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Summary

Detecting and managing neurocognitive disorders in children early and promoting effective
rehabilitation allows them to develop their neurocognitive abilities in a normal manner. This study aims
to identify such neurocognitive issues in students attending public schools and living in the rural area
of Morocco’s Gharb plain. This study therefore evaluates the short-term memory and visual attention
performance for a group of public school students. The psychometric tests include applying the digit
span test in forward and backward order and the bells test for test on a sample of 235 students aged
between 10 years 2 months and 14 years. The average age of the students was 11.99+0.95. According
to the results of these tests, 63.4% and 16.6% of the students succeeded in the forward and backward
digit span tests, respectively. The study also found a significant correlation between the students’
nutritional status and their performance in digit memorization, suggesting that malnutrition negatively
impacts working memory performance, because only 37.1% gave correct answers with forward order
of memorization and 14.3% when the order was reversed. When evaluating visual attention, the
average score was 29 bells out of 35, with 37.8% of students having attention difficulties. Nevertheless,
the children’s performance did not significantly differ based on their nutritional status.
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1. INTRODUCTION

Malnutrition in all its forms is a major factor deteriorating human health around the
world (Swinburn et al., 2019). Several studies have shown that the prevalence of child
malnutrition is directly related to various interacting factors, such as family size, birth
order, access to food and its consumption, social equity, parental education level, and
health and hygiene practices (Ansuya et al., 2018; De & Chattopadhyay, 2019; Islam
& Biswas, 2020; Chibani et al., 2020; Agarwal et al., 2021). Malnutrition in children has
a number repercussions at the individual, family, and community levels, such as
reduced resistance to diseases, diminished cognitive abilities leading to academic
failure, poor health care, and reduced productivity at work (Ndamobissi, 2017). Various
studies have also highlighted how children’s cognitive development is affected by
various factors, including chronic malnutrition (Grantham-McGregor et al., 1991,
Georgiadis et al., 2016; Crookston et al., 2011). Malnutrition also has a negative
impact on their working memory capacity (Agarwal, 1990) and level of attention (Lopez
et al., 1993). By “working memory,” we refer to a person’s ability to temporarily
maintain information at a highly accessible level and use it to perform complex tasks,
such as following instructions, reading a text, or mentally solving an arithmetic problem
(Monnier, 2008). In Baddeley’s model, this memory comprises three elements (see
Figure 1): the phonological loop, the visuospatial sketchpad, and the central executive.
The phonological loop temporarily stores verbal data, while the visuospatial sketchpad
stores temporary visual and spatial data. These two components are supervised by
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the central executive during the various cognitive operations (Deschamps & Moulinier,
2005).

Central
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sketchpad storage loop
Long-term
Visual content === memory Language

Figure 1: The components of working memory according to Baddely (2000)

The objective of this research is to investigate any potential correlation between
malnutrition and working memory capacity (WM) in children attending schools in the
rural Kenitra Province of Morocco.

2. MATERIALS AND METHODS
2.1 Study area

The commune of Kariat Ben Aouda in Kenitra Province has a rural character. It is
located 90 km from the city of Kenitra on the road leading to the city of Ouazzane.
According to the most recent population census, the commune has 11,087 inhabitants,
48.4% of whom are illiterate, with 61% being women and 36.5% being men. In
addition, 65.26% of the population is inactive, with 18.2% of the total population being
aged 6 to 14 years. In terms of basic infrastructure, 93.7% of households have access
to mains electricity, but access to drinking water and sanitary wastewater disposal
remains extremely limited (RGPH, 2014)

2.2 Inclusion and exclusion criteria

Public primary schools in the Kariat Ben Aouda rural commune were selected using a
simple random sampling method. Judgment sampling was then used to recruit
students in the 4™, 5" and 6™ grades of primary school. All were in good health with
no signs of illness and/or ongoing medical treatment during the study, and their
parents consented for them to be interviewed.

Students were excluded from the survey if they were absent at the time of the survey,
reported being under medical treatment, withdrew from participation, or lacked
parental consent to participate in the study. Students were selected by referring to the
nominal list of male and female students at each selected school based on the pre-
established inclusion criteria. The study was undertaken from the beginning of May to
the end of June 2022 for a group of 235 students from the study population.
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2.3 Nutritional assessment

Anthropometric data, such as weight and height measurements, were collected in
accordance with the standards established by the World Health Organization (WHO,
1995). Body weight was recorded at an accuracy of 0.1 kilogram using a digital scale,
while height was measured at an accuracy of 0.1 cm using a height rod. The age of
each participant was known precisely from dates of birth recorded and provided by the
schools’ administrative services. The three measured variables were combined to
derive reference values in the form of the height-for-age (H/A) index and the body
mass index for age (BMI/A) (Sbaibi et al., 2014). The Z-scores for these indexes were
calculated based on the WHO 2007 growth references for the 5-19 years age group
according to weight, height, sex, age, and date of measurement.

The tests used
The digit span test

This is a subtest of the WISC (Wechsler Intelligence Scale for Children) 11l verbal scale
for assessing children’s short-term verbal memory abilities. The digit span measures
the maximum number of digits that a child can repeat in the order in which they were
presented. When the child is asked to repeat the digits in the reverse order to which
they were presented, it is called the backward digit span test. This allows working
memory skills to be assessed (Wechsler, 1991; D’Amico & Guarnera, 2005; Deforge
et al., 2006; Azzaoui et al., 2010).

Bells Test

The bells test was developed by Gauthier et al. (1989) to assess visual impairment in
adults with brain damage. It is used in this study to assess the visual—attentional skills
(BSEDS 5-6, 2003; ODEDYS, 2005) of the students through a target search test in the
presence of distractors. In the test, the child is presented a sheet containing 112
drawings of objects (i.e., house, car, horse, saw, cloud, etc.), with 35 of these being
bells. The child had to identify as many bells as possible on the test sheet within two
minutes, after which the score (i.e., the number of crossed-out bells) was recorded.

RESULTS

The distribution of the means of the anthropometric indexes that were measured for
all participants, according to their gender, is given in Table 1, as are the statistical
characteristics of the anthropometric parameters, again according to gender. A t-test
revealed no significant differences between genders for the variables of age, weight,
height, and body mass index (BMI) for age.

Table 1: The statistical characteristics of the anthropometric parameters
according to sex (N = 235). NS indicates that the p-value is not significant.

Girls (N=128); | Boys (N=107); Total
54.5% 45.5% N =235 t-test p-value
Avgto Avgto Avgto
Height (cm) 146.28+6.15 146.59+6.75 146,+6.42 | -0.370 | 0.71 (NS)
Weight (kg) 37.69+3.89 37.61+3.59 37.66+3.75 | 0.15 0.87 (NS)
Age 11.9340.89 12.05+1.01 11.9940.94 | -0.94 | 0.34 (NS)
BMI/A Zscore (kg/m2) -0.56+1.41 -0.234£1.22 -0.4041.34 | -1.89 | 0.59 (NS)

The t-test showed no significant differences between the two sexes for the variables
of age, weight, height, and BMI/A, nor did it for the scores achieved in the bells test.
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Table 2: Students’ performance in the digit span tests by gender

Forward span

Backward span

Normal Pathological Normal Pathological

Sex Female 76 (59.4%) 52 (40.6%) 17 (13.3%) | 111 (86.7%)
Male 73 (68.2%) 34 (31.8%) | 22(20.6%) | 85 (79.4%)

All 149 (63.4%) | 86 (36.6%) | 39 (16.6%) | 196 (83.4%)

Meaning according to chi-square test

X2 = 1.96 P= 0.16 (NS)

X2 = 2.23 P= 0.13 (NS)

Pearson’s chi-square test revealed that the association between the categorical
variables and front and back span performance, on the one hand, and gender on the
other hand was not significant.

Table 3: Students’ performance in digit span tests according to nutritional

status.
Forward span Backward span
Normal Pathological Normal Pathological
Nutritional Malnourished 13 (37.1%) 22 (62.9%) 5 (14.3%) 30 (85.7%)
status Normal 128 (67.7%) 61 (32.3%) | 31(16.4%) 158 (83.6%)
Overweight 8 (72.7%) 3 (27.3%) 3 (27.3%) 8 (72.7%)
All 149 (63.4%) 86 (36.6%) | 39 (16.6%) 196 (83.4%)

Meaning according to chi-square test

X2 = 12.3 P= 0.002 (S)

x2 =1.04 P= 0.59 (NS)

Table 4: Results of the bell test according to gender.

Bells test scores

Average Standard deviation
Female 29.23 2.643
Male 29.52 3.136

All

29 + 2.87 with a max. score of 35 bells and a min. of 19

Student's t-test

-0.767,

p=0.44 (NS)

Table 5: Students’ results in the bells test according to their nutritional status

The results

Number of omissions

Normal

Pathological

Malnourished

18 (12.3%)

17 (19.1%)

Nutritional status Normal 119 (81.5%) 70 (78.7%)
Overweight 9 (6.2%) 2 (2.2%)

All 146 89

Meaning according to chi-square test | x2 = 3.571; p= 0.168 (NS)

of the chi-square test are presented in Tables 3 and 5, and these show
that there are no significant differences in the categorical variables and the
performance in the reverse span and bells test based on the BMI/A index. In contrast,
the study revealed a significant correlation between performance in the forward span
test and the BMI index for age (p = 0.002).

DISCUSSION

The neurocognitive assessment revealed significant disparities in children’s outcomes
based on their nutritional status. Children with a better nutritional status generally
scored higher in the test, while those who were malnourished scored lower. The
results of the digit span memory tests revealed that 63.4% of the students obtained a
normal score for the forward memorization order, but only 16.6% of the answers were
correct for the reverse order, which is very low.
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In an urban environment, Aboussaleh et al. (2006) presented a much lower pass rate
of 39% for children taking the forward order test, but the score with the reverse order
was 22%, which is similar to what we observed. On the other hand, another study
carried out in an urban area found that 100% of the participants passed the forward
span test, with only 21.05% failing the reverse span test (Azzaoui et al., 2010). Yet
another study carried out among students in urban schools found that 91.4% and
57.8% of students achieved normal scores for the front and reverse span tests,
respectively (Talhaoui et al., 2017).

The chi-square test revealed a correlation between the categorical variables and
performance in the place-to-place span, on the one hand, and the BMI-for-age index
on the other hand (p < 0.05). The results of the bells test, which is used to assess a
child’s concentration and visual attention, revealed that the average score was 29 bells
out of 35, with 62.12% of students passing this test. This study’s result is similar to
that of the previous study conducted in the same region, with it revealing a success
rate of 61.29% for children living in rural areas (Azzaoui, 2010).

In addition, the average score observed for our sample is very close to the average of
29.86 recorded by the ODYDES 2005 study. Nevertheless, this study’s average score
is lower than the average score of 33.3 obtained by Gauthier et al. (1989) and those
recorded by Rousseaux et al. (2001) and EI Azmy et al. (2014), who obtained average
scores of 32.94 and 31.79, respectively. Nevertheless, these differences in recorded
values may well be explained by various factors, such as varying socioeconomic,
nutritional, and/or environmental situations.

Indeed, the neurocognitive outcomes of students differ significantly depending on their
place of residence, with children living in rural or peri-urban areas generally achieving
lower scores (Azzaoui et al., 2010). Moreover, various studies have highlighted the
linkage between socioeconomic status and cognitive performance, with cross-cultural
research showing that socioeconomic criteria are closely related to cognitive
development from early to middle childhood (Bradley et al., 1996).

Moreover, several researchers have also highlighted the detrimental impact of
malnutrition in early childhood (Agarwal et al., 1995) in terms of protein and calorie
deficiency (Nwuga, 1977; Brown & Politt, 1996) and iron-deficiency anemia
(Sungthong et al., 2002; Walker, 1998; Hurtado et al., 1999; Elhioui, 2008), on
children’s intellectual skills. Several studies have also shown that certain pollutants—
such as lead, mercury, and certain pesticides— also have an impact on neurocognitive
function in children (Muioz et al., 1993; Grandjean et al., 1997, Lizardi et al., 2008).

CONCLUSION

This study’s results have revealed a level of neurocognitive disorder among the
students in the study area. It is hoped this will stimulate further efforts from scientific
researchers and other stakeholders with an interest in ensuring the health of school-
age children. From the perspective of gender, no significant differences were identified
between girls and boys in the results of the psychometric tests. Nevertheless, all
stakeholders in the fields of health, education, scientific research, and so on are called
upon to investigate and identify the source of this neurocognitive deficit, so appropriate
measures can be taken to resolve the problem.
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