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Abstract 

Zi nc deficiency is a major pub lic health concern and one of the most prevalent micronutrient 

deficiencies in developing countries, including Eth iopia. There was no information on serum 

zinc status of in fan ts and preschool chi ldren in Ethiopia n. The main objective of thi s study was 

to assess the prevalence and risk factors of zinc deficiency among infants and preschool 

children. A community based, cross-sectiona l study was conducted in East Gojjam zone 

between October and April 2011. Randomly se lected 240 infa nts and preschoo l children were 

included in the study . Data on potential determinants of zinc deficiency were co llected using a 

structured questionnaire . Serum zinc concen trati on was measured using Atom ic Absorption 

Spectrometer. Anthropometric measurement analysis was done by using Emergency Nutrition 

Assessment 2011 software. Sta ti stica l analysis was done using ANOVA and Student's t­

independent t es t and linear regression model. The mean seru m zinc concentrat ion of infants 

and preschool children was 62.98 (±13.03) Ilg/d l (95% CI : 61.32, 64.63 Ilg/d l). About 57.1% of 

the subjects were zinc deficient. Height-for-age, weight-for-age and we ight-for-height revealed 

that 43.3% (95% CI: 37.10, 49.60), 19.7% (95% CI: 15.20, 25.30) and 5.9% (95% CI: 3.60, 9.70) of 

the total subjects were found to be stun ted, underweight and wasted, respectively. The main 

determinants of low serum zinc status of infants and preschool children were age and number 

of family members living on the same land. Compared to infant age groups, zinc status of older 

children is 3.67Ilg/dl (95% CI : -5.58, -1.77 Ilg/dl) lower than children w ho were aged 6-10 

months. Serum zinc status of infants and preschool children is decreased by 0.83 Ilg/dl (95% CI:-

1.36, -0.30 Ilg/d l) w ith one unit increase the number of fam ily members. Household food 

insecu rity level , dietary diversity, sex, ch ild health, anthropometric indices, materna l education, 

and socioeconomic status were not associated with se rum zi nc status. The prevalence of zinc 

deficiency was more than two-fold of the val ue set by IZiNCG. Such potential deficiencies 

require urgent attention needs including comp lemen tary food prepa ration education; 

traditiona l phytate reducti on method and family planning implementation are recommended in 

the study area. 

KEYWORDS: Serum zinc concentration, Zinc deficiency, Infant and preschool chi ldren 
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1- Introduction 

1.1. Background 

Micronutrient deficiencies such as vitam in A, iron, zinc and iod ine are important nutritional 

problems and are w idesprea d in many develop ing countries, including Ethiopia, and rema in as 

the major problems among preschoo l children. The conseq uences of micronutrient deficiencies 

include psychomotor deve lop ment retardation, impa ired cognitive function , and growth 

retardati on. The etiology of multiple micronutrient deficiencies is multifactoria l; inadequate 

intakes, genetics, and infectious diseases may all playa role. In deve loping countries, poor 

dietary quality is often a major determinant of inadequate micron utrient intakes due to the 

diets based on plant ba sed, and often contain very small amounts of an imal source foods, and 

socio-demographic factors also affect zinc status of infants and preschool child ren. Trace 

elements are essential nutrients with regulatory, immunologic, and ant ioxidant functions 

resulting from their action as essential components or cofactors of enzymes in metabolism. 

More than 25% of enzymes in the human body need to be activated by metal ions to carry out 

their metabolic functions. 

The importance of zinc is reflected by the numerous functions and act ivities over which it exerts 

a regu latory role. Zi nc is also needed for nucleic acid metabolism and protein synthesis, cellu lar 

differenti ati on and rep licat ion, as well as glucose metabo lism and insulin secret ion since; zinc is 

requi red for the structure and activity of more than 200 enzymes. 

Globa lly, about 2 billion people are zinc deficient. In 2002 World Hea lt h Report, zinc defiCiency 

was included as a major risk factor to the global and regional burden of d isease, along w ith iron, 

vitamin A and iodine deficiencies and to tackle the problem supplementation and food 

fortification programs were recomm ended. Zinc interventions are among those proposed to 

help reduce child deaths globally by 63%. Populations in South East As ia and sub-Saha ran Africa 

are at greatest risk of zinc defici ency. Zinc inta kes are inadequate for about one-third of the 

popu lation and stunting affects 40% of preschool children. Zinc is commonly the most deficient 

nutrient in complementary food mixtures fed to infants during wea ning. To date, the extent of 
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zinc deficiency among infants and preschool children remains unknown whereas there were no 

previous studies conducted at the country and regional level including Amha ra region. 

Therefore, the aim of thi s study was to determine the prevalence and risk factors of zinc 

deficiency among infants and preschool ch ildren in East Gojjam, Amha ra region of Ethiopia. 

1.2. Statement of the problem 

Malnutrition remains a common health problem among ch ildren under 5 years worldwid e. In 

the past, malnutrition was thought to be primarily due to insufficient intake of 

macro nutrients; however, micronutrients seemed to play also an important role. During the 

past two decades, deficiencie s of three micronutrients have received the attention globally, 

nam ely the iod ine, vitamin A and iron (FAO/WHO, 2002). Zinc deficiency is wide spread in low­

income countries and is responsible for 4% of childhood deaths and 1% of the burden of 

disease in Africa, Latin America and Asia (Fischer et aI., 2009) . About one third of the 

populations in sub-Sa haran Africa and South East Asia have the greatest risk of zinc deficiency 

because of inadequate zinc intake (Brown, et aI. , 2004). In Ethiopia Umeta et aI., (2000) 

conducted an experimenta l study in infants at Arsi distri ct, and the findin g shows that there 

was zinc deficiency prob lem in Ethiopia. Supplements of zinc as micronutrient may be very 

important, beca use zi nc deficiency is associated with stunting and poor growth (Brown et aI. , 

2002). In our country there is no database about zinc deficiency infants and preschool children. 

To my knowledge, in our country the zinc deficiency is estimated by stunting rate of chi ldren, 

also the information about the prevalence of zinc deficiency in our country estimated by 

indirect analysis based on the countries food balance sheet (IZiNCG, 2004). According to 

national nutrition survey conducted in 2009, it was noticed that severa l children were stunted . 

On the other side, the extent of zinc deficiency among infants and preschool ch ildren remains 

unknown whereas there are no previous stud ies conducted. There is an urgent need to have 

information for database, in order to find out the status of zinc, stunting and to study the 

presence of so me other risk factors for zinc deficiency. The study results can help policy makers 

to develop stra teg ies to overcome the problem. 
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1.3. Significance of the study 

Assessing the zinc status of a population is cr itical in developing nutrition in tervention programs 

that enhance hu man hea lth and we ll -being. The results of zinc nu t rition assessment efforts are 

necessary both to determine the presence and magnitude of zinc deficiency prob lems and, 

when indi cated by the results, to elicit public interest and co llect information for appropriate 

action. Assessment data are used to determine the leve l of risk of deficiency and indicate the 

risk factors which contribu te to low zinc status in the general popu lati on. Inform at ion deri ved 

from assessments is also used to identify speci fic segments of the popula tion at elevated risk so 

that intervent ions may be targeted to those in grea test need, or to determin e whether 

popu lation-wide interventions are indicated. Assessments ca n also be used to monitor changes 

in zinc status of subjects after intervene over time, thereby perm itt ing decisions on the 

effect iveness of intervention programs and need for their cont inu at ion. 

Comm unity-based data relating to prevalence of zinc deficiency and factors influencing zinc 

deficiency among preschool children in Ethiopia are sca rce. Determining th e magnitude of zinc 

deficiency and its association with risk factors among preschool ch ildren in Eth iopia can 

contribute to plann ing strategies to alleviate zinc deficiency and the related adverse health 

conseq uences. Therefore, the study wi ll provide valuab le in format ion to the Amhara regional 

state and po licy makers regarding the magnitude of the deficiency of zinc among preschool 

ch ildren of East Gojjam. This will be useful for development of poli cy and intervention to tackle 

low zinc status in the community. 
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1.4. Objectives of the study 

1.4.1. Genera l objective 

• The overall objective of the study was to assess the preva lence and risk factors of zinc 

deficiency among infants and preschool children in East Gojjam. 

1.4.2. Specific obj ective 

• To determine the prevalence of zinc deficiency in infants and preschool children in East 

Gojjam . 

• To identify the risk factors of zinc deficiency among infants and preschool children in 

East Gojjam. 
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2. literature review 

2.1. Function of zinc 

Zi nc is the second most common trace element in the body afte r iron. Zinc is involved in the 

funct ioning of nearly 200 different enzymes. These enzymes help protect ce lls from free radical 

damage and are needed for the synthesis of DNA and RNA, carbohydrate metabolism, acid -ba se 

balance, and folate absorption. Zinc plays a role in the storage and release of insulin, the 

mobilization of vitam in A from the li ver, and the stabilization of cell membranes. Zinc is 

important in gene expression and therefore is needed for the growth and repair of tissues, the 

activity of the immun e system, and the development of sex orga ns and bone. Zinc-containing 

proteins are needed for the activi ty of vitamin A, vita min D, and a number of hormones 

including thyroid hormones, estrogen, and testosterone. Without zinc, these nutrients and 

hormones cannot bind to DNA to increase or decrease gene express ion and, hence, the 

synthes is of certain proteins (Smolin an d Grosnenor, 2011). 

2.2. Major sources of zinc 

In the diet, zinc is found in red mea t , liver, eggs, dairy products, vegetables, and so me sea food. 

Who le grains are a good source, but refined grains are not because the zinc in these gra ins is 

lost in milling and not added back in enrichment. Zinc is better absorb ed when it is ingested 

from anima l products than it is from plant sources beca use the zinc in plants is often bound to 

Phytate, fiber, oxa lates, and tannins. Grain products leavened wi th yeast or naturally ferm ented 

provide more zinc than unleavened products beca use the yeast leavening reduces the phytate 

content (Smolin and Grosnenor, 2011). Also, lactic acid fermentat ion of ce rea ls is a long 

established processing method to degrade phytate from cereal produ cts as a result 

bioavai lab ility of zinc is increase (Haros et aI., 2008). 
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2.3. M icronutrient deficiency 

Micronutrient defic ienc ies are com mon in many developing countries and are typica lly due to 

inadeq uate food intake, poor d ietary qua lity, poor bioava ilability (because of the presence of 

inhibitors, mode of preparation, and interactions), and/or the presence of infections. 

M icronut ri ent status can affect health outcomes such as child survival, growth, and 

development, either directly (e.g., deficiencies of vitamin A, iod ine, iron, zinc, or fo lic acid) or 

indirectly through interactions with each other (e.g., interactions with vitamin A, zinc, or iron), 

increasing food intake owing to improved appetite, and reduc ing morbidity. M ost discuss ions of 

micron utrient deficiency have been lim ited to the "Big 3," namely vitam in A deficiency (VAD), 

iodine deficiency disorders (100), and iron deficiency anemia (IDA). While, these problems 

remain significant public health concerns, it is important to recognize other micronut ri ent 

deficiencies such as zinc, fo late, and multiple micronutrient mal nutrition (Ramakrish nan, 2002). 

Deficiencies of micronutrients are a major global health prob lem . Mo re than two bi llion peop le 

in the world today are estimated to be deficient in key vitamins and minera ls, particularly 

vitamin A, iodine, iron and zinc. Most of these people live in low income countries and are 

typica lly deficient in more than one micronutrient. Deficiencies occur when peop le do not have 

access to micronutri ent-rich foods such as fruit, vegetables, animal products and fortified foods, 

usual ly beca use they are too expens ive to buy or are loca lly unavaila ble. Micronutrient 

deficiencies increase the general ri sk of in fectious illness and of dying f rom diarrhea, measles, 

ma laria and pneum onia . These cond it ions are among the ten leading ca uses of disease in the 

world today (WHO, 2001). 

The groups most vu lnerable to micronutrient deficiencies are pregnant women, lactating 

wo men and young ch ildren, main ly because they have a relat ive ly greater need fo r vitamins 

and minerals and are more susceptible to the harmful conseq uences of deficiencies. For a 

pregnant woman, these include a greater risk of dying during childbirth, or of givi ng birth to an 

underweight or menta lly-impaired baby. For a lactating mother, her micronutrien t status 

determines the health and development of her breast-fed infant, especially during the f irst 6 
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months of li fe. For a young child, micronutrient deficiencies increase the risk of dying due to 

infec t ious disease and contribute to impaired physica l and mental deve lopme nt. 

2.3.1. Zinc defici ency 

Zinc deficiency was first documented in malnourished adolescents in the M idd le East in 1960s. 

The deficiency was characteri zed by growth retardation, hypogonad ism and delayed sexual 

maturation. One of t he first sym ptoms of zinc defic iency is poor appetite and changes in the 

percept ion of taste and smell. Lethargy, slowing of activity, apathy and depression are also 

assoc iated w ith zinc deficiency. Impa ired ce ll-mediated imm unity, slow wound hea ling, 

dermatitis and fai lures to thrive are other manifestations of th is nutri tional prob lem. Zinc is 

prevalent in the bra in . There is evidence to indicate that zinc deficiency in infants may lead to 

deficits in children's neuropsychological funct ions, activity or motor development subsequent ly 

interfering with their cognit ive development and performance (King, 1990). 

The eti ology of zinc deficiency may be dietary or physiologic. Dietary defiCiency can be due to 

lack of zinc in foods consumed. It may also be caused by the presence of substances, described 

earlier, that interfere with zinc absorption. Various disorders of the gastrointestinal tract may 

resu lt ill zi nc depletion; for example, severe intestinal malC1bsorpti on synd ro me, enter co li t is, 

short bowel syndrome, celiac disease and cystic fibrosis. Plasma zinc levels may be depressed in 

infectious hepatit is, alcoholism, protein-energy ma lnutrition, and sickle cell anem ia. 

Acrodermatit is ente ropathica is a rare geneti c disease cha racterized by alopec ia, de rm atit is, 

diarrhea, photophobia, psychological changes, failure to thrive, in fecti ons and dea th . The 

disease is be lieved to be due to a defect in zinc absorption, most likely due to insu ffic ient 

synthesis of the low m olecular weight zi nc ligand. Zinc deficiency in breast-fed only children is a 

ra re diso rder affecting most ly pre mature infant s. However, some cases of t he disease in term 

infants have also been repo rted . Acrodermati t is enteropa t hica first manifests it self upon 

weaning from breast milk. The disease may be treated by con tinui ng breastfeeding or through 

supplemental zinc (Ye ung and Laquatra, 2003). 

Deficiencies of zinc have been repo rted in popu lations that consume diets based on ce real 

proteins from which zinc is poorly absorbed. Symptoms include poor growth and deve lopment, 

skin rashes, im paired reprod uction, and decreased imm une function. It can affect the number 
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and funct ion of immune cells in the blood and therefore can lead to an increased incidence of 

infections. High intakes of zinc can also impair imm une function, as wel l as increase the ri sk of 

heart d isease and interfe re w ith copper absorpt ion . Zinc is often marketed as a supplement to 

improve immune function, enhance ferti li ty and sexua l performance, and cure the common 

cold. Supplements have been shown to reduce the incidence of diarrh ea and infect ions in 

people who have low zinc levels, but there is no evidence that extra zinc is beneficial. Over­

supplementation may result in toxic ity (Smolin and Grosnenor, 2011). 

Diarrhea is a cond it ion that has a major impact on global hea lth, is highly co rrelated wi th 

nutrit ional sta tu s. It is an impo rtant area of focus not only due to its high world wide preva lence 

and health cost s, but beca use it can be significant ly reduced by appropriate int erventions and 

treatment. Diarrhea is a major ki ller disease in children under five years of age, and recurrent 

dia rrhea affects nea rl y 20% of the population, thus it is an important publ ic health problem 

(WHO, 1998). Infect ious diarrhea also contributes to malnutrition due to a decreased 

nutritional intake and dimin ished absorption of vital nutrients during the acute ep isode and 

recovery period. Malnutrition, in turn, decreases the ability of the immune system to f ight 

fu rther infections, m"king diarrh ea l ep isodes more f requent. Given its invo lvement in 

numerous bio logic functions, health depends upon normal levels of zinc, particu larly immunity. 

It is not surp rising to find that zinc deficiency is associated with numerous infectious illnesses. 

Diarrhea leads to loss of zinc and abnorma lities of zinc metabolism. Su bstantia l amounts of zinc 

are los t during acute diarrhea: dai ly losses of zinc during diarrhea ca n be as high as 160 >,g/kg 

per day in children (Casti llo et aI., 1988). 

It is now believed th at zinc deficiency plays a major ro le in stunt ing. The preva lence of zinc 

deficiency is unknown def ini tely in deve loping countries, but mild and moderate fo rm s are 

likely to be w ide spread by using food balance sheet and stunting rate. A study conducted by 

Umeta et ai., (2000), showed the presence of zinc deficiency in Eth iopia. In their in terve ntion 

st udy, it was fo und that combating zinc deficiency can increase the growth rate of stunted 

children to that of non-stunted children in rural Ethiopia and ca lled for t he need for zinc 

supplementat ion. Besides ha lti ng the stunti ng process in infants, zinc supp lementa ti on would 
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be essent ial for catch up growth, improving general health status, stim ulating appetite and 

reducing morbid ity due to severa l relating to infants' diseases. 

Dietary sources of zinc are protein rich food s including meat, fish and shell fish and w hole 

grains . Roo t and tuber crops are low in the ir zinc content , while zinc in ce real staples is most 

often poorly bioavai lab le. Where diets are plant based and intakes of animal foods are low, the 

risk of inad eq uate intake of zinc is very high even when energy and prote in intakes meet 

recommended leve ls. In these ci rcumstances bioavai labili ty ra ther t han amount is t he criti cal 

factor . In light of t his fact, in most of the rural areas of Ethiopia, co nsumption of an imal sources 

is mostly limited to occasional publ ic holidays, which indicates minim al intake. Thus one can 

expect a high prevalence of zinc deficiency in Eth iopia. It might also be the reason for t he 

observed high prevalence of stunting in this coun try (Getahun et aI., 2001). In early study of 

Umeta et aI., (2000) high lights the presence of zinc deficiency in infants who lived at Arsi 

dist rict. Recent pop ulation leve l analyses from food ba lance sheets have esti mated that 21% 

ranging from 3% to 73% of the world's popu lation was at risk from zinc deficiency. Ch ildren 

especially in developing countries are su ffering from zinc deficiency due to chronic inadeq uat e 

intake of zi nc rich food (Brown et aI., 2004) and IZiNCG, 2004 est imated that about 21% of 

Eth iopia n populations are at risk of zinc deficiency. Also, recent studies on zin c deficiency in 

pregnant women in Sidama, Southern Nation by Gibson et aI., (2008) and Gebremedhin et aI., 

(2011) revea led that there were a high prevalence of zinc deficiency in the study area, but t here 

was no da ta rega rding zinc sta tus in infants and preschoo l children . 
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2.4. General methods of assessing risk of zinc deficiency 

Poor zinc nurture and possible zinc deficiency is likely to be widespread in most developing 

coun tr ies (Gibson, 1994 and Sandstead, 1991), but the quantitative estimate of the global 

prevalence is not known beca use of the difficulty in assessing zinc statu s. However, it may be 

est imated indire ct ly using proxy information on zinc in take from globa l food supply (Brown et 

aI., 2001) and secondly by reviewi ng the national preva lence of stun t ing in ch ildren (De Onis et 

al. ,2000). 

The diets of deve lop ing countries are largely based on cerea ls and legumes staples and ba sed 

on the phytate: zinc molar ratio exceeds >15, the bioavailability of zinc is estimate at 10-20%. 

Using this approach, th e amount of zinc present in the foo ds that is potentially absorbable has 

been ca lculated and t he adequacy of food supply to satisfy the population's theoretical 

req uirements for zinc has been assessed. Based on these assumptions, cu rrent estimates 

indicated that about 95% of South As ian, 74% North African and Mediterra nean and 68% of 

sub-Saharan Afri can populations are at risk of low dietary intake of zinc (Brown et aI., 2001). On 

average, about 48% of the world populations are at a risk of zinc deficiency. 

The global database also provides information on nationa l preva lence of chi ldhood stunting (De 

On is et aI., 2000). One of the earl iest signs of suboptimal zinc nurture in infant and children is 

impaired growth. Those countries w ith high prevalence of stunting tend to be those with high 

risk of low zinc intakes. These re lationships may suggest tha t high prevalence of stunting may 

be used as a proxy ind icator for zinc defi ciency in the absence of a reliable biomarker. 

As with other nutrients, a number of general tech niques ca n be used to esti mate the risk of zi nc 

deficiency in individuals or in populations. These are ca tegori zed as the following: 

Method 1: The presence or prevalence of cli nical outcomes of zinc deficiency (e.g., stunting, 

diarrhea), or eco logic factors associated with risk of zinc deficiency or risk of inadequate zinc 

in takes; 

Method 2: Measurement of functional responses fo llowi ng t he intake of adequate 

supplemental zinc. (UNU, 2004) 
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Method 3: Assessment of the adequacy of dietary zinc intakes in relation to theoretical 

req uirements fo r absorbed zinc; 

Method 4 : Biochemica l measures of zinc concentration, activity of zinc-dependent enzymes, or 

other zinc responsive biocomponents in biologic fluids or tissues, assessed in compa ri son to 

reference va lues or establi shed cutoffs. 

Method 1: Prevalence of stunting 

For t he f irst method, the presence or preva lence of cli nical outco mes of zinc defi ciency (e.g., 

stunting, diarrhea), has been well established, both by studies in experimenta l animals and by 

human intervention tri als, t hat zinc de ficiency is growth-limi ti ng. In a recent meta-analysis, the 

resu lts of more than thirty comm unity-based in tervention tria ls comp leted in different parts of 

the wor ld were exam ined to determine t he overa ll magnitude of growth responses to zinc 

supplementation (Brown et aI. , 2002). Notably, the responses to zinc supp lementation were 

signifi can t ly grea ter in those studies that enro lled subjects with preexisting nutritional stunting 

or underweight, defined respectively as height-for -age or weight-for-age Z-scores < - 2 in 

rel at ion to intern ational reference data. By contrast, there were no significant effects of zinc 

supplementat ion in those stud ies that enro lled most ly child ren w ho were non-stunted and/ or 

had adeq uate we ight-for-age. These resu lts indicate that ch ild ren wi th low height-for-age or 

weight -for-age are like ly to be zinc deficient, and they fu rt her suggest that the nati onal 

prevalence of stun t ing or underweight among children under 5 yea rs of age ca n be used as 

indirect indica tors of a populat ion's risk of zinc deficiency. 

The aforement ioned meta -ana lys is found no effect of zinc supplementa t ion on we ight-fo r­

height indices, suggesting t hat zinc mostly affects linear growth . Thu s, the rate of stuntin g, or 

low height-fo r-age, is probably the best anthropometri c indicato r of risk of zinc defi ciency. The 

WHO considers na ti onal stunt ing rates of " 20% to be a leve l of public health concern (WHO, 

1995). The same cu toff can be applied to ind icate when there may be a subs tantial risk of zinc 

deficiency, in wh ich case further assessment of zinc status should be considered. Data on the 

prevalence of stun t ing are co llected routinely in ma ny count r ies and are compiled in the WHO 
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Global Data Base on Child Growth and Malnutrition (WHO, 1997). This method is the indirect 

method of assessing the risk of zin c deficiency in the population. 

Method 2: Functional ind icators: response to supplementation 

Because of uncertainties in the interpretation of the foregoing techniques to assess zinc status, 

many recent studies have re lied on the identification of a functional response to zinc 

su pplementation as the bas is for diagnosing preexisting zinc deficiency in the supplem ented 

individuals. Use of a functional response to indicate deficiency requires randomly administering 

either zinc or placebo to members of the target population and comparing the responses in the 

two groups of subjects. Idea lly, the subjects are selected to be a representative sample of a 

larger population, so inferences can be dra wn for the population as a whole. Functional 

responses that have been used previously include phys ica l growth, immune function and rates 

of specific infection s, physical activity and performance on psychometric tests, and hormonal 

responses, among others. Retardation of physical growth is an early and prominent feature of 

experimental zinc deficiency in young animal. There are also indications that maxima l growth 

potential can be li mited by zinc deficiency in infants, children and adolescents. The growth of 

male infants fed a zinc supp lemented formlJl" was greater than that of control infants fed the 

same formu la without a zinc supplement. The major disadvantage of using these fun ctiona l 

responses to zinc supplementation as indicators of zinc deficiency is the long delay that is often 

required for the response to be detectable and the consequently high cost of this diagnostic 

technique. Appropriate efforts to ensure that the su pplements are actu ally consumed 

cont ribute further to the cost of these assessmen ts (Wal ravens et aI., 1983). 

M ethod 3: Dietary intake method of zinc assessment 

Zinc deficiency is expected to be widespread. However, to move forward with the development 

and eva luation of programs to improve population zinc statu s, it is necessary to derive more 

precise estimates of the magnitude of risk of zinc deficiency us ing more direct measures of a 

population's zinc status. Currently, national prevalence estimates of zinc deficiency based on 

direct measures are lacking for most countr ies. The methods for assess ing th e risk of populat ion 

zinc de ficiency inc lude assessment of dietary intakes of zin c, biochemical in dicato rs of zinc 
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statu s, and functional response to zinc supp lementation. These suggest methods for the direct 

measurement of zinc status, and possible approaches to the interpretat ion of results; 

app lication of sta ndardized methods wi ll ass ist in the comparison of information on indicators 

of zinc status of different populations (G ibson et aI., 2008). 

The assessment of dietary intakes of zinc in the population is important because inadequ ate 

dietary intake of zinc is the most likely ca use of zinc deficiency; dietary assessment is an 

important component in eva luating the ri sk of zinc deficiency. Information on the adequacy of 

dietary zinc in takes should be interpreted together with data derived from other assessment 

methods, such as biochemical assessment, to facilitate interpreta ti on of the ri sk of zinc 

deficiency in the popu lation. Standard dietary assessment methods ca n be applied to eval uate 

the ad equacy of zinc intakes in popu lations, and to support resu lts of biochemical assessments. 

Further, information derived from dietary surveys is useful for determining the speci fi c dietary 

ca uses of inadequate zinc intake and therefore to help identify appropr iate food -based 

approaches to intervention (Gibson and Ferguson, 1999). 

There are quantitative methods for assessi ng usual dietary intakes of individua ls: weighed food 

re co rds, reca ll s, and semi -quantitative food freq uency questionnaires (Gibson, 1990; Cameron 

and Staveren, 1988). of these, food record s and reca lls are designed to measure the quantity of 

each food consumed over a one-day period. By contrast, a food frequency questionnaire (FFQ) 

obtains retrospective information on the pattern of food consumption during a longer time 

period, and somet im es on the usual intakes of ce rtain nutrients. 

Weighed food records completed by trained research ass istants in househo lds have been used 

to co llect reliabl e quantitative data on dietary intakes, in clud ing zinc, in lower-incom e countri es 

(Ferguson, et aI., 1994). This method is more t ime consuming and costly, it has a higher 

respondent burden than other methods, and may increase th e likel ihood that respond ents 

change their dietary intakes during the reco rding period; this may be leads to erroneous 

outcomes. However, we ighed food records are the most accu rate method of determining 

actual intakes during the recording period . 
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Dietary reca lls can be used for estimating zinc intakes among non-literate populations, provided 

that portion sizes of the st apl e can be recalled accurately (Ferguson et aI. , 1995; Rutishauser, 

1973). Proper training of field workers in re ca ll interview techniques ca n minim ize bias and non­

response rates (Gibson, 1997). Several st rategies as well can be used to reduce memory lapses 

and facilitate portion size estimates, including training respond ents in the use of food picture 

charts, bowls, plates and utensils familiar to the locale, and samples of actual cooked or raw 

food s that are commonly consumed (Ferguson et aI., 1995). Reca lls are suitable for areas where 

diets are not ve ry diverse and are predominantly plant based, as is the case in many lower­

income countries. Although some accuracy is comprom ised by their use, recalls are eas ier, 

faster, and less expensive than weighed fo od records and are less invasive, so that compliance 

is en hanced, and the tendency to alter food intake is redu ced. An interactive 24-hour recall 

method has been specially des igned for measuring usua l intakes of total and absorbable zinc in 

lower-income countries. The feasibility and t he relative an d concurrent va lidi ty of this method 

were tested in rural Ma lawi, in sub- Saharan Afri ca (Gibson and Huddle, 1998; Ferguson et aI., 

1995). In ta kes of ava ilable zinc calculated from th ree interactive 24-hour reca lls and indices of 

absorbabl e dietary zi nc were sign ificant ly associated with hair zinc conce ntra tions, confirming 

t hat this assessment method ca n provide valid estimates of the amount of zinc available for 

absorption at the individual level. Further va lidation of this method to estimate usual intakes of 

absorbable zinc by individ uals in other populations wou ld be useful. Details of th is interactive 

24-hour reca ll method for determin ing intakes and adequacy of absorbabl e and tota l zinc (and 

iron) are given in Gibson and Ferguson (Gibson and Ferguson, 1999). 

Semi-quantitative FFQs have not yet been val idated for the estimation of usua l zinc intakes by 

individuals. Un like nutrients such as vitam in A and calcium, which are concentrated in a 

relatively sma ll number of foods or specified food groups, zinc occurs in a wide range of plant 

based food items as we ll as animal source foods and therefore may be quantified less 

accu rate ly using this method. Al though FFQs may prove to be su itab le for determining mean 

population intakes, more resea rch is req uired on the validity of this technique for estimating 

usual intakes of absorbabl e zinc for ind ividua ls before it can be app lied with confidence (Hotz, 

2007). 
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FFQ provide informat ion about how often certain foods or foods from given food groups, were 

eaten during a time interval in the past, usually day, by either the household or an ind ividua l. 

The questionnaire can be se lf-a dministered or be administered through a short personal . 

interview. The food list may range from a few questions to capture intake of selected foods and 

nutrients, to a comprehensive list to assess the total diet. The frequency responses ca n be 

open-ended or mUlt iple choice, ranging from several times per day to number of t im es per 

year, depending on the type of food. FFQ can be qualitative with no in forma tion on portion 

size, semi -qualitative with sta ndardized portion size estimates (as predetermined by the 

interview team), or quantitative where the respondents estimate portion size. When portion 

sizes are described by the respond ents themselves, different measurement aids have been 

used, such as photographs, drawings or household measures. Portion size information is 

necessary to quantitatively assess the intake of foods and nutrients. Standard portion sizes 

greatly simplify the administration and processing of the FFQ. 

Lacey, (2007), was conducted a research to estimate the adequacy of zinc intake among college 

students by using semi quantitative-FFQ, the finding of the research showed 76% of the women 

who were obtaining less than the National Aca demy of Sciences Recommended Dietary 

Allowance for zinc (8 mg/ day for females, 11 mg/ day for males). 

Serra -Majem et aI., (2009) were conducted to va lidate dietary assessment methods for intakes 

of iron, ca lcium, se lenium, zinc and iodine by comparing 24-hour reca ll and dietary record 

methods for th e European Com mu nity's 'EURopea n micronutrient RECommendati ons Aligned' 

(EURRECA) Network of Exce llence, whose aim is to harmonize nutrient recommendations 

across Europe. The FFQ was seen as a valid method for assessing mineral intake, particularly for 

Ca and, to a lower extent, for iodine and Zn. Se and Fe showed only acceptable correla tions. 

This finding provides new insights regarding the chara cteristics that assessment method for 

dietary minera l intakes shou ld fu lfill. So, the advantages include simpler and quicker 

admin istration and processing, and subsequently lower costs as well as fewer burdens for the 

respondents than alternative methods. The method is ge nera lly accepted as being suitable for 

measuring typical diets and with the purpose of ranking ind ividua ls according to intake. 
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Inaccuracies may result from an inadeq uate listing of poss ib le foods, errors in estimating 

portion size and the usual freq uency of food consumption. 

Method 4: Serum zin c concentration 

The fou rth direct method to assess the risk of zinc status in population is serum and plasma zin c 

concentra ti ons which are the most widely used biochemica l markers of zinc sta tu s. Strictly 

spea king, zinc concentrations measu red in serum or plasma is not entirely comparab le, large ly 

as a consequence of the different co llect ion and separa tion procedures used. Circu lating zinc 

concentrati ons may have limitations in validity and reliability regarding th e identification of 

mild to modera te zi nc deficiency in ind ividuals. Several lines of evidence suggest that this index 

is use ful in assess ing zinc sta tus at th e population leve l (I ZiN CG, 2007; Brown et aI. , 2002; 

Brown, 1998 and Ki ng, 1990). In particular, the mean serum zinc concentration of groups of 

individuals respond s as expected to dietary modifications and in associat ion with funct iona l 

outcomes following zinc supp lementation. For example, in the Un ited Kingdom National Diet 

and Nutrition Survey, there was a significant positive correlation between dietary zin c inta kes, 

assessed by seven-day weighed food records, and fasting se rum zinc co ncent ration for girl s 

aged 4 to 18 yea rs, although not for boys (Gregory et aI. , 2000). In a study of New Zea land 

women not using oral contraceptives, there were significant nega t ive correlations between 

serum zinc concentrati ons and intakes of dieta ry phytate and t he phytate: zinc molar ratio 

(Gibson et aI., 2001 ). An inverse corre lation between serum zinc and dietary phytate: zinc molar 

ratios have also been repo rted in adolescent Canadian women consuming lacto-ovo vegetari an, 

semi -vegetarian, and omn ivorous diets (Donovan and Gibson, 1995). Further, in two 

experimentally contro lled studies in which hea lthy adults were first fed omnivorous diets and 

then switched to vegetarian diets, measurable declines in serum zinc va lues on the vegetarian 

diets were reported (Hun t et aI., 1998; Srikumar et aI., 1992). 

In an ea rli er meta-analysis of the effect of zinc supp lementation on children's growth, wh ich 

included studies of severe ly ma lnourished in-patients, the in it ial mean serum zinc 

concent ration was inversely associated with the magnitud e of th e growth response to zinc 

supplementa t ion (Brown et aI., 1998). However, this relat ionship was not statisti cally sign ifi can t 
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in an updated version of the meta-analys is that excluded severe ly ma lnou ri shed chi ld ren 

(Brown et aI., 2002). Low serum zinc concentration was found to be predictive of increa sed risk 

of diarrh eal morbidity among Indian chi ldren (Bahl et aI., 1998) . In the aforementioned meta­

analysis of the effe ct of zinc supp lementat ion on children's growth, data on mea n serum zi nc 

concentrati on before and after the intervention were ava ilable for 15 studies (Brown et aI., 

2002). As eviden ce, the se rum zinc concentrat ion is better methods to assess zinc deficiency in 

a population due to biochemica l indicators are an objective and quantitative mea ns of assessing 

the zinc sta tus of a population. They are useful for id entifying populations and specific 

subgroups that are at elevated risk of zinc defici ency and therefore ca n be used to target 

interventions to specific high-risk groups. For a variety of reasons described below, Serum or 

pl asma zinc concent rat ion is the best ava ilab le biomarker of the risk of zinc deficiency in 

popu lations. WHO, UNICEF, IAEA, and IZiNCG jointly recommended the use of serum zinc 

concentration for assessment of population zinc status (WHO/UNICEF/IAEA/IZiNCG, 2007). 

For the correct use of se rum zinc concentration as an indicator of zinc status, there are seve ral 

important technica l issues that must be considered regarding sample collection, laboratory 

analysis, and inlerpretation of the data. Why use se rum zinc concentration as an indicator of 

zinc status7 

The chosen serum zi nc conce ntrat ion has some important characteristics that make it a good 

indicator of zinc sta tus for populations by three main reasons: it reflects dietary zinc in take, it 

responds cons istently to zinc supp lementation; and referen ce data are available for most age 

and sex groups. 

To date, serum zinc is the only biochemica l indicator of zinc status known to meet these 

criteria. Also, experimental studies of dietary zinc restricti on in adult volunteers have found 

that the se rum zinc concentrations of previously we ll-nourished individuals decline within a few 

days or weeks after their zin c intake is severe ly restricted. Some, but not all, studies of 

moderate ly restri cted zinc inta kes have shown that se rum zinc decl ines, although the response 

ta kes longer and is less consistent. Research also shows that se rum zinc concentration 

consistently rises when individuals consu me zinc supplements in addition to their usual diet, 

rega rdle ss of their initial serum zinc concentration (Hess et aI. , 2007). Th us, there is strong 
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evidence to indicate that, in genera l, se rum zinc concentration reflects a person's usual zinc 

intake during the previous few weeks or months. However, other factors can independently 

affect the serum zinc concentration. For exa mple, in fect ion ca n lower serum zinc concentration, 

while muscle brea k down during weigh t loss ca n liberate zinc to the circu lation and incre ase 

se rum zinc conce ntration (IZiNCG, 2007). 

Thus, the popu lation means serum zinc concentration is a useful indicator of successfu l delivery 

and absorption of zinc supp leme nts in children. In addition severa l studies were done in the 

world to assess the micronutrients defiCiency among th e risk group of population by analyzing 

serum . In some studies conducted in Africa, among preschool children, 37.7% were severe zinc 

deficient and 9.8% were modera te zinc deficient in Nigeria (Bi lbis et aI. , 2003) In a ba se line 

study in Kenya, nearly all (95. 7%) preschoo l chi ldren in Suba district were zinc deficient 

(Ohiokpehai et aI., 2009). In Saudi Arabia, in Riyadh City, 18.3% of preschool children were 

moderate ly zinc deficient and 3.3 % were severe ly zinc deficient (A lshatwi, 2006). 

little information is available from nationally representative surveys on the preva lence of low 

serum zinc co ncentrat ion; however, estimation of the extent of zinc deficiency must re ly on the 

prevalence of stunting among children less than five yea rs of ace. As zinc deficiency is not the 

only factor affect ing child ren's growth, assessment of serum zinc levels can be used to confirm 

the risk of zinc deficiency in countries having high prevalence of stunting. In Ethiopia, studies 

were conducted to assess the preva lence of zinc status in population is based on th e stunting 

rate wi thout bioma rker (NNBSR, 2010). The present study will assess the preva lence of zinc 

deficiency among infants and preschoo l children by analyzing serum zin c, since serum and 

plasma zi nc concentrations are the most widely used biochem ica l markers of zinc status 

(Gibson et ai, 2008). 

Among the above four general methods of assessing risk of zinc deficiency, serum zinc 

concentrat ion is the best method due to three main reasons: it reflects dietary zinc intake, it 

responds cons iste ntly to zinc supplementa ti on and a reference data are ava ilab le for most age 

and sex grou ps. 
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3. Materials and methods 

This study was conducted under the umbrella of the main project wh ich being done in six zones 

of Amha ra reg ion namely, West Gojjam, East Gojjam, North Wello, South Wello, South Gondar 

and Wag Hemra entitled" The eUecl 0/ iodi:ed sail on child developll1enl in Alllhara region in 

Elhiopia" (PI: Dr. Grace S. Marquis). 

Study design : This is a cross-sectional quan titative study with descrip tive and analytical 

elements. 

3.1. Study area 

The study was carried out between October 2011 and April 2012 including East Gojjam Zone, 

which is one of the administrative zone among eleven zones of Am hara regi on, loca ted 150 km 

north-west of Addis Ababa, Ethiopia. In East Gojjam zone consists of 17 weredas: Among these 

weredas twelve weredas were includ ed in this study namely, Hulet Ej enese, Goncha Siso 

en ese, Enarj Enawga, Shebel Beren ta, Dejen, Awabel, Aneded, Baso liben, Debay Tilatgin, Sinan, 

Bibugn and Gozami in, the corresponding se lected kebele from each woredas were And inet 

mariyam, Bu za Yemerat, Arigemit kenibata, Werobona aka babiw, Wibilat Getem, Add isamba 

Chelia, Ad isge yegewek, Yedug, Naziret, Washa Michael, Wenber Kidus Yohannes and Yebona 

Erjina, respective ly. According to the 2007 Ethiopia n ce nsus, this zone has a total population of 

2,152,671, with male-to-female ratio of 0.98. With an area of 14,000 squa re kilometers, the 

zone has a population density of 153.80. The dominant crop s in this zone include sorghum, teft, 

maize and haricot bea ns, grown for both consumption and commercial values. Only sma ll 

fractions (9.92%) are urban inhabitants. This zone had a very high potentia l for irrigation, 

howeve r, agriculture is total ly rain-fed. Total annual rainfa ll ranges approximately from 900-

1200 mm per year. The zone has a long term mea n annual rainfall of 1181 mm, and in most 

years precipitation is very favorable fo r th e cu lti vation of different crops. The main reason for 

se lecti on of this zon e is the infrast ructure re lative ly better than the other zone and there was 

no information for East Gojjam on magnitud e and distr ibution of zinc deficiency among infants 

and preschoo l children in this zone. 
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3.2. Study subjects 

Th e source popu lation is all ch ildren, aged below fi ve years,categorized into three age groups: 

6-10. 18-22 and 54-60 months. The aforement ioned age groups were selected because t he risk 

of zinc deficiency and stunting are greatest during the period of rapid body growth and 

deve lopment in these age groups, and one of th e high risk group for zinc defici ency are infant 

and young children (WHO, 1995). 

3.3 . Sample size 

Sample size was ca lculated using single proportion sample size calculation formu la with 

inputs of 95% con fid ence level, (Z=1. 96), 10% margin of error, 50% expected prevalence of zinc 

deficiency in order to get large r sample size and accord ingly sub-sample si ze of 96 is calculated. 

From each age group 96 subjects were expected. So, total sa mple size of 288 was expected. 

n = Z a/' X P q/d ' 

Allowab le error = (10%), d = 0.1 

Z a/' = 1.96 (at 95% (I) 

Zinc deficiency rate of East Gojjam is not known, so, by considering 50% expected 

prevalence of zinc deficiency, p=0.50 

q = 1-0.50 = 0.50 

n = (1.96)' x (0.5x 0.5)/ (0.10) ' 

= (3.8416) x (0.25)/ (0.01) 

=96 

In the study three age gro ups were included, so, total sample size of 288 was expected. 

3.4, Sampling technique 

The main project has been used the 2007 census data as sampling frame and cluster as 

sampling method, the kebe le has been cluster, include only rural I<ebeles from the 6 zones 

namely; West Gojjam, East Gojjam, North Wello, South Wello, South Gondar and Wag Hemra. 
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Others zones in Amharas region were not included because (1) Amharic was not the main first 

language (e.g. Awi) or (2) close to University of Gonder fie ld study areas (North Gonder) or (3) 

too closed to the sa lt production site, so may have early iodized sa lt (e.g. Dromia and North 

Shewa). Listed all the rura l kebele which not take more than 3 hours wa lk from the point of 

access ibility of the ca r in six zones from 1 to the end and use a random number tab le to select 

the first kebele and so on till we got the 60 kebeles. Extra Kebeles then se lected for 

replacement. 

Before data co llectors goes into the study area, the census t ea m who were comp leted at least 

10 grades were involved in this project and collected the name of head of household, mothers 

and their chi ldren by th e help of extens ion workers, the extens ion worker role was to fa ci litate 

the things by assigning health workers in each sub-kebeles in the selected kebe les. The eligible 

child was selected by a random number tab le. 

To determine the prevalence of zinc status approximately 240 mothers and t heir children under 

60-months of age from 12 woredas in East Gojjam were randomly selected; from each woreda 

one rural kebe le were selected in simple random method for the study. With the help of 

government-paid Health Extension Workers and the census team, from all selecterl kebeles of 

East Gojjam 90 chi ldren from 6-10 months, 70 children from 18-22 months and 80 children 

from 54-60 months were recruited. In the baseline study the census team listed all children 

from each age group in each sub-kebele by the help of Extens ion Workers and vo lunta ry hea lth 

workers. Eligib le subjects were selected in a simple random method from the listed households 

in each kebe le. 

3.5. Data collection 

Data have bee n collected by research assistants with bachelor and master's leve l degrees who 

have been trained on data co llection. In the project, ten data col lectors for die tary and 

socioeconomic in formation, ten for psychology, 4 individuals trained on anthropometry, and 4 

phlebotomists/lab technicians participated . All enumerators were trained over ten days from 

Apri l 2, 2011 to April 23, 2011 and then conducted field t ests in order to assess inter-observer 
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and test-retest rel iability. With the help of Health Extension Workers, participants for the study 

identified by train ed fi eld workers. 

Structured questionnaires for household, anthropometric measu rem ent and serum zinc 

analysis were used as a too l for data co llection. Mothers were intervi ewed at baseline 

concerning the family' s socio-economic and demographic information, child's health and diet, 

and other related information (Annex 3). 

3.6. Anthropometric measurement 

Height of infants and preschool chi ldren aged 6-22 months was measured in a recumbent 

position to the nearest 0.1 cm according to the procedure outlined on anthropometric 

measurement gu ide using a board with an upright wooden base and a movable headpiece 

(WHO, 2006) . Height of children 24 months and older was measured in a sta nding-up position 

to the nearest O.l cm accord ing to the procedure described anthropometric measurement 

guide. 

Body weight of chi ld ren was recorded to the nearest 0.1 kg by using Tanita sca le. The weight of 

the children aged of 6-10 and 18-24 months, the mother was we ighed with the chi ld and then 

weighed without the child. Th e differen ce between the two measurements was the child 's 

weight. Z-scores were ca lculated for the indicators: weight-for-age, height-for-age, and we ight­

for-height with ENA 2011 software using WHO (2006) reference population. Underweight, 

stunting, and wasting were defined as we ight-for-age Z-scores <-2, height-for-age Z-scores <-2, 

and weight-for-height Z-scores <-2, respective ly. Accuracy of all anthropometric measurements 

was upheld according to the international referen ce standa rd . Anth ropometri c data were 

measured twice if there were 0.05 SO betwee n two measured values, the thi rd measured were 

taken. 

3.7. Blood collection 

All precaution during blood sa mple co llection for serum zinc an alysis was considered according 

to IZiNCG, (2007) recommendation. The antecubital and infants head areas were cleaned with 

70% alcohol and medical cotton. Five milli l iters of ve nous blood was draw n using sta inless steel 

butterfly needle, and collect into trace element-free evacuated bl ood collection tubes 

22 



(Vacutainers, 6 ml, and Royal blue top) without anticoagulant for processing serum, blood 

sample was placed in ice box and allowed to clot 30-40 minu tes. Then, se ra were separated 

from cells by centr ifugation at 3000 rpm for 10 min at room temperature for forty minutes of 

collection and transported to the project office kept in coo l boxes (0-4DC) . Sera were stored at-

80DC until serum zinc determination took place. 

3.8. Determination of zinc 

For the determination of trace elemental zinc, sera were shipped to EHNRI by dry ice and 

polystyrene packaging material. A concentration of trace elements in serum was determined at 

FMHACA laboratory by using Sh imadzu Flame Atomic Absorption Spectroscopy (AA 6800 

model, Japan). 200>tL of serum sample were added into a trace meta l free plastic test tube and 

diluted by addition of 6% butanol in 1:5 ratios . Cal ibration of the Atomic Absorption 

Spectrophotometer (Shimadzu) was carried out using series of standards of zinc, 0, 0.1, 0.2, 0.3 

and OAppm by dilution from stock of 1000ppm AAS zinc standards (Annex 4). Each series of 

standards were diluted with 5% glycerol to equivalent with viscosity of serum . Zinc 

concentration was measured using an air-acetylene flame at a wavelength of 213.9 nm and a 

slit width of 0.7nm. The results were calculated from two runs (Iyengar G.V. 1998 and Peastoll 

R.T. 1973). To min imize the risk of contamination, all glassware and plastic tubes used were 

immersed in 10% (v/v) so lution of nitric acid for 24 h, washed with distilled water and rinsed 

with deionized water before use. All chemicals used were obtained from Sigma Chemica l 

Company. For serum zinc de terminati on, human serum sample was used as internal control as 

recommended by IZiNCG (2007) and run in each batch; the result of mea n serum zinc was 

84.00(±1.8) >tg/d l. 

The overall design of the steps in measuring serum zinc concentration to assess zinc status fo r 

ch ildren under f ive is depicted as fo llows in Figure 1. 
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Identify appropriate population group, calculate required sample 

size, and se lect a representative sample of the population 

J 
Obtain ethical approva l and informed consent 

~ ~ 
,/ . " Sample collection Data coll ection 

- Clean subject's skin with alcohol at 
site of the antecubital vein or head vain - Age 
- Draw blood using stain less steel - Sex 
needle , and collect into trace element- - Tim e of day 
free evacuated blood collection tubes - Time since last meal 
- Avoid zinc contaminatio n 

"- ./ 

~ ~ 
~ 

Sample preparation 
- Place blood samples in refrigerator or on ice and allows clotting 20-30 min 
- Centrifuge blood sample at 2000-3000 x g for 10 minutes and separate serum or plasma 
- Discard any obviously hemolyzed samples 

j 1. 
Sample storage 
- Store serum or plasma samples frozen (or in refrigerator if they are to be 
ana lyzed within 1-2 

D 
Sample analys is 
- Di lute sample for zinc 5 to 1 O-fold in solvents such as 6% aqueous 
butanol Of 10% nitric acid 

,),1 
Data analysis 
- Use appropriate cutoffs depending on characteristics of 
study population 
- Correct for time of day or time since last meal unless 
samnle co llection was standardized 

Figu re 1. Steps in measuring se rum zi nc concentration to assess popu lat ion zi nc status (source IZiNCG, 

Assessing population zinc statu s w ith se rum zin c co nce nt ration, technical brief, No.2, 2007) 
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3.9. Statistical analysis 

The prevalence of serum zin c deficiency of infants and preschool children was estimated. Zinc 

deficiency in children was defined as less than 65 ~g/dl, as recommended by IZiNCG (IZiNCG, 

2007), because blood samples in this survey was obta ined not necessarily after fasting. Among 

240 samples size, 96% (n=231) of the subjects' blood were co llected in the morning between 8-

12 am. Blood sa mples from nine subjects were collected in the afternoon and the cut-off used 

to defin e zinc deficiency was adjusted to less than the mean va lue for blood samples collected 

in the afternoon (less than 57 I1g/dl) . 

The statistical analysis was ca rri ed out using SPSS 16 for Windows. Analys is was carried out at 

two levels. First, a bivariate analysis was perform ed to determin e the differentials of zinc 

deficiency und er-five by exp lanatory va riabl es. Pearson's bivariate co rre lation , independent 

Student's t-test and ANOVA Post Hoc-Tukey test were performed to test the existen ce of 

sign ifi cant assoc iation between zi nc concentration and se lected risk factors. To control for 

con found ers, linear regression was applied after two models establi shed nam ely, proximate 

and distal factors. Anthropometric indices were calculated using ENA SMART 2011 software. 

The indices are expressed as standard deviation units from the median va lues of the WHO 

(2006) sta ndard reference data of US children (WHO, 2006). Infants and preschoo l children 

whose height-for-age, we ight-for-height and weight-for-age below minus two standard 

deviations (-< 2Z) from the median of the reference popu lation were considered as stunted, 

wasted and underwe ight, respectively. 

The family's socioeconomic status (SES) was assessed by interview and observations of housing 

quality at the time of entry into the se lected house holds. SES data included possessions (e.g., 

bed, chair, Table, watch, radio, mobi le, lamp, cater, horse, donkey, goat and sheep) housing 

characteri stics (e.g. , building materi als of floor, roof, wall) and agricultural land were included 

to classify the wea lth index of se lected hou seho lds (Schellenberg et aI., 2003). The wea lth index 

was calcu lated based on ownership of se lected household assets, si ze of agricultura l land and 

quantity of lives tock . Wealth ind ex quintiles (poorest, poorer, middle, richer, and richest) were 

computed using Principal Component Analysis (PCA). 
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The household food insecurity level questionnaires were administered to the mother. A we ll 

structured questionnaire was used which was adopted from Food and Nutrition Technica l 

Assista nce (FANTA) and evalua ted by using Household Food Insecurity Access Scale (HFIAS) on 

the bases of below and above average of the mean out of nine po int scale(Coates et aI. , 2007). 

The categories for dieta ry diversi ty were determ ined by first asking if the mothers had fed their 

children a particu lar type of food (30 differen t types) such as teff, sorghum, mil let, maize, 

barley, rice, cassava, sweet potato, potato, bean, lenti l, ground nut, tomato, carrot, leaf 

vegetable, egg, bee f, lamb, goat, chick, fish, milk, lemon, peach, orange, banana, papaya, 

mango, guava and avocado in the previous 24 hours. These were then categorized into six 

different food groups namely, gra in, root and tuber; legumes and nuts; meat; milk and milk 

product; egg; vitamin A rich fru its and vegetables. 

A score was then ca lculated t o determine how many different types of food groups were 

consumed by chi ldren in the prev ious 24 hours. Thi s does not measure quant ity. We ll 

esta blished food dietary questionnaire were adm inistrated to mothers and evaluated by using 

Household Dietary Divers ity Score (HODS) (Swindale and Bilinsk, 2006). 

3.10. Ethical approval 

The study propo sa l of the main project was presented on the scientific forum of the Ethiopia n 

Hea lth and Nutrition Research Institute and approved at all leve ls by the Research and Ethical 

Clearance Committee and M cGi ll University (Canada) Ethical Review Board. The study was also 

explained to officia ls of the Zonal Administration, Zonal Hea lth Department of East Gojjam and 

administrative officials of all Woredas. Data co llecto rs were informed consent or explanatory 

letter that cla rifi es the purpose of the study, study confidentiality, and the volun tary right of 

participation in th e study to each child's mother who was eligible to participate and all wi lling 

mothers were put their signature on the consent form. 
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4. Results 

4.1. Socio-demographic characteristics 

A total of 240 ch ildren aged 6-60 months were enrolled from thirteen Woredas of East Gojjam 

and all infants and preschoo l children were inc luded in serum analysis. Th e response rate was 

83.3%. In th is stud y all the study areas were rural. The mean chi ld age of the participant was 

28.17(±21.57) mon th s. 

of all studied children 105 (43.8%) were female and 135 (56.2%) were male. Infants and 

preschool children enrolled in th e study were categorized in to three age groups. Group 1: 6-10 

months (37.50% of t he total), group 2: 18-22 (29 .20% of the tota l) and group 3: 54-60 (33.30% 

of the tot al). Literacy: of the total number of mothers of the selected child 213 (89.10%) were 

illiterate and 26 (10.10%) were literate and all household heads were farm ers. In the study 

area, t he Amharic language, Amhara ethnicity and Orthodox re ligion fo llowers predominated 

(Table 1). 

Household fam ily members w ho live on the same land were classi f ied into three groups (small, 

up to 5 members; medium 6-10 members; and large, 11 ur more), and they held 44.20%, 

48.70% and 7.10%, respective ly. The average number of househo ld members living on the sa me 

land was 6.37(±2.99) persons. The wea lth index of the participants classified in equa l 

proportion acco rding to the asset they have using PCA. Stati stica l Figure of soc io-demograp hic 

and housing characte ri sti cs assum ed to be associated with zinc status of children is displayed in 

Tab le 1. 
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Tabl e 1. Socia -dem ographi c characteri sti c of the study subjects East Gojja m, Et hiopia October, 

2012 

Variab les Frequency % 

Age( M onths) 

6-10 90 37.50 

18-22 70 29.20 

54-60 80 33.30 

Sex 

Male 135 56.20 

Female 105 43.80 

Total no. household m embers 

1-5 106 44. 20 

6-10 117 48.70 

>11 17 7. 10 

li teracy of mother* 
Ill iterate 213 89 .10 
lite rate 26 10.90 

Occupation of head of HH" 

Farmer 239 99.60 

Other 1 0.40 

literacy of head of HH 

Illiterate 155 64.60 

lit erat e 85 35.40 

l anguage 
Amh aric 240 100.00 

Religion 

Orth odox 234 97.50 

M uslim 3 1.30 

Oth ers 3 1.30 

Wealth index'" 

Poo rest 47 19.60 

Poorer 48 20.00 

M iddle 49 20.40 

Higher 48 20.00 

Highest 48 20.00 .. °LltNacy mformatlOn for one mother was not available. HH-household 

• * ·Wcalth index of the participant household done by using Principal Component AnalySiS which include possessions (bcd, chair, Table, watch, 

radio, mobile, lamp, cater, horse, donkey. goat and sheep) hOUSing characterist ics (building materials of f loor, (Oaf, w all) and agricultural land 
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4.2. Prevalence of zinc deficiency 

The mean serum zinc concentration of infants and preschool children was 62.98(±13.01) Ilg/dl 

(95% (I: 61.32, 64.63) (Tab le 2). The va lue ranged from 28.05 to 108.5hlg/dl. Serum zinc level 

for 6-10, 18-22 and 54-60 months age group were 67.08(±13.21), 61.41(±10.71) and 

59.74(±13.62) Ilg/d l, respective ly. The zi nc status across age groups were statist ica lly significant 

(F=7.875, P=O.OOO) . Serum zinc leve l of the 6-10 months age group was significa ntly different 

from 18-22(P=0.015) and 54-60 months age groups (P=O.OOl). But the 18-22 and 54-60 months 

age groups mean zinc status were not significantly different (P=O.702) (Table 2) . 
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Zinc status of children expressed in lJg/dl . 

Mean = 62.9803 
Std . Oev. = 13.02794 
N = 2 40 

Figure 2. Distribution curve of zinc sta tus of infant and preschoo l children in Ilg/d l aged 6-60 

months child ren in East Gojjam. 
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Among the study population, 57.10% of infa nts and preschool children were zinc deficient. The 

prevalence of zinc deficiency of infants and preschool children for 6-10, 18-22 and 54-60 

months age groups were 44.4%, 61.4% and 67.5%, respectively. 

4.3. Socio-demographic factors and zinc deficiency 

Infants and preschool children's age was negatively associated with zinc status, this means that 

as the age group increased, the mea n serum zinc decreased. The mea n serum zinc leve ls for age 

6-10, 18-22 and 54-60 months were 67.08(±13.20), 61.41(±10.71) and 59.74(±13.62) ~g/d l 

respectively. Zinc status among age groups were statistical ly signif icant (F=7.875, P=O.OOO). 

The mean se rum zinc leve l for males and fema le were 62.60(±12.31) and 63.47 (±13.92) 

respectively. Sex and mean serum zinc status were not sign ificantly associated (t=0.611, 

P=0.611). 

The mean serum zinc level for il literates and li terate mothers' children were 62.81(±13.51) and 

64.66(±8.72) ~g/dl, respectively, and did not differ significantly (t =0.495, P=0.495). 

The total number of fami ly members who lived together on the same land were divided into 

three groups (sma ll , up to 5 members; medium, 6-10 members; and large, 11 or more) to 

investigate the effect of family size on the serum zinc levels of children. 

There was a sign ificant difference between the tota l numbers of persons living at t he same 

home and serum zinc level among the study su bjects (F=3.501, P=0.032) . The mean serum zinc 

level of the selected chi ld who had 1-5, 6-10 and> 11 household members were 64.44(±11.91)' 

62.73(±13.72) and 55.59(±1313) ~g/dl, respectively. M ean serum zinc of infants and children 

who were lived in 1-5 members was different from chi ldren who li ved with greater than 11 

family members (P=0.025), but not differ with children who lived in 6-10 family members. 

Data categorizing into five wea lth status levels by using principal component analysis, serum 

zinc concentration of children who be longed to wealth ind ex of poorest, poorer, middle, higher 

and highest had serum zi nc concentration of 61 .74(±13.91), 60.64(±12.32), 64.99(±14.40), 

64 .79(±13.01) and 62.64(±11.32) ~g/dl respectively; the groups did not differ significantly 

(F=O.395, P=0.395). 
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Tab le 2. Socia-demograph ic factors and zinc status of aged 6-60 month 's children in East Gojjam 

Eth iopia, October 2011 

Va riables Serum zi nc co ncentrat ion in P value 

Ilg/ dl, mean (± SD) 

Age( Month) 

6-10 67 .08(13 .20) ' 0.000' 

18-22 61.41(1O.72)b 

54-60 59 .74(13 .63)b 

Sex 

Male 62.60(12.31) 0.611 

Female 63.46(13.92) 

Tota l no. household members 

1-5 64.44(11.91) ' 0.032' 

6-10 62.73(1372)'·b 

>11 55 .59(1313)b 

literacy of mother 

Illiterate 62.81(13.51 ) 0.495 

literate 64.66(8 .72) 

r:---
Food Security 

Above t he mean 64.06(13 .26) 0.199 

Below the mean 61.89(12 .79) 

Wealth ind ex** 

Poo rest 61.74(13 .91) 0 .395 

Poorer 60.64(12.32) 

Middle 64.99(14.40) 

Higher 64 .79(13 .01) 

highest 62 .64(11.32) 
50 means standard deviatIOn 

P value of wealth index tota l number of household and age were determined by using ANOVA, Post Hoc-Tukcy test 

P value of Sex. literacy of mother and food security were determined using Independent-sample T-test 

' The mean difference IS SignifICant at P= 0.05 level. 

--

* * Wealth index of the participant household done by using PrinCipal Co mponent Arltllysis which include posseSSions (bed, chair. Table, watch, 

r<ldio, mobile, lamp, cater, horse, donkey, goat and sheep) hOUSing charactemtics (building ma terials of floor, roof, wall) and agricul tural land. 
Su perscripts of a, b, b indicated t hat 67 is differ from 61 and 59, but 61 and 59 are not statistically differ. 

Superscript <I, a, band b tells us 64 and 62 are not differen t; but onl y 64 is differen t from 55. 

31 



The level of househo ld food insecurity was assessed using HFIAS. The scale appraises the 

occurrence of nine food insecurity re lated events in the househo ld in the preceding four weeks 

of the survey. Each event that took place resulted in a score one but the oppos ite ea rn ed ze ro. 

Mean serum zinc status of children who lived in food secure households and children who were 

food insecure were 64.06(±13.26) and 61.89(±12.79) Ilg/d l, respectively; the difference was not 

statistically significant (t=1.412, P=O.199) (Table 2). 
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4.4. Zinc deficiency and stunting 

The analys is of chi ldren's nutritional status based on the sta nd ard deviation un its from the 

median value for the three anthropometri c indices height-far-age, we ight-far-age and weight-

for-height revea led that 43.30% (95% (I : 37.10, 49.60), 19.70% (95% ( I: 15.20, 25.30) and 

5.90% (95% ( I: 3.60, 9.70) of t he tota l 240 ch ildren included in the survey were fo und to be 

stunted, und erweight and w asted, respectively (Table 3). 

Table 3. Anthropom etric indices and zin c status of children aged 6-60 months in East Gojj am 

Ethiopia, October 2012. 

Anthropometric Frequency of sex Total % Serum zinc P value 

indices frequency(238) conce ntratio 

n in ~g/dl , 

Male Female mean (±SD) 

Height-far-age 

<-2 Z-score 67 36 103 43.3 63.66( 13.2 1) 0.527 

>-2 Z-score 67 68 135 56.7 62.58( 12.90) 

Weight-for-age 

<-2 Z-score 32 15 47 19.7 62.94( 12.89) 0.869 

>-2 Z-sca re 102 89 191 80.3 63.S3 ( 15.60) 

Weight-for-height 

<-2 Z-score 10 4 14 5.9 62.88(13.1 I ) 0.686 

>-2 Z-score 124 100 224 94.1 63.74(12.89) 

P value determined by uSin g Independent sample Student 5 t-test 

% percent 
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Males had a higher prevalence of stunting than females (56.3% Vs 43.8%, P= 0.019). Among the 

three age groups, 6-10 month olds (31.11%) had th e lowest prevalence in stunting re lative to 

18-22 months (61.76%) and 54-60 months (41 .25%) age groups (P=O.OOO). The mean HAZ of 

infants and preschoo l children who were aged 6-10, 18-22 and 54-56 months -1.32 (±1.17), -

2.19 (±1.06) and -1.84 (±), re spective ly (F=9.356, P=O.OOO). 

The mean serum zinc concentration of those who were stunted was 63.66(±13.21) >tg/d l where 

as the mean serum zinc concentration of non-stunted subjects was 62.58 (±12.90) >tg/dl. The 

mean concentration of zinc between th e two groups were not significant (P=0.527). Also, t here 

were no statis t ica l difference in mean serum zinc status of infants and preschool ch ildren who 

were under we ight (P=0.869) and wasting (P=0.686) (Table 3). 
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4.5 . Zinc deficiency and child health 

We observed that 14.6% (35/239) of the children presented episodes of fever and 19.3% 

(46/239) of the children presented episodes of diarrhea during the 14 days precedi~~f.rP'" • 

enrollment of the day of interview and blood collection in th e study. The mean zinc se rum l ev~ r 

of chi ldren w ith episodes of fever and chi ldren w ith no such episode were 62.62(±14.31) and 

63.11(±12.80) ~g/dl, respect ively); the mean serum zinc level diffe rence between groups was 

not statistica lly significant (t=0.200, P = 0.842). The mean serum zinc of children w ho were 

presented episodes of diarrhea and chi ldren w ith no such episode were 63.83 (±12.51) and 

62.84 (±13.21)' respect ively. Mean serum zinc of the two groups were not statistically 

significant (t=-0.478, P=0.644). 

Table 4. Child health and zinc status of the study subjects in East Gojjam Ethiopia, October 2012 

Variable Frequen cy (239) Seru m zinc concentration P va lue 

in ;tg/d l, 

mean(±SD) 

Fever 

No 204 63.11(12.80) 0.842 

Yes 35 62.62(14.31) 

Diarrh ea 

No 193 62.84(13.21) 0.644 

Yes 46 63.83(12.51) 

P value determined by uSing Independent sample Student's t-test 

SD Standard Deviation 

35 



4.6. Zinc deficiency and food diversity 

In this study, most of the participants consumed gra ins (teff, sorghum, mil let, maize, barley, and 

rice ) and legume (mostly bea ns), few participants (n=4) consumed lenti l products among six 

food categories within 24 hours. There was a minimum consumption of vegetables and very 

few chi ldren consum ed meat and egg products. Only 17.5% of children had mi lk. Among the 

study subjects on ly 2.5% (6/240) of children consumed meat and egg products. 

As shown in Table 5, statistical significances found in mean serum zinc concentration val ues 

among infants and preschool children who ate cereal group (t=2.602, P=0.010) and legume 

products (t=2.230, P=O.027). But, there was no statistical difference in mean serum zinc status 

of infants and preschool children who ate milk and milk products (t=-0.427, P=0.670), meat 

(t=0.959, P=0.338), egg (t=0.844, P=0.399) and vitamin A rich foods groups (t=0.687, P=0.493). 
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Table 5. Dietary diversity and zinc status of children aged 6·60 months in East Gojjam Ethiopia, 

October 2011. 

Va riable Frequency (240) 

Grains and tubers 

No 36 

Yes 204 

legumes and nuts 

No 75 

Yes 165 

Milk and milk product s 

No 198 

Yes 42 

Meat 

No 234 

Yes 6 

Eggs 

No 234 

Yes 6 

Vitamin A rich food 

No 220 

Yes 20 

P value determined by using Inde l= endcnt stud ent' s sample I - test 

'The mean difference IS Significant at P=O.OS 

Serum zinc concentrat ion 

Ilg/dl, mean(±SD) 

68.12(11.33) 

62.07(13. 12) 

65.74(12.91) 

61.73(12.92) 

6281(13.01) 

63.76(13.31) 

63.11(12.02) 

5794(14.41) 

63.01(13.02) 

58.54(7.52) 

63.15(13.01) 

61.06(13 .32) 

GraUl and tuber: teft. ~orghum, wheat, millet, maize, barely. nce and cassava 

legumes and nut: bean, chick pea , lent il and nut 
Milk and milk produ ct: m il k 

Meat : beef, lam b, goat and fi sh 
Vi tamin A r ich food includes papaya, peaches. tringo, mango. tom ato, sw eet potat oes and leaf vegetab les. 
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0.01 ' 

0.027* 

0.670 

0.338 

0.399 

0.493 
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different types) in the prevIous 24 hours. A score was then ca lculated to determine how many different type of food groups were consumed by 

children. 

The frequency (Fl of infan ts and preschool children who ate 0,1,2,3,4 and 5 food groups were 34, 30, 127, 36, 10 and 3, respect ively. 

Superscript a, b and a, b, tells us only 68 is different than 50, but 68 and 65, 64, 62, 58 are not different. 

Figure 3. Dietary diversity score and zinc status of aged 6-60 months children in East Gojjam 

Ethiopia, October 2011 

As shown in Figure 3 above the subjects who consumed exclusive breast feeding had a better 

zi nc status than the children who consumed two food groups (P=0.020). There were no 

different between zinc st atus among infants and preschool ch ildren who were breastfed and 

ate one, three, four and five food ca tegories. 
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Table 6. Li near regression model analysis of distal! or proximal model of children aged 6-60 

mo nth s in East Gojjam, Octobe r 2011. 

Model Independent Unadjusted Adjusted 

Va riabl es 

Unstand ardize d t P Unstand ardi zed t 
Coefficient 

Coefficient 

Distal/ lite racy of 1.852 0.683 0.495 
0.339 

or mot he r 
proxima Numbe r of -0779 -0672 0.006' 

-0.788 
I fac tors fa mily 

Food -2.174 -1.289 0.199 
1.142 

security 

Weal t h 0.594 0.995 0.32 1 
0.008 

index 

Age 
ca tego ri ze -3.705 -3 .807 0.000' -3 .555 

Sex 0.864 0.509 0. 611 1.071 
Height-for- -0.3 19 0.750 
age-Z -0.207 -0.744 
sco re 

Diarrhea 2.304 
1.096 0.274 

3.921 

Fever -0.478 -0.200 0.842 -3.208 
Dieta ry 
Dive rsity -1.848 -2.328 0.021' 

-1.793 
score 

-literacy of m other . educatIon status o f mother categorIZed In to two. 1- lI lIterate or 2- hterate. 
Number of family: Total number of household members living on family land. 

0.362 

-2.803 

0.526 

0. 652 

-3 .435 
0.630 

-1.149 

1.566 

-1.143 

-1.702 

P 

0.718 

0.006' 

0.599 

0.515 

0.001' 
0.529 

0.252 

0. 119 
0.252 

0.09 

Food secur ity: The level of household food insecurity was assessed using HFIAS and ca tegorized into two groups: above and 
below the mean of nine point. l =above 2=below the mean 
Wealth indeK of the participant household done bV using Principal Component AnalySiS which include possessions (bed, chair, Table, watch, 
radio, mobile, lamp. ca ter, horse, donkey, goa t and sheep) housing characteristics (building matenals of floor, roof. wall) and agricul tural land. 

Age categori zed: infan ts and preschool children categorize into 3 age groups: 1=6-10, 2=18-22 and 3=54-60 mos. 
SeK: categorIZed II1 to m<lle ilnd female, l =male, 2=femille 
Diarrhea : yes or no ca tegory, the child ren presen ted episodes of diarrhea during the 14 days preceding enrollment of the day of interview. 
O=no, l =yes 
Fever : yes or no ca tegory, the children presented episodes of fever dur ll1g the 14 days preceding enrollment of the day of interview. 1=no or 
2=yes 
Dietary diversity score: the categories were determined by f irst asking If th~ mothers had fed their children a particular type of food (30 
different types) in the previous 24 hours. A score was then ca lculated to determine how many different type of food groups were consumed by 
children. 
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The linear regression model analysis was used to control the confounder in distal and 

proximate factors. In the distal factor model the number of fam ily members who live on the 

same land was the main determ inant factor in zinc status of infants and children. This factor 

was significant in both unadjusted and adjusted linear regression analysis but maternal 

education, food security and economic status were not significant contr ibu tors on zinc status of 

infant and preschool children in both un adjusted and adjusted linea r regression ana lysis. 

In proximate factor model dietary diversity was significa nt before adjusted; it is association was 

diminished after adjustment. Age was the main factor wh ich influenced zinc status of infant and 

preschool ch ildren . Age was significant in both unadjusted and adjusted linear regress ion 

analys is. But, sex, height-far-age, fever, and diarrhea were not sign ificant on zinc status of 

ch ildren. 

Table 7. Linear regression final model analysis children aged 6-60 months in East Gojjam, 

October 2011 

Va riables Unadjusted Adjusted 

Unstandardized t P Va lue Unstandardized t 

Coefficient Coefficient 

Age categorized 

-3.705 -3.807 0.000 ' -3.674 -3.801 

Total number of 

HH living on 
-0779 -0.672 0.006' 

fam ily land -0.827 -3.069 

Dietary diversity 

sco re 
-1.848 -2.328 0.021 * -1.262 -1.632 

- -Age categorIZed . Infants and preschool children ca tegorIZe mto 3 age groups. 1- 6-10, 2- 18-22 and 3- 54-60 mo 

Total number of household living on family land analyzed per unit , not categorized in th e final model. 

P va lue 

0.000 

0.002 

0.104 

Dietary diversity score the ca tegori es were determined by first asking if the mothers had fed the ir children a particular type of food (3D 

different types) in the previous 24 hours. A score was then calculated to determine how many different type of food groups were consum ed by 

children. 
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As shown in the above Tab le, age and tota l number of househo ld living on the family land 

shows significances in the fin al model but dietary diversity approaches statistical significance in 

the absence of strong associati on with seru m zinc sta tus of infants and preschool ch ildren. 
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5. Discussion 

Zinc deficiency and socio-demographic factors 

In this study, among the part icipants 57.1% of the ch ildren were zinc deficient. Many subjects in 

all age groups had zinc levels be low the cutoff point used to define zinc deficiency. The main 

reason is in most of the rural areas of Ethiopia consumption of anima l sources is mostly limited 

to occasiona l public holidays, which indicated minimal intake. Thus one can expect a high 

prevalence of zinc Deficiency in Ethiopia (Getahun et aI., 2001 and Brown et aI., 2001). 

Moreover, many studies conducted in developing countries showed that the prevalence of zinc 

deficiency was higher in rural area than urban area. In a study conducted in Chinese preschool 

chi ldren on micronutrients deficiency and associated socio-demographic factors, there was a 

significa nt difference in the mean serum zinc leve l by preschool location. Children from rura l 

preschools had the lowest level of serum zinc than children from urban (Liu et aI., 2011). 

Moreover, Villa lpando et al. had conducted a micronutrient survey on under 12 years old' 

children. The prevalence of low serum zinc levels in rural area (40.0%) was twice that of their 

urban counterparts (18.2%); (Vi llalpando et aI., 2003). In addition, a study conducted within the 

Mexican national nutrition survey revealed that preschoo l children w ho were from rural areas 

had a higher incidence of zin c deficiency (40%) than did urban areas (18%) (Barquera et aI., 

2003). 

There is a lack of agreement on the normal variation in plasma zinc val ues according to age. 

Wouwe et al. (1994) found no age-depen dent variation in tota l serum zinc among healthy 

Dutch infants and children. Likewise, Karr et al. estimated the plasma zinc values in healthy 

preschool Austral ian children and found no significant age-dependent varia tion (Karr, 1997). 

Also, no association was found between serum zinc status and age among preschool chi ld in 

peri-urban popu la tion in Del hi (Dhingra et aI., 2009) and in M ex ican children (Villalpando et aI., 

2003). However, the results of our study showed a sign ificant difference in mean serum zinc 

concentration among 6-10 months age-group compared to ch ildren in the higher age groups 

(P=O.OOO). Our result is consistent with the finding in Nepalese children. A cross-sectional study 
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of 1757 cases of acute dia rrhea in 6-35-mo-old Nepalese children was investigated and the 

resu lt showed that the association between plasma zinc concentrati on and age was significant 

(P= O.OOl); the mea n serum zi nc concentration was lower in ch ildren aged greater than two 

years compared to infants (Strand et aI., 2004). Moreover, the study conducted by Ferraz et al. 

(2007) showed that w hen the age ranges were st ra ti fied into 12-month interva ls, chi ldren aged 

~ 48 to < 60 months were found to have lower mean zinc levels than younger chi ldren of the 

remaining age ra nges. The mean serum zinc status of infant and children were sign ificant with 

thei r age groups. In this find ing in the proximal mode l in linea r regression ana lys is, serum zinc 

level and age were significant. The analysis showed that children who were 18-22 and 54-60 

months of age were li ke ly to have 3.67 Ilg/d l (95%CI: -5 .58, -1.77) lower serum zinc than 

ch ildren who were in the 6-10 months age group. Th is might be due to approp ri ate 

breastfeeding practices among younger age-group which might lead to better zinc status. 

Moreover, in th is survey the children's food s was based on cerea ls and legumes, so, older 

children had lower plasma zinc concentrat ions th an did the you nger children due to an 

increased intake of zinc inhibitors as the ch ildren's diet became more similar to that of the 

adults. 

The mean se rum zinc status among male and female children was not statistical ly different. This 

findings is consistent in the previous other study in preschool ch ildren li ving in a peri-urban 

area of Delhi (Dhingra, 2009). There was no sign ificant group-wise d ifference at base line among 

sex and serum status in t he study of zinc supp lementat ion w ith or without copper in you ng 

Ecuadorian (Wuehler et aI., 2008). Moreover, the study conducted in preschoo l children on 

micronutrients de ficiency and assoc iated soc io-demographi c factors in Chinese child ren; mean 

serum zinc level among males and females were not significant (Liu et aI., 2011). Also, 

Bitarakwa te et al. (2003) con du cted a study on se rum zinc sta tus of ch ildren wi th persistent 

diarrhea admitted to the diarrhea management unit of Mulago Hosp ita l, Uga nda. There were 

no sex diffe rences in the dist ri bution of serum zinc between both t he hea lt hy ch ild ren with no 

dia rrhea and in those with pers istent diarrh ea. Alt hough, the preva lence of deficiency in 

healthy popula t ions, in Brazil and around the world se rum zinc va lues were for males and fo r 
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females, with no statistically sign ificant difference between sexes (Ferraz et aI., 2007). But, 

Thurlow et aI. , (2006) conducted a study on ri sk of zinc, iodine an d other micronutrient 

deficiencies among school children in Thailand; the result revea led that male sex represented a 

risk facto r for zinc deficiency. A cross-sectional study of 1757 cases of acute diarrhea in 6-35-

mo-old Nepalese children was inves tiga ted and th e result showed that the association between 

serum zinc concentrations and sex showed a minimal difference. In contrast; Females had a 

slightly lower mean plasma zinc concentration than did boys (Strand et aI. , 2004) . Moreover, 

Chen et al. (2007) result finding on elements in the se ra of preschoo l children living in cen tral 

Taiwan revea led that the serum zinc leve ls of males were considerab ly higher than those of 

females (P<O.Ol) . This result was incons istent with our result in which femal e and male se rum 

zinc status was not sign ificantly different. 

In this study the fam ily size affected serum sta tus of children. The results showed that, the tota l 

number of persons living together in the same home or land is associated w ith serum zinc 

status of infant and preschoo l children. The re lationship between the total number of persons 

living together at same home and the serum status of zinc found was confirmed in both 

unadjusted and adjusted linea r regression model. The result may be attributed to the extended 

family in the Ethiopian society. In the extended family, the mother may not find enough time to 

care for the child, or might not find heal thy balanced fo od which indicates the deterioration of 

the qu ality of life in extended fami ly. Zere and Mcintyre (2003) reported the same resu lts when 

concluded that fami ly size is one of the factors, which affects child's nutritional status. Present 

results agree also with Reyes et aI., (2004), who reported that the greatest protective effect of 

stunting was found in Mexican chi ldren ca red excluSively by their mothers. Our resu lts was 

inconsistent with the findings of Liu J. et al in children from sma ll families ( ~3 persons) w hich 

had a higher preva lence of low serum zinc than those from large fami lies (41% vs. 34%, 

P<O.OOl) (Liu et aI., 2011). In this study, when fami ly members increased by one, serum zinc 

sta tus of in fa nt and ch ildren is more likely decrease their serum zinc status by 0 .83(95% CI:-

1.36, -0.30) ~g!d l. 
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Maternal education is important for child health, nutrition and surviva l since mother in our 

culture is responsible for child's food. Low maternal educa t ion may lead to the risk of zinc 

deficiency because ill iterate mother can exercise inadequate feeding and unhygienic practi ce 

while children grownups (Armar-Klemesu et aI., 2000) . In this findi ng mothers education did not 

affect on their children's serum zinc. The improvement of materna l education about nutrition 

will help to improve th e chi ldren's zinc status concurrent with socioeconom ic deve lopment. 

A study of child malnutrition and feed ing practice in M alawi revea led t hat socioeconomic and 

environmental conditions, in addition to the feed ing patterns, are important determinants of 

malnutrition in deve loping countri es (Nyova ni and Mpoma, 1997). Thus, the relationships 

be tween socioeconomic status, illness and death were observed to be reverse, with morbidi ty 

and mortality concentrated in those at the lowest end of the socio-economic sca le (Zere and 

Mci ntyre, 2003). Many factors seri ous ly affect child growth and nutritional status, espec ially in 

developing co untries, such as: fam ily size, educational status, parent's job, parents socio­

economic status, knowledge about proper nutrition, prenatal ca re, mother's age, mother's 

weight and newborn's sex, (Majl es i et aI., 2001). Abdalla et aI., (2009) reported that socio­

economic aspects influencing food consumption patterns among children under age of five in 

rural area of Suda n. Cross-sectional study was carried ou t to investigate so me of the socia l and 

economic factors, which have a direct and ind irect effect on feed ing patterns and nutritiona l 

status of children under age of five. It was concluded that improvement in societa l 

infrastructure, better maternal education and knowledge about good nut rition were needed to 

maintain the children's nutritiona l status in severa l rural areas of Sudan. Even if, zinc deficiency 

is a widespread nutritional prob lem affecting populations of low socia l economic status in both 

developed and developing countries (Ruz et aI. , 1997), some studies show that the 

socioeconomic variables were only wea kly associated with plasma zi nc concentration in 6-35-

mo-old Nepalese children (Strand et aI., 2004). Moreover, the finding that in preschoo l children 

on micronutrients defic iency and associated socio-demographic factors, in Ch inese chi ldren, 

living in a large house is related to a better zinc level bu t the la ck of Sign ificance could be due to 

th e fact that a big house co uld refl ect a better eco nomic status and thus more intakes of an imal 
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foods (Liu et aI. , 2011). It is we ll suspected that superior household economic stand ing 

enhances child zinc sta tu s. Howeve r, in this study househo ld wealth index was not associated to 

zinc statu s. The zinc status by economic stand ing did not significa ntly differ from each other 

which might be because all of the participants were from the rural area and there was not 

enough variation among groups. The weal th ind ex is relative (not absolute) measure of wealth. 

So, in relat ive ly homogeneous population in the study area it may lack power. 

Economic status of family can limit the child fee ding pattern of parents, one resea rch 

conducted in Canad a on preschoo l children in low income community revea led t hat median 

se rum zinc leve ls were significantly lower among chi ldren from food insecure househo lds, 

po inting to poorer qua lity diets compared to those living in food-secure situations (Broughton 

et aI. , 2006). Rose and Olive ira studies al so witnessed a decrease in the intake of zinc nutrient in 

preschooler w ho lives in food insufficient house hold in America (Rose and Oliveira, 1997). 

Moreover, food insecurity in its severe forms (moderate and severe) contri bu ted to the 

reduction of all food groups, further increasing the dietary insufficiency observed in children. 

Fei nberg et aI. , assessi ng famili es with chi ldren 2-13 years of age, found an association between 

food insecurity and lower intake of nutrients than the rood allowances (Feinberg et aI., 2008). 

In this study, the mean serum zinc status and food security were not signifi ca ntly assoc iated. 
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Zi nc deficiency and stunting 

The etio logy of growth retardation in zinc deficiency is unknown but it is suggested to be 

related to nutrition and/or genetics or both; however it is be lieved that in the pre-schoo l age, 

nutritiona l fa ctors predom inate over genetic factors (Hambidge et aI. , 1976). Dimin ished height 

(stunt ing) has been descri bed in in fants and children with poor zinc nurture (Umeta et aI., 

2000). In fact zinc deficiency was described as the ca use of pronounced growth reta rdation, 

dwarfism and impa ired sexual maturation in young peop le living in Egypt and Iran who 

consumed diets of low zinc bioavai labil ity (Takyi, 2004). Stu nting is a cumulative process that 

can begin in uterus and continues to about three years after birth . Of a total of 240 infants and 

preschool children included in the survey, 43.3%, 19.7%, and 5.9% were fo und to be stunted, 

underweight and wasted, respect ively. Among the three age group 6-10 months (31.11%) was 

the lowest prevalence in stunting re lative to 18-22 months age group (61.76%) and 54-60 

months (41.25%) (P=O.OOO) . Stunting highly prevalent in the second age group which include 

18-22 months age grou p, this resu lt is co nsistent with other stud ies in Eth iopia (Teshome et aI. , 

2009), a na ti ona l nutrition survey in Eth iopia which was conducted in 2009 (NNBSR 2009/10) 

end in other developing co untries (Kumar et aI., 2006). This is because ch ildren younger than 22 

months of age respond ed much more rapidly to the improvement than older ch ildren. The 

result of t he study highlights the first two years of life as the most critica l period for 

in tervention suggesti ng an urgent need to institute programs w hich improve the nutritional 

status of most vulnerable children in the study area beside nutrition education for mothers. 

Such programs are probab ly most effective if they are instituted among children in the first 

th ree years of li fe. After a child reaches 2 yea rs of age, it is ve ry difficul t to reve rse stunti ng that 

has occurred earl ier. In some studies, associat ions of stunting and se rum zinc st atus of 

preschoo l children was weak, for instance, anth ropometri c indices were not associat ed with 

serum zi nc concen t rations in the regression mode ls in Nepal children (Strand et aI. , 2004). 

Moreover, on e study conducted in Ghana is consistent with the above study which observed 

the co rre lat ion between hair zinc levels and height-for-age Z-scores indicated that there was a 

non- significant and weak associa t ion. This perh aps indica ted tha t any growth fa ltering, 

particularly st unt ing, in these children was not strong ly associated with zinc deficiency (Takyi, 
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2004). In add it ion, Bitarakwate et aI., (2003) found no significant association between the 

anth ropometri c indices and the levels of serum zinc in Uganda study. Also, Nhien et aI., (2008) 

fi nd ing revea led that there was no significant dif ference in se rum concentration of zinc and 

stunt ing in rural preschoo l chi ldren of Vietna m. This study is consistent with the previous 

studies. In t his study the mea n serum zinc concent ration of those w ho were stunted was 63.66 

(±13.21) >tg/dl, where as the mean serum zinc concentration of non-stunted subject was 62.58 

(±12.90) >tg/d l. The mean concent rati on of zinc between the two groups were not sign ificant 

(P=0.527) . Stunted ch ildren are more li ke ly to have lower zinc intake and plasma zinc 

concentrati on than non-stun ted children (Brown et aI. , 2002 and Umeta, 2000) ; however, 

stunting is a long-term cumulative effect of malnu t riti on bu t t he serum zinc status is reflects 

recent zinc status of children. 
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Zinc deficiency and child health 

The concen tration of plasma proteins may be reduced because of increased prote in ca tabolism, 

reduced synthesis during infection , and intestinal protein loss during diarrhea. The plasma 

albumin concentration was strongly associated with the zinc concentration (Strand, 2004). 

A study by Bitarakwat et ai. in Uga nd a and Strand et ai. in Nepal reported a dec line in zinc 

concen trati ons in serum of ch ildren with persistent diarrhea was significantly lower than that of 

chi ldren without diarrhea (Bitarakwate et ai., 2003, Strand et ai. , 2004) . Severa l factors other 

than the diet and total body zinc affect the plasma zinc concentration (Brown, 1998; Halsted 

and Smith, 1970). Eviden ce fro m human and an imal studies shows that plasma zinc decreases 

during infecti on (Mwa ngi, et ai., 1995) and that the magn itude of change is re lated to the 

severity of infection (Beise l, 1977 and Strand, 2004) . Accordin g to WHO and UNICEF (2004) 

report, zinc deficiency plays serious role as the ca use of diarrhea and agree with their 

recommen dat ions to use of zi nc su pplementation for the treatment of childhood diarrhea. 

Conce rning the relationship between duration of diarrhea l attack and serum zinc status, it was 

found that, there is a sign ifi ca nt relationship. As reported in some studies, presence of an 

inflammiltory process may alte r zinc homeostasis, usual ly reducing zinc serum leve ls (Wier inga 

et ai., 2002). Borges et ai. , (2007) conducted research on association between serum 

concentrat ions of minera ls and diarrhea among low-income children in the metropolitan region 

of Rio de Janeiro . They observed significantly lower zinc serum leve ls in ch ildren that had 

reported diarrhea episodes 14 days before admission to the study than the children without 

that report. In our study, however, presence of diarrhea and/or feve r (used here as markers of 

inflammation) during the 14 days preceding the child 's admission to the study was not 

associated with significant changes in zinc serum levels. This resu lt is consistent with Ferraz et 

ai., (2007) in Brazilian chi ldren study where there was no strong correlation between serum zinc 

status of child and occurrence of diarrheal or fever at the t im e of chi ld en roll ment. This was 

probably due to the fact that, at the time of data collection, the survey regarding presence of 

fever and/or previous ep isodes of diarrhea was conducted using an open interview depending 

on more accurate recall by parents, which is not always possible and wh ich may cause some 

bias in data col lect ion. 
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Zinc deficiency and food diversity 

Millions of peop le throughout the world may have inadequate leve ls of zinc in the diet due to 

limited access to zin c-rich foods (an imal products, oysters and shellfish) and the abundance of 

zinc inhibitors, such as phytates, com mon in plant based diets (Sandstead, 1991). Individual zinc 

status is influenced by intake of zinc from the diet, its absorption (or bioavailability) and the loss 

of it from the body. Kapur et aI., (2005) investigated the dietary intakes and growth pattern of 

children aged 9-to-36 months in an urban slum in Delhi. The results showed that the intake of 

ce rea ls, roots, green leafy vegetables, other vegetables, fruits, sugar, fats and oils among 

ch ildren was grossly inadequate. The evid ence from the study provides a strong basis to suggest 

low food intake as the main cause of malnutrition and growth retardation in early childhood in 

poor communit ies. Moreover, Kapil et aI. , (2003) assessed the status of serum zinc status 

among tribal population in India. It was reported that 52.9% of tribal population had deficiency 

of zinc as revea led by their mean serum level. This was possibly because of low dietary intake of 

zinc-rich food. The main stap le diet was rice and maize . It is known that zinc deficiency is high in 

populations who consume rice based diets because cereal proteins have low bioavai labil ity of 

zinc. In East Gojjam community the main staple diet was based on maize, sorghum, wheat, 

mi llet, bean, barley and teff. These cerea ls and legumes have high amount of phytic acid. The 

bioavailability of these food s is very low. At the t ime of data col lection most children consumed 

legume and ce real products. Statistica l significant relationship was shown among children 

under five who ate cereal and legume product and those who did not eat them in mean serum 

status (P~O.Ol and P~0.027), respectively. But these significances were diminished in linear 

regression model in dietary divers ity score. Eating legumes and cerea ls had affect on serum zinc 

status of children. On the other hand, there was no mean serum zinc difference between 

children who ate meat; egg and children who did not eat them. Thi s might be the amount and 

frequency of meat consumption was not enough at the time of data col lection. Beca use, organ 

and flesh meat and poultry do not contain any known specific anti-nutritional factors t hat 

hinder zinc absorption. Eggs and dairy products are also rich in zinc and free of phytates, but 

they have slightly lower zinc content than can be found in organ and f lesh foods (Brown and 

Wuehler, 2000). Unlikely, root and tuber crops are low in their zinc content, whi le zinc in cerea l 
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staples is most often poorly bioavailable. The bioavai lability of zinc in staple cereal and legume 

is depend ing on phytate to zinc molar ratio. Phytate: Zinc molar ratios >15 are associated with 

low bioava ilabili ty of zinc. Phytate: Zinc molar ratios of unfermented teff injera, fe rm ented teff 

injera, unferm ented maize injera, unfermented so rghum injera , ferm ented sorghum injera, 

ferm ented wheat injera, maize bread, so rghum bread, wheat bread, maize porridge, sorghum 

porri dge, maize boi led, bean and kale boiled were 28.2, 10.8, 32 .6, 38.6, 11.1, 9.4, 37.8, 38. 1, 

34.4, 32.4, 34.2, 30.3, 33.6 and 17.9, respective ly (Umeta et aI. , 2005). Where diets are plant 

based and intakes of animal foods are low, the ri sk of inadequa te intake of zinc is very high 

even when energy and prote in intakes meet recomm ended level s (Urga and Umeta, 2000). 

Also, infants and preschoo l children w ho ate vegetab les have lower serum zin c than thei r 

counterpart s. This is because, among the severa l factors that interfere with digestion and 

absorption of dietary zinc, the phytate content of the diet is most important. The higher order 

phytates, like inositol, hexaphosphate and penta phosphates found in most cereal, legumes and 

vegetab les, are kn own to bi nd to zinc and form poorly so luble co mplexes t hat lead to reduced 

absorption from the intestinal lumen (Krebs, 2000). 

Based on the dietary diversity score a child who consumed breast milk had a better zinc status 

than the child ren who ate two food groups (P=0.020). In th is study the dietary dive rsity mostly 

depend on cereal and plant based products wi th minimum anima l prod uct s. So, the children's 

complementary food is prepared predom inantly from cereal and legum e products, such foods 

with high phytate may interfere with the absorpti on of zinc from breast milk (Krebs and 

M ichael, 2007). Moreover, breast milk is the on ly d ietary sou rce of zinc for exclusive ly breastfed 

you ng infants and it remains a potentially importan t source of zinc for older infants and young 

children (Brown et aI. , 2009), t hat is why in this fi nding infants had better zinc status than 

young children who ate at least two food groups. In t his study the dietary score wa s significant 

when it analyzed with unadjusted lin ear regression model but it diminished when it analyzed in 

adjusted linear regress ion mode l. This might be due to it running paral lel w ith age and not 

having a huge sample. 

51 



6. Conclusions and Recommendations 

6.1. Conclusions 

The prevalence of zinc deficiency of in fant and preschoo l children was 57.1%. Accord ing to 

IZiNCG, a zinc deficiency prevalence rate of greater than 20% is considered a public health 

concern in the area of East Gojjam infants and preschoo l child ren. The ma in determina nts of 

low serum zinc status of in fan t and preschoo l child ren were age and number of fam ily members 

who living on th e sa me land. Dietary di ve rsi ty part iall y in f luenced on zi nc status of infa nts and 

preschool ch ildren. Ch ild health, food secu rity, econom ic statu s, maternal education and 

anthropom etric indices were not found to be associated with zinc status of infants and 

preschoo l ch ildren. Such potential deficiencies req uire urgent attention in terms of t he 

endorsement of food fortification program of staple food in long term plan and nutrition 

education to reduce the phytate from the society stap le food like cereals and legumes for short 

term plan in addition to fami ly planning implementation is recommended. 

6.2. Recommendation 

Zinc deficiency is prevalent in J com munity due to low intake of zinc rea ch food. Direct 

approaches to increase the zinc status of infant and preschool chi ldren should aim at increasing 

the amount of zinc intake either through dietary diversification, fortificat ion, or reducing t he 

intake of inhibi tors of zinc absorption through process ing techniques. Dietary diversifi cati on to 

incl ude more micronu t rient ri ch foods in the diet is genera lly considered to be a sustainable 

approach in address ing most micronu t rient deficie ncies. However, in the context of East 

Gojjam, advocating t he increased inclus ion of foods rich in bioava ilab le zinc in the diet w ill be 

difficult to achieve since zinc rich foods are usual ly of anima l origin and the relatively high cost 

of ani ma l source foods ma ke them less access ible to most poo r fa mil ies. In the stud y area, the 

consumpti on patterns are based on cerea ls and legumes w hich have high content of phytate, 

so, process ing techn iques such as soaking, germi nation or fermentat ion at household based 

phytate reducti on techn ique should be encouraged in these areas since cerea l and legume 

consumption is substantial in these areas. Improving intake of dietary zinc could also be 

achieved through food fort if ication, which invo lves increasi ng the zinc co ntent of foods th rough 
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the addition of the mineral to food after processing. Zinc fortification w ith the use of vi llage 

based approach has proven to be feasible in certain areas and cou ld also be employed in rural 

East Gojjam areas to address zinc deficiency at least in young children . In addition to this, 

nutrition ed ucation is ve ry importan t to mothers or caregive rs about preparation of nutrient 

dense comp lementa ry foods for infant. Lastly, family planning implementati on also 

recommended in thi s area. A limi tation of the presen t study is that no information on acute 

infect ion ind icator test like C- rea ctive protein (CRP) and a-1 acid glycoprotein (AGP) w hich are 

likely reduced serum zinc concen trati on due to the redistribution of zinc from serum to the 

liver. 
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Annex 1 map of Amhara region 

Figure 1 Map of Am hara 

eth .org/Ma psi down loada b Ie I AM HARA. pdf) 

65 

. ~, 

I 

region. (Source, http://www.ocha 



Annex 2 Consent Form for 12-month longitudinal study 

Titl e: The effects of iodized salt on child development in Am hara region in Ethiopia 

Principal Investigators: Grace Marquis, Frances Aboud 

Institution : M cG il l Un iversity, Montrea l, Canada 

Collaborating Ethiopian Institution : Dr Cherinet Abuye, Ethiopian Hea lth and Nutrition 

Research Institute, Facult y of M edicine, Addis Aba ba Unive rsity 

Funded by Micron utr ient Initiat ive with head office in Ottawa, Canada and country office in 

Ad dis Ababa, Ethiopia 

Introduction 

Iodine is one of many nutri ents that are im portant for a healthy pregnancy and the normal 

growth and mental development of infants an d children. In many parts of the world, iodi ne is 

added to salt to assure that people receive enough in their dail y diet. In Ethiop ia, people may 

not get enough iodine from their diet as the food and water are naturally low in iodine. In 

2011, the salt producers expect to increase the production of sa lt w ith iodine. Market 

distribution of thi s sa lt with iodine will be based on a lottery system in the Amha ra region 

whenever available, until the sal t prod uce rs can produce enough for everyone. The sa lt you 

buy in your marketplace mayor may not have iodine in it; the package label wi ll t ell you if it has 

iod ine. 

If you rece ive iodized sa lt in th is project, based on average daily sa lt consum ption of Amhara 

res idents, we wou ld expect you to be consu ming 59-114 ~g of iodine per day from the salt. 

The purpose of our study is to test the leve l of iodine in mothers and the ir children, to test the 

level of iodine in the food and water you consume, and exa mine the phys ical and menta l 

development of chi ldren. Beca use you have a child of 6, 18 or 60 months of age, we are asking 

your consent for you and your child to participate in th e study. 

Procedures 
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If you agree to participate, we will visit you twice: now and in 12 months. The same 

measurements wil l be made each time. 

(1) We w ill ask you questions about your fam ily (including number of members, age, 

school attendance, housing, water source), that foods that your chi ld eats, your reproductive 

history (for example, number of pregnanci es and children born), your mood and decision­

making responsib ili ties, your chi ld's hea lth, and the chi ld' s home environment (for exa mple, 

play materia ls). The intervi ew with you wi ll take approximately 30 minutes; 

(2) We will take a sa mple (about a Ta blespoon) of the sa lt that you use daily, beca use 

sometimes salt is forti fied with iodine. 

(3) We wil l measure the size of your ch ild's thyro id, a part of t he neck that processes 

iodine, as we ll as ta ke your ch ild's body measurements (for example, weight). In addition, we 

will also ask your child a seri es of questions to assess their language, thought processes, and 

hand and body coordination. Th is part of the study wi ll take about 45 minutes. 

(4) We w ill co llect a small sample of urine (about 1 teaspoon) and take a small sample of 

blood (10 ml, abo ut 2 teaspoons) to test tor iodine, iron, and iodine-related com pou nds in you r 

ch ild. The urine sa mple for the 6 mo old will be co llected by placing cotton wool in a diaper and 

wai ting for the ch ild to naturally urinate. Finally, if you are breastfeeding your chi ld, we wil l ask 

you to provide a small sample (about a Tablespoon) of your breast milk to t est for iodine . 

Risks 

Nothing harmful wi ll come from your participation as all of the tests are routine. The blood 

sa mple may ca use minor discomfort at t he time or a small bruise. The sa mple is ve ry smal l and 

your ch ild's body wi ll quick ly replenish it. If your child becomes inattentive, tired or hungry 

during th e test s, we can stop and continue later when it is convenient for you and your child. 

Benefits 

You wil l be provided immediately wi th the resu lts of the hemoglobin test, an indication of the 

iron status of your chi ld. If the test shows that your child is anemic, you will be referred to the 

67 



closest health center for treatmen t . Children who are severely anem ic w il l not be enro lled and 

appropriate treatment will be assured. There are no other direct benefits to you or your ch ild 

in part icipat ing. However, the find ings will possibly help others. If we find that iod ine is 

importa nt for the hea lth and deve lopment of your child, then it w ill support the fortification of 

sa lt in Ethiopia. 

Cost 

There is no cost to you for participating. 

Compensation 

There will be no compensat ion for participating. 

Participant Rights 

If I have said things that are not clear to you, you may ask without hesitation and I wi ll answer. 

Du ring your interview and that of your ch ild, you may also feel free to ask questions. Your 

participation is entirely voluntary and up to you to decid e. There is no penalty if you do not 

agree to participate. Your hRa lth centre and extension hea lth worker will contin ue to provid e 

health services to you as usual. Also you have the right not to answer any questions you do not 

want t o. You may also wi thd raw from the study at any tim e. 

If in the middle you decide to stop the interview and no longer participate, you can say so 

without worry. 

Confidentiality 

Information you provide about yourse lf, you r family, and your child will be kept private. Only 

th e resea rch team w ill have access to your information. When we write a report, everyone's 

information will be put together so that in formation about you or any other individu al cannot 

be seen. Your fami ly will be identi fied with a number on our form s. A list w ith t he nam es and 

numbers will be kept in a private, locked file cab inet. 
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Persons to contact: 

If you have any question, you can ask at any time. If you have add itional questions about the 

study, you may contact: Dr Cheri net Abuye, Ethiopian Hea lth & Nutrition Research Institute, 

cheri netabuye1@ya hoo.com (te l : 251-112-75 63 10) or Dr Grace M arq uis, McGi ll Unive rsity 

(Canada) at grace.marqu is@ mcgill.ca. 

If yo u have questions about your rights as a participant of a resea rch study, you may contact: 

Chair, Ethiopian Hea lth & Nutrition Research Institute ethi cs review board (te l: 251-112-7563 

10) or Chair, McGill Resea rch Eth ics Boa rd, Faculty of Medicine (Ca nada) at 1-514-398-3523, or 

bye-mail researchsec.med@mcgill.ca. 

If you agree to participate in the study, please sign or give your left t humb impression at the 

space ind icated below. Thank you for your cooperation. 

Signature: 

Ch ild's name _____________________ _ 

The study has been exp lained to me and my questions have been answered to my sat isfaction 

I agree to participate in t his study and I agree to have my child participate in th is study. 

Signatu re or left thumb impress ion Printed Name Date 

Signa ture of study representative Printed Name Date 
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Annex 3 Structured Questionnaire to assess the preva lence and risk factors of zinc status 

among preschoo l chi ldren in East Gojj am, Amha ra region, Ethiopia 

Socio-Demograph ic Information 

No Questions Choices Remark 

101 Pa rt ici pa nts 

Id en tificat ion Number 

(PI N) 

W K HH AG C 

102 Participant address, 

Woreda, kebele 

103 Re ligion of t he head of l. Orth odox 

household 2. Catholic 

3. Protestant 

4. Muslim 

5. If other specify 

104 Main activity of the head 1. Farmer 

of household 2. Breeder 

3. Fisherman 

4. Craftman 

5. Sh opkeeper 

6. Pedd ler 

7. If other specify 

105 literacy of the head of l. lliitera te 

household 2. Non formal education 
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3. Formal education 

106 La nguage of the mother 1. Amarigna 

of se lected child 2. Oromigna 

3. Tigrigna 

4. If other specify 

107 Literacy of the mother of 1. Ill ite rate 

se lected child 2. Non fo rm al ed ucat ion 

3. Fo rmal education 

Dwelling 

108 Main material of th e 1. Natural roo fing 

roof 2. Rudimentary roofing 

3. Finished roofing 

4. If other specify 

109 Ma in material of the 1. Natural f loor 

floor 2. Rudim en tary floo r 

3. Finished f loo r 

4. If other specify 

110 Ma in material of the 1. Natural wa ll 

walls 2 Rudimentary wa ll 

3. Fi nished wa ll 

4. If other specify 

111 Tota l number of people Tota l in number ... 

fro m all th e household 

living on t he fa mily land 

Land Ownership 

112 Does any memb er of o. No 103 

your household own any 1. Yes 

land that can be used for 

agric ultu re? 
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113 How ma ny (local units) 1. UnIts. Wrtte 

of agricultural land does t he local unit here 

t he household own? ( ) 

2. I don' t know/ Not su re 

ASSETS 

No. quest ion Coding categories O-No Qua ntit y in 

number 
1-Yes 

2-Yes but not 

funct ion 

114 Do you have the 1. Bed 

fo llowing assets in 2. Chair 

your hou se hold? 3. Tab le 

4.Watch 

5. Mobile phone 

6.Nonmobile phon e 

7. Kerosenelamp 

8 .Electricity 

9.E lectri cmitad 

10. Te lev ision 

11. Refrige rator 

115 Does anyo ne of th is 1. Bi cycle 

househo ld own th e 2. Motor cyc le 

3 . Animal drawn ca rt 
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following? 4. ca r or tru ck 

5. Boat without motor 

6. Boat with motor 

7. Irrigation pump 

116 Do you have th e 1. Cattle 

fo llowing animal in t he 2. Horse/Mule 

house hold 3. Donkey 

4. Ca mel 

5. Goa t 

6. Sheep 

7. chicken 

Information related to Househo ld Food security 

No. Question 0- No 

i -Yes 

117 In the jJas t fou r wee ks, did you worry 

th at your household wou ld not have 

enough food? 

118 In the past four weeks, we re you or any 

household member not ab le to eat the 

kinds of food s you preferred beca use of 

a lack of resources? 

119 In the past four weeks, did you or any 

househo ld mem ber have to ea t a 

limited var iety of foods due to a lack of 

resources? 

120 In the past four weeks, did you or any 

house hold member have to eat some 
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foods that you rea lly did not want to eat 

because of a la ck of resources to obtain 

other types of food ? 

121 In the past four weeks, did you or any 

househo ld member have to eat a 

smaller meal th an you felt you needed 

because there was not enough food? 

122 In t he past four weeks, did you or any 

other household member have to eat 

fewer meals in a day because th ere was 

not enough food ? 

123 In th e past four weeks, was there ever 

no food to eat of any kind in your 

household beca use of lack of resources 

to get food ? 

124 In the past four wee ks, did you or any 

household member go to sleep at night 

hungry because there was not enough 

food? 

125 In the past four weeks, did you or any 

household member go a who le day and 

night w it hout eat ing anything because 

there was not enough food? 

Chi ld feeding, Food freque ncy 

No Food Did your child ever Between Over th e last How many 

eat ? O-No I -Yes yeste rday this 30 days, tim es 

times to today f requency( 

this time, did time yo ur 
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your child eat ? consumption) 

a-No 1-yes 
1-daily 2-

week ly, 3-

Month ly 

a-not 

cons umed 

126 Teft 

Sorghum 

Millet 

Berbere 

Maize 

Wheat 

Rice 

-- ----
Cassava 

Sweet potato 

Potato 

Bean 

-~--

Lentil 

Groundnut 

Tomato 

Ca rrot 

7S 



Leafy vegeTable 

Eggs 

Beef 

Lamb 

Goat 

Chicken 

Fish 

Milk/ Milk product 

Guaya 

Coke (peach) 

Tringo 

l emo n 

Orange 

Banana 

papaya 

Mango 

Guava 

-
Avoca do 

'--
Child Morbidity 

127 Did t he child suffer Diarrhea O-No 

th e fo llowing illness 1-Yes 
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in last 14 days? 

Feve r O-No 

1-Yes 

Anthropomet ric measurement data 

128 Age of subject Refer to birth 

certifi cate 
months 

129 Body We ight of subject kg 

130 Body Height of subject cm 

131 Body mass index of kg/m2 

subject 

Blood col lection form 

132 Sex 1-male 

2- female 

133 Time of collection 

134 Ti me of centrifuge 
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Annex 4 Zinc standard ca li bration curves 

Zinc con ce ntration was measured us ing an air-acetylene f lame at a wavele ngth of 213.9 nm and 

a sl it width of O.7nm.The results were ca lculated from two runs (Iyengar GV. 1998 and Peaston 

RT. 1973). The ca libration curve of zinc was depicted as fo llows. 

0.25 

0.2 

~ 0.15 
z 

" '" '" o 
~ 

~ 0.1 

0 .05 

o 
o 

/ 

/ 

/ 

OJ 0.2 0.3 

zinc concent r.1tion in PPM 

0.4 0.5 

v 0.5533x I 0.0021 
R' 09993 

Fig 1 ca libration cu rve of zinc standard using AA6800 Shimadzu AAS 
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