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Abstract: The aim of this research was to compare the neuropsychological performance of executive functions of school 
children in a state of malnutrition caused by thinness and risk of thinness and a control group of a District educational 

institution of the locality of Ciudad Bolívar in Bogotá, Colombia. The research used a descriptive cross-sectional 
comparative design, where children aged between 7 and 12 years were selected based on the diagnosis of malnutrition. 
The executive functions assessed were fluency, working memory, problem solving, inhibitory control and cognitive 

flexibility, through the Neuropsychological Battery for Children [ENI, for its Spanish acronym] and the original version of 
Stroop and Wisconsin tests. Results showed statistically significant differences in executive functioning between the 
children with thinness, thinness risk and the control group. The students with thinness showed a low performance in 

verbal fluency, visual fluency, working memory, cognitive flexibility and inhibitory control compared with students in a 
state of malnutrition due to thinness risk and those with normal weight (control group). In conclusion, a strong 
association was found between the effect of child malnutrition and poor performance in executive tasks where there is 

evidence that executive functioning is more affected in children with malnutrition due to thinness (severe malnutrition) 
than in children with malnutrition due to thinness risk and in those of the control group. 
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INTRODUCTION 

Malnutrition is a multifactorial problem that includes 

genetic, environmental, cultural, social, economic and 

psychological factors, among others [1,2]. It describes 

a pathological condition resulting from an imbalance in 

the nutritional status and refers to a deficit in nutrients 

intake, or to a state of overnutrition that causes 

significant damage to brain development both at a 

morphological and functional level and becomes 

evident in the later stages of pregnancy and the first 

years of life [3,4]. 

In Latin America and the Caribbean, a figure of 

about 4.1 million children with low birth weight has 

been recorded [5]. In Colombia, the National Survey of 

Nutritional Status (2010) [ENSIN, for its Spanish 

acronym] revealed that 2.1% of children and young 

people aged between 5 and 17 years showed thinness 

(severe deficit of weight for height) [6]. These findings 

are relevant considering the relationship between  
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nutrition and intellectual development since nutrients 

like vitamin B6, folic acid, vitamin B12 and omega-3 

fatty acids have been specifically related to brain 

development. There are also associations with iron and 

blood glucose. The effects of these particular nutrients 

on the brain are intrinsically related to their 

physicochemical characteristics and, therefore, the 

nutritional effects can be very specific. For example, 

iron deficiency can affect neurotransmitter synthesis 

and DHA [Docosahexaenoic acid] deficiency affects its 

release [7-9].  

Prenatal malnutrition and during the early years of 

life can affect brain growth and the production of 

neurotransmitters, having an impact on nerve 

myelination process, which causes reduced nerve 

conduction velocity. The cells primarily affected by 

nutritional deficits are the myelin-producing cells, thus 

promoting axonal degeneration. As a result of these 

alterations, children are often described as lethargic, 

possibly because they reduce their activity as a 

protection strategy for the conservation of energy, 

which in turn limits the practice and acquisition of new 

or more complex skills. Likewise, these children often 

present anxiety disorders, reduced physical activity and 

social interactions, deficits in attention, memory, self-
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control and executive functions, as well as chronic 

fatigue syndrome and depression, among other 

symptoms [10, 11]. 

During the school years the child should display the 

ability to regulate their behavior according to school 

activities and maintain adequate motivational and 

attentional levels that can favour their optimal 

performance in the classroom. Similarly, the child 

should be prepared to inhibit their response before any 

external stimulus that can distract them from their 

school process. These tasks lie within the executive 

functions (EF) which broadly refer to a set of cognitive 

skills involved in solving novel, unforeseen, or changing 

situations [12,13]. 

The EF are part of the more complex human 

functions and are in charge of associating simple ideas 

to gear them towards solving highly complex behaviors 

[14,15]. A great variety of skills are included within EF 

such as the ability to set goals, develop action plans, 

flexibility of thinking, automatic response inhibition, self-

regulation of behavior and verbal fluency [15-17]. 

The EF starts developing between 6 and 12 months 

of age and continues to mature into adulthood [18, 19]. 

The structural brain changes related to their maturity 

are manifested in a linear growth in the volume of the 

white matter and in non-linear changes in the density of 

the gray matter, increasing during childhood and pre-

puberty and decreasing in early adulthood [20-22]. 

Also, changes in myelination, synaptic processes, brain 

metabolism and interhemispheric connections have 

been reported [23, 24]. 

It has been suggested that the various EF units 

follow a particular development. For example, the basic 

modular structure of the working memory is present 

from six years of age and each component of the 

module increases its ability until adolescence [25]. 

However, other authors point out that the development 

of working memory continues into adulthood [26]. On 

the other hand, cognitive flexibility develops gradually 

during childhood and adolescence while the ability to 

plan and solve complex problems is reached in 

adolescence [27]. Verbal fluency tasks are also 

associated with age, so that there is an improvement in 

performance on these tasks, achieving its highest level 

around 11-12 years [28, 29]. The inhibitory control 

increases with age during childhood and adolescence 

[29, 30]. 

In practice, it can be seen that the emergence and 

development of EF is accompanied by structural and 

functional changes in the brain that last until adulthood, 

in such a way that it is possible to infer how the EF 

performance should improve over time as a result of 

the maturation of the brain structures that support 

them. 

The EF analysis and its relationship with nutritional 

status has been reported in the literature in different 

studies [31-36] and these show that children with 

nutritional problems have a lower neuropsychological 

performance in relation to normal weight controls in 

processes such as language comprehension, short-

term memory and visuospatial skills, thus leading to the 

conclusion that malnutrition significantly affects the 

development of higher cognitive processes in children 

during each developmental stage and is associated 

with a widespread cognitive impairment in this 

population. 

In the face of the above mentioned, a study of a 

low-income community of Bogotá, Colombia, with high 

levels of malnutrition and high school dropout due to 

poor academic performance was proposed in order to 

assess the executive functions of school children with 

three different nutritional status: thinness, risk of 

thinness and adequate Body Mass Index (BMI), with 

the aim of generating future programs to address the 

locally identified relationship between these two 

variables and be able to project effective interventions. 

METHOD 

Type of Study 

This research consisted of a descriptive compara-

tive study. It was descriptive since it aimed to identify 

the neuropsychological characteristics of executive 

functions of students aged between 7 and 12 in a 

situation of malnutrition. It was comparative because it 

searched to establish the performance differences of 

these functions in the three targeted groups. 

Participants  

This study was conducted at a school of the Bogotá 

District, where 377 school children between 7 and 12, 

attending from second to fifth grade, all of them from a 

low socioeconomic status, were assessed. From the 

above sample, 65 children were diagnosed with 

thinness, 75 with risk of thinness and 193 with age-

appropriate BMI. 

Figures 1 and 2 present the description by gender 

and educational level of the three groups.  
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Subsequent to the nutritional diagnosis and after 

having applied the exclusion criteria, 50% of the 

children from each group were chosen by convenience: 

35 children who represented the Thinness Condition, 

37 children, the Risk of Thinness and 35 children, the 

age-appropriate BMI, or the Control Group. The total 

sample consisted of 107 children. The only exclusion 

criterion was intellectual impairment, defined as having 

obtained a Full Scale IQ score lower than 80 in the 

WISC-IV. 

Table 1 shows the distribution of the school children 

involved in the study according to the variables age 

and nutritional diagnosis. 

Instruments 

Nutritional Assessment 

For nutritional assessment, basic measures (weight 

and height) and body mass index (BMI) were 

determined. Anthropometric measurements of weight 

and height were taken based on the information set out 

in the report of an experts’ committee of the World 

Health Organization- WHO (Physical status: use and 

interpretation of anthropometry, WHO, Geneva, 1995). 

Weight was determined with the least amount of 

clothing possible (shirt and shorts) and height in 

standing position. The BMI was calculated as weight (in 

kilograms) divided by the square of his or her height (in 

metres). Reference standards for BMI for age were the 

Growth Standards published by WHO in 2006 and 

2007 for children and adolescents 0-18 years of age. 

For the diagnosis of nutritional status, designations 

were used as described in Resolution 2121 of 2010 

whereby the growth patterns published in 2006 by 

WHO were adopted. 

The indicator for assessing the nutritional status 

was Body Mass Index (BMI) for age. The students in 

the control group were those with adequate BMI for 

their age, that is, between +1 and -1 standard deviation 

in the instrument. In the -1 to -2 standard deviations, 

 

Figure 1: Percentage distribution by gender of school children in Condition of Malnutrition and Control Group. 

 

 

Figure 2: Percentage Distribution by schooling of the school children in Condition of Malnutrition and Control Group. 
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diagnosis refers to risk of thinness, and for boys and 

girls located below -2 deviations, the diagnosis is for 

thinness. 

Neuropsychological Assessment 

Wechsler Intelligence Scale for Children-Fourth 

Edition (WISC IV): it enables to obtain the Verbal IQ 

(VIQ), the Performance IQ (PIQ) and the Full Scale IQ 

(FSIQ) for children. This test provides composite 

scores that represent intellectual functioning in specific 

cognitive domains: Verbal Comprehension Index, 

Perceptual Reasoning Index, Working Memory Index 

and Processing Speed Index, as well as a composite 

score representing the child's general intellectual 

capacity, or his/her Full Scale IQ. Reliability coefficients 

for the composite scales vary from 0.88 to 0.97 and in 

the test - retest the corrected average stability 

coefficients for the composite scales are in the range of 

0.90 [38]. 

Infant Neurological Assessment Battery (ENI for its 

Spanish acronym): This test has been designed to be 

applied to children aged 5 to 16 years, with the aim of 

assessing neuropsychological characteristics of school 

age. Reliability and validity were calculated from a test-

retest application in which correlation coefficients were 

found ranging from 0.86 to 0.99, indicating that the test 

scoring is consistent across different assessors. The 

following subtests were used in the study: semantic 

and phonemic verbal fluency (recall of specific 

information under restricted conditions), graphic fluency 

(creating unique designs under restricted conditions), 

Tower of Mexico (planning and organization of figures), 

Digit regression (task that explores working memory) 

[39]. 

Wisconsin Card Sorting Test: It is the most widely 

used test to assess cognitive flexibility. It is directly 

related to the formation of concepts and especially to 

the difficulty in forming initial concepts, maintaining 

them once they have been formed, recognizing 

category changes and hypothesis changes while the 

subject is given negative feedback. Application age is 

between 7 and 89 years. Reliability coefficients range 

from 0.39 to 0.72 with a mean age of 0.57 and a 

median of 0.60 [38].  

Color-word test (Stroop): The Stroop task measures 

cognitive processes related to executive function, such 

as flexibility and the ability to inhibit automatic 

responses (inhibitory control). Likewise, the dimension 

of assessing processing speed information is added to 

the task. The application age is from 7 to 80 years. 

Regarding the reliability of this test, an index of 0.86 is 

identified for the word condition; for the color condition, 

an index of 0.82, and for the color and word condition, 

an index of 0.73. In terms of validity, the test presents 

significant statistical validity when it has been 

compared with the following measures that assess 

similar constructs: Nelson-Denny Reading Test, 

Woodcock-Johnson Psycho-Educational Battery- 

Revised, and the Wide Range Achievement Test- 3 

(WRAT 3) [40]. 

Procedure 

Two sites of a district school located in a low 

socioeconomic area were chosen for the study. The 

parents of the children were called to a meeting where 

they were requested to sign the informed consent and 

answered questions about the children's neurological 

history. Afterwards, the children’s nutritional 

assessment was carried out in order to classify them 

based on their nutritional status. 

Subsequently, 51% of the children from each group 

were taken at random (thinness, risk of thinness and 

Table 1: Total Sample Distributed by Age and Nutritional Diagnosis 

Nutritional Diagnosis 

Thinness  

 (n=35) 

Risk 

 (n=37) 

Control group 

 (n=35) 

Age 

n % n % n % 

 7 7 20,0% 11 29,7% 6 17,1% 

8  9 25,7% 8 21,6% 12 34,3% 

9 11 31,4% 7 18,9% 5 14,3% 

10  4 11,4% 4 10,8% 5 14,3% 

11  2 5,7% 3 8,1% 4 11,4% 

12  2 5,7% 4  10,8% 3 8,6% 
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normal weight) and the intelligence test was applied to 

them. This allowed filtering 50% of the children from 

each group. Later they were assessed individually in 

approximately two hours per child in a space within the 

school premises which had appropriate environmental 

conditions. Individual and group reports were given to 

parents and the school. 

Finally, the statistical analysis was conducted using 

the statistical package SPSS-20 where the first stage 

consisted of a descriptive analysis of the data 

concerning the neuropsychological variables (executive 

functions). Data are presented according to measures 

of central tendency (mean, median, standard deviation, 

upper and lower limit) depending on the number of right 

answers to each of the tests administered. The 

assumption of normality was proven with the use of the 

Kolmogorov-Smirnov test for samples larger than 50. 

At a second stage, in order to determine statistically 

significant differences between the executive 

functioning of school children with malnutrition due to 

thinness, risk for thinness and control group, an 

analysis of the scores obtained in each 

neuropsychological test was carried out by means of 

the parametric Anova test of one factor, in cases where 

the normality of the data collected was found in the 

application of these tests, and the non-parametric 

Kruskal-Wallis test was employed in cases where this 

condition was not met. The level of significance 

established for this research was Alpha < 0.05. 

RESULTS 

To characterize the sample’s executive functioning, 

the natural scores obtained by the children of the three 

groups (thinness, risk of thinness and control) in each 

of the tests applied to them were taken as references. 

Table 2 shows the mean and standard deviation (SD) 

Table 2: Means and Standard Deviations Obtained for the School Children 

Nutritional Diagnosis Comparison 

Thinness 

(n=35) 

Risk 

(n=37) 

Control group 

(n=35) 

Executive 
Function 

Test 

Mean SD Mean SD Mean SD 

F (p) 

Semantic 
9,09 3,01 10,92 2,37 14,83 2,56 

42,623
a
 

(0,000) 
Verbal Fluency  

Phonemic 
5,91 2,95 7,38 3,50 12,14 3,40 

34,163
a
 

(0,000) 

Semantic 7,54 4,61 10,54 7,05 12,57 4,30 7,411
a
 (0,001) Visual Fluency 

Non-Semantic 4,97 3,49 5,05 3,65 8,37 4,44 8,814
a
 (0,000) 

México´s Pyramid 

Correct 
 

10,40 

 

0,94 

 

10,27 

 

1,30 

 

10,97 

 

0,16 

 

21,217
a
 

(0,000) 

Problem 
Solving 

Movement 
2,37 1,71 5,43 2,15 5,57 2,96 

13,055
b
 

(0,001) 

Digits  
3,46 1,14 4,05 1,17 4,83 1,09 

19,922
b
 

(0,000) 
Working 
Memory  

Wisconsin  
1,14 1,41 1,59 1,57 2,91 2,16 

 15,432
b
 

(0,000) 

Wisconsin 

Correct  
24,78 19,08 30,96 18,31 51,67 20,85 

18,457
a
 

(0,000) 

Errors 37,62 18,00 34,46 18,32 29,90 12,63 1,933
a
 (0,150) 

Perseverations 43,23 23,27 40,68 23,91 22,94 18,74 8,771
a
 (0,000) 

Flexibility 

Categories 
1,14 1,16 1,49 2,022 2,77 1,66 

20,612
b
 

(0,000) 

Stroop 

Word-color  
 

16,74 

 

6,26 

 

21,84 

 

9,974 

 

26,06 

 

8,44 

 

10,789
a
 

(0,000) 

Inhibitory 
Control 

Interference -3,01 7,55 -0,52 11,50 5,32 7,30 7,833
a
 (0,001) 

a
Normal (Anova one factor); 

b
No- Normal (Kruskal-Wallis). 
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obtained for each group in each of the executive 

function variables analyzed. 

Means and standard deviations (SD) for school 

children in malnutrition situation for Thinness, Risk of 

Thinness and Control Group in each of the variables 

analyzed show differences in the performance of each 

group. In general, children of the control group and 

those of risk of thinness tended to score higher than 

Table 3: Significant Differences Based on the Post Hoc Test 

Executive 
Function 

Test Nutritional Diagnosis Mean Difference 
Sig 

 0.05 

Risk -1,833 0,012 
Thinness 

Control group -5,743 0,000 

Thinness 1,833 0,012 
Risk 

Control group -3,910 0,000 

Thinness 5,743 0,000 

Semantic 

Control group 
Risk 3,910 0,000 

Thinness Control group -6,229 0,000 

Risk Control group -4,764 0,000 

Thinness 6,229 0,000 

Verbal 
Fluency 

Phonemic 

Control group 
Risk 4,764 0,000 

Thinness Control group -5,029 0,001 
Semantic 

Control group Thinness -5,029 0,001 

Thinness Control group -3,400 0,001 

Risk Control group -3,317 0,001 

Thinness 3,400 0,001 

Visual 
Fluency 

Non- Semantic 

Control group 
Risk 3,317 0,001 

Risk -3,061 0,000 
Thinness 

Control group -3,200 0,000 

Risk Thinness 3,061 0,000 

Problem 
Solving 

México´s Pyramid 

corrects 

Control group Thinness 3,200 0,000 

Thinness Control group -26,89029 0,000 

Risk of Thinness Control group -20,70937 0,000 

Thinness 26,89029 0,000 
Wisconsin: corrects 

Control group 
Risk 20,70937 0,000 

Thinness Control group 20,286 0,001 

Risk Control group 17,733 0,003 

Thinness -20,286 0,001 

Cognitive 
Flexibility 

Wisconsin: 
Perseveration 

Control group 
Risk -17,733 0,003 

Risk -5,095 0,031 
Thinness 

Control group -9,314 0,000 

Risk Thinness 5,095 0,031 
Stroop Word-Color 

Control group Thinness 9,314 0,000 

Thinness Control group -8,332 0,001 

Risk Control group -5,841 0,020 

Thinness 8,332 0,001 

Inhibitory 
Control 

Stroop interference 

Control group 
Risk 5,841 0,020 
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children of the thinness group in most tests that assess 

EF. This was observed specifically in verbal fluency 

tasks (semantic and phonemic), visual fluency 

(semantic graphic fluency, and non-semantic graphic 

fluency), problem solving (Mexico’s pyramid 

corresponding to correct designs with minimal 

movement), cognitive flexibility (Wisconsin errors 

scoring) and inhibitory control (Stroop’s Word- Color 

score and interference). However, in the test scores of 

the Mexico pyramid corresponding to the correct 

designs and the number of correct responses, 

perseverations, categories and failure to maintain the 

Wisconsin´s principle, a very homogeneous 

performance of the school children with thinness, and 

thinness risk was evident. 

Table 2 shows the analysis of the group differences 

in executive functioning and its significance level.  

The results obtained in the assessment of executive 

functions show that the state of malnutrition had a 

significant effect on most of the variables analyzed in 

school children 7-12 years. This difference reached 

significance in thirteen of the fourteen tests analyzed. 

Statistically significant differences were found between 

the three groups of school children assessed on the 

following executive functions: semantic verbal fluency, 

phonemic verbal fluency, semantic graphic fluency, 

non-semantic graphic fluency, working memory, 

problem solving, cognitive flexibility and inhibitory 

control. However, there were no statistically significant 

differences in terms of the level of errors in the 

Wisconsin Test with respect to Cognitive Flexibility 

between the performance of school children with 

malnutrition and the control group, which suggests that 

the three groups tend to have a similar performance 

and number of errors on this test. 

Table 3 presents the analysis of Post Hoc 

comparisons between groups using the Tukey Test. 

Findings show a statistically significant difference 

between the group with the nutritional diagnosis of 

thinness and the control group on executive functioning 

of school children with respect to domains such as 

semantic verbal fluency, phonemic verbal fluency, 

semantic graphic fluency, non-semantic graphic 

fluency, problem solving, cognitive flexibility and 

inhibitory control. That is to say that only the average 

scores for the Thinness group and the Control group 

(normal weight) showed a significant difference in the 

five factors or domains of the executive functions 

analyzed. 

DISCUSSION 

This study found a strong association between the 

effect of child malnutrition and poor performance in 

executive tasks which are related to self-determination, 

understood as the ability to know one’s own strengths 

and limitations, sense of authority, strategic behavior 

(planning, monitoring, daily review of actions), 

autonomy (action free of external interference) and 

organization of discourse, verbal fluency, proper 

consistency in language and understanding longer 

texts, among others [41-43]. 

It was evident that school children in the thinness 

condition have a poorer performance in verbal fluency, 

visual fluency, working memory, cognitive flexibility and 

inhibitory control compared with students in risk of 

thinness and with normal weight (control group). 

However, in the Mexico Pyramid tasks corresponding 

to the correct designs (Problem Solving), category 

index and failure to maintain the Wisconsin’s principle, 

the children with thinness, risk of thinness and control 

group showed similar performance. 

The analysis of the data obtained in the assessment 

of the different components involved in executive 

functioning showed that school children 7-12 years in 

condition of malnutrition for thinness present clinically 

significant difficulties with regard to the control group 

and the population mean in all processes assessed. 

The poor performance occurred especially in verbal 

fluency tasks, semantic and non- semantic graphic 

fluency, digit regression, correct responses index, 

errors, perseverations and categories of the Wisconsin 

Test and in the interference score of the Stroop Test. In 

summary, these children evidence alterations in the 

ability to: 1. Keep the information mentally while 

working on it or updating it. 2. Access the phonological 

lexicon and the semantic system based on cues. 3. 

Change and regulate behavior according to the 

demands of the environment. 4. Focus on one task and 

finish it without external environmental control. 5. 

Classify context elements according to a previously 

established definition construct and 6. Activate and 

produce verbal and nonverbal elements in fluency 

tasks which are goal-oriented activities that must be 

maintained throughout the task and require mental 

flexibility to move from one category to another and 

sustained attention in order not to generate intrusions. 

These results are consistent with previous research 

that had identified widespread alterations of executive 
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functions in children with malnutrition thinness (severe 

malnutrition) [27, 44]. 

Moreover, in terms of Verbal Fluency, Visual 

Fluency, Problem Solving, Working Memory, Cognitive 

Flexibility and Inhibitory Control in students at-risk of 

thinness for malnutrition, the neuropsychological tests 

results show that these children have a better 

performance and an adequate development in their 

capacity to: 1. Delete or stop inappropriate habitual 

actions and information (inhibitory control). 2. Identify 

and organize a sequence of events in order to achieve 

a specific goal (planning). 3. Produce words that start 

with a phoneme or letter and belong to a semantic 

category, inhibiting the words that do not belong to the 

specified category and implementing strategies to 

generate the greatest number of words within the 

stipulated time (verbal fluency). Nevertheless, in this 

group of school children as with the group of children in 

the thinness condition, difficulties are evident in: 1. The 

ability to change a pattern of action or thought when 

the assessment results indicate that it is not efficient, or 

when there are changes in environmental conditions 

and / or the conditions in which a specific task is being 

performed. 2. Presence of rigid and persevering 

behavior, and 3.The establishment of new behavioral 

repertoires along with a lack of ability to use 

operational strategies. 

The findings in the risk of thinness group allow 

evidencing that while it is true that some processes of 

the executive function are preserved, poor 

performances occur in skills that involve the adoption of 

feedback, which is the basis for the subsequent 

generation of flexibility during adolescence, an adaptive 

mechanism that would allow a greater capacity to 

respond to life demands, take fewer risk behaviors and 

reduce the chance of error in problem solving [41, 43-

46]. 

Additionally, it is important to add that the results 

cannot be explained in terms of IQ, years of education, 

age of children, type of school and socioeconomic 

stratum, since the groups had been matched on these 

variables, being consistent with associating the effect 

of malnutrition on executive functioning. 

Taken together, the results presented have 

important implications for the clinical and educational 

fields. In the clinical context, evidence highlights the 

importance of carrying out stimulation and rehabilitation 

interventions with students in malnutrition conditions, 

especially in stages previous to the critical periods of 

maturation of brain structures that support the EF. For 

physicians who examine children with malnutrition, this 

study shows the importance of making the referral to 

Neuropsychology and Physical Medicine services that 

may favor their inclusion in special programs aimed to 

stimulating their cognitive functions. On the other hand, 

in the educational context is necessary to take into 

account the plurality of features present in the cognitive 

structures of students that the teacher has to deal with 

in the classroom, as these differences, strengths, 

weaknesses, and social and health realities affect the 

processes of learning, development, educational 

progress, as well as the entrance to higher education 

and the competitiveness at that level. 

Thus, at the clinical level, progress can be made 

from description to explanatory hypotheses that allow 

not only understanding the impact of malnutrition on 

executive functions but also intervening more 

effectively in the risk factors that affect the 

development of higher cognitive processes of children. 

Finally, future research should include a larger 

sample, additional measures of executive functioning, a 

longitudinal design and the implementation of different 

statistical procedures that allow for inferences about 

the population. 

CONFLICT OF INTEREST 

The authors declare that they have no conflicts of 

interest.  

REFERENCES 

[1] Consejo Nacional de Política Económica Social. Política 
Nacional de Seguridad Alimentaria y Nutricional. República 
de Colombia 2007. 

[2] SISVAN. Sistema de vigilancia epidemiológica alimentaria y 
nutricional. Protocolos De Vigilancia en Salud Pública. 

Dirección de salud pública, Secretaría Distrital De Salud De 
Bogotá 2011 

[3] Profamilia, Instituto Nacional De Salud, Instituto Colombiano 
De Bienestar Familiar, Ministerio De Protección Social. 

Encuesta nacional de la Situación Nutricional en Colombia 
2010-ENSIN. Bogotá 2011 

[4] Rodríguez O, Pizarro, Q, Benavides M, Atalah E. Evaluación 
del impacto de una intervención alimentario nutricional en 
niños chilenos con malnutrición por déficit. Revista Chilena 
De Pediatría Chile 2007; 78(4). 

[5] Comisión Económica para América Latina y el Caribe 
(CEPAL), Oficina Regional de FAO para América Latina y el 
Caribe (FAO RLC), Oficina Regional del PMA para América 
Latina y el Caribe. Hambre y cohesión social 2007. 

[6] Amar J, Abello R, Tirado D. Efectos de un Programa de 

atención integral a la infancia en el desarrollo de niños de  
 



Comparison of Executive Functions in School Children Journal of Intellectual Disability - Diagnosis and Treatment, 2013 Volume 1, No. 2      111 

sectores pobres en Colombia. Revista Investigación y 
Desarrollo: Universidad del Norte Barranquilla 2005. 

[7] Sánchez-García S, García C, Duque M, Juárez T, Cortés A, 

Reyes S. Anthropometric measures and nutritional status in 
a healthy elderly population. BMC Public Healthy 2007; 3. 

[8] Arango J. Desigualdad en el consumo alimenticio y 
desnutrición en Colombia. Ed. Misión para el diseño de una 

estrategia para la reducción de la pobreza y la desigualdad 
(MERPD). Departamento Nacional de Planeación, Colombia 
2005. 

[9] Okumura, Hayakawa, Oshiro, Hayakawa, Shimizu, 
Watanabe. Nutritional state, maturational delay on 

electroencephalogram, and developmental outcome in 
extremely low birth weight infants. Brain Dev 2010; 32. 

[10] Rosales, Zeisel. Role of nutrition in brain and behavioral 
development. Nutritional Neuroscience 2008. 
http://dx.doi.org/10.1179/147683008X301522 

[11] Ramírez L. Desnutrición y Cerebro. Archivos de Medicina. 
Colombia 2009; 9(2): 183-92. 

[12] Quero L. Valoración del estado nutricional. Pediatría Integral 
2003. 

[13] Romero E, Vásquez G. Actualización en Neuropsicología 
Clínica. Argentina: Editores Geka 2002. 

[14] Kramer J, Krueger C, Sinha L. Executive Abilities: Methods 
and Instruments for Neurobehavioral. Evaluation and 

Research En Kreutzer et al. Eds. Encyclopedia of Clinical 
Neuropsychology. London: Springer 2011; pp. 987-91.  

[15] Lezak M. Neuropsychological Assessment. New York: 
OXFORD, University Press 2004. 

[16] Soprano A. Funciones ejecutivas en el niño. Revista de 
Neurología 2003; 37(1): 44-55. 

[17] Flores J, Ostrosky-Solís-Solís F. Neuropsicología de lóbulos 
frontales, funciones ejecutivas y conducta humana. Revista 

de Neuropsicología, Neuropsiquiatría y Neurociencias 2008; 
8(1): 47-68. 

[18] Suchy Y, Sands K, Chelune G. Verbal and nonverbal fluency 
performance before and after seizure surgery. J Clin Exper 
Neuropsychol 2003; 25(2): 190-200. 
http://dx.doi.org/10.1076/jcen.25.2.190.13640 

[19] Baldo J, Shimamura A, Deliz D, Kramer, Joel y Kaplan E. 
Verbal and design fluency in patients with frontal lobe 
lesions. J Int Neuropsychol Soc 2001; 7: 586-96. 
http://dx.doi.org/10.1017/S1355617701755063 

[20] Sweet L, y Jerskey B. Working memory. En Kreutzer et al. 

(Eds.) Encyclopedia of Clinical Neuropsychology. London: 
Springer 2011; pp. 2729-30.  

[21] Soprano A. Cómo evaluar la atención y las funciones 
ejecutivas en niños y adolescentes. Buenos Aires: Paidós 
2009. 

[22] Loftis C. Mental flexibility. En Kreutzer et al. (Eds.) 

Encyclopedia of Clinical Neuropsychology. London: Springer 
2011; pp. 1572-79.  

[23] Kuczynski B, Kolakowsky-Hayner S. Inhibition. En Kreutzer 
et al. (Eds.) Encyclopedia of Clinical Neuropsychology. 
London: Springer 2011; pp. 1319-20. 

[24] Arán V. Funciones ejecutivas en niños escolarizados: 

efectos de la edad y del estrato socioeconómico. Avances en 
Psicología Latinoamericana 2011; 29(1): 98-113. 

[25] Barroso J, Martín M, León-Carrión J. Funciones ejecutivas: 
Control, planificación y organización del conocimiento. En: 
Revista de Psicología General y Aplicada 2002; 55(1): 27-44. 

[26] Baddeley AD. The episodic Buffer: A new component of 

working memory. Trends Cogn Sci 2000; 4: 417-23.  
http://dx.doi.org/10.1016/S1364-6613(00)01538-2 

[27] Huizinga M, Dolan CV, Van der Molen MW. Age-related 
change in executive function: Developmental trends and a  

 

latent variable analysis. Neuropsychology 2006; 44(11): 

2017-36. 
http://dx.doi.org/10.1016/j.neuropsychologia.2006.01.010 

[28] Anderson VA, Anderson P, Northam E, Jacobs R, Catroppa 
C. Development of executive functions through late 
childhood and adolescence in an Australian sample. Dev 

Neuropsychol 2001; 20(1): 385-406. 
http://dx.doi.org/10.1207/S15326942DN2001_5 

[29] Sauzéon H, Lestage P, Raboutet C, N’Kaoua B, Claverie B. 
Verbal fluency output in children aged 7-16 as a function of 

the production criterion: qualitative analysis of clustering, 
switching processes and semantic network exploitation. Brain 
Language 2004; 89(1): 192-202. 

[30] Leon-Carrión J, García-Orza J, Pérez-Santamaría FJ. The 
development of the inhibitory component of the executive 

functions in children and adolescents. Int J Neurosci 2004; 
114(10): 1291-11. 
http://dx.doi.org/10.1080/00207450490476066 

[31] Portillo-Reyes V, Puente A, Pérez-García M, Loya-Méndez 

Y. Deterioro Neuropsicológico en Niños Mexicanos con 
Estados Nutricionales Alterados: Desnutrición Leve a 
Moderada vs. Obesidad. Revista Neuropsicología, 

Neuropsiquiatría y Neurociencias. Octubre 2011; 11(2): 133-
46. 133 ISSN: 0124-1265.  

[32] Miranda M, Nobrega F, Sato K, Pompeia S, Sinnes E, Bueno 
O. Neuropsychology and malnutrition: a study with 7 to 10 
years-old children in a poor community. Revista Bras 
SaúdeMatern Infant 2007; 7: 45-54. 

[33] Lacunza A. Procesamiento cognitivo y déficit nutricional de 

niños en contextos de pobreza. Revista Psicología y Salud. 
Argentina 2010; 20(1): 77-88. 

[34] Kar B, Rao S, Chandramouli B. Cognitive Development in 
Children with Chronic Protein Energy Malnutrition. Behabioral 

and Brain Functions 2008; 4: 1-12. 
http://dx.doi.org/10.1186/1744-9081-4-31 

[35] Ocampo M. Caracterización Neuropsicológica de la Atención 
y la Memoria de Niños con Desnutrición Crónica de 5 a 10 
Años Que Asisten a Consulta al Programa Nutripaul del 

Hospital Universitario San Vicente de Paul en la Ciudad de 
Medellín. Universidad De San Buenaventura, Facultad De 
Psicología, Medellín 2011. 

[36] Goldberg E. El Cerebro Ejecutivo. Barcelona: Editorial Critica 
2002. 

[37] Colimon K. Fundamentos de epidemiología. Madrid: 
Ediciones Díaz de Santos 1990. 

[38] Strauss E, Sherman E, Spreen O. A Compendium of 
Neuropsychological Tests: Administration, Norms, and 
Commentary, Third Edition. New York: Oxford University 
Press 2006. 

[39] Roselli M, Matute Ardila A. Evaluación neuropsicológica 

infantil (ENI). Una batería para la evaluación de niños entre 5 
y 16 años de edad. Estudio formativo colombiano. Revista 
Española de Neurología 2008; 38(8). 

[40] Barroso J. Martín M. y León-Carrión J. Funciones ejecutivas: 

Control, planificación y organización del conocimiento. En: 
Revista de Psicología General y Aplicada 2002; 55(1): 27-44. 

[41] Kramer J, Krueger C, Sinha L. Executive Abilities: Methods 
and Instruments for Neurobehavioral. Evaluation and 
Research. En Kreutzer et al. (Eds.). Encyclopedia of Clinical 
Neuropsychology. London: Springer 2011; 987-9.  

[42] Kreutzer J, DeLuca J, Caplan B, Eds. Encyclopedia of 
Clinical Neuropsychology. London: Springer 2011. 
http://dx.doi.org/10.1007/978-0-387-79948-3 

[43] Lezak M. Neuropsychological Assessment. New York: 
OXFORD, University Press 2004. 

[44] Sastre-Riba S. Condiciones tempranas del desarrollo y el 

aprendizaje: el papel de las funciones ejecutivas. Revista 
Española de Neurología 2006; 42(2): 143-51. 



112    Journal of Intellectual Disability - Diagnosis and Treatment, 2013 Volume 1, No. 2 Rivera-Oliveros et al. 

[45] Musso M. Funciones ejecutivas y control ejecutivo: una 

revisión bibliográfica mirando la arquitectura de la mente. 
Revista de Psicología 2009; 5(9): 107-23. 
http://dx.doi.org/10.1017/S1355617701755063 

[46] Baldo J, Shimamura A, Deliz D, Kramer J, Kaplan E. Verbal 

and design fluency in patients with frontal lobe lesions. J Int 
Neuropsychol Soc 2001; 7: 586-96. 

 

 

Received on 20-08-2013 Accepted on 28-11-2013 Published on 31-12-2013 

 

DOI: http://dx.doi.org/10.6000/2292-2598.2013.01.02.3 


