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Abstract. Background and aim: Interest in identifying factors influencing educational success is growing. 
Many studies have examined factors that may affect academic performance. It is often observed that a group 
of students sharing the same external variables (school environment) yet have different results, which states 
that individual variables have more impact on the determination of academic performance. Therefore, the 
present study aims to substantiate this controversy by investigating the association between dietary habits 
and academic performance in a population of adolescents attending school in Eastern Morocco. Methods: 
Cross-sectional study based on a self-administered questionnaire. Items included sociodemographic variables, 
eating and sleeping habits, physical activity practice and the last semester’s grade point average of Mathematics 
(GPAm) and first foreign language (GPAf ) subjects. Results: Dietary diversity score (DDS) is a significant 
predictor of academic performance. Weight status and sleep duration was found to be strongly associated 
with academic achievement. Absenteeism and smoking are negatively associated with school achievement. 
Conclusions: The results reveal associations between dietary diversity and the academic performance of stu-
dents in Eastern Morocco, which supports the creation of effective nutrition education policies to overcome 
the double burden of malnutrition by promoting healthy diets and encouraging physical activity. The results 
of these actions are likely to be healthier schools and improved behavioral development and academic perfor-
mance of children (www.actabiomedica.it)
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Background

Ensuring access to high-quality education for all 
children is at the top of the list of sustainable develop-
ment goals that the United Nations have set towards 
the end of the year 2030 (1). According to this organ-
ization, quality education is a key to allow individu-
als to improve their living conditions and to invest in 
sustainable development, it promotes socio-economic 
mobility and is a pathway to escape poverty. It is from 
this observant ion that the interest in identifying the 
factors influencing educational success is growing. 
Many studies have examined factors that may affect 
academic performance. Among these works are those 
emphasizing the school environment namely the effect 

of teaching practice, in this context Taştan et al. con-
ducted a study in two countries Iran and Russia and 
concluded that when the teacher’s self-efficacy is high 
in science classrooms, students show good attractive-
ness, better motivation and higher achievement (2). In 
a similar context, Maria Iacovou, in her paper meas-
uring the effects of class size on student test scores, 
found that smaller classes were associated with higher 
reading scores but not mathematics scores (3), and 
the attractiveness of the school environment was also 
explored; Li and al. found that students with a view 
of a green space performed better on tests of atten-
tion and stress recovery (4). For family environment 
factors such as socioeconomic status. A recent meta-
analysis by Liu et al. found a significant association 
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between SES (parents’ education, employment status, 
and income) and students’ academic performance (5). 
The research on the explanatory factors of the inad-
equacy of school performance has led researchers, 
not convinced of the determinants of external factors 
to focus on internal factors related to the lifestyles 
of individuals namely eating habits, quality of sleep, 
substance abuse as well as the practice of physical ac-
tivity, they argue that regular consumption of break-
fast enhances academic performance (6) Healthy 
eating behaviors are predictive factors of academic 
success (7). Physical activity does not appear to be 
detrimental to academic achievement in school-aged 
children and adolescents. On the opposite it might 
be beneficial (8). Good quality, longer duration and 
greater regularity of sleep are strongly associated with 
better academic performance (9). It is often observed 
in our classrooms that a group of students sharing 
the same external variables (school environment) yet 
have different results, which states that the variables 
related to the individual have more impact on the de-
termination of academic performance. Therefore, the 
present study aims to substantiate this controversy by 
investigating the association between dietary habits 
and academic performance in a population of ado-
lescents attending school in Eastern Morocco. After 

reviewing the literature, we identified factors that 
may influence academic performance and formulated 
the hypotheses summarized in Table 1.

Material and methods

Study design

The present research is a cross-sectional study 
based on a self-administered questionnaire. Eight 
public and three private schools were randomly se-
lected, and then classes were randomly drawn from 
each school. The survey was conducted from May 13, 
2021, to October 21, 2021. The questionnaire was 
anonymous and was distributed by a previously trained 
team and was filled in individually by the students in 
the presence of a dietician.

Variables measured during the interview

Dietary diversity data were collected using a 
24-hour dietary recall. Participants were asked to re-
call all foods and beverages consumed in the twenty-
four hours prior to the interview. A scale of nine food 
groups was used to assess subjects’ individual dietary 

Table 1. Description of the hypothetical explanations for academic performance.

Hypothesis Description

H1 Higher Dietary Diversity Score (DDS) has positive impact on academic performance.

H2 Quarter of the year of birth is associated with academic performance.

H3 A higher number of household members negatively affects academic performance.

H4 Owning IT tools can improve academic performance.

H5 Females have higher academic performance than males.

H6 The intake of food additives could improve academic performance.

H7 Missing meals during the day affects negatively academic performance.

H8 Substance abuse (smoking) negatively affects the academic performance.

H9 Students who have benefited from preschool perform well in school.

H10 Absenteeism negatively affects the academic performance

H11 Sex of the teacher is associated with academic performance.

H12 Exercising is positively associated with academic performance.

H13 Students with abnormal weight have poorer academic performance.

H14 Sufficient sleep duration has positive impact on academic performance.
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diversity. The food groups were: starchy foods, dark 
green leafy vegetables, vitamin A-rich fruits and veg-
etables, other fruits and vegetables, organ meats, meat 
and fish, eggs, legumes, nuts and seeds, and milk and 
dairy products. Foods consumed by participants were 
classified into food categories and individual dietary 
diversity scores were calculated using FAO guide-
lines for measuring household and individual dietary 
diversity. The minimum and maximum dietary diver-
sity scores were 1 and 9, respectively. (10). In addi-
tion to socio-demographic information, our items 
included eating and sleeping habits, physical activ-
ity practice and the last semester grade point average 
of mathematics (GPAm) and first foreign language 
(GPAf ) subjects.

Ethical considerations

All precautions according to the Declaration of 
Helsinki (Finland, June 1964) were taken to protect 
the privacy and confidentiality of the personal infor-
mation of those involved in the research. Informed 
consent was obtained from the guardians, who were 
properly informed of the objectives, methods, and in-
stitutional affiliations of the researchers and assured 
that their responses would be kept anonymous and 
confidential. Authorization to conduct the survey 
in public schools in the province of Taza (Morocco) 
was obtained from the provincial delegation of the 

Ministry of National Education. The headmasters of 
the institutions were informed one week before the 
visit. The interview took place during a Day-Off for 
students.

Statistical analysis

Data analysis was performed using SPSS version 
26 software. Quantitative variables were expressed as 
means and standard deviations, and qualitative vari-
ables were expressed as frequencies (percentages). The 
study used linear regression to test the underlying 
hypotheses and predict good academic performance. 
The GPAm and GPAf from the last semester was 
used separately as the dependent variable in the pro-
posed models. The GPA ranges from 0 to 20. For bet-
ter linear regression outputs, categorial variables was 
converted in dummy variables (dichotomized). The 
exploration of outliers was carried out, it appeared 
that all values of risiduals was randomly distributed 
between -3 and 3 z-scores (11). The premises of the 
linear regression were validated graphically. As shown 
in Figure 1, there were no problems with linearity and 
homoscedasticity because the plot of residuals versus 
fitted values was a random pattern with values around 
zero. The normality assumption was also plausible be-
cause the straightness of the normal Q-Q plot was 
pronounced. The analysis of the residuals is indicated 
in figures 1 and 2.
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Figure 1. Residual diagnosis: First model with GPAf as dependent variable.
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outdoors (42.4%). For weight status, the prevalence 
of overweight and obesity combined was estimated at 
6.6%; however, 62.7% had a normal weight and 30.7% 
were underweight. Concerning academic performance, 
the GPA seems to vary considerably from one student 
to another for the French subject (Mean = 13.44,  
SD = 4.27). This was also the case for mathematics 
(Mean = 12.88, SD = 5.57). The results of the descrip-
tive statistics are summarized in Table 2.

Multivariate linear regression analysis

The GPA of French and Mathematics were used 
as dependent variables for the conduction of the lin-
ear regression. The model was generated by including 
all variables of the hypotheses; however, for reasons 
of collinearity, the following modalities were ex-
cluded: First semester of birth, regular consumer, 
preferred male sex as teacher, underweight. The out-
puts analysis of the linear regression reveals that the 
model has good explanatory power of the dependent 
variable variance (For GPAm as dependent variable 
adjusted R  square  =  0.714 and for GPAf adjusted 
R square=0.773). Table 3 presents the obtained results.

Results of multivariate linear regression analyses in 
Table 3 indicated that dietary diversity score is a sig-
nificant predictor of academic performance (P value < 
0.01) both for GPAm and GPAf. This result supports 
hypothesis (H1). Missing a meal during the day was sta-
tistically significant for breakfast (P value < 0.01) with a 

Results

Descriptive statistics

After statistical processing we noted that 528 stu-
dents completed the questionnaire, 43.6% of which 
were females. The average age was 14.70 ±1.92 year. 
Most respondents (40.9 %) were born on the first 
quarter of the year (from January to March), 85.6% 
of students lived in a larger family with more than 
three people sharing the same residence, among these 
students, 58.1% reported that they do not own infor-
mation and telecommunication (IT) tools, such as 
a computer and an Internet connection. Only a few 
students (11%) did not attend pre-school classes and 
15.3% were repeating the current class (failed to reach 
to the following class level last year). 72.7% of the stu-
dents were indifferent to the sex of the teacher while 
10.6% preferred to be taught by females and 16.7% 
preferred male teachers. 15% of students report having 
been absent from class more than 4 times per academic 
year. Only 1.9% of students were smokers. The dietary 
diversity score appeared to vary a little between stu-
dents (Mean = 5.79, SD = 1.48). 35% of the respond-
ents have the habit of taking their meals regularly, 
while 34.1% skip breakfast and 22.5% do not take din-
ner and only 8.3 skip the main meal being lunch. Daily 
sleep time was estimated at 7.58 hours with a stand-
ard deviation of 1.59. Almost half of the respondents 
practiced regular physical activity in fitness centers or 
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Figure 2. Residual diagnosis: Second model with GPAm as dependent variable.
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Table 2. Descriptive statistics.

Variable Percentage (%) Mean SD

Age - 14,70 1,92

Sex Male 56,4 - -

Female 43,6 - -

Quarter of the year of birth 1st 40,9 - -

2nd 20,1 - -

3rd 20,5 - -

4th 18,6 - -

Cohabiting family members Less than 3 14,4 - -

More than 3 85,6 - -

Owning IT tools Computer 4,9 - -

Computer and an internet connection 36,9 - -

No IT tools 58,1 - -

Preschool No 11,0 - -

Yes 89,0 - -

Absenteeism Never 44,5 - -

Rarely 40,2 - -

Occasionally 14,0 - -

Very often 1,3 - -

Teacher’s preferred sex Female 10,6 - -

Male 16,7 - -

No difference 72,7 - -

Current class repetition No 84,7 - -

Yes 15,3 - -

Smoking No 98,1 - -

Yes 1,9 - -

GPAf
GPAm

- 13,44 4,27

- 12,88 5,57

DDS - - 5,79 1,48

Skipped meals None 35 - -

Breakfast 34,1 - -

Lunch 8,3 - -

Dinner 22,5 - -

Sleeping - 7,58 1,59

Regular physical activities No 57,6 - -

Yes 42,4 - -

BMI Underweight 30,7 - -

Normal 62,7 - -

Overweight 4,5 - -

Obesity 2,1 - -

Note: BMI is Body Mass Index, GPAf and GPAm are Grade point average in french and math subjects respectively, IT tools: Information and Tel-
ecommunication tools, DDS: Dietary diversity score.
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(H13) is supported. Term of birth is significantly as-
sociated with academic performance; this implies that 
students born between July and December are likely to 
have low grades in both French and Math. Therefore 
hypothesis (H2) was also supported. The presence of 
information and telecommunication (IT) tools at home 
is positively associated with academic performance. In 
fact, students with a computer connected to the inter-
net in their homes are three times more likely to excel 
in French and five times more likely to excel in math 

negative coefficient, which means that the student who 
skips breakfast is one time more susceptible to getting 
bad grades, the association was not significant for other 
meals. Thus, hypothesis (H7) is supported. Weight sta-
tus was found to be strongly associated with academic 
performance (P-value < 0.01), Indeed, obesity is nega-
tively associated with academic performance, while 
students with a normal weight status are four times 
more likely to excel in French and seven times more 
likely to have good grades in math. Thus, hypothesis 

Table 3. Multivariate linear regression analysis.

Predictors

Dependent variable: GPAf Dependent variable: GPAm

Beta SE t−value Beta SE t−value

Sex (0=male;1=female) −0.445 0.208 −2.138 −0.366 0.275 −1.331

DDS 0.830** 0.112 7.398 0.990** 0.147 6.715

Quarter of birth

2nd −0.214 0.141 −1.517 −0.239 0.187 −1.281

3rd −0.277** 0.092 −3.027 −0.352** 0.121 −2.907

4th −0.218** 0.073 −2.99 −0.24** 0.096 −2.497

Owning IT tools

No IT tools −0.513 0.815 −0.629 −0.065 1.062 −.061

Computer and internet 3.847** 0.807 4.765 5.560** 1.052 5.283

Food additive intake (0=No;1=Yes) 0.33 0.238 1.39 0.452 0.314 1.441

Skipped meal

Breakfast −1.062** 0.251 −4.228 −1.149** 0.332 −3.465

Lunch 0.218 0.387 0.563 0.808 0.511 1.581

Diner −0.766 0.28 −2.739 −0.661 0.369 −1.791

Smoking −3.006** 0.369 −8.156 −2.54** 0.487 −5.22

Preschool −0.645 0.316 −2.042 −0.699 0.417 −1.676

Absenteeism −3.508** 0.289 12.131 −4.214** 0.382 11.036

Teacher’s preferred sex

Female −0.565 0.385 −1.469 −0.591 0.508 −1.164

Indifferent −0.346 0.278 −1.245 −0.305 0.367 −0.831

Regular physical activity 0.582* 0.221 2.632 0.683* 0.292 2.339

BMI

Normal weight 4.633** 0.234 19.791 7.074** 0.309 22.886

Overweight 6.292 0.522 12.053 8.299 0.689 12.041

Obesity −0.027** 0.734 −0.036 −1.008** 0.969 −1.041

Sleeping  0.349** 0.067 5.177 0.425** 0.089 4.777

Note: Beta(s) are regression coefficients, SE(s) are standard errors, * p-value < 0.05, ** p-value < 0.01.
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cereals and less processed foods are associated with 
better academic performance (16,17). The implica-
tion is that nutrients from different foods may affect 
cognitive function and memory. Tan and Norhaizan 
indicated that consumption of High Fat Diet HFD 
can lead to cognitive disorder (18). Kennedy et al. 
state that both fat-soluble (A, D, E) and water-soluble 
(B,  C) vitamins contribute directly to optimal brain 
function via a specific biochemical mechanism (19). 
There may also be a socioeconomic link to this finding, 
as those with higher socioeconomic status are more 
likely to have access to protein-rich foods such as red 
meat and fish (20,21). The current study relied on the 
availability of a computer and internet connection in 
the student’s household to assess socioeconomic status; 
in the past, census authorities relied on the presence 
of a television and refrigerator to estimate socioeco-
nomic status, which are no longer luxuries today, and 
the presence of new IT tools seems to reflect medium 
to high socioeconomic status. In our sample, 58.1% 
of students reported the absence of IT tools, which 
reveals a minimal socioeconomic status. This could 
explain the low score of dietary diversity by the lim-
ited access to a varied diet, especially meat and fish 
Moreover, the presence of information and telecom-
munication tools at home through MOOCs available 
on different platforms could help students to better 
do their homework, this is proven in our context as 
students with a computer connected to the internet 
are 3 times more likely to excel in French and 5 times 
more likely to have good GPAs in mathematics com-
pared to students with no computer or internet con-
nection. Our results are in harmony with those of Kim 
et al, on a sample of Korean students, who demon-
strated the existence of a positive association between 
regular meal intake and academic success, which could 
ensure the regular administration of micronutrients 
necessary for the proper execution of cognitive func-
tions (22). In a review article, Pollitt P and Mathews R 
focus on the breakfast meal and summarize that skip-
ping breakfast impairs cognition and learning, an ef-
fect that is more pronounced in nutritionally at-risk 
children than in well-nourished children, whereas eat-
ing breakfast improves school attendance and learn-
ing (23). The link between breakfast consumption and 
the decrease in school absences could be explained by 

which confirms hypothesis (H4). Smoking was another 
significant factor (P-value < 0.01) and negatively asso-
ciated with academic performance, smokers will score 
three times lower than their non-smoking peers. This 
confirms the hypothesis (H8). Sleep duration was sig-
nificant (P-value < 0.01) then hypothesis (H14) was 
confirmed. Absenteeism is significant and negatively 
associated with academic performance (P-value < 0.01). 
Consequently, students who are missing more than 10 
school sessions per year are 3 times less likely to per-
form well in French and 4 times less likely to perform 
well in math than students who attend school regularly, 
and this retains hypothesis (H10). Physical activity was 
significantly and positively associated with academic 
performance in both french and math (P-value < 0.05). 
Therefore, the hypothesis H12 is retained. Sex, number 
of family members sharing the same residence, Gender 
of teacher, dietary additives intake, preschooling, are 
non-significant predictors (P-value > 0.05) of academic 
performance. Therefore, hypotheses (H3), (H5), (H6), 
(H9), (H11) and were not supported.

Discussion

The present study aims to elucidate the synergistic 
and antagonistic effects that dietary diversity, lifestyle, 
and some school environment variables might have on 
academic performance in a developing country context 
as summarised in Table 4. The impact of every factor 
was examined by testing the appropriate hypothesis 
in its association with academic performance. It was 
found that a diverse diet has a positive influence on ac-
ademic performance. The higher the students’ dietary 
diversity score, the better their academic performance 
will be. This finding is consistent with several stud-
ies in the literature, Burrows et al., MacLellan et  al. 
have shown that the consumption of a diverse diet 
from animal sources (meat and dairy) and vegetarian 
sources (vegetables and fruit) is associated with better 
academic achievement (12,13), specifically in a simi-
lar context Taras H. and Meyers AF. have shown that 
undernourished children have decreased attention and 
academic performance compared to well-nourished 
children (14,15). Evidence from other several studies 
states that healthier diets with more vegetables and 
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Table 4. Studies on association between dietary habits, owning IT tools, regular breakfasting intake, sleep, month of birth, regular 
physical activity and academic performance.

Reference Characteristics of study Main results Our study

Dietary diversity
(Burrows et al., 2017)
(MacLellan et al., 2008)

Systematic review
Cross-sectional study

Small to moderate significant positive 
associations were found between diverse 
diet and academic achievement

A diverse diet has a positive 
influence on academic 
performance, the higher the 
student’s dietary diversity 
score, the better their academic 
performance
Student who skips breakfast 
is one time more susceptible 
to getting bad grades, the 
association was not significant 
for other meals

(Meyers et al., 1988)
(Taras, 2005)

Case-control study
Systematic review

Undernourished children have decreased 
attention and academic performance 
compared to well-nourished children

(Correa-Burrows  
et al., 2016)
(Florence et al., 2008)

A cohort study 
beginning in infancy 
(4months aged children)
Cross-sectional study

An unhealthy diet at age 16 years was 
associated with reduced academic 
performance
Students with decreased overall diet 
quality were significantly more likely to 
perform poorly

(Tan & Norhaizan, 2019)
Kennedy & Haskell, 2011)

Review Dietary intake was also found to induce 
cognitive dysfunction
The administration of broader ranges 
of vitamins, or multivitamins, suggest 
potential efficacy in terms of cognitive 
and psychological functioning

Socioeconomic status as 
a moderator of dietary 
diversity
(Kearney, 2010)
(Sirin, 2005)

Review

Students with higher socioeconomic 
status are more likely to have access to 
protein-rich foods such as red meat and 
fish

Owning IT tools
(Asif et al., 2022) Cross-sectional study

A positive impact of technology tools 
on academic performance

Students with a computer 
connected to the internet in 
their homes are three times 
more likely to excel in French 
and five times more likely to 
excel in Math

BMI
(He et al., 2019)
(Miller et al., 2015)

Systematic review
Review

BMI is weakly and negatively associated 
with academic achievement
Childhood obesity is associated with 
poor school performance

Obesity is negatively associated 
with academic performance, 
while students with a normal 
weight status are four times 
more likely to excel in French 
and seven times more likely to 
have good grades in Math

Sleep duration
(Okano et al., 2019) Cross-sectional study

Better quality, longer duration, and 
greater consistency of sleep were 
correlated with better grades

Shorter sleep duration is 
associated with lower GPAs

Quarter of birth
(Bedard & Dhuey, 2006) Cohort study

Initial maturity differences have long-
lasting effects on student performance

Students born between July 
and December are likely to 
have low grades in both French 
and Math

Physical activity
(Singh et al., 2012) Review

Participation in physical activity 
is positively related to academic 
performance

Physical activity was 
significantly and positively 
associated with academic 
performance
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GPAs, and this is in harmony with the findings of 
Okano K. Sleep is a biological need and an essential 
component of learning and memory consolidation. It 
has been shown that after a night characterized by re-
duced sleep duration, students will obtain poor mem-
orization scores compared to those who have slept 
enough (26). The month of birth appears to be a de-
terminant of school performance. The effect seems to 
be related to the age of the child when first attending 
school, thus the issue of maturity in relation to peers 
is raised, Bedard and Dhuey found a positive effect of 
relative age in academic achievement (27). Our study 
is in line with the literature review conducted by Singh 
et al. which found a positive association between reg-
ular physical activity and academic achievement, ac-
cording to this study regular participation in physical 
activity is related to improved brain function and cog-
nition, which has a positive influence on achievement 
(28). While Woodfield et al. found differences between 
girls and boys in terms of academic achievement (29), 
our study did not identify a significant association. 
Similarly, there was no significant relationship with 
academic achievement for the sex of teacher, attending 
preschool classes, food additive intake, and number of 
family members sharing the same residence.

Conclusions

The findings indicate associations between di-
etary diversity (DDS) and academic performance of 
students in eastern Morocco. The results of our survey 

the improvement of the quality of the diet of adoles-
cents, which translates into a good health status and 
subsequently the reduction of absences due to health 
problems (illnesses).Regarding the relationship be-
tween BMI and academic performance, Jinbo He et al., 
in a review article comprising 60 studies examin-
ing the association between body mass index (BMI) 
and academic performance, reported that BMI had a 
negative correlation with academic achievement, sug-
gesting that being overweight is inversely related to 
academic achievement. In addition, moderators such 
as region and grade level contributed significantly to 
the observed heterogeneity of associations between 
BMI and academic achievement (24). Moderators of 
cultural and psychological origin could explain the 
low academic performance among obese students in 
developing countries where obesity records low preva-
lence, so the obese student is often criticized by peers 
which impacts his mental health and implicitly his 
school results. There is ample evidence from research 
that adipose tissue is metabolically active. It produces 
various substances with biological functions associated 
with obesity and communicates with multiple tissues 
and organ systems, including the brain, to regulate 
metabolism. These substances are present in children, 
and have been found to be associated with executive 
function skills in animals and adults. In addition to 
this, hormones that regulate metabolism also appear 
to contribute significantly to cognitive processing, par-
ticularly to skills such as working memory and learn-
ing, which are key components of executive functions 
or (25). Shorter sleep duration is associated with lower 

Reference Characteristics of study Main results Our study

Sex
(Woodfield et al., 2006) Review

Female students had significantly higher 
overall percentage scores for their degree 
program

No sex differences in academic 
performance

Absenteeism
(Khan et al., 2019) Cross-sectional study

Positive and significant impact of 
attendance coefficient on academic 
performance

students who are missing more 
than 10 school sessions per 
year are 3 times less likely to 
perform well in French and 
4 times less likely to perform 
well in Math than students 
who attend school regularly
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