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Abstract

Background: Studies have indicated that failure to eat breakfast did not affect children’s performance in general cognitive tests;
however, skipping breakfast might have effects on the specific aspects of cognition such as memory. Hypothetically, language as a
higher cognitive function may be influenced by breakfast consumption routines.

Objectives: This study aimed to compare students’ verbal fluency and working memory according to their breakfast routines.
Methods: We selected 60 seven-year-old children from three primary schools in the central regions of Tehran in 2017. Their parents
were invited to a structured interview to fill out questionnaires consisting of information related to the child, parent, and break-
fast routines. Based on the family’s breakfast habits, two groups were identified: Group 1 with a full, regular breakfast routine and
Group 2 with no breakfast or incomplete breakfast routine. An experienced speech therapist administered the verbal fluency task
(phonemic and semantic fluency) and verbal working memory task (forward and backward digit numbers) for each student.
Results: The mean scores of students with a full breakfast routine on verbal fluency tasks were at least three units more than those
of students without breakfast. These differences were all significant (P = 0.001). In working memory tasks, students with a full
breakfast routine had seven digits and one digit in their responses more than students without breakfast in forward and backward
digit tasks, in sequence. These differences were significant (P=0.001).

Conclusions: The findings of the present study provide information on the positive effects of a regular breakfast routine on the
specific cognitive functions related to language processing.
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. Background

Breakfast has been regarded as the main meal of the
day that has a substantial role in providing daily energy
needs (1). Breakfast, as studies indicated, can have pos-
itive effects on different areas such as health, mood (2),
cognition, and academic achievement (3). Cognitive func-
tions such as problem-solving (4), short-term memory, at-
tention, and logical reasoning have been the focus of stud-
ies in different age groups (1, 5, 6). In a systematic review,
the authors found out a lack of research comparing the
breakfast types, precluding advice for the size and compo-
sition of full and ideal breakfast for children’s cognitive
function (7).

Studies in other cultures have indicated that skipped
breakfast or partial breakfast in students could have neg-

ative effects on general cognitive skills (8). Liu et al. (9)
in 2013 showed that from 1,269 children, 72 skipped break-
fast and their scores in the IQ tests were significantly lower
than those children with often/always breakfast. The find-
ings of their study supported studies that had been done
before such as Wesnes et al.’s study (10). Recent studies
have repeated these findings and emphasized the impor-
tance of breakfast for children, especially at the school-age
(11, 12) since students with skipped or partial breakfast are
in danger of learning problems (13). A few studies, how-
ever, have focused on verbal fluency skills and language-
related tasks (8,14).

There is fair coverage in the matter of breakfast among
Iranian studies although not all of them related to the sub-
ject of the present study. These studies indicated that 90%
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of children in one study (15) and 80% of children in other
studies (16, 17) had breakfast before going to school. Con-
versely, the professionals should be concerned about what
would happen for the other 10% - 20% of children who
did not have their breakfast. Because of the close relation-
ship between academic achievements and verbal language
skills (18, 19) and cognitive functions (19), the problem is
the effects of skipped breakfast on cognitive processes re-
lated to language skills.

The number of Iranian studies is limited to a few stud-
ies that investigated the relationship between breakfast
and cognitive functions. Two of these studies searched for
the effects of breakfast types on children’s function (20, 21)
and reached different conclusions. The other two studies
looked for the effects of breakfast consumption on chil-
dren’s attention and memory (5), as well as cognitive per-
formance and academic achievements (22). Baghdadchi et
al. evaluated the effects of a standard breakfast before and
one hour after breakfast consumption on children’s func-
tions on standardized tests of attention and memory (5). In
this randomized controlled trial study, children who had
breakfast scored significantly higher than children who
did not. The design of the study was crossover and simi-
lar results were achieved for the second time. Soleimani
and Khani investigated the relationship of breakfast rou-
tines with cognitive function and academic achievements
(22). Their findings indicated that those students who had
breakfast in their routines scored higher on intelligence
quotient tests than students who did not; likewise, stu-
dents with breakfast routines had significantly better aca-
demic achievements than students who did not. These
studies focused on general cognitive performance while
working memory or specifically verbal fluency abilities
that are related to language skills have not been from the
perspective of these studies. Grantham-McGregor et al. (14)
in 1998 used the categorical fluency to find out the effects
of a school feeding program on students’ cognitive func-
tion at schools. Their results indicated that the unnour-
ished students’ scores significantly increased after they
received breakfast or orange juice while these scores did
not change for nourished students. Their results did not
support the findings presented by the previous studies re-
garding the positive effects of nutritional status on the stu-
dents’ functions on cognitive tests. This study is one of
the few studies that look at language processing tasks in
methodology and not only regarding the breakfast rou-
tines.

In summary, different studies did not reach a common
point about the differences between students who always
ate breakfast and those students who did not in the mat-
ter of cognitive functions. In addition, there is a limited
number of studies that looked at cognitive processing re-

lated to language skills. This is while professionals who
work with children and students should be aware of the ef-
fects of breakfast and nutrition on cognitive and language
skills.

2. Objectives

The present study aimed to compare the students’
functions in both verbal fluency tasks and working mem-
ory tasks to support the claim that everyday breakfast can
help students with their cognitive abilities related to lan-
guage processing.

3. Methods

3.1. Participants

The target population included all children in the first
grade of all public schools in Tehran. Three regions (four,
eight, and 12) were selected from 22 regions of Tehran.
The total number of seven-year-old students was 627 in
these three regions. Three public schools were chosen ran-
domly in these three regions. A pack of information sheets
and consent forms was sent off to the schools’ principals.
Then, they allowed the researcher to contact the families
through their health advisors. All the parents were invited
to a meeting at the school halls to be informed about the
study and its possible consequences. At the end of the
meetings, a second packincluding information sheets and
consent forms written in simple language was passed to
the families. They had three working days to decide on con-
tribution. In the end, only 60 signed consent forms were
returned. This study was approved by the Ethics Commit-
tee in Research of Semnan University of Medical Sciences
(reference number: IR.SEMUMS.REC.1396.69).

3.2. Measurements

All the 60 parents were visited at schools by a speech
and language therapist. In a structured interview, parents
responded to a series of questions that provided informa-
tion on the child’s age, parents’ information (age, educa-
tion, and occupation), childbirth order, dinnertime, break-
fast frequency, breakfast items, and breakfast time.

Based on the family’s breakfast habits, children were
divided into two groups. Group 1 had a breakfast meal ev-
ery day, which means this group of children had proteins
(e.g. egg or cheese), carbohydrate (e.g. wheat bread), and
fruits (e.g. an apple). Group 2 had two features: (a) no rou-
tines for breakfast and (b) not having all these three ele-
ments (proteins, carbohydrates and fruits or juice unit) in
their breakfast. All the 60 participants were in mainstream
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schools, withoutany speech, language, and nutrition prob-
lems, and with appropriate academic achievement. These
data were collected from the schools, health advisors, and
nutritionists.

Tasks were run in a quiet, comfortable room at stu-
dents’ schools byaspeech and language therapist between
9 and 10 a.m. Some practice items were provided to famil-
iarize children with test materials and those parts without
practice items were explained. Although the fluency and
working memory tasks were taken place in a really short
time, the examiner defined a 5-minute break time to avoid
any mental fatigue or overlap between the tasks (23). The
validity and reliability of the verbal working memory task
were provided in a study by Delfani et al. in 2018 (24). This
taskhad 100% face validity and the reliability was 0.9 in the
test-retest.

3.2.1. Verbal Fluency Tasks

Two different tasks were used to evaluate the children’s
verbal fluency: “Phonemic Fluency” and “Semantic Fluency”.
To perform the phonemic fluency task, students should
say as many words as possible beginning with specific
phonemes in a minute. Three different phonemes consist-
ing of two consonants (/f/ and [s/) and a vowel (/a/) were ad-
ministered. There was a 5-minute break time and then the
test continued with the semantic fluency assessment. In
this task, students should say items from two semantic cat-
egories (fruits and animals) in one minute. To calculate the
verbal fluency scores for each task, the examiner counted
the number of words per each phoneme and each seman-
tic category in 60 seconds. The mean and standard devi-
ation were calculated for each group and the results were
compared.

3.2.2. Verbal Working Memory Tasks

The working memory test was performed after a 5-
minute break. The examiner read a series of random
single-digit numbers and the subjects should repeat the
numbers in the same order and reverse (forward and back-
ward digit numbers). The strings of numbers increased
from two to eight digits. The test stopped when the sub-
ject repeated the strings of numbers with the wrong or-
der twice. No feedback was given to the student during the
test. The mean and standard deviation of correct scores in
this task were calculated and then compared between the
two groups.

3.2.3. Statistical Analysis

Analyses were performed using SPSS V. 19. The signifi-
cance level was set at 0.05. The normal distribution of data
was assessed by the One-Sample Kolmogorov-Smirnov test
and the scores of the two groups on different tests were
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compared with the Independent Samples t-test. The chi-
square test was applied to analyze the demographic data.
The three schools were from moderate socioeconomic sta-
tus (SES) regions, so, analyses were not adjusted for SES dif-
ferences (25).

4. Results

Children’s characteristics are presented in Table 1. The
Kolmogorov-Smirnov test revealed that data had normal
distribution (z = 0.793, P = 0.06). Parents were in a similar
age range and had a similar education level and job posi-
tions. These findings confirm that children were matched
according to SES backgrounds. Table 1 summarizes the
characteristics of students and their parents.

All 60 students attended an evaluation session at their
schools. These students were divided into two groups
based on breakfast consumption. Only had 46.7% (n =28)
of the participants full breakfast routines and 53.3% (n=32)
had no breakfast or partial one.

There were no significant differences between those
who had a regular full breakfast and those who had no

Table 1. Demographic Characteristic of Children with and Without Breakfast*

Demographic Breakfast No Breakfast (N P
Characteristic (N=28) =32) Value
Gender 0.51
Male 64.21 68.71
Female 35.79 31.29
Father’s age 42.25 £ 6.89 40.25 £ 6.51 0.88
Mother’s age 37.46 £5.93 37.28 + 632 0.73
Father’s years of education 0.08
<12 14 10
12 78.5 88
> 12 75 2
Mother’s years of education 0.61
<12 0] o]
12 88 96
> 12 12 4
Mother’s job 033
Housewife 97 93
Employee 3 7
Father’s job 039
Private job 26 21
Employee 74 79
*Values are expressed as mean == SD or percentage.
3
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breakfast in terms of demographic variables such as age,
gender, and parental education, job, and age (P=0.001).

4.1. Verbal Fluency

Children who ate full breakfast regularly had signifi-
cantly higher scores on the verbal fluency test (both sec-
tions) than those who did not (P = 0.001) (Table 2). These
differences were more obvious in the semantic task than
the phoneme task. The difference between the groups in
naming according to the phonemes was three units while
the difference between the groups in the semantic task was
approximately six units. Such differences were reported
for children with learning disabilities (26).

Table 2. Verbal Fluency Scores of Children with and Without Breakfast®

Verbal Fluency Tasks Breakfast (N = No Breakfast P
28) (N=32) Value
Phonemic Fluency /f] 10124 1.94 6.91 1 2.23 0.001
Phonemic Fluency [s/ 11.08 £ 2.92 711£235 0.001
Phonemic Fluency [a/ 10.08 +1.23 671+ 2.1 0.001
Semantic Fluency (animals) 13.54 4 3.05 7.33 £ 2.41 0.001
Semantic Fluency (fruits) 11.14 - 2.88 6.40 £1.92 0.001

Values are expressed as mean =+ SD.

4.2. Verbal Working Memory

Table 3 indicates the participants’ scores on working
memory tasks. There were significant differences between
children who had regular, full breakfast and children who
did not (P=0.001).

Table 3. Verbal Working Memory Scores of Children with and Without Breakfast*

Working Memory Breakfast (N No Breakfast P
=28) (N=32) Value

Working memory (forward) 15.54 £ 3.51 8.61+1.79 0.001

Working memory (backward) 3.79+1.23 2.4+ 049 0.001

*Values are expressed as mean == SD.

5. Discussion

The results of the present study indicate that the con-
sumption of breakfast can play an important role to opti-
mize children’s performance in verbal fluency and work-
ing memory tasks in schools.

The significant differences in cognitive performance
between children who ate breakfast and children who
skipped breakfast in the present study are in agreement

with the findings from previous studies (1, 5). Similar to Ma-
honey et al., the present study confirmed the previous find-
ings that the consumption of breakfast can increase chil-
dren’s cognitive performance. Zipp and Eissing in a study
evaluated the influence of breakfast on information pro-
cessing, memory, and concentration of 1,181 children and
adolescents aged 8 to 18 years; they concluded that break-
fast consumption had a significant role in the improve-
ment of mental performance (11). Although the cognitive
domains they assessed differed from those assessed in our
study, their overall results are consistent with the results of
the present study.

The verbal fluency skills of children with full breakfast
in the present study were significantly better than children
who skipped breakfast. Chandler et al. found that unnour-
ished children in their study had a significantly improved
performance on a verbal fluency test (a specified seman-
tic category) after they received breakfast for a few weeks.
However, nourished children did not show a significant
change in their fluency scores (26).

In this study, to evaluate the role of breakfast con-
sumption in children’s cognitive performance, verbal flu-
ency and working memory tasks were administered. Re-
searchers and clinicians often use verbal fluency tasks as
a neuropsychological assessment tool to measure verbal
ability including lexical knowledge and lexical retrieval
ability. Such tasks require the brain’s higher executive
function that is related to the function of the dorsolateral
prefrontal cortex. Working memory is also part of the exec-
utive function that is taken place in the prefrontal cortex.
These cognitive functions are crucial to organize children’s
behavior, children’s academic achievement, and language
performance. Suitable nutrition is one of the important
factors for the growth and optimal performance of the hu-
man brain. Children’s brains require higher levels of brain
glucose metabolism than adults, and thus they need more
‘fuel’ to feed their brains and therefore require more glu-
cose than adults (8).

Overall, the key finding of the present study support
the assumption that breakfast consumption can have posi-
tive effects on the cognitive and language skills of children;
however, because of the study design, the authors cannot
present a mechanistic explanation.

5.1. Limitations

This study was not designed to measure specific blood
glucose levels; thus, the interpretation and use of its find-
ings should be cautious. Besides, the type of breakfast and
the number of elements in the breakfast routine were not
matched between children in each group. Future studies
may resultin different findings if they control such factors.
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5.2. Conclusions

An everyday breakfast consumption consisting of pro-
teins, carbohydrates, and fruits was associated with better
cognitive functions related to language processing in pri-
mary school children in Iran. It would be ideal if families
or schools could provide opportunities that all students be
persuaded to eat breakfast before going to school.
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