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Abstract
Background : Childhood malnutrition is a major concern in developing countries due to high morbidity
and mortality rate. To estimate the prevalence of malnutrition among school children, Kassala State, A
cross-sectional study was conducted randomly among 2638 children. Height for age and body mass
index for age z scores were calculated using WHO Anthro Plus software as indicators of stunting and
thinness respectively. A multinomial logistic regression model was used to determine the associated
factors.

Results: The overall prevalence of stunted and thinness was 22.1% and 32.3% respectively. Stunting was
signi�cantly higher among children in age group 13-15 years old (OR 3.788; 95% CI: 2.802- 5.123), boys
(OR 1.394; 95% CI: 1.114-1.743) and children from rural areas (OR 2.406; 95% CI: 1.768- 3.274). Likewise
thinness was signi�cantly higher among boys (OR 1.717; 95% CI: 1.436- 2.052), Rural residence (OR
1.885; 95% CI: 1.487- 2.389), child whose families depend on unsafe source of drinking water (OR 2.205;
95% CI: 1.484- 3.276). Moreover, children who skipped meal during the school day or bring their food from
their houses OR 2.744; 95% CI: 2.131- 3.532, 1.752(95% CI: 1.441- 2.129) respectively). Maternal
education and occupation, in addition to family size and child ordered had no effect on the prevalence of
malnutrition.

Conclusions: In the present study, different forms of malnutrition was documented and affected by child
age, gender, residence, source of drinking water. Therefore, more attention is needed to focus on nutrition
status, improving the school environment, maternal education, and regular health assessment.

Background
Malnutrition is a public health problem, affects all people at different age in different regions, particularly
South Asia and Africa [1]. Children and women are the most vulnerable groups due to their high
nutritional requirements for growth and development [2]. Around half of deaths among children under 5
years of age are linked to under-nutrition [2].   Inadequate household income, food insecurity, poor access
to basic sanitation and water services underlying the cause of malnutrition during an individual’s
childhood [3]. Malnutrition has negative impact on child health, cognition, education achievement and the
quality of life [4,5].

Stunting (chronic malnutrition) and wasting (acute malnutrition) are the most prevalent forms of
malnutrition in children [6]. Globally, the prevalence rate of acute malnutrition was 14.1% [3] and the
prevalence of stunting declined from 32.5% to 21.9% since 2000- 2018. 

Sudan experiences of malnutrition render it among the highest countries in Middle East region. More than
two million children in Sudan are already stunted [7]. The prevalence rate of under-�ve stunting and
wasting is 38.2% and 16.8% respectively, which are greater than the average in developing countries [8].
Eastern Sudan States (Red Sea, Kassala and Gadarif) have high prevalence rate of malnutrition [3].  
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More than 50% of Sudan’s population is children aged less than 18 years. However, most of the studies
on malnutrition focus on children under-�ve age, leaving a gap on the nutrition status of children greater
than �ve years old. Therefore, the present study is designed to estimate the prevalence of malnutrition
among school children in 5- 15 years age in Kassala State.  Assessment of nutrition status of school
children will help to identify children at risk so as to reduce the negative impact of malnutrition.
Furthermore, it will provide a baseline data for school health.

Methodology
Study design and inclusion criteria 

A school based cross sectional study was conducted at governmental elementary schools in three
localities (Kassala, Western Ree� Kassala and Ree� Kassala) in Kassala State. The state was
administratively classi�ed into eleven localities. All of them are rural except Kassala and New Halfa. The
study was conducted during the period from 2016 through 2018. All Children who attending during the
period of data collection in the selected schools were enrolled in the study  , whereas those who suffered
from chronic diseases, or refused to participate were excluded from the study. 

Sample size and sampling technique

The sample size was 3004. It was calculated according to the following estimation: the proportion of
malnutrition in eastern Sudan 20.0% with marginal error 3% at 95% con�dence interval (d=0.03) and
design effect of 4. Ten percent of sample size was added to minimize errors arising from the likelihood of
non compliance. 

Multi-cluster random sampling technique was used for selection of pupils from 30 elementary schools
from the three localities (randomly selected). The sample size was distributed among the selected
schools proportionally based on student size in each school. Then, the number of participants required to
be enrolled were allocated proportionally based on the number of students in each class and grade level. 

Data collection 

 General information on age, sex, family size, number of meals per day and breakfast were collected in
pretested questionnaire from children aged 5-15 years. Additionally, information about caregivers’
education and occupation status were also collected. The questionnaire was administered by one or two
teachers from each selected school. Then health was assessed by expertise medical practitioner followed
by anthropometric measurements.

Anthropometric measurements 

Child weight and height were measured following the standard methods with minimum clothing and
without shoes.  Weight was measured to the nearest 0.1 kilogram (Kg) using an electronic weighing scale
that is calibrated to the zero before taking every measurement.  Height was measured to the nearest



Page 4/16

0.1centimeters (cm) in bare feet with participants standing upright against a mounted stadio-meter. Both
measurements were recorded in the individual’s questionnaire. According to WHO criteria and
classi�cation, child nutrition status was assessed [9].  

Assessment of malnutrition

Anthro-Plus software (v. 3.2.2Jeneva, Switzerland) as WHO reference for 5-19 years school-age children
and adolescents was used for assessment of child growth depending on z-score [10]. Child with Z score
values of < - 2 standard deviation for height for age and BMI for age were classi�ed as stunted and
thinness respectively. Child with z-score values > + 1 and > + 2 SD BMI-for-age were classi�ed as
overweight and obese respectively.

Statistical analysis 

Statistical analysis was performed using the statistical package for Social Sciences for Windows IBM
SPSS version 20 ((IBM Corp., Armonk, NY, USA)). Logistic regression was used to describe the
signi�cance of the association between the nutritional status outcome variables (stunting, thinness, and
over-nutrition) and predictor variables (age, sex, residence, maternal educational status, family size, child
order, source of drinking water and skipping of meal during school day). Odd ratio with 95% con�dence
intervals (CI) was used as a measure of association. Statistical signi�cance was set at P < 0.05.

Results
General characteristics

Out of 3004 children, 366 (12.18%) were excluded due to chronic illnesses or incomplete data leaving
2638 (87.82%) with mean age 10.4 ± 2.4 years, and male to female ratio was 1:1.2. Most of them
belonged to parents with low socioeconomic status; only 13.2% fathers had good level of education
compared to 8.0% of mothers, their families size ranged from 2- 17 with median 7. They had different
orders in their families; 42.2% of them had the �rst or second order in the family. The majority of children
live in rural localities 1606 (60.9%). They used different sources of water for drinking and daily supply.
They received 2- 3 meals per day and 419 (15.88%) of children did not eat anything during the day at
school table  (1).

Table (1): General characteristics of studied group
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Variable  Frequency  Percent

Sex: Male 

        Female 

1437

1201

54.5

45.5

Age (years): 5-9 

                    10- 12

                    13-15

994

1063

581

37.7

40.3

22.0

Locality: Kassala

Ree� Kassala

Western Ree� Kassala

1032

1023

583

39.1

38.8

22.1

Father education

Illiterate/ low level

Educated

 

2290

348

 

86.8

13.2

Mother education

Illiterate/ low level

Educated

 

2427

211

 

92.0

08

Father occupation 

Employee/ skill worker

Daily worker or had no work

 

650

1988

 

24.6

75.4

Mother occupation : worker

                                 not worker 

135

2503

5.1

94.9

Source of drinking water

Tap/ tanker

Unprotected open well

 

2462

176

 

93.3

6.7

Meals/ day: ≤ 2

                    >2

277

2361

 

10.4

89.5

 

Breakfast : From house

From school

Skipped

944

1275

419

35.79

48.33

15.88
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Nutrition status

The mean height, weight and BMI of studied groups were 133.98±13.15 cm and 27.76 ± 8.7 Kg and
15.13± 2.72 Kg/m2 respectively. For boys, the overall anthropometric value as follows: mean height was
133.98 ± 13.39 cm, weight 27.44± 8.51Kg and BMI 14.97 ± 2.61Kg/m2. The corresponding
measurements for girls were 133.98± 12.96 cm, 28.03± 8.85Kg, 15.28 ± 2.84 kg/m2.

From the table (2) the proportion of well nourished children to malnourished approximately similar
(1:1.02) and the proportion of acute malnutrition was twice the chronic malnutrition. The total stunted
and thinness was 22.1% and 32.3% respectively.  

Table (2): Nutrition status of studied group

Nutrition status Frequency (%)

Normal height for age & BMI for age 1307 (49.55)

Chronic malnourished (stunted) 324 (12.28)

Acute malnourished (Thinness) 637 (24.15)

Overweight or obese 111 (4.21)

Coexistence of stunted & thinness 215 (8.15)

Coexistence of stunted & either overweight or obese 44 (1.67)

As shown in Fig.(1) the relatively high proportion of stunted was observed in the age group 13-15 years
(39.4%), among boys (26.7%) and in rural localities (26.7%%). In the same way the proportion of acute
malnutrition (thinness) was high in rural localities (38.5%), among boys (38.4%) and age group 13-15 yrs
(35.3%), where as the children in age < 13 yrs has similar proportion of thinness and either over weight or
obesity Fig (2).

Malnutrition and risk factors

Children in age of 10 years or greater were more likely to suffer from chronic malnutrition compared to
those in age 5-9 years. The eldest children (13- 15 yrs) were more likely to suffer from stunted and severe
stunted (OR 3.788(at 95% CI: 2.802- 5.123) and 8.570(at 95% CI: 5.368- 13.684). Likewise, the children in
age 10- 12 years were suffered from stunted and severe stunted. Boys were more likely to suffer from
stunted OR 1.394(at 95% CI: 1.114-1.743). In the same way, children from rural localities were more likely
to suffer from stunted and severe stunted OR 2.406(at 95% CI: 1.768- 3.274) and OR 3.437(at 95% CI:
2.091-5.649) respectively. Unprotected open well as the  source of drinking water increase the possibility
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of the development of chronic malnutrition, although it is insigni�cant (Stunted OR 1.065(0.664- 1.709)
and severe stunted OR 1.047(0.534- 2.054)) 

Although the prevalence of chronic malnutrition was statistically insigni�cant with the child ordered,
family size, maternal education and occupation, and taking a meal during the school day, it was found
that child ordered greater than third and belong to family size greater than 6 members were more likely to
suffer from stunted. In the same way, maternal illiteracy will increase the possibility of  stunting. Children
who missed the meal during the school day were more likely to suffer from chronic malnutrition. Table (3)

Table (3): Relative risk ratios from multinomial logistic regression model for height for age for children in
school age

 

As shown in table (4), The  risk ratios for BMI for age  indicate that the prevalence of low BMI for age was
signi�cantly associated with child sex, locality, source of drinking water and the meal took during the
school day (P<0.05). Contrary the child age, maternal education and occupation, family size and child
ordered had no effect (P>0.05) on the prevalence of malnutrition (thinness and either overweight or
obese)

Boys were more likely to suffer from thinness OR 1.717(95% CI: 1.436- 2.052). In the same way children
from rural localities OR 1.885(95% CI: 1.487- 2.389) . Unsafe source of drinking water was statistically
affect the child nutrition status, as the thinness was more likely develop among children depends on
unprotected open well for drinking and daily supply OR 2.205(at 95% CI:1.484- 3.276). In the same way
the children who missed meal during the day at school or depend on meal brought from their houses
were more likely to suffer from thinness OR 2.744(95% CI: 2.131- 3.532) and 1.752(95% CI: 1.441- 2.129).
Although the age has no effect in the development of thinness and overweight, the children in age group
13- 15 years old were more likely to suffer from thinness OR 1.154(95% CI: 0.912- 1.459). 

Table (4): Relative risk ratios from multinomial logistic regression model for body mass index for age for
children in school age

 

Discussion
The present study showed remarkable prevalence of malnutrition in different forms; stunted (22.1%) and
thinness (32.3%). The prevalence was signi�cantly associated with child age, sex, locality, and the source
of drinking water. Boys, children in old age and those from rural localities were more likely to suffer from
malnutrition, addition to those who depend on unsafe source of drinking water. Missing the meal during
the day at school was effectively contributed in the prevalence of thinness. 

The prevalence of malnutrition was recorded in low and middle income countries with variation within
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Variable Category  Stunted Odd
ratio

95% C I 

P-
value

Sever stunted
 Odd ratio

95% C I

P-
value

Age 13-15 yrs 3.788(2.802-
5.123)

.000 8.570(5.368-
13.684)

0.000

10-12 yrs 2.216(1.685-
2.914)

.000 1.933(1.180-
3.166)

0.009

5-9 yrs 0. . 0. .

Sex Male 1.394(1.114-
1.743)

0.004 1.343(0.948-
1.902)

0.097

Female .0 . 0. .

Child ordered  > 3 1.028(0.810-
1.304)

0.820 1.233(0.861-
1.767)

0.253

≤ 3 0 . 0. .

Family size  > 6 member 1.257(0.979-
1.615)

0.073 1.157(0.785-
1.705)

0.461

≤ 6 0. . 0. .

Father education Illiterate/low
level 

1.034(0.704-
1.519)

0.864 0.642(0.369-
1.116)

0.116

well educated 0. . 0. .

Father occupation Not or daily
worker

1.067(0.827-
1.377)

0.618 0.941(0.643-
1.375)

0.752

employee/ skill
worker

0. . 0.. .

Mother education illiterate/low
level 

1.144(0.699-
1.871)

0.592 1.571(0.692-
3.567)

0.280

  well educated 0. . 0. .

Mother occupation Worker 1.004(0.611-
1.650)

0.986 1.039(0.483-
2.238)

0.922

not worker .0 . 0. .

Locality Locality: rural 2.406(1.768-
3.274

0.000 3.437(2.091-
5.649)

.000

Urban 0. . 0. .

Source of drinking
water

Tanker .709(0.521-
0.966)

0.029 0.585(0.367-
0.933)

0.024

unprotected 1.065(0.664- 0.793 1.047(0.534- 0.894
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open well 1.709) 2.054)

Tap 0. . 0. .

Meal during the day at
school

not taken 1.035 (0.747-
1.434)

0.835 1.313(0.817-
2.109)

0.261

from house 1.083 (0.850-
1.379)

0.520 0.894(0.608-
1.316)

0.571

from school 0 . 0. .

and across the countries example Ethiopia [11,12,13,14, 15], Nigeria [16,17,18], Tanzania [19], India [20].

The relatively high prevalence of under-nutrition observed among school children in rural areas of the
state may be due to the inadequate quantitative and qualitative dietary food intake. Un- surprising, the
state has already a long- suffered poverty and lack of access to the main services including health and
education [21] that result in poor school environment and increase the risk of prevalence of infectious
diseases. Alongside, the fact that the state practices food insecurity and food taboos, as some type of
food, which is rich in animal proteins, was prohibited to women and children [21, 22].

Older children were more likely to be stunted and thinness than the younger age group [23, 24, 25, 26, 27].
These groups of children are in critical period of physical growth and need special attention to meet the
high demand of key nutrient. Failure to consume an adequate diet can result in thinness [28]. Various
studies in different countries showed that under-nutrition exists in both sexes and in different age groups
[14,29, 30]. On the other studies; boys were more likely to suffer from under nutrition compared to girls
[11,27, 31,32,33]. This difference can be explained by increasing physical activity habits of boys that
require an increased amount of energy and nutrients [34, 35]. De�ciency of the requirement will result in
poor growth that affects the working capacity. As children growing up, they are expected to work outside
the home to support their families. Unsurprising most of the studied children were from low socio
economic background, and look for helping their families as this appear in the decreasing number of
boys at the high level of schools. Among female the prevalence of overweight was observed [36]. The
potential explanation girls spent most of time in the house that give them a greater chance to eat what is
available in the house than boys. 

Maternal education and occupation had no signi�cant effect on child nutrition status that is in the same
way of �nding in Ethiopia [13] and unlike the �nding of Nabag et al 2011[ 33] who showed the
association of maternal education, family size and child ordered with child nutrition status. Poor
education of mothers put them in poor position to make decision of child needs. As in many areas in
eastern Sudan, the decision was held by men in the family. Poor nutritional knowledge and education
besides food taboos are behind the prevalence of malnutrition [22].   Furthermore, usage of unsafe water,
which is signi�cantly associated with the prevalence of malnutrition, may contribute to the prevalence of
disease agents that affect the child health and nutrition. So improving of drinking water is important for
improving the nutrition status of children as early reported [37]. 
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Variable Category  Over weight/ obese
Odd ratio

95% C I 

P-
value

Thinness
 Odd ratio

95% C I

P-
value

Age 13-15 yrs 1.193(0.760- 1.872) 0.443 1.154(.912-
1.459)

.233

10-12 yrs 0.985(0.672- 1.445) 0.940 0.956(.783-
1.167)

.655

5-9 yrs 0. . 0. .

Sex male 0.759(0.533- 1.081) 0.127 1.717(1.436-
2.052)

.000

Female 0. . 0. .

Child ordered  > 3 0.753(0.515- 1.102) 0.144 1.027(.848-
1.245)

0.782

≤ 3 0. . 0 .

Family size  > 6 member 0.851(0.591- 1.228) 0.389 0.924(0.760-
1.124)

0.429

≤ 6 0. . 0. .

Father education Illiterate/low
level 

0.836(0.497- 1.405) 0.498 0.764(0.569-
1.025)

0.072

well educated 0. . 0. .

Father occupation Not or daily
worker

0.739(0.509- 1.072) 0.111 0.767(0.629-
0.936)

0.009

employee/ skill
worker

0. . 0. .

Mother education illiterate/low
level 

0.754(0.413- 1.374) 0.356 1.022(0.710-
1.472)

0.906

  well educated 0.   0.  

Mother occupation Worker 0.978(0.462- 2.071) 0.954 0.848(0.569-
1.265)

0.420

not worker 0.. . 0. .

Locality Locality: rural 0.825(0.539- 1.264) 0.377 1.885(1.487-
2.389)

.000

urban 0. . 0. .

Source of drinking
water

Tanker 1.003(.643- 1.566) 0.988 0.865(.677-
1.104)

0.244

unprotected .890(.342- 2.314) 0.810 2.205(1.484- .000



Page 11/16

open well 3.276)

tap 0. . 0. .

Meal during the day
at school

not taken 0.811(0.455- 1.447) 0.479 2.744(2.131-
3.532)

.000

from house 0.852(0.588- 1.234) 0.396 1.752(1.441-
2.129)

.000

from school 0.   0.  

Conclusion
The present study highlighted the prevalence of malnutrition in different forms among school children
that will provide a baseline data for school health in the state. More attention is needed from policy-
makers on nutrition status of this sector by nutrition intervention, promotion of school feeding,
improvement of the school environment, maternal education, and regular health assessment.
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Proportion of chronic malnutrition (stunting) according to child age, sex and locality

Figure 2

proportion of acute malnutrition (thinness) according to child age, sex and locality


