








PENSAR EN MOVIMIENTO: Revista de Ciencias del Ejercicio y la Salud

ISSN: 1409-0724 / 1659-4436

pensarenmovimiento.eefd@ucr.ac.cr

Universidad de Costa Rica

Costa Rica








Joint associations of moderate-to-vigorous physical activity and smartphone screen time with inhibitory control performance in adolescents 
[1]








Victal Gomes, Romilton; Rodrigues dos Santos, João Paulo; Morais do Nascimento, João Victor; Almeida Alves, Anderson; Lins dos Santos, Bianca; de Souza Bezerra, Eriston; Lira da, Samuel; de O. Tavares, Vagner Deuel; Almeida Ramos, Isabela; Pereira Cabral, Ludmila Lucena; Vieira Browne, Rodrigo Alberto



Joint associations of moderate-to-vigorous physical activity and smartphone screen time with inhibitory control performance in adolescents 
[1]





PENSAR EN MOVIMIENTO: Revista de Ciencias del Ejercicio y la Salud, vol. 23, núm.  1, e61044, 2025

Universidad de Costa Rica, Costa Rica


Disponible en: https://www.redalyc.org/articulo.oa?id=442080056019





[image: License Creative Commons]

Esta obra está bajo una Licencia Creative Commons Atribución-NoComercial-SinDerivar 4.0 Internacional.







Recepción:  13 Julio  2024

Aprobación:  28 Abril  2025

Publicación:  28 Mayo  2025





DOI: https://doi.org/10.15517/pensarmov.v23i1.61044





















Investigación descriptiva, correlacional o cualitativa





Joint associations of moderate-to-vigorous physical activity and smartphone screen time with inhibitory control performance in adolescents 
[1]






Asociación conjunta entre actividad física moderada a vigorosa y el tiempo de uso de teléfonos celulares con el rendimiento del control inhibitorio en adolescentes

Associação conjunta entre atividade física moderada a vigorosa e tempo de uso do celular com desempenho no controle inibitório em adolescentes




Romilton Victal Gomes 
 romiltongomes.cz@gmail.com


Federal Institute of Education, Science and Technology of Paraíba
, Paraíba, Brasil




 





João Paulo Rodrigues dos Santos 
 joaopaulo.rodrigues@a.ucb.br


Federal Institute of Education, Science and Technology of Paraíba
, Paraíba, Brasil




 





João Victor Morais do Nascimento 
 joaovictor.morais@a.ucb.br


Federal Institute of Education, Science and Technology of Paraíba
, Paraíba, Brasil




 





Anderson Almeida Alves 
 andersonalmeida0604@gmail.com


Federal Institute of Education, Science and Technology of Paraíba
, Paraíba, Brasil




 





Bianca Lins dos Santos 
 linsbianca323@gmail.com


Federal Institute of Education, Science and Technology of Paraíba
, Paraíba, Brasil




 





Eriston de Souza Bezerra 
 eristonfaculdade@gmail.com


Federal Institute of Education, Science and Technology of Paraíba
, Paraíba, Brasil




 





Samuel Lira da 
 samuellira607@gmail.com


Federal Institute of Education, Science and Technology of Paraíba
, Paraíba, Brasil




 





Vagner Deuel de O. Tavares 
 deueltavares@gmail.com


University of Calgary
, Alberta, Canadá




 





Isabela Almeida Ramos 
 isabela.viana@p.ucb.br


Catholic University of Brasilia
, Federal District, Brasil




 





Ludmila Lucena Pereira Cabral 
 ludmilalpcmartins@gmail.com


Federal Institute of Education, Science and Technology of Paraíba
, Paraíba, Brasil




 





Rodrigo Alberto Vieira Browne 
 rodrigo.browne@catolica.edu.br


Federal Institute of Education, Science and Technology of Paraíba
, Paraíba, Brasil




 











Abstract:
							                           
This cross-sectional study investigated the joint associations of moderate-to-vigorous physical activity (MVPA) and smartphone screen time (ST) with inhibitory control performance in 210 Brazilian school adolescents. MVPA level was assessed using the Global School-based Student Health Survey questionnaire, categorized as inactive (<60 min/day) or active (60+ min/day). Weekly ST was measured using participants’ smartphones, categorized as low (<7 h/day) or high (7+ h/day) based on the median. Participants were divided into four groups: inactive + high ST, inactive + low ST, active + high ST, and active + low ST. Inhibitory control performance was evaluated using the Flanker task, measuring reaction time and accuracy in congruent/incongruent stimulus. A generalized multiple gamma model revealed that only the inactive + high ST group showed a higher reaction time in the incongruent phase compared to the active + low ST group (β = 41.1 ms; 95% CI 2.3, 79.9; p = .038). No differences were found in the accuracy (p > .05). In conclusion, physical inactivity combined with high smartphone ST is associated with poorer inhibitory control performance in school adolescents.



Keywords: adolescent health, cognition, sedentary behavior, physical activity.
		                         


Resumen:
						                           
Este estudio transversal investigó las asociaciones conjuntas entre la actividad física moderada a vigorosa (AFMV) y el tiempo de uso de teléfonos celulares (TT) con el rendimiento del control inhibitorio en 210 adolescentes escolares brasileños. El nivel de AFMV se evaluó utilizando el cuestionario de la Encuesta Global de Salud Escolar, categorizado como inactivo (<60 min/día) o activo (60+ min/día). El TT semanal se midió utilizando los teléfonos celulares de los participantes, categorizado como bajo (<7 h/día) o alto (7+ h/día) según la mediana. Los participantes se dividieron en cuatro grupos: inactivo + alto TT, inactivo + bajo TT, activo + alto TT y activo + bajo TT. El rendimiento del control inhibitorio se evaluó utilizando la tarea Flanker, midiendo el tiempo de reacción y la precisión en estímulos congruentes/incongruentes. Un modelo gamma múltiple generalizado reveló que solo el grupo inactivo + alto TT mostró un tiempo de reacción más alto en la fase incongruente en comparación con el grupo activo + bajo TT (β = 41.1 ms; IC del 95%: 2.3; 79,9; p = .038). No se encontraron diferencias en la precisión (p > .05). En conclusión, la inactividad física combinada con un alto TT de teléfonos celulares está asociada con un peor rendimiento del control inhibitorio en adolescentes escolares.



Palabras clave: salud de adolescentes, cognición, comportamiento sedentario, actividad física.
                                


Resumo:
						                           
Este estudo transversal investigou as associações conjuntas entre atividade física moderada a vigorosa (AFMV) e tempo de uso do telefone celular (TT) com o desempenho do controle inibitório em 210 adolescentes escolares brasileiros. O nível de AFMV foi avaliado por meio do questionário Global School Health Survey, categorizado como inativo (<60 min/dia) o ativo (60+ min/dia). O TT semanal foi medido usando o celular dos participantes, categorizado como baixo (<7 h/dia) ou alto (7+ h/dia) segundo a mediana. Os participantes foram divididos em quatro grupos: inativo + TT alto, inativo + TT baixo, ativo + TT alto e ativo + TT baixo. O desempenho do controle inibitório foi avaliado por meio da tarefa de Flanker, medindo o tempo de reação e a precisão em estímulos congruentes/incongruentes. Um modelo gama múltiplo generalizado mostrou que apenas o grupo inativo + TT alto apresentou maior tempo de reação na fase incongruente em comparação com o grupo ativo + TT baixo (β = 41,1 ms; IC 95%: 2,3; 79,9; p = 0,038). Não foram encontradas diferenças na precisão (p> 0,05). Em conclusão, a inatividade física combinada com um TT alto de telefones celulares está associada a um pior desempenho no controle inibitório em adolescentes escolares.



Palavras-chave: saúde do adolescente, cognição, comportamento sedentário, atividade física.
                                








1. Introduction


Adolescence is understood as the phase of transition from childhood to adulthood, delimited by significant changes in biological growth, hormonal alterations, and accelerated brain maturation (Best & Ban, 2021). This phase is marked not only by hormonal fluctuation but also substantial changes in the brain, with a notable example being the development and remodeling of the prefrontal cortex (Fandakova et al., 2017).

Inhibitory control is a component of executive functions, mediated by the prefrontal cortex, which activates intensively during tasks requiring attention and inhibition of impulsive responses (Diamond, 2020). This skill involves the ability to regulate thoughts, emotions, and behaviors in response to external demands, overriding internal predispositions, or refraining from impulsive actions (Diamond, 2020). It plays a critical role in managing distractions, regulating behavior, and making thoughtful decisions, with significant implications for academic success and social adaptation (Geertsen et al., 2016). Additionally, inhibitory control is crucial for adolescents to engage in goal-directed behavior and develop emotional regulation, both essential during this phase of rapid brain development (Best & Ban, 2021).

Various methods can be used to assess inhibitory control, such as behavioral tasks like the Flanker task, which evaluates the ability to suppress automatic responses in the context of selective visual attention (Diamond, 2020). Neuroimaging techniques, including functional magnetic resonance imaging, are also employed to observe brain activity in regions associated with inhibition, particularly the prefrontal cortex (Yen et al., 2023). These methods enable researchers to quantify inhibitory control and its neural mechanisms, which are essential for understanding its development and implications for behavior during adolescence. Neurobiological changes in the brain during this period highlight the importance of understanding how the environment influences cognitive development (Nelson et al., 2019).

The regular practice of moderate-to-vigorous physical activities (MVPA) is widely recommended for adolescents to promote health and prevent non-communicable chronic diseases, however, it can also positively impact cognition (Erickson et al., 2019; World Health Organization [WHO], 2020). Moreover, active behavior during childhood may have repercussions in adulthood (Lounassalo et al., 2021). Current recommendations suggest that adolescents should dedicate at least 60 minutes daily to MVPA to be classified as physically active, while those who do not meet these recommendations are considered physically inactive (WHO, 2020). Physical inactivity is associated with excessive sedentary behavior, especially in school-aged adolescents (da Costa et al., 2021; Vancampfort et al., 2021).

Sedentary behavior is defined as a wake energy expenditure ≤1.5 metabolic equivalents, whether in a sitting, reclining, or lying position (Tremblay et al., 2017). This behavior is often linked to an adolescent’s long-term exposure to screen time, particularly on smartphones (Barkley et al., 2016; da Costa et al., 2021; Lourenço et al., 2019). The excessive use of smartphones is associated with a decrease in physical activity levels among young individuals (Grimaldi-Puyana et al., 2020). Due to the COVID-19 pandemic, the use of smartphones has grown exponentially among adolescents (Humer et al., 2022). A observational study with Brazilian school adolescents showed that about 70% exhibited smartphone dependency and used it for 5.8 hours per day on weekdays and 8.8 hours per day on weekends (de Brito Nunes et al., 2021). Excessive screen time exposure has been associated with a negative impact on the fronto-striatal circuit, which in turn, may cause long-term effects on the development of inhibitory control, especially during adolescence, affecting reward sensitivity (Chen et al., 2023).

Previous studies have investigated the association between MVPA, screen time, and cognitive performance in children and adolescents (Guerrero et al., 2019; Li et al., 2021; Syväoja et al., 2014; Walsh et al., 2018; Wickel, 2017; Wilhite et al., 2023; Zeng et al., 2021). However, few studies have examined the joint associations of MVPA and screen time, particularly focusing on objectively measured smartphone use, with cognitive performance in the adolescent population. A study conducted in southeastern China examined the joint associations of MVPA and self-reported screen time on executive functions in children aged 6 to 12 years old (Zeng et al., 2021). Screen time encompassed after-school homework and leisure screen activities such as watching television or videos, playing video games, and using the computer, categorized as low (<2 h/day) or high (2+ h/day) (Zeng et al., 2021). The findings revealed that children with low MVPA and high screen time exhibited poorer cognitive performance compared to other groups.

Although previous studies have investigated the associations between MVPA and screen time with cognitive performance in children and adolescent populations, most studies have examined the independent associations of MVPA and screen time, primarily focusing on self-reported screen time from devices such as television, computers, and video games. To date, no studies have explored the joint associations between MVPA and objectively measured smartphone screen time, which is currently the most common screen device used among adolescents for leisure and sedentary activities such as gaming, social media engagement, and video streaming (da Costa et al., 2021; Lourenço et al., 2019; Xiang et al., 2020). Investigating the joint associations of MVPA and objectively measured smartphone screen time may provide a more comprehensive understanding of how these factors interact and influence inhibitory control performance. Therefore, the objective of this study was to analyze the joint associations between MVPA and objectively measured smartphone screen time with inhibitory control performance among adolescents.





2. Methods




Study design


A cross-sectional observational study design was employed to determine if MVPA and objectively measured smartphone screen time interact and influence inhibitory control performance. The data were collected at the Federal Institute of Education, Science, and Technology of Paraíba (IFPB) in Sousa, PB, Brazil, from June to October 2023. The research was conducted in accordance with the Declaration of Helsinki and Resolution No. 466/2012 of the Brazilian National Health Council, following approval by the Research Ethics Committee (CAAE No. 49857421.0.0000.5184). The study followed the STROBE criteria for observational studies (von Elm et al., 2014).





Participants


Participants were recruited through social media platforms and research announcements in classrooms. The institution is a federal public school that offers integrated high school education with technical courses, including agroindustry, agriculture and livestock farming, environment, and informatics, all in full-time (morning and afternoon) programs. Inclusion criteria for participation in the study were chosen as follows: both sexes; aged between 14 and 19 years, absence of diagnosed psychological, psychiatric, and cognitive disorders, ownership of a personal smartphone with the “digital well-being” function activated. Exclusion criteria included non-participation in any research assessment and voluntary withdrawal. All participants and their guardians provided written informed consent. During the data collection period, 297 students enrolled in the school. A total of 210 participants (71% of the school population) were included in the study analysis (Figure 1).
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Figure 1




Flowchart of the study sample selection process







Source: the authors.












Procedures


Data were collected in the physical assessment laboratory, located at the Department of Physical Education of IFPB, with ambient temperature control set at approximately 24°C conducted in the morning, from 7:30 am to 11:00 am, and led by previously trained researchers. The data collection process was divided into two distinct moments. Firstly, participants completed the following questionnaires in a face-to-face manner with the evaluator: modules of personal, demographic, and physical activity information from the Global School-based Student Health Survey questionnaire (WHO, 2021) and the Pediatric Daytime Sleepiness Scale (Felden et al., 2016). Next, the evaluator asked the participant about smartphone screen time to obtain daily usage results from the past week. In the second moment, participants were led to a separate, climate-controlled room. In this environment, the windows remained closed, providing a distraction-free space with no visual or external auditory disturbances. This allowed participants to focus solely on completing the Flanker test, aided by a notebook. Finally, anthropometric measurements of the participant were taken.





Moderate-to-vigorous physical activity and smartphone screen time


The level of MVPA was measured using the physical activity module of the Global School-based Student Health Survey questionnaire (WHO, 2021). This module quantifies the weekly frequency and time spent (in minutes) on MVPA during a typical week. Based on this information, the level of MVPA was classified as physically inactive (<60 min/day of MVPA) or physically active (≥60 min/day of MVPA) (WHO, 2020). Screen time (ST) was measured using a built-in smartphone feature available on most devices, commonly referred to as “digital well-being”, “parental controls”, or “time using”. We used smartphone ST as an objective measure of adolescents’ daily screen use due to its association with sedentary behavior and predominant use for leisure while sitting (da Costa et al., 2021; Lourenço et al., 2019; Xiang et al., 2020). This feature automatically records daily smartphone usage time (in minutes). For this study, ST data were collected for the seven days of the previous week (Monday to Sunday). During data collection, participants accessed the feature on their own devices and reported their usage time to the researcher, ensuring no direct researcher intervention in manipulating the devices. The average daily ST over the previous week was then calculated and converted into hours per day. Given the lack of a well-established cutoff point for categorizing smartphone ST, we adopted the median value of our sample (7 h/day) to define low ST (<7 h/day) and high ST (≥7 h/day). Participants were categorized into four groups based on their MVPA and smartphone ST levels: physically inactive + high ST, physically inactive + low ST, physically active + high ST, and physically active + low ST (reference group).





Cognitive task


Inhibitory control performance was assessed using the modified Flanker task (Eriksen, 1995). The test was administered in a controlled environment, free from external distractions, with only a table, a chair, and a notebook where the task was conducted. Participants positioned their dominant hand over the notebook, with the arm supported on the table. The software used to administer the modified Flanker task was E-Prime v3.0 (Psychological Software Inc.) (Walk et al., 2017). The Flanker task is a reliable and efficient measure of inhibitory control, commonly used to assess error-related negativity, with intraclass correlation coefficients > 0.80 (Suchan et al., 2019) and established validity (Peng et al., 2019). In this task, participants were shown a central fish image (Figure 2), with flanking fish that could either point in the same direction (congruent trials) or in the opposite direction (incongruent trials). The task included 50 practice trials followed by 120 experimental trials, with an equal distribution of congruent and incongruent stimuli. Each stimulus consisted of five yellow fish, displayed for 200 ms against a blue background. Participants were required to respond by pressing a key to indicate the direction of the central fish, while ignoring the direction of the flanking fish. The response time (RT) and accuracy (percentage of correct responses) for congruent and incongruent trials were recorded as the main outcome measures. The task provides a measure of inhibitory control based on the participant’s ability to suppress automatic responses to incongruent stimuli.
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Figure 2




Modified Flanker Task (Walk et al., 2017). Top panel: possible combinations of congruent (1 – fishes to the same direction), or incongruent conditions (2 – central fish in the opposite). Bottom panel: sequence of events and duration of each stimuli







Source: the authors












Other variables


The remaining variables, such as age, sex, ethnicity, residence area (urban and rural), socioeconomic level, excessive daytime sleepiness, and anthropometric measures used to characterize the sample or as confounding variables (covariates), were collected through the Global School-based Student Health Survey questionnaire (WHO, 2021), the 2022 Brazil Economic Classification Criteria (Associação Brasileira de Empresas de Pesquisa, 2024), the Pediatric Daytime Sleepiness Scale (PDSS) (Felden et al., 2016) and standardized measurements. Daytime sleepiness was assessed using the PDSS, which consists of eight multiple-choice questions. The sum of the scores was calculated, and the scale score ranges from zero to 32 points. The cutoff point for excessive daytime sleepiness was ≥ 15 points (Meyer et al., 2018). Height and weight were measured using a digital scale (model W200, Welmy, Brazil) and a portable stadiometer (model ES2060, Sanny, Brazil), respectively. Body mass index (BMI) was calculated as the ratio of weight to height squared (kg/m2). The BMI z-score of each participant was classified according to sex and age, following the reference table of the World Health Organization (WHO, 2006). The pubertal stage was assessed using the peak height velocity, calculated via an equation incorporating anthropometric measurements, categorizing participants as pre-pubescent, pubescent, or post-pubertal (Mirwald et al., 2002).





Statistical analysis


Continuous variables were presented as mean ± standard deviation, while categorical variables were described as absolute frequencies (n) and relative frequencies (%). The multiple generalized gamma model, with robust variance, was applied to analyze the coefficient estimates (β) and 95% confidence intervals (CI) for RT and correct % responses in congruent and incongruent stimulus between groups (active + low ST as the reference group), adjusted for confounding variables: age, socioeconomic level, BMI, and excessive daytime sleepiness. Estimated marginal means (EMM) and 95% CI were also calculated. The assumptions of the multiple models, including multicollinearity, were assessed. The sex variable was not included in the multiple model due to multicollinearity with the other predictors. The linear or gamma distribution model for each model was determined by the normality of the residuals in the Q-Q plot and/or by the lowest value of the Akaike Information Criterion. The fit quality of the models was assessed by the Omnibus test. A p-value < 0.05 was considered statistically significant for all analyses. All analyses were conducted using SPSS version 27 software (IBM Corp., Armonk, NY).







3. Results



Table 1 presents the results regarding the characterization of the participants. The majority comprised female individuals (66.7%), and pubescent adolescents (77.6%), with 51.4% identifying as white/yellow ethnicity and 48.6% as brown/black. Most participants resided in urban areas (67.6%) and did not experience delays in academic progression (86.7%), being in the expected grade for their age. Additionally, most participants had a normal weight (68.6%), experienced excessive daytime sleepiness (75.2%), and were physically inactive (68.6%). The mean and median time spent on smartphones was 7 hours per day. Regarding group comparisons, significant differences were observed only in age and gender distribution. Specifically, the active + low ST group exhibited a higher mean age and a lower proportion of female participants compared to the other groups (Victal Gomes et al., 2025).


Figure 3 (and Table 2 and Table 3) present the results of the joint associations of MVPA and smartphone ST with inhibitory control performance. Regarding adjusted models, a significant association was observed in the RT of the congruent and incongruent stimulus (p < 0.05). Only the inactive + low ST group (β = 37.0 ms; 95% CI 1.5, 72.5 p = 0.041) showed a higher RT in the congruent phase compared to the reference group. Similarly, only the inactive + high ST group showed a higher RT in the incongruent phase compared to the reference group (β = 41.1 ms; 95% CI 2.3, 79.9, p = 0.038). No differences were found in the accuracy (see Table S1 for more details).




Table 1





Characteristics of the participants according to their joint associations of moderate-vigorous physical activity and smartphone screen time (ST). Continuous data are presented as mean ± standard deviation, while categorical data are expressed as absolute frequencies (n) and relative frequencies (%). (a) p < 0.05 compared to the “Active + Low ST” group. (b) p < 0.05 compared to the “Active + High ST” group.










	





	
	Active + Low ST
	Active + High ST
	Inactive + Low ST
	Inactive + High ST
	
p


	Total



	N, %
	40 (19.0 %)
	26 (12.4 %)
	64 (30.5 %)
	80 (38.1 %)
	
	210



	Age, years
	17.1 ± 1.2
	17.1 ± 1.3
	16.6 ± 1.2a

	16.3 ± 1.0a,b

	0.001
	16.6 ± 1.2



	Girls
	17 (42.5 %)
	18 (69.2 %)a

	43 (67.2 %)a

	62 (77.5 %)a

	0.002
	140 (66.7 %)



	Boys
	23 (57.5 %)
	8 (30.8 %)a

	21 (32.8 %)a

	18 (22.5 %)a

	
	70 (33.3 %)



	Pubescent
	27 (67.5%)
	19 (73.1%)
	49 (76.6%)
	68 (85.0%)
	0.139
	163 (77.6%)



	Post-pubertal
	13 (32.5%)
	7 (26.9%)
	15 (23.4%)
	12 (15.0%)
	
	47 (22.4%)



	Brown/Black
	16 (40.0 %)
	10 (38.5 %)
	40 (62.5 %)
	36 (45.0 %)
	0.056
	102 (48.6 %)



	White/Yellow
	24 (60.0 %)
	16 (61.5 %)
	24 (37.5 %)
	44 (55.0 %)
	
	108 (51.4 %)



	Lower class
	9 (22.5 %)
	6 (23.1 %)
	19 (29.7 %)
	23 (28.8 %)
	0.841
	57 (27.1 %)



	Middle/Upper class
	31 (77.5 %)
	20 (76.9 %)
	45 (70.3 %)
	57 (71.3 %)
	
	153 (72.9 %)



	Living in a rural area
	13 (32.5 %)
	7 (26.9 %)
	20 (31.3 %)
	28 (35.0 %)
	0.907
	68 (32.4 %)



	Living in an urban area
	27 (67.5 %)
	19 (73.1 %)
	44 (68.8 %)
	52 (65.0 %)
	
	142 (67.6 %)



	Height, m
	1.67 ± 0.09
	1.66 ± 0.08
	1.64 ± 0.10
	1.64 ± 0.08
	0.237
	1.65 ± 0.09



	Weight, kg
	64.3 ± 10.4
	66.7 ± 13.2
	62.2 ± 15.7
	60.6 ± 12.1
	0.114
	62.5 ± 13.2



	Body mass index, kg/m2

	23.0 ± 3.1
	24.2 ± 4.3
	22.9 ± 4.7
	22.5 ± 4.1
	0.353
	22.9 ± 4.2



	Normal weight
	29 (72.5 %)
	18 (69.2 %)
	43 (67.2 %)
	54 (67.5 %)
	0.944
	144 (68.6 %)



	Overweight/obesity
	11 (27.5 %)
	8 (30.8 %)
	21 (32.8 %)
	26 (32.5 %)
	
	66 (31.4 %)



	School delay
	7 (17.5 %)
	3 (11.5 %)
	6 (9.4 %)
	12 (15.0 %)
	0.627
	28 (13.3 %)



	No school delay
	33 (82.5 %)
	23 (88.5 %)
	58 (90.6 %)
	68 (85.0 %)
	
	182 (86.7 %)



	Excessive daytime sleepiness
	31 (77.5 %)
	19 (73.1 %)
	47 (73.4 %)
	61 (76.3 %)
	0.952
	158 (75.2 %)














Source: the authors
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Figure 3




Joint associations of moderate-to-vigorous physical activity and smartphone screen time with inhibitory control performance in school adolescents (n = 210). Panel A: reaction time in incongruent phase. Panel B: accuracy (correct %) in incongruent phase. The data are presented with coefficient estimates (β) and 95% confidence intervals (CI). Models were adjusted for age socioeconomic level, body mass index, and excessive daytime sleepiness. RT, reaction time; ST, screen time. * p < 0.05 compared to the reference group







Source: the authors.











Table 2





Joint associations of moderate-to-vigorous physical activity and smartphone screen time with inhibitory control performance in school adolescents. The data are presented with coefficient estimates (β) and 95% confidence intervals (CI). Values in bold indicate models with p < 0.05. Models were adjusted for age, socioeconomic level, body mass index, and excessive daytime sleepiness. The statistically significant multiple model showed satisfactory fit quality (p < 0.05 in the Omnibus test). RT, reaction time; ST, screen time










	





	
	Active + Low ST
	Active + High ST
	Inactive + Low ST
	Inactive + High ST



	
	β (95% CI)
	p
	β (95% CI)
	p
	β (95% CI)
	p
	β (95% CI)
	p



	
Unadjusted
 model

	
	
	
	
	
	
	
	



	Congruent
	
	
	
	
	
	
	
	



	   RT, ms
	0.0
	Ref.
	6.6 (-27.1, 40.2)
	0.702
	44.0 (7.2, 80.9)
	
0.019

	34.5 (0.7, 68.2)
	
0.046




	   Accuracy, %
	0.0
	Ref.
	0.6 (-0.2, 1.3)
	0.136
	0.7 (-0.1, 1.4)
	0.077
	0.6 (-0.1, 1.3)
	0.112



	Incongruent
	
	
	
	
	
	
	
	



	   RT, ms
	0.0
	Ref.
	3.1 (-35.8, 42.1)
	0.874
	48.1 (6.5, 89.8)
	
0.024

	48.4 (10.8, 85.9)
	
0.012




	   Accuracy, %

	0.0
	Ref.
	0.9 (-0.1, 1.9)
	0.075
	0.7 (-0.2, 1.6)
	0.141
	0.9 (0.0, 1.9)
	0.052



	
Adjusted
 model

	
	
	
	
	
	
	
	



	Congruent
	
	
	
	
	
	
	
	



	   RT, ms
	0.0
	Ref.
	4.7 (-28.5, 37.8)
	0.782
	37.0 (1.5, 72.5)
	
0.041

	27.3 (-7.2, 61.9)
	0.121



	   Accuracy, %
	0.0
	Ref.
	0.6 (-0.2, 1.3)
	0.123
	0.7 (0.0, 1.4)
	0.065
	0.6 (-0.1, 1.3)
	0.085



	Incongruent
	
	
	
	
	
	
	
	



	   RT, ms
	0.0
	Ref.
	0.8 (-37.0, 38.7)
	0.966
	39.9 (-1.6, 81.4)
	0.060
	41.1 (2.3, 79.9)
	
0.038




	   Accuracy, %
	0.0
	Ref.
	0.9 (-0.1, 1.9)
	0.064
	0.7 (-0.3, 1.6)
	0.165
	0.9 (0.0, 1.8)
	0.061














Source: the authors











Table 3





Pairwise comparison of inhibitory control performance among combined groups of moderate-to-vigorous physical activity and smartphone screen time in school adolescents. The data are expressed as estimated marginal means (EMM) and 95% confidence intervals (CI). Models were adjusted for age, socioeconomic level, body mass index, and excessive daytime sleepiness. * Result of the generalized gamma model effect. (a) p < 0.05 compared to the “Active + Low ST” group. (b) p < 0.05 compared to the “Active + High ST” group. RT, reaction time; ST, screen time










	





	
	Active + Low ST
	Active + High ST
	Inactive + Low ST
	Inactive + High ST
	



	
	EMM (95% CI)
	EMM (95% CI)
	EMM (95% CI)
	EMM (95% CI)
	p*



	
Unadjusted
 model

	
	
	
	
	



	Congruent
	
	
	
	
	



	   RT, ms
	446 (422, 471)
	453 (430, 476)
	490 (463, 518)a
,b

	481 (457, 504)a

	
0.040




	   Accuracy, %
	98.5 (97.9, 99.1)
	99.1 (98.7, 99.5)
	99.2 (98.8, 99.5)
	99.1 (98.8, 99.4)
	0.347



	Incongruent
	
	
	
	
	



	   RT, ms
	473 (445, 501)
	476 (449, 503)
	521 (490, 552)a
,b

	521 (496, 546)a
,b

	
0.011




	   Accuracy, %

	97.9 (97.1, 98.8)
	98.8 (98.3, 99.4)
	98.6 (98.2, 99.0)
	98.9 (98.4, 99.3)
	0.241



	
Adjusted
 model

	
	
	
	
	



	Congruent
	
	
	
	
	



	   RT, ms
	451 (425, 478)
	456 (435, 477)
	488 (463, 513)
	479 (456, 501)
	0.096



	   Accuracy, %
	98.5 (97.8, 99.1)
	99.1 (98.7, 99.5)
	99.2 (98.8, 99.5)
	99.1 (98.8, 99.4)
	0.300



	Incongruent
	
	
	
	
	



	   RT, ms
	478 (449, 508)
	479 (454, 504)
	518 (490, 547)b

	519 (495, 544)a
,b

	
0.045




	   Accuracy, %
	97.9 (97.1, 98.8)
	98.9 (98.3, 99.5)
	98.6 (98.2, 99.0)
	98.8 (98.4, 99.3)
	0.234














Source: the authors












4. Discussion


This study aimed to investigate the joint associations of MVPA and objectively measured smartphone ST with inhibitory control performance in school adolescents. The findings indicate a joint association of physical inactivity and high ST with poor inhibitory control task performance in the incongruent stimulus compared to those who are physically active. In addition, being physically inactive with low ST is associated with poor performance on the congruent stimulus compared to physically active with low ST.

In this present study, our results revealed an association of poorer performance in RT for physically inactive with high ST in both congruent and incongruent stimulus compared to physically active individuals with low ST among adolescents. Previous studies that adopted broader self-reported measures of ST, such as time spent on television, computer, and video games (Guerrero et al., 2019; Li et al., 2021; Syväoja et al., 2014; Walsh et al., 2018; Wickel, 2017; Wilhite et al., 2023; Zeng et al., 2021), our research focused exclusively on objectively measured smartphone ST. High smartphone ST may be associated with unhealthy behaviors that often persist into adulthood (Grimaldi-Puyana et al., 2020; Santos et al., 2023). For instance, adolescents who spend more time in front of screens tend to reduce their physical activity levels, decrease face-to-face social interaction by increasing their use of social media, all at the expense of time spent in front of screen (Grimaldi-Puyana et al., 2020; Santos et al., 2023). Furthermore, the consequences of these unhealthy behaviors can affect the brain's structure responsible for executive functions (Lissak, 2018). Interestingly, executive function may be a relevant predictor of physical activity (Gürdere et al., 2023). More specifically, the time spent in ST may be a determinant factor in enhancing executive function and participation in physical activity. However, not all content viewed on smartphone screens has a negative effect on executive functions; some may even enhance cognitive performance, depending on how the device is used and the purpose for which it is employed (Paulus et al., 2019).

In addition, although physically active adolescents with low ST completed the same number of correct responses in a faster RT, our results suggest that they exhibit greater inhibitory control. This is important to highlight that RT may be used as an efficiency index of cognitive performance (Tavares et al., 2021). In according with proficiency in both congruent and incongruent stimulus is crucial for real-world activities such as decision-making, self-regulation, and goal-directed behaviors (Diamond, 2020). It is noteworthy that the development of inhibitory control may be influenced by age due to brain maturation (Nelson et al., 2019). Considering that inhibitory control development significantly increases from 10 to 35 years old (Ferguson et al., 2021), adolescence emerges as a crucial phase in this process. These findings suggest that being physically inactive with high ST may be detrimental to adolescents inhibitory control development, and consequently, it may lead to functional impairments in real-world activities. In contrast, being physically active may be key to achieving benefits in inhibitory control.

There are multiple reasons proposed to support the benefits of being physically active. For example, during adolescence, several brain regions may participate in development (Casey et al., 2008). The prefrontal cortex and corticolimbic networks (i.e. amygdala, hippocampus, and striatum) are important regions that have a major function during adolescence, regulating decision-making, controlling inappropriate behavior and planning (Gee et al., 2013). These functions related to inhibitory control and are important for change behavior, especially being active and healthy (Li et al., 2021). Physical activity promoting increased cerebral blood flow and, consequently, greater availability of oxygen and nutrients necessary for neurotransmission metabolic processes plays an important key role in neuroplastic effects (Merege Filho et al., 2014; Ortiz Pulido & Ramírez Ortega, 2020). These physiological mechanisms dependent on physical activity may contribute to better cognitive performance on inhibitory control, as evidenced in physically active adolescents.

Additionally, no significant disparities in accuracy (correct % responses) were found between the groups in both stimulus on inhibitory control. It is important to note that all groups exhibited a high mean accuracy (≥ 97%), which is consistent with expectations for the age range of our sample (16.6 ± 1.2 years) (Dubuc et al., 2020). Typically, adolescents and adults tend to have higher accuracy in executive function tests compared to children (Chung-Fat-Yim et al., 2019; Goelz et al., 2023). Accuracy is directly related to the development of the prefrontal cortex, which matures significantly from childhood to adolescence, resulting in improvements in overall cognitive performance (Carbajal et al., 2019; Fandakova et al., 2017). Therefore, more accurate responses are associated with the suppression of inappropriate reactions, indicating better response inhibition (Schulz et al., 2024). However, according to our results, the lack of difference in accuracy suggests that accuracy may not be decisive in directing behavior changes or measuring improved efficiency of inhibitory control.

Our findings highlight the importance of regular physical activity and low smartphone ST, and their potentially positive combined impacts on adolescents’ inhibitory control. Therefore, it is essential for public policies to prioritize the implementation of programs that encourage the adoption of a more physically active lifestyle, with fewer screen-related sedentary behaviors, starting from adolescence, considering that behavior patterns established during this phase tend to persist into adulthood (Lounassalo et al., 2021). In this regard, physical activity programs integrated with ST reduction can be incorporated into schools as part of the regular curriculum, strengthening not only physical health but also cognitive and mental health among students (de Greeff et al., 2018; Wilhite et al., 2023). Additionally, it is crucial that schools design and implement curricula within physical education classes that target exposure to MVPA, as school-based physical activity interventions can enhance motivation and promote overall health and well-being (Kelso et al., 2020). Furthermore, physical activity is associated with improvements in executive functions, attention, and academic performance, which are critical for adolescent development (de Greeff et al., 2018). By fostering regular physical activity, schools can not only contribute to healthier and more engaged students but also help create a more positive and productive school environment.

This study has some limitations that need to be considered. Firstly, we opted for a cross-sectional design, which prevents establishing causal relationships. Therefore, conducting longitudinal studies is recommended to investigate the joint associations of MVPA and smartphone ST on the cognitive performance of school adolescents. Secondly, MVPA was subjectively measured through self-report in a questionnaire. Although this technique is validated, it is common for MVPA levels to be overestimated. Lastly, our sample was obtained conveniently from a federal public school in the northeast region of Brazil. Thus, it is necessary to interpret our results with caution, as their generalizability may not apply to adolescents from other schools and regions of the country. Additionally, we measured only the total smartphone usage time, without considering the consumed content and the participants' body position (whether they were sitting, lying down, or standing). Nevertheless, studies have shown that most young people use smartphones while sitting and for leisure purposes (Barkley & Lepp, 2016; Xiang et al., 2020).





5. Conclusion


In conclusion, physically inactive adolescents with high smartphone ST showed poorer inhibitory control compared to their physically active peers, regardless of smartphone usage time. These findings suggest the importance of promoting physical activity and reducing smartphone ST among adolescents as a potential strategy to enhance cognitive aspects, such as inhibitory control.
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Figure 3. Joint associations of moderate-to-vigorous physical activity and smartphone screen time with inhibitory control performance in school adolescents (n =
210). Panel A reaction time in incongruent phase. Panel B: accuracy (correct %) in incongruent phase. The data are presented with coefficient estimates (8) and
95% confidence intervals (CI). Models were adjusted for age socioeconomic level, body mass index, and excessive daytime sleepiness. RT, reaction time; ST,
screen time. * p < 0.05 compared to the reference group. Source: the authors
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Figure 2. Modified Flanker Task (Walk et al., 2017). Top panel
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possible combinations of congruent (1 — fishes to

the same direction), or incongruent conditions (2 — central fish in the opposite). Bottom panel: sequence of

events and duration of each stimuli. Source: the authors.
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Figure 1. Flowchart of the study sample selection process. Source: the authors.






