
Heliyon 8 (2022) e11235
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Under-nutrition and its determinants among school-aged children in
northwest Ethiopia

Desalegn Bayew Tebeje a, Genanew Agitew b, Netsanet Worku Mengistu c,
Setognal Birara Aychiluhm d,*

a AGP2 CDSF, Agriteam Canada, Central and West Gondar Zone, Amhara Regional State, Ethiopia
b Department of Rural Development & Agricultural Extension, College of Agriculture & Environmental Science, University of Gondar, Gondar, Ethiopia
c Department of Nutrition, Institute of Public Health, College of Medicine and Health Sciences, University of Gondar, Gondar, Ethiopia
d Department of Public Health, College of Medicine and Health Sciences, Samara University, Samara, Ethiopia
A R T I C L E I N F O

Keywords:
Stunting
Wasting
Underweight
School-age children
Under-nutrition
Northwest Ethiopia
* Corresponding author.
E-mail address: geez4214@gmail.com (S.B. Aych

https://doi.org/10.1016/j.heliyon.2022.e11235
Received 4 August 2021; Received in revised form
2405-8440/© 2022 The Author(s). Published by Els
nc-nd/4.0/).
A B S T R A C T

Background: Malnutrition among children has lifelong implications, its outcomes not only cover the whole life but
also transfer from one generation to another generation. Most studies conducted before focused on undernutrition
in pregnant mothers and children less than 5 years of age, whereas school-age children are often omitted from
health and nutrition surveys or surveillance. In Northwest Ethiopia, particularly in the study area, the community
levels nutritional status of school-age is not well studied and documented. Therefore, this study aimed to assess
the prevalence and determinants of the under-nutritional status of school-age children in Gondar Zuria District,
Northwest Ethiopia.
Methods: A community-based cross-sectional study design was employed with 364 respondents from January to
April 2020. Data entered using Epi Data software version 3.1. Standard deviation scores were obtained by the
world health organization Anthro Plus software to determine the nutritional status of children, and further
analysis was done by using STATA version 14 software. Adjusted odds ratio with its corresponding 95 % confi-
dence interval was used to declare statistically significant variables.
Results: The prevalence of overall under-nutrition was 71.98% (95%, CI: 67%–76%) from which, 43.13% (95%,
CI: 38%–48%) were stunted, 40.93% (95%, CI: 35%–46%) were under-weight, and 35.44% (95%, CI: 30%–40%)
were wasted. Child age [AOR ¼ 0.30, 95% CI (0.13–0.68)], food insecurity [AOR ¼ 2.24, 95% CI (1.03–4.83)],
good knowledge of mother/care giver [AOR ¼ 0.40, 95% CI (0.17–0.92)], having larger family size (Tzioumis and
Adair, 2014; Wolde et al., 2015; Mohammed et al., 2019) [6-8] [AOR ¼ 2.92, 95% CI (1.29–6.58)], and un-
protected drinking water sources [AOR ¼ 2.84, 95% CI (1.00–8.06)] were the predictors of under-nutrition.
Conclusion: According to the world health organization cut-offs, the prevalence of overall under-nutrition in the
study area was very high. Child age, food insecurity, knowledge of mother/caregiver, having a larger family size,
and unprotected drinking water sources were the predictors of under-nutrition. The district offices should give
attention to the improvement of the food security status of the community, and give priority to the availability
and accessibility of drinking water sources, particularly pipe water sources. Special attention to older age groups
of children is important to control the prevalence of under-nutrition.
1. Introduction

Undernutrition is defined as a person's inability to consume enough
energy and nutrients to meet their demands for maintaining good health
[1]. Z-scores less than 2 standard deviations of weight for height, height
for age, and weight for age, respectively, are considered underweight,
stunting, and wasting [2]. Acute and chronic nutritional deficiencies are
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referred to as wasting and stunting, respectively. However, being un-
derweight is a result of both acute and long-term nutritional deficiencies
[3].

Although many people assume that schoolchildren are naturally
healthy, many of them are anemic, underweight, stunted in height, and
low in iodine or vitamin A [4]. Globally, between 1990 and 2016, the
average annual death rate for children and adolescents aged 5 to 14 fell
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from 1.7 million to 1 million [5]. There is evidence that children in low-
and middle-income nations are more vulnerable [6].

In comparison to other locations, sub-Saharan Africa has a dispro-
portionately higher mortality rate for older children and young adoles-
cents. In sub-Saharan Africa, 55 percent of mortality of children this age
are on average. Additionally, undernutrition has a significant negative
economic impact on development [7].

Children who are malnourished suffer lifetime consequences that not
only affect them personally but also affect future generations. Even if the
general course of growth is genetically set, undernutrition, especially in
young children, can seriously impair both physical and mental growth
[8]. It is responsible for more ill-health than any other cause [9]. It is the
primary cause of the disease burden, which results in around 300,000
deaths year and is directly or indirectly to blame for more than half of all
child fatalities [10].

Children of school age in our nation face health and nutrition-
related issues that limit their capacity to flourish and gain from
schooling. Parasitic infections, malaria, anemia, trachoma, skin condi-
tions, impairments, accidents, sexual and reproductive illnesses, psy-
chosocial disorders, and substance misuse are among the common
health issues [4]. Consequently, inadequate food consumption, severe
malnutrition, iodine insufficiency, and vitamin A deficiency are some
of the frequent nutrition-related issues. Having a food insecure
household, having a low maternal education level, and having Trichuris
trichiura infection are some of the common causes of undernutrition
[7].

The 2004 National Strategy for Infant and Young Child Feeding
Practices, the 2005/2006 National Nutrition Strategy, and the 2008
National Nutrition Program are just a few of the methods that the
Ethiopian government has been putting into reality. Additionally, the
government intends to eradicate undernutrition by 2030 [11]. There is
a glaring lack of information on the real nutritional condition of chil-
dren of school age in impoverished countries like Ethiopia, despite
advocacy for health and nutrition programs in primary schools [12] and
in the nation, child malnutrition continues to be a serious public health
issue.

Most studies [11, 12, 13] undertaken by various researchers
concentrate on malnutrition in young children under the age of five and
pregnant women, whereas school-age children are frequently left out of
health and nutrition surveys or monitoring [14]. Even if some studies
were available in different parts of Ethiopia, most of them were
institution-based [15, 16, 17, 18].

In addition, there is a dearth of data on the prevalence and causes of
undernutrition among school-age children, particularly in the study area.
Therefore, this study aimed to determine the prevalence and associated
factors of undernutrition (wasting, stunting, and underweight) among
school-age children in Gondar Zuria District, Amhara Regional State,
Northwest Ethiopia.

2. Methods

2.1. Study design, period, and setting

A community-based cross-sectional study design was employed in
Gondar Zuria district, Northwest Ethiopia from January to April 2020.

The district is located in Central Gondar Zone, Amhara Regional State
and it is about 708 km from Addis Ababa, 140 km from Bahir Dar, and 40
km from Gondar town. It covers an area of 10828Km2. It shares bound-
aries with Lake Tana, Gondar town, Dembiya, West Belesa, and Libo
Kemikem districts.

According to the 2013 district agricultural office report, Gondar Zuria
district is located at 12�7'23''N-12�39'24''N and 37�24'24''E-37�45'43''E
and its total area is 1286.76 km2. The altitude of the district ranges from
2100 to 2850m above mean sea level. The two agro-ecologies are
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Woyinadega and Dega in the district, temperature ranges between 14-20
�C with a mean annual temperature of 17.9 �C.

The district has 44 kebeles (4 kebeles urban and 40 kebeles rural).
According to the 2019 district health office report, the district has an
estimated total population of 264,920 and a total of 80,373 (30.3%)
school-age children. Seven health centers and forty-two health posts are
found in the district.

2.2. Sampling techniques and sample size determination

A simple random sampling technique was applied to select 4 kebeles
out of a total of 44 Kebeles in the district. A systematic random sampling
procedure was applied to select respondents. The total sample size of 374
respondents was distributed proportionally to each kebele based on the
number of households and the total population of the kebeles. The
numbers of households in each kebele were obtained from the respective
kebeles offices and assigned by using systematic random sampling. Sys-
tematic random sampling interval (K) was calculated for each household,
and the first household in each kebele was identified using a random
method from the kth unit number of households. If we get the households
that have no eligible child (school-aged child) we go to the next house-
holds until we get the households that have an eligible child. Then, if
households were found to have more than one eligible child, a simple
random sampling technique or lottery method was applied to select one
for the study, and if households have no child then the next household
was selected.

For the first specific objective, the sample size was estimated using
the single population proportion calculation, taking into account a 95%
confidence level, a 5% margin of error, and a prevalence of undernutri-
tion of 31% [19].

n¼ðZ⍺=₂Þ2Pð1� PÞ
d2

n¼ð1:96Þ20:31ð1� 0:31Þ
ð0:05Þ2 ↔ n¼329

Where.
n: sample size, Z⍺=₂: 1.96, p: prevalence, and d: degree of precision/

margin of error
For the second specific objective, the sample size was calculated using

Epi-info version 7.2.1.0 statistical software by taking statistically signif-
icant and pertinent factors for under-nutrition status with the consider-
ation of 1:1 under-nutrition status to non-under-nutrition status ratio,
95% confidence level, and 80% power. By comparing the sample size
from the first and second specific objectives the minimum adequate
largest sample size was selected, which, in our case, equals 340. Then, a
10% non-response rate was considered and, finally, 374 participants
were included in the study.

2.3. Study variables

The nutritional status of children was assessed using anthropometric
indicators, Body Mass Index for age (BAZ), Height-for-Age (HAZ), and
weight for age (WAZ) Consequently, children having BAZ < - 2 SD, HAZ
< - 2SD, and WAZ < - 2 SD were considered as thin, stunted, and wasted
respectively.

A 24-hour recall method was used to estimate the feeding practice of
children and the collected dietary information was transferred to a di-
etary diversity score tool that consisted of nine food groups. Adequate
dietary diversity was defined as children who received food made from
four or more food groups in the previous 24 h [20].

Mother/caregiver nutritional knowledge was assessed using certain
questions related to breastfeeding and complementary feedings. It is
categorized as good and poor for analysis purposes based on literature.
Good knowledge: Those mothers who answer correctly the breastfeeding
and complementary feeding questions and if they score median value and



Table 1. Demographic and socio-economic characteristics of study participants,
Gondar Zuria District, Northwest Ethiopia.

Variables Category Frequency Percentage

Age of child (in years) 5–9 170 46.70

10–14 194 53.30

Child sex Male 162 44.51

Female 202 55.49

School Enrolment Enrolled 284 78.02

Non enrolled 80 21.98

Grade 1–4 241 66.21

5–8 123 33.79

Child birth order �2 138 37.91

>2 226 62.09

Age of mother/caregiver 20–35 201 55.22

36–45 117 32.14

>45 46 12.64

Sex of mother/caregiver Male 18 4.95

Female 346 95.05

Educational status of
mothers/caregiver

No formal education 310 85.16

Primary 43 11.81

Secondary 11 3.02

Educational status of the father No formal education 310 85.16

Primary 46 12.64

Secondary and above 8 2.20

Occupation of mother/caregiver House wife 340 93.41

Private* 6 1.65

Unemployed 18 4.95

Occupation of father Farmer 326 93.68

Others** 22 6.32

Family size 2–5 149 40.93

6–8 184 50.55

>8 31 8.52

Household food security status Food secured 148 40.66

Food insecured 216 59.34

Private* ¼ Self-employed and employed others** ¼ un-employed, government
and private employed.
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above. Poor knowledge: Those mothers who answer correctly the
breastfeeding and complementary feeding questions and if they score
below median the value.

2.4. Data collection methods and quality control

Degree and diploma holders with prior expertise in similar data
collection conducted the data collection. A structured questionnaire was
used to interview the mothers and other caregivers as part of a household
survey to learn more about the risk factors for undernutrition. The survey
was created using data from a nationwide survey and improved using
research from many sources [21]. Information about household food
security access was gathered using the instrument created by the Food
and Nutrition Technical Assistant Project (FANTA) [22].

The questionnaire was originally written in English before being
translated into Amharic, the language used locally in the study location.
Amharic was also used throughout the interviews to collect data, which
was then translated back into English tomaintain consistency during data
analysis. For one day, data collectors received training on the study. Pre-
testing the questionnaire in an area where the study was not conducted
allowed for the correction of any inaccuracies.

Each child's weight was determined using a calibrated digital balance.
Every day, the data was examined, and any errors were reported back to
the data collectors for correction.

The principal investigator was able to maintain the data's validity and
dependability by continuously monitoring the data collection. Five
percent of the sample size in a nearby district was used for pre-testing the
produced sets of data gathering tools.

Pre-testing was done to keep the questionnaire's correctness and
clarity, to make sure that respondents were consistently interpreting the
questions, to spot any problematic items, and to calibrate the anthropo-
metric equipment. Following the pre-test, all the unclear, deceptive, and
incorrectly understood questions were removed, and the questionnaire
was amended in light of the results.

2.5. Anthropometric measurement and nutritional status assessment

Each child was coached to stand in the center of a digital balance. The
digital balance had a vertical wooden bar with a plastic tap attached to it.
The weight and height of each child were measured after calibrating to the
nearest 0.1 kg and 0.1 cm, respectively. Height was measured against a
scale where a flat headpiece (attached to the plastic tap at a right angle)
touched the crown of the head and formed a right angle. Each child was
measured while wearing light clothes after removing shoes, belts, caps, or
any other material that could interfere with their actual height and weight.
Z-score was determined using the world health Anthro-Plus software [23].

2.6. Data management and statistical analysis

Data was firstly cleaned, coded, and entered into Epi data version 3.1
and for anthropometric data analysis, standard deviation (Z-scores)
scores were obtained by the world health organization (WHO) Anthro
Plus software. Further analysis was done by using the STATA version
14.0 software. Adjusted odds ratio (AOR) with 95% CI was used in the
multivariable logistic regression model and a p-value less than 0.05 was
considered to declare statistically significant independent variables of
each outcome variable.

2.7. Ethical consideration

Ethical clearance was obtained from the Review Committee of the
Department of Rural Development and Agricultural Extension, College of
Agriculture and Environmental Science, and the institutional review
board of the University of Gondar.

Finally, verbal informed consent was taken from each participant
after delivering information regarding the purposes, the importance of
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the study, and the variety of information needed, and assuring that
confidentiality of data was kept by using identification numbers rather
than names of participants. Participants' involvement in the study was
voluntary. The chance to ask anything about the study as well as the
freedom to refuse or stop the interview at any moment was given.

3. Results

3.1. Demographic and socio-economic characteristics of study participants

In this study, a total of 364 children aged 5–14 years and their
mothers/caregivers have participated. The overall response rate was
97.3%. Among the total participant children, 202 (55.49 %) study par-
ticipants were females, and the majority of them (78.02%) were school
enrolled. Of the total participants, 346 (95.05%) of interviewed care-
givers were females and the majority (85.16 %) of mothers/caregivers
did not attend formal education, and the majority of them (55.22%) were
within the age range of 20–35 years. From participated households, 216
(59.34 %) were food in secured (Table 1).
3.2. Child health, dieting habits, and environmental characteristics of study
participants

80 (21.98%) of children experienced an illness two weeks preceding
the data collection period. The majority of children 285 (78.30%)
consumed three or less than three times per day. More than 86% of the



Table 3. Nutritional status of study participants in Gondar Zuria District,
Northwest Ethiopia.

Variable No % Mean (SD)

Under-nutrition 262 71.98

HAZ -1.71 (2.30)

Below -2SD stunted 157 43.13

Below -3SD (Severe stunted) 79 21.70

WAZ -1.91 (2.14)

Below -2SD wasted 129 35.44

Below -3SD (Severe wasted) 60 16.48

BAZ -2.06 (1.47)

Below -2SD under-weight 149 40.93

Below-3SD (Severe under-weight) 92 25.27

Factors associated with undernutrition status.
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study participants had a Dietary Diversity Score (DDS) of <4 groups. Of
the total study participants, 46.98 % of the households had no latrine and
only 55.49% used pipe water as their source of drinking water (Table 2).

3.3. The prevalence of undernutrition among school-age children (5–14
years) (HAZ, BAZ, and WAZ) in the study area

The mean Z-Score (þ/-SD) HAZ, WAZ and BAZ of school-age children
were -1.71 (þ/-2.30), -2.06 (þ/-1.47), and -1.91 (þ/-2.14) respectively.
According to the WHO growth reference for school-age children, the
prevalence of undernutrition was found to be71.98% (95%, CI: 67%–

76%). Specifically, the prevalence of stunting, wasting and under-weight
was observed to be 43.13% (95%, CI: 38%–48%), 35.44% (95%, CI:
30%–40%) and 40.93% (95%, CI: 35%–46%), respectively. The preva-
lence of a severe form of stunting (HAZ< -3SD), thinness (WAZ < -3SD),
and under-weight (BAZ< -3SD) among these study subjects was 21.70%,
16.48 %, and 25.27%, respectively (Table 3).

Overall, out of the 364 children, 262 (71.98%) were undernourished.
Having a large family size [6, 7, 8] and drinking from unprotected water
sources had nearly three times more likelihood (AOR ¼ 2.92; 95% CI
(1.29–6.58) and (AOR ¼ 2.84; 95% CI (1.00–8.06) of becoming under-
nourished, respectively. Those children from food in secured households
were twice more likely to be malnourished than those from food-secured
households (AOR¼ 2.24; 95%CI (1.03–4.83). Besides, children aged 5–9
years (AOR ¼ 0.30; 95% CI (0.13–0.68) and mothers/caregivers with
good nutritional knowledge (AOR ¼ 0.40; 95% CI (0.17–0.92) were less
likely to be under-nourished (Table 4).

3.4. Factors associated with stunting

Based on the multivariable regression results, the odds of stunting
was significantly high (p ¼ 0.04) in children living in food in secured
households (AOR¼ 1.67; 95% CI (1.00–2.78) and nearly five times more
likely to be stunted (AOR ¼ 4.95; 95% CI (2.71–9.02) when during
wasting. Children whose ages were from 5-9 years (AOR ¼ 0.16; 95%CI
(0.08–0.28) were less likely stunted than those within the age range of
10–14 years. Also, children with the absence of handwashing facilities
Table 2. Child health, dietary habit, and environmental characteristics of study
participants in Gondar Zuria District, Northwest Ethiopia.

Variables Category Frequency Percentage

Illness Yes 80 21.98

No 284 78.02

Hand washing before meal Yes 280 76.92

No 84 23.08

Child DDS <4 316 86.81

�4 48 13.19

Latrine availability Yes 193 53.02

No 171 46.98

Waste disposal system Composting 78 21.43

Burning 64 17.58

Add farming 185 50.82

Open field 37 10.16

Source of drinking water Pipe 202 55.49

Protected 61 16.76

Unprotected 96 26.37

River 5 1.37

Mother/caregiver
nutritional knowledge

Good 217 59.62

Poor 147 40.38

Housing floor materials Mud or soil 362 99.45

Cement 2 0.55

Meal frequency �3 285 78.30

>3 79 21.70
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were twice more likely (AOR ¼ 2.05; 95% CI (1.13–3.70) to be stunted
than the children with handwashing facilities (Table 5).
3.5. Factors associated with wasting

According to the multivariable logistic regression result, the odds of
wasting were significantly high (AOR ¼ 2.31; 95% CI (1.00–5.33) in
children living in a household of food in secured than among children
living in food-secured households. Children whose age was within 5–9
years were 3.5 times more likely (AOR ¼ 3.57; 95% CI (1.50–8.51) to be
wasted than children of 10–14 years old. Besides children whose,
drinking water source was from an unprotected source were nearly three
times more likely (AOR ¼ 2.67; 95% CI (1.0–6.90) to be wasted than
those who drink from a piped water source (Table 6).
3.6. Factors associated with children underweight

The likelihood of being underweight was significantly less among
children 5–9 years old (AOR ¼ 0.64; 95% CI (0.41–0.99) than among
those children within the 10–14 years age category, and children having
an open waste disposal system were nearly three times more likely (AOR
¼ 2.92; 95% CI (1.23–6.91) to be underweight compared to those with
burning waste disposal system (Table 7).

4. Discussion

Based on the findings of this study, 71.98% of the school-age children
living in Gondar Zuria woreda, North West Ethiopia were undernour-
ished. This figure was higher than the studies conducted in Addis Ababa
(31%) [24] and Northeastern Ethiopia (31.8%) [25]. The prior research
was carried out in an urban setting, where people would have better
access to a variety of foods, higher nutritional awareness, and better
infrastructure, which could explain the gap. Additionally, the agroecol-
ogy and study periods between these investigations varied.

The prevalence of stunting was 43.13% (21.70% of whom were
severely stunted). It is comparable with the results of the study conducted
in Haik Town, Northeastern Ethiopia [26], Fogera and Libo Kemkem
Districts, Northwestern Ethiopia [27], and Arba Minch, Southern
Ethiopia [28]. However, it was higher than the study results conducted in
Lalibela Town, Northern Ethiopia where 29.5% of subjects were stunted
[29], Northwestern Ethiopia where 37.9% were stunted [30], in Dale
Woreda, Southern Ethiopia where 25.6% were stunted [7], and Addis
Ababa Ethiopia where only 19.6% were stunted [24]. Similarly, it was
higher than the study conducted in Urban slums in India [31], South
India [32], and Nairobi Peri-Urban Slum of Kenya [33] where 18.5%,
19.3%, and 30.2% of children were stunted, respectively.

But the prevalence was less than in the study conducted in Humbo
district, Southern Ethiopia [ [12]], Gondar town, Northwest, Ethiopia [



Table 4. Factors associated with under-nutrition among school-age children (5–14years) in Gondar Zuria District, Northwest Ethiopia.

Variables Categories Under-nutrition P-value AOR (95% CI)

Yes No

Age of child (in years) 5–9 137 (80.59) 33 (19.41) 0.004** 0.30 (0.13–0.68)

10–14 125 (64.43) 69 (35.57)

Child sex Male 119 (73.46) 43 (26.54)

Female 143 (70.79) 59 (29.21) 0.918 1.04 (0.49–2.19)

School Enrolment Enrolled 204 (71.83) 80 (28.17)

Non enrolled 58 (72.50) 22 (27.50) 0.898 0.93 (0.36–2.43)

Age of mother/caregiver 20–35 142 (70.65) 59 (29.35)

36–45 85 (72.65) 32 (27.35) 0.294 0.65 (0.29–1.44)

>45 35 (76.09) 11 (23.91) 0.227 2.22 (0.60–8.16)

Household food security status Food secured 100 (67.57) 48 (32.43)

Food insecured 162 (75.00) 54 (25.00) 0.040** 2.24 (1.03–4.83)

Mother/caregiver nutritional knowledge Good 110 (74.83) 37 (25.17) 0.032** 0.40 (0.17–0.92)

Poor 152 (70.05) 65 (29.95)

Waste disposal system Composting 60 (76.92) 18 (23.08)

Burning 45 (70.31) 19 (29.69) 0.496 0.67 (0.22–2.06)

Add farming 124 (67.03) 61 (32.97) 0.715 0.82 (0.29–2.29)

Open field 33 (89.19) 4 (10.81) 0.996 1.00 (0.14–7.05)

Source of drinking water Pipe 137 (67.82) 65 (32.18)

Protected 41 (67.21) 20 (32.79) 0.668 1.24 (0.45–3.40)

Unprotected 84 (83.17) 17 (16.83) 0.049** 2.84 (1.00–8.06)

Get credit Yes 125 (75.30) 41 (24.70)

No 137 (69.19) 61 (30.81) 0.267 0.65 (0.31–1.37)

Place of health service hospital 12 (66.67) 6 (33.33)

health post 202 (72.73) 18 (27.27) 0.054 11.51 (0.96–37.89)

Health center 48 (72.14) 78 (27.86) 0.179 4.70 (0.49–44.94)

Hand wash Yes 197 (70.36) 83 (29.64)

No 65 (77.38) 19 (22.62) 0.566 0.71 (0.23–2.22)

Toilet owner Communal 21 (75.00) 7 (25.00)

Private 111 (67.27) 54 (32.73) 0.401 0.62 (0.21–1.85)

Number of house room One 46 (67.65) 22 (32.35)

Two 130 (73.03) 48 (26.97) 0.286 1.84 (0.60–5.64)

>two 86 (72.88) 32 (27.12) 0.141 2.56 (0.73–9.03)

Family size 2–5 105 (70.47) 44 (29.53)

6–8 133 (72.28) 51 (27.72) 0.010** 2.92 (1.29–6.58)

>8 24 (77.42) 7 (22.58) 0.114 2.88 (0.77–10.70)

Father employment Farmer 15 (68.18) 7 (31.82) 0.097 0.14 (0.01–1.41)

Others 235 (72.09) 91 (27.91)

** ¼ Statistically significant variables at 95% confidence interval.
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[21]], and East Gojjam Zone, Amhara Regional State Ethiopia [ [20]]
where 57%, 46.1%, and 48.1% of the study subjects were stunted,
respectively. It is also lower than other studies conducted in other
countries including Tea GardenWorkers of Assam 47.4% [34] and Dhaka
City, Bangladesh where 60% [35] were stunted. The disparity might be
explained by the geographic separation and the disparity in agricultural
productivity.

The prevalence of wasting was 35.44% (16.48% severely wasted). It
was the highest magnitude than in other studies conducted in Gondar
town, North West Ethiopia 9% [16], Arba Minch, southern Ethiopia 8%
[28], Fogera and Libo Kemkem Districts, 21.6% [27], in Dale Woreda,
Southern Ethiopia (14%) [7] and Lalibela Town, Northern Ethiopia
(29.5%) [29]. The differences in the studies' study period, study design,
study area, and dietary intervention activities could be to blame for the
inconsistencies. But it was less than the study conducted in Cachar Dis-
trict, Assam 51.3% [36]. This variation might due to differences in the
study area and time.

The prevalence of underweight was 40.93% (25.27% were severely
underweight). It was higher than the study conducted in Addis Ababa,
5

Ethiopia 15.9% [24], and in Dale Woreda, Southern Ethiopia (19%) [7].
Besides, it was higher than the study conducted in the Peri-Urban Slum
area of Nairobi (14.9%) [33], in Kavre District (30.85%) [37], and
Bengaluru, South India (35.9%) [32]. These inconsistencies may result
from variations in study design, study area, study period, and age group.
However, it was less than the study conducted in the Tea GardenWorkers
of Assam (51.7%) [34] and in Dhaka City of Bangladesh (84%) which
was the highest one of all other studies [35]. This might be due to the lack
of or a difference in nutritional intervention activities.

Having a large family size [6, 7, 8], good nutritional knowledge of a
mother/caregiver, household food insecurity, unprotected spring water
source, and child age (5–9years) were determinant factors for overall
under-nutrition.

In this study, younger age groups (5–9 years) were less likely than
older children (10–14 years) to experience undernutrition. Several
studies carried out in Ethiopia [24, 25, 27, 28], also indicated that there
was a highly significant association between age and the under-nutrition
status of children. Additionally, the research in northeastern Ethiopia
found that older children had a higher risk of malnutrition than younger



Table 5. Factors associated with stunting among school-age children (5–14years) in Gondar Zuria District, Northwest Ethiopia, 2020.

Variable Categories Stunting P-value AOR (95% CI)

Yes No

Age of child (in years) 5–9 60 (30.93) 134 (69.07) 0.000** 0.16 (0.08–0.28)

10–14 97 (57.06) 73 (42.94)

Child sex Male 74 (45.68) 88 (54.32)

Female 83 (41.09) 119 (58.91) 0.306 0.77 (0.47–1.26)

Age of mother/caregiver 20–35 85 (42.29) 116 (57.71)

36–45 48 (42.29) 69 (58.97) 0.547 0.84 (0.48–1.46)

>45 24 (52.17) 22 (47.83) 0.132 1.82 (0.83–3.97)

Household food security status Food secured 57 (38.51) 91 (61.49)

Food insecured 100 (46.30) 116 (53.70) 0.046** 1.67 (1.00–2.78)

Waste disposal system Composting 38 (48.72) 40 (51.28)

Burning 34 (53.13) 30 (46.88) 0.278 1.55 (0.70–3.42)

Add farming 67 (36.22) 118 (63.78) 0.313 0.71 (0.38–1.36)

Open field 18 (48.65) 19 (51.35) 0.809 1.12 (0.43–2.93)

Source of drinking water Pipe 84 (41.58) 118 (58.42)

Protected 21 (34.43) 40 (65.42) 0.422 0.75 (0.38–1.49)

Unprotected 52 (51.49) 49 (48.51) 0.695 1.13 (0.60–2.14)

Hand wash Yes 109 (38.93) 171 (61.07)

No 48 (57.14) 36 (42.86) 0.017** 2.05 (1.13–3.70)

Wasting Yes 86 (36.60) 149 (63.40) 0.001** 4.95 (2.71–9.02)

No 71 (55.04) 58 (44.96)

** ¼ Statistically significant variables at 95% confidence interval.

Table 6. Factors associated with wasting among school-age children in Gondar Zuria District, Northwest Ethiopia.

Variable Categories Wasting P-value AOR (95% CI)

Yes No

Age of child (in years) 5–9 95 (48.97) 99 (51.03) 0.004** 3.57 (1.50–8.51)

10–14 34 (20.00) 136 (80.00)

Child sex Male 51 (31.48) 111 (68.52)

Female 78 (38.61) 124 (61.39) 0.336 1.45 (0.67–3.14)

Educational status of mothers/caregiver Illiterate 103 (33.23) 207 (66.77)

Primary 23 (53.49) 20 (46.51) 0.167 2.23 (0.71–6.95)

Secondary 3 (27.27) 8 (72.73) 0.831 0.74 (0.05–10.53)

Age of mother/caregiver 20–35 82 (40.80) 119 (59.20)

36–45 36 (30.77) 81 (69.23) 0.287 0.60 (0.24–1.51)

>45 11 (23.91) 35 (76.09) 0.572 0.69 (0.19–2.48)

Marital status of the mother Married 115 (35.49) 209 (64.51)

Divorced 5 (26.32) 14 (73.68) 0.655 0.62 (0.08–4.87)

Other 9 (42.86) 12 (57.14) 0.880 0.84 (0.100–7.19)

Father employment Farmer 8 (36.36) 14 (63.64) 0.398 0.49 (0.09–2.55)

Others 112 (34.36) 214 (65.64)

Family size 2–5 58 (31.52) 91 (61.07)

6–8 58 (31.52) 126 (68.48) 0.186 1.79 (0.75–4.24)

>8 13 (41.94) 18 (58.06) 0.670 1.35 (0.33–5.38)

Household food security status Food secured 47 (31.76) 101 (68.24)

Food insecured 82 (37.96) 134 (62.04) 0.048** 2.31 (1.00–5.33)

Source of drinking water Protected 24 (39.34) 37 (60.66)

Pipe 64 (31.68) 138 (68.32) 0.052 0.34 (0.11–1.00)

Unprotected 41 (40.59) 60 (59.41) 0.883 0.91 (0.26–3.16)

Mother/caregiver nutritional knowledge Good 52 (64.63) 95 (64.63) 0.735 0.87 (0.39–1.92)

Poor 77 (35.48) 235 (64.56)

Place of health service hospital 5 (27.78) 13 (72.22)

health post 22 (33.33) 44 (66.67) 0.943 1.09 (0.08–14.67)

Health center 102 (36.43) 178 (63.57) 0.833 1.30 (0.11–15.43)

Healthcare services affordable Yes 109 (36.70) 188 (63.30)

No 20 (29.85) 47 (70.15) 0.337 1.60 (0.61–4.19)

(continued on next page)
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Table 6 (continued )

Variable Categories Wasting P-value AOR (95% CI)

Yes No

Toilet owner Communal 12 (42.86) 16 (57.14)

Private 51 (30.91) 114 (69.09) 0.413 0.63 (0.20–1.90)

Waste disposal system Composting 36 (46.15) 42 (53.85)

Burning 25 (39.06) 39 (60.94) 0.950 0.96 (0.32–2.84)

Add farming 55 (29.73) 130 (70.27) 0.324 0.59 (0.21–1.66)

Open field 13 (35.14) 24 (64.86) 0.299 0.39 (0.06–2.28)

No of house room One 28 (41.18) 40 (58.82)

Two 53. (29.78) 125 (70.25) 0.548 0.69 (0.21–2.26)

>two 48 (40.68) 70 (59.32) 0.871 1.11 (0.29–4.29)

School Enrolment Enrolled 85 (29.93) 199 (70.07)

Non enrolled 44 (55.00) 36 (45.00) 0.173 3.24 (0.59–17.67)

Get credit Yes 59 (35.54) 107 (64.46)

No 70 (35.35) 128 (64.65) 0.934 1.03 (0.46–2.28)

** ¼ Statistically significant variables at 95% confidence interval.
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children [25]. In a similar vein, the Burkina Faso study's findings showed
an association between undernutrition and advanced age (that is 12–14
years compared to <12 years [38].

This might be because young children are transitioning from child-
hood to adolescence; as a result, they are more likely to be exposed to
demanding environments outside of their immediate environment and to
work-related activities, which increases the body's need for nutrients. In
addition, when kids get older, their families can stop giving them enough
food and give them less attention. It may be because many parents in
rural regions fail to provide their children with the best nutrition possible
given their age and other factors [39].

This study also revealed that the odds of being undernourished were
more common among children who were from food-insured households
than those coming from food-secured households. The study conducted
in Dale woreda, Southern Ethiopia similarly indicated that household
food insecurity significantly affects under-nutritional status [10].
Another study conducted in South Africa also revealed that household-
level food insecurity was highly determinant of the occurrence of
malnutrition [40].

A larger family size (6–8 household members) was significantly
associated with an increased risk of undernutrition among school-age
children. This is in agreement with the studies done in different Afri-
can countries, including Ethiopia [7, 15, 19, 28, 30, 33, 41].
Table 7. Factors associated with under-weight among school-age children in Gondar

Variable Categories Under-weigh

Yes

Age of child (in years) 5–9 80 (47.06)

10–14 69 (35.57)

Household food security status Food secured 68 (45.95)

Food insecured 81 (37.50)

Waste disposal system Composting 33 (42.31)

Burning 21 (32.81)

Add farming 69 (37.30)

Open field 26 (70.27)

Family size 2–5 55 (36.91)

6–8 81 (44.02)

>8 13 (41.94)

Get credit Yes 71 (42.77)

No 78 (39.39)

Father employment Farmer 137 (42.02)

Others 6 (27.27)

** ¼ Statistically significant variables at 95% confidence interval.
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Mother/caregiver knowledge was also one of the significantly asso-
ciated factors of undernutrition. Children whose mother/caregiver had
good nutritional knowledge were less likely to encounter under-nutrition
when compared to those whose mothers had poor nutritional knowledge.
This finding supports the study conducted in Kenya [42] and Nigeria
[43].

In the present study, subjects who were drinking from unprotected
drinking water sources were more than two times more likely to be un-
dernourished than those who were drinking from pipe drinking water
sources. This result agreed with studies conducted in Mieso Woreda,
Somali Region, Ethiopia [44], Gondar town, northwest, Ethiopia [16],
and Dhaka City in Bangladesh [35].

In this study, the younger age group (5–9 years) was less likely
stunted than the older age group (10–14 years). This was in line with
studies documented in Gondar town, Northwest Ethiopia [16], Durbete
Town, northwest Ethiopia [18], Dale Woreda, Southern Ethiopia [7],
and Arba Minch, Southern Ethiopia [28]. Similarly, the study was
conducted on 5–14 years old children in rural Madagascar [45], and
India [31]. This suggested that the likelihood of stunting was much
higher in older schoolchildren. This is because children between the
ages of 9 and 14 are more active and expend more energy. They may
become stunted as a result of their excessive energy loss and a lack of
nutrient-rich food.
Zuria District, Northwest Ethiopia.

t P-value AOR (95% CI)

No

125 (64.43) 0.049** 0.64 (0.41–0.99)

90 (52.94)

80 (54.05)

135 (62.50) 0.337 0.80 (0.51–1.25)

45 (57.69)

43 (67.19) 0.321 0.69 (0.33–1.43)

116 (62.70) 0.546 0.83 (0.47–1.48)

11 (29.73) 0.015** 2.92 (1.23–6.91)

94 (63.09)

103 (55.98) 0.345 1.26 (0.78–2.02)

18 (58.06) 0.541 1.29 (0.57–2.96)

95 (57.23)

120 (60.61) 0.744 0.93 (0.59–1.46)

189 (57.98) 0.520 1.39 (0.51–3.78)

16 (72.73)
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Stunting was more prevalent in children living in households where
there was food insecurity than it was in children living in households
where there was food security, which is consistent with the South Af-
rican study [40]. The study conducted in Dale Woreda, Southern
Ethiopia revealed that Children living in food-insecure households are
more likely to be stunted than children who live in food-secure house-
holds [7]. Moreover, the study conducted in Southern Ethiopia also
indicated that food security status was associated with the prevalence of
stunting [46].

In this study, children without hand-washing facilities were twice
more likely to be stunted than those with hand-washing facilities. This
finding is consistent with a study done in Dangila Town [15], and Lay
Armachiho District [20], Northwestern Ethiopia.

The present study revealed that stunting was highly associated with
wasting. A child whowasted was five times more likely to be stunted than
those who were not wasted. This finding is similar to a study done on
Ghanaian Preschool Children [47].

Our current finding also revealed that children living in food in
secured households’weremore likely to be wasted than children living in
food-secured households. This was supported by the study conducted in,
Gondar town, northwest, Ethiopia [16], Dale Woreda in Southern
Ethiopia [7], and the Southern region of Ethiopia [46].

In the present study children within the age category of 5–9 years
were less likely to be wasted than those within 10–14 years. This is in line
with the recent study conducted in Gondar town, northwest, Ethiopia
[16]. Similarly, the finding in rural Madagascar, who were 5–14 years of
age, indicated that older school children had a significantly greater
likelihood of being thin [45].

In our study, younger children ages (5–9 years) were less likely to be
under-weight than older aged children of 10–14 years old. This result
was also supported by the study conducted by Dawit Degarege and his
colleagues in Addis Ababa, Ethiopia [24]. Similarly, the study conducted
in India indicated that the prevalence of underweight was highest in the
age group within 11–13 years [31]. The other study conducted in Nairobi
Peri-Urban Slum also revealed that children who were over nine years of
age were more likely to be underweight [33].

In this study, children who lived in households with an open-field
waste disposal system had a greater than a two-fold increased risk of
being underweight compared to children who lived in households with a
burning waste disposal system. This was consistent with research con-
ducted in Dhaka City, Bangladesh [35].

5. Conclusion

The overall findings of the research indicated that undernutrition was
very high in the study area. Stunting, wasting, and underweight among
school-age children were also high relative to other studies conducted in
Ethiopia. In the multivariable logistic regression model, child age, food
insecurity, knowledge of mother/caregiver on nutrition, having a larger
family size and utilization of unprotected drinking water sources were
the determinant factors of under-nutrition.

Child age, food insecurity, hand washing, and being wasted were
independent predictors of stunting among school-age children in the
study area. Open waste disposal system and older child age were de-
terminants of underweight, and child age and food insecurity were the
significant determinant factors for wasting among school-age children in
the study area.

Therefore, the district's agriculture and animal agency, health office,
and education offices should place a priority on enhancing household
food security and raising mothers' and caregivers' awareness of nutri-
tional activities taking place at the household level. When putting un-
dernutrition prevention, management, and intervention strategies into
practice, they should also pay special attention to older kids. To further
reduce issues with undernourishment in the community, they should
support and expand the use of various waste disposal systems rather than
open field disposal systems.
8

It is important to consider the community's accessibility to and supply
of piped drinking water. Due to the cross-sectional nature of the study
design, a drawback of the study was that it was unable to demonstrate the
causal association between variables. Furthermore, genetic factors were
not taken into account in this investigation, which may have affected our
results.
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