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Adiposity, stress, and habitual physical activity 
predict executive function and memory performance 
in children and adolescents with obesity
Adiposidade, estresse e atividade física habitual são preditores da função executiva e 
desempenho em tarefas de memória em crianças e adolescentes obesos
La adiposidad, el estrés y la práctica de ejercicio físico son predictores de la función ejecutiva y 
del rendimiento en tareas de memoria en niños y en adolescentes obesos
Daniel Almeida Freitas¹, Bruno Alvarenga Soares², Arthur Rocha Gomes³, Túlio Pereira Alvarenga e Castro4, 
Bethânia Alves de Avelar Freitas5, Herbert Renato Coelho Gomes6, Ana Cristina Rodrigues Lacerda7, 
Fernanda Cordoba Lanza8, Fernanda de Oliveira Ferreira9, Vanessa Amaral Mendonça10, Hércules Ribeiro Leite11

ABSTRACT | Obesity during childhood and adolescence may 

delay cognitive development. This study aims to evaluate 

predictors that influence executive functions and memory 

in children and adolescents with obesity. A cross-sectional 

study was carried out with children and adolescents with 

obesity (aged 7–18 years) (n=32). Executive functions; 

episodic memory; semantic memory; body composition; 

inflammation biomarkers; cardiorespiratory fitness, stress, 

socioeconomic status, and regular physical exercise were 

assessed. A linear stepwise regression was performed with 

the variables with significant correlation. Adiposity (%fat) 

and BMI z-scores were associated with worse episodic 

memory. Verbal fluency was associated with visceral fat. At 

the tower of Hanoi test, planning and cognitive flexibility 

were associated with visceral fat, whereas the number of 

movements was associated with the practice of sports and 

physical exercise. Regular exercise favored the cognitive 

planning of children and adolescents with obesity. The 

number of errors was directly associated with the children 

stress scale score. In conclusion, body composition, memory, 

and the executive functions of cognitive flexibility and 

inhibitory control showed an association between each 

other. Executive functions and memory in children and 

adolescents might be associated with stress and regular 

physical exercise practice regardless of intensity.

Keywords | Children; Adolescents; Obesity; Memory.
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RESUMO | A obesidade na infância e adolescência pode contribuir 

para atrasos no desenvolvimento cognitivo. Este estudo tem 

como objetivo avaliar preditores que influenciam as funções 

executivas e a memória em crianças e adolescentes obesos. Foi 

realizado um estudo transversal com crianças e adolescentes 

obesos (7-18 anos) (n=32). Foram avaliadas funções executivas; 

memória episódica; memória semântica; composição corporal; 

biomarcadores de inflamação; aptidão cardiorrespiratória; 

estresse; nível socioeconômico; e prática regular de exercícios 

físicos. Para análise dos dados, foi realizada regressão linear 

(modo Stepwise), com as variáveis com correlação significativa. 

Adiposidade (% gordura) e escore z do Índice de Massa Corporal 

(IMC) foram associados à pior memória episódica. Fluência 

verbal foi associada à gordura visceral. No teste da Torre de 

Hanói, as funções de planejamento e flexibilidade cognitiva 

foram associadas à gordura visceral, enquanto o número de 

movimentos foi associado à prática de esportes e exercícios físicos. 

A prática regular de exercícios físicos favoreceu o planejamento 

cognitivo de crianças e adolescentes obesos. O número de 

erros foi diretamente associado à pontuação da children stress 

scale. Concluindo, houve associação entre composição corporal, 

memória e funções executivas de flexibilidade cognitiva e 

controle inibitório. Funções executivas e memória em crianças e 

adolescentes podem estar associadas ao estresse e ao hábito de 

exercícios físicos regulares, independentemente da intensidade.

Descritores | Crianças; Adolescentes; Obesidade; Memória.

RESUMEN | La obesidad en la infancia y la adolescencia puede 

contribuir a retrasos en el desarrollo cognitivo. Este estudio tiene 

como objetivo evaluar los predictores que influyen en las funciones 

ejecutivas y en la memoria de niños y adolescentes obesos. Se 

realizó un estudio transversal con niños y adolescentes obesos (7-

18 años) (n=32). Se evaluaron las funciones ejecutivas; la memoria 

episódica; la memoria semántica; la composición corporal; los 

biomarcadores de inflamación; la aptitud cardiorrespiratoria; el 

estrés; el nivel socioeconómico; y la práctica de ejercicio físico 

regular. Para el análisis de datos se realizó regresión lineal (modo 

Stepwise), con variables con correlación significativa. La adiposidad 

(% de grasa) y la puntuación z del Índice de Masa Corporal (IMC) 

se asociaron con una peor memoria episódica. La fluidez verbal se 

asoció con la grasa visceral. En la prueba de la Torre de Hanoi, las 

funciones de planificación y la flexibilidad cognitiva se asociaron 

con la grasa visceral, mientras que el número de movimientos se 

asoció con la práctica de deportes y de ejercicio físico. La práctica 

regular de ejercicios físicos favoreció la planificación cognitiva 

de niños y adolescentes obesos. El número de errores se asoció 

directamente con la puntuación de la escala de estrés infantil. Se pudo 

concluir que hubo una asociación entre la composición corporal, la 

memoria y las funciones ejecutivas de la flexibilidad cognitiva y del 

control inhibitorio. Las funciones ejecutivas y la memoria de niños y 

adolescentes pueden estar asociadas con el estrés y con la práctica 

de ejercicio físico regular, independientemente de la intensidad.

Palabras clave | Niños; Adolescentes; Obesidad; Memoria.

INTRODUCTION

Obesity represents a significant Public Health challenge 
due to the marked increase in its global prevalence, 
affecting adults, children, and adolescents alike1. The overall 
prevalence rates of pediatric obesity, overweight, and excess 
weight total 8.5, 14.8, and 22.2%, respectively. Obesity 
has substantial regional variations; Polynesia shows the 
highest prevalence across all categories, whereas Middle 
and Western Africa report the lowest rates2. In Brazil, 
the prevalence of obesity among children and adolescents 
has risen dramatically in recent decades. In children aged 
from five to nine years, obesity prevalence is slightly higher 
in girls (9.2%) than in boys (9.0%), whereas for adolescents, 
boys have a higher prevalence (6.7%) than girls (6.2%)3.

Obesity during childhood and adolescence can lead to 
the early development of other comorbidities, resulting 
in a poorer health prognosis for individuals throughout 
their lives4. Additionally, juvenile obesity may contribute 

to cognitive developmental delays and impairments in 
memory function5.

Executive functions and memory undergo refinement and 
maturation during early childhood and adolescence, making 
these periods crucial for their proper development6. Obesity 
during childhood and adolescence induces metabolic, 
cerebrovascular, and structural changes in the developing 
central nervous system. These progressive alterations might 
negatively impact the performance of executive function, 
memory retention, consolidation, and retrieval5,7.

Several aspects may be involved as predictive 
mechanisms that interrelate childhood obesity with 
impairments in executive functions. Studies suggest 
that higher body mass index (BMI) or visceral fat, low 
physical activity levels, elevated levels of stress and cortisol, 
and lower socioeconomic status may be associated with 
poorer performance in cognitive and memory tests in 
children and adolescents with obesity. However, most 
studies addressing this topic have evaluated each predictor 
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in isolation rather than using a linear regression with 
independent variables5,7. It has been speculated that the 
development of these functions in children does not 
constitute a unilateral phenomenon and can be impacted 
by different factors. A more robust assessment with 
multiple parameters becomes imperative.

This study aimed to identify potential predictors 
of cognitive performance related to the development 
of executive functions and memory in children and 
adolescents with obesity. It considered socioeconomic 
status, concentration biomarkers, physical activity level, 
and functioning level as potential predictors.

METHODOLOGY

Design

This is a cross-sectional study with 32 children and 
adolescents of both sexes who were aged from seven to 
18 years.

Participants

The following inclusion criteria were chosen: children 
or adolescents with BMI z-scores for age and sex greater 
than or equal to +2 who did not have orthopedic, 
neurological, or systemic conditions nor used continuous 
medication. Additionally, those who obtained up to two 
negative standard deviations from the mean for their age 
(that is, without cognitive deficit) on the mini-mental 
state examination (adapted for the pediatric population) 
were included in the study8.

Procedures

In total, two meetings were held with participants. 
In the first one, executive functions (tower of Hanoi – 
ToH and the Stroop test - ST); episodic memory (the 
Rey Auditory Verbal Learning Test - RAVLT); semantic 
memory (verbal fluency - VF); body composition (dual-
energy X-ray absorptiometry); cardiorespiratory fitness 
(the modified shuttle test - MST), stress (child stress 
scale - CSS); socioeconomic level (Brazilian Market 
Research Association - ABEP), and regular physical 
exercise (Baecke’s habitual physical activity questionnaire) 
were assessed. After 72 hours, the second meeting was 
held, in which blood was collected for future assessment 
of cortisol and C-reactive protein levels.

Variables

Regarding socioeconomic status, the ABEP 
questionnaire consists of a list of household appliances and 
consumer goods owned by the family and the educational 
level of the head of the family. The questionnaire classifies 
participants into the D-E, C2, C1, B2, B1, and A class 
(from the lowest to the highest socioeconomic class)9.

Cardiorespiratory fitness was assessed by the modified 
shuttle test (MST), following European Respiratory 
Society/American Thoracic Society standards10. The MST 
consists of an externally cadenced test in which the speed 
increases each minute, to be performed in a 10-meter 
corridor in which volunteers are allowed to walk or run. 
The test was performed twice with a 30-minute interval 
between instances. The walked distance from the best 
test was considered the outcome11. 

Weight and height were measured using scales with a 
stadiometer. Lean mass, fat mass, and bone mineral density 
were analyzed by dual-energy X-ray absorptiometry 
(model DPX; Lunar Radiation Corporation, Madison, 
Wisconsin, USA)12.

The RAVLT protocol consisted of describing a series 
of verbal stimuli in a list containing 15 nouns. Participants’ 
age was considered when examining parameters related to 
immediate memory, learning curve of word recall across 
attempts, and learning rate13.

In the VF test, participants were given the task of 
generating as many words as possible within a 1-minute time 
limit, starting with the letters “F,” “A,” and “S” in the following 
semantic classes: “animals,” “body parts,” and “food.” Scoring 
was done according to the number of distinct words per 
category, considering words with multiple meanings14.

The ToH task was conducted using a board with three 
graduated disks arranged on three pegs. In total, two rules 
were explicitly stated by the examiner: (1) participants 
could only move one disk at a time and (2) placing a larger 
disk on top of a smaller disk was prohibited. The ToH task 
was conducted twice, once for training and once to test 
the participants. Planning time (defined as the duration 
between participants’ first and last move) was measured 
using a stopwatch. Average time to complete each set of 
disks, number of moves, and the total number of errors 
were computed15.

ST measures participants’ ability to shift their 
attention and suppress a habitual response in favor of 
an unconventional one (selective attention and aspects 
of executive functions, such as cognitive flexibility and 
susceptibility to interference). In this study, three cards 
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were utilized. The first card consisted of rectangles 
colored in blue, brown, green, and pink. The second 
card contained various meaningless words written in 
the colors corresponding to the rectangles from the first 
card. The third card displayed the names of the colors but 
were written in different colors than their actual names. 
Duration required to conclude reading each of the three 
cards and the cumulative count of errors were computed16.

The CSS consists of 35 items with a Likert scale from 
0 to 4 points that is grouped into four factors linked 
with stress symptoms: physical reactions, psychological 
reactions, psychological reactions with a depressive 
component, and psycho-physiological responses17.

To assess habitual physical activity level (HPAL), 
a subsection from the Baecke’s Physical Activity 
Questionnaire was used18. HPAL was classified into 
three categories: 1) sufficiently active: intensity equal to 
or above 150 minutes per week; 2) insufficiently active: 
intensity below 150 minutes per week; and 3) those who 
engaged in no physical activities.

Blood samples for cortisol and C-reative protein were 
assessed after a fasting period of more than eight hours 
in a specific time point (7:30–8:30 a.m.). A cortisol assay 
test kit was used for the automated chemiluminescence 
immunoassay fol lowing the manufacturer ’s 
recommendations (LIASON® XL, DiaSorin®, Italy).

Statistics

Categorical data are shown by absolute and relative 
frequencies. Quantitative data are shown by means and 
standard deviations or medians (IQ 25–75%), depending 
on data normality. Data normality was analyzed by the 
Shapiro-Wilk test. 

Pearson’s or Spearman’s correlation analysis were 
performed for dependent variables (performance on tests 
of executive functions and memory) and independent 
variables (age; percentage of body fat; visceral fat in relation 
to total weight; BMI z-score for age; stress scale score; 
cortisol levels; ABEP score; distance walked and speed 
reached in MST; HPAL score). A stepwise linear regression 
was performed for variables with significant correlation 
(p: 0.05). Multicollinearity between the independent 
variables and the interaction between variables were tested. 
Participants were categorized into distinct age groups: 
from seven to 10 years (late childhood), 11 to 14 years 
(early adolescence), and 15 to 18 years (late adolescence). 
Data were analyzed by the statistical package IBM SPSS 
Statistics, version 22 (Inc, USA).

Sample size

Sample size was determined by a study that found an 
association between cardiorespiratory fitness and executive 
function among children and adolescents with obesity/
overweight, with a 23% effect size. Considering a 5% 
significance level  and a 80% poweranalysis showed that a 
minimum sample size (n) of 29 participants was necessary19.

RESULTS

The sample consisted of 32 participants of both sexes 
(56% boys) with a mean age of 11 years. Participants with 
socioeconomic strata B2 and C showed a higher fat mass 
percentage (Table 1).

Table 1. Characteristics of participants
Parameter Mean±SD or %

Sex (F/RF)

Male 18 (56.20%)

Female 14 (43.80%)

Age 11.25±3.14

Anthropometric characteristics

BMI (Kg/m2) 27.18±3.78

Fat mass (%) 42.38±5.43

VF/BW (g/Kg) 6.22±2.88

Z-score (BMI) 2.71±0.63

Stress  31.03±18.55

MMSE 34.87±2.34

Cortisol (mcg/dL) 11.16±5.03

Distance covered (m) 429.87±170.35

Speed (m/s) 1.59±0.29

Economic status

A 2 (6.25%)

B1 2 (6.25%)

B2 10 (31.25%)

C1 4 (12.50%)

C2 7 (21.87%)

D-E 7 (21.87%)

Maternal education (F/RF)

Incomplete elementary 5 (15.60%)

Complete elementary 3 (9.40%)

Incomplete high school 3 (9.40%)

Complete high school 15 (46.90%)

Undergraduate 1 (3.10%)

Graduated 5 (15.60%)

HPAL (F/RF)

Does not practice 20 (62.50%)

Insufficiently active 6 (18.75%)

Sufficiently active 6 (18.75%)
Note: standard deviation (SD); frequency/relative frequency (F/RF); body mass index (BMI); 
visceral fat/body weight (VF/BW); mini-mental state examination (MMSE); mcg/dL (micrograms/
deciliters); habitual physical activity level (HPAL).
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Regarding the possible predictors of performance in 
the RAVLT test, the fat mass was negatively correlated 
with learning and interference indices (p<0.05; r=−0.36). 
This study found a negative correlation between the BMI 
z-score (p<0.05; r=−0.37) and the recall index in the 
RAVLT (p<0.05; r=−0.35) (Table 2).

Regarding VF test, this study observed, for the semantic 
category of animals, no significant differences with the 
independent variables. As for the categories “parts of the 

body” (p<0.05; r=−0.43) and “food” (p<0.05; r=−0.35), 
the VF/BW variable showed negative correlations. 
Similarly, the VF total score also showed a negative 
correlation (p<0.05; r=−0.41) with this variable (Table 2).

The ToH test showed some correlations with the 
analyzed variables. The number of errors on this test was 
negatively correlated (p<0.01; r=−0.49) with stress levels. 
The number of novices in the ToH test showed a negative 
correlation (p<0.01; r=−0.47) with the HPAL (Table 3).

Table 2. Analyses of correlations between variables related to performance in the Rey Auditory Verbal Learning and verbal fluency tests

Parameter RAVLTL RAVLTI RAVLTRe RAVLTR VFA VFB VFF VF Total

Age 0.12 0.07 0.18 −0.02 0.10 0.17 0.16 0.13

Fat mass (%) −0.36* −0.35* −0.34 0.08 0.01 −0.12 −0.07 −0.06

VF/BW −0.35* −0.20 −0.17 −0.43* 0.29 −0.43* −0.35* −0.41*

BMI Z-score −0.33 −0.12 −0.37* −0.10 −0.10 −0.18 −0.19 −0.12

Cortisol 0.06 −0.03 −0.13 −0.28 −0.13 −0.14 −0.06 −0.15

Physical functioning - Distance −0.07 −0.16 0.07 −0.09 0.02 −0.06 0.14 0.04

Physical functioning - Speed −0.10 −0.16 0.04 −0.14 0.02 −0.06 0.14 0.04

Stress 0.18 −0.08 −0.13 0.06 0.00 −0.02 0.17 0.05

ABEP 0.01 0.12 0.15 −0.04 0.12 0.12 0.31 0.23

HPAL −0.33 −0.03 −0.22 −0.21 0.20 0.10 −0.10 0.03

Note: RAVLT Learning (RAVLTA); RAVLT Interference (RAVLTI); RAVLT Recall (RAVLTRe); RAVLT Recognition (RAVLTR); semantic category of animals in the verbal fluency test (VFA); semantic category 
of parts of the body in the verbal fluency test (VFB); semantic category of food in the verbal fluency test (VFF); verbal fluency test Total (VF total); proportion of visceral fat in relation to body weight 
(VF/BW); body mass index (BMI); Brazilian Market Research Association (ABEP); habitual physical activity level (HBAL); Pearson’s correlation was used to analyze the data. The symbol * (p<0.05) 
indicates a significant correlation.

Table 3. Analyses of correlations between variables related to 
performance in the Tower of Hanoi and Stroop tests

Parameter ToH M ToH E Stroop 
1

Stroop 
2

Stroop 
3

Stroop 
E

Age 0.04 0.01 −0.10 −0.05a −0.05a −0.02

Fat Mass (%) 0.18 0.17 0.05 0.03a 0.04a 0.12

VF/BW −0.01 0.10 0.13 0.10a 0.01a 0.03

BMI Z-score 0.16 0.13 −0.09 0.04a 0.03a 0.04

Cortisol 0.01 0.18 0.40* 0.19 0.28a 0.02

Distance – 
MST

0.04 0.20 −0.02 −0.12a −0.12a −0.06

Speed – MST −0.02 −0.16 −0.05 −0.11a −0.11a −0.08

Stress 0.14 0.49** 0.36* 0.35*a 0.37*a 0.43*

ABEP −0.01 0.22 −0.38* −0.26a −0.28a −0.40

HPAL −0.47* −0.30 0.14 0.07a 0.02a 0.06

Note: Tower of Hanoi (ToH); number of errors in the Stroop test (Stroop E); proportion of visceral fat 
in relation to body weight (VF/BW); body mass index (BMI); modified shuttle test (MST): Brazilian 
Market Research Association (ABEP); habitual physical activity level (HBAL). Pearson’s (symbol 
“a”) and Spearman’s correlations were used to analyze the data. Bold values with the symbols * 
(p<0.05) and ** (p<0.01) indicate a significant correlation.

After analyzing the correlations of performance in 
cognitive tests and probable predictors, a linear regression 
analysis was carried out. The description of results followed 
significance level (p), a standardized coefficient (β), and 
the coefficient of determination (R2).

In the RAVLT, learning showed a negative association 
with fat percentage and GV/PT (p:0.04, β:−0.36 and 
R2:0.13). Interference was significantly associated with 
% fat (p:0.01, β:−0.51 and R2:0.25). Recall index showed 
an association with the BMI z-score (p:0.01, β:−0.51, 
R2:0.25). Visceral fat influenced recognition index (p: 0.01, 
β:−0.43 and R2:0.19).

Semantic memory (in the VF test) showed a 
significant association only with VF/BW (p:0.04, 
β:−0.36, R2:0.13).

Execution time in the ToH showed a significant 
association with visceral fat proportion (p:0.04, 
β:−0.38, R2:0.14), whereas the number of movements 
was associated with sport dominance and exercise 
(p:0.007, β:−0.45 R2:0.22) and the number of errors 
was correlated with the stress scale score (p:0.004, 
β:0.49, R2:0.25).

The ST showed significant associations for the first 
ST card (ST1) with the CSS score (p:0.04, β:0.36, 
R2:0.13), the ABAEP socioeconomic score (p:0 .03, 
β:−0.38, R2:0.15), and with blood cortisol concentrations 
(p:0.03, β:0.40, R2:0.16). For the second (ST2) and 
third ST card (ST3), significant associations occurred 
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with the stress scale score (p:0.04, β:0.35, R2:0.12 and 
p:0.04, β:0.37, R2:0.14, respectively). The total number of 
errors showed significant associations with CSS (p:0.01, 

β:0.43, R2:0.19) and the ABAEP socioeconomic score 
(p:0.02, β:−0.40, R2:0.17). 

Figure 1 summarizes this information.

↑ Fat %
↓ RAVLT Learning

↓ RAVLT Interference

↑ z-score BMI ↓ RAVLT Recall

↑ VF/BW

↓ RAVLT Recognition

↓ VF body parts

↓ Tower of Hanoi time

↑ Habitual Physical Activity Level ↓ Tower of Hanoi moves

↑ Stress
↑ Errors Tower of Hanoi

↑ Errors Stroop Test; Time ST1, ST2 e ST3

↑ Cortisol ↑ Time ST1

↑ Economic levels ↓ Errors Stroop Test; Time ST1

Figure 1. Summary of results obtained in linear regression analyses
Note: Rey auditory verbal learning test (RAVLT); body mass index (BMI); proportion of visceral fat in relation to body weight (VF/BW); Stroop test card one (ST1); Stroop test card two (ST2); Stroop test 
card three (ST3).

DISCUSSION

This study showed that adiposity was associated with 
worse episodic memory in children and adolescents with 
obesity. Semantic memory (VF test) was associated with 
visceral fat. In the ToH, planning task and cognitive 
flexibility were associated with visceral fat, whereas the 
number of movements was correlated with the practice 
of sports and physical exercise. Regular exercise favors 
planning tasks in children and adolescents with obesity. 
The number of errors in the tower of Hanoi was directly 
associated with stress levels (CSS). Stress levels (CSS and 
cortisol levels) and socioeconomic status were associated 
with selective attention and executive functions.

This study found a negative association between 
adiposity (evaluated by fat mass, VF/BW, and BMI 
z-scores) and performance on the RAVLT learning, 
interference, recall, and recognition domains. A previous 
study has observed diminished performance in adolescents 
with obesity (evaluated by BMI) aged 12–18 years, 
specifically in the indices of recall and recognition20. This 
suggests that heightened adiposity indices in children 
could be associated with reduced performance across 
the assessed parameters evaluated in the test. The results 
in our study indicate that childhood obesity negatively 
impact the entire process of episodic memory from 
the learning stage to the final processes of recall and 
recognition. Deficiencies in the interference domain 

means relevant data is forgotten due to the encroachment 
of novel information, constituting a mechanism that 
assesses the consolidation of memory21.

This study observed a correlation between VF 
within the semantic domain of “body parts” and VF/
BW, suggesting a potential relationship. It showed that 
heightened levels of visceral adiposity in participants were 
associated with diminished proficiency in executing this 
cognitive task. Other authors have shown compromised 
outcomes in VF assessments within the population of 
children with obesity/overweight (average age of 4.59 
years)22. Hippocampus is responsible for the consolidation 
of episodic and spatial memories23. A plausible connection 
exists between childhood obesity and potential effects 
on the hippocampal consolidation process for episodic 
memory, supported by previous research24. In future 
studies, neuroanatomical image analysis of this structure 
may identify possible causal relationships.

Childhood and adolescence are periods with significant 
neurodevelopmental activity, encompassing vital processes 
such as synaptogenesis and pruning, which are critical to 
establish precise neuronal connections25.

The association of the VF test with cortical regions has 
been extensively investigated. The frontal lobes, especially 
the prefrontal cortex, play a pivotal role in VF tasks25. 
In studies involving children with obesity, anatomical 
alterations in the cortical region were associated with a 
lower ability in the VF test26. The outcomes of the current 
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investigation align with previous findings and could be 
linked to the neurodevelopmental timeframe between 
childhood and adolescence.

Executive functions comprise a set of intricate cognitive 
processes associated with the frontal cortex, playing a pivotal 
role in planning, decision-making, inhibitory control, 
cognitive flexibility, selective attention, problem solving, 
and other activities demanding the coordination of mental 
processes to attain specific goals27. In this context, a body of 
evidence links childhood obesity with impaired executive 
function. For example, children with obesity showed deficits 
in inhibitory control and attention, the main components of 
executive functions assessed by the ST28. Similarly, children 
with obesity/overweight also show a greater number of 
errors in performing the ToH test22.

Successful resolution of the ToH or achieving minimal 
errors in the ST arises from complex interactions among 
various executive functions27. In the current study, there 
were positive correlations between cortisol, stress levels, 
and performance on these two tasks. This suggests that 
stress serves as a predictive factor in the cognition of 
children with obesity, compromising several domains 
of executive functions. The body releases cortisol when 
faced with stressors. Elevation of cortisol levels from 
prolonged and sustained stress can modify cognitive 
processes and behavioral patterns29. Elevated cortisol 
levels and high reactivity to stressful situations consistently 
occur in children with obesity30.

The performance on the ST showed associations 
with socioeconomic status as participants of lower 
economic status showed poorer performance on the 
initial component. A study involving preschoolers from 
lower socioeconomic backgrounds showed their inferior 
performance in inhibitory control tasks and reading skills31.

The number of ToH movements was negatively 
associated with the HPAL score. This suggests that 
children with obesity who regularly practice physical 
exercise are more assertive in tests involving executive 
functions, which is in line with previous data5. The habitual 
physical activity level can promote greater neuroplasticity, 
especially in a critical window of neurodevelopment32. 
This process enables the brain to modify neural pathways, 
strengthen synaptic connections, and generate new 
neurons in certain regions, which can reduce deleterious 
effects of obesity on neurodevelopment33.

Several parameters of body composition serve as 
predictors of performance in cognitive and memory 
assessments. Stress and cortisol levels impacted executive 
functions. Also, the engagement in regular physical activity 

might configure a protective effect. These findings hold 
substantial implications for enhancing our understanding 
of predictive factors and formulating guidelines to reduce 
adverse impacts on cognitive and memory functions in 
obese children and adolescents.

The limitations of this study include its broad age 
range. To reduce this limitation, z-scores of performances 
were applied to the sample segmented by age groups. 
This research ignored assessments of inflammatory states 
and neuroanatomical images, which may offer a strong 
predictor for evaluation in future studies.

This study suggests a significant association between 
adiposity and episodic and semantic memory. Additionally, 
executive functions are linked to stress, cortisol levels, 
and economic status, whereas engagement in habitual 
physical activity might positively influence executive 
function. Therefore, it is essential for healthcare systems 
to implement policies to combat childhood obesity, 
particularly by initiatives promoting physical activity, as this 
has a protective effect on executive functions and may help 
reduce stress and cortisol levels, which are also associated 
with cognitive memory performance. This study highlights 
the potential utility of adiposity as a body composition 
parameter to predict performance in memory assessments. 
If future research corroborates these findings, they could 
inform strategies to address obesity in children and 
adolescents, ultimately enhancing cognitive development.

CONCLUSION

This study indicates that adiposity might be associated 
with worse episodic memory and that visceral fat might 
be related with semantic memory (verbal fluency test) and 
planning task and cognitive flexibility (tower of Hanoi) in 
children and adolescents with obesity. Also, sports practice 
and physical exercise might be associated with planning 
tasks (the number of movements in the Tower of Hanoi) 
in children and adolescents with obesity. The number 
of errors was directly associated with stress (child stress 
scale). Stress (CSS and cortisol levels) and socioeconomic 
status might be associated with selective attention and 
executive functions.
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