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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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