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Abstract

Background: Malnutrition is defined as deficiencies, excesses or 
imbalances in a person’s intake of energy and/or nutrients. Malnutrition among 
children under five years of age is a chronic problem in most regions of Ethiopia, 
including the Tigray region. The main objective of this study is to assess the 
prevalence of under-five child malnutrition’s and the risk factors attributed to 
nutritional status of children in Tigray region based on Ethiopian Demographic 
Health Survey, 2016 datasets.

Methods: The information collected from 370 children was considered in the 
study, and variables like maternal socio and demographic characteristics, child 
demographic characteristics, health and environmental factors were considered 
as determinants of nutritional status of a child. The study used descriptive 
statistics and Multivariate multiple linear regression models to identify significant 
correlates of perinatal mortality. Factor analysis based on principal component 
analysis was done to reduce the data and components with Eigen value of more 
than one were considered for further investigation.

Results: The descriptive statistics in the study reveals that out of a total 
of 370 children included in the study 25.4% are underweighted, 30.8% are 
stunted and 17.3% are wasted. Accordingly of total children malnourished 
5.9% are severely underweighted while 19.5% are moderately underweighted, 
about 12.7% are severely stunted and 18.1% moderately stunted and 6.5% 
are severely wasted and 10.8% are moderate wasted respectively. From 
Multivariate multiple linear regressions, breast feeding factors, socioeconomic 
status of households, health status of child, having medical treatments during 
pregnancy and child vaccination status have significant impacts on nutritional 
status of the under five children. 

Conclusion: The factors duration of breast feeding, number of household 
members, living children, birth order of a child, current age of child, place of 
residence, sanitation services like drinking water and availability of toilet, mother 
educational level and father education level, age of mother, economic level 
of household, receiving measles, polio and vitamin A in the last six months, 
and child health status indicators like having diarrhea recently, having fever 
and cough in the last two months had statistically significant effect on child 
malnutrition. 
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Introduction
The World Health Organization (WHO) defines malnutrition as 

“deficiencies, excesses or imbalances in a person’s intake of energy 
or nutrients.” It generally, refers both to under nutrition and over 
nutrition, but in this study the term is used to refer solely to a deficiency 
of nutrition [1]. An anthropometric measurement is used for growth 
assessment and is a single measurement that best measures the health 
or nutritional status of a child. It represents measure of child’s growth 
indicators such as weight and height with respect to their age and 
sex. According to this measure, the nutritional status of children is 
determined by comparing growth indicator with the distribution of 
same indicators of healthy, the international reference standard that 
is most commonly used that is the data on the weights and heights of a 
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statistically valid population (US National Center for Health Statistics 
(NCHS)) of healthy children in the US [2]. This comparison can be 
expressed in the form of Z-score (Standard Deviation Score). It is 
defined as the difference between the value for an individual and the 
median value of the reference population for the same age, height or 
weight divided by the standard deviation of the reference population. 

There are three most commonly used anthropometric indicators 
for children nutritional status. These are: wasting (weight-for-height), 
which measures body mass in relation to body height or length and 
describes current nutritional status. Children whose Z-score is 
below minus two standard deviations (-2 SD) from the median of 
the reference population are considered thin (wasted), or acutely 
undernourished. Children whose weight-for-height Z-score is below 
minus three standard deviations (-3 SD) from the median of the 
reference population are considered severely wasted. It is a measure 
of acute undernutrition that represents the failure to receive adequate 
nutrition in the period immediately before the survey. Wasting 
may result from inadequate food intake or from a recent episode of 
illness that caused weight loss. The second anthropometric indicator 
stunting (height-for-age) is a measure of linear growth retardation and 
cumulative growth deficits. Children whose height-for-age Z-score is 
below minus two standard deviations (-2 SD) from the median of the 
reference population are considered short for their age (stunted), or 
chronically undernourished. Children who are below minus three 
standard deviations (-3 SD) are considered severely stunted. It is sign 
of chronic undernutrition that reflects failure to receive adequate 
nutrition over a long period. Another indicator underweight (weight-
for-age) is a composite index of height-for-age and weight-for-height 
that accounts for both acute and chronic undernutrition. Children 
whose weight-for-age Z-score is below minus two standard deviations 
(-2 SD) from the median of the reference population are classified as 
underweight. Children whose weight-for-age Z-score is below minus 
three standard deviations (-3 SD) from the median are considered 
severely underweight. Thus, weight-for-age, which includes both 
acute (wasting) and chronic (stunting) undernutrition, is an indicator 
of overall undernutrition [3].

Globally, approximately 155 million children under five suffer 
from stunting and nearly 52 million children under 5 were wasted and 
17 million were severely wasted. More than half (56%) of all stunted 
children under 5 lived in Asia and more than one-third (38%) lived 
in Africa, more than two-thirds (69%) of all Wasted children under 
5 lived in Asia and more than one-quarter (27%) lived in Africa [4].

Malnutrition is also highly associated with under five mortalities. 
About 54% of death of children whose age is below five years, is mainly 
caused by in inadequate nutrition [5]. In Ethiopia malnutrition 
is one of the most serious health’s and welfare problems among 
infants and young children. According to Ethiopian Demographic 
and Health Survey (EDHS) 2016 report even though the prevalence 
of chronic malnutrition has decreased significantly in the past two 
decades, under five children are still experiencing the highest rates 
of malnutrition in the country, that is 38 percent of children under 
age 5 are stunted (short for their age); 10% are wasted (thin for 
their height); 24% are underweight (thin for their age), and 1% are 
overweight (heavy for their height) with a greater regional difference 
ranging from Amhara region (46.3%), Tigray region (39.3%), above 

the national prevalence to the lowest level in Addis Ababa Ccity 
(14.6%) and Gambella region (23.5%). Malnutrition among children 
under five years of age is a chronic problem in the study region Tigray, 
where 39.3% of the children under age of five were stunted, 23% were 
underweight, and 11.1% were wasted [6]. This high malnutrition rate 
in the region possesses a significant obstacle to achieve better child 
health outcomes. Thus understanding of the factors related to child 
malnutrition is important to guide the development of focused and 
evidence based health interventions to decrease the high rate of child 
mortality due to malnutrition. 

Therefore this study aims to investigate the major correlates of 
children malnutrition in Tigray region and such knowledge will also 
helpful to the development of effective policy strategies for improving 
the health policies on child care in the region.

Methods
Source of data and description of the study area 

This study was a retrospective study based on 2016 Ethiopian 
Demographic and Health Survey which is part of the worldwide 
measure DHS project funded by the United States Agency for 
International Development (USAID). The primary purpose of 
this survey is to furnish policy makers and planners with detailed 
information on fertility, family planning, infant, child, adult and 
maternal mortality, maternal and child health, nutrition and 
knowledge of HIV/AIDS and other sexually transmitted infections. 
Tigray national regional state is located at the northern part of 
the Ethiopia. It is located between 36 degrees and 40 degrees east 
longitude. According to the 2007 Census, the state’s population size 
was 3,136,267 of which 1,594,102 were females. The urban residents 
of the region number 468, 478 and its rural residents 2,667,789 [7]. 

Study variables
The dependent or response variable is malnutrition status in 

children indicated by stunting (z-scores height for age), wasting 
(z-scores weight for height), and underweight (z-scores weight for 
age). Thus, there are three dependent variables in the study. From 
various literatures the independent variables included in this study 
are given in below (Table 1).

Statistical methods of data analysis
The study used descriptive statistics and the multivariate methods 

like Principal components analysis, and Factor analysis for data 
reduction and Multivariate multiple linear regression approaches for 
data analysis because the response variable is greater than one.

The principal component analysis: Principal Components 
Analysis (PCA) is frequently used in public health research. It aims 
to reduce numerous measures to a small set of the most important 
summary scores, explaining the variance-covariance structure 
through a few linear combinations of the original variables.

Let X = (X1, X2, …., Xp)’ be a p dimensional random variables 
with mean µ and covariance matrix Σ, we will find a new set of 
uncorrelated variables Y1, Y2, ….., Yp whose variances decrease from 
the first to the last, that is var(Y1) ≥ var(Y2) ≥ ….. ≥ var(Yp). The 
principal components are those uncorrelated linear combinations Y1, 
Y2, ….., Yp whose variances are as large as possible.
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The ith PCA of the observation X is that linear combination:

Yi = a1iX1 + a2iX2 + …… + apiXp = ai’X, whose sample variance is 
( )i i i i iVar Y a a a Sa′ ′= ∑ =

) )
 subject to ai’ai = 1, i = 1, 2, … , p.

In our study since the responses are recorded in widely different 
unit (age in months, weight in kilograms, height in meters, for 
instance) the linear combinations of the original variables would have 
little meaning and standardized variates and the correlated matrix 
should be employed to extract the Principal components.

Let X = (X1, X2, …., Xp)’ has mean µ and covariance Σ, the 
standardized components are:
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1 2 1

11 22

, ,...., p p

pp

XX XZ Z Z
µµ µ

σ σ σ

−− −
= = =

Factor analysis model: This analysis describes the covariance 
relationships among many variables (items) in terms of a few 
underlying and unobservable random quantities. The observable 
random vector X’ = (X1, X2, …., Xp) with P components has mean 
μ and covariance matrix Σ. The factor model postulates that X is 
linearly dependent upon a few m unobservable random variables f1, 
f2,..., fm called common factors, ( m < p ) and p additional source of 
variation ε1, ε2, ε3, ..., εp called errors (specific factors). 

The factor analysis model is given by: 

X = μ + LF + ε, 

Where, 
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Lpxm is a matrix of unknown constants called factor loadings.

The coefficient lij is the loading of the ith variable on the jth factor.

I = 1, 2, …, p, j = 1, 2, … m, m < p 

ith specific factor iε  is associated with ith response Xi only. 

Assumptions 

Measurement error has constant variance and is, on average, 0.

E(ε) = 0 = (0, 0, …, 0)’ 

Cov (ε ) = E(ε ε ‘) = Ψ, Ψ is a diagonal matrix

No association between the factor and measurement error

Cov (ε) = E(ε F’) = 0 = (0, 0, …0)’ 

No association between errors:

Cov (ej, ek) = 0 

1.	 Cov(Xi, Xk) = Li’Lk

2.	 E (F) = 0 = (0, 0, …0)’

3.	 Cov (F) = E (FF’) = Im

4.	 Cov(Xi, Fk) = lik, i = 1, 2, …, p, and k = 1, 2, …, m.

The portion of variance of Xi due to the m common factors F1, F2, 
…, Fm given by 

2 2 2 2 2
1 2 1

... m
i i im ij ii
l l l l h

=
+ + + = =∑  is called the ith communality. 

The specific factor  is given by  Ψi  is called the uniqueness of 
the specific variance 

σii = hi
2 + Ψi, i = 1, 2, …, p.0

Thus var (Xi) = communality + specific variance 

The factor model assumes that 
2

)1(
2

)1( +
=

−
+

ppppp  variables 
and covariance for X can be reproduced from pm factor loadings lij 
and p specific variables Ψi.

The factor model provides a simple explanation of the covariation 
in X with parameters (p + pm) which are fewer than p(p+1)/2 
parameters in Σ.

Factor rotations are an orthogonal transformation of the factor 
loadings, as well as the implied orthogonal transformations of the 
factors. If L̂  is the pxm matrix of estimated factor loadings obtained, 
then T,L*L ˆˆ =  where TT’=T’T=I, was a matrix of ‘rotated’ loadings, I is 
the identity matrix. .Ø*L*LØLTTLØLL ˆˆˆˆˆˆˆˆˆ +′=+′′=+′

This shows that the specific variances 
iΨ̂  and the communalities 

hi
2 remain unchanged.

For the given original data xij (I = 1,2,3,...n and j = 1,2,3,..., p ) the 
factor score of the ith individual child on the kth principal component 
retained can be calculated as:

1 1 2 2
ˆ ˆ ˆ ˆ
ik i i p pif l x l x l x= + + +K , 

Where,

ikf̂ =factor score of the ith subject or sampling unit for the kth factor 
retained,

jl̂  = the principal component (factor) loading of variable j.

Multivariate Multiple Linear Regression Model: The 
multivariate extension of multiple linear regressions used to model 
the relationship between m responses variables denoted by Y1, Y2, 
….., Ym and a set of k predictor variables x1, x2, ….., yk. 

Suppose that the number of response variables is m, so we have 
n observations for each Yi, i = 1, 2,…,m. The general formula for the 
multivariate regression model is given by:

Yi = β0i + β1iX1 + β2iX2 + … + βkiXk + εi For all i = 1, 2, 3,..., m. 

Thus

Y1 = β01 + β11X1 + … + βk1Xk + ε1

Y2 = β02 + β12X1 + … + βk2Xk + ε2

-

Ym = β0m + β1mX1 + … + βkmXk + εm

ε = (ε1, ε2, ..., εm)’ has expectation 0 and variance matrix Σ. The 
errors associated with different responses on the same sample unit 
may have different variances and may be correlated.

We can now formulate the multivariate multiple regression 
model: 
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Y(nxm)= X(nx(k+1))β((k+1)xm)+ ε(nxm)

with E(ε) = 0 var(ε) = Σ and cov(εi,εk) = σikxI for i, k = 1,2,...,m. 
Thus the error terms associated with different responses may be 
correlated.

The m measurements on the jth sample unit have covariance matrix 
Σ but the n sample units are assumed to respond independently.

Parameter estimation in multivariate multiple linear 
regression: We estimate the regression coefficients associated with 
the ith response using only the measurements taken from the n sample 
units for the ith variable. The least squares estimator for β minimizes 
the sums of squares elements on the diagonal of the residual sum of 
squares and cross products matrix.
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By solving the normal equations

YXâXX ′=′ ˆ we get the solution in the form YXXXâ ′= −1)(ˆ

Using least squares and with X of full column rank for univariate 
estimate:

1
( ) ( )

ˆ
i iX X X Yβ −′ ′=  

Checking the goodness of fit of the model: In this study we used 
MANOVA for assessing the multivariate multiple regression models 
goodness of fit. To test the coefficient of the independent variables we 
use, the following hypothesis: 

H0: β 1= β 2=, …,= β k= 0 versus H1: At least one of the parameter 
is different from zero.

Consider the p by p positive definite matrix of (corrected) total 
sums of squares and cross products (SS and CP) defined as:

TSS and 1 1CP { }T Y Y Y ii Y Y I ii Y
n n

′ ′ ′ ′ ′= = − = −

Where i = (1, 1, 1, …, 1)’ denotes an (nx1) vector of each element 
unity.

Consequently, the diagonal elements of T are the (corrected) total 
sums of squares for the respective dependent variables. Assuming 
that Rank(X) = (k + 1), this matrix can be partitioned as the sum of 
the two p by p positive definite matrices.

T = R + E

Where,
1

1 1

1 1{ ( ' ) ' ' } ' ' '

{ ( ' ) '} ' ' ( ' ) '
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and Y X β=
))

 is the matrix of the predicted values of matrix Y. The 
matrix R represents the matrix of model or regression sums of 
squares and cross products, while the matrix E represents that 
corresponding to error. Note that the diagonal elements of these 
matrices respectively represent the usual regression and error sums of 
squares for the corresponding dependent variables in the univariate 

Variables name Possible categories 

Maternal age in 5-year groups

1 =15-19 
2 =20-24 
3 =25-29 
4=30-34 
5=35-39 
6=40-44 
7=45-49

Type of place of residence 0 = urban 
1= rural

Highest educational level

1 = no education 
2 = primary education 

3 = secondary & higher 
education

Source of drinking water
1 = piped 

2= unprotected well 
3 = protected well

Type of toilet facility 0= with facility 
1= no facility

Number of household members (listed)
1= 1-4 
2=5-8 

3=9&more

Wealth index combined
1= poor 

2= middle 
3= rich

Number of living children Discrete 

Currently breastfeeding 0= no 
1= yes

Husband/partner's education level

1 = no education 
2 = primary education 

3 = secondary & higher 
education

Birth order number Discrete 

Sex of child 0= male 
1= female

Number of tetanus injections before birth Discrete 

Duration of breastfeeding In months 

Months of breastfeeding
1 = "Ever breastfed 
2 = never breastfed  
3 = still breastfed

Number of antenatal visits during pregnancy 0= no 
1= yes

Size of child at birth

1 = Very large 
2 = Larger than average 

3 = Average  
4 = Smaller than average  

5 = Very small 
During pregnancy, given or bought iron 
tablets/syrup

0 = no  
1= yes

Had diarrhea recently 0 = no  
1= yes

Had fever in last two weeks 0 = no  
1= yes

Vitamin A in last 6 months 0 = no  
1= yes

Had cough in last two weeks 0 = no  
1= yes

Received Measles 0 = no  
1= yes

Received Polio 0 = no  
1= yes

Current age of child in months (0-59)

Table 1: Description of independent variables in the study.
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    Underweight(W/A z-scores) Stunting (H/A z-scores) Wasting (W/H z-scores)

Covariates Categories Severe Moderate Nourished Severe Moderate Nourished Severe Moderate Nourished 

Maternal age

20-24 2(0.5%) 6(1.6%) 49(13.2%) 1(0.3%) 8(2.2%) 48(13%) 7(1.9%) 1(0.3%) 49(13.2%)

25-29 9(2.4%) 14(3.8%) 69(18.6%) 10(2.7%) 19(5.1%) 63(17%) 3(0.8%) 12(3.2%) 77(20.8%)

30-34 4(1.1%) 16(4.3%) 70(18.9%) 11(3%) 10(2.7%) 69(18.6%) 8(2.2%) 8(2.2%) 74(20%)

35-39 5(1.4%) 21(5.7%) 64(17.3%) 20(5.4%) 15(4.1%) 55(14.9%) 4(1.1%) 12(3.2%) 74(20%)

40-44 2(0.5%) 15(4.1%) 19(5.1%) 5(1.4%) 12(3.2%) 19(5.1%) 2(0.5%) 7(1.9%) 27(7.3%)

45-49 0 0 5(1.4%) 0 3(0.8%) 2(0.5%) 0 0 5(1.4%)

Place of 
Residence 

Urban 3(0.8%) 4(1.1%) 48(13%) 5 1.4%) 6 (1.6%) 44(11.9%) 2(0.5%) 5(1.4%) 48(13%)

Rural 19(5.1%) 68(18.4%) 228(61.6%) 42(11.4%) 61(16.5%) 212(57.3%) 22(5.9%) 35(9.5%) 258(69.7%)

Maternal 
education 

level

No educ. 10(2.7%) 52(14.1%) 158(42.7%) 31(8.4%) 41(11.1%) 148(40%) 16(4.3%) 25(6.8%) 179(48.4%)

Primary 9(2.4%) 16(4.3%) 90(24.3%) 13(3.5%) 23(6.2%) 79(21.4%) 6(1.6%) 9(2.4%) 100(27%)
Secondary 

and + 3(0.8%) 4(1.1%) 28(7.6%) 3(0.8%) 3(0.8%) 29(7.8%) 2(0.5%) 6(1.6%) 27(7.3%)

Source of 
drinking 

water

Piped water 6(1.6%) 15(4.1%) 89(24.1%) 14(3.8%) 16(4.3%) 80(21.6%) 3(0.8%) 13(3.5%) 94(25.4%)

Protected well 8(2.2%) 34(9.2%) 110(29.7%) 23(6.2%) 28(7.6%) 101(27.3%) 6(1.6%) 13(3.5%) 133(35.9%)

Unprotected 8(2.2%) 23(6.2%) 77(20.8%) 10(2.7%) 23(6.2%) 75(20.3%) 15(4.1%) 14(3.8%) 79(21.4%)

Toilet facility
With facility 8(2.2%) 32(8.6%) 131(35.4%) 19(5.1%) 26(7%) 126(34.1%) 7(1.9%) 18(4.9%) 146(39.5%)

No facility 14(3.8%) 40(10.8%) 145(39.2%) 28(7.6%) 41(11.1%) 130(35.1%) 17(4.6%) 22(5.9%) 160(43.2%)

Number of 
household 

member

4-Jan 2(0.5%) 9(2.4%) 58(15.7%) 4(1.1%) 8(2.2%) 57(15.4%) 7(1.9%) 2(0.5%) 60(16.2%)

8-May 17(4.6%) 54(14.6%) 180(48.6%) 39(10.5%) 48(13%) 164(44.3%) 12(3.2%) 31(8.4%) 208(56.2%)

9 and + 3(0.8%) 9(2.4%) 38(10.3%) 4(1.1%) 11(3%) 35(9.5%) 5(1.4%) 7(1.9%) 38(10.3%)

Wealth index

Poor 15(4.1%) 52(14.1%) 134(36.2%) 32(8.6%) 40(10.8%) 129(34.9%) 19(5.1%) 25(6.8%) 157(42.4%)

Middle 2(0.5%) 6(1.6%) 48(13%) 4(1.1%) 12(3.2%) 40(10.8%) 2(0.5%) 5(1.4%) 49(13.2%)

Rich 5(1.4%) 14(3.8%) 94(25.4%) 11(3%) 15(4.1%) 87(23.5%) 3(0.8%) 10(2.7%) 100(27%)

Currently 
breast 
feeding

No 0 18(4.9%) 44(11.9%) 16(4.3%) 18(4.9%) 28(7.6%) 0 3(0.8%) 59(15.9%)

Yes 22(5.9%) 54(14.6%) 232(62.7%) 31(8.4%) 49(13.2%) 228(61.6%) 24(6.5%) 37(10%) 247(66.8%)

husband 
education

No educated 9(2.4%) 37(10%) 115(31.1%) 27(7.3%) 32(8.6%) 102(27.6%) 7(1.9%) 17(4.6%) 137(37%)

Primary 11(3%) 31(8.4%) 119(32.2%) 17(4.6%) 32(8.6%) 112(30.3%) 14(3.8%) 19(5.1%) 128(34.6%)
Secondary 

and + 2(0.5%) 4(1.1%) 42(11.4%) 3(0.8%) 3(0.8%) 42(11.4%) 3(0.8%) 4(1.1%) 41(11.1%)

  Not working 9(2.4%) 17(4.6%) 114(30.8%) 15(4.1%) 19(5.1%) 106(28.6%) 8(2.2%) 16(4.3%) 116(31.4%)
Mother 

occupation Agricultural 8(2.2%) 35(9.5%) 97(26.2%) 21(5.7%) 29(7.8%) 90(24.3%) 13(3.5%) 14(3.8%) 113(30.5%)

  Non-agriculture 5(1.4%) 20(5.4%) 65(17.6%) 11(3%) 19(5.1%) 60(16.2%) 3(0.8%) 10(2.7%) 77(20.8%)

  2 and less 4(1.1%) 9(2.4%) 64(17.3%) 4(1.1%) 11(3%) 62(16.8%) 5(1.4%) 3(0.8%) 69(18.6%)

Birth order 4-Mar 9(2.4%) 20(5.4%) 86(23.3%) 16(4.3%) 20(5.4%) 79(21.4%) 10(2.7%) 12(3.2%) 93(25.1%)

  6-May 6(1.6%) 18(4.9%) 74(20%) 13(3.5%) 18(4.9%) 67(18.1%) 3(0.8%) 15(4.1%) 80(21.6%)

  8-Jul 2(0.5%) 18(4.9%) 37(10%) 9(2.4%) 10(2.7%) 38(10.3%) 5(1.4%) 7(1.9%) 45(12.2%)

  9 and more 1(0.3%) 7(1.9%) 15(4.1%) 5(1.4%) 8(2.2%) 10(2.7%) 1(0.3%) 3(0.8%) 19(5.1%)

Sex of child
Male 11(3%) 43(11.6%) 125(33.8%) 27(7.3%) 31(8.4%) 121(32.7%) 15(4.1%) 17(4.6%) 147(39.7%)

Female 11(3%) 29(7.8%) 151(40.8%) 20(5.4%) 36(9.7%) 135(36.5%) 9(2.4%) 23(6.2%) 159(43%)

Sex of 
household 

head

Male 20(5.4%) 69(18.6%) 252(68.1%) 42(11.4%) 61(16.5%) 238(64.3%) 21(5.7%) 39(10.5%) 281(75.9%)

Female 2(0.5%) 3(0.8%) 24(6.5%) 5(1.4%) 6(1.6%) 18(4.9%) 3(0.8%) 1(0.3%) 25(6.8%)

Had diarrhea 
recently 

No 17(4.6%) 63(17%) 222(60%) 42(11.4%) 58(15.7%) 202(54.6%) 15(4.1%) 35(9.5%) 252(68.1%)

Yes 5(1.4%) 9(2.4%) 54(14.6%) 5(1.4%) 9(2.4%) 54(14.6%) 9(2.4%) 5(1.4%) 54(14.6%)

Table 2: Major Demographic and socio-economic, child health and feeding practices, sanitation and environmental characteristics in the study with underweight (W/A 
z-scores), Stunting (H/A z-scores), and Wasting (W/H z-scores).
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linear regression setup.

An unbiased estimator of Σ is given by ˆ
1

W
n k

Σ =
− −

If H0 is not true Wilk’s lambda (Λ*) = | |
| |

E
E R+

 is small.

The most popular MANOVA tests for multivariate measures 
for assessing the multivariate multiple regression models are: Wilks’ 
lambda, Pillai’s trace, Lawley-Hoteling trace, and Roy’s largest root 
[8], and we fail to reject H0 for small values of all the above four tests.

The null hypothesis for an individual test may be stated 
mathematically as:

H0: β(s,i) = 0 vs. H0: β(s,i) ≠ 0 for all s = 1, 2, 3,..., k and i = 1, 2, 3,..., m.

A test statistic is: )1(~
)ˆ(

ˆ

),(

),( −−= knt
SE

t
is

is

β

β

If t > t(n – k – 1) or p-value less than the level of significance, we 

reject the null hypothesis. On the other hand, the confidence ellipsoid 
for β can be easily contracted with the one at a time t value t(n – k – 1) 
at the given significance level. Here if the confidence interval includes 
βi = 0, the variable Xi might be dropped out from the regression model 
[9].

Model diagnostics: The most commonly used methods of 
checking normality of an individual variable are the Quantile-
Quantile plot (Q-Q plot), P-P plot and Normal density curve of the 
histogram. The P-P plotted as expected cumulated probability against 
observed cumulated probability of standardized residuals line should 
be at 45 degrees. The variable is normality distributed if this plot 
illustrates a linear relationship [10].

Results 
Descriptive statistics 

Table 2 presents the descriptive statistics of the major covariates 
considered in this study with stunting (H/A z-scores) underweight 
(W/A z-score) and wasting (W/H z-score) respectively. Out of a total 
of 370 children included in the study 25.4% are underweighted, 30.8% 
are stunted and 17.3% are wasted. Accordingly, of total children 
underweighted 5.9% are severely underweighted while 19.5% are 
moderately underweighted. Concerning the anthropometric height 
for age z-score (stunting) 30.8% are malnourished from which about 
12.7% are severely stunted and 18.1% of the children in the study 
are moderately malnourished (stunted). Wasting (Z score weight 
for height) is indicator child malnutrition; regarding this 17.3% 
are malnourished (6.5% severe and 10.8% moderate) malnutrition 
respectively.

Had fever in 
last 2 weeks

No 11(3%) 50(13.5%) 200(54.1%) 33(8.9%) 48(13%) 180(48.6%) 15(4.1%) 23(6.2%) 223(60.3%)

Yes 11(3%) 22(5.9%) 76(20.5%) 14(3.8%) 19(5.1%) 76(20.5%) 9(2.4%) 17(4.6%) 83(22.4%)

Child size at 
birth 

Smaller 6(1.7%) 17(4.6%) 72(19.4%) 11(3%) 20(5.4%) 64(17.3%) 8(2.2%) 8(2.2%) 79(21.3%)

Average 14(3.8%) 47(12.7%) 148(40%) 32(8.6%) 35(9.5%) 142(38.4%) 12(3.2%) 27(7.3%) 170(45.9%)

Larger 2(0.5%) 8(2.2%) 56(15.1%) 4(1.1%) 12(3.2%) 50(13.5%) 4(1%) 5(1.3%) 57(15.4%)

Given iron 
tablet/ syrup

No 8(2.2%) 20(5.4%) 53(14.3%) 10(2.7) 17(4.6%) 54(14.6%) 5(1.4%) 12(3.2%) 64(17.3%)

Yes 14(3.8) 52(14.1%) 223(60.3%) 37(10%) 50(13.5%) 202(54.6%) 19(5.1%) 28(7.6%) 242(65.4%)

Received 
Measles

No 14(3.8%) 25(6.8%) 128(34.6%) 19(5.1%) 17(4.6%) 131(35.4%) 15(4.1%) 18(4.9%) 134(36.2%)

Yes 8(2.2%) 47(12.7%) 148(40%) 28(7.6%) 50(13.5%) 125(33.8%) 9(2.4%) 22(5.9%) 172(46.5%)

Received 
Polio

No 16(4.3%) 44(11.9%) 183(49.5%) 30(8.1%) 46(12.4%) 167(45.1%) 15(4.1%) 31(8.4%) 197(53.2%)

Yes 6(1.6%) 28(7.6%) 93(25.1%) 17(4.6%) 21(5.7%) 89(24.1%) 9(2.4%) 9(2.4%) 109(29.5%)

Had cough in 
last 2 weeks

No 12(5%) 44(11.9%) 182(49.2%) 31(8.4%) 46(12.4%) 161(43.5%) 11(3%) 21(5.7%) 206(55.7%)

Yes 10(2.7%) 28(7.6%) 94(25.4%) 16(4.3%) 21(5.7%) 95(25.7%) 13(3.5%) 9(5.1%) 100(27%)

Vitamin A in 
last 6 months

No 9(2.4%) 13(5.5%) 100(27%) 11(3%) 18(4.3%) 93(25.1%) 13(3.5%) 8(2.2%) 101(27.3%)

Yes 13(3.5%) 59(15.9%) 176(47.6%) 36(9.7%) 49(13.2%) 163(44.1%) 11(3%) 32(8.6%) 205(55.4%)

Total   22(5.9%) 72(19.5%) 276(74.6%) 47(12.7%) 67(18.1%) 256(69.2%) 24(6.5%) 40(10.8%) 306(82.7%)

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.714

Bartlett's Test of Sphericity

6898.129

300

0

Table 3: KMOs and bartlett’s tests for factor analyses.

Figure 1: Scree plot of eigen values after PCA.
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The result shows the proportion of stunting, underweight and 
wasting differs by type of place of residence. Accordingly, higher 
numbers of stunted children are in the rural area, that is among 
30.8% of total children stunted in the region 27.9% (11.4% severe 
and 16.5% moderate malnutrition) are residing in rural areas and 
relatively small numbers of stunted children only 2.9% reside in 
urban counters. Regarding underweight 23.5% of rural children 
in the sample are underweight (5.1% severe and 18.4% moderately 
malnourished respectively). In terms of wasting again the highest 
proportion is observed for rural residents, where this figure is 15%. 

Concerning family demographic and socioeconomic status child 
malnutrition differs by maternal education level, household economic 
level and partners/husband education. Children born to mothers 
with no education have the highest proportion of malnutrition; 29.5% 
stunted (8.4% severe malnutrition and 11.1% moderately stunted), 
16.8% underweight (2.7% severe and 14.1% moderately underweight) 
and 11.1% wasted (4.3% severe and 6.8% moderately) malnourished. 
This figure also consistent as partners’ education is concerned, i.e. 
15.9% (7.3% severe and 8.6% moderate) of stunted children are 
from a mother whose partner is illiterate. Compared to those with 
secondary and above education level children to mothers whose 

Component
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %

1 4.477 17.908 17.908 4.477 17.908 17.908 3.612 14.45 14.45

2 3.755 15.022 32.93 3.755 15.022 32.93 3.417 13.667 28.117

3 2.454 9.815 42.745 2.454 9.815 42.745 3.04 12.16 40.277

4 1.809 7.237 49.982 1.809 7.237 49.982 1.754 7.018 47.294

5 1.434 5.734 55.716 1.434 5.734 55.716 1.731 6.925 54.219

6 1.147 4.588 60.304 1.147 4.588 60.304 1.379 5.515 59.734

7 1.099 4.398 64.702 1.099 4.398 64.702 1.144 4.576 64.31

8 1.021 4.084 68.787 1.021 4.084 68.787 1.119 4.477 68.787

9 0.956 3.824 72.611            

10 0.833 3.331 75.941            

11 0.82 3.278 79.219            

12 0.747 2.986 82.206            

13 0.689 2.755 84.961            

14 0.644 2.576 87.537            

15 0.564 2.254 89.791            

16 0.522 2.088 91.879            

17 0.43 1.721 93.6            

18 0.383 1.533 95.133            

19 0.367 1.469 96.602            

20 0.321 1.284 97.886            

21 0.253 1.014 98.9            

22 0.208 0.832 99.732            

23 0.059 0.236 99.968            

24 0.007 0.027 99.995            

25 0.001 0.005 100            

Table 4: Principal component analysis: total variance explained.

Extraction method: Principal component analysis

partner is illiterate or has primary education has high proportion 
of malnutrition. 12% of children from uneducated partners are 
underweight, and 6.5% are wasted, while 11.4% from partners with 
primary education are underweight and 8.9% are wasted respectively. 

Another factor that shows high variation in under five child 
malnutrition statuses is household wealth index. Tables 2 reveal 
that the poor families account for the higher proportion of children 
malnutrition in terms of stunting 19.4% (8.6% severely stunted and 
10.8% had moderately stunted), underweight 18.2% (4.1% severely 
and 14.1% moderately had underweight) and 11.9% wasted (5.1% 
severe and 6.8% moderately wasted) respectively. 

Majority of the respondents have no access to sanitation services 
like pure water and toilet facility services. About more than half, 54% 
of the respondents do not have access to toilet facility and among 
this 10.5% has malnutrition problem in terms of wasting, 14.6% are 
underweight and 18.7% are stunted. Thus, those mothers without 
toilet facility services have the highest percentage of child malnutrition 
than any of those with facility. Concerning access to pure water more 
than two third about 70% of the respondents uses protected well or 
surface water. Mothers who use protected well or surface water for 
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Accounted for 68.787%
Common Factors: Component  

F1 F2 F3 F4 F5 F6 F7 F8 Communality

Eigenvalues 4.477 3.755 2.454 1.809 1.434 1.147 1.099 1.021  

Variations accounted for % 17.91 15.02 9.82 7.24 5.73 4.59 4.4 4.08  

Age in 5-year groups   0.876             0.774

Type of place of residence     0.753           0.662

Highest educational level     -0.53           0.491

Source of drinking water     0.688           0.492

Type of toilet facility     0.708           0.651

Number of household members (listed)   0.767             0.61

Wealth index combined     -.793           0.7

Number of living children   0.931             0.908

Currently breastfeeding -.979               0.965

Husband/partner's education level     -.566           0.43

Birth order number   0.932             0.904

Sex of child               0.892 0.825

Number of tetanus injections before birth         0.638       0.446

Duration of breastfeeding -.977               0.962

Months of breastfeeding 0.99               0.994

Number of antenatal visits during pregnancy         0.728       0.657

Size of child at birth             -.711   0.569

During pregnancy, given or bought iron tablets/syrup         0.749       0.597

Had diarrhea recently       0.516         0.486

Had fever in last two weeks       0.867         0.759

Vitamin A in last 6 months           0.729     0.628

Had cough in last two weeks       0.829         0.723

Received MEASLES           0.579     0.687

Received POLIO           0.471     0.519

Current age of child in months 0.728               0.759

Table 5: Factor loadings (pattern matrix) and unique variances.

Extraction method: Principal component analysis. Rotation method: Varimax with kaiser normalization. Loadings Less than 0.4 were suppressed.

Source Dependent Variable Type III Sum of Squares Df Mean Square F Sig.

Regression (model) 

Z score weight for height 50.982 8 6.373 3.344 .001*

Z score weight for age 61.233 8 7.654 5.975 .000*

Z score height for age 266.864 8 33.358 13.66 .000*

Error

Z score weight for height 688.008 361 1.906    

Z score weight for age 462.48 361 1.281    

Z score height for age 881.581 361 2.442    

Total

Z score weight for height 1018.278 370      

Z score weight for age 1065.454 370      

Z score height for age 1585.213 370      

Corrected Total

Z score weight for height 738.99 369      

Z score weight for age 523.713 369      

Z score height for age 1148.445 369      

Table 6: Multivariate Analysis of Variance (MANOVA) for the fitted model.
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drinking sources have relatively high under five child malnutrition 
problems. Among those who use surface water 7.9% wasted, 8.4% 
underweight and 8.9% stunted respectively.

As family size, i.e. number of household members and child birth 
order concerned, the highest proportion of child malnutrition is 
observed for family with 5 - 8 household members, in which 19.2% 
are thin for age (4.6% are severely underweight, 14.6% moderately 
underweight), 23.5% have short height for age (10.5% severely 
stunted, 13% moderately stunted) and 11.7% thin for height (3.2% 
severely wasted, and 8.4% moderately wasted) respectively. For birth 
order number children with birth order number 3-4 accounts for the 
highest proportion of malnutrition, of those children with birth order 
number 3-4, 7.8%, were underweight, 9.7% were stunted and 5.9% 
were wasted, respectively.

With regard to child sex, 14.6% of male children are underweight 
(3% severe and 11.6% moderately underweight), while 10.8% 
of females were underweight (3% severe and 7.8% moderately 

underweight) 15.7% of male children’s were stunted (7.3% severe 
and 8.4% moderate stunted) and 15.1% of females are stunted 
(5.4% severe and 9.7% moderately stunted). Concerning wasting 
as anthropometric indicator of child malnutrition the proportion 
of malnutrition is almost equal i.e. 8.7% of male children were 
malnourished while 8.6% of females was malnourished. Over all 
male children has the highest percentage of malnutrition in terms of 
underweight, stunting and wasting. (Table 2).

Factor analysis
The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy 

in (Table 3) tests whether the partial correlations among variables are 
small. Bartlett’s test of sphericity tests whether the correlation matrix 
is an identity matrix, which would indicate that the factor model is 
inappropriate. The KMO measure of sampling adequacy tests were 
0.714, greater than 0.5 indicating that the sampling was adequate for 
factor analysis and there were significant relationships among the 
perceived factors of nutritional measures. The data were also checked 

Dependent Variable Parameter β̂ S.E t-value p-value
95 % CI

Lower Upper 

Z score weight for height 
(Wasting)

Breast feeding factors 0.2571 0.0719 3.58 0.0004* 0.1158 0.3985

Family size factors 0.0039 0.0719 0.05 0.9573 -0.1375 0.1452
Household socio economic and Environmental 
factors 0.1792 0.0719 2.49 0.0131* 0.0379 0.3206

Child health status (cough/fever/ diarrhea) 0.16 0.0719 2.23 0.0266* 0.0187 0.3013

Medical treatments during pregnancy 0.0499 0.0719 0.69 0.488 -0.0914 0.1912
Vaccination status (polio/ vitamin A last 6 months/ 
measles) 0.0014 0.0719 0.02 0.9843 -0.1399 0.1427

Size of child at birth -0.1001 0.0719 -1.39 0.1644 -0.2414 0.0411

Sex of child 0.0423 0.0719 0.59 0.5567 -0.0991 0.1836

Intercept -0.8688 0.0718 -12.11 <0.0001* -1.01 -0.7277

 Z score weight for age 
(Underweight)

Breast feeding factors 0.1283 0.0589 2.18 0.0300* 0.0125 0.2442

Family size factors -0.1312 0.0589 -2.23 0.0266* -0.2471 -0.0154
Household socio economic and Environmental 
factors 0.1822 0.0589 3.09 0.0021* 0.0663 0.298

Child health status (cough/fever/ diarrhea) -0.0901 0.0589 -1.53 0.1271 -0.206 0.0258

Medical treatments during pregnancy 0.0866 0.0589 1.47 0.1427 -0.0293 0.2024
Vaccination status (polio/ vitamin A last 6 months/ 
measles) 0.2875 0.0589 4.88 <0.0001* 0.1716 0.4034

Size of child at birth -0.0276 0.0589 -0.47 0.6393 -0.1435 0.0882

Sex of child 0.0066 0.0589 0.11 0.9115 -0.1093 0.1224

Intercept -1.21 0.0588 -20.56 <0.0001* -1.3257 -1.094

Z score height for age (Stunting)

Breast feeding factors 0.5635 0.0814 6.93 <0.0001* 0.4035 0.7235

Family size factors -0.2601 0.0814 -3.2 0.0015* -0.4201 -0.1001
Household socio economic and Environmental 
factors 0.1219 0.0814 1.5 0.135 -0.2818 0.1381

Child health status (cough/fever/ diarrhea) 0.0492 0.0814 0.6 0.546 -0.1108 0.2091

Medical treatments during pregnancy 0.798 0.0814 1.98 0.0273* 0.0802 0.2398
Vaccination status (polio/ vitamin A last 6 months/ 
measles) 0.5588 0.0814 6.87 <0.0001* 0.3988 0.7188

Size of child at birth 0.0455 0.0814 0.56 0.5762 -0.1145 0.2055

Sex of child -0.0082 0.0814 -0.1 0.9195 -0.1682 0.1518

Intercept -1.0865 0.0812 -13.37 <0.0001* -1.2465 -0.9267

Table 7: Parameter estimates of multivariate multiple liner regression.

*Significant (P-value < 0.05)
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for Bartlett‘s test of Sphericity to see that the correlation matrix is an 
identity matrix; the test shows that the factor model is appropriate 
(p-value < 0.0001) (Table 3).

The criteria that the required amount of explained variation 
accounted for being large, logical interpretability of factors and Scree 
plot tests were considered with Kaiser Criteria. Depending on the 

Figure 2: Histogram and p-p plots for checking model adequacy of multivariate multiple linear regression for overall sample data. 

correlation matrix and communalities, of all 370 observed items, 
using principal component extraction and Varimax rotation, the 
study found eight underlying common factors for factor analysis 
that constituted or explained 68.787% of the total variability in the 
corresponding original observed variables (Table 4).

The output matrixes contained the loading of each variable onto 
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each factor. The results of factor analysis (with factor loadings greater 
than 0.4 in an absolute) are presented in (Table 5). The scree plot 
in Figure 1 also reveals the first eight components have Eigen values 
above 1, explaining at least as much of the variation as the original 
variables (Figure 1).

Principal Component Factor Analysis was done considering 
the socioeconomic characteristics of households, demographic 
characteristics of a child, health status of child, and environmental 
variables. The component loadings represent the correlation between 
the components and original variables. In this study we concentrate 
on loadings above 0.4 or below -0.4 and components/factors are 
named based on the highest loadings (Table 5).

Results of multivariate multiple linear regression analysis
The PCFA technique was used in the data reduction, and the 

multivariate multiple linear regression analyses was applied to the 
reduced data to identify the determinant factors of child malnutrition. 
The explanatory variables were the common factors obtained from 
the PCFA.

Assessing multivariate multiple models goodness of fit 
Table 6 presents model summary of Multivariate Multiple Linear 

Regression Model. The F-value column reveals that the three models 
are good fit (P-value ≤ 0.001). Also (Tables 1 & 2) on Appendix A 
shows the various summary of the model and MANOVA measures 
for assessing the multivariate multiple regression models for each 
covariates (Table 6).

The fitted model was checked for possible presence of outliers 
and influential values and also for normality of the residuals. The 
histogram plot and p-p lot, figures shows that the normal p-p plot 
of standardized residuals lies along the 450 line an indication of 
normality of the residuals. Thus, from the goodness of fit test and 
diagnostic test results presented in (Figure 2), we can conclude that 
our model is adequate (Figure 2).

The results in (Table 7) show the multivariate multiple linear 
regression analysis and determinant factors for nutritional status of 
under five children based on the three anthropometric indicators: 
The factors breast feeding, household socio economic status and child 
health status was found to be jointly statistically significant for Z score 
weight for height (wasting). Z score weight for age was significantly 
associated with factors breast feeding, family size, household socio 
economic status, and vaccination status of a child. The factors breast 
feeding, family size medical treatments taken during pregnancy and 
vaccination status of a child has a significant influence on Z score 
height for age (stunting). However, the factors like size of child at 
birth and sex of a child were insignificantly related to nutritional 
status measures (Table 7).

The result of the multivariate multiple linear regression analysis 
indicated that the factors breast feeding which encompassed duration 
of breast feeding, currently breast feeding and months of breast 
feeding, socioeconomic status of households composed of place 
of residence, education level of mothers and partner, source of 
drinking water, and availability of toilet facility and economic level 
of households, health status of child encompassing had diarrhea 
recently, had cough in last two weeks, and had fever in the last two 

weeks, having medical treatments during pregnancy like given or 
bought iron tablets/syrup, antenatal visits, and tetanus injections 
before birth, and child vaccination which encompassed of vitamin 
A last six months, measles and polio have significant impacts on 
nutritional status of the under five children. 

Discussion 
Breast feeding that encompassed duration of breast feeding, 

currently breast feeding and months of breast feeding had a 
significant negative impact on child malnutrition in terms of 
wasting (low weight-for-height), underweight (low Weight-for-age) 
and stunting (low height-for-age). This may be due to the longer 
time that a mother feed breast to her child at least for six months 
the more the child is health and gets balanced nutrients. The factor 
household size characteristic that deals with number off household 
members, number of living children, and birth order of a child also 
had significant negative impact on child malnutrition in terms of low 
Weight-for-age. This may because of large household size is widely 
regarded as a risk factor for malnutrition in, particularly for infants 
and young children due to food insecurity. 

Household economic status which encompasses parents economic 
level, residence, and sanitary services like availability of clean 
drinking water and toilet farcicality, mother educational level and 
father education level another factor that had a significant impact on 
malnutrition in terms of Z score weight for age (low Weight-for-age) 
and Z score weight for height (low weight-for-height). Theoretically 
the risk of malnutrition/health problem is, on average, significantly 
higher for children whose mothers have no education in terms of 
long and short-run measures (i.e. underweight). This may indicate 
that education improves the ability of mothers to implement simple 
health knowledge and facilitates their capacity to manipulate their 
environment including health care facilities, interact more effectively 
with health professionals, comply with treatment recommendations, 
and keep their environment clean. Furthermore, educated women 
have greater control over health choices for their children. Better 
off households has better access to food and higher cash incomes 
than poor households, allowing them a quality diet, better access to 
medical care and more money to spend on essential non-food items 
such as schooling, clothing and hygiene products [11,12].

The findings of this study also show that child health status 
incorporating recently had diarrhea, cough or fever in the last two 
weeks has inversely related to child malnutrition. From various 
literatures and theories children who have diarrhea or fever and 
cough are significantly vulnerable to malnutrition and health 
problem [13,14]. This is due to the fact that diarrhea accelerates 
the onset of malnutrition by reducing food intake and increasing 
catabolic reactions in the organism. Diarrhea also affects both dietary 
intakes and utilization, which may have a negative effect on improved 
children nutritional status.

Maternal health care and medical treatments during pregnancy 
which encompasses during pregnancy given iron tablets/syrup, 
number of antenatal visits, and number of tetanus injections is also 
an important factor that affects the nutrition/health status of children 
in terms of long short height and for age (i.e. stunting). This is 
because of access to medical treatments during pregnancy helpful to 
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the mother to protect her child from different infections. Moreover, 
access to improved quality to medical treatment not only reduces 
child exposure to diseases but also saves women the life from different 
pregnancy complicated problem.

Conclusion
This study was intended to identify some factors contributing 

to malnutrition among under five children. Accordingly, factor 
analysis and multivariate multiple linear regression techniques on the 
three anthropometric measures were employed. The factor analyses 
conducted in this study indicated that only eight factors (instead of 
25 original observed variables or items) were sufficient to explain 
68.787%, of the total variation in PCFA of observed items related to 
children nutritional status. 

The study revealed that the factors duration of breast feeding, 
number of household members, living children, birth order of a child, 
current age of child in months, place of residence, sanitation services 
like drinking water and availability of toilet, mother educational level 
and father education level, age of mother, economic level of household, 
receiving measles, polio and vitamin A in the last six months, and 
child health status indicators like having diarrhea recently, having 
fever and cough in the last two months had statistically significant 
on child malnutrition. However, sex of a child and size of a child at 
birth were found to be insignificant factors of child malnutrition in 
Tigray region.

Based on the findings of the study, we recommend the 
administrative there should be aware the community about exclusive 
breast feeding for 6 months and special attention needs to be paid to 
reduce child malnutrition. It is recommended that during pregnancy 
maternal food supplementation along with iron tablets/syrup are the 
most intervention to prevent the problem.
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