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Background: Despite the implementation of high-impact interventions, both acute and chronic childhood malnutrition has continued 
to be a critical public health concerns in Ethiopia. The present study was conducted to assess the spatial distributions of underweight 
and associated factors among 6–59 month old children in 18 urban and 34 rural areas of Tigray, Northern Ethiopia.
Methods: A cross-sectional survey was conducted on 11,004 households from June to July 2019. Nutritional status of 11,004 children was 
evaluated by calculating weight-for-age anthropometric index and categorized into three groups namely severely underweight (< −3.0 
z scores), moderately underweight (−3.0 to −2.01 z scores) and normal (≥ −2.0 z scores). An ordinal logistic regression model was used to 
determine predictors of underweight. Odds ratio with 95% confidence interval (CI) was used to assess the strength of the association between 
independent variables and underweight. Spatial clustering of underweight was determined using SATSCAN and GIS softwares.
Results: The overall prevalence of underweight was found to be 21.16% (95% CI = 19.54–22.86%). Of these 25.65% (95% CI = 22.20– 
29.21%) and 74.35% (95% CI = 72.34–76.46%) were severely and moderately underweight, respectively. Children whose mothers lived in rural 
areas (AOR = 1.28, 95% CI = 1.11–1.49), severe households food insecurity (AOR = 1.29, 95% CI = 1.07–1.54), had fever (AOR = 1.29, 95% 
CI = 1.11–1.48), had diarrhea (AOR = 1.27, 95% CI = 1.08–1.49), had cough (AOR = 1.17, 95% CI = 1.02–1.34) and male (AOR = 1.28, 95% 
CI = 1.17–1.40) were more likely to be underweight. Moreover, children whose mothers had college or above education were less likely to be 
underweight than children whose mothers had no education (AOR = 0.48, 95% CI = 0.37–0.62).
Conclusion: The burden of underweight among under-five children from Tigray was unacceptably high. In order to reduce the burden 
of underweight in the region, improving household level food insecurity, prevention of common childhood illnesses, maternal 
education and age appropriate feeding are recommended.
Keywords: underweight, ordinal logistic, spatial distribution, rural, urban, Tigray

Introduction
Globally the prevalence of underweight is falling.1 More than 100 million children younger than 5 years, or 16%, were 
underweight (weight-for-age Z score [WAZ] < –2 on the basis of the WHO Child Growth Standards), a 36% decrease 
from an estimated 159 million between 1990 and 2012, according to UN estimates.2 In 2015, globally about 15% of 
children were underweight.3 Despite improvements globally, underweight remains prevalent and most fundamental 
challenge in sub-Saharan Africa.4–6 The African region has reported 24.9% of underweight among children under-5 
years of age.7 Moreover, a meta-analysis of the prevalence of underweight within four sub-regions of sub-Saharan Africa 
from demographic and health surveys (2006–2016) revealed that underweight was highest in Burundi (28.8%) and 
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Ethiopia (25.2%) from East Africa; Niger (36.4%), Nigeria (28.7%), Burkina Faso (25.7%) and Mali (25%) from West 
Africa; and Chad (28.8%) from Central Africa.3 The prevalence of underweight was also alarmingly high in Tigray, 
Ethiopia. The national underweight prevalence rates declined from 47% in 2000 to 21% in 2019 in Ethiopia and from 
48% in 2000 to 30% in 2019 in Tigray.8,9

There are multiple factors that contribute to underweight in children under-five. Among the common determinants 
reported by previous studies include socioeconomic inequalities, geographical differences, suboptimal feeding practices, 
maternal nutritional status, household food insecurity, maternal literacy, infections and childhood illnesses, access to 
health services and access to water, sanitation and hygiene services.10–17 Suboptimal growth, according to anthropometric 
measures indicative of underweight, has been shown to increase the risk of death from infectious diseases (such as 
diarrhea, pneumonia, malaria, and measles) in childhood18,19 and children underweight have poorer health than normal 
weight children.20

Underweight accounts for 17% to 19.6% of the proportion of total deaths of children younger than 5 years21,22 and 
nearly 15% to 18.7% of the total disability adjusted life years (DALY) losses in children under-5 years of age.21,23 

Moreover, children with multiple anthropometric deficits are at a heightened risk of mortality. Compared to children with 
no anthropometric deficits, the mortality hazard ratios were 3.4, 4.7 and 12.3 among children who were stunted and 
underweight but not wasted, children who were wasted and underweight but not stunted and children who were stunted, 
wasted, and underweight, respectively.24

In Ethiopia, several studies have been conducted on child underweight.10,25–37 However, most of the studies 
considered underweight in children as a binary (normal and low weight-for-age) variable. As a result, the binary logistic 
regression model was applied to identify the risk factors of underweight in children.10,25,27–37 However, the weight-for- 
age of a child is usually classified as normal, moderate underweight and severe underweight. Ignoring the discrete ordinal 
nature of the response variable would make the analysis lose some useful information and might lead to misinterpretation 
of the main findings. Thus, it is crucial for researchers to use the most appropriate models to analyze and identify the 
predictors of ordinal categorical dependent variables such as underweight. Moreover, studies that describe hotspots of 
child underweight that take into account the spatial distribution are scarce in Ethiopia and not available in Tigray partly 
because it requires a large sample size that has not yet been available.

We argued that determining the spatial distribution of underweight and identifying the main risk factors of child 
underweight is important to guide public health program managers and implementers to plan and design appropriate 
intervention strategies to prevent underweight and enhance nutritional status of children. Thus, the present cross-sectional 
study was conducted to assess the spatial distributions and risk factors of underweight among 6–59 month old children 
from urban and rural communities of Tigray, Northern Ethiopia.

Materials and Methods
Study Area and Design
A cross-sectional community based survey was conducted in all the woredas of Tigray from June to July 2019. Tigray 
is one of nine regional states of Ethiopia located at latitudes from 12° 14ʹ50.50” to 14° 53ʹ48.03” and longitudes from 
36° 26ʹ48.74” to 39° 59ʹ0.09”. The region is divided into 7 zones, 52 woredas. In terms of religion, 95.5% of the 
population are Orthodox Christians, 4.1% and 0.4% are Muslims and Catholics, respectively. Regarding ethnic 
composition, 94.98% are Tigraway, 2.6% Amhara, 0.7% Erob and 0.05% Kunama. According to the Tigray Health 
Bureau report, the region has 36 Hospitals, 204 Health Centers and 712 Health Posts. Tigray is home for 6.2 million 
people with an estimated area of 54,593 square kilometers. Most (73%) of the population live in rural, while 27% are 
urban dwellers.38

Study Population
The study population was children aged 6–59 months residing in selected households in all 52 woredas of Tigray.
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Inclusion and Exclusion Criteria
All healthy children aged 6–59 months residing in the selected households were included. Children aged 6–59 months 
who were seriously ill were excluded from the study.

Sample Size Determination and Sampling Technique
The sample size was determined by using a single population proportion formula with the assumption of stunting rate 
39.3% from EDHS 2016,39 99% confidence interval (CI), 2% level of precision and 2.5 design effects. The sample size 
was adjusted to compensate for a non-response rate of 10% and the final minimum sample size was 10,917 households 
with 6–59 month old children. A stratified two stage sampling technique was employed to select the 10,917 households 
with 6–59 month old children. The total sample size (10,917) was allocated to each woreda using proportion to the size 
of the population (PSP). In the first stage, representative tabias/kebeles were selected from each of 52 woredas using 
simple random sampling. In the second stage, households with under-five children from the selected kebelles/tabias were 
selected at random. In the selected households with more than one under-five children, the youngest child was selected 
and included in the study.

Dependent Variable
Weight-for-age (underweight) was the dependent variable. The 2006 WHO Multi Centre Growth Standards z-score 
system was used to calculate weight-for-age z-scores (WAZ). On the basis of WAZ-scores, the nutritional status of the 
children was categorized into three ordinal categories: severely underweight (< −3.0 WAZ scores), moderately under-
weight (−3.0 to −2.01 WAZ scores) and normal (≥ −2.0 WAZ scores).

Independent Variables
The independent variables were socio-economic and demographic factors, child feeding and caring practices, household 
food insecurity, common childhood illnesses, child vaccination and delivery of key essential nutrition action messages. 
The selection of the independent variables of underweight was guided by the famous UNICEF conceptual framework of 
the determinants of child under nutrition.40

Measurements
Weight measurement was taken following standard procedures of the Food and Nutrition Technical Assistance Guide.41 

Weight was measured to the nearest 0.1 kg using a salter weighing scale. Each child was weighed with minimum clothing 
and no foot wear. Age of each child was collected from the mother and counter checked using birth certificates, 
vaccination cards, baptismal certificates or other forms of informal recording.

To assess the severity of underweight in the population, the following epidemiological criterion was used: low 
prevalence (<10%), medium prevalence (10–19.9%), high prevalence (20–29.9%) and very high prevalence (≥30%).41

The household food insecurity access scale (HFIAS) questionnaire consists of nine occurrence questions that 
represent a generally increasing level of severity of food insecurity (access), and nine “frequency-of-occurrence” 
questions that are asked as a follow-up to each occurrence question to determine how often the condition occurred. 
The HFIAS was used to classify households into severe, moderate, mild food insecure and food secure households.42

Latitude, longitude, and elevation coordinates were obtained for the nearby health post or outreach center using a mobile 
phone. Geospatial clustering of the risk of child underweight among 6–59 month old children was determined using GIS.

Data Collection Procedure and Quality Control
Two types of instruments were used to collect data: a pre-tested structured questionnaire and anthropometric measure-
ments. The data was collected using ODK (Smartphone) by trained data collectors. The questionnaire was first prepared 
in English, and then translated in to Tigrigna, the local language. The completeness and consistency of data were assured 
through direct and daily supervision of the supervisor and principal investigators. The mobile phones were GPS installed 
to determine the geospatial clustering of malnutrition in Tigray.
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Statistical Data Analysis
STATA software version 16 was used for the data analysis. Weight-for-age (WAZ) scores was calculated using the 
Emergency Nutrition Assessment (ENA) for Standardized Monitoring and Assessment of Relief and Transitions (ENA 
for SMART) Software. Spatial clustering of child underweight was determined using SATSCAN and GIS softwares. The 
association between independent variables and the dependent variable was examined by performing both bivariate and 
multivariable analyses. In the bivariate setup, in order to measure the strength of association between the ordinal response 
and independent variables, gamma measure is used when independent variables are in ordinal scale, while chi-square is 
used when they are measured in nominal scale. Those candidate independent variables with p value of less than 0.20 
were fitted into multivariable analysis to control for potential confounders. In multivariable analysis, the ordinal logistic 
regression model is considered to assess the adjusted effects of independent variables on the nutritional status of children. 
Adjusted odds ratio (AOR) and 95% CI were used to assess the strength of the association between the independent 
variables and dependent variable.

Ordinal Logistic Regression Model
In the literature, there are several ordinal logistic regression models have been suggested for ordinal responses, such as 
proportional odds model (POM), partial proportional odds model-without restrictions (PPOM-UR) and partial propor-
tional odds model with restrictions (PPOM-R), continuous ratio model (CRM), and stereotype model (SM). The most 
commonly used ordinal logistic regression model in practice is the constrained cumulative logit model called the POM.

Proportional Odds Model
The POM is the most widely used in epidemiological and biomedical applications but it leads to strong assumptions that 
may lead to incorrect interpretations if the assumptions are violated.43 POM is appropriate when an original continuous 
outcome variable is later grouped. The POM is used to estimate the odds of being at or below a particular level of the 
response variable. For example, if there are j levels of ordinal responses, the POM makes j-1 predictions that each 
estimating the cumulative probabilities at or below the jth level of the response variable. Let Yi (i=1, 2, …, n) be the 
response variable with ordinal categories. In this study, the Yi is the response with three ordered categories 1, 2, 3, i.e., 
normal, moderately underweight or severely underweight.

Yi¼
1; if ith child is normal
2; if ith child is moderately underweight
3; if ith child is severely underweight

8
<

:

The cumulative probabilities are the probability that the response Y falls in category i or below for each possible i, i=1, 
2, …, k where k is the number of outcome categories. To introduce the model additionally, let Xi = (Xi1, Xi2, …, Xip)’ be 
the vector of p independent variables related to outcome variable Yi. The functional form of the POM which 
simultaneously consider k-1 cumulative logits can be expressed as:

logit P Yi � jð Þ½ � ¼ log
P Yi � jð Þ

P Yi>jð Þ

� �

¼ log
P Y ¼ 1jXið Þ þ . . .þ P Y ¼ jjXið Þ

P Y ¼ jþ 1jXið Þ þ . . .þ P Y ¼ kjXið Þ

� �

¼ αj þ β1xi1 þ β2xi2 þ . . .þ βpxip; j ¼ 1; 2; . . . k � 1 

where β= (β1, β2, …, βp)’ is the vector of regression parameters related with Xi and αj represents the intercept for jth 

cumulative logit. The POM, the effect of each independent variable is assumed to be same for any cumulative logits. The 
assumption of POM can be checked by a statistical test such as test based on deviance or score test. In this paper, 
deviance based test was performed to check the assumption. Pearson chi-square statistic goodness-of-fit was used to test 
for the model fitness. When proportional odds assumption is violated, a valid solution is fitting partial proportional odds 
model (PPOM).44
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Ethical Consideration
This study was approved by the research ethics review committee of College of Health Sciences of Mekelle University 
with IRB 1365/2019. The study was conducted in accordance with the Declaration of Helsinki. The parents or child legal 
guardian were informed about the study objectives and verbal infomed consent was obtained to conduct the interview and 
take their child’s anthropometric measurements. The verbal informed consent was acceptable and approved by the ethics 
committee. The confidentiality of data was kept as there were no personal identifiers used and neither the raw data nor the 
extracted data were passed to a third person.

Results
Socio-Demographic Characteristics
The study was conducted in all the 52 (34 rural and 18 urban) woredas of Tigray region of Ethiopia. A total of 11,004 
mothers or care givers with their children aged 6–59 months were included in the study. The socio-demographic 
characteristics of mothers or caregivers of children are summarized in Table 1. The average age (SD) of the children 
and care givers (SD) were 26.0 ±14.0 months and 29.3 ± 7.1 years, respectively. Majority of children were female 
(51.2%), lived in rural areas (77.2%) and 83.2% of mothers were married. Only 37.7% of children had mothers with no 
formal education and 32.9% had mothers with primary education. Of the total interviewed households, 25.1% had more 
than five family size (Table 1).

Maternal and Child Health and Feeding Characteristics
Ever 10,847 (98.6%) and exclusive 10,588 (96.2%) breastfeeding were almost universal in the study communities. 
Similarly, more than 80% of the mothers did initiate breastfeeding with the first one hour of birth. Close to 80% of the 
care givers initiate the provision of complementary foods at exactly 6 months of age of the child. Though higher 
proportion (90.5%) of children were exempted from fasting, the contamination of kitchen utensils with animal source 
foods was a concern during the fasting periods for significant proportion of mothers (79.6%) from the study communities. 
Exemption from fasting was relatively lower during pregnancy (62.4%) and lactation (63.3%). Of the total children, 77% 

Table 1 Socio-Demographic Characteristics of Mothers or Caretakers of Children Under-Five in 
Tigray, Ethiopia, 2019 (n = 11,004)

Variables Categories Frequency Percent

Residence Rural 8499 77.2

Urban 2505 22.8

Care givers Mother 10,224 92.9

Father 269 2.4

Relatives 511 4.6

Child sex Male 5369 48.8

Female 5635 51.2

Child age (in months) 6–11 1799 16.4

12–23 3522 32.0

24–35 2638 24.0

36–47 1892 17.2

48–59 1153 10.5

(Continued)
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were received vitamin A supplementation. About 11% of the children had mothers who did not visit any antenatal clinic 
during pregnancy, 43.9% had mothers who did not ever heard nutrition information through media, 10.2% of the children 
had diarrhea, 15.3% had fever and 13.9% had sign of cough/pneumonia in the last 2 weeks prior to the date of data 
collection (Table 2).

Table 1 (Continued). 

Variables Categories Frequency Percent

Care giver’s age (in years) ≤ 20 782 7.1

21–30 6404 58.2

31–40 3249 29.5

41–50 447 4.1

>50 122 1.1

Household size ≤ 5 8245 74.9

6–12 2759 25.1

Marital status Married 9157 83.2

Single 284 2.6

Divorced 1065 9.7

Widowed 142 1.3

Separated 344 3.1

Others 12 0.1

Mother education No formal education 4148 37.7

Primary education (1–8) 3623 32.9

Secondary education (9–10) 2324 21.1

Preparatory (11–12) 220 2.0

College education 462 4.2

University education 218 2.0

Do not know 9 0.1

Father education No formal education 3499 31.8

Primary education (1–8) 3240 29.4

Secondary education (9–10) 2106 19.1

Preparatory (11–12) 292 2.7

College education 530 4.8

University education 697 6.3

Do not know 629 5.7

Other 11 0.1
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Table 2 Maternal and Child Health and Feeding Practices of Children Under-Five in Tigray, Ethiopia, 2019 (n = 
11,004)

Characteristics Frequency Percent

Ever breastfeeding No 134 1.2

Yes 10,847 98.6

Do not know 23 0.2

Still breastfeeding No 5229 47.5

Yes 5775 52.5

Timing of child put to the breast after birth < 1 hour 8794 81.1

Between 1 and 24 hours 1576 14.5

>24 hours 186 1.7

Do not know 291 2.7

Breastfeeding frequency 1–7 times a day 2358 21.4

8–12 times a day 3149 28.6

More than 12 times a day 1174 10.7

Do not know 4323 39.3

Breastfeeding practices till 2 years and 

beyond

No 2345 21.3

Yes 4698 42.7

Not applicable 3880 35.3

Do not know 81 0.7

Received vitamin A No 1703 15.5

Yes 8479 77.0

Not sure 822 7.5

Had any signs of cough or pneumonia in the last 2 weeks? No 9479 86.1

Yes 1525 13.9

Had fever in the last 2 weeks? No 9320 84.7

Yes 1684 15.3

Had diarrhea in the last 2 weeks? No 9884 89.8

Yes 1120 10.2

Had received deworming tablets in the last six months? No 4764 43.3

Yes 4484 40.7

Not sure 1756 16.0

Have you ever heard nutrition information through mass 

media?

No 4832 43.9

Yes 6172 56.1

(Continued)
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Household Food Insecurity
Respondents were asked for the presence or absence of food security related events in the previous 4 weeks. Using 
HFIAS, 6461 (58.7%), 1273 (11.6%), 2544 (23.1%), and 726 (6.6%) of the households were found to be food secure, 
mildly food insecure, moderately food insecure, and severely food insecure, respectively (Figure 1). The burden of 
underweight was found to be almost similar in mildly food insecure and moderately food insecure. Underweight among 
children was high in the severely food insecure households. The prevalence of underweight was 19.2% and 27.1% in 
food secure and severely food insecure households, respectively (Figure 2).

Geospatial Distribution (Clustering) of Underweight
Our anthropometric data is reported using the WHO flags based on standard population as opposed to the SMART flags 
based on the observed population. The range used was −6 to +5 standard deviations for weight-for-age z-scores. In this 
analysis, 8 z-scores of weight-for-age were not included. The overall prevalence of underweight among the children was 

Figure 1 Food insecurity level of households in the study areas (n = 11,004).

Table 2 (Continued). 

Characteristics Frequency Percent

Regular antenatal visits No 1200 10.9

Yes 9804 89.1

Excusive breastfeeding No 347 3.2

Yes 10,588 96.2

Do not know 69 0.6

Child exemption from fasting No 1041 9.5

Yes 9963 90.5

Pregnant women exemption from fasting No 4140 37.6

Yes 6864 62.4

Lactating women exemption from fasting No 4035 36.7

Yes 6969 63.3

Time of complementary food start Before six months 289 2.7

6 months 8547 79.0

After six months 1985 18.3
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21.2% (95% CI: 19.54–22.86%). Of these 25.7% (95% CI: 22.20–29.21%) and 74.4% (95% CI: 72.34–76.46%) were 
severely and moderately underweight, respectively. Underweight among 6–59 month old children was high or above the 
average in South (24.9%), North West (23.5%), South East (22.1%) and Central (21.9%) zones of Tigray (Figure 3). The 
burden of underweight in the rural areas of Tigray was found to be 22.6% (95% CI: 20.74–24.48%). The lowest and 
highest burden of prevalence of underweight was found in Raya Azebo (11.6%) and Enda Mekhoni (36.2%), respectively 
(Supplementary Table 1). The prevalence of underweight in the urban towns of Tigray was found to be 16.3% (95% CI: 
12.67–19.83%). Underweight ranged from 6.9% in Quiha to 30.6% in Korem (Supplementary Table 2).

Using the epidemiological criterion, we have assessed the severity of underweight. High prevalence of underweight is 
concentrated in the Eastern, South Eastern, Western and Southern zones of Tigray with the lowest levels in the Central 
and Northwestern zones of Tigray (Figure 4).

Bivariate Analysis
The results obtained from bivariate analyses are shown in Table 3 below. The results showed that residence, child sex, 
child age, mother age, mother’s educational level, father’s education level, current breastfed, timing of child put to the 
breast after birth, had fever in the last 2 weeks, diarrhea in the last 2 weeks, food insecurity level of households, zone 
division, any signs of cough/pneumonia in the last 2 weeks, received deworming tablets in the last 6 months and ever 

Figure 2 Underweight among 6–59 month old children by household food insecurity level in the study areas (n = 11,004).

Figure 3 Distribution of underweight among 6–59 month old children by zone.
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heard nutrition information through mass media were found to be significant predictors of child underweight in the 
bivariate analyses. The proportion of severely malnourished and moderate malnourished children were found higher for 
rural residence (5.9% and 16.7% respectively), male (6.1% and 17.2%, respectively), had cough/pneumonia in the last 2 
weeks (6.8% and 18.7%, respectively), and had diarrhea in the last 2 weeks (7.5% and 18.1%, respectively).

Multivariable Ordinal Logistic Regression Analysis
The effects of the selected independent variables were estimated by fitting the POM. One of the assumptions underlying 
ordinal logistic regression is that the relationship between each pair of outcome groups is the same. This can be checked 
using the test of parallel lines in which the null hypothesis states that the slope coefficients in the model are the same 
across outcome categories. The deviance-based chi-square test (χ2= 23.03, P-value = 0.343) provided evidence that the 
data satisfied the parallel line of assumption. Thus, the POM is appropriate model for analyzing the considered data. 
Moreover, evaluating goodness of fit is an important step in the assessment of the adequacy of the model. The goodness 
of fit Pearson chi-square statistic (χ2 = 21.63, p-value = 0.199) indicated that the model fits the data well. The estimated 
effects of multivariable analysis are displayed in Table 4. The results showed that residence, child sex, child age, 
mother’s education, diarrhea in the last 2 weeks, signs of fever in the last 2 weeks, food insecurity level of households, 
cough or pneumonia and zone division were found to be significant predictors of child underweight status. The odds of 
being underweight were 28% higher for the male children compared to female children holding all other variables 
constant. The odds ratio could be as low as 1.17 and as high as 1.40 with 95% confidence. Children born to mothers that 
lived in rural areas were 1.28 times more likely to be severely underweight than children born to mothers that lived in 
urban areas.

Figure 4 Woreda level severity of underweight among 6–59 month old children.
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Table 3 Assessing the Association Between Selected Covariates (Independent Variables) and Underweight Status of Under-Five 
Children in Tigray, Ethiopia, 2019 (n = 10,996)

Variables Categories N (%) Nutrition Status γ 
P-value

χ2 P-value

Severe, 
N (%)

Moderate, 
N (%)

Normal, 
N (%)

Residence Rural 8492(77.2) 499(5.9) 1421(16.7) 6572(77.4) < 0.001

Urban 2504(22.8) 98(3.9) 309(12.3) 2097(83.8)

Child sex Male 5364 (48.8) 326(6.1) 922(17.2) 4116(76.7) < 0.001

Female 5632(51.2) 271(4.8) 808(14.4) 4553(80.8)

Child Age (in months) 6–11 1797(16.3) 56(3.1) 177(9.9) 1564(87.0) 0.016

12–23 3518(32.0) 174(5.0) 515(14.6) 2829(80.4)

24–35 2637(24.0) 179(6.8) 456(17.3) 2002(75.9)

36–47 1892(17.2) 128(6.8) 340(18.0) 1424(75.3)

48–59 1152(10.5) 60(5.2) 242(21.0) 850(73.8)

Mother’s age (in years) ≤20 781(7.1) 55(7.0) 111(14.2) 615(78.8) 0.020

21–30 6398(58.2) 330(5.2) 969(15.2) 5099(79.7)

31–40 3248(29.5) 175(5.4) 563(17.3) 2510(77.3)

>40 569(5.2) 37(6.5) 87(15.3) 445(78.2)

Mother education No school 4153(37.7) 275(6.6) 777(18.7) 3101(74.7) < 0.001

Primary 3621(32.9) 210(5.8) 566(15.6) 2845(78.6)

Secondary 2542(23.1) 92(3.6) 326(12.8) 2124(83.6)

College or above 680(6.2) 20(2.9) 61(9.0) 599(88.1)

Father education No school 3507(33.7) 231(6.6) 615(17.5) 2661(75.9) < 0.001

Primary 3237(31.4) 190(5.9) 552(17.1) 2495(77.1)

Secondary 2397(23.2) 99(4.1) 333(13.9) 1965(82.0)

College or above 1226(11.7) 38(3.1) 132(10.8) 1056(86.1)

Current breastfed No 5226(47.5) 294(5.6) 911(17.4) 4021(76.9) 0.024

Yes 5770(52.5) 303(5.3) 819(14.2) 4648(80.6)

Timing of child put to the breast 
after birth

< 1 hour 8789(83.3) 452(5.1) 1369(15.6) 6968(79.3) 0.004

Between 1 and 24 

hours

1576(14.9) 106(6.7) 262(16.6) 1208(76.7)

>24 hours 186(1.8) 18(9.7) 24(12.9) 144(77.4)

Breast feeding until 2 years and 

beyond

No 6301(57.3) 310(4.9) 878(13.9) 5113(81.2) <0.001

Yes 4695(42.7) 287(6.1) 852(18.2) 3556(75.7)

Had fever in the last two weeks No 9315(84.7) 468(5.0) 1426(15.3) 7421(79.7) < 0.001

Yes 1681(15.3) 129(7.7) 304(18.1) 1248(74.2)

(Continued)
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The study revealed that child age is significantly related with underweight in children. Children with age from 6 to 11 
months were less likely to be underweight compared to children from 12 to 59 months of age. The results revealed that 
the risk of severe underweight were 1.66, 2.27, 2.31 and 2.48 times higher among the children belonging to the age group 
12–23, 24–35, 36–47 and 48–59 months respectively, when compared to children aged 6–11 months.

The study also showed that mother education level is significantly related with underweight. The low education 
level of the mother was significantly associated with underweight. Children whose mothers no education are more 
likely to be severely underweight than children whose mothers educated. Children whose mothers college or above 
education were 0.52 times less likely to be severely underweight than children whose mothers no education. 
Moreover, children experienced with diarrhea, cough/pneumonia and fever within last 2 weeks of the survey had 
1.27, 1.17 and 1.29 times higher risk of being undernourished (severely underweight and moderately underweight) 
respectively when comparison is made with the children having no such problems. Regarding food insecurity level, 
children from severe food insecurity households were more likely to be underweight. Among the zone division, the 

Table 3 (Continued). 

Variables Categories N (%) Nutrition Status γ 
P-value

χ2 P-value

Severe, 
N (%)

Moderate, 
N (%)

Normal, 
N (%)

Diarrhea in the last 2 weeks No 9876(89.8) 513(5.2) 1527(15.5) 7836(79.3) < 0.001

Yes 1120(10.2) 84(7.5) 203(18.1) 833(74.4)

Signs of cough in the last 2 weeks? No 9474(86.2) 494(5.2) 1446(15.3) 7534(79.5) < 0.001

Yes 1522(13.8) 103(6.8) 284(18.7) 1135(74.6)

Received deworming tablets No 6516(51.5) 347(5.3) 980(15.0) 5189(79.6) 0.039

Yes 4480(48.5) 250(5.6) 750(16.7) 3480(77.7)

Heard nutrition information through 

mass media

No 4829(43.9) 279(5.8) 812(16.8) 3738(77.4) 0.005

Yes 6167(56.1) 318(5.2) 918(14.9) 4931(80.0)

Food insecurity level of households Food secure 6457(58.7) 318(4.9) 922(14.3) 5217(80.8) < 0.001

Mild food 

insecurity

1271(11.6) 69(5.4) 224(17.6) 978(77.0)

Moderate food 

insecurity

2544(23.1) 160(6.3) 438(17.2) 1946(76.5)

Severe food 

insecurity

724(6.6) 50(6.9) 146(20.2) 528(72.9)

Zone South 1730(15.7) 114(6.6) 317(18.3) 1299(75.1) < 0.001

South Eastern 1034(9.4) 58(5.6) 170(16.4) 806(77.9)

Central 2825(25.7) 173(6.1) 447(15.8) 2205(78.1)

West 851(7.7) 29(3.4) 129(15.2) 693(81.4)

East 1938(17.6) 79(4.1) 284(14.7) 1575(81.3)

North western 1686(15.3) 111(6.6) 285(16.9) 1290(76.5)

Mekelle 932(8.5) 33(3.5) 98(10.5) 801(85.9)
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Table 4 Multivariable POM of Factors Associated with Underweight in Children Under-Five in Tigray, Ethiopia, 2019 (n = 10,996)

Variables Categories Estimate Std. Err AOR(95% CI) P-value

Intercept (α1) 1.97 0.115 -

Intercept (α2) 3.34 0.121 -

Residence Urban (ref.) 1

Rural 0.25 0.075 1.28(1.11–1.49) 0.001

Child Sex Female (ref.) 1

Male 0.25 0.047 1.28(1.17–1.40) < 0.001

Child age (in months) 6–11 (ref.) 1

12–23 0.51 0.083 1.66(1.41–1.95) < 0.001

24–35 0.82 0.085 2.27(1.92–2.68) < 0.001

36–47 0.84 0.089 2.31(1.94–2.75) < 0.001

48–59 0.90 0.098 2.47(2.04–2.99) < 0.001

Mother education No education (ref.) 1

Primary −0.14 0.055 0.87(0.78–0.97) 0.009

Secondary −0.44 0.067 0.65(0.57–0.74) < 0.001

College or above −0.74 0.127 0.48(0.37–0.62) < 0.001

Had fever in the last two weeks No (ref.) 1

Yes 0.25 0.073 1.29(1.11–1.48) < 0.001

Had cough in the last two weeks No (ref.) 1

Yes 0.15 0.071 1.17(1.02–1.34) 0.029

Had diarrhea in the last two weeks No (ref.) 1

Yes 0.24 0.082 1.27(1.08–1.49) 0.001

Food insecurity level of households Food secure (ref.) 1

Mild food insecurity 0.16 0.075 1.17(1.01–1.35) 0.038

Moderate food insecurity 0.12 0.058 1.13(1.01–1.27) 0.037

Severe food insecurity 0.25 0.092 1.29(1.07–1.54) 0.006

Zone South (ref.) 1

South Eastern −0.24 0.095 0.79(0.65–0.95) 0.011

Central −0.24 0.073 0.79(0.68–0.91) 0.001

West −0.60 0.107 0.55(0.45–0.68) < 0.001

East −0.40 0.082 0.67(0.57–0.79) < 0.001

North western −0.26 0.083 0.77(0.66–0.91) 0.002

Mekelle −0.37 0.125 0.69(0.54–0.88) 0.003

Note: The reference category for the outcome variable is normal. 
Abbreviations: Ref., reference; Std. Err, standard error.
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risk of having underweight children was relatively lowest in western zone followed by east and Mekelle zone 
compared to southern zone.

Discussion
The finding of this study showed that 21.2% of the sampled children were underweight (severe 5.4% and moderate 
15.7%). This was lower than the studies conducted in Gimbi (23.5%), Sheka south west Ethiopia (29%), Gojam (49.2%), 
Bule Hora district south Ethiopia (29.2%), Afar (24.8%), Pakistan (27.9%) and Bangladesh (28.8%).25,26,45–49 Similarly, 
the prevalence of underweight in the urban and rural areas were found to be 16.3% and 22.6%, respectively, which is 
higher than the study conducted in Pakistan.50 However, it is lower than the study conducted in Bangladesh.49 The 
discrepancy in findings could be due to the differences in the composition of study participants, sample size and settings. 
Moreover, the current prevalence of underweight among 6–59 month old children from Tigray was lower than the results 
reported in the recent mini EDHS (30.4%).51

The results of the POM showed that residence, child sex, child age, mother education, diarrhea in the past 2 weeks, 
fever in the past 2 weeks, food security level of households, cough in the past 2 weeks and place (zone) division were 
found to be significant predictors of child underweight status.

The odds of being underweight were higher for male children compared to female children, which is consistent with 
previous research studies.51,52 Male children are more vulnerable to develop malnutrition because they require more 
calories for growth and development.

In the current study, children born to mothers that lived in rural area were more likely to be severely underweight than 
children born to mothers that lived in urban areas, which is consistent with the previous studies conducted in developing 
countries.53–55 This might be due to the fact that urban residents have more access to information regarding child health 
and nutrition, health services, WASH and feeding practices. Similarly, significant clustering of underweight was found 
among 6–59 month old children mainly in the four zones of Tigray namely Southern, Central, South Eastern and North 
western. The risk of having underweight children was relatively lower in western zone, Mekelle zone and east zones 
compared to southern zone of Tigray.

Our study also showed that children of educated mothers were less likely to be underweight compared to the 
children of mothers with no education. This finding is also in agreement with several previous studies.17,27,50,56–59 

This is partly because the higher-educated mother has better knowledge of child health and nutrition as well as have 
significant contribution to family income. Educated parents are well informed about the nutritional and health needs of 
their children. Moreover, they make comparative choices of available health services over traditional practices for 
improved healthcare of their children.48 Older children had a higher risk of underweight. Children within the age 
group 12–59 months old were more likely to be severely underweight compared to younger children (6–11 months 
old). The increase in child underweight with age indicates that the need of proper and timely initiation of comple-
mentary/supplementary feeding to meet the growing nutritional requirements of the children. Moreover, the POM 
indicated that children experienced with diarrhea, cough or fever within the last 2 weeks of the survey were more 
likely to be underweight than children who had not diarrhea, cough or fever. These findings were in line with previous 
studies, which showed that children with fever, cough/pneumonia or diarrhea were significantly associated with 
underweight.26,60,61 This could be due to the fact that infection adversely affects nutritional status and malnutrition 
adversely affects the ability of the host to resist infection. For instance, fever increases the metabolic and/or the energy 
needs of the child and cough causes rapid breathing, and congested nasal passages, interfering with a child’s ability to 
nurse or eat and hence reduce food intake. Diarrheal diseases interfere with absorption of nutrients because of rapid 
transit time and may contribute to mal-absorption of essential nutrients. In a vicious downward cycle, infection 
worsens malnutrition, thereby making the host more vulnerable to infections and further deteriorating nutritional 
status.

This study also showed that children from severe food insecurity households were more likely to be underweight 
compared to children from food secure households in line with various studies elsewhere.62–65 The quantity and quality 
(diversity) of foods from food insecure households are seriously compromised and hence insufficient intake of adequate 
and nutritious foods which might lead to poor nutritional status of children.
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Limitations
As the study was based on a cross-sectional design, causal inference might not be strong between the outcome and 
independent variables. Moreover, there might be the possibility of recall and reporting bias in some child feeding 
indicators such as timing of child put to the breast after birth and breastfeeding patterns.

Conclusions
The findings of this study revealed higher prevalence of underweight among the 6–59 month old children in Tigray. 
Residence, child sex, child age, mother education, diarrhea, cough/pneumonia, fever, food security level of households 
and zone division were significantly associated with underweight. The findings of this study could help to update 
knowledge about possible causes of underweight among 6–59 month old children. Children who experience any kind of 
health problem especially fever, cough and diarrhea should immediately go to health centers. In order to decrease the 
burden of child underweight in the region, policy planners should develop strategies, which focused on improvement of 
parents’ educational level, prevention of common childhood illnesses, improvement of household food insecurity and 
improved access to basic health, nutrition and WASH services.
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