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Undernutrition remains a significant obstacle to children under five years old in Kenya. One
in four children under five are stunted, meaning that they have z-scores for height-for-
age below two standard deviations from the median of the reference population. By
compromising their immune systems, undernutrition may result in a higher risk of disease and
mortality. While child stunting in Kenya varies within and between various geographical scales,
no high-resolution and multilevel analyses have been conducted to identify and analyze
independent predictors. The paper aims to quantify socioeconomic, demographic, cultural,
climatic and environmental factors associated with childhood stunting in Kenya using a multilevel
multivariate logistic regression and high-resolution spatial modelling approach. We anticipate
that the results of this study will elucidate high resolution undernutrition 'hotspots' that are in
critical need of, and can respond well to, prioritized policy interventions.
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objective of this paperis to identify and quantify
l. INTRODUCTION socioeconomic, demographic, cultural, climatic and
] ] ] ] _environmental factors associated with childhood sturiting
Despite valiant efforts towards addressing food insecurity Kenya using a multilevel multivariate logistic regression and
that have seen undernutrition decline globally, many sub-nigh-resolution spatial modelling approach.
Saharan countries still struggle feed their people.
Undernutrition, a global health problem with effects II.DATA AND METHODS
particularly devastatingn Sub-Saharan Africa, causes those )
affectedto suffer from weakened immune systems, increased To achieve our objectivesye will conduct an in-depth
susceptibilityto diseases, and higher mortality rates [1]. secondary data analysisf individual and cluster-level
Chronic undernutrition remains a significant obstaide  variables using the Kenya Demographic and Health Survey
children under five years old Kenya, where approximately (KDHS) from2014.Individual-level variableto beincluded
1in 4 children are stunted, meaning that they have height4in this multi-level study would consisf child factors (e.g.
for-age Z-scores less than minus two standard deviationgge of child, sexof child, birth-weight, typeof birth,
below the medianf a reference height-for-age standard [2]. immunization and anemia) and maternal factors (e.g.
Chronic child undernutritioin the formof stunting varies  maternal agepother’s education levelmother’s body mass
within and between various regional scd®&s[4]. As such, index, birth interval, numbesf under-five children, heaof
there are several studies that have examined stuntindgiousehold and wealth index) [4Cluster-level variables
prevalenceby conducting trend analyses [5] and analyzing would include poverty rate, latrine facility type, drinking
socioeconomic, demographic and cultural factors associatedvater sources, precipitation and Normalized Difference
with childhood stunting by using standard logistic Vegetation Index (NDVI) [4],[8]. We will obtain the
regressions [6], [ However, no high-resolution spatial precipitation data from the Climate Hazards Grinfpared
analysis has been conducteddentify hotspotf stunting Precipitation with Stations (CHIRPS) web database, which
in Kenya. Furthermoreno multilevel analyses have been reports monthly rainfalin millimetersat a 5%m resolution.
conductedo identify and analyze independent predicmfrs  Next, we will obtain NDVI datasets from the National
stuntingin Kenya. Only one study has conducted spatial Aeronautics and Spacédministration (NASA) Earth
analysisof climate-related child undernutrition the portion Observations web database ab&mresolutionto represent
of Kenya containedn the Lake Victoria Basin [8]. The


http://chg.geog.ucsb.edu/data/chirps/
https://neo.sci.gsfc.nasa.gov/view.php?datasetId=MOD13A2_M_NDVI
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the ‘greenness’ of the countryas estimated from data [3] Adekanmbi VT, Uthman OA, Mudasiru OM. Exploring

capturedoy multiple satellites. variationsin childhood stuntingn Nigeria using league
We will employ multivariate multilevel logistic regression table, control chart and spatial analysis. BMC Public
to analyze and quantify socioeconomic, demographic, Health. 2013;13:361.

cultural, climatic and environmental factors associated with
childhood stuntingn Kenyaat two levels: individual and  [4] Haile D, AzageM, Mola T, RaineyR. Exploring

cluster levelsWe will construct four model$o do so. The spatial variations and factors associated with childhood
first model willbe a baseline model without any explanatory stuntingin Ethiopia: spatial and multilevel analysis.
variables,to investigate the exterdf cluster variationon BMC Pediatrics. 2016; 16(9)

stunting. The second model wilk adjusted for individual-

level variables, the third model adjusteat tluster-level [5] Matanda DJMittelmark MB, Kigaru DM. Child
variables while the fourth model wile adjusted for both the undernutritionin Kenya: trend analyses froh®93to
individual and community-level variables simultaneously. 2008-09.BMC Pediatrics. 2014; 14(5)

Adjusted Odds Ratios (AOR) with their correspondd3§6

Confidence Intervals (CI) willbe calculatedto identify [6] MengistuK, AlemuK, DestawB. Prevalencef

independent contributot® stunting.To measure variation Malnutrition and Associated Factors Among Children
within clusters,we will calculate statistics suchs Intra- Aged 6-59 Monthsat Hidabu Abote District, North
cluster Correlation (ICC), Median Odds Ratio (MOR) and Shewa, Oromia Regional State. Nutritional Disorders
Proportional Changie Variance (PCV) [9], [10]. Optimized Therapy. 2013;T1:001.

hot spot analysis willbe conducted using Getis-Ord
Statistics, specifically the Local Getis-Ord G index (L®i)  [7] TarikuB, MulugetaA, TsadikM, AzeneG. Prevalence

compute and map the spatial heterogeneftysignificant and Risk Factoref Child Malnutritionin Community
high/low prevalence clusteos stunting [11]. Based Nutrition Program Implementing and
Nonimplementing Districts from South East Amhara,
I11. EXPECTED FINDINGS Ethiopia. Open Access Librady 2014;1:117.

From this study,we expect to determine if either [8] Loépez-CarrD, Mwenda KM, PricopdNG, Kyriakidis
individual and cluster-level factorsy both, are significant PC, Jankowsk®dM, WeeksJ, FunkC, HusakG,
determinant®f child stunting. Where significanye will to Michaelsenl. Climate-Related Child Undernutrition
quantify the effecof individual and/or cluster-level factors the Lake Victoria BasinAn Integrated Spatial
on the variation of child stunting adoss the country. Analysisof Health Surveys, NDVI, and Precipitation
Moreover, following the hotspot analysige will explicate Data.|[EEE Journalof Selected Topici Applied
and map measures statistically significant hotspots and/or Earth Observations and Remote Sensa@y.6;9(6):
coldspotsof child stuntingat a high-resolution pixel level. 2830-5.

These results willbe the outputof rigorous multileel

multivariate and spatial modelling efforts that account for [9] Merlo J, ChaixB, YangM, LynchJ, Rastani. A brief

spatial heterogeneity among socioeconomic, demographic, conceptual tutoriabf multilevel analysisn social
cultural, climatic and environmental factors associated with epidemiology: linking the statistical concegit

childhood stuntingn Kenya. Allin all, we anticipate that the clusteringto the ideaof contextual phenomenon. J
results of this study will elucidate high resolution Epidemiol Community Health. 2005;59(6):448
undernutrition 'hotspots' su@surban slum areas and rural
areas that arin critical needof, andcanrespond welto, [10] LarsenK, Merlo J. Appropriate assessmeott
prioritized policy interventions. neighborhood effectsn individual health: integrating
random and fixed effecia multilevel logistic
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