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Glossary of operational definitionsand concepts

» Additional income source: - It refers to the portion of farm household incoofxtained off the
farm activity, including nonfarm wages and salgrigsnsions, and interest income earned by

farm families.
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» Agroecosystem: - Agroecosystem refers to an agricultural ecosysegrnch is determined
using climate change adaptive capacity and vulmésgbsoil type, topography, various
organisms in the area, agricultural technologied practices, and farmers’ social setting
parameters.

» Child hood diarrheal disease: - The presence of childhood diarrhea three or nawsd stools
or watery diarrhea in a day during the 2 weeksgueg the survey.

* Child stunting: - An anthropometric index which reflects long teoummulative effects of
inadequate nutrition and health. It is defined @8 height-for-age at < -2 SD of the median
value of the NCHS/WHO international growth referenc

e Child underweight: - An anthropometric index ofveight-for-age represents body mass
relative to age. Defined as low weight-for-age a2<SD of median value of the NCHS/WHO
international growth reference.

» Child wasting: - a nutritionally deficient state of recent onsetateti to sudden food
deprivation or mal-absorption or poor utilizatiohnutrients which result in rapid weight lost.
Wasting refers to low weight-for-height at < -2 3D median value of the NCHS/WHO
international growth reference.

» Climate change adaptive capacity:- The ability of a system (e.g. community or househto
anticipate, deal with and respond to the clima&nge.

» Climate change vulnerability:- The exposure and sensitivity of a system (or petpan) to
external shocks and stresses, such as climate isppaitigated by the ability of that system to
adapt.

» Climate change: - A statistically significant changes in either thhean state of the climate or
in its variability, persisting for an extended peridecades or longer).

e Community level factors:.-The term in the current study is used to refer aoiables that
characterize the community or having neighborhdtete

» Deviance information criteria: - The Deviance information criterion is used as asnee of
overall fit of a model. The model with the smallB3€ is estimated to be the model that would
best predict the association between the predietioables and outcome variables.

* Food access.- Concerns a householdability to acquireadequate amounts of food, through
one or a combination of own home production andkstopurchases, barter, gifts, borrowing
and food aid.
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» Food availability:- is the physical presence of fomdthe area of concern through all forms of
domestic production, commercial imports and foall ai

* Food security: - Food insecurity is defined as a state in which palople at all times have
both physical and economic access to sufficientdfé® meet their dietary needs for a
productive and healthy life.

» Food secure household:- A household experiences none of the food insecugtcess)
conditions, or just experiences worry only, buehar

* Food stability:- The continuous supply of adequate food all yeandowithout shortage with
the notion of both availability and access dimensiof food security.

* Food utilization:- refers to householdsse of the food to which they have access, and
individual’s ability to absorb and metabolize the nutrients clvhineasures efficiency of the
body utilize for the intended use.

e Child immunization ststus:- It is defined as a child has received a BCG vat@n against
tuberculosis, rota virus, pneumonia, three doseDBT vaccine to prevent diphtheria,
pertussis, and tetanus (DPT); at least three dokeslio vaccine; and one dose of measles
vaccine.

* Household dietary diversity score: - It refers to food groups consumed from theltbfafood
groups by the respective household members dune@4 hours (during day and night) prior
to the survey.

* Household food insecurity access domains: - It refers to summary information on the
prevalence of households experiencing one or mehawors in each of the three domains
(anxiety and uncertainty, insufficient quality, antsufficient food intake and its physical
consequences).

» Household: - It refers to the group of individuals living toget, typically sharing meals,
shelter, resources or a food budget, have commaokirog and eating arrangement and who are
under the control of one domestic head.

* Individual level factors: - It refers to variables that characterize individuand household
level factors.

* Intra class correlation coefficient (ICC): - The intra-class correlationoefficient is an
important measure of the relatedness of clusteaga which explains the proportion of total
variance in the outcome that is attributable todluster level.
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* Median odds ratio (MOR):- It refers the median value of the odds ratioMeetn the area at
highest risk and the area at lowest risk when ramg@icking out two areas the MOR can be
conceptualized as the increased risk that (in nm@disould have if moving to another area
with a higher risk.

* Micro credit access: - Household level access of loan from the micro itradsociations
during the survey year to improve the householeliimod.

* Mildly food insecure household: - A household worries about not having enough food
sometimes or often, and/or is unable to eat predeivods, and/or eats a more monotonous diet
than desired and/or some foods considered undésidabt only rarely. But it does not cut
back on quantity nor experience any of three meser®e conditions (running out of food,
going to bed hungry, or going a whole day and nvgkitout eating).

* Moderately food insecure household: - A Household sacrifices quality more frequently, by
eating a monotonous diet or undesirable foods sorastor often, and/or has started to cut
back on quantity by reducing the size of mealswniper of meals, rarely or sometimes. But it
does not experience any of the three most seveditmms.

* Multilevel mixed effects model: - It is a statistical model used in multilevel bysés with an
analytical approach that is appropriate for datdn wiested sources of variability. The model
contains a mixture of fixed effects (or fixed coe#nts) and random effects (or random
coefficients).

* Proper household refuse disposal: - Households dispose the household generated refuses
within in a pit/storage place.

» Proper latrine utilization: - It refers to households having functional latriresfe disposal of
child feces, no observable feces in the compouidsaow at least one sign of use (foot path
to the latrine not covered by grass, absence despveave in squatting hole, presence of anal
cleansing material, fresh feces in the squattirig,temd the slab is wet).

» Severely food insecur e household :- Households which have reduced meal size or nuiber
meals often, and/or experiences any of the threst severe conditions (running out of food,
going to bed hungry, or going a whole day and nigithout eating), even as infrequently as

rarely.
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» Single level modd: - It is a statistical model which is concernedhwihe analysis of the
relationship between variables that are measurdtbuit taking into consideration hierarchical
levels in the data.

* Women participation in decison making: - The decision making power of woman on
household resources or the ability of the womamade decisions on how to use and when to
use the resources of household.
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Executive Summary

Background: - Child undernutrition remains a major public healtiallenge. The magnitude of the
problem varies based on geographical location.thnolia, spatial analysis studies were done based
on coarse spatial resolutions. To be more efficiartargeting interventions geographically, spatial
analysis using micro level spatial resolution sommended. Accordingly, different studies were done
to identify factors associated with food insecuatyd child undernutrition, but most of them ignore
either the individual or community level factorsemte, identification of spatial variations and

individual and contextual level determinant factofsfood insecurity and child undernutrition in
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relation to the agroecosystem is essential to eetargeted, efficient and sustainable solutionthéo

problems.

Objectives: - This study determined spatial variations of foeskicurity and child undernutrition. The
study also identified the role of individual andmoounity level factors of food insecurity and child

undernutrition using multilevel mixed effects reggmn analysis in East Gojjam Zone, Ethiopia.

Methods: - An agroecosystem linked to community based comparaiross sectional survey was
conducted among 3108 households with children &8&® months. Multistage cluster random
sampling technique was used to select study paaits. Data were collected on household
geographical location, socio-demographic charagtiesi, child and maternal anthropometry and on
potential individual and community level determinh&actors. Collected data were entered using Epi
info version 3.5 and exported to World Health Oigation (WHO) Anthro to determine child

nutritional status.

SaTScan software was used to determine spatiaticars of food insecurity and child undernutrition
using SaTScan Bernoulli model. To identify the maaly clusters using SaTScan software, the Log
Likelihood Ratio (LLR) at 95% Confidence Interv&lj and P value less than 0.05 as the level of
significance were considered. To identify determindactors of food insecurity and child
undernutrition, multilevel mixed effects ordinalgression and multilevel mixed effects linear
regression analyses were used, respectively. Thdtseof fixed effects were shown as an adjusted
odd ratio (AORs) for the multilevel mixed effectslmal regression and regression coefficientstier t
multilevel mixed effects linear regression. Theultssof random effects were presented as variance
and the intra-class correlation coefficient (ICCaswcalculated to estimate unexplained variance

attributable to cluster level.

Results: - The overall prevalence of household food insegwvés 65.3% (95% CI: 63.5, 67.00). The
highest prevalence of food insecurity was obserfvech the lowlands of the Abay Valley (70.6%,
95% CI: 66.9, 74.2). Followed by the hilly and mtainous highland areas of Choke Mountain
(69.8%, 95% CI: 65.9, 73.3). Similarly, sample tdus taken from hilly and mountainous highland
areas (LLR: 11.64; P<0.01) and low lands of theyAYalley (LLR: 8.23; P<0.05) were identified as

the most likely primary and secondary clustersgpeetvely.
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The prevalence of stunting 39.0% (95% CI: 37.32780) 18.7% (95% CI: 17.32, 20.0) underweight,
and 12.22% (95% ClI: 11.12, 13.42) wasting were ieskin the study area. The highest prevalence
of wasting (15.9%; 95% CI: 13.5, 18.8) was obserfreth hilly and mountainous highlands. The
highest prevalence of child stunting (42.4%; 95% 38.5, 46. 6) and underweight (22.9%; 95% CI:
19.7, 26.3)) were observed from the lowlands ofyAWalley. SaTScan spatial analysis indicated that
sample clusters taken from the hilly and mountasnbighlands were the most likely primary cluster
for child wasting (LLR: 13.0, p < 0.01) and undemg¢ (LLR: 23.16, p < 0.001). Also, primary
cluster for child stunting was identified from lawmds of Abay Valley (LLR: 10.78, p<0.05).

After adjusting for both individual and communitgvel determinant factors, 1.5% (p<0.001) of the
variance of food insecurity was attributable to taster level. Similarly, after adjusting for all

potential determinant factors, 2.4% (p<0.001) of thild weight for height Z score and 1.4%
(p<0.001) of the child height for age Z score vace were due to cluster level. From level one
factors, in the final model, household head beirsgemnmarital status being in union, higher parental
education, women’s participation in household denisnaking, having additional income sources,
better crop production in the survey year and appbn of chemical fertilizer have a positive

influence in mitigating household food insecurifyrom community level determinant factors,
households being from hilly and mountainous higtitaand lowlands of the Abay Valley were more
severely household food insecure compared to nddpdain areas. Households with better farmland

size showed less severe household food insecuarttyei study area.

In the study, from level one factors, the numbeuwoder five children, antenatal (ANC) follow up,
breast feeding initiation time, household dietaiyedsity, mother nutritional status, household food
insecurity and diarrheal morbidity were associateth weight for height Z score. From level two
factors, agroecosystem characteristics, proper dimlg refuse disposal practice, agroecosystem
characteristics and proper latrine utilization wsignificantly associated with child weight for gkt

Z score. From level one factors, child age in msnihild gender, the number of under-five children
in the household, child immunization status, brfeasling initiation time, mother nutritional status,
child diarrheal morbidity, household level watesatment practice and household dietary diversity
showed a statistical significant association witiiccheight for age Z score. From level two factors
agroecosystem characteristics, proper househaldeefisposal practice and proper latrine utilizatio

were significantly associated with child height-Bumge Z score.
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Conclusions: - The prevalence of food insecurity and child undertion were public health concerns
in the study area. Spatial variations of houselfolod insecurity and child undernutrition were
observed across the agroecosystems. Householdstf®rowlands of Abay Valley and hilly and
mountainous highland areas were more vulnerabldotal insecurity and child undernutrition
compared to midland areas. The SaTScan clusterdpaéial analysis identified statistical signiinta
hotspot clusters for food insecurity, childhoodn$tng, underweight and wasting. The multilevel
mixed effects analysis indicated that the heteredgrof food insecurity, childhood stunting and
wasting were observed after adjusting to potemdilvidual and community level determinant factors.
Both individual and community level factors playadaignificant role in determining food insecurity
and child undernutrition (stunting and wasting). Agroecosystem characteristic was one of the

community level factors affecting household foosleiourity and child undernutrition.

Recommendations: - The spatial variation of food insecurity andil@hundernutrition based on
agroecosystem characteristics should be fully wstded by program implementers and policy makers
during planning, resource allocation and communitbilization in the study area. Water, sanitation
and hygiene interventions are important in the staiba. Further study on spatiotemporal variations
of food insecurity and child undernutrition at @ifént time is recommended. Also, food insecurity an
child undernutrition intervention strategies an&ns designed using aggregated or macro level
evidence may not indicate the true picture of gpalistribution of the problem at lower government
administrative units. So, program level planningynteke into account agroecosystem based micro
level variations to allocate resources. Policy artdrvention strategies aiming at mitigating food
insecurity and child undernutrition should addreéks effects of lower and community level

determinant factors using the integration of indijal/household level and geographical targeting.

Key words: - Food insecurity, child undernutrition, spatial ieéions, multilevel, agroecosystem,
Ethiopia.
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1. Introduction

1.1. Background

According to the Food and Agriculture Organizati@AO) definition, food insecurity refers to
limited or uncertain physical and economic accessedcure sufficient quantities of nutritionally
adequate and safe foods in socially acceptable twagtow household members to sustain active and
healthy living (1). Food insecurity has four dimems: food availability, food access, food

utilization, and food stability (2).

Household food availability refers to physical mese of food either though growing, manufacturing,
importing and/or transporting (2). Food accessrsefie the ability of a household and its members to
acquire enough food through production, exchangeamsfer (3, 4). Food access dimension of food
insecurity is generally applied at the househol@llereferring to the extent to which householdgeha

the means to access food using their income, owduygtion, food assistance, bartering, and other
sources (5, 6). Food utilization is the way peayde the food and is dependent on the quality ad,foo

its preparation and storage method, nutritionalvkedge, as well as on the health status of the
individuals consuming the food (6, 7). Food stapitefers to the temporal determinant of factors of

food insecurity and affects food availability, assand utilization (2).

Child undernutrition refers to the proportion dhildren whose dietary energy consumption is
continuously below the minimum dietary energy regonent for maintaining a healthy life and
carrying out light physical activity (8). Child uedhutrition which is measured using anthropometric
method can be stunting (chronic undernutrition) st (acute undernutrition) and underweight

(stunting, wasting, or both) (9, 10) .

Stunting is expressed as low height relative tothgeresults from a slowing in skeletal growth 19).
Children with height for age z-scores below minu® tstandard deviations from the median of the
reference population are considered short for tger or stunted (9, 10). Wasting or thinness isesged
as a low body weight relative to height that refain a current significant loss of weight obseealny
a deficit in tissue and fat mass (9, 10). Childvemose weight for height's Z scores below minus two
standard deviations (z- scores <-2SD) from the aredf the reference population are considered wWaste

(i.e. too thin for their height) (9, 10). Underwkigs expressed as low weight for age Z score that
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resulted from either a failure to gain weight riglatto age or a loss of weight relative to height10). It

is a composite index of stunting and wasting whirekans children may be underweight if they are eithe
stunted or wasted, or both (9, 10). Children whesgyht for age's Z-score below minus two standard
deviations (z- scores <-2SD) from the median ofréference population are considered underweight (9
10).

Agroecosystem refers to agricultural ecosystemluding biophysical and human components, their
interactions and its services that are useful fpett human well-being (11). The relationship betwe
food insecurity, child undernutrition and enviromtad services is too complex and multi directional.
Agroecosystem services have a potential to affemp productivity and then increase food insecurity,
especially to the rural community that depend oricatiure (12). Similarly, food utilization is also
affected by the environmental services from theegosystem, including water and sanitation (WASH)

services and disease distribution (12) which areraythe causes of child undernutrition (6).
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1.2. Statement of the problem

Food and Agricultural Organization (FAO), World EbBrogram (WFP) and the International Fund for
Agricultural Development (IFAD) joint report inditad that food insecurity is a major public health
problem. The severity of the problem is very highaw income coutries, including Sub Saharan Africa
(13). In Ethiopia, the magnitude of food insecurgya major public health challenge (14). In thardoy,
different pocket studies indicated high prevaleociood insecurity which ranges from 54.1% in 2@a1
70.7% in 2014 (15-19).

Literature indicated that food insecurity has a evidange of negative health impacts beyond
undernutrition. Food insecurity and health arerimtined in a vicious cycle through nutritional, mbed
health, and behavioral pathways (2). Insufficien&lqy and quantity of food can lead to macronuitrie
and micronutrient deficiencies, which can affedthbacquisition of different diseases, including Hiwd
chronic diseases and health outcomes among pedfiletivose conditions. Evidences indicated that
feelings of deprivation or anxiety about food sypphn have mental health consequences, such as

depression and anxiety, which can contribute tas@gppn and progression of HIV and NCDs (2, 20).

Food insecurity affects total caloric intake aslvesl diet quality (i.e., macro- and micronutrientake)
and deteriorates nutritional status particularlifdten and pregnant women. Limited amount of food i
terms of quantity leads to hunger and undernutritan arise, which can eventually lead to wasting,
stunting, and immune deficiencies (2, 20, 21). &irty, poor quality of food due to food insecurigads

to different chronic iliness due to obesity, indhgl high blood pressure, increased rates of disbete

poor diabetes outcomes and developing gestatioala¢tes mellitus (2, 20).

Food insecurity is associated with feelings of lespness, shame, and humiliation as central to the
experience of food insecurity. Having insufficifobd can undermine social relationships and lead to
feelings of low self-efficacy among women (2, 20)s documented that chronic psychosocial stress d

to food insecurity may increase the risk for obebiy increasing the relative consumption of energy-
dense foods (20). Food insecurity is associateth witor health behaviors affecting the prevention,
management, and treatment of disease. An inabilifylfill subsistence needs, including househaldd
needs, can lead people to make unhealthy decisi@mismay increase their risk of illness, such as
engaging in risky sexual behaviors in exchangefdod, or overreliance on cheap, calorically dense

nutrient poor food (20). Evidences indicated thabdf insecurity has been associated with HIV
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acquisition risk and poor TB and HIV related heatilitcomes, including poor TB and ART drugs
adherence (20).

As mentioned above, food insecurity is one of titermediate factors affecting child nutritionaltata
(21) and childhood undernutrition is one of the elepment challenges (14, 22, 23). The joint United
Nations International Children Emergency Fund (UBK}, World Health Organization (WHO) and
World Bank (WB) report in 2016 indicated that therere 159 million (23.8%) stunted and 50 million
(7.5%) wasted children at global level (24).Thelgean was more severe in Africa, where 32% of
children were stunted (24). As indicated in EDHI.@0eport, childhood stunting is more serious in
Ethiopia (38%) with regional variations, where thighest prevalence (46.3%) was observed from
Amhara Regional State (25).

Childhood undernutrition is one of the risk factentributing to child mortality and morbidity (2a6n
Ethiopia, 57% of all child deaths are related t@emutrition (27). Child undernutrition leads tdela
enroliment to schools, repetitions in primary sdhaworkforce reduction and economic loss in the
country (28). Also, childhood undernutrition elotem school enrollment age (29), limits growth and
development of young children and infants (30-8&)ers cognitive and academic performance, affects
psychosocial interaction, elevated experience ofietyy depression and other symptom of common
mental disorders (33, 34).

Cognizant of the impacts of child undernutritiontbe nation development, in the last 15 years,dpihi
has made significant progress in developing itscgpbktrategic and program environments and service
delivery platforms to eliminate food insecurity actdld undernutrition (35-38). The commitments loé t
government and its partners to address nutritipralems are encouraging (35-38). The effortduihe
designing strategies to address food insecurity auatfitional problems (39) through agricultural
extension packages, National Nutrition Program (INNIPealth Extension Program, Health Sector
Development Program, National Nutrition Strategyl &tational Food Security Strategy (35-38, 40).
Also, the government publicly pledged in 2015 tle called "SEQOTA" Declaration to end child
undernutrition by the year 2030 (37).

To bring sustainable solutions and meet the nekttseeanost vulnerable community (41), recognitidn o
the spatial distribution and determinant factorsfaxfd insecurity and child undernutrition in spexif
contexts is very crucial. In Ethiopia, spatial as&éd of child undernutrition showed clear spatial
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variations of the problem at country level (42-4B)is spatial variation might be attributed to agrmic
related factors, community climate change vulnditgband adaptive capacity, population pressure,
presence of irrigation (46) and ecosystem sentiwéise farming community (47).

Ecological factors have a significant role in dergrthe geographical distribution of human disease
because it affects the interaction of host, veaod the environment (47, 48). Understanding
geographical distribution of child undernutrition relation to agroecosystem services might help to
target nutrition intervention strategies (48). Létieire from Malawi's study indicated that the estsm
characteristics associated with the dietary ditgrgionsumption of vitamin A rich foods and diarahe
disease among children which are recognized asrndiet@nt factors of child undernutrition (47).
Therefore, food insecurity and child undernutritigpatial variation analysis using the applicatidn o
geographical information system (GPS) taking agwegstem characteristics into account is very
important to target interventions focusing on reseuallocation and mobilizing the community and
different stakeholders.

In the Ethiopian context, much was done to identifg prevalence of household food insecurity and
child undernutrition and their determinant factamsdifferent parts of the country (15-19, 49-58).
However, those studies did the analysis using singhvel regression ignoring the presence of
neighborhood effects, the multistage cluster samgpfirocedure and the presence of community level
factors, including agroecosystem characteristicglivimight undermine estimation of effect measures
(59-61).

So, to improve the limitations of those studiegnidfication of the determinant factors using ajppiate
methodology is essential. Therefore, the currentlystassessed the individual and community level
determinant factors of household food insecuritg anild undernutrition across different agroecosiyst

using multilevel analysis.
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1.3. Rationale of the study

Different studies identified certain geographicalgions are highly vulnerable to household food
insecurity (62-64) and child undernutrition (42, 83, 66). For example, studies from West Afric@)(6
Sub Saharan African (SSA) countries (68), Nigesid) @nd Ethiopia (42, 44, 45) showed a clear spatia

variation of child undernutrition.

In Ethiopia, except one study (45), other spatmiations of child undernutrition studies focusead o
coarse spatial resolutions (42-44) which may cordiglifferent agro ecological zones within a chrst
which could not help to identify the spatial dibtriin of child undernutrition based on ecologicahes
to prioritize and design interventions. Also, to tmere efficient in geographical targeted nutritiona

interventions, spatial analysis based on microllgpatial resolution is recommended (43, 44, 67).

Understanding household food insecurity and childeunutrition spatial variations at micro levelnggi
Geographic Information System (GIS) (69) is verpartant to identify the most affected community, to
design local interventions, to allocate scarceusses to the most affected areas, to convince yain

decision makers and program managers using loamee and to ensure equity in the community (70).

Moreover, having a clear picture of spatial vaoati of household food insecurity and child
undernutrition based on agroecosystem charactsristhich varies in climate change vulnerability and
adaptive capacity may assist to target climate ghasmdaptation and mitigation strategies to reduce
household food insecurity and child undernutrittoran acceptable level. Therefore, this study asses
the spatial variations of household food insecurdand child undernutrition across different

agroecosystems in East Gojjam Zone, Amhara Regiiadé, Ethiopia.

In addition, most of the studies in Ethiopia, ideed determinant factors of household food inséagur
and child undernutrition using single level claasiegression without checking the presence ofiapat
dependency due to neighborhood effect of predictoesarchical nature of the sampling procedures an
presence of community level determinant factors @%52, 54, 57, 58, 71). Also, some determinant
factors associated with child nutritional statusyrhave externalities either positively or negatyveh

the nearby child nutritional status which is comigaralled neighborhood effect (72). As a resultingo
the regression analysis using single level modelmighout checking the presence of spatial
autocorrelation produces biased estimates becduke multilevel dependency or correlation among th

observations in the above situations (59-61, 73).
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Thus, the individual and community level aspechofisehold food insecurity and child undernutrition
using multilevel mixed effects regression modeldse® be explored in order to overcome the anallytic
difficulties that arise when data are organizeddrhically and there is an intragroup correlaéonong

the observations (59, 61). The multilevel analgsiglies done in Ethiopia and elsewhere abroadséstu
on large scale geographical locations which showeterogeneity in child undernutrition after
controlling potential determinant factors (42, 7#pwever, the reported heterogeneity was expected
since there is clear variation in determinant fext@f child undernutrition. So, assessing the
heterogeneity of child undernutrition after conlirg) potential associated factors at micro levevesy

useful in designing interventions.

In addition, none of the above studies gave emphas the association between agroecosystem
characteristics with food insecurity and child umagrition considering it as a communal factor. King
agroecosystem characteristics with food insecuitgt child undernutrition gives strong evidencehe t
absence of interventional studies to see the efdécthe agroecosystem on the food system (75).
Therefore, this study identified individual and coomity level associated factors of household food

insecurity and child undernutrition) using multig@mixed effects regression analysis.

The application of spatial and multilevel mixedeets regression analysis together allow us to draw
more complete picture of food insecurity and chifdlernutrition spatial varitions and their deteramn
factors at different levels for policy recommendas in relation to designing intervention stratediés).
This kind of analysis will provide relevant infortien for formulating intervention strategies and
programs, particularly on the neighborhood effeags|th inequalities, on planning and organizinglthe
care facilities and environmental health servié&y.(

Policy makers and development agencies working it@ae food insecurity and child undernutrition
can use the evidence to target agroecosystem lgaeeplaphical interventions. The results can hetp fo
allocating scarce resources based on vulnerabtlitynobilize resources at community level and to
improve program coverage through identifying comities that need special assistance. Also, the
findings can give directions to focus on factoratttletermine food insecurity and child undernutniti

both at individual and community level.
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2. Literature Review

2.1. Household Food | nsecurity

2.1.1. Magnitude of Food I nsecurity

Food insecurity is one of the biggest challengegltdal societies with geographical variations ts i
magnitude between developed and developing cosnfrié-79). The FAO, 2015 report indicates that
almost all hungry people, 780 million live in demeing countries (13). Sub-Saharan Africa is thetmos
food insecure Region in the world. The Region aot®dor about a quarter of the total populations it
estimated to account for over half of the numbeioofl insecure population in 2016 (80). The Region’

food insecurity situation is projected to be imprdybut more slowly than other regions (80).

Ethiopia is known for its significant agricultugabtential because of its water resources, fedihel lareas
and its large labor potential (81). However, thertoy is among the poorest and most food insecure
countries of the world (82). The problem of foodenurity has continued to persist in the country as
many rural households have already lost theirilnogld due to recurrent drought and crop failure).(88

the country, food insecurity was recognized as ya x®@blem and development challenge in the early
1970s and become pervasive in the subsequent d&e¢@8e Combination of natural and man made
factors have resulted in this serious and growoadfinsecurity problem in many parts of the country
(83). The food insecurity problem is not distribiteandomly which showed significant spatial
characteristics in different geographical locati¢®4). Different studies in Ethiopia from differeparts

of the country showed spatial variations in foogeicurity prevalence. For example, studies from addi
Ababa (85), Sidamo Zone (86), Farta District (880l North West Ethiopia (15) reported food insdguri
prevalence of 58.16%, 54.1%, 70.7% and 55.3%, ctispéy.

2.1.2. Measurements of food insecurity

The dimensions of food insecurity provide a frameawfor measuring food insecurity and most food
insecurity indicators measure one of the three dsioas, or a component of these dimensions (2).
Furthermore, since availability, access, and w@tiian generally correspond to the national, houskgho
and individual levels, respectively, each dimeng®misually measured at its corresponding leveé Th

food instability dimension of food insecurity aftsall the three other dimensions (87).
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Regardless of the dimensions, the ultimate firgal @f any food insecurity measurement is to ensure
that individuals can utilize sufficient quantitydaquality of food in a secure and stable way (Dod~
insecurity has a number of measurments based oobjketive of the study (2, 3, 88-91). For example,
Food balance sheet (2), undernourishment (90, ld)sehold consumption and expenditure survey
(HCES) (2), Dietary diversity, food variety scof@/§S), coping strategy index, household food inségur
survey measure, and household food insecurity acsese can be used as measures of food insecurity
(2, 88, 89). In Ethiopia, different food insecuritgeasurement tools have been used by different
researchers in different areas and each tool kasnih strengths and limitations (15, 49-52, 54,58,

71).

HFIAS is a tool to assess whether households hgverienced problems in food access in the preceding
30 days of the survey or not. The tool is composEchine questions that ask about modifications
households made in their diet or food consumptiattepns due to limited resources to acquire fogd (3
This tool is a continuous, linear scale rangingfr@ to 27 (3, 88). The Household food insecurityess
prevalence (HFIAP) status indicator can be usaeéport household food insecurity (access) prevalenc
and it categorizes households into four levels migehold food insecurity (access): food secureg,mil

moderate and severely food insecure (3).

2.1.3. Factorsassociated with food insecurity

The root cause of food insecurity in low income raies is related with poverty (84, 92). Also, food
insecurity is related to social and political insl&y, poor governance, frequent drought and faan(®2).
Climate variability and weather condition in retatito community vulnerability and adaptive capacity
are among the main determinant factors that affectl household food access (49, 93). A Food
insecurity situation review in Ethiopia indicatdgat several factors are identified for the detatiog
situation of food security in the country (81). Bleoare population pressure, drought, shortagerof fa
land, soil erosion, lack of oxen, poor food prodtisystem, outbreak of plant and animal disegsas,
soil fertility, poor farming technology, weak ex&on services, poor labor work force, poor

infrastructure and pre and post harvest crop B} (

Agroecosystem characteristics determined using atBmvariables, soil type, topography, various
organisms in the area, agricultural technologias puactices, and farmers’ social setting (94), hisgsve

contribution through different pathways on the faydtem in the country (95). Agroecosystem analysis
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in relation to its potential and constraints to elepmental activities is very important to desidieetive
food and nutrition interventional strategies (9590d insecurity in the community has the poterttal
increase the pressure on natural resources anchpagmal resources management lead to food inggcuri
in the community. Better management of agroecosystas a strong association with sustainable food
system in the farming community (96) which helpsifieviate food insecurity. Due to this fact, ablul
level, there is a paradigm shift towards an ecesysbased approach for food insecurity interventions
(96).

To mitigate food insecurity and undernutritiontire community, it requires a holistic approach with
healthy ecosystem as a foundation (97). Recognihi@gnultiple functions of agroecosystem is esaénti
for food insecurity and undernutrition interventsoo ensure food security, it is important foriden
makers to support the management of agroecosysences by taking appropriate policy measures that
encourage the use of technologies and approachelsiding sustainable land management, water

resources management and sustainable agricultaetiqes (97).

It is documented that vulnerability to food insetuis a common problem in semi arid lowlands and
mountainous highland areas, including in Ethiopilagre rural households depend on rain fed agrieiltu
for crop production (98). A study from North Weghi®pia indicated that households in the highland
agro-ecological zones were more food insecure lihaland areas (15). However, there was no stadilstic
significant differences between lowland and midtded agro ecological zones in household food
insecurity (15). This might be explained as mogihtand areas are mountainous and hilly which are
prone to soil erosion and degradation, and thos#édceeduce agricultural productivity which is the
primary source of food (15, 93). Such kind of pesblis more severe in countries like Ethiopia, where
soil erosion and land degradation are common eveinte there are no sustainable soil and water

management practices (99).

Literature show that being married may increasesbbold family size, which lowers the amount of
food distributed to family members (78, 100). Evides both from Ethiopia and elsewhere showed that
family size has negative impacts on household feeclrity. The majority of farm households in low
income countries are small scale semi subsistermokipers with limited participation in non agricutl

activities. Because land and finance to purchasewdiral inputs are very limited, increasing féyni
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size, according to the literature, tends to exedrempressure on consumption than the labour it
contributes to production (15, 16, 77, 101-103).

Better educational status of the family memberdjqadarly maternal and paternal education makesth
familiar with new skills, ideas, modern agricultutachnology application and other developmental
activities which could mitigate household food sty (15, 85). Studies from Pakistan (101) and
Malawi (77) indicate that households with educadtedsehold heads are more likely to be food secure
compared to households with uneducated heads.rflaences of education on food insecurity depend
on the context and education alone may not reduoe insecurity if other economic opportunities, rsuc

as employment, are not available (104).

Empowering women using different strategies, inclgdstrengthening their asset base like natural and
physical capital, human capital, social and finahcapital and by providing the legal and instingl

framework to guarantee their command over resouisesonsidered as one means to reduce food
insecurity. Women play important roles as prodsiasr food, managers of natural resources, income
earners, and care takers of household food andiontsecurity. Women empowerment to decide on
household resources have a positive influencedoce household food insecurity (105). Understanding
the dimensions of ‘women's empowerment’ that infleee food security among rural households is

crucial to inform policy (106).

The wealth status of the household as proximateatar of household economic status affects food
insecurity. Directly, wealth allows greater flexityi of food choices and stability through lean ésn
Indirectly, wealth status may be correlated witheotvariables that also reflect food choices, etiocal
status and marital status. Studies from South Afand Pakistan indicated that households with bette

monthly income have a negative effect on housefuald insecurity status (78, 101).

Micro credit accesses to farmers and additionabnme generating activities have positive contrilngio

in mitigating food insecurity (77, 107, 108). Micovedit access to the farmers, serves as a means to
increase crop productivity and help to expand ineaganerating activities which help to achieve food
security (107). The micro credit access allows fmsrto do off farm activities and households with o
farm activities have a better survival mechanisnenvbrop production fails due to different caused.(7
Farmers off farm activity can be considered as ohethe major coping strategies during food
shortage/insecurity (103). In addition, househaolcbme from nonfarm activity increases the probghbili
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of the household to use modern agricultural inpoiggsroduce more crop and enable households tdl fulfi
the family consumption through purchasing fromrherket (16).

Also, micro credit access and off farm income gatieg activitities helps the mothers to purchase
agricultural inputs, including fertilizer and immwed seed to increase crop productivity. Farmers’ afs
agricultural inputs to increase crop productivitgshan important role in determining household food
insecurity (77, 103, 107). Application of improveeed and fertilizer to increase crop productivig la
significant effect in reducing food insecurity (71Q3). Farmers who used fertilizer improved hougg&ho

food insecurity compared to farmers who did notfes&izer (109).

Literature show that households nearer to markatiece had better chances to be food secure dieeto t
fact that households nearer to market center hlageptobability of selling what they produced and
purchase food from the market (16). Evidence frammidpia suggests that distance from market center

and household food insecurity have a significaatistical association (16).

2.2. Child undernutrition

2.2.1. Magnitude of child undernutrition

The 2016 UNICEF, WHO and World Bank joint estimafechild undernutrition indicates 23.2% and
6.2% stunted and wasted children in 2016, respelgtat global level (24). In Africa, higher prevate

of childhood stunting (32%) was reported compacetthé global level prevalence (24). Unequal pragres
in childhood stunting reduction was observed am&MgO regions. For example, Asia reduced
childhood stunting almost by half (47.6% to 25.18ay Africa showed only limited progress (42.3% to
32.0%) in reducing childhood stunting between 2@0@ 2015 (24). However, the prevalence of
childhood wasting, increased from 5.1% to 6.2% ketw2000 and 2015 (24).

Ethiopia has the highest rates of undernutritiosui Saharan Africa (24). In the EDHS 2016 report, a
prevalence of 38.4 % stunted, 9.9% wasted and 28r&%rweight children were observed (25). Amhara
Regional State childhood stunting (46.2%) and undaght (28.4%) were higher than the national level
prevalence (25). Also, different pocket studiesrfrearious geographical locations suggest highdd chi
undernutrition prevalence in Ethiopia (51, 110pr Example, a study in West Gojjam Zone indicage th

14.8 %, 43.2% and 49.2% of under five children wsrfering from wasting, underweight and stunting,
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respectively (110). Similarly, a study from Northe® Ethiopia indicated that the prevalence of
childhood wasting, underweight and stunting wer®&%y 21.9% and 17.3%, respectively (51).

As indicated in table 1 below in Ethiopia, childldoondernutrition is decreasing through time in |tss

15 years. For example, childhood stunting, undeglateand wasting prevalence decreased from 58% to
38.4%, 41% to 23.6% and 12.0% to 9.9%, respectibbelyveen 2000 and 2016(25). In Ethiopia, the
reduction of childhood wasting within the last 1&ays period showed very slow progress compared to
child stunting and underweight (25, 111-113).

In Amhara Regional State, which is one of the state Federal Democratic Republic of Ethiopia,
childhood stunting and underweight are decreasmgugh time from 57% to 46.3% and 51.8% to
28.4%, respectively, between 2000 and 2016 (25thénregion, like the global and national trends,
childhood wasting did not show improvements overeti The recent mini EDHS 2014 and EDHS 2016
reports indicated that childhood stunting (42.4%4603%) and underweight (27.9% to 28.4%) increased
between 2014 and 2016. Table 1 below shows thddref childhood under nutrition from 2000 to 2016
in Ethiopia and Amhara Regional State (25, 111-113)

Table 1:- Trends of child undernutrition in Ethiagind Amhara Regional State, 2000- 2016.

Nutritional National Amhara Region

indices 2000 2005 2011 2014 2016 2000 2005 2011 2014 2016
Stunting 58 48 44 40 38.4 57 56.6 52 42.4 46.3
Underweight 41 33 29 25 23.6 51.8 48.9 334 279 8.42
Wasting 12 12 10 9 9.9 9.5 14.2 9.9 9.7 9.8

Different efforts are undergoing both globally aatdnational level to reduce the magnitude of child
undernutrition. The global trend of childhood stngtprevalence and the number of affected childsen
decreasing between 1990 and 2014 (24). Howeverreduction at all levels is not enough to achiéee

UN 2030 sustainable development goal to end ath$oof child undernutrition by 2030 (24) and the
2025 global target to reduce child stunting by 488d child wasting to less than 5% between 2013 and
2025 (114). As indicated in table 1 above, both nlagional and regional level child undernutrition
reduction progresses are very slow to achieve #tiemal targets of "SEQOTA" 2015 declaration to end

child undernutrition by 2030 (37). Also based oa grogress in reduction of child undernutritiorthie
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last 15 years, it might be very difficult to addsebe National Nutrition Program Il (NNP I) targetb
reduce childhood stunting to 26% from 40%, undegiveto 13% from 25 % and wasting to 4.9% from
9 % between 2014 and 2020 (36).

2.2.2. Spatial variations of child undernutrition

Spatial variations were observed in child undertiair at global level (10). The variation is more
pronounced based on socioeconomic status of thensegFor example, less than half of all children
under five years live in lower middle income coiwggrwhere two thirds (66%) of all stunted children
live. Asia and Africa bear the greatest share afdcandernutrition and more than half (56%) of all
stunted under five children lived in Asia and mtran one third (37%) lived in Africa. Also, two tHi
(68%) of all wasted children lived in Asia and mdran one quarter (28%) of wasted children wermfro
Africa (10). Studies from West Africa (67), Sub &edm Africa (68) and Nigeria (65) showed a clear
spatial variation of child undernutrition acros#fetient geographical locations within the statasidies
indicated that the presence of spatial heterogengit child undernutrition and recommended
geographical targeting to reduce the inequalitld$).

In Ethiopia, a clear spatial variation was obseriedhe prevalence of child undernutrition among
regional states based on the recent 2016 EDHS trépb). For instance, in reference to the WHO
recommended criteria for assessing the severitghdfl undernutrition, EDHS 2016 report using the
prevalence at the population level from nine reglimtates and two town administrations, four were i

very high severity (>40% prevalence) level of chddd stunting. The other four were in high severity
(30 -39 % prevalence) of stunting, two were clasdiinder medium severity (20 -29% prevalence) of
stunting and only one town administration was dfeessunder low severity (less than 20% prevalence)
levels for child stunting (9).

In areas, where there are spatial inequalitiesildicood undernutrition, interventions should beyéted
based on vulnerability (69) through allocating searesources to the most affected areas (70). To
identify the most affected geographical locatioegidemiologists are gradually incorporating spatial
analysis into public health research using theiegibn of geographical information system (11&)isT
approach has the potential to improve the effigreoicpublic health interventions (117) by identifgi
people at the highest risk of disease (117, 118).
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For the spatial analysis, different spatial stetgsapproaches have been proposed to test forakpati
clustering and can be used in various applicatibhs. power of the methods varies greatly for défer
test statistics and alternative clustering modétsa result, consideration of the power of the roétls
important before we decide which test statisticuge (119). Spatial SaTScan analysis is one of the
strongest approaches to detect local clusterinthefpublic health problems (116, 120). This spatial
analysis approach has been used to investigatesghal epidemiology of different public health
problems like spatial distribution of malaria (1222), HIV infection (123), childhood diarrhea dise
distribution (124, 125) and child nutritional stat{44, 45) in the country. Similarly, elsewherecalat the
SaTScan spatial analysis approach has been usddntify the hotspot areas of HIV risky behaviours
and infection (126-130), maria infection and prédit (94, 131-133), different infectious disease
mapping (134-136) and diarrheal disease (137).

2.2.3. Measurements of child under nutrition

Different assessment methods, including anthropooedietary survey, biochemical or laboratory
method and clinical or physical examination metleath be used to assess nutritional status of a

community (79). Each nutritional assessment mettaxdits own strength and limitations (138).

Anthropometry method is a technique that uses humdy measurements to draw conclusions about the
nutritional status of mainly under five childreno Tarry out anthropometric analysis, child’s agex, s
height and weight should be measured. These measate are used to generate indices such as, height
for age z score, weight for age z score and wdaghheight z score (139, 140). In this method, @rec

unit of measure to determine the nutritional statua child can be used and each child’s anthropaene
index is compared to a reference distribution e index of interest (139). The distance from theelian
individual to the reference population indicatesetiter a child is suffering from wasting, stunting o
underweight (139). Anthropometric methods are sampluse in community based surveys, inexpensive,
accurate and can give gradable results compareth&y methods (138). However, this method cannot
detect impaired nutritional status of short dunatéamd specific nutritional deficiencies in the couomity,

including under five children (138).

Biochemical assessment deals with measuring thed éf\essential dietary constituents in the bodidf
(blood and urine) which is helpful in evaluatinge tpossibility of child undernutrition. Biochemical

assessment basically works on the principle thgtvaniation in the quantity and composition of thet
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is reflected by changes in the concentration ofi@nits or their compounds in tissue and body flustsl

/or by the appearance or disappearance of spscifistances (138). The biochemical tests can daibct
clinical undernutrition and give gradable nutrirninformation (138). However, this method needs
highly trained staff, involves invasive proceduraseds many quality control procedures during the
sample taking, difficult to carry out the test ahlysis, there is no ideal biomarker for eachientrand

it needs sophisticated instruments (138).

Clinical method, nutritional assessment is the $sastpmethod to assess the nutritional status of an
individual. It involves looking for changes (climilcsigns/symptoms) in the body which are indicatfe

a particular nutrient deficiency. This method netdbave knowledge about specific nutrition deficig
signs and symptoms (141, 142). The clinical methiodutritional assessment is too cheap, non-ineasiv
and quick method. However, it is very subjectivenéeds professionals with clinical background to

collect data and less specific in which other dissamay have similar signs and symptoms (138).

Dietary survey methods are used to find out whal laow much a client is eating. These methods are
record method, 24 hour dietary recall, dietarydmgiand a food frequency questionnaire. These ean b
used to assess eating habits, food allergies amteiances, and reasons for inadequate food intake
during iliness (98). The record method of dietanyvey is more accurate and there is no respondent’s
memory loss. However, it has a high burden on éispandent, costly, change of the dietary habitnduri
the survey and it needs literate respondents (I3®8).24 hour dietary recall method is cheap, andkgu
less respondent burden, respondents have no chargas their dietary habit. However, it does not
indicate the usual individual intake, there may fespondents memory laps, sensitive to social
desirability bias, less precise and accurate,adiffito estimate the portion consumed by the irchlig
(138). The dietary history method of dietary suni®yery difficult to validate, it needs highly inad
interviewer and it gives a relative estimate if remt absolute information. The food frequency
guestionnaire method is less costly if it is selménistered and less respondent burden. Howevesr, th
method is not applicable in multicultural societhiere different staple foods are consumed and dsee

educated respondents to make it self administé48) (

2.2.4. Factorsassociated with child undernutrition

To reduce the burden of child undernutrition, idfgintg the determinant factors in specific contéxt

very important (140). The UNICEF conceptual framewdeveloped back in 1990 (21) remains to be
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one of the most commonly used important framewofts understanding child undernutrition
determinant factors at different levels (21). Tingsnework recognizes three levels of determinactofs

of child undernutrition: the basic, underlying aimdmediate causes of child undernutrition (21) and
understanding factors associated with child undetimn in a given context is critical in delivegn
appropriate, effective and sustainable intervestiamd adequately meeting the needs of the most

vulnerable population groups (32).

2.2.4.1. Immediate causes

The most important immediate determinant factorstrdauting to child undernutrition, include the
disease burden and dietary intake at the individieskel (21). These factors themselves are
interdependent since children with inadequate diatdake are more susceptible to disease; anéskse
in turn depresses appetite, inhibits the absorgdforutrients in food, and competes for the chikefgergy
(32). Undernutrition weakens the immune systentjmmuchildren at higher risk of more severe, frague
and prolonged bouts of illness. Child undernutnitis also a consequence of repeated infectionsshwhi
may further worsen the child’s nutritional statisdime of greater nutritional needs (144). Faragle,
studies from Ethiopia (52, 56, 110) and Cambod#b)lindicated a statistical significant association

between child undernutrition and child’s episodé&iafrhea in two weeks immediately before the syrve

Child and maternal dietary intakes are categorizeder the immediate causes of child undernutrition
(42, 112, 145-149). Proper breast milk feedinghaf infant improves child nutritional status sintési
the main source of active and passive immunityegisdequate nutrient and protects the infant from
infection (146). Its early initiation is also impgant for the child, which is recommended to betsthr
within an hour of delivery (112). UNICEF and WHQoenmend the introduction of solid food to infants
around age 6 months because breast milk alone ienmger adequate to maintain a child’s optimal
growth after 6 months (112). After 6 months, th@imum dietary diversity should be maintained to the
infant. Dietary diversity (DD) relates to nutriemtlequacy(147) particularly micronutrient adequacy of
children’s diet (140). So, maintaining the minimuiiwersity of diet is an important determinant facto
for the child physical and mental development aedqumance of the human body in general (148).
Literatures show that proper maternal nutrition anttitional status are strongly associated withdch
nutritional status (42, 145, 149).
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Evidences indicate that child age is one of themehant factors of child nutritional status (1439,
150). Studies from three Asian republics (150), @adesh (151), Kenya (149) and Cambodia (145)
indicate that there were statistical significantcaasation between child undernutrition and childige
(152). This might be related to the fact that whe child age increases, it starts to move indepathd
outside of home and gets exposed to infection. ,Adspincrease of a child's attention to the externa
stimuli might cause the child not to be availabksily for the mother to give care and timely
breastfeeding (152). Literatures indicate thatetfiect of child gender on nutritional status is edxand

no strong conclusions can be drawn, even for iddii countries (145, 149), including Ethiopia(83,
74).

2.2.4.2. Underlying causes

The underlying determinant factors of child undéntion, include household food insecurity,
environmental sanitation and maternal and chile paactices (21). The underlying causes, which ahpa
child nutritional status through the immediate deiaant factors, manifest themselves at the houdeho
level. The first, household food security, is assuaccess to enough food of adequate quality fordi

an active and healthy life (32). The second referthe quality of care practices for the child atsd
mother and the third underlying determinant fadategory is environmental sanitation which, include
access to safe water, personal hygiene, propéndattilization and sanitary facilities for dispogi of

household refuses (32).

Literature show that household food insecurityngoag the key determinant factors of nutritionatista

of children (153). Food insecurity influences chilgtritional status, which dictates both the qusgrdind
quality of dietary intake (146, 147). Food secuntyay be a necessary prerequisite for good nutrition
outcomes, but it is not sufficient to ensure goattiton (154). Studies from Colombia (110), Pakist
(111) and Ethiopia (51, 155) indicate a negatigmificant statistical association between housghol
food insecurity and child nutritional status. Timéluence of food insecurity on child nutritionahgits
might be indirectly through shaping other predistike maternal nutritional status and intra howsegh
food distribution (156). For instance, within theusehold, mothers and children eat the least astd la
from the share of their family’s food relative teetr nutritional need in case of food insecurityations
(156).
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Maternal health service utilization and health abod during pregnancy have an association withdchi
nutritional status (157). Quality of Ante Natal €afANC) with full visit helps the mother to get
information about child and maternal care and fegdgiractices (112). A study in Ethiopia indicated a
positive significant association between child iiginal status and antenatal visit of the motherirdyu
pregnancy (56). Also, another study from HawasaaZDistrict of Ethiopia indicated that the mothers
prenatal care visit with index child is the proteetfactor of child undernutrition (53). Proper nead
attention and hygienic conditions during deliveaneeduce the risk of infections in newborn babied
institutional delivery is recommended to reduceltheasks of children, including undernutrition (AJ1
Postnatal care of pregnant mothers are expecteapi@ve child care practices in general and notmgi
status in particular (158). Also, the postnatalloi@l up improves child nutritional status through

providing important information on how to care dadd infants (112).

Health services access in terms of geographictdmie is very important determinant factor to inwero
child nutritional status (158). A study in Ethiopradicated that child nutritional status is detered by
the distance between the location of the housetioddthe nearest health center (56). The probalaifity
being undernourished child declines with a decr@askstance to the nearest health center, sinoplee
from the distant area cannot access health sertio@sg illness and get advice on child care armdifeg
practices. In those areas, children without acte$ealth services are more likely to be underrsted

due to frequent and untreated or delayed treatofantfection (56).

When the number of under five children increase,ldbirden of care in terms of nutrition, finance and
parenting time, gets compromised and thus affeatstion outcomes of children (159). The number of
under five children from a single mother might b&ated to the birth interval that affect the quignaind
quality of care that mothers can provide for tredildren (160). Also, controlled family size refteg

the place of appropriate health enhancing popuigpiolicies and measures in ensuring maternal and
child health and nutrition (159). Studies from Nige(159), Somalia (138) and Ethiopia (74) indicate

that the number of under five children is signifitg associated with child nutritional status.

Immunization against vaccine preventable diseaaedhen recognized as one of the most cost efectiv
intervention strategies to reduce child mortalityrbidity and undernutrition (161). Immunizationoise
of the most essential preventive health care piesrihat has a very strong link to the nutritiostaltus of

children (162). Studies reported higher frequenciesnorbidity from non immunized children which
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may lead to a higher prevalence of child undertiatri(161). Studies from Nigeria (139), Kenya (1,63)
Somalia (138), and Ethiopia (56) indicate that abseof immunization programs affects child nutritb

status negatively.

Child care giver good personal hygiene, environadestnitation, including good household waste
(refuse) management practices (151), proper lawinzation (140) and water source safety and safe
handling at household level (160) have importatesan determining child nutritional status. Pretem

of infectious disease burden through better saoitaand accessing safe drinking water sources are
recognized as essential components in preventiiild shdernutrition (160). Studies from Bangladesh
(151), India (84), Nigeria (140) and Kenya (164Jigate that unfavorable environmental health caused
by inadequate water supply, poor personal hygiedeeavironmental sanitation increase the probabilit
of infectious diseases and indirectly cause cettgias of undernutrition.

2.2.4.3. Basic causes

The basic causes of child undernutrition are thetrdistal factors, including health service acdabty,
educational status, marital status, fertility rethffactors, child age and gender related care ipeact
economical factors and agroecosystem charactari@ic). The basic determinant factors, which im tur
impact nutritional status through the underlyingedminant factors, manifest themselves at broader
geographical levels, such as national, regional, glmbal. They form the economic, political,
environmental, social and cultural context in whattildren’s nutritional status are determined. Ago

the basic determinant factors, income and goverhmesponses to people’s needs are also categorized

under basic causes (32).

Education is one of the most important resourcasehable women to provide appropriate care far the
children (165) through bringing better income, gas# of available information about child nutrition
(160), enhancing the mothers' general knowledgeraming the allocation of resources to children's
wellbeing and the care for the child (166). Studiesn India (167), Bangladesh (166), Kenya (14%)16
and Mozambique (103) support the above evidencé tha@her educational level improve child
nutritional status positively. Similarly, studieoin Ethiopia demonstrate that mother educationé&has
positive contribution to improve child nutritionstiatus (52, 53). Similarly, child father educatiostatus
was independently associated with children’s notrdl status (52) which may be related with higher

educational status having the ability to make dewss that improve the nutritional status of childre
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(102, 103). Studies from Ethiopia (42) and Bangtdd (103) indicate that children from uneducated
father were more likely to be undernourished comgao children of educated fathers.

Literature indicate that being female headed honlsehas both negative and positive effects on child
nutritional status through direct and indirect atels (160). Directly, households in which womenéav
greater say in decision making tend to have bettdicators of child wellbeing, including better
nutritional status. On the other hand, female hddariseholds tend to have lower income and thexefor
worse nutritional status for themselves and chid{®60). A study from West African indicated that
female headed households do not have better chiidtion outcomes than male headed households
(160). Also, a study from Kenya indicate that cteld from female headed households were more likely
to be undernourished than male headed househob®. (This could be explained as female headed
households tend to have limited resources whicthtigprsen child nutritional status (159, 163). @a t
other side, a study from Nigeria indicate that warheaded households, have a greater say in decision
making and thus tend to have better child nutrdlastatus (159). For example, in Ethiopia, beindema

headed household have a statistical negative asgwcwith child stunting (42, 74).

Resources available at household level show aipesgtatistically significant association with inoped
child nutritional status (160). Those resourcesilabke to a household should translate into higher
expenditures on food and health and this resulisiproved child nutritional status (168). Studiesn
India (167), Nigeria (159), Kenya (149), Cambodid) and Ethiopia (42, 74) illustrate that imprayin
socioeconomic conditions measured using diffenedicators helped to improve the nutritional staitis
children. Women decision making power, control okesources, and autonomy in the household have
the potential to enhance child nutritional statysnyproving child care practices (169, 170)

Agroecosystem characteristics not only affect chiltritional status through food insecurity andtalig
diversity, but also it determines the infectiousedise distribution in the community (95). The magls
and distribution of infectious diseases depend ansystem services since it maintains the diversity
species in equilibrium and can often provide aaBseregulating effect (97). The disease burdemef t
child is one of the most important immediate deteamt factors contributing to children's nutritibna
status (21). A study from Ethiopia showed thatdreih from highland and midland areas relativelynpro
to higher stunting and underweight compared to ghosthe lowlands (43). Similarly, a study from
northwest Ethiopia showed that children from lowdareas are better in nutritional status (51). €hos

findings contradict with an agroecosystem analysicating highland and lowland areas show higher
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climate change vulnerability and lower climate dmaradaptive capacity compared to midland areas
which have the potential to lower crop productii®B) and higher food insecurity and (49) thenchil
undernutrition (171).

2.3. Impacts of food insecurity and undernutrition on health and welbeing

Food insecurity and malnutrition in all its formsealobal burdens that affects almost every country
the world, leading to serious public health risksurring mortality, morbidity and high economicst®
(12, 33, 75, 76, 85, 89, 172, 173). Evidences mtdicthat food insecurity and human health are

intertwined in a vicious cycle through nutritionalental health, and behavioral pathways (171).

Food insecurity has been found to be associateld pobr mental health status independent of other
indicators of low socioeconomic status, in botlotese rich (174) and resource poor (175) settifps.
mental health negative impact of food insecuritynigre severe among women (176) because they are
responsible to feed the family (177). Insufficidobd access has the potential to undermine women’s’
social relationships and lead to feelings of low sfficacy among women (178) which creates deep

sense of helplessness among women, leading to haext@motional distress (176).

Disease prevention, management, and treatmerin&esl with food insecurity. An inability to fulfil
subsistence needs, including household food nexas)ead people to make unhealthy decisions that
may increase their risk of iliness, such as engaginrisky sexual behaviors in exchange for food, o
overreliance on cheap, calorically dense nutrieargoods (179). Also, food insecurity was assa&dat
with poor health service seeking behaviour, lingitithe disease prevention and control efforts,
postponing needed medications and care practioeswéh increased emergency department use and
hospitalization (180). For example, food insecurniggatively impacts public health efforts to preven

and control TB and HIV infections and treatmentcomtes (2).

Improvements in nutrition will contribute significlly in reducing poverty and in achieving health,
education, and employment goals (12). In additibaffects child growth and development (75, 76), 85
the education system (181) and school enrolment(8@e182) and academic performance (33, 173).
Food insecurity may lead to political instabilignnd a poor resilient environment (183). Also, faoul
nutrition insecurity deteriorate the mental healtiitus of the community, particulary the women who
responsible to feed the family (2, 33, 173, 184).
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Both inadequate quality and quantity of nutritioifieets the nutritional status of under five childre
(172). When food quantity is limited, it leads tasting, stunting, and immune deficiency (185). @& t
other hand, food insecurity also exerts negativeaicts on health through effects on obesity, disexle
eating behaviors (186) and poor diet quality (18Mdernutrition due to poor food quality can cause
various diseases such as blindness due to vitamiefi&iency, neural tube defects due to folic acid
deficiency, lower brain and nervous system devekagrand lower school performance due to deficiency

of iron, folic acid and iodine (26).

Also, at the global level, undernutrition has aroremmic implication. For example, hunger and
undernutrition reduce gross domestic product by 1J&$.1 trillion a year at global level (12). The
World Bank estimates that undernourished childmenaa risk of losing more than 10% of their lifetim
earning potential (188).

In the Ethiopian context, it is estimated that undé&ition contributes to an estimated of 270,0@atts

of under-five children each year and fifty sevemcpat of all deaths of under five years are related
undernutrition (27). Of those, three quarters @& tleaths result from mild to moderate undernutritio
exacerbating the effects of common childhood ikess (27). Also, in the country, undernutrition
contributed to 28% of all child mortality, 16% df eepetitions in primary school and 8% of workder
reductions, and costs 55.5 billion Ethiopian BETB) per year which is 16.5% of the Gross Domestic
Product (GDP) (22). Another study by InternatiofRabd Policy Research Institute (IFPRI) indicateat th
eliminating undernutrition in Ethiopia would prevdonsses of 8-11% per year from the gross national
product (12). According to the cost of hunger stuglhiopia could reduce losses by 148 billion ETB i
the year 2025 if childhood underweight and stuntiags were reduced to 5% and 10%, respectively
(22).

2.4. Interventions of food insecurity and child undernutrition

It is well recognized that nutrition is central ftte Sustainable Development Goals. From the total 1
SDGs, 12 of them contain indicators that are higklgvant for nutrition, reflecting nutrition’s ceal
role for sustainable development (12). Taking thmpartance of nutrition for development, various
policies, strategies and measures have been pldaée over the years in Ethiopia. The state goverm
various international organizations and non-govesmtal organizations played an important role to

mitigate food insecurity (189). The major progratimgt have been and still are under implementation t
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combat food insecurity in Ethiopia, include the drctive Safety Net Program (PSNP), Household Asset
Building Program (HABP), Complementary Communityvdstment (CCI) project and Voluntary
Resettlement Program (VRP) (189). PSNP was start2d05 and it is implemented in selected Woredas
of four Regional States, including Amhara Regio8tdte. The program focuses mainly on public work
activities, such as natural resources conservatommunity water source development, small scale
irrigation scheme’s development and constructiosatfial services, including rural roads, schoold an
clinics (190).

Similarly, HABP, as a complementary to the PSN#&tstl in 2005 aimed to support those that have
reached a status considered adequate for selihsmste during shocks. The support focuses on aggpisti
business plan development and provision of crdditstart their own businesses. The CCI is basically
aimed at developing community infrastructure sucfgation schemes, rural roads and other social
services through partnership in investment between government and the community. The other
intervention to reduce food insecurity is VRP whishaimed at resettling vulnerable people from

degraded areas to more agriculturally favorablasa(@90).

Despite the progress and achievements made saddnessing the deep root causes of undernutritidn a
ending hunger call for high impact integrated amdrdinated interventions (36). The causes and
solutions of child undernutrition are linked to d@nd economic policies across numerous sec®)s (

As a result, interventions to improve nutritionaiblplems, include strong political commitment of the
government, advocating the involvement and resmooselifferent sectors, building national capacity,
strong monitoring system and commitment of the camity (28). In addition, to the above, strategies t
reduce child undernutrition should focus on impngvhealth environments through increasing access to
safe water and sanitation services. Improving thedity of care practices for children through irasimg
women’s education and promoting gender equalityluoing women’s empowerment; and mitigating
food insecurity by ensuring adequate availabilityjoality food at different levels (32). Nutritidmas a

multidimensional and multi sectorial nature, batherms of effectiveness and outcome (12).

Recognizing the importance of different sectoroirement to reduce the burden of malnutrition in
Ethiopia, 13 ministries signed to work togethertba implementation of National Nutrition Program II
(2016 - 2020). The ministries have recognized ttie high undernutrition rate in Ethiopia is
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unacceptable and have stressed the need for s$tesmgy collaboration to reduce the impact of

undernutrition in the country (36).

In Ethiopia, different programs were developedasitis nutrition sensitive or specific interventi¢8s).
Nutrition specific interventions are actions thavé a direct impact on the prevention and treatroént
undernutrition, in particular during the 1,000 dayevering pregnancy time (26). Nutrition specific
interventions in the life cycle approach, the dtiég, include maternal nutrition and prevention of
low birth weight, infant and young child feedingrQF), breastfeeding with early initiation (within
one hour of birth), continued exclusive breastfegdfor the first six months. Those interventions
followed by continued breastfeeding up to 2 yesa$e, timely, adequate and appropriate complementar
feeding from 6 months onwards, prevention and meat of micronutrient deficiencies and prevention

and treatment of severe acute malnutrition (26, 35)

Nutrition sensitive intervention approaches invotier sectors indirectly addressing the underlying
causes of undernutrition (26). In Ethiopia, diffgrenutrition sensitive intervention strategies were
developed to support the efforts in reducing undeiton. Those include Growth and Transformation
Plan 11, Agriculture Growth Program Il, Producti®afety Net Program (PSNP) IV, Nutrition Sensitive
Agriculture Strategic Plan, Health Policy, Healtlec®r Transformation Plan, Reproductive Health
Strategy, National Strategy for Child Survival, 8ahHealth and Nutrition Strategy, National School
Feeding Program, National Social Protection Pobayd different supplementation and fortification
directives (36).

As indicated in different strategies, achievingritiain related goals requires multi-sectorial canadion
and cooperation with many stakeholders, which hatoiically been challenging in nutrition (26).
Recently, attention has increasingly been paidiarove synergies and linkages between agricultode a
nutrition and health, in both the programmatic dhe research communities (26). Social protection
policy was designed to protect people against valmbty, mitigate the impacts of shocks, improve

resilience and support people whose livelihoodsaairesk for food and nutrition insecurity (26).
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2.5. Conceptual framewor k

The Food and Nutrition Security framework developeg UNICEF recognizes three levels of
determinant factors of child undernutrition: thesisaunderlying and immediate causes of undermrtrit
(21). The immediate causes of child nutritionatistaare dietary intake and health status of thie chhe
intermediate cause of the child nutrition statoslude household food insecurity (in terms of aafality

and access), inadequate maternal and child catiggaand an unhealthy environmental condition.
These three factors result from the set of undeglyauses of undernutrition. The basic causesjdecl
socioeconomic, political conditions and naturalotgse in the community (21). The natural resources
quality and quantity depend on the agroecosystearacteristics that have an influence on child
nutritional status. The current study followed tltignceptual framework to identify individual and

community level determinants of food insecurity ahdd undernutrition based on the literature rewie
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Figure 1:- Conceptual framework based on literatteeiew on the pathways of determinant factors addf insecurity and child
undernutrition.
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3. Research objectives

3.1. General objective

The overall aim of this study was to assess théiapaariations and individual and community level
associated factors of household food insecurity @ntdi undernutrition in East Gojjam Zone, Amhara

Regional State, Ethiopia.

3.2. Specific objectives

* To identify the spatial variations of householddansecurity across different agroecosystems it Eas
Gojjam Zone (Paper I).

* To determine the spatial variations of child undénition across different agroecosystems in East
Gojjam Zone (paper ).

* To identify individual and community level factomssociated with household food insecurity in East
Gojjam Zone (paper IlI).

* To determine individual and community level factassociated with child undernutrition (childhood

wasting and stunting) in East Gojjam Zone (paper IV
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4, Materialsand M ethods

4.1. Study area and period

This study was conducted in East Gojjam Zone oftthdnara Regional State, Ethiopia. The area consists

of different climatic zones, from Choke MountainB Nile highlands) to Blue Nile depressions (191).

B

Figure 2:- Map of East Gojjam Zone, in Amhara RegiEthiopia, 2015 (191).

According to the 2015 Amhara Regional Bureau ofaRte and Economics Development Report which
was projected based on 2007 census, a total o8@81under five children were registered in East
Gojjam Zone (192). In the Zone, there are a totaB@&6,113 households (316, 375 male headed and

46,741 female headed households). The Zone hasaladiofour town administrations and 16 rural
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districts. The area, including the Choke Mountaiatavsheds is found in the Blue Nile Highlands of
Ethiopia, which extends from tropical highlandsoeer 4000 meters elevation to the hot and dry Blue

Nile Gorge to below 1000 meters from sea level {191

Based on different parameters /characteristics/ filkming system, type of crop produced, tempegatur
rainfall, soil type, climate change vulnerabilitgycaclimate adaptation potential and constraints,aifrea

is divided into six agroecosystems with its respectharacteristics (191). As indicated in figuref2ZC
above, the brown colored area is the lowlands ef Abay Valley (agroecosystem one) marked with
number one. This agroecosystem is characterizetbwland areas with unfavorable agro ecological
conditions with extensive land degradation (191)e Tnidland plains with black soil (agroecosystem
two) colored with light green color indicated withumber two, which is characterized with a
considerable high agricultural productivity potahti(191). The midland plains with brown soll
(agroecosystem three) indicated with number thrieiewis suitable for its agricultural productivéince

it has a good potential to use mechanized agrieitnd irrigation schemes (191). The midland slgpin
lands with red soil (agroecosystem four) indicatéth number four is characterized by low natural
fertility with high level of soil acidity, slope teain and higher rate of water runoff with soil €imn
making the crop production potential very low (1L9H)lly and mountainous highlands (agroecosystem
five) indicated with number five are found in théyhand mountainous highlands with constrainedpcro
productivity due to erosion and deforestation (19he last agroecosystem is at the top of the nadunt
with relatively low agricultural potential due ttsilow temperature. Since it is a conserved ates, not

used as a residential area (191).
This study was conducted from January to April, 201

4.2. Study design

An agroecosystem linked community based comparatioss sectional survey was employed. Linking
shared /services/environment, including agroecesystharacteristics with population based cross
sectional survey can be considered as one of thieggr investigation approaches to analyze caysalit

non experimental studies (75).
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4.3. Sour ce Population

Households with under-five children (6-59 monthsjrevthe source population to determine spatial
variations of household food insecuritgbjective 1) and to identify individual and community level
determinant factorgobjective 111) in East Gojjam Zone. Also, under five children-(69 months) were
the source population used to determine spatiahtvans of child undernutritiorfobjective I1) and to
identify individual and community level factors asgted with child undernutrition (wasting and

stunting)(objective 1V) from East Gojjam Zone.

4.4. Study Population.

Households with under-five children in the selecketheles were the study population to determine
spatial variations of household food insecuritjéctive I) and to identify individual and community
level determinant factors of food insecur({tgbjective I11). Under-five children (6 - 59 months) in the
selected kebeles were the study population to mi@ter the spatial variations of child undernutrition
(objective 11) and to identify individual and community level dehinant factorgobjective 1V) in East
Gojjam Zone. Households with under-five children-(69 months) were considered as study units for

analysis.

4.5. Inclusion and exclusion criteria

45.1. Inclusion criteria

Households with under-five children (6 -59 montimsjhe selected kebeles and lived for more than six
months were included in the study.

45.2. Excluson criteria

Households with under-five children (6 -59 montiwkiere either the child or/and mother were seriously
sick during the data collection period or those wive major physical disabilities to conduct

anthropometric assessments were excluded frontubg.s
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4.6. Sample size deter mination

Different sample size determination methods weredut address each specific objective of the
dissertation and then, the maximum sample sizeciwdinhances the power of the study, was considered

for all objectives.

Objctive I:- Taking the agroecosystem characteristics intowaat; as it affects the spatial variations of
household food insecurity, household food insegupitevalence difference between the highland (p
=52.3%) and midland agro ecological Zones<[$3.8%) from the previous study were considefiéq. (
The smallest difference was considered to ensueguatty of the sample size for all agroecosystem.

Then, a double population proportion formula wagligpl to determine the sample size.

T

. 1 ' P.(1-P))
(ZEEM||(1+;) P(1—P) + [zl_g)wllPltl—PllJr—‘[—‘l)

(P, — P,)?

n:

In this formula,Zz is the confidence leveZ, is the power of the study, r is the ratio between groups,

P, (prevalence of food insecure households from higtlarea) and, (prevalence of food insecure

households from lowland area) are the expectedoptiops among "food insecure households" in
lowland and midland agro ecological zones, respelgti In the formula, P is the weighted pooled

prevalence foP, andp,.

The computation was made using the Stat Cal apigicaf EPI-Info version 3.5.1, with inputs of 95%
confidence level (Z,, = 1.96), 80% power of the studyi(Z=1.28) and one to one ratio of samples
between highland and midland agro ecological zom@sally, assuming 1.5 design effect for its
multistage cluster sampling and adding 5% noneoresp rate, the sample size was 481 from each
agroecosystem and after multiplying by five, siticere are five comparative groups (agroecosystems),
the total sample size of the study was 2405 houdeho

Objective Il: - Considering agroecosystem characteristics thactfthe spatial variations of child
undernutrition and assuming a minimum of 10% défere in the prevalence of child stunting prevalence
between any of the two agroecosystems; a doubleul@ibgn proportion formula sample size

determination method was used. A prevalence otlobdd stunting (552 %) from Amhara Regional

32|Page



State EDHS 2011 report as a base from better aroguptivity agro ecology zone and assuming 10%
prevalence difference from an agro ecology withdowrop productivity (p= 62%) (112), the sample

size was calculated using the following formula.

(Zzi\l(l—i_r_l")P(l N Pj + Zi—ﬁ\lpil:l - Pij +M)z

{:P-_I_Pz]z

In this formula,Z= is the confidence IeveEE is the power of the study, r is the ratio betwtem groups,

P, (prevalence of child undernutrition among loweodrctive agroecosystem) arkj (prevalence of

child undernutrition among higher productive agasstem) were the expected prevalence of child
undernutrition in lower and higher productive agm®y/stems, respectively and P is the weighted doole

proportion forp, andp,.

The sample size calculation was made using theC&thof EPI Info version 3.5.1 application with the
following assumptions: 95% confidence levelfZ= 1.96), 80% power of the studyi(=1.28) and one
to one ratio between comparative groups. Finaguening 1.5 as design effect, for its multistagestelr
sampling and adding 5% none response rate, thelsasige from each group was 645 and after
multiplying by five, since there are five compavatigroups (agroecosystem), the total sample sitieeof

five groups for the study was 3225 under five afeitd

Objective I11: - To identify determinant factors of household foodecurity, a double population

proportion formula was used as indicated below.

T

| | 2
(ZEEN|(1+;) P(1—P) + 2,4 P,(1-P)+2——2

(P, — P,)?

n:

In this formula,Z= is the confidence levef, is the power of the study, r is the ratio betw&en groups,

P, andp, are the expected prevalences of “food insecuredimlds" in exposed and unexposed groups,

respectively. P was the weighted pooled proportasnp, andp,. The computation was made using the
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Stat Cal application of EPI Info version 3.5.1, lwihputs of 95% confidence level (& = 1.96), 80%
power of the study (Z =1.28) and one to one ratio between exposed amdpmsed groups to a factor
for household food insecurity. The expected prevadeamong exposed and non exposed groups were
taken from previous studies conducted in the cqufits, 107). Proportion of food insecure households

to each exposure variable are given in the tallmibe

Table 2:- Sample size determination using diffepatential determinants of food insecurity.

Exposure Food Design Sample size with 5%
insecure HHs effect none response rate
Maternal education (15) No formal education* 60.5% 1.5 1414
Formal education** 51.0%
Paternal education (15) No formal education* 61.4% 15 2013
Formal education** 53.5%
Access to micro credit (107)  Yes** 30 % 15 1480
No* 39%
Improved seed use (107) Yes** 24% 1.5 456
No* 40%
Agro ecology type (15) Highland 52.3% 15 945
Midland 63.8%

*proportion of food insecure househol ds among exposed group

** Proportion of food insecure households among unexposed group

For this objective, paternal education gives maximsample size of 2013 study participants.

ObjectivelV: - The sample size was calculated based on childhemyht for age Z score (HAZ) using
the mean with a standard deviation between expasédinexposed group to the factor. Height forAage
score was extracted from EDHS 2011 data set foAthkara Regional State. The mean height for age Z
score (HAZ) with standard deviation was calculatedeach exposure variable and double population
formula for mean was used to determine the sampk, sising Stata version 14. The following
assumptions were considered during the sample esiienation: Mean HAZ score with a standard
deviation to both exposed and unexposed group$iefekposure variable, one to one ratio between
exposed and unexposed group, 95% level of signifeal.5 design effect, and 5% none response rate.
From all exposure variables, agro ecology zone dghgemaximum sample size of 2647 considering
highland agro ecology as exposed group (mean HAMess -1.85 with 1.12 SD) and midland agro
ecology as an unexposed group (mean HAZ score69 sith 1.22 SD).
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Table 3:- Sample size determination using diffepotential determinant factors of child undernudnt

Exposure variable Mean HAZ (SD) Design effect Blensize with 5% none
response rate
Child age <24 months -1.56 (1.31)** 1.5 1232
24-59 months -1.81 (1.18)*
Child sex Male -1.69 (1.32)** 15 1477
Female -1.46 (1.19)*
Diarrheal disease Yes -1.91 (1.40)** 15 1014
No -1.62 (1.22)*
Agro ecology Midland -1.69 (1.22)* 15 2647
Highland -1.85 (1.12)**

** Childern mean Height for Age Z score (HAZ) amoaxgposed group
* Childern mean Height for Age Z score (HAZ) amanexposed group

For this objective, the maximum sample size catedlavas 2647 using agroecology as a determinant

factor of child height for age Z score.
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Table 4:- Summary of the minimum sample size rexglior each objective and the assumptions consldere

Objective Outcome

Spatial Food insecurity o

variations  of status *

household food .
insecurity
Spatial variations of Child .

child undernutrition. undernutrition

Determinant factors Food .
of household food insecurity/

insecurity. status .
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Assumptions Formula

95% level of significance Double
80 % power of a study
1.5 design effect
Prevalence of food insecurity,(p 63.5%) among exposed
group (midland).

Prevalence of food insecurity »(p=52.3%) among
unexposed group (highland).

1:1 ratio between exposed and unexposed

5 % none response rate

95% level of significance Double
80 % power of a study

1.5 design effect

Prevalence of child stunting i(p= 52%) among better
productive area.

Prevalence of child stunting {p= 62%) among lower
productive area.

1:1 ratio between better productive and lower potisia
area.

5% none response rate.

95% level of significance Double
80 % power of a study
1.5 design effect

Food insecurity (61.4%) among not having formal
paternal education

Food insecurity (53.5%) among having formal paterna
education.

1:1 ratio between having formal education and ranirig
formal education.

5% none response rate.

proportion

proportion

proportion

Sample Siz
population 2405

population 3225

population 2013



Determinant Mean  Child « 95% significance level Double population formula2647
factors of child  Height for Age *© 80 % power of a study for means
- » 1.5 design effect
* 1:1 ratio between samples from midland and highland
area.

* Midland area mean HAZ score {m -1.69)
* Highland area mean HAZ score{m-1.85)
» SD for midland mean HAZ score (9B 1.22)
» SD for highland mean HAZ score (8B 1.12)

Therefore, for all objectives to the dissertatiamaximum sample size of 3225 households with ufikeichildren were considered
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4.7. Sampling technique

According to the agroecosystem analysis by Belayakt agroecosystems which have similar
characteristics were identified as sharing comnmud finsecurity and child undernutrition problems.
From each agroecosystem, sample districts of tls¢ Gajjam Zone, sample kebeles from each district
and sample clusters from each kebele were seletiedy multistage cluster sampling. In the initial
phase, five districts from each agroecosystem vgetected purposively. Lowlands of Abay Valley
(agroecosystem one) were represented by sampléekab&en from Dejene District (lowland part). The
midland plains with black soil area (agroecosystem) were represented by sample kebeles taken from
the Awabel District (midland part). The midland ipgwith brown soil area (agroecosystem three) were
represented by sample kebeles taken from the Oflyas District (midland part) and midland sloping
lands with red soil area (agroecosystem four) wepeesented by sample kebeles taken from Gozamin
District (midland part). Finally, hilly and mounteius highland area (agroecosystem five) was

represented by sample kebeles taken from the $hsdnct (Highland part).

In the second phase, from each agroecosystem,&8eswere selected using simple random sampling
technique. List of all kebeles that representedréiqular agroecosystem were listed within a distand

then using the lottery method, kebeles was seleaadomly. In the third step, from each selected
kebele, one got (lowest government administratexel) were selected using simple random sampling.
From the kebele, one village as a cluster was t®elacsing simple random sampling. The total chgste
(villages), included in the study were 38 from fhve agroecosystems and all eligible householdé wit
under-five children were considered for the surdeyhouseholds where there were more than one under
five children within the household, the youngesiicchivas selected to reduce the recall bias and to
capture the current state of the problem and assatifactors. The schematic presentation of the

sampling procedure is presented in the figure below
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East Gojjam Zone

1
Agroecosystem one [ Agroecosystem two ] Agroecosystem three Agroecosystem four Agroecosystem five
\ J
T
6 Clusters (n=645) 6 Clusters two (n=645) 9 Clusters (n=645) 9 Clusters (n=645) 8 Clusters (n=645)

Cluster ssampling

3,225 households with under five child

Figure 3:- Sampling procedures for spatial variaiand determinant factors of household food in#gcand child undernutrition study in

East Gojjam Zone, Amhara Region, Ethiopia, 2015.
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4.8. Study variables

4.8.1. Dependent variables

Household food insecurity stat(abjectives | and I11) and under five children (6 -59 months) nutritional
status indices (Height for age Z score (HAZ), Weifgir age Z score and Weight for height Z score
(WH2Z)) (objectives Il and IV) were the dependent variables.

4.8.2. Independent variables

The independent variables were considered at twelde Individual level (lower level determinant

factor) and community level (higher level deternmingactors).
Individual level deter minant factors

» Socio demographic determinant factors:- Parents’educational status, gender of household head,
number of under five children in the household, ifgrsize of the household, women’s participation
in household decisions, and household wealth ste¢us the independent determinant factors of both
household food insecurity and child nutritionakssa

» Child and maternal characteristics and care practice deter minant factors: - Gender of the child,
age of the child, child immunization status, anddchnorbidity prior two weeks of the survey, place
of delivery, antenatal care and postnatal care \wetaded in this category as determinant factdrs o
child nutritional status.

« Diet related determinant factors. - Maternal nutritional status, breastfeeding initiattime and
complementary feeding initiation time, householddansecurity, and household dietary diversity
were assessed as determinant factors of childtiont status.

» Agricultural related determinant factors: - In this category, micro credit access, off fanoome,
irrigation practice, modern fertilizer use and ioyped seed use were assessed as determinant factors

of household food insecurity.
Community level deter minant factors:

Agroecosystem characteristics, all season tranggodssland size in hectare, distance from the district

market center, distance from a health center,niattitilization, and proper household refuse disposa

40| Page



practices are considered as community level debemmifactors. In this study, land size, household
refuse disposal practice and latrine utilizationreveneasured at household level but considered as
community level factors. A farmer who have no aomited land size but from areas with better lane siz
have a chance of getting land through rental ceratlegotiation mechanisms to increase crop proatucti
Similarly, households with poor latrine utilizaticend household refusal disposal practice have a

negative influence on the neighborhood child niotngl status (193).

4.9. Oper ational definition

Operational definition and measurement of all y@da used in this study are indicated in the table

below.

Table 5:- Definition and measurement of variablesduin the dissertation used to identify deterntinan

factors of food insecurity and child undernutrition

Variable Definitions/Measurement of variable

Child undernutrition Measured using the Z scor¢hef Anthropometric measurements and
categorized in to (0) normal (>-2 SD); (1) undemshed (< -2 SD.

Household food insecurity Measured using FANTAd@axcess scale and classified as (1) food

secure, (2) mild food insecure, (3) moderate fandsecure (4) and
severe food insecure.

Household food insecurityMeasured using FANTA food access scale and cladsds (0) food

prevalence secure, (1) food insecure (includes mild, modeeatd severe food
insecurity).

Household dietary diversity score Measured usingob2 groups consumption in 24 hours prior to the

survey and it ranges from 0 - 12 points using fgomlip score.

Mother age at birth Mother age at birth in yeategarized in to (1) 15-19 years; (2); 20 -
29 years; (3) 30 -39 years; (4) 40 - 49 years.

Household head gender Categorized in to (1) malgfémale

Marital status Categorized in to (1) in union; K@} in union

Family size Number of family members who lived fapore than 6 months with

the family and categorized in to two; less tharef(t) and five and
above (2).
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Under five children Number of under-five childrehat lived in the household and
categorized one (1) and two and above (2).

Educational level of mother Categorized in to (@)farmal education, (2) can read and write (3)
have formal education

Educational level of father Categorized in to ifib)formal education, (2) can read and write (3)
have formal education.

Women participation in decisionsCategorized in to (0) No; (1) Yes

Household Wealth status Categorized in to (1) lowest quintile; (2) secondngjle; (3) third
quintile; (4) fourth quintile; (5) highest quintile

Child place of delivery Categorized in to (1) horf® health institution

Child Immunization status Categorized in to (0) fudly immunized; (2) fully immunized

Vitamin A supplementation Categorized in to (0);, KD Yes

Child diarrhea illness Categorized in to (0) No; YEs

Time of breastfeeding initiation Categorized in(1p after 1 hour; (2) within an hour

Complementary feeding initiationCategorized in to (1) recommended time (2) notmaoended time

Mother MUAC Categorized in to (1) < 23.5cm; (2) >23.5cm
Antenatal Care (ANC) Categorized in to (0) No; {Bs

Postnatal Care Categorized in to (0) No; (1) Yes

Water source Categorized in to (1) safe; (2) wnsaf

Household level water treatment ~ Categorized if@}dNo; (1) Yes

Proper latrine utilization Categorized in to (0);N1) Yes

Proper household refuse disposdlategorized in to (1) disposal site; (2) any where

Land size in hectare perCategorized in to: (1) < 1.13 hectare; (2) > 1.28tare using the

household mean as a cutoff point.

Having off farm income Categorized in to (0) Nb) {es

Micro credit access Categorized in to (0) No; (EsY

Improved seed use Categorized in to (0) No; (1) Yes

Fertilizer use Categorized in to (0) No; (1) Yes

Practicing irrigation scheme Categorized in toN0) (1) Yes

Agroecosystem type Categorized in to (1) Lowlaoid&bay Valley; (2) Midland plains

with black soil; (3) midland plain with brown s¢4) midland sloping
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lands with red soils (5) Hilly and mountainous Hagids.
Distance from the health center Measured in kil@mefith walking distance and it refers to the
distance between village center and health center.
Distance from the market center =~ Measured in kilemeith walking distance and it refers to the
distance between village center and district maanket center.

All season road access Categorized in to (0) Noy €k

4.10. Data Collection

Data were collected using local language transletiealviewer (Amharic) administered questionnaiye b
trained data collectors. Socio demographic dateewetlected after reviewing similar literature dret
topic and adapting from EDHS questionnaire. Theosdemographic variables like sex and age of the
child, age of the mother, gender of the househeladh religion and ethnicity of parents, educational
status of parents, occupation of parents, numbaoo$ehold members, number of under five children i

the household and women’s participation in decisiaking on the household resources were collected.

To construct the wealth index as indicator of soeemnomic status of the community, data were
collected on availability of different assets ire thousehold like radio, TV, mobile phone, fixed pao
electricity, and housing condition like type ofdlo type of roof, number of windows, separate hdose

livestock and separate sleeping room and the nuofbeestock in the household.

Maternal and child health service utilization aratecpractices data were collected using interviewer
administered questionnaire. Child place of deliyeéype of delivery, child immunization status using
card or history, vitamin A supplementation, childnidity status in the previous 2 weeks of the syrv
and child feeding practices data were collectedektal health care practices data like antenatal aad

postnatal care service utilization were collected.

Also, data were collected on type of water sourtesisehold level water treatment practices, hand
washing practice after toilet, latrine availabilagd proper latrine utilization and proper housdhefuse
disposal practices were assessed. Latrine utbizatiata were collected using WHO recommended
proximate latrine utilization indicator observatiehecklist. Based on this recommended check list,
proper latrine utilization was granted when thess\a functional latrine near to the house, safgode

of child feces into the latrine, no observable fenear to the house, presence of foot path toathied
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not covered by grass and presence of fresh fec#seirsquatting hole of the latrine (194). Similarly
household refuse management practices data wdeeteal using an observational checklist focusing on

the presence of a pit near to the house to digfsses generated from the house.

Agricultural related data like presence of irrigatischeme access, household land size in hectan®, m
credit access to the household, modern fertilizer to increase crop production and improved seed us
were collected using an interviewer administere@stjonnaire. Dietary diversity score data were
assessed using Food and Nutrition Technical AsgistdFANTA) guideline version two developed in
2006 using 12 food groups on whether the food ggonpre consumed or not using 24 hours recall
period were assessed (195). Also, household foseturity access data were collected using Household
Food Insecurity Access Scale (HFIAS) of Food andtrilon Technical Assistance (FANTA)
questionnaire developed in 2006 with a recall meob 30 days (3). The respondents were asked about
the amount and variety of meals eaten, and thergome of food shortage causing them not to eat the

whole day or eat at night only, in the past 30 dagseding the survey (3).

Anthropometric measurements of the child and motta¢a were collected during the survey. Pairs of
data collectors were assigned to interview a moth#tr a child and take anthropometric measurements
of children and the mother. A digital scale destyaed manufactured under the guidance of UNICEF
with 100 gram precision was used to measure bodghtelength/height measurements were taken
using a locally produced UNICEF measuring boarchvat precision of 0.1 cm. Children below 24
months of age were measured in a recumbent positibite standing height was measured for those
who were 24 months and older. The Mid Uper Arm @instance (MUAC) of the mother was measured
on the left arm, at the midpoint between the ellamd the shoulder. Anthropometric measurements of
weight and height of the child and MUAC, of the et were taken twice. The variations between the
two measurements of 100 grams were accepted ashfonweight and 0.1 cm in height/length of the
children and MUAC of the mother. Finally, the tweasure average results were recorded in the data
collection questionnaire. However, repeated measemés were carried out upon significantly larger
variations which were above 100 grams in weight @idm in height/length of the child or MUAC of
the mother (6). Also, children were evaluated fo presence or absence of edema of the feet before

taking child weight.
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The Geo-reference coordinate’s data were colle@edousehold level using a handheld global
positioning system (GPS). Household and child akliocation/ GPS data were cross-linked with
household food insecurity access prevalence ard ghdernutrition data using the Arc GIS 10 softsvar
(196). After completing the address and data clioked to the household with under-five children
location, child undernutrition and household fonddcurity were characterized using unique latitami®

longitude location coordinates.

4.11. Data Quality Control

To assure the quality of the data, care was takien o data collection, during data collectiontrgrand
analysis. The data were collected by diploma hofdeses and BSc graduate health officer supervisors
after intensive training on the whole data collectprocess. Also, before the actual data collectiom
research team carried out a role play practice ata @ollection procedures in the training room.
Questionnaire understandability, interviewing teghes and all appropriate data collection proceslure
were tested in another near by community who asdumaeing similar characteristics during the tragnin
as a pretest. Then, all necessary corrections we@mnsidered based on the pretest findings before the

actual research data collection.

To maintain consistency of measurements, efforte weade to minimize interpersonal and intrapersonal
errors among the data collectors and supervisdis. data collectors took the measures of each child
weight and height and mother Mid Upper Arm Circurafee (MUAC) anthropometry twice
independently and results were documented carefTitlgn, the averages of the two measures were taken
if the two measures difference was in the acceptadmhge. The weighting scales used to measure the
anthropometric variables were calibrated each day po the actual data collection, using a 2 kikg

weighing material, before each measurement wastake

At the end of every data collection day, filled guennaires were examined for completeness and
consistency by the supervisors and the principaéstigator. Based on daily assessment of the filled
questionnaire, pertinent feedbacks were given ® diata collectors and supervisors. The filled
questionnaire that missed most important piecedatd like sex, weight, height, and age of the child

were not included in the analysis.
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4.12. Data Management and Analysis

Data entry, coding and cleaning

Data were cleaned, coded and entered using EPVérgion 3.5 (197) and the necessary part of #te d
were exported to WHO Anthro 2010 (198), Excell mgnft, SPSS version 20 (199), SaTScan 9.4 (200),
Arc GIS 10.1(201) and STATA version 14 (202) forrther analysis. Child’'s age, sex, weight,
length/height and oedema status (yes/no) with 8peaique identifier were exported to WHO Anthro
software. Anthropometric data were used to caleuthe height for age Z score (HAZ), Weight for
Height Z score (WHZ) and Weight for Age Z score (JAusing the WHO Anthro 2010 software (198)
to determine children’s nutritional status. The WH@thro result was merged with the main data set
using unique identifier to link children nutritionstatus with other background information for het
analysis.

Descriptive statistics using frequency and summaseasures like mean, minimum, maximum and
outliers were used to clean the data before furtimatysis. Potential data-entry errors for age ghtei
and length/height were checked using the presehflagged data and either corrected after reviewing
the questionnaire or excluded from the analysigal@antaining extreme (biologically unlikely) oetls
with Z score (<-6 or >6) for all indices of chilcutnitional status indicatorgrere excluded. Children
whose height for age z (HAZ) score, weight for heéig (WHZ) score and weight for age Z score (WAZ)
below minus two standard deviations (z- scores B)Z8®m the median of the reference population were

considered as stunted, wasted and underweighie@ectively.

The multilevel linear regression analysis was dafter checking the nonexistence of outliers in the
dependent variables and leverages in the independerables using scatter plots. Outlier is an
observation whose dependent variable value is @huBie to either data entry error or other problems
Leverage is a measure of how far an independergblardeviates from its mean and affects estimattes

regression coefficients.

Presence of multicollinearity should be checkedot@frunning the regression analysis (203). In this
study, the presence of multicollinearity was checkesing variance inflation factor (VIF) before
multivariable multilevel mixed effects regressionabysis (objectives 11 and 1V). The result indicated
that multicollinearity was not a problem using V&8s than 10 as a cut of point (203).
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In multilevel linear mixed effects regression asaythe relationship between the determinant factors
and the outcome variable should be linear to estinthe relationship between dependent and
independent variables. If linearity is violated, thle estimates of the regression, including resjoes

coefficients, standard errors, and tests of skegissignificance may be biased. In this stydlyjective

IV), the assumptions of linearity was checked usingtescatiots of standardized residuals against
standardized predicted value. Statistical assumgtal normality tests were performed for continuous
outcome variables (HAZ and WAZpbjective 1V) using graphical methods like the Q-Q plot and

kurtosis statistical tests.

Principal Component Analysis

The index of wealth status, as a composite indicatosocio economic statu, was computed by the
application of the principal component analysis APQntially, household asset data were prepared fo
analysis. Before the PCA, using frequency, impurtariables that can discriminate households were
selected to reduce the number of variables. Tharpinariables were coded to 0 and 1 and categorical
variable options were converted in to binary vdaaband dummy variable was created as 0 and 1.
Missed values of both binary and contionous outcuar@bles were coded as 0. After data preparation,
variables were standardized to change variablés the same scale for comparision by subtractieg th
mean from each value and then dividing by the stathdeviation. Once standarded, the variables have

mean of zero and standard deviation of 1.

A total of 17 variables were considered for weattdex construction. However, 11 variables were
dropped as their communality scores were less H@86. The rest six variables, including number of
cattle in the household, having separate kitcheprépare food, having corrugated iron sheet roof,
presence of wooden or metal chairs in the housepodgence of table in the house and modern ligiat u

in the household were considered for wealth indmstruction.

In PCA, the sum of the components with Eigen valyrester than one should explain at least 60%eof th
total variance (204). And in the current study, tdeenponents explained 68.3% of the total variance,
which was above the recommended minimum value (20/alth index values were calculated by
summing up the scores for the four components.lliginke index was developed by categorizing the
sum of components in to five equal parts, and tmspwvere ranked from the poorest to the wealthiest

quintile.
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Spatial variation analysis

To investigate the spatial variations of houseHolatl insecurity(objective I) and child undernutrition
(objective 1), the prevalence with 95% confidence interval (Glach agroecosystem were compared.

In addition, SaTScan™ software version 9.4 (hgpt8can.org/) using the Kulldorf method was used to

identify the SaTScan clusters for food insecufitijective I) and child undernutritiorfobjective 11)
(200). Spatial Scan statistical method is widejoramended that it performs very well in detectiocgl
clusters and has higher power than other availabplgtial statistical methods (120). The discrete
Bernoulli model was used to analyze the spatialSsanh statistics since the number of food insecure

households and child undernutrition in each locatiave Bernoulli distribution (200).

Spatial SaTScan statistics was used to exploresphé&al variations of household food insecurity and
child undernutrition. This method was used to idgmngignificant spatial clusters of household food
insecurity and child undernutrition at cluster {devvel. SaTScan software uses a circular windowedo
systematically throughout the study area to idgrdignificant clusters of food insecure househadd
undernourished children. Cluster analysis was peréd with the default maximum spatial cluster sifze

< 50% of the population and again with a smalleximam cluster size of < 25% to look for possible
sub clusters. Fifty percent was specified as thgeupmit which allowed both small and large cluste

be detected and ignored clusters that contain thare50% of the population (200).

The likelihood ratio (LLR) was used to test the bypesis that there is elevated food insecurity and
undernourished children inside the circular windoampared to the distribution outside the circular
window. The window sizes and locations with the maxn likelihood defined as the most likely

cluster(s) (200). For the Bernoulli model the likelbd function was expressed as:

(N—m)—(C—2c)

cxem—c _ C—c .. (N—n)—(C—c)
() G G Ty,

where C was the total number of cases, ¢ was tberobd number of cases within the window, n was the
total number of cases and controls within the wimdahile N was the combined total number of cases
and controls in the data set (200). Monte Carldicatons of the dataset determined the distribuaod

P-value of the most likely primary and secondanstdrs. The aim was to detect clusters of high food
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insecurity and child undernutrition cases. The Rwvavas created using a combination of standard
Monte Carlo, sequential Monte Carlo and Gumbel exipration and used 999 replications of Monte
Carlo (200).

Multilevel Mixed Effects Regression

Given the hierarchical structure of the samplingpcpdure, presence of communal factors and
neighborhood effects of some independent variafik®), determinant factors of household food
insecurity (objective 111) and child undernutritiorfobjective V) were identified using two level mixed

effects modeling which is the recommended methaghafysis (72, 112, 206).

To evaluate the appropriateness of the multilevigetheffects regression to the data set, a testdwas
whether the variances of the random part are diftefrom zero over the clusters. The resultingrestes
from the models were used to assess the intra classlation (ICC) and a significant statistically
different ICC from zero suggests appropriatenessatilevel mixed effects regression analysis (207)
The ICC coefficient describes the proportion ofiaton that is attributable to the higher level smuof
variation (208). Also, the multilevel mixed effectsgression model fitness statistics was checkedyus
Deviance Information Criteria (DIC) and the lowBd€C value was considered for model construction.

To identify determinant factors of household foodecurity(objective I11), a two level mixed effects
ordinal regression modeling was applied. Similarky, identify determinant factors of child
undernutrition(objective 1V), a two level mixed effects linear regression analygas used. For both of
the objectives, the analysis was done in four stdpsh indicates the level of heterogeneity andrtiie

of individual and community level factors in redogilevel of heterogeneity after adjusting in eatps
The intercept only model (empty model) was consédiowvithout determinant factors to check the
application of multilevel analysis to the data $etmodel two, only individual-level determinanttars
were included and in model three, only communityelaleterminant factors were included. The level of
heterogienity was evaluated at each model. Initred full model, to control all potential confourrde
both individual and community level determinanttéais were included at the same time in the analysis
The results of the multilevel analysis were preséras fixed and random effects. The fixed effecsew
used to model values of the outcome variable, vdsetbe random effects were used to model the

variance across clusters (209).
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Fixed effects (M easur es of association)

The fixed effects which mainly measures the assiociabetween the levels of food insecurity and
determinant factors were shown as adjusted odd fAfDR) with 95% confidence intervals (Cls) and p
value (objective 111). Similarly, to measure the association betweerdalmdernutrition and determinant

factors, the regression coefficients with standirdation and p value were conside(eljective V).
Random effects (measures of variation)

Measures of random effects included intra-classetation (ICC) and median odds ratio (MOR) (210).
The dependent variable jYdepends on individual level explanatory variablg atd group level
(community level) explanatory variablg. 4f deviation from the average intercept and slope to
community level (level-2) effect are representeduyand y;, respectively. The intercepgoand slopes
vo1 andyig are fixed effects, whereas; and uy; are random effects of level two. The intercept anlydel
(empty model) allows us to evaluate the extenthef ¢luster variation influencing food insecuritydan
child nutritional status. The intra class corr@aticoefficient (Rho) was calculated to evaluate tivbie

the variation in the scores is primarily withinlmtween clusters (210).

The intercept only model (empty model) for the feawel ordinal outcome (food insecurity) variablasv
expressed as Logitj yoo + Wj + €. The full model (with both level one and level twaxcfors) was

stated as Logit () = voo+ vo1 Zj + y10 Xjj + Wj + W Xj + & . In logistic distribution, level one residual

variance gj, was standardized and fixed with a mean of zetbvamiance of? (3.29). Therefore, for a

two level ordinal logistic random intercept modeithwan intercept variance af® o, the intra class
2

correlation coefficient (Rho) was mathematicallyegi byp= — “— (160).

4+—
U g

The Median Odd Ratio (MOR) showed the unexplainegiogeneity between clusters which was used
to translate the area level variance in the widedgd odds ratio (OR) scale. The MOR quantified the
variation between clusters (the second level vianatby comparing two persons from two randomly

chosen, different clusters. Consider two persorh tie same covariates, chosen randomly from two
different clusters. The MOR is the median oddsoraetween the person of higher propensity and the

person of lower propensity (211). The MOR is veag\eto calculate, because it is a simple function o
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the cluster variance;”. Mathematically, the median odds ratio is giverORI = expV2 =g * @7

(0.75), where (-) is the cumulative distributiomdtion of the normal distribution with mean 0 and
variance 1dY(0.75) is the 75 percentile, and exp (-) is the exponential fumctibhe measure is always
greater than or equal to 1. If the MOR is 1, thisreno variation between clusters (no second level
variation). If there is considerable between clus@riations, the MOR will be large. The measure is
directly comparable with fixed-effects odds ratj@&l).

Similarly, for the continuous outcome (child nubttal status), the intercept-only model was exméss
as [ = voo + W;j+ & and the full model (with both level one and lewebtfactors) is stated ag g yoo+
Yo1 ZJ + 10 Xjj + W + Wy Xj + &, For the continuous outcome variable (child nutnéibstatus), the intra-
class correlation coefficient (Rho) was calculatgdhe ratio of the between cluster variance asllavo

variance ¢° 4o to the total variance which was the sum of leseé variance ((Zgij) and level two

5:
variance ¢*,0) (212). Mathematically, it can be expressedpas: = :'ﬁ_
up TOg;

The ICC commonly takes values between zero and theenearer the ICC is to one, the larger the
variability between clusters. To interpret the degof variability, the following ICC values of IC€O0.1,
0.1-0.199, 0.2-0.299 and > 0.3 as cut-off pointeewssed to indicate low, moderately low, moderately
high and high clustering, respectively (115, 213).

The proportion change in variance (PCV) in mulikeanalysis refers to the percentage of variation i
the prevalence of food insecurity and child undeition attributable to a particular level in the

multilevel analysis (209). Mathematically, the podjion change in variance is given as: proportional

change in variance (PVC)‘?"V;VB *100%, where Y is variance of the initial model without any
A

explanatory variable (empty model) ang ¥ the variance of the model with determinantdext(211)
i.e. model two with individual level determinanttars, model three with community level factors and

model four (full model) with both individual and monunity level determinant factors.
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4.13. Summary of the methods for each specific objective

Table 6:- Summary of the methods used in the detsen to address each specific objective

No Objective Design
1 Spatial  variations  of Comparative
household food security  Cross
sectional
survey
2 Spatial variations of childComparative
undernutrition Cross
sectional
survey
3 Associated factors  ofCross
house hold food insecurity sectional
survey
4 Associated factors of childCross
nutritional status sectional
survey
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population

Household with 2405
a child

Children (6 -59 3225
months)

Household with 2013
a child

Children (6 -59 2647
months)

Sample sizBata collection tool

Data analysis

Face to face interview using 8patial analysis using
guestionnaire, geographical data usif8aTScan statistics
GPS

Face to face interview usin®patial analysis  using
guestionnaires, anthropometri&aTScan statistics
measurement and geographical data

using GPS data

Face to face interview usinilultievel Mixed Effects
guestionnaires and observation%rdinal Rearession
checklist. 9

Analysis

Face to face
guestionnaires,
measurement and
checklist.

interview  usin$/lultilevel Mixed effects
anthropometriE.
observational c &
Analysis

Regression



4.14. Ethical Considerations

To conduct the current study, authorization wasisstfrom different legitimate organizations.
Initially, ethical clearance was sought from thedisdAbaba University Institutional Review
Board of the College of Health Sciences, EthicsRagearch Committee of the School of Public
Health. Also, permission letters were obtained frthem Amhara Regional Health Bureau, East

Gojjam Zone Health Office and from the study dtfrihealth bureaus.

Participants of the study were engaged on a valytiasis and ethical informed oral consent for
the adults and assent for children were sought fsiody participants to confirm their
willingness after detailed explanations were predidon the possible benefits and risks in

participating in the survey.

Confidentiality of research data were assured @ dtudy participants and codes were used
during data processing instead of name of the gpadycipants. The study participants were also
assured that the original data will be locked ihicats after the data analysis carried out and the

information will not be used for any purpose, ottien what the participants consented for.

The research participants were assured that theangs project does not have any kind of
physical harm, social discrimination, psychologitama and economic loss risks. Also, study
participants were informed that the research pobtas not any form of inducement, coercion

and the study does not bring any risks that inoamgensation.

Maximum efforts were made to increase the benefeaspect of the study participants during
data collection. At the end of each interview, wofsare givers received advice to improve
child nutritional status. Children found sick duyyidata collection period were urged to seek care
in the nearby health facility. Also, in areas whérere was health problems, health extension

workers and district health offices were commuradab take actions to reverse the problem.
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5. Reaults

From a total of 3225 sample population, 3108 inésved participants (response rate 96.4%)
were included in the analysis. Of the total resmtsl, 616 (19.8%), 629 (20.2%), 631 (20.3%),
623 (20%) and 609 (19.6%) were from the lowlandalody Valley, midlands plains with black
soil, midland plains with brown soil, midland slagi lands with red soil and hilly and

mountainous highland agroecosystems, respectively.
5.1. Socio-Demographic Characteristics

As indicated in table 7 below, the great majori®i.7%) of household heads' were males,
married (90%), Orthodox Christians (99.6%) and Arah¢9.8%). The study indicated, 2492
(80.2%) of the women and 1490 (47.9%) of men didattend formal education. The majority
of the children’s mothers (91.9%) and fathers (9Q.1vere farmers in their occupation. In the
study, 2593 (83.4%) households had only one chitt 2589 (51.1%) have a family size of less
than five. In the study, in 2683 (86.3%) householdemen had participated in deciding on

household resources.

Table 7:- Socio demographic characteristics of ywpatticipants in East Gojjam Zone, Amhara
Region, Ethiopia, 2015.

Variables Category Frequency Percentage
Household head gender Male 2851 91.7
Female 257 8.3
Mother marital status Married 2823 90.0
Divorced 187 6.0
Separated 67 2.2
Widowed 31 1.0
Religion Orthodox 3096 99.6
Other* 12 0.4
Ethnicity Amhara 3102 99.8
Other** 6 0.1
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Father Education

Mother education

Mother occupation

Father occupation

Average family size

Number of under five

children

Women  participation

decision making

No formal education
Only can read and write
Have formal education

No formal education
Only can read and write
Have formal education

Farmer
House wife
Merchant
Daily Laborer
Employed
Other***

Farmer
Merchant
Daily Laborer
Employed
Other***

< 5 members
> 5 members
One

Two and above

in Yes

No

1490
1202
416
2492
304
312
2856
99
77
36
16
24
2895
86
58
45
24
1589
1519
2593
515
2683
425

47.9
38.7
13.4

80.2
9.8
10.0

91.9
3.2
2.48
1.2
0.5

0.8

93
2.8
1.9
14

0.8
51.1
48.9
83.4
16.6
86.3
13.7

* Protestant and Muslim, **Tigrie and Oromo, *** 2@ no job
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In the study, 1543 (49.65%) were female childreinew/we observe the age distribution of
children (6-59 months), almost more than one foaftbhildren were in the age range of 12 — 23

months. The age distribution of children is indézhin figure four below (Figure 4).

Child age in months

m (6-11)

= (12-23)
m (24-35)
= (36-47)

™ (48-59)

Figure 4:- Age distribution of under-five childré® - 59 months) in East Gojjam Zone, Ethiopia,
2015.

5.2. Prevalence of household food insecurity
A total of 65.3% (95% CI: 63.5, 67.00) householdsevfound to be food insecure. Of the total
study participants, 38.1 % (95% CI: 36.4, 39.7)128(95% CI: 21.6 - 24.6) and 4.1% (95% CI:

3.3, 4.8) were mildly, moderately and severely fomkcure households, respectively.

The study showed that 76.1% (95% CI: 74.5, 77.5hefhouseholds had feelings of uncertainty
and anxiety about household food supply prior toda@s of the survey (Table 8). Similarly,

53.7% (95% CI. 52.0, 55.5) of the respondents pezdethat household food supply was
insufficient quality and not in a preferred typefobd in the last 30 days of the survey. In more
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severe conditions, people start to reduce the guaritfood where 26.8% (95% CI: 25.3, 28.4)
of the households were taking insufficient quamityood 30 days prior to the survey.

5.3. Spatial variations of food insecurity

The spatial variations in the domains of houseHololl insecurity were observed based on
agroecosystem characteristics in the last 30 ddyshe survey. The highest prevalence of
anxiety/uncertainty in the household food supplyda®s prior to the survey was reported from
hilly and mountainous highlands (88.7%, 95% CI:28®1.2). Also, the highest prevalence of
insufficient quantity of food supply 30 days pritar the survey was observed from hilly and
mountainous highlands (41.8%, 95% CI: 37.88, 45. Q) the other hand, the highest
prevalence of insufficient food quality supply 38@yd prior to the survey (57.6%, 95% CI: 53.7,
61.5) was observed from Abay Valley lowlands (Ta8)le

Table 8:- Household food insecurity access domairdifferent agroecosystems in East Gojjam

Zone, Amhara Region, Ethiopia, 2015.

Agroecosystem type Anxiety and Insufficient Quality  Insufficient

Uncertainty Quantity

Abay valley lowland plains 81.8 (78.75,84.85) 5(&8.70, 61.50) 20.8 (17.60,24.01)
Midland plain with black soil 67.2 (63.53, 70.87) 7 #3.10, 50.90) 24.2 (20.85,27.55)
Midland plain with brown 71.9 (68.40, 75.40) 47 (43.10,50.89) 20.7 (17.548@)

soil

Midland sloping land with ~ 71.0 (67.44, 74.56) 53 (49.00,56.90) 26.9 (23.4@30

red soil

Hilly and mountainous plains88.7 (86.20, 91.20) 54 (50.00, 57.96) 41.8 (37831
Total sample 76.1 (74.5, 77.5) 53.7 (52.0, 55.5) 6.8%25.3, 28.4)
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As indicated in the figure below, the overall prevee of food insecurity showed an
agroecosystem based spatial variations; where igiees$t prevalence (70.6%, 95% CI: 66.9,
74.2) was observed from the Abay Valley lowlandgr@ecosystem 1) 30 days prior to the
survey. The next highest prevalence of food insgc(69.8%, 95% CI: 65.9, 73.3) was reported
from hilly and mountainous highlands (Agroecosyst&mThere was no statistical significant
variation between midland sloping land with red §Agroecosystem 4) (61.7%, 95% CI: 58.1,
65.6), midland plains with brown soil (Agroecoysteén (63.5%, 95% CI: 59.9, 65.0) and
midland plains with black soil (Agroecosystem 2).&%, 95% CI: 57.4, 65.3) agroecosystems.

Spatial variations of food insecurity across different agroecosystems

80 -

]
- T T T T 1

Agroecosystem 1 Agroecosystem 2 Agroecosystem 3 Agroecosystem 4 Agroecosystem 5

70
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Agroecosystem classification

Figure 5:- Spatial variations of household foocemgity across different agroecosystems in East
Gojjam Zone, Amhara Regional state, Ethiopia, 2015.

Also, spatial variations were observed in the lew#l food insecurity as indicated in figure six
below. The highest prevalence of severe food inggcwas observed from hilly and
mountainous highland plains (6.9%). Similarly, thighest moderate food insecurity prevalence
was observed from hilly and mountainous highlanaing (34.81%). The highest mild food

insecurity prevalence was observed from Abay Vdlibeyland plains (Figure 6).
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M Severe insecure

Moderate insecure

B Mild insecure

M Food secure

Figure 6:- Household food insecurity levels distribution dyroecosystem characteristics in East
Gojjam Zone, Ethiopia, 2015.

As indicated in table 9 below, the SaTScan cluatelysis showed that the most likely primary
cluster with the maximum LLR of 11.64 (P<0.01) wigieographical location of 10.573N,
37.817E and a radius of 3.53km were found fronytdlhd mountainous highlands. Also, there
were significant secondary most likely clustersedetd from the lowlands of the Abay Valley
with LLR of 8.218 (p<0.05). Table 9 below summasizee most likely clusters with their LLR

with probability value.
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Table 9:- SaTScan analysis of household food inggdan East Gojjam Zone, Amhara Region,
Ethiopia, 2015.

Cluster location Coordinate/radius LLR P value
1 Hilly and mountionous highlands (10.573N,37.8{3B3km 11.64 0.0088
2 Lowlands of Abay Valley (10.159N, 38.254E)/ki#8  8.218 0.025
2 Lowlands of Abay Valley (10.109N, 38.146E)/3.841k 5.983  0.898
2 Midland slopping plains with red soil ~ (10.321N,379E)/0.42km 5973 0.958
2 Hilly and mountionous highlands (10.629N, 3BFP0.41km 5.545 0.993
2 Midland plain with brown sol (10.330N, 37.372E¥#9km 5.545 0.993
2 Midland plains with black soll (10.237N,38.019E)/5km 5.517 0.993
2 Lowlands of Abay Valley (10.152N, 38.110E)/0.33km 5.198  0.995

AES1:- lowlands of Abay valley, AES2:- Midland piai with black soil, AES3:- Midland plains with brovgoil AES4:- Midland sloping land
with red soil, AES5:- Hilly and mountainous areas.

As indicated in figure 7 below, a cluster with theximum LLR (11.64) as the most likely
primary cluster colored with red was found fromlyhiand mountainous highland areas. In
addition, there were secondary clusters in theystuda. The most likely secondary cluster with
the second maximum LLR (8.22) shaded with oranderamas found from the lowlands of

Abay Valley.
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Figure 7:- Map on SaTScan spatial analysis results of Hmlde€food insecurity in East Gojjam
Zone, Amhara Region, Ethiopia, 2015.
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5.4. Factorsassociated with food insecurity

As indicated in table 10 below, the intercept omigdel (empty model) of the multilevel mixed
effects ordinal logistic regression analysis intkdathat, of the total variance across the clusters
4.4% (p<0.001) of the variance was attributableltister level. In model two, after adjusting for
level one (individual level) determinant factorke tvariance attributable to cluster level was
reduced to 3.8% (P<0.001). Similarly, after adjugtior level two determinant factors in model
three, the variance attributable to cluster levatwagain reduced to 1.8%(P<0.001). In the final
full model, after adjusting for both individual ambmmunity level determinant factors at the

same time, 1.5% (p<0.001) of the variance weréattble to the cluster level.

As determined by the percentage change of the na@jathe full model accounts for about
66.7% of the odds of food insecurity across thestelis. The results of the median odds ratio
(MOR) confirmed evidence of cluster level dependghienomena in determining food

insecurity. The MOR for food insecurity was 1.22he intercept only model (empty model) and
reduced to 1.09 when adjusted to both individudl @mmunity level determinant factors in the

full model.

Table 10:- Random effects parameters from multllesdinal mixed effects model on
determinant factors of household food insecurity Hast Gojjam Zone, Amhara Region,
Ethiopia, 2015.

M easure of variation Model 1% P value Model Pvalue Modd 3* Pvalue Model 4° Pvalue
zb

Level 2 varianct 0.1 P<0.001 0.11 P<0.00: 0.0¢ P<0.00: 0.0t P<0.00:
ICC (%) 4.4% 3.8% 1.8% 1.5%
Explained variatiot Referenc 26.7% 46.71% 66.7%
Median Odds Ratio (MOF 1.22 1.1¢ 1.12 1.0¢
Model fit statistic
DIC (-2loglikelihood) 3712 3648 3696 3640

ICC, intra-cluster correlation, MOR, median oddsoaaDIC deviation information criteria: modef iis the empty
model, a baseline model without determinant vaeiablodel 2.is adjusted for individual level factors. Modéli8
adjusted for community level factors. Modégt the final model adjusted for both individual armmmunity level
factors.
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After adjusting in the final full model for indivichl and community level determinant factors,
household head gender, husband educational statusen’s participation in decisions on
household resources, having an additional inconueceg better crop production in the survey
year and application of chemical fertilizer on tfem land showed a statistical significant

association with the severity of household foo@dmsity (Table 11).

From community level determinant factors, agroestesy characteristic was one of the
significant determinant factors of household footseicurity. Households from hilly and

mountainous highlands had 3.94 (AOR: 95% CI: 2011) higher odds to have a more severe
food insecurity compared to households from midlpfadn area households. Also, households
from the lowlands of Abay Valley had 2.11 (AOR: 9% 1.31, 3.39) higher odds to have more

severe food insecurity compared to households frodtand area households.

In the study, other individual and community ledeiterminant factors determined severity of
household food insecurity status. Households heagddmales had 1.72 (AOR: 95% CI: 1.24,
2.39) higher odds to have a more severe food imgg@ompared to male headed households.
Child father in the households with formal educatiad 23 % (AOR: 0.77, 95% CI: 0.62, 0.96)
lower odds to have a more severe food insecuritypeoed to households with child father who
have no formal education. Similarly, householdshwaten who can only read and write had 15
% (AOR: 0.85, 95% CI: 0.73, 0.98) lower odds toéavmore severe food insecurity compared
to households with men who have no formal educatitouseholds with women who did not
participate in household decisions had 1.65 (AOR©9CI: 1.36, 2.00) higher odds to have a
more severe food insecurity compared to househiitiswomen who participated in household

decisions.

In the current study, having additional income seurchemical fertilizer use and better crop
production per year have significant statisticaoagation with the severity of food insecurity.
Households with no additional income source ha@® {(AMOR: 95% CI: 1.14, 1.73) higher odds
to have more severe food insecurity status comp#reldouseholds with additional income
source. Households that did not use chemical ifestito increase crop production in the survey
year had 1.33 (AOR: 95% CI: 1.10, 1.62) higher otldfiave a more severe food insecurity

status compared to households used chemical Zerttlo improve crop productivity. Households

63|Page



with 1700kg and above crop production in the suryegr had 35% (AOR: 0.65, 95% CI: 0.55,
0.77) lower odds to have a more severe food inggcaompared to households with crop
production less than 1700kg. In this study fromdovevel factors, mother educational status,
household wealth status, micro credit access, ivgot@eed use in the survey year and irrigation
access to the farm land did not show a statissaalificant association with household food

insecurity at 5% level of statistical significance.

Similarly, from community level factors, househaldand size in hectare has a significant
association with the severity of household foodeasity. Households having above 1.13

hectare farm land size had 25% (AOR: 75, 95% @&3/00.90) lower odds to have a more severe
food insecurity status compared to households lgasitand size of 1.13 hectares and below.
Other community level factors, including all seas@msport access to the district market center
and average distance from the district main macketer did not show a statistical significant

association with the severity of household foocausity status at the 5% level of significance

(Table 11).
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Table 11:- Factors associated with household fasédurity using multilevel mixed effects ordinagmession analysis in East Gojjam

Zone, Amhara Region, Ethiopia, 2015.

Variables

Model 2A0R(95 % ClI)

Model 3AOR(95 % ClI)

Model & AOR(95 % CI)

Individual level factors
Household head sex
Male
Female
Marital status
In union
Not in union
Mother Education
No formal education
Can read aand write

Have formal education

Father Education
No formal education
Can read aand write

Have formal education

Women participation in decisions
No
Yes
Wealth status
Poorest
Poorer
Middle
Richer
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1
1.68 (1.21, 2.34)

1
0.70 (0.49, 1.00)

1
0.90 (0.72, 1.13)

0.82 (0.65, 1.04)

1
0.85 (0.74, 0.98)

0.77 (0.62, 0.96)

1.71 (1.41, 2.08)
1

1

0.98 (0.79, 1.23)
1.11 (0.87, 1.41)
1.01 (0.77, 1.31)

1
1.72 (1.24, 2.39)

1
0.70 (0.50,1.01)

1
0.93 (A7)

0.86701.08)

1
0.85 (0.73, 0.98)

0.77 (0.62,0.96)

1.65 (1.36, 2.00)
1

1

0.99 (0.78,1.25)
1.10 (0.86,1.40)
1.03 (0.79, 1.34)



Richest
Additional income source
No
Yes
Micro credit access
No
Yes
Improved seed use
No
Yes
Chemical fertilizer use
No
Yes
Irrigation scheme access
No
Yes

Average crop production per household

< 1700kg

> 1700kg
Community level factors
Agroecosystem type

Lowlands of Abay Valley
mountainous

Hilly and
highlands

Midland plain areas
Distance from district market center

<12.4km
>12.4 km

All season transport access
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0.90 (0.75, 1.08)

1.41 (1.15, 1.73)
1

0.97 (0.82, 1.14)
1

0.96 (0.81, 1.13)
1

1.43 (1.18, 1.73)
1

1.04 (0.85, 1.27)
1

1

0.60 (0.51,0.71)

0.89 (0.74, 1.07)

1.40 (1.14, 1.73)
1

1.06 (0.90, 1.25)
1

0.92 (0.77, 1.09)
1

1.33 (1.11, 1.62)
1

1.10 (0.90, 1.35)
1

1
0.65 (0.55, 0.77)

4.60 (2.36, 8.99) 3(@401, 7.71)
2.38 (1.49, 3.78) 2.11 (1.31, 3.39)

1 1

1

0.69 (0.39,1.22) 0.68 (0.39, 1.20)



No 1

Yes 1.41 (0.90, 2.19) 1.38 (0.89, 2.14)
Land size in hectare per household

< 1.13 hectare 1

> 1.13 hectare 0.69 (0.58, 0.82) 0.75 (0.63, 0.90)

Model 2.is adjusted for individual level factors. Modéli8 adjusted for community level factors. Mo8&ithe final model adjusted for both individuaban
community level factors.
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5.5. Prevalence of child undernutrition

The overall prevalence of childhood stunting, umgaght and wasting were 39.0% (37.32,
40.75), 18.7% (17.32, 20.0) and 12.22% (11.12,2)3 vespectively (Table 12). For all indices
of child nutritional status, higher prevalence vedbserved among males compared to females.
As indicated in table 12 below, the prevalence lafdbood wasting, underweight and stunting
among male children were 14.4%, 21.2% and 41.7%pectively. Whereas, the prevalence of
wasting, underweight and stunting among femaledotil were 10.1%, 16.2% and 36.4%,

respectively.

The prevalence of child wasting increased with ageto 24 - 35 months and then declined
(Table 12). Children with an age range of 24 - 3&nths were with the highest prevalence
(15.8%) and children age ranges with 6 - 11 montée with the lowest prevalence (7.2%) of
childhood wasting. Child stunting and underweigidreased as the age of the child increased
(Table 12). The maximum child stunting was obseriredhe age range of 48 - 59 months
(63.8%) and the minimum was from age range of 6mbhths (21.9%) (Table 12). Similarly,
the highest (32.2%) and lowest (8.1%) prevalencehdtihood underweight were observed in
the age ranges of 48 - 59 months and 6 -11 morgbgectively.

Table 12:- Under five children undernutrition prevalence disition by sex and age in East
Gojjam Zone, Amhara Regional State, Ethiopia, 2015.

Weight-for-length/height (%)Length/height-for-age (%) Weight-for-age (%)

Variable % < -2SD (95% Cl) % <-2SD (95% Cl)  %XSD (95% Cl)
(6-11) 7.2 (4.4, 11.4) 21.9 (12.9, 34.7) 8.1 (443)
(12-23) 13 (9.3, 17.8) 33.2 (28.1, 38.8) 12.748,47)
(24-35) 15.8 (11.8, 20.9) 35.8 (30.5, 41.5) 2036, 28.8)
(36-47) 11.7 (7.8, 17.4) 47.2 (39.7, 54.9) 23361 34.5)
(48-59) 11.6 (8.5, 15.7) 63.8 (51.3, 74.7) 3223, 41.2)
Male 14.4 (11.1, 18.4) 41.7 (36.5, 47.1) 2124128.4)
Female 10.1 (6.1, 16.4) 36.4 (32.4,40.9) 16029(123.2)
Overall 12.22 (8.9, 16.6) 39.0 (35.1, 43.1) 1835, 25.3)
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5.6. Spatial variations of child undernutrition

As indicated in figure 8 below, the highest premake of child wasting was observed from hilly
and mountainous highlands (Agroecosystem 5) (15@&8jpared to midland sloping lands with
red soil (Agroecosystem 4) (8.3%) and midland sigdand with red soils (Agroecosystem 3)
(10.6%). Midland plains with black soil (Agroecosy® 2) (11.6) did not show any statistical

significant difference in child wasting comparedtlty and mountainous highlands.

Spatial variations of child wasting across different agroecosystems

20 ~
18 -

16 -

prevalence of child wasting (%<-2SD)
o

Agroccosystem | Agroccosystem 2 Agroccosystem 3 Agroccosystem 4 Agroccosysicm 5

Agroecosystem classification

Figure 8:- Spatial variations of child wasting a&gdifferent agroecosystem in East Gojjam

Zone, Amhara Regional State, Ethiopia, 2015.
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The highest prevalence of childhood underweight vegorted from the lowlands of the Abay
Valley (Agroecsosyetem 1) (22.9%) and midland @amth black soil (Agroecosystem 2)
(22.3%) compared to midland sloping lands with el (Agroecosystem 4) (15.2%) and
midland plains with brown soil (Agroecosysstem 3)2.2%). There was no statistical
significance difference between hilly and mountasdighlands compared to the lowlands of
the Abay Valley (22.9%) and midland plains with dKasoil (22.3%) agroecosystems in
childhood underweight (Figure 9).

Spatial variations of child underweight across different agroecosystems
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Figure 9:-Spatial variations of child underweigbtass different agroecosystem in East Gojjam

Zone, Amhara Regional State, Ethiopia, 2015.
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As indicated in figure 10 below, the highest prewak of childhood stunting was observed in
the lowlands of the Abay Valley (Agroecosystem42.2%) and the second highest prevalence
was from the hilly and mountainous highlands (Agasystem 5) (41.1%). The lowest
prevalence of childhood stunting was observed frmmdland sloping land with red soils
(Agroecosytem 4) (33.9%) and the second lowest fn@® midland plain with brown soil
(Agroecosystem 3) (38.5%).

Spatial variations of child stunting across different agroecosystems
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Figure 10:- Spatial variations of child stuntingass different agroecosytem in East Gojjam,
Amhara Region, Ethiopia, 2015.
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The table below summarizes the prevalence with @3%f childhood stunting, underweight and
wasting across different agroecosystems usinghess-2SD as a cut off point.

Table 13:- Agroecosystem based prevalence of dmildernutrition in East Gojjam Zone,
Amhara Regional State, Ethiopia, 2015.

Agroecosystem Wasting Underweight Stunting

(% < -2SD (95% CI)) (% < -2SD(95% Cl)) (% < -2SD(95% Cl))
Lowlands of Abay Valley 14.8 (12.2, 17.8) 22.9.[0,26.3) 42.4 (38.5,46.6)
Midland plains with black soil 11.6 (9.3, 14.00) 2.2(19.0, 25.5) 39.4 (35.4,43.4)
Midland plains with brown soil 10.6 (8.4, 13.2) 2%12.4, 18.0) 38.5(34.9,42.1)
Midland sloping lands with red soil 8.3 (6.4,10.7) 12.2 (9.4, 14.9) 33.9 (30.0, 37.7)
Hilly and mountainous highlands 15.9 (13.5, 18.8) 0.9217.6, 24.0) 41.1 (37.3, 44.6)

In the SaTScan spatial analysis, the cluster wighmhaximum Log Likelihood Ratio (LLR) was
the most likely primary cluster for childhood undetrition. As indicated in Table 14 and Figure
11 below, the most likely primary spatial SaTScarster for child wasting was detected from
hilly and mountainous highland areas (LLR = 13.8 ©0.01). Also, a secondary child wasting
cluster was detected from the lowlands of the Aaljfey (LLR = 11.21, p < 0.05).
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most likely secondary clusters with a statisticaltynificant p value.

Figure 11:-Spatial distribution of childhood wasting in Ed&Sbjjam Zone, Amhara Region,
Ethiopia, 2015.
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As indicated in table 14 and figure 12 below, thesmlikely primary cluster for child
underweight was detected from hilly and mountainbighland area (LLR = 23.16. P< 0.001)
shaded with red color. The most likely secondary®an cluster for child underweight was
reported from the lowlands of the Abay Valley (LI:R17.53, p < 0.001) shaded with brown
color. Also, there were different secondary clustdetected from different agroecosystems, but

did not show statistical significant difference fl@14).

———————————— J——————————————————————————- Primary cluster (P<0O.05)
Secondary cluster (P<=0.05)
Secondary clusters ( P=>0.05)

Sampled clusters

O 5 10 20 Miles

3 ar 37 a8

The red color shaded area indicates the locatidgheofmost likely primary clusters and the yellolocshaded area indicates the location of the
most likely secondary clusters with a statisticallgnificant p value. Other secondary clusters vgteen color shaded areas consisted of
statistically insignificant most likely secondatysters.

Figure 12:-Spatial Distribution of child underweigh East Gojjam Zone, Amhara Regional
State, Ethiopia, 2015.
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Table 14 below indicated the SaTScan spatial amalgesults of childhood stunting among
clusters. A primary childhood cluster was detedtech the lowlands of the Abay Valley (LLR =

10.78, p < 0.05). In the SaTScan spatial analysishiddhood stunting, statistically significant
spatial variation was observed among clustersndicated in figure 13, the most likely primary

cluster for childhood stunting was observed fromltwlands of Abay Valley.

________ | L A

| SaTScan clusters of child stunting ] Frimay cluster (P<0.05)
s et e e A s e e L | Secondary cluster (P>.0.05)

Secondary cluster (P>.0.05)

——

5 10 20 Miles
|

gz e o= g staTTs

Figure 13:- Spatial Distribution of childhood stimgtin East Gojjam Zone, Amhara Region,
Ethiopia, 2015.
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Table 14:- SaTScan spatial analysis results ofiaimidernutrition in East Gojjam Zone, Amhara
Region, Ethiopia, 2015.

Cluster location Coordinate/radius LLR P value
Childhood wasting
1 Hilly and mountainous highlands 10.55N,37.83H34r0 13.0 P <0.01
2 Lowlands of Abay Valley 10.17N, 38.24/1.44km 11.21 P,<0.05
Childhood underweight
1 Hilly and mountainous highlands 10.53N,37.82E/1km 23.16 P <0.001
2 Low lands of Abay valley 10.17N, 38.25E/0.8km  81¥. P <0.001
2 Midland plains with black soil 10.17N,38.01E/7.2km 9.05 0.14
2 Low lands of Abay valley 10.13N,38.17E/1.11km 8.98 0.18
2 Midland sloping plain with red soll 10.21N, 388)8.11km 7.43 0.61
Childhood stunting
1 Low lands of Abay valley 10.18N, 38.10E/1.26km 78). 0.04
2 Midland plains with red soil 10.38N, 37.62E/1.18kr6.60 0.95
2 Low lands of Abay valley 10.17N,38.25E/1.19km  5.68 0.98

5.7. Factorsassociated with childhood weight for height Z scor e (wasting)

As indicated in table 15 in the empty model (inggtconly model) of the multilevel mixed

effects linear regression analysis of child weifgitheight Z score, of the total variance across

clusters, 3.18% (p<0.001) were attributable to teludevel, which suggests the need for

multilevel mixed effects linear regression analyésmodel two, after adjusting for level one

factors, the variance attributable to cluster lava$ reduced to 3.12% (P<0.001). Similarly, after

adjusting for level two determinant factors in miotteee, the variance attributable to cluster

level was reduced to 1.5% (p<0.001). Finally, indelofour, after adjusting for both individual

and community level determinant factors at the stime, 1.2% (p<0.001) of the variance was

attributable to cluster level.
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Table 15:- Random effect parameters of the mubileimear mixed effects model on
determinant factors of child weight for height s (wasting) in East Gojjam Zone, Amhara
Regional State, Ethiopia, 2015.

M easur e of variation Modd 1* Pvalue Modd Pvalue Moded Pvalue Modd P value

2 3 4
Level 2 variance (SE) 0.09 <0.001 0.08 <0.001 0.04 <0.001 0.05 <0.001
Level one variance (SE) 2.74 251 2.61 2.43
ICC (%) 3.18 3.01% 1.8% 1.5%
Explained variation Reference 97.0 98.5 98.5
Model fit statistics
DIC (-2loglikelihood) 6003 5862 5915 5809

In the study, the number of under-five childrenthie household showed statistical significant
association with child weight for height Z scoréil@ren from households with two or more
under five children, the weight for height Z scalecreased by -0.35 (P<0.001) compared to
having only one under five child in the househdltie child’s mother with ANC follow up
during pregnancy, weight for height Z score of ¢théd increased by 0.19 (P<0.05) compared to
the child’s mother without ANC follow up. Completenmunization status of the children
increased weight for height Z score by 0.61 (p<D)0bmpared to who were not completely
immunized. Children who were given to breastfeediftgr an hour of delivery, whose weight
for height Z score of the child decreased by -QR$0.05) compared to children who started

breastfeeding within an hour of delivery (Table.16)

Children from mothers whose Mid Upper Arm Circurefece (MUAC) of 23.5 cm and above,
the child weight for height Z score increased by60(P<0.001) compared to children whose
mothers Mid Upper Arm Circumference (MUAC) was lésan 23.5cm. When the household
level dietary diversity score increased in one fgpdup, the child weight for height Z score
increased by 0.08 (P<0.001). In the study, whenséloold food insecurity access score
increased in one unit, child weight for height Dr&cdecreased by -0.02 (P<0.05). The presence

of childhood diarrheal iliness two weeks prior e survey decreased children weight for height
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Z score by -0.60 (P<0.001) compared to who didraport childhood diarrheal iliness (Table
16).

From the community level determinant factors, ingano household refuse disposal practice
decreased child weight for height Z score by -0(B30.001) compared to households that
dispose household refuses properly. Similarly, bbokls that utilized latrine properly increased
children weight for height Z score by 0.44 (P<0.,08@dmpared to households that did not utilize

the latrine properly.

Children being from the midland plains with browsils and midland sloping lands with red
soils had better weight for height Z score comparcechildren from Abay Valley lowlands.
Children of midland plains with brown soils and haiad sloping lands with red soils, whose
weight for height Z score increased by 0.32 (p<paitd 0.51 (P<0.001), respectively compared
to children from the lowlands of Abay Valley (Tali6).
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Table 16:- Multilevel linear regression analysisdeterminant factors associated with child weighthfeight Z score in East Gojjam Zone,
Amhara Regional State, Ethiopia, 2015.

Variables Model 2° P value Model3 Pvalue  Model % P value
[3**(SE) [3** (SE) 3** (SE)
Level one factors
Child age in months -0.002 (0.002) p>.0.05 0.(D0o1) p>.0.05
Child sex (male*)
Female 0.10 (0.06) p>.0.05 0.10 (0.06) p>.0.05
Number of under-fives (one*)
Two and above -0.36 (0.08) P<0.001 -0.35 (0.08) P<0.001
Mother education (can’t read and write*)
Only read and write 0.02 (0.10) p>.0.05 0.0040) p>.0.05
Have a formal education 0.004 (0.10) p>.0.05 01@0.10) p>.0.05
Wealth index (Lowest *)
Second 0.01 (0.10) p>.0.05 0.05 (0.09) p>.0.05
Middle 0.09 (0.10) p>.0.05 0.02 (0.10) p>.0.05
Fourth 0.05 (0.11) p>.0.05 0.04 (0.11) p>.0.05
Highest 0.11 (0.20) p>.0.05 0.02 (0.08) p>.0.05
Women participation in decisions (Nt
Yes 0.19 (0.08) P<0.05 0.12 (0.8) p>.0.05
ANC follow up (No*)
Yes 0.16 )(0.07) P<0.05 0.19 (0.07) P<0.05
Child immunization (Not
immunized*)
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Fully immunized 0.70 (0.08)
Breastfeeding initiation (within an
hour*)

After an hour -0.22 (0.06)
Complementary feeding initiation ( on
time*)

Not on recommended time -0.09 (0.06)
Maternal MUAC (<23.5 cm)
>23.5cm 0.06 (0.01)

Household food insecurity access  -0.02 (0.01)
score
Household dietary diversity score 0.03 (0.02)

Diarrhea illness two weeks prior the
survey (No*)
Yes -0.58 (0.08)
Community level factors
Household refuse disposal practice
(Yes?*)
No
Agroecosystem type (Abay valley
lowlands*)
Midland plains with black soil
Midland plains with brown soil
Midland sloping land with red soil
Hilly and mountainous highlands
Latrine utilization (No*)
Yes

P<0.001
P<0.01
P<0.001
p>.0.05
P<0.05
©50.
P<0.001
-0.57 (0.06)
0.12 (0.14)
0.29 (0.15)
0.43 (0.14)
0.04 (0.14)

P<0.001

p>ab.
P>B.0
<001

pPo0

0.59 (0.06) P<0.001

0.61 (0.08)

-0.15 (0.07)

.09-00.06)

0.06 (0.01)
-0.02 (0.01)

0.08 (0.02)

-0.60 (0.08)

-0.53 (0.06)

0.15 (0.14)
0.32 (0.14)
0.51 (0.14)
0.24 (0.15)

0.44 (0.06)

P<0.001

<0P5

p>.0.05

P<0.001
P<0.05

P<0.001

P<0.001

P<0.001

p>.0.05
P<0.05
P<0.001
p>.0.05

P<0.001

*The reference group
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5.8. Factorsassociated with childhood height for age Z scor e (stunting)

As indicated in the empty model (intercept only mipdf the multilevel mixed effects linear
regression analysis in table 17, of the total vamga 3.8% (p<0.001) of the variance were
attributable to cluster level, which suggests theed for multilevel mixed effects linear

regression analysis.

In model two, after adjusting for level one deteramt factors, the variance attributable to cluster
level was reduced to 2.7% (P<0.001). Similarlyemftontrolling for level two determinant
factors in model three, the variance attributableltister level was reduced to 1.9%. Finally, in
the full model (model four), after adjusting fortbandividual and community level confounding
determinant factors at the same time, 1.4% (p<0.060the variance were attributable to cluster

level.

Table 17:- Random effects parameter coefficients of the nayél linear mixed effects model
on determinant factors of child height for age @rscin East Gojjam Zone, Amhara Regional
State, Ethiopia, 2015.

Measure of variation Modef1 P Model 2 P Model ¥ Pvalue Model4 P
value value value

Level 2 variance (Sl 0.1¢ <0.001 0.0¢ <0.007 0.0¢ <0.001 0.0 <0.001

Level 1 varience (SE 4.0¢ 2.8¢ 3.8¢ 2.8t

ICC (%) 3.8% 2.7% 1.9% 1.4%

Explained variatior Reference 97.2 98.1 98.¢

Model fit statistic

DIC (-2loglikelihood) 6606 6077 6538 6054

As indicated in table 18 below, child gender and agmonths were independent determinant
factors of child height for age Z score. When, ¢héd’s age increased in one month, the height
for age Z score decreased by -0.04 (P<0.001). Beifegnale child improved the child height for
age Z score by 0.16 (P<0.01) compared to the ntald. &Number of underfive children in the
household showed a statistical significant assotiavith child height-for-age Z score. Children
from households with two or more in number, whosmglt for age Z score decreased by -0.48
(P<0.001) compared to children from households with underfive child.
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When children got complete immunization, whose hefgr-age Z score increased by 1.23
(P<0.001) compared to children who were not fultyriunized. Initiating breast milk feeding
after an hour of delivery time, height-for-age 2o decreased by -0.25 compared to those
children who started breastfeeding within an hduteadivery. Childhood diarrhea illness showed
a statistical significant association with childdie for age Z score. Children having a diarrheal
episode in the last two weeks of the survey, whHuesght for age Z score decreased by -0.29

(P<0.001) compared to children who did not repa@atrtieal iliness.

In this study, maternal undernutrition showed aitps statistical significant association with
child height for age Z score. When the children’stmer Mid Upper Arm Circumference
(MUAC) was 23.5 cm and above, children height fge & score increased by 0.12 (P<0.001)
compared to children whose mother MUAC less tharb@8. The study demonstrated that
household dietary diversity score increased byfood group, the child height for age Z score
increased by 0.07 (p<0.01). Household level watsatiment practices have improved children
height for age Z score by 0.25 (p<0.05) comparedhdoseholds that did not treat water at
household level. Household food insecurity accessesdid not show a statistical significant
association with children height for age Z scores iAdicated in table 18 below, proper
household refuse disposal practice showed statigtignificant association with children height
for age Z score. Households that properly dispdsrasehold refuse, height for age Z score of
children increased by 0.20 (p<0.05) compared tsahewho did not dispose properly. Also,
households that used latrine properly, childrenglieifor age Z score increased by 0.39

(p<0.001) compared to households that did notatseé& properly.

Agroecosystem characteristics showed a statissigalificant association with child height for
age Z score. Children from midland sloping landhwi¢d soil, midland with brown soil and
midland with black soil, whose height for age Zrecmcreased by 0.50 (P<0.01), 0.32 (P<0.05)
and 0.52 (P<0.01), respectively compared to childrem Abay Valley lowlands. However,
children from hilly and mountainous highland agmm®cstem, whose height for age Z score did
not show a statistical significant difference congolato children from the lowlands of Abay
Valley (Table 18).
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Table 18:- Multilevel linear regression analysisfa€tors associated with child height for age Zream East Gojjam Zone, Amhara

Regional State, Ethiopia by, 2015.

Variables Model R**(SE) P value Model®** (SE) Pvalue  Model®** (SE) P value
Level one factors
Child age in months -0.04 (0.002) P<0.001 -@@man2) P<0.001
Child sex (male*)

Female 0.16 (0.06) P<0.01 0.16 (0.06) P<0.01
Number of under-fives (one*)

Two and above -0.48 (0.08) P<0.001 -0.48 (0.08) P<0.001
Mother education (can't read and write*)

Only read and write 0.04 (0.10) P>0.05 0.004Qp P>0.05

Have a formal education 0.13 (0.11) P>0.05 Q0141) P>0.05
Wealth index (Lowest *)

Second 0.09 (0.11) P>0.05 0.08 (0.11) P>0.05

Middle 0.09 (0.11) P>0.05 0.06 (011) P>0.05

Fourth 0.01(0.12) P>0.05 0.02 (0.12) P>0.05

Highest 0.03 (0.08) P>0.05 0.05 (0.08) P>0.05
Women participation in decisions (No*)

Yes 0.11 (0.09) P>0.05 0.09 (0.09) P>0.05
ANC follow up (No*)

Yes 0.05 (0.08) P>0.05 0.05 (0.08) P>0.05
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PNC follow up (No*)
Yes 0.09 (0.07)

Child immunization (Not

immunized*)

Fully immunized 1.35(0.08)
Breastfeeding initiation time (within an hour*)

After an hour -0.30 (0.07)
Complementary feeding initiation ( on time*)

Not on recommended time -0.10 (0.06)
Maternal MUAC (<23.5 cm)

>23.5cm 0.12 (0.01)

Household food insecurity access -0.01 (0.01)
score
House hold dietary diversity score 0.07 (0.03)

Household level water treatment

(No%)
Yes 0.18 (0.10)
Diarrhea illness two weeks prior to the survey(No*)
Yes -0.27 (0.09)

Community level factors
Household refuse disposal practice (No*)

Yes
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P>0.05

P<0.001

P<0.001

P>0.05

P<0.001
P>0.05

B50.

P<0.05

P<0.01

0.26 (0.11)

0.06 (0.07)

1.30 (0.09)

-0.25 (0.07)

0.12 (0.01)
-0.01 (0.01)

0.07 (0.03)

0.25 (0.10)

-0.29 (0.09)

0.20 (0.10)

P>0.05

P<0.001

P<0.01

P>0.05

P<0.001
P>0.05

P<0.05

P<0.05

P<0.01

P<0.05



Agroecosystem type (Abay valley lowlands)

Midland with black soll 0.60 (0.19) P<0.05 0.®215) P<0.01

Midland with brown soil 0.48 (0.19) p<0.01 0.@8r16) P<0.05

Midland sloping land with red soil 0.51 (0.18) <01 0.50 (0.15) p<0.01

Hilly and mountainous highlands 0.09 (0.18) P50. 0.18 (0.16) P>0.05
Latrine utilization (No*)

Yes 0.84 (0.08) P<0.001 0.39 (0.07) P<0.001

* indicates the reference categoBy* it refers to the normal regression coefficient

6. Discussion

An agroecosystem linked to community based comparatross sectional survey was done to identify gpatial variations of food

insecurity and child undernutrition. Also, the dyudentified individual and community level detenant factors of food insecurity and
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child undernutrition using multilevel mixed effeatsodeling which is recommended where there is teutti dependency or correlation
among the observations (59, 61, 73) as observethennull (empty) model of the multilevel mixed effe regression analysis.
Agroecosystem characteristic of the study areafaasd from prior published agroecosystem analyiidiss in the area (93, 191) which

was hypothesized that it affects the geographisatildution of food insecurity and child underntitn.
6.1. Prevalence of Food I nsecurity

In this agroecosystem linked to community based<sectional study, almost two third of the houkih(65.3%) were found to be food
insecure. Even though maximum efforts were takeauth explaining the objective of the study papicits, the interpretation of the
current study should take in to account the respotsdpotential bias due to expectations of foodtlzad might lead to over estimation of
the magnitude. This finding was lower than a stfrdyn Farta District (70.7%) (87) and higher thastedies done in East Gojjam Zone
(56%) (49) and Sidama Zone (54.1%) (19). This vwamamight be explained as household food inseg@ititus varies from area to area,
since food insecurity is the product of many preatizariables and it depends on contextual factdrieh might vary spatially (111, 214).

Another possible explanation for the differencelddue seasonal variation because seasonal variasisrparamount significance on the
food security of certain communities. Also, the abddindings in the country indicate that there igaaiation in the prevalence of food

insecurity within the country in different locaés.

This high level of food insecurity have public lieamplications which might lead to poor healtht@ames beyond to undernutrition
through different pathways, including nutrition, m& health and behavioral pathways (2, 33, 78).1Fr example, food insecurity has
the potential to affect child health and care pcast (75, 76, 85), the education system, and méetth conditions (33, 173, 181, 215).
Literature indicate that food insecurity situatieads to poor self-reported health status (21@) biood pressure and diabetes (217), HIV

acquisition risk (218), decrease health care acedsveak prevention, management, and treatmefisedses (179).
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Another important finding in this study was thatnmehan three fourths of the households (76.1%)féalihgs of uncertainty and anxiety
about the household food supply. This fact is alslicated that food insecurity might lead to maétiamxiety, depression and other related
mental iliness during food shortage (2, 184). Wormenmore responsible to feed the family in mostilecome countries (219), including
the study area. The stress and depression mightdeabesity and other chronic diseases (2). Fomap health, growth and development

of human life, adequate quantity and quality ofd@we required (220).

In the moderate stage of food insecurity, householdnage the shortage of food with reduction df gliality (219). This condition might
lead to micro-nutrient deficiencies, especially agahildren and mothers (219). In addition, poat djuality increase the burden of non-
communicable diseases due to consumption of utityefmlod items (2). In this study, more than hdltlee households made adjustments
to food insecurity by reducing diet quality. A spuftom Ethiopia indicate that the contribution adgo diet quality as a risk of non-
communicable is significant (221). This have anliogtion on strengthening the integration of nowenmunicable disease control and
prevention strategies with food insecurity interem strategies in areas where there is food in#gdn the community.

As the severity of food insecurity increases, hbokis start to reduce the quantity of food (3) anthis study, more than one fourth of the
households (26.8%) compromised the quantity of feexed to the family members due to shortage @d.f@he impacts of household
food insecurity burden may not distribute equaltyoag the household members. When there is foodafein the household, gender,
age, birth order and relationship based mal-distigm of food in the household is common in lowdne countries. This situation might
expose children and mothers to undernutrition beedhese group are high vulnerability to food insé¢ and biased food distribution

towards male adults in case of food insecurity.
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6.2. Spatial Variations of Food I nsecurity

To be more efficient in targeting interventions é®n level of the problem, spatial analysis i®memended to identify the most affected
geographical areas, to design geographical targetecrentions, to allocate scarce resources torbst affected areas, to convince policy
and decision makers and program managers using degence and to ensure equity in the community2@@®). In the current study,
spatial variations of food insecurity based onetght agroecosystems were identified. Househotas the low lands of Abay Valley and
hilly and mountainous highlands were more food ¢nse compared to the midland plains. The SaTScatia$luster analysis indicated
that the most likely primary and secondary clustegse identified from the hilly and mountainoustiands and lowlands of Abay Valley

agroecosystems, respectively.

The SaTScan spatial analysis result identifiedtehsshaving higher risk than the expected riskthear original at risk population. The
current study SaTScan statistics analysis indicate@ll-defined agroecosystem based geographiceticen of food insecurity. Similarly,

the multilevel analysis showed the existence ofifowsecurity heterogeneity across clusters aftgrséidg to individual and community
level determinant factors. It is documented thabagosystem characteristics play important roleletermining the prevalence of food
insecurity, especially for farmers with subsistefex@ning (97). This might be attributed to poorldertility, low rainfall, higher climate

change vulnerability, lower climate change adaptiapacity and high human induced land degradatmm the lowlands of Abay valley
(95). Also, hilly and mountainous area is chanamtel by low crop productivity due to its low temmptire and poor soil fertility, high

climate change vulnerability, low climate changatd/e capacity and high human induced land deg¢i@adéos).

The geographical location might determine houseHeleel poverty and other livelihood conditions darhers which are among
determinant factors of food insecurity. Those firgdi indicated that agroecosystem based food ingeaterventions should be designed
since ecosystem related interventions have a bptitantial to bring long term food security in tbemmunity (97). In such areas,
nutritional interventions that do not consider gepdical targeting based on vulnerability will i efficient in reducing the problem to

the expected level (222, 223). Geographical tangetf food insecurity interventions through alloogtmore resources to the risky groups
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has the potential to maximize program coveragemainimize leakage (224). Also, targeting food ing@gwsing geographical approach is
easy to implement, has low administrative costs)imizes the potential for fraud, and requires ledithousehold and individual level

information compared with other forms of target{@d3, 225).

Geographical targeting will be effective in contimag environments where there is high level of &bility between clusters and low level
variability within clusters (213, 225). Geographitargeting assumes the homogeneity of determifentors across clusters within the
targeted area which is unlikely in the practicalrq213, 225). The geographic targeting of foodeicurity interventions may lead to
excessive leakage of benefits to those at lowkrwisile leaving many of those at higher risk unaedewithin the targeted geographical
location. In the current study, as indicated inndtilevel analysis results of ICC, the contrilautiof higher level variability is categorized
under low level of clustering. In areas where thisrédow level of clustering, geographical targetialgne might not be effective and
interventions integrating both household level aymbgraphical targeting may bring better resultbamathan choosing either of the

alternatives in the study area.
6.3. Factorsassociated with food insecurity

In addition to estimating the spatial variationsfebdd insecurity across different agroecosystens, skudy determined both the role of
individual and community level determinant factorshousehold food insecurity using multilevel mixeftects ordinal logistic regression
analysis. From the multilevel mixed effects regi@ssanalysis of the empty (null) model, nonzer€CI@ith statistical p value in the
current study implies that the observations areémi#pendent and there is heterogeneity acrosslieers due to the shared environment
(226). Households found at the same geographicatitm are similar to each other than households lthe in different geographical
location to food insecurity as they share a nundfesocial, economic, and other characteristics thay condition food insecurity status
beyond household level determinant factors. EWewndh the empty model intra class correlation coiefit (ICC) is categorized in the
low range of clustering ( ICC<10%) (213) in the remt study, it suggests the application of muleleanalysis instead of using the

classical logistic regression (226) to identifyatatinant factors of household food insecurity.He study, the cluster level variations of
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food insecurity decreased in the full model comgdoethe empty model, which indicates both indiedand community level factors have
a significant role in determining household foodeaurity.

The median odds ratio quantifies variance in teofmsdds ratios among clusters which is compartbtée fixed effects odds ratio (226).
In the current study, the median value of the addi® between the cluster at highest risk and thster at lowest risk to food insecurity
was 1.22 (P<0.05) in the null model. The mediansaddio decreased to 1.09 (p<0.05) in the full nh@denpared to the null model when
we adjust to both individual and community leveltedminant factors. This implies that householdshwidentical household level
characteristics but from different clusters, theesity of food insecurity increased by 9% in housldk from high risk clusters compared to
households from low risk clusters. This shows tlwatd insecurity is determined by shared environmdihtis calls to quantifying
contextual phenomena using multilevel mixed effeetgession to identify determinant factors of fansecurity (226). This implies that
both individual and community level determinanttéms have a significant role in determining foodeaaurity. In such conditions
multilevel mixed effects regression modeling isomeended over the classical regression analysi§15226).

Literature shows that in rural households, inclgdin Ethiopia, food insecurity is a common problemthe lowlands and hilly and
mountainous highland areas, due to different factocluding low climate change adaptive capadtiigh climate change vulnerability and
low crop productivity (98). In the current studyguseholds from the lowlands of Abay Valley andyhdind mountainous highlands of
Choke Mountain were more severely food insecurepaoed to midland areas. That might be explainethbyact that most highland and
lowland areas are mountainous and hilly, being @rimnsoil erosion and land degradation, which mrghuce crop productivity (51, 95,
227). In the study area, the most highland anddoe areas were identified with low climate charagiaptive capacity and high
vulnerability (227). Climate change vulnerability the farmers affects food production and the adVvdireelihood of farmers which are
known determinant factors of food insecurity (22Z8)milarly, farmers adopting more adaptation pragito climate change have reduced
food insecurity levels (229).
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In turn, food insecure community back createsqumeson the agroecosystem resources and it aggsatvet food insecurity situation to its
severe state (97). This study suggests that reciognihe multiple pathways of agroecosystem effeccscommunity food and nutrition
security will help to develop sustainable agroestey based interventions of food insecurity. Atsgision makers shall give emphasis to
support the management of agroecosystem servictaking appropriate policy measures to mitigatedfotsecurity in collaboration with
organizations that are working on natural resouncasagement. In addition to mitigating food inséguagroecosystem management can

be used to mitigate other food insecurity drivarsluding disease distribution and dietary divergguality) in the community.

The current study identified other individual angimonunity level determinant factors of householddfaoonsecurity in addition to the
agroecosystem characteristics. Female headed hadselere more severely face food insecurity coegbdao male headed households
which is supported by a systematic review and raptdyses somewhere else (230). On the other Haisdstudy finding contradicts with
other studies from Ethiopia, Nigeria and South edriwhich did not show a statistical significans@sation between household head
gender and food insecurity (15, 78, 231). For theomsistent findings between the current study stndies elsewhere abroad and in
Ethiopia, we argue that rural community livelihodebends on agricultural activities and males areeraotive in cultivating the land and
produce more food for household consumptiéiesnale headed households are disadvantaged wt@mmaeis to access to land, markets and
extension services. Also, female headed houselmalds limited access to information and unfavoraibiéural practices to mitigate food

insecurity.

Household heads that were not in union were l&sdylito be more severe state of food insecurity garad to those who were in union.
Similar findings were reported from studies in $pAfrica (78) and Nigeria (100) which might be agated with an increased family size
in households who are in union due to high feytitate (78, 100). However, a study from Kenya iatkd that couples in union were less
likely to be more food insecure compared to siftgladed households (232). The above inconsistemgests that it is impossible to make
conclusions to target interventions in the commub#sed on marital status and it might depend eraital context.
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Maternal and paternal educational status make farneebe familiar with new skills, ideas, modermiagitural technology and other
developmental activities (15, 85). This study supgmbthe above facts and statistical significasbagtion between parental education and
severity of household food insecurity. Similar fimgs are reported from Pakistan (101), African gt(id5) and Malawi (233) studies. This
might be related to having a better chance to pedhe knowledge they gain from extension serwiggkers education to reduce
household food insecurity. Women participation wusehold decisions showed a statistical signifiasgociation with low level of
household food insecurity. This suggests that womepowerment to decide on household resources aak ifsecurity intervention
strategy should be strengthened (105).

In countries like Ethiopia, where agriculture protion is vulnerable owing to different risk factpisouseholds with off farm activities
have a better survival mechanism when the produdtits (233). Also, this study witnessed that rehads with additional income source
were less likely to be more severe food insecurapased to households that did not have additiomadme source. This evidence is
supported by studies from Pakistan, Malawi and Nag€l08, 231, 233). These findings suggest thasabold having additional income
sources should be considered as one of the mapngastrategies in communities where there is febdrtage (103), including in the
current study area. Also, household additional imecource increases the probability of the houskfoolise modern agricultural inputs to

produce more crop and enable them not to sellrntyethey produce to satisfy other family needs .(16)

Utilization of modern fertilizer from the right soe, with right rate, right time, and right place increase crop productivity has a
significant effect to reduce food insecurity (1@33). The food needs cannot be achieved withougagipdication of modern fertilizers to
increase crop productivity. The current study iatkc that households that used chemical fertilieiscrease crop productivity were less
likely to be more food insecure compared to farmvens did not use fertilizer. This finding is supfea from Malawi (233) and Ethiopia
(107).

Micro credit access to farming community has aifigant positive effect on household food insegu(233). Studies from Pakistan and

Malawi indicated that better access to micro cred@ssociated with lower levels of food insecu(t®8, 233). However, in the current
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study, micro credit access did not show a sta#issignificant association with household food mséy. Evidence indicated that there is
differential impact of credit on rural Ethiopianuszholds based different parameters (234). For pbearfor poor households, rather than
achieving long term livelihood improvements, accessredit only means short term consumption smogtlith a risk of being trapped
into a cycle of indebtedness (234).This implied tha effectiveness of micro credit access to imerthe overall livelihood, including

household food insecurity of the farmers shouldhlestigated in local contexts.

Farmers access to irrigation scheme for crop pitimudor more than one per year is recognized as anthe strategies for poverty
alleviation and it improves household food secumgpecially for countries, including Ethiopia, wiéhe communities depend primarily
on agriculture for their livelihoods (235). Howeyéne current study did not show a statistical ificgmt association between household
food insecurity and irrigation access to the hoakkfor crop production. This suggests that theafeness of irrigation scheme access in
improving the household livelihoods needs furthepleration in the study area, including type of rie farmers producing and the
market value of the crops produced.

In the current study, households with better lard bave reduced the severity of household foodcinsty. This means households with
larger farm land size can produce more crop forskbald consumption and for sale and have a bditerce to be food secure than those
having relatively smaller farm land size. It is dotented that land ownership has a significant irolenproving the overall livelihood of
farmers, including to mitigate food insecurity sition (236). In areas, including the current studiiere there is no extra land to be
cultivated, increasing crop produced in a limitedd size with the application of agricultural teclogy might be the best solution to
reduce household food insecurity. The current stgygested that households with better crop pramuttave reduced the severity of
food insecurity status compared to households leitrer crop production in the survey year. This dobé explained as household food

production is often the primary source of food andrce of income in developing countries (237)luding the study area.

Access to the market center and all season tramsjpor access to the market center were amongttategies to improve household

livelihood in the rural communities (107, 235, 23¥he community closeness to market centers cregigsrtunities for additional income
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via off-farm/non-farm employment opportunities, yagcess to information and inputs and being easyrénsportation (57, 107). Also,
households nearer to market center have the pidigaddiselling what they produced and purchasedffrem the market, which increases
the probability of having a better livelihood inetthousehold (16). However, the current study ditl simw a statistical significant
association between severity of household foodcunsty and all season transport access and distrécket distance from village. So, to
estimate the contributions of market access andedkon transport access to the market centertigatmg food insecurity further

investigation using longitudinal studies shoulddo@e in the local context.
6.4. Prevalence of Child Undernutrition

An overall prevalence of 39.0% (37.32, 40.75) shg)t18.7% (17.32, 20.0) underweight and 12.22%1@113.42) wasting were reported
in the study area. Childhood stunting prevalence slightly lower than the Mini EDHS 2014 (42.4%).1) and EDHS 2016 (46.3%) (25)
reports of Amhara Region and other pocket studims fTigray Region (57.1%) (50), North Shewa Zoné.§%) (57), Southern Ethiopia
(47.6%) (52) Lower prevalence of child underweigiass reported in the current study compared to tine BDHS 2014 (27.9%) (111) and
EDHS 2016 (28.4%) (25) reports of the Amhara Reghldso, the current study prevalence of underweigas lower than other pocket
surveys of different regions, including studiesnird@igray (37.4%) (50), North Showa Zone (30.9%))(&@d Southern Ethiopia (29.6%)
(52). Similarly, a lower prevalence of child wastiwas reported in the study area, compared to atiuelies in Ethiopia, like from the
Tigray Region (17.8 %) (50), North Shewa Zone (¥0).757) Southern Ethiopia (13.4%) (52) and Norths\Eethiopia (17.1%)(51).

The lower prevalence of child undernutrition indida the current study might be related with déferinterventions undergoing in the
country, including in the study community. The gowaent with its partners is implementing and sttieaging different nutrition specific
(200) and sensitive (238, 239) interventions in toentry. For example, overall improvements areeoled in Water, Sanitation and
Hygiene (WASH) interventions, which could reducdalindernutrition by preventing the infectious eiise burden (25, 113, 206, 238).
Also, improvements in child and maternal healtlvises are observed, which might contribute to #aiction in child undernutrition (25,

113, 206, 239).
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Although lower prevalence of childhood undernutnti(stunting and underweight) was reported in tmeenit study compared to the other
local studies, based on the WHO undernutritionsifigation, between 30-39% for stunting, the problean be considered as a high
prevalence and it is a very serious public heatthcern (240). Child underweight prevalence of 10%2can be considered as medium

prevalence and prevalence of child wasting 10 — b the serious public health problem range 240

This study indicated that the prevalence of undeitian in the study community have significant fiathealth concerns based on WHO
classification (9).The percentage of children with a low height foe ggtunting) reflects the cumulative effects of emmditrition and

infections since and even before birth. This measan therefore be interpreted as an indicatiqmoof environmental conditions or long-
term restriction of a child's growth potential. $hndicates that much effort with multi-sectorigdpaoach is essential to reduce child

undernutrition.

This high level of undernutrition in children maycrease mental health illness, infectious and mbrdiseases morbidity and negatively
affects cognitive development and child behaviar.addition to its effect on children, it has negatcumulative effect on the nation

economic status, increase the burden on the heathm and affects livelihood of families (2, 241).
6.5. Spatial Variations of Child Under nutrition

Studies in Ethiopia at macro level showed spagailation of child undernutrition (42-44). Similaslthe current study showed an elevated
prevalence of child undernutrition from hilly ancumtainous highlands and lowlands of Abay Vallesnpared to the midland plain areas.
This study finding contradicts with studies in Eihia at country level indicated that midland aresse more affected by stunting
compared to lowland areas (42, 43). For this inist&scy, we argue the previous findings that faemeith subsistence farming from
highland and lowland areas are more prone to fand tlegradation due to the hilly and mountainotsraaf the land (95, 227). Also, the
most highland and lowland areas have lower clinshenge adaptive capacity and higher climate chaatyesrability which affects child

undernutrition through different pathways, incluglifood production, increase water stress in thea arel affect other socioeconomic
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activities (49, 95, 227-229). The high prevalentehold undernutrition in a certain geographicatdtion has greatly contributed to elevate
the overall average prevalence. As, a result adiohg@ghe specific geographical location with higrevalence of child undernutrition

problem have the potential to reduce the overaNalence in a short period of time.

Also, the SaTScan spatial analysis indicated thad evasting, underweight, and stunting were natridbuted randomly across different
clusters. Clusters taken from hilly and mountainbighlands were identified as the most primary telugor child underweight and
wasting. Clusters from lowlands of Abay Valley catesd of the most primary SaTScan clusters fordckiunting. This suggests a
significant clustering of child stunting, underwlegigand wasting in the study area. The current stiahfirms that child undernutrition
varies not only across various regions of the w{@iP) and at national level (42-44), but also with local context at micro level based on
agroecosystem characteristics. The current stuidg chdernutrition spatial distribution variatios consistent with studies in Ethiopia at
district level (45) and national level (42, 44).8lsimilar findings were reported from elsewhereoald which showed spatial variations of
child undernutrition across different geographioahtions (62, 243, 244).

The current study spatial analysis finding implileat planning interventions using macro level aggted data might undermine national
and regional efforts to mitigate child undernutritidue to variations in magnitude of the problemsiich situations, to be effective in
interventions geographical targeted at lower ldgeéssential through allocating resources basetewsl of risk (213, 224). Also, to
maximize program coverage, and minimize leakagesgm@phical targeting of child undernutrition im@ntions through allocating more
resources to the risky groups is recommended (Z3xhe current study, SaTScan spatial analysislustering of child undernutrition
suggests considering geographical targeting toongthe effectiveness of interventions on childarndtrition. This type of targeting of
interventions is easy to implement, requires lowesource to administer and needs limited infornmatd lower level compared to
individual level targeting (213, 225). However, @féectiveness of geographical targeting will ber@ased based on level of homogeneity
with the cluster and level heterogeneity betweeastels (213, 225). This may lead to excessive bakd benefits to those at lower risk
while leaving many of those at higher risk uncodesgthin the targeted geographical location (2125)2
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In the current study area where there is low lbwlstatistically significant heterogienity of khundernutrition, integrating different level
of interventions might be a more appropriate mettworeduce child undernutrition. As indicated i timultilevel analysis, individual and
community level factors have significant role inetenining the level of heterogeneity. This suggésés the community level determinant
factors could be addressed through geographiogétiag and the individual and household level deteant factors could be addressed
using individual and household level targeting &itthrough blanket coverage or using screeninghdfiren with the highest risk for
undernutrition (213). Another approach of integmtimay focus on households or individual level mwaation through a multistage
targeting approach. In the first stage, a geogmafargeting approach and then household or indalitkvel intervention can be selected

using specific criteria.
6.6. Factor s associated with child undernutrition

A two multilevel mixed effects linear regressionabsis was used to identify determinant factorscbild undernutrition which is
recommended in nested data structure or spatiadndiemt data (226). The ICC suggests that the preseh statistical significant
heterogeneity across the clusters has importantidations for the application of multilevel analysrather than using the classical
regression analysis which produces biased estinetesuse of the multilevel dependency or correlaéimong the nutritional status of
children (59, 61, 73). Also, the study indicate@ tbvel of heterogeneity of child undernutritiorrass clusters after adjusting for all

potential individual and community level determitéactors.

The intra class correlation (ICC) of height for afyscore (HAZ) and weight for height Z score (WHif3re categorized under low level of
clustering (ICC < 10%) (115) but with statistigadlignificant spatial heterogeneity. In the stuadduction of heterogeneity of child height
for age Z score (HAZ) was observed in the full mMdd€C = 1.5%) compared to models adjusted onlyifatividual level determinant

factor in model two (ICC = 3.01%), only for commiynievel determinant factors in model three (ICA.8%) and in the empty model

without explanatory variables in model one (ICC£836).
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Similarly, heterogeneity of child weight for heightscore (HAZ) was lower in the full model (ICC =%, P<0.001) compared to models
adjusted for individual level determinant factornmodel two (ICC =2.7%), community level determin&attor in model three (ICC =
1.9%, P<0.001) and in the empty model (ICC= 3.8%)).801). This suggests that both individual and amity level determinant factors
played a significant role in determining the hegemeity of child undernutrition in the study ar8dis heterogeneity observed after
adjusting for potential determinant factors, migketassociated with the study did not account faemal differences across clusters in

anthropological and biological factors which netdther exploration in the future.

In addition to measuring the level of heterogeneaitythe multilevel analysis, the study identifie@terminant factors of child

undernutrition. In the current study area, childlemmutrition was expected in the low lands of th®A Valley and hilly and mountainous
highland agroecosystems due to low crop produgtiaitd high water stress compared to midland plgmoecosystems (95, 227). This
could be explained partially due to high climatamting vulnerability and lower climate change adl@ptapacity of farmers (95, 227).
The current study indicated that children from rardl plains showed better height for age Z scomapened to children from low lands of
the Abay Valley. Similarly, children from midlandamns with black and brown soil agroecosystems Iettier weight for height Z score
(WHZ), compared to children from lowlands of theatVvalley and hilly and mountainous highlands. Séh&éndings can be explained as
the agroecosystem characteristics might influergkel qwutritional status through different pathwalike affecting food security status,
disease distribution, safe water source access, ayrop produced and dietary diversity and oswaial and economic conditions of
farmers. Households from lower midland area havtebédiversified crop production compared to thgher midland areas (245) which

have the potential to determine child nutritiortaktiss.

The study suggests the need for integrated agrgstess based geographical and individual level taxgeof nutrition programs which is
recommended in areas with clear spatial variatibnclild undernutrition (115). Geographic targetifigised on agroecosystem

characteristics has the potential to substantellyance the effectiveness of nutrition program&g@hical targeting alone might not be
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sufficient in areas where there is low level ofstiring (115) and integration of it with individii&ousehold level intervention programs
would improve the child nutritional status.

In addition to estimating the association betwekitdcweight for height Z score and agroecosysteraratteristics, the current study
identified other individual and community level dehinant factors of child weight for height Z scofenegative statistical significant
association was observed between child age in mant height for age Z score. This might be rel&teds the age increase; the child
might start to move independently far from the neotivhich may expose them to infections from theremvnent. Also, movement of the
child far from the mother might decrease mothecchdd frequency of contact to give care, includingeast milk (152). This study
demonstrated the lower height-for-age Z score aeght for height Z score among males compared nwafes which contradicts with
what is expected since lower priority of girls irany cultures would bias food consumption towardgskd68). The possible explanation
might be related to the higher proportion of pretemnd low birth weights which are common in malempared to females (113, 246).
Another possible explanation for this might be texflato childhood morbidity is higher among malempared to females in the early life
of children (247).

The current study indicated that women’s partiégratn household decisions showed a statisticadiioggint association with child weight
for height Z score. There are a number of ways bigchvwomen’s decision making power might come t@ssociated with improved child
health outcomes, including child nutrition. For eyde, women who have better participation on hoalksktlecisions enhance the day to
day health enhancing behavior and improve intrasébald resource allocation, including for matemuad child care practices including
nutrition. Women'’s participation in household démis affects women’s own nutritional status anddbality of care they receive, and in
turn, to children’s quality of care and nutritiorsthtus. Recognizing this, the Ethiopian Nationatrifion Program, gives emphasis on
women's control over household resources to impebild nutritional outcomes (170). So, the existeffprts to improve women decision

making power should be strengthened to improvelchitritional status.
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Evidences from Ethiopia and elsewhere abroad itelicthat the economic status of households hapdtential to improve child height
for age Z score through accessing nutritious faddwusehold level. (42, 74, 145, 159, 248, 24@weler, in the current study household
with better wealth status did not show a statitBggnificant association with child height for agescore and weight for height Z score. A
similar finding was reported from southern partdfiiopia (250). It is documented that the househadlth status might not necessarily
help to improve stunting due to different reasansluding the household wealth might not be sperd way that improves nutritional
status of children (251, 252). The contributiorhotisehold wealth status on child nutritional staleygends on quality foods consumed and
amount of resource allocated for food comparedoi-food items (251, 252). Another possible explamamight be related to behavior
and child care related culture of the communitgluding intra household food distribution among $ehold members (156). Regardless of
wealth status, in most culture, including the stadya, mothers and children receive a smaller shfattee family’s food relative to their
nutritional need and simply feed one common kindoofd prepared from cereals and pulses (51). Intiadd consumption of a balanced
diet, including animal products in the study areaery low, except in holidays and festivals (50h)ese conditions might undermine the

household wealth status contribution in reducinigdaimdernutrition in the study area.

Child mother health services utilization, includidgNC visit during pregnancy can get information abeahild and maternal feeding
practices, child care practices and health serwises(112). Similarly, studies from Ethiopia indezhthat ANC follow up has a positive
contribution to improve child nutritional status3(556). The current study demonstrated that ANQowolup of the mother showed
statistically significant association with child igkt for height Z score. However, child height fige Z score did not show a statistical
significant association with mother ANC and PNAdwl up. This needs further exploration using mateaaced epidemiological studies

to see the effect of maternal health service atilan on child height for age Z score in the lcaahtext.

In the current study, mother nutritional statusved a statistical significant association with dhileight for age Z score and weight for
height Z score, which is supported by studies mdpia and elsewhere abroad (42, 145, 249, 253).ifterrelationship between maternal
and child nutritional status stresses the valuengdroving maternal nutritional status to make lkretieth maternal and child health

outcomes, including reducing undernutrition (2333rly initiation of breastfeeding and exclusivedstéeeding practices have been argued
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to be one of the important ways of ensuring betteld health outcomes, including nutritional staf@54). Initiating breast milk feeding
within an hour of delivery (255) contributes to igétte child undernutrition. The current study iraded that initiating breast milk within an
hour of delivery substantially increased child Inifpr age Z score and weight for height Z scoree Tinding is supported by strong
biological plausibility (256) since early breastl@gg initiation reduces the high risk of contamioatassociated with pre-lacteal feeds
(256). Also, breastfeeding appears to both prosect have positive regulatory effects over the timak mucosa (257) and its early
initiation of breastfeeding has a potential to potenintestinal maturation and epithelial recoveont infection (256). Child immunization
status has a strong positive link with child nurial status (162) and this study indicated thaldctull immunization status showed a
positive statistical significant association witht@pometric indices of children (height for ages@ore and weight for age Z Score).
Consistent findings were reported from studies dortethiopia (54, 56) and elsewhere abroad (138, 183).

The other important finding of this study was thwegtter household dietary diversity score improvéiddcheight for age Z score
significantly, which is supported by a study frohe tAmhara Regional State (51). Dietary diversitgugas nutrient adequacy (147) and it
is a proxy indicator of micronutrient adequacy afrfan diet (140). These findings suggest that tisea@ association between child dietary
diversity and nutritional status that is indeperidginother potential determinant factors and thatady diversity may indeed reflect diet
quality.

The associations between Household Food Insecanmitlychild undernutrition is mixed (258). Literaundicated that household food
insecurity is one of the key determining factorscbiid nutritional status (56, 153, 158, 159, 2889-262).Similarly, the current study

indicated that household food insecurity accesgessloowed a statistical significant associatiornwhild weight for height Z score which
Is consistent with studies in Ethiopia (258) arskelhere abroad (169, 263). However, there is nistatal significant association between
child height for age Z score and household foo@dnsty score which is supported by studies froridftia (51, 262). The possible
explanation of the result might be related thaghefor age Z score is an indicator of chronic @hihdernutrition and the food insecurity

situation was assessed 30 days prior to the suviagh may not reflect the previous month’s foodeitigrity situation. Child’s nutritional
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status as reflected in HAZ represents a long tarmutative process, whereas food insecurity inforomateflects only the previous one
month. Another possible explanation is related whit nutritional factors beyond food insecurityynpday important roles, including intra
household food allocation (258). Food securityhe household alone may have a limited effect omntltetional wellbeing of children
unless the reinforcing detrimental linkages betwssod insecurity, high disease burden, poor saoitadnd inadequate education are
addressed in the community (2).

Childhood diarrhea depresses appetite, inhibiterptisn of nutrients in food, and competes for ddéh energy (32). In the current study,
diarrhea morbidity two weeks prior to the surveyswanificantly associated with child height foreag score and child weight for height Z
score, which is supported by studies from Ethigp 56, 110) and Cambodia (145). The current stadylt interpretation should take in
to account the bidirectional relationship betwehitdcnutrition and infection. It is documented ttiggquent illness can impair nutritional
status and poor nutrition can increase the rigkfettion (264). Undernutrition lowers the childnmnity and increase the risk of infection
(264). An infectious disease among children carseaaduced dietary intake (e.g. appetite loss cextiteeding by parents as an attempt to
end diarrhea); increased nutrient loss (e.g. vogitmal-absorption ) and elevated nutrient requéngis caused by increases in metabolism
such as those due to fever (265). This bidirectiasaociation suggests programs that combine ioutrimtervention with prevention and
control of infectious disease is likely to be meSective for improving nutritional status of chith.

Lack of access to safe, clean drinking-water argichganitation, as well as poor hygiene leads dorloea, mainly in children (266). As a
result, community safe water source is recognizednaessential component to reduce child undetiounti(168) through reducing frequent
infection (52). In addition, household level watieratment and safe handling during transportastorage or consumption is considered as
important water, sanitation and Hygiene (WASH) noees to improve health status, including preventindernutrition. The current study
suggests that household level water treatmentipealsas a positive significant effect on child teifpr age Z score. This implies that in
addition to measures taken to increase accesgibilisafe water sources to the community, educatiomousehold safe water handling
practices should be strengthened to improve chitdtional status.
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This study demonstrated that latrine utilizatiomwsbd a positive statistical significant associatiath child height for age Z score and
weight for height Z score. The current finding cadicts with a study in Ethiopia that latrine aaility for the household did not show a
significant association with child height for ages@ore (52). The possible explanation for the diffiee might be related to measurements;
in the previous study, only physical availabiliti/tbe latrine was assessed, whereas in the custedy, latrine utilization was measured
using WHO recommended indicators (267). The abdwdyssuggests the importance of focusing on prapiization of the latrine in
addition to the construction of latrine facilitidtzrough changing the behavior of the users. Thegroanagement of refuses generated
from the household is very important measure ofrenmental health services in the community. Imgropandling and management of
household waste may create breeding places fardiit vectors and may expose children to infectiorthe current study, disposing the
household generated refuse anywhere showed negaditistical significant association with child ¢lei for age Z score and weight for
height Z score.

7. Validity and generalizability

Evaluating the quality of epidemiological studissvery important to use the evidence for deciskB8( 269). Epidemiological research
quality should be evaluated in terms of both irdlynand externally to take the evidence for decisand policy making (268). The
internal validity refers to the ability to measwagiables correctly during the data collection s and focuses on what is supposed to be
measured (getting the truth-value) (269, 270) axtéreal validity refers whether the results candemeralized to different measures,
persons, settings, and times (268, 269). Also, @pfate data analysis methods were choosen toaserealidity of the results. SaTscan
spatial analysis was done to identify the locaktdung of child undernutrition and food insecurnithich is the recommended method for
identifying local clustering of the problem (120)aking the heterogienity of child undernutritiondaiood insecurity, multilevel analysis

was used which is the recommended approach tarnttkaccount the spatial dependency of the prolfiétn112, 206).
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7.1. Internal validity

Internal validity is the extent to which systemagizor is minimized during all stages of data adlten process (269, 270) which is

concerned with the study’s ability to measure anid i prerequisite for external validity (268, 26 the current study, to ensure the
internal validity of the study; the questionnair@ssprepared after reviewing literature from creglibburces, including standardized
national survey tools (EDHS questionnaire) afteapdithg to the local context (112) and validateddfansecurity access scale tools in the
country (271). As a result the possibility of ertioat could be introduced in association with treasurement tool was minimized.

Information bias is a systematic error arising frimaccurate measurement (or classification) ofsiigiects of study variable (s) that can
arise from the choice of tools one uses to meaasingell as the assessor’s attitude (269, 270). fJpis of error commonly occurs during
data collection stage in the research process (2&9)ding measurement bias, interviewer bias m@sgondent bias (270). In this study, to
reduce measurement and interviewer biases, trainitlg pretesting was given to data collectors oh mkasurement issues and
interviewing techniques.

In the study, there might be respondents’ biastdueod aid and other community support expectationrelation to food and nutrition
assessment questions. This condition might ovematt the magnitude of food insecurity in the stadga. Also, dietary assessment
methods based on self-reports suggest that suesppndents who exhibit social desirability chanasties are more likely to underreport
energy and fat intak (272). In surveys taking dodesirability bias in to account is an importannsideration during design stage of the
study, doing the analysis, and interpretation stits. In the current study, to reduce the effédhe above potential biases, efforts were

don during designing the questionnaire, and inésving the respondents (272) .

Also, there may be respondent bias during houdedsset used to construct the wealth index and e assessments due to fear of
redistribution of land and finance contributions ttevelopmental activities based on assets. Thghtneduce the amount of land and

resource they have and make it very difficult te #ee true association between the outcome andaetnt factors. As a result, to reduce
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the possible biases that might be introduced iaticel to the above situations, detail explanatege given to the study participants on
the objective of the study. In the study area, &aswsed different units to measure the land sideaanount of crop produced in different
geographical location and the units were convetdettie same unit to reduce misclassification biefere analysis. In addition, different
variables were used to construct the wealth indepeduce the bias associated with household reseamed some of them were assessed

usingobservation. This might reduce the bias aagettiwith under estimating the resources they had

Recall bias is one of the challenges that affeetitternal validity of epidemiological studies (269In the current study, some of the
independent variables, like age of the child, nmtehealth service utilization during pregnancyd @hild care practices including child
immunization where there is no card were measuasddon the mother recall ability which might idoe bias. To reduce the recall bias
that might be introduced during recall, local egdike festivals and holiday dates were used tsassspondents to remember the event of
time. However, it is very difficult to resolve tipeoblem totally and this might affect the true asation of the independent and dependent

variables. So, the interpretation of the curreatigtresult should take this in to account.

Data collectors and respondents understandingyatml questions and local terminologies used an®ray the possible sources of bias.
Lack of clear understanding on the message of tiestopns by data collectors and respondents mifgattahe estimations we made on
food insecurity and child undernutrition spatiabbysis. Also, this might affect the true associatietween independent and dependent
variables. So, to reduce the magnitude of the prmaband to increase understandability of the questio the respondents on the
terminologies of food insecurity and other dietaghavior related questions, discussions were cdéaedugith health extension workers,
extension services providers and nutrition expertthe study area. Based on the discussion resuttglfications were done and data

collectors were informed during training about doenmon terminologies the community used locally.

Spatial location measurement errors might be intced by inaccuracies in the positioning of spagedgraphical locations that will affect
the outcome distribution (273). Geographical lamatmeasurement errors might be affected by diffefactors like the data collector

measuring ability and weather conditions which rmafiect the velocity of GPS signals. To reducelitas that might be introduced in the
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current study, intensive training with practicalndenstration was given to those who took GPS lonatiata. Also, based on a
recommendation (273) detection of at least fouelki® signals were used to determine location dbasehold and in most cases five or
more satellite signals were considered for grgatecision to reduce the effect of the weather domdi However, in most highland areas, it
was challenging to get more satellite signals dubkigh cloud density as compared to the low lamhar As a result, it might affect the
validity of the exact location of the householdscirrent study. To reduce the errors introduced wuthe above situation, the data

collectors maintain the minimum number of four 8a#s to register the location data.

Presence of multiple addresses of the studied holdsedue to in or out migration is one of the Eades on spatial analysis of health
problems (273). This problem effect on the curisgntly is very low since the community in the stadga has low in and out migration
practice. To make the effect of the problem vergimal, participants who lived more than 6 monthsen@nsidered for the spatial pattern
analysis of food insecurity and child undernutntidAnother possible bias in spatial analysis iatesl to utilization of aggregated data at
particular political administrative units which lgébe spatial scan statistic to not only lose poweedetect food insecurity and child
undernutrition clusters, but also to increase #igef detection rate (274). To prevent the biascés®ol with use of aggregated data on the

cluster detection, micro level resolution GPS lawatata at individual household level was congden the current study.

The shape file used in the study was based onoited political administrative geographical boundariThe spatial statistical analysis
results may differ wildly according to the scaledgmattern of the areal units used and this proliterspatial analysis is known as the
modifiable areal unit problem. However, the modifeaareal unit problem might not be a problem for turrent study since the spatial

location data were collected at individual housdHevel.

In the study, appropriate data analysis methods whlposen to increase validity of the results. Safspatial analysis was done to
identify the local clustering of child undernutoiti and food insecurity which is the recommendechoefor identifying local clustering of
the problem (120). Taking the heterogienity of @hilndernutrition and food insecurity, multilevelatysis was used which is the

recommended approach to take into account theasplaipendency of the problem (72, 112, 206).
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7.2. External validity

On the other hand, external validity is the abilitygeneralize study results to a more universalufation (268, 269). There are three
threats to validity of epidemiological researctasyiconfounding, and chance (269). Bias is a sygterarror that can distort the estimation
of an epidemiological measure (269, 270). Theretare general types of bias that should be remendbareepidemiological studies:
selection bias and information bias (269, 270)e&en bias is due to systematic differences irmattaristics between those who take part
in a study and those who do not (269, 270).

Selection bias commonly happens during the desigise of the study (269). In the current study,pt@snwere taken during the design
phase to represent all agroecosystems which redseledtion bias across different agroecosystemsveMer, in the current study,

households with underfive children were considdéoedhe study. As a result, it is very difficult ggve conclusion on food insecurity to the
Zonal population. Similarly, if there are two unfileg children in the household, the index child veatected to reduce the recall bias in
relation to maternal and child care practice. Aldmosing the youngest child can show the recetnitional problems. On the other side

this might lead to selection bias which affectsgkaeralizability to all underfive children in teudy area.

None response bias is one of the selection biaves wome group of individuals who are invited te #iudy refuse or not able to
participate in relation to specific characteristiosthe outcome or risk factors (269). In the caotrstudy, the role of selection bias has
minimal effect because the response rate was veog dabove 96%). To reduce the effect due to n@spandents or incomplete
questionnaire, 5% none response rate was added@s@ensation. Another possible source of biasleted with volunteer based study
participant selection (269). In the current stuthg study population was selected using probab##ynpling method using multistage
cluster sampling technique. The whole eligible gtpdrticipants were considered within the clustera result, voluntary study participant
related bias in the current study is unlikely t@wc To reduce the errors associated with multestelgster sampling instead of simple

random sampling, a design effect of 1.5 was consti® increase the power of the study througressing the sample size.
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In epidemiological studies, chance has a role pla®ing the observed association and should besasd before making inference (269).
In the current study, the possibility of chanceaasalternative explanation for the observed reswts evaluated using the statistical
significant test using the recommended p valuetleas 0.05objective I-1V) or not crossing one (null value for Odds Rafm)jective I11)

or zero (null value for regression coefficien{ebjective 1V) at 95% confidence level. A large sample sizerddteed using scientific
sample size determination method was used to rettiegeossibility of the associations and signiftaelnsters due to chance in the current
study. In addition, approporaite epidemiologica&thods, including the spatial analysis using tltememended SaTScan spatial analysis to
identify local clustering (120) and multilevel aysis after checking basic assumptions were useelsé hpproaches have the potential to

increase the validity of the study.

To be a confounder, the third factor must be assediwith the exposure and, independent of thab®xe, be a risk factor to the outcome
(269). The observed relationship between the expoand outcome can be attributed, totally or irt,par the effect of the confounder
(269). Confounding can lead to an overestimate rofetestimate of the true association between expamud outcome and even can
change the direction of observed effect (269). Ramdation, restriction and matching during the piag and designing stages and
stratified and multivariable regression during #malysis stage can be used to control confoun@&®).(In this study, multilevel mixed

effects linear regression and multilevel mixed e@feordinal regression analysis techniques wersashto control for potential confounder
variables during identification of determinant farst This method of confounder control was chosecabse of the large number of
determinant factors considered in the current stiitherefore, the effect of confounders on the curstudy is minimized and thus; the

findings of the current study can be generalizesirtwlar population elsewhere.

8. Strengthsand Limitations

8.1. Strengths
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One of the major strengths of this study was treeaidifferent methods to understand food insegwnitd child undernutrition problems.
The study used the application of geographical rmédion system to identify the spatial patterns foéd insecurity and child

undernutrition. The spatial scan statistics is oindne methods which is highly efficient in idewtrig local clusters with good accuracy and
can help researchers to evaluate and early dateotithe problem and to allocate resources basedeed (200). As a result, using the

application of SaTScan in the current study cambationed as one strength of the current study.

The second strength is related to the applicatfomutilevel analysis to identify individual and mmnunity level determinant factors of
food insecurity and child undernutrition. Multildvanalysis has emerged as one analytical strategy dllows the simultaneous
examination of group level and individual level efatinant factors. Multilevel mixed effects modeling very important to control, for
unexplained variations and that prevents the ndatgpassociation due to correlation within a clusthich enables to overcome the
limitations of the standard regression analysisedoefore (72, 112, 205, 206). So, the applicatioappropriate statistical modeling can be
as well considered as the strength of the curtenltys

Also, this study is an agroecosystem characteristiced community based cross sectional surveykibhim shared environmental
characteristics with population based survey is ohéhe strongest investigation approaches to aeabausality in non-experimental
studies (75). This agroecosystem linked to commurased survey can give information to build susthie food system. The use of large
sample size with high response rate can give hagisscal power to infer the findings to the saipopulation, and this is also the strength
of the study.

The other strength of the study is related to thgsigal observation of environmental health cood#i Most of the previous studies
consider only latrine availability as factor forildhundernutrition. However, the physical presentéhe facility by itself might not indicate
the true association with child undernutrition icattors due to self-reported social desirabilitysbidousehold proper latrine utilization was
assessed using recommended proximate indicatotatrrie utilization using observation check lig&75). Also, to reduce social

desirability bias in relation to proper refuse disal practice and housing condition, they weresasskusing observation check lists.
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8.2. Limitations

The cross sectional nature of the survey, whichewakdifficult to see the temporal variation undéferent seasons, is one of the major
limitations of the survey. Especially prevalence apatial distribution of acute child undernutnitiand household food insecurity might
vary seasonally. Also, this study is limited thaisters in the spatial analysis are assumed torbelar and dissimilar in size to areas
within a given cluster boundary. This could resalthe exclusion or inclusion of clusters that stgii excess or less risk to food insecurity

and child undernutrition.

Because of the nature of the study, recall biaalge a potential limitation of a cross-sectionailvey. To reduce the problem, various
scientific procedures have been employed to mirerthe possible effects, including interviewing thether who is mostly responsible for

care of the child and feed the family and usin@ldestival and holydays to identify the time okeat.

Another limitation of this study is related to theportionality of the sample based on agroecorsys$ype, since we did not have evidence
on the size of the households or number of undesfia each agroecosystem category. This may affeastimation of food insecurity and

child undernutrition. The conceptual framework adased for the current study has three levels wisaggest three level analyses.
However, the sample design at third level considgreecosystem with five categories as a clustas iumber of clusters is not suitable

to apply three level multilevel analysis and onlyva level multilevel analysis was considered.
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9. Conclusions

In conclusion, the overall prevalence of householod insecurity was very high. The problem showedtial variation based on
agroecosystem characteristics. Households frony hild mountainous highlands and lowlands of theyAWalley were significantly

identified as risky areas for household food ins#glwcompared to midland plain agroecosystems. I8ntygi the overall magnitude of
childhood stunting, underweight and wasting amongdeu-five children were found to be very high wgbographical variations across
different agroecosystems. Lowlands of the Abay &talind hilly and mountainous highlands had highevagence of child undernutrition

compared to midland plain areas.

The spatial SaTScan analysis showed clusteringad fnsecurity and child undernutrition. The sdai@iation of food insecurity and
child undernutrition in the Spatial SaTScan analysere observed in the multilevel mixed effectsesgion after adjusting for individual
and community level determinant factors. The stgtigwed heterogeneity in the magnitude of housefmdd insecurity and child
undernutrition after adjusting for both individwald community level determinant factors in the ffauel analysis. This suggests the need

for further spatial analyses concerning the po#éffaictors which influence the spatial distribution

The determinant factors of food insecurity and c¢chihdernutrition operating at individual and comityrievel play a statistically
significant role in determining food insecurity awltlild undernutrition in the study area. The curretudy have important policy
implications which suggest that the challenge tluce food insecurity and child undernutrition gbegond addressing individual factors,

and requires a better understanding of contexttairchinant factors.

Agroecosystem characteristic was found to be ondeftommunity level determinant factors of housgHhood insecurity. Households

from the most hilly and mountainous highlands aowlands of the Abay Valley were more likely to bemn severe food insecure
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compared to midland area communities. In additming male headed household, higher husband ednahstatus, having additional
income source, application of fertilizer on thenféand in the survey year, better amount of cropdpetion in the survey year and

household’s larger land size were identified agpehdent determinant factors of food insecurithageing better food security.

Also, both individual and community level factoradha significant role in determining child heigbt &ge Z score and weight for height Z
score. Children from the midland area communitiad B better nutritional status compared to hillg anountainous highlands and
lowlands of the Abay Valley. In addition, number wider five children in the household, mother ANslldw up, child immunization
status, breast feeding initiation time, maternatriianal status, household food insecurity, howdehdietary diversity, presence of
diarrheal illness two weeks prior to the surveyudehold refuse disposal practice and proper lattiiezation showed a statistical
significant association with child weight for hetgh score. Similarly, child sex, child age in masitnumber of under five children in the
household, child immunization status, breast fegdiitiation time, maternal nutritional status, Betold dietary diversity, household level
water treatment practice, diarrheal illness, prdprrsehold level refuse disposal practice, anderrigtrine utilization showed a statistical

significant association with child height for agscbre.

The multilevel analysis implies that there are uasueed determinant factors other than those indlidéhe analysis that are causing the
clustering of food insecurity and child undernudrit The presence of spatial heterogeneity in fomecurity and child undernutrition
suggests further investigation of left out determinfactors. As a result, food insecurity and &¢hihder nutrition variation should be
promoted in public health research as efficientmsezt quantifying the importance of the higher Idaetors for understanding disparities

in food insecurity and child undernutrition.

In summary, the spatial variations and determifactors of food insecurity and child undernutritionthe current study are in agreement
with studies and at the same time not in agreemvéhtother studies in the country and elsewhereadbrIn part this variation could be

explained the role of determinant factors thatuefice food insecurity and child undernutrition nhigary contextually from area to area.
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Another possible explanation for the difference Imige associated with the methodological variatiaa®ss studies, including but not

limited to the study design, sample size, samgkrsen and analysis methods used.
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10. Recommendations
To policy and program level

» Itis recommended to strengthen the existing efftrtreduce the high level of food insecurity ahddcundernutrition in the study arear
through designing context based interventions.

» The linkages of Agriculture, Nutrition and Healtitiuding education should be emphasized in int¢ioerstrategies in the study area.

e The current study area, burden specific policiesracommended which can be implemented on a pribasis, keeping in view the
nature of inequality in food insecurity and childidoundernutrition problems across the agroecosystem

* Water, sanitation and hygiene interventions sh@etdthe attaention of governmental and non goventah@rganizations which are
working

* Policy and intervention strategies aiming at miiimgg food insecurity and child undernutrition shebalddress the effects of lower level
and community level determinant factors using irdlial/household level and geographical targetiagpectively.

* The existing food insecurity and child undernutritinterventions must consider micro level spataiation in planning and resource
allocation to reduce the overall burden of the fgob

* The impact of the agroecosystem characteristic§ood insecurity and child undernutrition should fudly understood by the
community, program implementers and policy makersnd planning and community mobilization activitie

* Food insecurity and child undernutrition interventistrategy and planning designed using aggregkttdfrom the Regional or Zonal
level data as evidence may not indicate the trarip@ of spatial distribution of the problem. Soogram level planning should take in
to account micro level variation in designing stgaés and allocating resources.

» Agroecosystem based sustainable food insecuritygatibn and child undernutrition intervention ségies should be given due

attention.
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Tothe Academiaresear ch institutes

In rural communities, where household food consunptdepends on own food production from the farmjahe burden of food
insecurity and child undernutrition varies seaslygnaUnderstanding temporal variation of food ins#éyu and acute child
undernutrition, in addition to spatial variability different agroecosystem areas will guide focusgerventions. So, further research is
recommended to address the spatiotemporal patiéfaed insecurity and child undernutrition.

To fully understand determinant factors of foodeitwwity and child undernutrition, program level nitign sensitive and specific
interventional studies are recommended.

Further agroecosystem linked spatial analysis ofl fimsecurity and child undernutrition is recommahdo validate the current study
results in different geographical locations.

Researchers should focus in searching for additiosia factors that might account for the unexpéminvariance of household food
insecurity and child undernutrition.

The effectiveness of different developmental atiigilike, irrigation access, access of healthisesy all season road and market in
mitigating food insecurity and child undernutritishall be evaluated using advanced epidemiologtcaly designs.

Further follow up study is recommended to evaluhéeffects of neighborhood and shared environmerfood insecurity and child
nutritional status.

To understand the contribution of spatial analysmults evidence in influencing public health pplto mitigate food insecurity and

child undernutrition through geographical targetimtgrventions shall be tested using interventictadiies.

To the community

Since the sanitation situation is one of the steshgredictors of child undernutrition, the comntyrshould work to improve the
situation using local social and religion institurts.
Agroecosystem is one of the important factors grfiting food insecurity and child undernutrition. Asresult, creating healthy

ecosystem should be taken as one strategy by theanity to improve the food security and reducédchindernutrition.
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* The farmers should enhance agricultural inputsasecrease crop production to secure household é@msumption
« Crop diversity should be taken as one strateggdmease dietary diversity at the household level.

» Child feeding and care practice practices in thamaonity need improvement
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