 

SF is the most sensitive and spec ific test and widely used to ident ify iron deficiency, but it is 

spurious ly elevated in malignancy, inflammatory conditions or li ver di sease[IO, 3 1]. SF< 15 

Ilg/L in WRA could be diagnosed as iron deficiency. However, results from previous study 

indicated that if the cut-off of SF level increase to 30 Ilg/L, the diagnostic accuracy would be 

improved[IOI]. The sensitivity would increase from 25 to 92% according, compared with the 

151lg/L (cut-off value), and specificity was unchanged (98%)[105]. It is therefore also valuable 

to measure parameters for acute (CRP and chronic infection [alpha-I-glycoprotein (AGP)] [106] . 

3. Soluble Transferrin Receptor (sTIR) 

The Serum sTfR concentrations indicate the abso lute rate of erythropo ietin and the adequacy of 

marrow prol iferat ive capac ity for any level of anemia[ I 07]. As the iron supply to the ti ssues 

becomes deficient the concentrati on of sTfR on ce ll surfaces increases progress ively and 

independently of the presence of adequate iron stores[ 108]. This means that an increase in serum 

TfR concentrat ion is a sensitive and quick response to the development of iron deficiency. 

Converse ly, the serum TfR concentration decreases in respo nse to treatment with iron before a 

change in hemoglob in occurs, so the response to iron can be monitored by changes in serum 
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TfR[ I 0]. The measurement of sTfR is increas ing ly being used to determine iron defici ency in 

situations where infection and inflammation is a factor, as it is much less infl uenced by this 

conditi on[ I 09] . STfR measurements are still much more expensive than ferritin measurements. 

4. Total body iron store (TBI) 

The logarithm of the ratio of sTfR to SF concentrations is linearly related to total body iron 

stores (TBI) expressed as mglkg body weight[ I 10]. TBI is not a measure of the quantity of iron 

in the individual ' s body and merely provides a quantitative estimate of the size of the body iron 

store when iron is present in the store or the size of the functional defic it that would need to be 

corrected before iron could again be accumu lated in the store in an individual who is iron 

deficient(:oO mglkg)[IOI] . A ratio of sTfR to log ferritin < I indicates anemia of chronic disease 

(ACD), whereas va lues >2 ind icate IDA or a mixture of iron deficiency and chronic diseases [1 4, 

109]. The rat io of sTfR to ferrit in is th e most sensitive indicator for the iron status, since it allows 

the calculation of the iron stores in mglkg body weight[lll]. It is therefore similar to the go ld 

standard of bone marrow sta ining in defin ing iron defic iency [112]. 

26 



2.12. Prevention and control of micronutrient deficiency 

1. Dietary improvement 

Food-based approaches represent the most desirable and sustainable method of preventin g 

micronutrient malnutrition even though poverty is the major challenge, Such approaches are 

designed to increase micronutrient intake through the diet like focusing upon foods wh ich 

enhance the absorption or utilization of iron such as fruits, vitamin A rich vegetab les, and animal 

products[ 11 3]. Finally, effective nutrition education and information on hea lth and nutrition for 

both supply and demand aspects of programmes may be needed to increase the demand for and 

consumption of such foods[40]. But poverty is the major challenge to get such to get diversifi ed 

foods [44]. One of the greatest strengths of it lies in its potentia l to result in multiple nutritional 

benefits. These benefits can, in turn, achieve both short-term impact and long-term sustainability. 

In practice, it should first address the production, preservation, process ing, marketing, and 

preparation of food . Secondly, they should address feed ing practices, such as intra-family food 

distribution and care for vulnerable groups [28]. 

2. Food fortification 

Fortificat ion (enrichment) offood is an effective long-term approach to improving the iron status 

of populations[114]. O nce a fortifi cation programme is establi shed, it is a cost-effecti ve and 

sustainable means of achiev ing this purpose [2, 13] . An effective iron fortification programme 

req uires the cooperati ve efforts of governments, the food industry and consumers in addition to 

se lecting appropriate food vehicles and fortificants [43]. 

The dietary habits of the populat ion are an important cons iderat ion in se lecting a food for 

fortification. For example, possib le appropriate fo od vehicles range from wheat flour or pasta 

and condiments like sugar, salt [11 5]. In subsistence farming areas in most developing countri es; 

a fortified-food approach has limited potentia l because few households ever consume 

commerciall y processed foods [77]. 
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3. Iron supplementation 

Supplementation is most often used to treat ex isting iron defi ciency anemia[97]. It should a lso be 

considered as a preventive public hea lth measure to control iron defi ciency in populations at hi gh 

ri sk of iron defici ency and anemia [11 3]. Supplementation programmes, espec iall y for pregnant 

women, operate in deve loped as well as in devel oping countries [93]. 

4. Integration with other micronutrient control programmes 

Preventive supplementation is parti cularly well suited to strategies that comb ine multiple 

micronutrient interventi ons [93]. Accordin gly, efforts should be intensively directed to thi s area. 

Programmes that involve preparations conta ining iron, folic ac id, and vitamins A and C, di rected 

to infants, children , and pregnant and lactating women, are hi ghly desirable[40]. Similarl y, much 

more attention should be focused on the use of multiple micronutrient-fortified food preparations 

in supervi sed feeding programmes[93]. 
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2.13. Interpretation of iron and vitamin A status during an ac ute phase response 

Iron and vita min A status in fluenced by infect ion or trauma, indices of iron status particularly th e 

concentrat ion o f SF and sTIR, are influenced by changes in the concentrati on of acute phase 

proteins (APPs) during infection or trauma [66). Inflammation and nutrition are close ly related 

with the result that many nutriti onal biomarkers, such as serum ret inol and RBP, are altered in 

the presence of inflammation[86). Two of the most commonly measured APPs to reflect an 

individua l's inflammatory response in cross-sectional surveys are CRP, whi ch rises rapidly and 

acute ly in response to an inflammatory stimul us, and AG P, which has a slower and longer 

response [63). 

The maJl1 purpose of the acute phase response is to prevent damage to ti ssues, and remove 

harmfu l molecules and pathogen s[ 11 6). During such a response the concentrat ion of some APPs, 

ca lled pos it ive APPs, increase in the plasma and others, ca lled negative APPs, decrease. The 

changes in the concentrations of APPs are due largely to changes in their production by 

hepatocytes, which in turn are regulated hy cytokines such as interleukin- I (I L- I), interleukin-6 

(IL-6) and tumor necros is factor a (TNF-a), whi ch act in a complex network [104). 

The acute phase protein (A PP) C-react ive protein (CRP) has been used widely to monitor 

inflammatory processes [105) . Serum concen trat ions of CRP and other APPs increase rap idl y 

within the first 6 h of the onset of an infection or trauma and reach max imum concentrati ons 

between 24 and 48 hours [66). The concentrati ons of many serum nutrients or nutritional 

biomarkers also chan ge rap idly in the same time interval retinol binding protein (RBP), Serum 

fe rritin (SF) and serum z inc (1 06). 
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3. MATERIALS AND METHODS 

3.1. Study area 

This study was co nducted from November to December 2017 in Amhara region. Four kebeles 

were se lected from Bah ir Dar Zuria Wereda in West Goliam and three kebeles in Dangla Wereda 

in Agew Awi zone, Northern Ethi opia that is located about 560 km from Add is Ababa with 

altitude about 1800-meter elevation above sea level. Based on the 2007 census conducted by the 

Centra l Statistical Agency of Ethiopia (CSA, 2007), West Goliam and Agew Awi zone have a 

population of 2, I 06,596 and 982,942 respectively. About 90% of the popu lation lives in rural 

area. West Gojjam and Agew Awi zones cover 13,3 11.94-km2 and 9, 148.43km 2 areas, 

respective ly. West Goliam bordered in th e south by Abay river, that separate it from Orom ia and 

Benishangul -G umz Region on north by Lake Tana and Abay ri ver wh ich separate it from South 

Gondar, and in the east by East Gojj am Zone (F igure 3.1). Agew Awi bordered in the west by 

Benishangul -Gumuz Region, in the north by Semien Gonder zone and in the east by west 

Gojjam. These zones are relat ively food secure area. Agriculture is the main source of income, 

and sorghum, maize, mill et, teff, peas are the main crops cultivated in the area. Livestock is a lso 

a s ignifi cant source of income of the area. 
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Figure 3. I Map of the study area 
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3.2. Study populations 

The study population was women of reprod ucti ve age (WRA, 15-49 years old) in fou r Kebe les of 

Bahir Dar zuria wereda o f west Gojjam and three kebeles in Dangla wereda in Agew Awi zone, 

Amhara Region. The human subj ects were selected based on thei r anemia status. In SSA 

countri es includi ng Ethiopia, 80% of the food supply is provided by smallholder fa rmers were 

the majority are, women[11 7]. Smallholder fanners mostly rely on rain-fed agri culture where 

fluctuations in rainfall determine the freq uency and the amount of harvest. As resul t, on certain 

period of the year, food is available in abundance whil e little is ava ilabl e during the rest[4].Thus, 

thi s study was co nducted in a season where production was abundance. 

3.3. E ligibili ty criteria 

3.3.1. Inclusion criteria 

Women of reproductive age ( 15-49 years old) who, were permanent inhabitants of rura l Kebeles 

of Bahir Dar zuri a wereda in West Gojjam and Dangla wcreda in Agew Aw i zone. 

3.3.2. Exclusion criterill 

Pregnant and lactating women were exc luded from thi s study, as we ll as part icipants who could 

not come due to illness and other personal reasons du rin g study peri od. 

3.4. Study variables 

3.4.1. Dependent variables: hemoglob in, serum fe rritin, body iron store (BI S), Serum zinc, 

serum transferin receptors, retinol-b ind ing prote in (RBP). 

3.4.2. Independent vllriables: women's dietary di vers ity score (WDDS). 

3.5. Sample determination 

Sample size was ca lculated us in g GPower Version 3. 1 .. 2 as a tool, thi s software prov ides 

sa mple size and power ana lyses for tests that use F, t, chi -square, or z di stributi ons and various 

distributions fo r nonparametri c app lications and to have a suffi cient sa mple size the study was 

considerin g medium effect s ize (0.5); power ( I -P) of the study (0.8) and a-error probabi li ty 

(0.05) [11 8]. By using th is so ftware sa mple of 200 women o f child bea ring age of whi ch 100 

anemic and 100 controls were rec ruited by taking 10% non- response rates into considerati on . 
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3.6. Sampling techniques 

In two wereda of west Gojjam and Agew Awi, zone screening for anemia done using hemocue 

and randomly 100 anemic and 100 non-anemic WRA se lected for further study. Ballotin g used 

to select women of reproductive age (15-49years) from different households to obtain a sample 

size of200. 

3.7. Study Design and sampling approach 

Case control study des ign employed among anemi c and non-anemic women of ch ildbearing age. 

The measuring instruments included a pre-tested soc io-demographic and hea lth questionna ire, a 

val idated food frequency questionnaire (FFQ)and 24 hour di etary recall ,were carri ed out to get 

purposive and full information [25, 119]. 

3.8. Ethical consideration 

The institutional review boards of the Co llege of Natural and computational Sciences of Add is 

Ababa Un ivers ity and the Amhara Reg iona l Health Bureau approved the study protocol before 

embark ing on the study. Informed consent sent to the community, the area vis ited, and 

participants were enlightened about the reason for conducting the study. Partic ipation in the 

study was entirely on vo luntary basis. Written in formed consent obtained from the women who 

se lected for the study in the presence of loca l kebeles (smallest adm ini strative unit) 

admin istrators after a detailed explanation of the purpose and methods of the study. 

3.9. Training of research assistants 

3.9.1. Food consumption pattern 

Research ass istants trained on questionna ire admini stration and on how to cond uct interviews, 

identify the food groups a nd the indi vidual foods in each food group in order to place reca ll ed 

foods appropriate ly into the ten food groups based on 24-hou r recall and food freq uency 

questi onnai res (FFQ)over period of a week recall was collected. 

3.9.2. Anemia measurement 

Phleboto mi st was know ledgeable of how to draw ve no us blood as we ll as conductin g laboratory 

activit ies to determine malaria and anemi c status as we ll as how to handle serum sampl e from 

sample col lection area to temporary storage area. 
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3.10. Data collection 

Data co llection done by the use of a questionna ire to obtain enough information on soc io­

demographic and soc io-economic characteristics of the rural women and their dietary habits. 

3.11. Hemoglobin measurement 

A drop of blood from the fingert ip was taken using an automated lancet and the first drop of 

blood removed with sterile cotton swap. Then it was directly collected into the microcuvette. 

3.11.1. Calibration of hemocue equipment 

Blood samp le was collected in tube containing Ethylened iam inetetraaceticacid (EDTA), 

centrifuged and separated plasma and ce ll s. Mixture of plasma and cell s will be prepared to give 

mass concentration values for hemoglob in of about 50, I 00, 150,200g/L using bland and Altman 

method[120]. These mixtures were divided into portions and analyzed each portion. The 

absorbance for EDTA blood samp les were analyzed [91]. 

3.11.2. Blood collection and biochemical analysis 

Fast ing venous blood (6mL) was coll ected, and, sample col lection sites was previously cleaned 

with isopropy l alcohol [28] . Blood samples were collected in vacuta iner tubes: EDTA-coated 

tubes for the subsequent analysis of hemoglobin (Hb), untreated tubes for the analys is of z inc, 

iron biomarkers (serum ferr it in, body iron store, so luble serum transferrin receptor)[38]. After 30 

minutes, collected blood samples were centrifu ged at 3000 rpm for 10 minutes. Then the 

separated serum was placed in cold box carri er co ntai ning ice packs and placed in refri gerator to 

maintain the temperature around _8°c unti l transported to Ethiopian Public health institute (EPH I) 

to be kept in deep freezer at a temperature of - 80 °C until subseq uent analysis[30, 68]. 

3.11.3. Analysis of iron biomarkers and retinol binding protein (RBP) 

Determination of serum ferrit in, sTiR , body iron store (BIS),CRP, AGP, and RBP concentration 

was conducted using a combined sandwich enzyme-linked immunosorbent assay in German 

laboratory [8, 50]. 
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3.11.4. Zinc measurement 

Micro pl asma atomic emission spectrophotometer 4200 was used to measure z inc levels at a 

wave length of2 13.857 nm by uti liz ing an air acetylene fl ame and hollow cathode lamp as a li ght 

source. Z in c standard was prepared usin g 0,5, 10, 15,20ppm. Fo ur (4) ml Butanol was used to 

di lute 200 ilL serum z in c. Zinc deficiency defined as mild to moderate for serum zinc levels 59-

70 Ilg/dL and severe z inc deficiency for leve ls be low 50'lg/dL[1 2 IJ. 

3.12. Assessment of dietary diversity 

Dietary assessment was investigated using the 24-hour recall di eta ry intake intervi ew and FFQ. 

The women were asked to recall the foods consumed both within and outside the home in the last 

24hours[25J. Dietary diversity was assessed us ing a new standardized Food and Nutriti on 

Techn ica l Assi stan ce Project (FANTA III ) quest ionnaire for calculat ing women dietary diversity 

score based on ten food groups. The WDD questionnaire ten food groups are: (I) starchy staples 

( II ) beans and peas (III) nuts and seeds (IV) dairy products (V) fle sh foods (VI)eggs 

(V II )Vitam in A-ri ch dark green leafy vegetab les (V III) other vitamin A rich fruits and vegetab les 

(IX) other vegetables (X)other fruits[ 122]. The sum of the different food groups summed up to 

ten points and thi s indicated the dietary diversity score for an individual women. Women with a 

dietary d iversity score of five and above was class ifi ed as hav in g high dietary divers ity and those 

below five has been classified as low di etary diversity[27J. 

3.13. Statistical analysis and deficiency cllt-offs 

Anemia was defined accord ing to WHO standards as Hb below 12 mg/dL fo r non-pregnant 

women[78J.Hb concentrat ions were adjusted downwards for a ltitude for all women and children 

living in vi llages with an altitude above 1000 m. SF and RBP concentrati ons were adjusted for 

inflammation usi ng biomarkers (CRP and AGP) according to methods proposed by Turnham et 

a l. [66, 106]. Corrected va lues of SF and retino l within infl ammation groups were obtained by 

mUltiplying va lues by the ir respective group corrector factors: SF by 0·77 (incubati on), O' 53 

(early co nva lescence) and 0'75 (late co nva lescence); retinol by 1·13 (incubati on), 1·24 (early 

convalescence) and I· I I ( late conva lescence)[65J. A statist ica l analysis program SPSS vers ion 

20 was used to ana lyze the data. Frequency di stribution of soc io-demographic characteristics of 

the study population was determined. Data has been coded and the means and standard 
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dev iations (means) was ca lculated for descripti ve data. Bivariate correlation was used to analyze 

the assoc iation between dietary divers ity score and micronutri ent status[ I 23].The scores obta ined 

from the dietary di versity questionna ire have been compared with standard from the Food and 

Agricultural Organization. A p-value of less than 0.05 was accepted as stati stica lly 

significant[ 124] . 
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4. RESULTS 

4.1. Socio-demographic information 

Among the 200-subjects in the study, on ly 179 WRA were completed the study givi ng response 

rate of 89.5%, therefore the anal ysis was based on these figures. The mean age of the participant 

was 35.5 years (standard dev iation=8.29), and it ranges from 15 to 49 years (Table 4.1). About 

69% of participants were illiterate while 3 1 % were able to read and write. About 98% 

participants were also small-scale farmers . Nea rly hal f (49.7 %) of women had monthly income 

of between 1,000 and 2,000 birr while about 33% of women had monthly income more than 

2,000 birr and the oth er 17% of women had monthly income below 1,000 birr or no formal 

income .Most (60%) of women have an average offour children. Nearly, 94% of participants had 

no ch ildren below the age of three on the other hand onl y 30% of participants had no ch ildren 

with age of three to five years. About 85% of participants had an average household size of s ix. 

Nine out often (92 %) of women were married; other 8% were either widow or divorced. 

4.1.1. Types of medication taken and source of water 

Among 179 women in volved in the study, nearly 45 % of them were taking different medicat ion 

and out of which 75% of them, were tak ing oral contraceptives. Nearly ha lf of(56%) participants 

were getting their source of drinking water from com munal pipe water, 26% from surface water, 

and 18% from sprin g water (Table 4.2). Furthermore, about 34% use different methods to treat 

the drinking water, of which 65% use chemica l treatment, 15% boi li ng, 12% straining (c loth), 

and 8% use other methods. More than two third (69% )of women were getting the ir drin kin g 

water wa lking less than 10 minutes only; over al l it takes less than 30 minute to get drinkin g 

water for a ll households in round trip . 
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Table 4. I Soc io-demograp hic characteristics 

Variables Proportion (,X.) 
Age 

18-25 14.0 

26-33 40.2 

35-49 45.8 

Educational status 

III iterate 68.7 

Literate 31.3 

Marital status 

Married 9 1.6 

Divorced 5.0 

Other 3.4 

Occupation 

Farmt::r 97.8 

Other 2.2 

Monthly income 

~ 1000 birr 17.3 

1000-2000 49.7 

~ 2000 33 

Number of children 

1-3 40.3 

>4 59.8 

Children<3 years old? 5.6 

Children 3-5 vears? 70 

Children >6 years old? 82 

Total number of household 

1-3 15 

>4 85 
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Tab le 4. 2Medication hi story and source of drinking water 

Medication use 

Tvpe of medication? 

Oral contraceptives 

Other medi cation 

Abortion? 

Source of drinking water 

Pipe water 

Spring water 

Surface water 

Other 

Minute of walking to get drinking water? 

g o 

20-30 

>30 minutes 

Treat water to make it safer for drink? 

Water treatment techniques 

Boiling 

Water fi lters chemicals 

Strain through the cloth 

Other methods 

Proportion (%) 

45 .3 

75.3 

24.7 

4.5 

55.9 

17.9 

25. 1 

1. 1 

81.6 

16.2 

2.2 

33.5 

15 

65 

11.7 

8.3 

4.2. Food consumption based on 24 hours recall resuits 

T he diet of study popul ation contai ned mostly cerea ls, legu me and pulses, dark green vegetables 

and other vegetabl es . Out of 84 anemi c wo men, nearly all co nsumed cerea ls (99%) and pulses 

(100%). on the contrary, the consumpti on of dark green leafy vegetables (34 %), other 

vegetabl es (23 %), vitamin A ri ch vegetab les (9.5 %) and nuts (7.9 %) was low. Furthermore, 
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hardly any or no WRA consumed animal and dairy products and other fruits (Figure 4.1). 

Similarly, dietary pattern was also obselved in non- anemic groups, all participants consumed 

cereals (100 %) and pulses (98%). About half of non- anemic women of them were consumed 

dark leafy vegetables. The consumption of other vegetables (25 %), vitamin A rich vegetables 

(19 %) and nuts (7 %) were low. FurthenTIore, consumption of animal and dairy products, and 

fruits were negligible (Figure 4.2). Overall, teff, finger millet, oats, maize, sorghum, chickpeas 

and lentil were the most common consumed cereals and legumes. 

Anemic women DDS result 
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Figure 4.IFood groups consumed according to women's dietary diversity score (WDDS) 

classification of anemic women. 
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4.3. Women's Dietary diversity 

Nearly half of anemic (54%)and non- anemic (53%)women consumed three food groups while 

nearly one third of anemic (30%) and 21 % of non-anemic women were consumed only two food 

groups, these are known to be cereals and pulses that formed the integral part of the main meal. 

Furthennore, (14%) of anemic and 22% of non-anemic women were consumed four food groups, 

while less than five percent of anemic (2%) and non-anemic (4%) women have consumed five 

food groups. Neither of women has consumed more than five food groups. Starchy stables, 

pulses, dark green vegetables and other vegetables were the most frequently consumed products. 

Other fruits, animal products were least consumed the food groups (Figure 4.4). 
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Figure 4. 4Dietary diversity score of anemic and 11011 -anemic women 
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4.4. Food consumption based on food frequency questionnaires results 

Almost all study participants were consumed cereals (100%) and pulses (99%) two times and 

above per week. Cereals (maize, sorghum, millet, teft) and pulses (lentil, chickpeas) were 

commonly consumed foods in study area. Close to half (45%) of study participants consumed 

dark green vegetables, other vegetables from at least once weekly to once daily. One-fourth 

(25%) of participants conslUned other vitamin A rich vegetables below two times weekly. 

Consumption of nuts and seeds, otJler fruits and animal products was rare or negligible (Figure 

4.5). 
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Figure 4. 5 Seven-day food frequency consumption result 
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4.5. Dietary diversity score results based on FFQ 

Low DDS was shown in , where the main score, based on a seven day recall for 15-49 year old 

women, was (3.5 ±0.92) out of 10 food groups for all participants. From all study participants 

nearly (10%) of anemic and (7%) of non-anemic women were consumed only two food groups. 

Half of anemic (50%) and 41 % percentage of non-anemic women were consumed only three 

food groups. One-foLlIth of anemic (26%) and one-third (36.8%) of non-anemic women were 

consumed four food groups. Close to 10%, anemic and non-anemic women were consumed five 

food groups. Insignificant number of anemic (2.4%) and non-anemic (4.2%) women was 

consluned six food groups. Number food groups consumed in thi s case range from one to six 

(Figure 4.6). 
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4.6. Minimum dietary diversity women (MDD-W) 

Only six women out of 179 consumed five or more of the ten spec ified food groups the prev ious 

day. Re latively the mea n MDD-W for the anemic women (2.89±0.728) was genera ll y low 

compared to nonanemi c women (3.09± 0.773). Over a ll, the mean MDD-W fo r the sample was 

3.00± 0.757. The percentage of WRA who achieved minimum dietary diversity (~ 5 food 

groups) was only 3%, and they are more li kely to have higher (more adequate) mi cronutrient 

intakes than those of 97% of women who did not meet the minimum dietary diversity (Table 

4.3). 

Tab le 4. 3Minimum Dietary divers ity women (MDD- W). 

Tota l MDD-W Status MDD-W Percentage of women 

(Mean ±SD) (Mean ±SD) 

<5 Food Groups ~ Food Groups 

Anem ic (N- 84) 2.89±0.728 98 2 

(N= 179) 3.00±.757 
Non anemic(n=95) 3.09±0.773 96 4 
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4.7. Prevalence of iron deficiency anemia 

Among all anemic women (84), (26.2%) were iron deficient (serum ferritin < 30 ~g/L), this 

indicates iron deficiency as a moderate public health problem in the study area . Furthennore, 

close to 8% WRA, had tissue iron deficiency based on soluble transferin receptor (sTIR) level 

above 8.3mg/L. Nearly 6% of them had low body iron store (BIS), ratio of serum ferritin and 

senun transferin receptor. From all non-anemic women (95), (10.5%) of them, had low iron 

stores based on serum ferritin levels below 30Il g/L. Only 1 % of them, had tissue iron deficiency 

based on sTIR levels above 8.3mg/L. only 2% of them had low BIS level below Omg /kg. Over 

all, the mean prevalence of iron deficiency anemia measured with serum fen·itin was 18.4% 

(95% CI: 10.5%-26.2%). According to this resltlt, anemic women have low serum ferritin level 

than non-anemic women (Figure 4.7). 
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Figure 4. 7 Prevalence of iron biomarkers in anemic and non- anemic women. SF, serum ferritin ; 
sTIR, serum transferrin receptors 
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4.8. Prevalence of vitamin A and Zinc Deficiency 

About 72.6% of anemic and 60% of non-anemic women were zinc deficient (serum zinc < 10.7 

I1mollL (70 11g!L) (Figure 4.8).Furthermore, 13 % of anemic and 12 % of non-anemic women 

were vitamin A deficient (REP < 0.81 I1moIlL). To sum this up, 65 % and 12.4 % of women 

(both groups) were zinc and vitamin A deficient. 
~ ---------- -- -- ---~-, 
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4.9 Prevalence of inflammation status in anemic and non anemic women 

Less than 5% of anemic women were in late convalescence phase (CRP<5mglL and 

AGP>lmgIL), 1.2% were in early convalescence phase (CRP >5mglL and AGP > lgm/L), and 

3.6% in incubation phase (CRP>5mgIL and AGP< I gmJL). No intlammationJinfection observed 

in 90% of the subjects. Fmthelmore, 4.2 %, 2.1 % and 5.3 % of non-anemic women were in late 

(CRP<5mglL and AGP> lmglL) and early convalescence (CRP >5mglL and AGP >Jgm/L) and 

incubation phase (CRP>5mgIL and AGP<1 gmlL), respectively (Figure 4.9).No 

infection/inflammation was observed in 88.4 % of the women in this group. 
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Figure 4. 9lnflammation status of anemic and non-anemic women.CRP, C-reactive protein; 
AGP, Alpha- I-acid glycoprotein 
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4.10. Association results between dietary diversity score and nutritional status 

The present study revea led positive association between dietary diversity, and hemoglobin level, 

serum ferritin , body iron store, ret ino l binding protein and serum zinc (Table 4.4). DDS (m=3.0 

±0.757) and serum ferritin (m=69.6±42.85),r( 179)=0.91 3, p<O.O I ,serum zinc(m=62±25.4),r( 179) 

=0.295 ,p<0.0 I ,bodyironstore(m=7.3±3.2),r( 179)=0. 764,p<0.0 I ,RBP(m= 1.43±0. 76),r( 179)=0.24 

2,p<0.0 I ,H b (m= 12.23± I .43),r( I 79)=0.235,p<0.0 I.in contrary to the result described before 

there was negati ve association(inverse correlat ion) between dietary diversity score and soluble 

transferrin receptor (sTfR) (m=4.94± 1.5), r (179) =-0.202, p<O.O I.The resu lt also showed an 

inverse correlation between serum ferritin and sTfR, indicating the concentration of sTfR 

increase in iron deficiency and IDA [125). In all , selected biomarkers had stati stically sign ifi cant 

association with dietary diversity. 

Table 4. 4 Association between dietary diversity score and nutritional status 

Serum ferritin 

Hemoglobin level 

Serum transferin receptors 

Body Iron Store 

Retinol Binding protein 

Serum zinc 

Dietary diversity score 

Pearson correlation 

0.913 

0.235 

-0.202 

0.764 

0.242 

0.295 
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Sig.(2-taiIed) 

p value 

0.000" 

0.002" 

0.007" 

0.000" 

0.00 I" 

0.000" 



S. DISCUSSION 

We investi gated the di etary di versity pattern and mi cronutri ent status as well the predi ctive 

ability of di etary divers ity on WRA's mi cronutrient status. According to the study diets of 

women of reprod ucti ve age were dominated by cereal s (99.4%) predominantly; maize, millet, 

sorghum, teff, and pu lses. They provide energy, varying amounts of micronutrients (e.g., certain 

B vitamins provided by gra ins), and conta ins varyin g amounts of anti -nutritional factors. Animal 

products, frui ts and vitamin A rich vegetables which are good source of macro and 

micronutrients were hardly taken by the women and far below recommendations[ 126]. Rare 

consumption of animal products in study area may be seems related to fasting period prescribed 

by Ethiopian orthodox church that occurred in earl y November and December. However, several 

stud ies also revea led the limited intake of animal prod ucts despi te the fasting season and 

ex istence of a large population of li vestock, espec iall y in rural areas [67]. Furthermore, low 

consumption of dark green vegetabl es, other vitamin A rich vegetables, frui ts, vegetab les mi ght 

be due to limited food supp ly and nut ri tional knowledge, unba lanced dietary practices that are 

also characteristics of less developed areas [55 , 127]. Thi s res ult shows that WRA in Bahir Dar 

zuria and Dangla sub-d istricts mai nly depend on monotonous diet, based mainly on energy 

dense, but micron utrient poor starchy staples which are common source of foods in food insecure 

areas and have hi ghly contributed to the burden of malnutrition, parti cul arl y, inadequate 

micronutrient intake [5, 20, 69]. 

Dietary di versity is a key measure of sustainabl e d iets and is currently bein g considered as one of 

the princ ipal indi cators in the post-20 15 Susta inable Devel opment Goal s with key objective of 

improv in g the di ets of sma llholder fa milies in terms of both quantity and quality [90, 128] . 

Mostl y, monotonous staple diets lack essentia l mi cronutrients whi ch lead to micronutri ent 

defi cienc ies, parti cularl y in WRA[1 29]. In thi s study di etary diversity which was measured by 

using a s imple score over a 24 hour pe riod [27],thi s showed that nearly 79% of WRA consum ed 

e ither two to three food groups, one-fifth( 18%)of women consumed four food groups, and 3% 

women consum ed fi ve food groups. Over all , this find ing indicated that WRA who met 

min imum di etary diversi ty were negli g ibl e (3%). Thi s res ult was lower than some studi es 

conducted in Nigeria, South Africa, Kenya and Algeri a[4, 5, 26, 130, 13 1] and others such as 
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done by Patricia, et al (201 6) « 15%), Gitagia et a l (20 19) (19%),Chakona& 

Shackl eton(20 17)(25%)[5 , 26, 36]. The result was lower than prev ious fin dings th at reported 

DDS of 5.81 ,3 .78, 3.8 1, 3. 8, and 4.2 in Nigeria, South Afr ica, Kenya, Algeria, and Kenya 

respectively[ 128]. 

The low DDS of the rura l women in this study is, however, similar to that carried out on rural 

women in N igeria Ab ia state that reported a mean DDS about three [36]. This result is 

comparin g well to the study conducted in South Africa with simil ar DDS score[1 32]. The findin g 

a lso agrees with those of other studi es that most diet in developing countries is predominantly 

cerea l based[20] . Consumption of low qua li ty, cerea l based d iet may be due to lack knowledge 

of women about importance of diversi fi ed diet for health, extreme poverty, and backward 

agricu ltu ral practice. The fi nd ings agree with those of other studies that most d iet in develop in g 

countries is predominantly cereal based [23, 76, 133]. Notably, diets in deve loping countri es 

have a lso been reported to be lacking or hav ing little anima l so urce foods [65 , 134]. 

According to this info rmation rural women of the study area mainly consumed monotonous diets 

which are of low quality ,cerea l based diets thereby increasing the ri sk of micronutri ent 

defi c iencies w hi ch is a lready high in some other resource poo r countri es in addition to study 

area [1 30] and acquiring a ll micronutrients from one or two food groups is not pl aus ibl e and 

requ ires regular intake of several food groups in suffic ient quantity and variety to sat isfy the 

nutr itiona l needs[20, 40]. In the present study, these women cann ot afford to di vers ify their 

diets with adequate amounts of fruits, vegetables or anima l-source foods that conta in different 

essent ial micronutrients, defic iencies are inev itable. 

The MDD-W too l has been used as an ind icator of access to food and was able to distinguish 

women with d iffe rent leve ls of vulnerab il ity to micronutri ent defi ciency [1 24]. Women who 

consumed food items from <:5 of th e ten food groups were cons idered more likely to co nsume 

foods from animal so urces, pul ses, nuts or seeds, and fruits or vegetabl es and to have a greater 

probab ili ty o f micronu tri ent adequacy than those who consume <5 food groups[ 135]. There was 

no significant difference in MDD th reshold between anem ic and non-anemic women based on 

our fin d ings. When usi ng a mean MDD- W of five or less food grou ps to define a poor d ietary 
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intake and food in securi ty, results revea led that 97% of women in the study sites had fa il ed to 

ach ieve the minimum dietary dive rsity, and are hence more likely to have inadequate 

micronutrient intake which increases their vuln erability to food insecurity. Outcome of the study 

was within the range reported in other South African studi es where very low DDS observed [5], 

although there are no reports on women of reproduct ive age. [70, 90] 

Different studies showed that consumption of cereal based diet cou ld lead to iron deficiency as 

the iron present in this food items is less absorbable[1 05].Therefore, I 8.4% of iron defic iency in 

the area might also conform this findin gs. The leve l of iron deficiency found in thi s study is also 

in agreement to the resul t of first nationwide survey conducted in Ethiopia in 2005 ( 17%) 

[32] ,and other systematic analysis of nationa l surveys in SSA and south east Asia in 201 5 

(16%)[85]. Sti ll , our finding lower than studi es in Mozambique (27.4%)[59] and hi gher than 

studies in Nigeria(9.7%) [136].The low preva lence may be due to hi gh consumpti on of oil 

extracted from palm fruit that is rich in precursors of vitam in A, which have pos itive influence 

on body iron status. The low preva lence may be due to high consumption of o il extracted from 

palm fruit that is rich in precursors of vitamin A , which have posit ive influence on body iron 

status. 

Furthermore, the prevalence of z inc defi ciency in women of reproductive age in study area was 

65%[1 37]which was hi gher than reported in democratic republi c of Congo (52%) [1 38] and 

cross-sectiona l study conducted in Mozambique(32.7%) [39]Similarly the prevalence of low 

SZC in women of reproductive age in study area was comparable wi th other research conducted 

in Vietnam (67%), and Cambodia (63%) but it was less than Cameron that recorded hi gher SZC 

(83%)[ 137].The hi gher prevalence of z inc de ficiency in study area may be due to the daily 

consumption of cerea ls and legumes in which z inc absorption is low due to the presence of anti ­

nutritional factors such as phytate[ 139]. Phytate are prese nt in plant products, parti cul arly gra ins 

and legumes, and form insoluble complexes that limit z inc absorption [48]. They are of pa rticular 

importance in deve lop ing countries, where largely plant-based, low-animal prote in di ets are 

commo n [59] . 

51 



According to our study prevalence of vitamin A deficiency, which was measured wi th ret inol 

binding protein[140, 14 1]was 12.4%[62]. A cross-sectional study conducted in Mozambique 

found comparable result (14.7%) [39]. This result seems low when compared with study 

conducted in Cameron 2009 on women of reproductive age that inflammation adjusted 

preva lence was 21.9%( < I.I7~moI/L)[ 140]. But other studies conducted in N igeria[ 136], 

Cameron[142],C6te d ' lvoire[143]reveals that vitamin A defici ency seems virtually none ex ist in 

women of reprod uctive age thou gh different cut-off poi nts im plemented. This shows that these 

countries are using the ir effort to minimize bu rden of vitamin A deficiency through different 

mechanisms such as fort ifi cation and biofortification programs. 

Good nutrition is fundamenta l for good health . Maternal nutriti on in particular represents a major 

public health chall enge beca use it affects not only women 's hea lth, but also that of future 

generat ions. The main findin g of thi s stud y was that women in study area were not only fai led to 

consume d iversified diet but also they have poor mi cronutrient status. N utriti onal status is 

cons idered an outcome of biologica l processes that in vo lve food utilization whil e dietary 

divers ity is a measure of diet quali ty and is quantifi ed as food variety (the number of individual 

food item types consumed) or food group varicty (th e number of food groups utilized)[132]. 

Thi s study also revealed th e positive assoc iation between di etary d iversity score and serum 

ferrit in, body iron store, retinol-binding prote ins, hemoglobin level and zinc status. However, 

negative assoc iation observed between DDS and serum transferrin receptors. Thi s shows DDS as 

a s ignificant predictor of vitamin A, iron defi ciency anemia, and zinc insuffici ency whi le 

contro lling the co-variants. This means that women who had a greater dietary diversity achieved 

an improved intake andlor absorption of vitamin A, zi nc and iron in the blood. 

According to Kiboi, Kimi ywe [20] a pos itive linear rel ationship between dietary diversity and 

the women's anemia status was observed. Other cross-section al study conducted in G hana also 

finds strong corre lation between hemog lobin concentrat ion and DDS[ 144]. Study conducted in 

Mozambique found that low DDS was assoc iated with hi gher odds of hav in g low se rum zinc 

co mpared to ha vin g a hi gher score [68], Furthermore, studi es in Eth iopia also founci an 

assoc iati on between DDS and serum z inc among pregnant women [55]. Cross-secti onal study 
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cond ucted in Northern Kenya found that DDS had a significant pos iti ve effect on serum retino l 

concentration[I 45). Indeed, previ ous stud ies in pregnant women in Southern Ethiopia and 

breastfeeding women in North ern Kenya have fo und that women with a low DDS had an 

increased ri sk of hav ing vitamin A defi c iency co mpared to women with a hi gher DDS [55]. 

In the present study, pos iti ve correlati ons were noted between di etary divers ity score and a ll the 

selected micronutrients. Thi s suggests that increase in nutr ient intake through increased dietary 

di vers ification could lead to a better mi cronutrient statu s. These findin gs are consistent with 

those of studi es done by e hakona et al. ,(20 17)[5]and torhe im et al.(20 I 0)[73]. T he negative 

corre lat ion between high leve l of di etary divers ity score and lower leve l of serum transferin 

receptor (sTIR)suggested that hi gher dietary di versity score ,re lated to lower leve l of sTIR, 

whi ch mainl y ind icate tissue iron defi ciency returned to normal va lue [1 46]. The find ing of the 

present study was also in agreement with Turgeon et al.(20 16)[ I 08]. 
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6. LIMIT ATJON OF THE STUDY 

Even though one of the exc lusion criteria in th is study was pregnancy, confirmation was done 

simp ly by asking women whether they were pregnant or not rather than laboratory test for 

determination. 
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7. CONCLUSION AND RECOMMENDATION 

The ma in fi nding of this study was that women in study area were not on ly fai led to diversify 

their diet mainly consume starchy stapl es and pul ses but also they have poor micron utrient 

status. The daily menu for women in study area was mostl y injera (I.'})!t.) or bread made from 

sorghum, maize, finger millet and teff and kiklshiro wot (hh l7ie (1)'1') made from chickpea, peas. 

As indicated by our study 97% (both groups), of WRA in the study area fai led to ful fill (MOD) 

with very low mean dietary diversity score (3.0±O.7S7) made it difficu lt for MOO-W to predict 

quality of women' s diet. Meanwhile laborato ry finding indicates the preva lence of iron 

deficiency anem ia, zinc de fi ciencies in WRA in study area are a public health concern based on 

the WHO criteria. Furthermore, thi s study showed a favorable association between dietary 

d iversity score and the qual ity of diet, indicating low d ietary divers ity was assoc iated with higher 

odds of having low serum zinc and iron biomarkers. Low dietary intake, poor nutrition 

knowledge, economi c prob lems and traditional farming that harvest the same type of crops year 

after year may be the most important problems for their dependent on monotonous diets. 

Therefore, stakeho lders have to develop nutrition sensitive programs that should focus on 

improving micronutri ent intake through stimulating dietary diversity and the fortifi cation of 

common ly consumed and affordabl e food prod ucts like sugar, fl our. In addition to these modern 

techno logies, supporting agricultura l practice like on-farm diversity is an important benefit to 

improv ing dietary divers ity and quality and prov ides a potential income generation mechani sm to 

sell and buy those foods in local markets to make their food of higher quality. In addition, 

improvement of the transport system to give access to loca ls to sell their loca l produce to raise 

incomes for the ir fa mil ies is important. 
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ANNEXES 

Annex 1: Ethical Clearance from college of natural and computatioual science, Addis 
Ababa University 
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An nex 2: Participant's Information S heet a nd Consent Form 

English vers ion informat ion sheet and consent form for participating In the study, "Association 

between dietary divers ity score, anemi a, iro n, zi nc and vitamin A biomarkers among women of 

reprod uctive age in west Gojam and Agew/Awi zone", Amhara Region, Ethiopia. 

I denti fication Code: -------------------------------------­

Hello, how are you? 

My name is TadiwosHassen; I am a Masters Student in AAU , coll ege of natural sciences, in food 

science and nutrition center as a princi pal investigator conducting this study. 

The objective of thi s study is to assess the assoc iation between dietary divers ity score, anemia, iron, 

and zinc and vitamin A biomarkers in women of reproductive age in west Gojam&Agcw/Awi zone 

specifically to investigate the association between dietary divers ity score and anemia, and 

micronutrient status of women of reproduct ive age in these rura l areas. 

Your cooperation and willingness to pal1 icipate in the interview& providing blood sample is very 

helpful in identify ing the food consumption pattern and most miss ing micronutrient in thi s area. 

I assure you that a ll information that you g ive will be kept strictly confident ial and a ll information and 

blood sample taken from you used only for this research purpose. Your pal1ic ipation is voluntary and 

you are not obliged to answer any question you do not want to answer. If you are not still comfortable 

w ith interview, please be free to stop me any time you li ke there is no harm if you don' t answer the 

questions and no special benefit you get except know ing your mi cronutr ient status at the end of the 

study. 

If you are wi lli ng to participate, the interview questions and measurements wi ll take 20-30 minutes. I 

would li ke to interview you few questions regarding socio-demographic characterist ics; your food 

consumption pattern in the last 7 days and last 24 hours and blood samples wi ll be collected at once 

after you fini shed your quest ionnaires 

We would be thankful if you spend some time with us answering questions. 

1. If yes , Name of interviewer S ignature ___ _ 

2. ifnot, skip to the other partic ipant 

For more information and question here is the contact address of investi gator: 

TacJiwosHassen: mobil e: 09 I 3286553; e-ma il : tacJiohassen@ gmail.co m. 
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Annex 4: Questionnaire (English Version) 
Individ ual 's 10: 

Date of Interview: I 120 18 
Ti me started: AMI PM Time Ended: AM I PM 

----
Name: _______________________ ___ 

Physica l Address: , Wereda: Kebele: _____ H.No: ___ _ 

Ro le of participant in the study: Anemic and non anem ic IControl 
Methods of Assessment is class ified in to Ihree: I. screening for anemia 

II. Questionnaires 

III. Phlebotomist will take blood and 

IV. Biochemical Ana lysis 

I.SOCIO-DEMOGRAPHIC QUESTIONS 

Questions Response 
Age of women in compl ete years --------- years 
Educational level I . No formal Education 0 

2. Primary Leve l 0 
3. Secondary Level 0 
4. Tertiary Level 0 

Marital status I.S ingle 0 
2.Married 0 
3.di vorced 0 
4.widowedO 
5.separated 0 

Occupation I .House wife 0 4.civil servant 0 
2.Trader 0 5.other (specify) 0 
3.Farmer 0 

Month ly Income earned I. None 0 4 .2000-3000 0 
2. Below 1000 0 5.:::3000 0 
3. 1000-2000 0 

Number of children I. NoneD2 . 1-303.4-6 0 4.>60 

Number of ch ildren in different 1.0-2 years o 2. 3-5 years 0 3.> 6 yearsO 
age category 
House hold size 1.1-3 2.4-63.> 6 

Do you take any medi cation? I.Yes ONo 0 
If you say yes to Q. 9 what I .contraceptive 0 2.other medic ine 0 
medication do you take? 
Do you experience abort ion in I. YesO 2. No 0 
recent months 
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II.FOOD FREQUENCY QUESTIONNAIRES; 

How often, in the past 7days did you eat the fo llowing? 

L ist of foods Range of frequenc ies 
Never Weekly Daily 

Never <2x/wk 3-6x/week Once/day >2x day 

Starchy staples (rice, wheat, sorghum, millet, teff, 
maize, oats, barley, finger millet,cassava,potatoes etc. 
or food s made from them; injera, bread, porridge, dry 
roasted or boiled grain, pasta/macaroni) 
Beans and peas (ch ickpeas, Lentils, peas, beans, broad 
beans, soya and soya products) 
Nuts and seeds (sesame, Nuts, seeds, sun flower and 
products made fro m these (stew, groundnut, peanut 
butter, etc.) 
Milk & Milk products (cow milk, powder milk, yogurt, 
cheese, whey) 
Flesh foods(chicken, beef, goat, sheep, fi sh or meat 
products sausages, stew, fres h, dried & canned like 
roasted, stew, lebeleb, red meat ,processed meat etc) 
Eggs (fri ed, boiled, omelet in salad, in baked goods, 
etc.) 
Vitamin A rich dark green leafy Vegetables (fresh & 
canned; cabbage, kale, spinach, brocco li , dark green 
lettuce, mustard green ,collard green ,green peEP."r etc.) 
Other vita min A rich fmits and 
vegetables(orange fl eshed sweet potato, ripe 
mango ,ripe papaya ,carrot, melon oran ge fleshed 
banana orange fleshed squash ,red pa lm fruit , 
watermelon, pumpkin)orjuice made from them 
Other vegetables(tomato, cucum ber, okra , legumes 
with oreen pods etc) 
Other Fruit (fresh & canned; whit bananas, oranges, 
fl esh coconut , avocado, unripe mango, unripe papaya 
guava, peach, pi neapple, app les, tringo . or juices made 
from them) 
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III.WATERSOURCE 

I. What is the main source of drinking water for members of your household? 
A) Pipe water 

B) Water from spring 

C) Surface water (river, lake, dam, stream etc) 

D) Rain water 

E) Other 

2. I-Iow long does it take to go there, get drinking water, and come back? (Not include 
wa iting time) In minute ---------------------------
I. Walking --------------
2. Bajaj---------------
3. Carts ---------------

3. Do you do anyth ing to the water to make it safer to drink? 
No ---------------------------------­

'fes ---------------------------------
Don ' t know ---------------------------

4. If so what do you do to make the water sa fer to dr in k? Anythin g e lse? 

A. Boil 
B. Water purifying product! water guard/ bishangari / aquatabs/ 
C. Other bleach /chlorine/waha agar 
D. Strain through a c loth 
E. Ceramic filter 
F. Let it stands and settles 
G. Other (;pecifoJ 
1-1. Don ' t know ......... 
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IV.DIET ARY DIVERSITY ASSESSMENT 

I . Have you eat foods made fro m starch staples ( cerea ls and root tubers) li ke inj era, bread, 

porridge, nifro, kolo ) that made from te ff, wheat, barley, millet, sorghum, mai ze etc in 

last 24 hours? I. Yes 2.No 

2. Have you eat foods made from legumes and pulse (kikwot, shi rowet,ni fro, kolo) and 

other foods made from them in las t 24 hours? I.yes 2.No 

3. Have you eat/drink any milk products (yogurt, cheese, raw milk, and powder milk) in 

last 24 hours? I. Yes 2.No 

4. Have you eat an y meat products fro m (fi sh, poultry, flesh meat, goat, and sheep) in the 

fo rm oftibs, kikil , keywet, raw meat and other foods in last 24 hours? 

I. Yes 2.No 

5. Have you eat any egg products (firfir, enkulal s ill s, and kikil) and other foods made from 

them in last 24 hours? I.yes 2.No 

6. Have you eat vitam in A rich green vegetab les like cabbage, green peppers, dark green 

lettuce, spinach, green pepper, kale, brocco li etc and any food made fro m them in th e last 

24 hours? I. Yes 2.No 

7. Have yo u eat other vitamin A rich fruits and vegetables li ke ri pe mango, ripe papaya 

carrot, orange fl eshed sweet potato, water me lon, orange fles hed banana, palm fruits, 

apricot and juices made from th ese vegetable and fruits etc in the last 24 hours? I. Yes 

2.No 

8. Have you eat foods made from nuts and seeds like sesame, ground nut, sun fl ower, 

peanut and other o il seeds in the last 24 hours? I.yes 2.No 

9. Have you eat oth er vegetable prod ucts like onion, tomato, cucumber etc in last 24 hours? 

I. yes 2.No 

10. Have you eat oth er fruits oran ge, white banana, unripe mango, unripe papaya, avocado, 

guava, pineapple, apple, mandarin, lemon, fl esh coco nut etc and juices made from them 

in the last 24 hours? I.yes 2.No 
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Annex 5: Q uestionnaires (A mha ric version) 

:I' ll OD m.e ·r 
(' ''/I\()!l a u" J1 h.f.." ------------------------

{BIU 

------------------------

D D 

.,. .. /: l' ."1': olJAIl /l .~' 

1 (1 .-1'{nJ' (I! (I) h.f.: lJ'l '}un .} 

2 I' "-111." ./: 'P {' :,. 9"UC'} Yot.7( 1. anf.fI~: ·N..,. .1' (,v,-"" I.".) •• 

5 2. rmY:rmt,.f1 Y..t..~. 

3. U'IH'~: Yo I.}\" 8 4. hU' /H-7,: Yot.x()" .e 

3 I' ;J 'II :" U'b;J' 1 . .1' " ·I()'·)'. .,J 
2. .I" I(n·· W 
3. f·/'1 ·:J·:r· 

8 4. I' .)-}\ C ~,:J;:;'}()"".} .1'111:)'. 

5. II'I.ILoJo(''I'IIYI'i- P 
4 I't'l t -"' b:" 1 . I'fl.·}hn,:'· 0 

2. ""IICc,' ".e ('.,.() "'/ t · :r· 
~ 

3. ~ ."-1 Y-n 

:5 4. r ",, '} "/t'l .}() t· .j-?,: 

5. 1\,,, 1,1I .e'I' ." fl· :J 
5 I' " ' 111.1' . /: '" I' Ul C 'Ill. 1 . 0 1) f.n:.;: (J10.9U O} "I!>(' 1\, '1 :, . 

S 2. h1 000 '11 r: () :J -".) •. 
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3. 111000-2000 2 4. 3000 '11 r. n ~.e 

6 l'A~:l"-'fI'I'}' 1 . 1'1\9" 

2. 1-3 

3 3. 4-6 

4. 116 fI~.e 

7 I' A~:l"-I'~.f(·'~lJ'.t.~ 1 . 110-2 '~rm.} 

3 2. 113-5 '~au.} 

3. 11+6 '}rm·}n~.e ~ 
8 In<"'~ ~1'n.(HI·II'I·}· 1. 1-3 

:5 2. 4-6 

3. 6 n~.e :J 
9 M. U · ~· () 'l·}-j'9" ·} Oll'l}t",· uu .f(' 'I) . . } >.II 1 . ~,9) 

:5 2. ~,.eS!.I\9" 

10 1'1/ In ~ 7,' ",.uuAM,:'·hlnh"?h·,.,,· .}-j' '}>" OJ· "} 1. ,J D1ft. .t.'~.an~~a'/nt.(J 

2. lI.~a .. !t:'/).·}· CJ 
11 'I tl1· '}''1''/: ·hll ", .. }.",. or~,;J 'I' '/" "Ii .r (II.;J> A 1 . ),9' 

2. h~.·J(nau;~911 b 
LJ 
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Annex 6: zinc calibration curve 
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