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Abstract

Aim Associations among screen time, dietary habits, cognition, and academic achievement with differences depending on
different screen behaviors have been reported. This study aimed to analyze the associations among passive (TV viewing)
and active (using other electronic devices) screen time and academic achievement and executive functions in schoolchildren
and to assess whether this relationship is mediated by diet quality.

Subjects and methods This was a cross-sectional study including 562 schoolchildren (M age = 9.58, 52,14% girls). Soci-
odemographic and anthropometric variables, academic achievement, executive functions, screen time, dietary habits, and
cardiorespiratory fitness were assessed. ANCOVA models were conducted to test mean differences in academic achievement,
executive functions, and diet by screen time categories. The PROCESS macro was used for mediation analyses.

Results The results suggest that children who spent >3 h watching TV had lower academic achievement. Children who spent
>3 h using other electronic devices had more inhibition, although differences disappeared after adjusting for confounders.
Both types of screen use were associated with a lower quality of diet (p <.05).

Conclusion Diet quality was a significant mediator between both screen time and academic achievement. Longer screen time
leads to poorer food choices and this, in turn, affects academic achievement. Furthermore, this preliminary finding supports
potential differences between passive and active screen use.

Clinical trial registration MOVI-da-Fit! http://clinicaltrials.gov/ct2/show/NCT03236337. First Registered: August 1, 2017.

Keywords Screen time - Diet - Sedentary - Academic achievement - Children

Introduction contribute to perception, memory, intellect, and action) and
academic achievement (AA) and in general, with poorer psy-
chological health (Adelantado-Renau et al. 2019; Costigan
et al. 2013; Page et al. 2010; Saunders and Vallance 2017,

Wau et al. 2017). Despite this, the average of screen time has

Screen time has been associated with several negative physi-
cal health markers, such as an increased cardiometabolic risk
as well as worse cognition (the set of mental processes that
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gradually increased in children and adolescents worldwide.
On average, 53.3% of children and adolescents exceed the
screen time recommendation of 2 h/day (Strasburger et al.
2013), and more than 3.6 h/day in screen-based behaviors,
with TV viewing as the most prevalent use of screen time,
2.6 h/day (Thomas et al. 2020). However, the nature of these
associations and mechanisms though which different types
of screen behaviors are associated with cognition and AA
and their interactions with dietary habits remain unexplored.

The impact of screen media on functional connectiv-
ity between cognition-related brain areas is controver-
sial. While some empirical studies have found a reduc-
tion in brain connectivity related to screen time (Hong
et al. 2013; Horowitz-Kraus and Hutton 2018; Takeuchi
et al. 2015), others have reported positive or null effects
(Adelantado-Renau et al. 2019), possibly because screen-
related sedentary behavior does not refer to a single con-
cept but rather encompasses several screen types whose
complexity of use suggests that we are not dealing with
the same behavior (Paulus et al. 2019). Some studies have
reported that more passive screen use, such as watching
television and video viewing, has a detrimental effect on
cognition and AA (Horowitz-Kraus and Hutton 2018;
Suggate and Martzog 2020), whereas others have found
that more active screen use, which involves cognitively or
physically engaging screen activities, may be beneficial
(Sweetser et al. 2012; Walsh et al. 2020). Last, it has also
been postulated that the detrimental effect of screen time
on cognition and AA may be because this behavior takes
time away from other activities, such as doing homework,
reading books, sleeping, socializing, being physically
active, or engaging in creative play (Horowitz-Kraus and
Hutton 2018; Sharif et al. 2010).

Excessive screen time was associated with higher
energy intake and lower fruit and vegetable consumption,
which might be due to distractors and food advertisements
(Cartanya-Hueso et al. 2021; Shang et al. 2015; Wirn-
berg et al. 2021). In addition, unhealthy dietary patterns
with low consumption of fruit, fish, and vegetables and
high consumption of junk food have been associated with
lower AA (Naveed et al. 2020; Vassiloudis et al. 2014),
which might be due to the effect of nutrients on the brain
(Naveed et al. 2020). Furthermore, two studies have
examined the combined impact of diet and screen time
on AA, showing that adherence to diet and screen time
recommendations is associated with higher AA (Faught
etal. 2017, 2019).

The aim of this study was twofold: first, to analyze the
association between screen time behavior with quality of
diet, executive functions, and AA; and second, to examine
whether quality of diet acts as a mediator of the relation-
ship between each screen time behavior and AA.

@ Springer

Material and methods
Study design and participants

The present study is a cross-sectional analysis of the base-
line data of MOVI-daFit!, a cluster-randomized controlled
trial (NCT03236337). This study followed the AGReMA
statement for reporting mediation analyses (Lee et al. 2021)
(appendix Table A.1). The study design, sampling proce-
dures and methods have been fully described elsewhere REF
(Martinez-Vizcaino et al. 2019). Briefly, children aged 9 to
11 years (n = 559) belonging to 10 schools from Cuenca
(Spain) were examined between September to October 2017,
by trained researchers following standardized procedures.
All schoolchildren met the following inclusion criteria: (i)
not having any Spanish learning disabilities and (ii) not hav-
ing any chronic disease or any mental or physical disorder.

MOVI-daFIT! was approved by the Clinical Research
Ethics Committee of the Virgen de la Luz Hospital in cuenca
(REG: 2016/P1021) and by the Board of Governors of each
school. Parents were invited to an informative meeting and
provided written consent. Children were asked to provide
verbal consent prior to the completion of each test.

Variables and measurements

Academic achievement was assessed by the final grades
in language and mathematics from the previous year
(2016/17; 3rd and 4th grades). These scores could range
from 1 (minimum) to 10 (maximum).

Executive functions were measured using the NIH Tool-
box administered by an iPad app (Weintraub et al. 2013).

Inhibition was measured with the Flanker task (Zelazo
et al. 2013). Participants were asked to indicate the
left-right orientation of a central stimulus while inhibiting
attention to the potentially incongruent stimuli surround-
ing it. In some trials, the orientation of the flanking stimuli
was congruent with the orientation of the central stimu-
lus, and in other trials, the orientation was incongruent.
The version included four practice trials, and if passed, a
20-trial block was presented. A final score was calculated
incorporating both accuracy and reaction time.

Cognitive flexibility was assessed using the Dimensional
Change Card Sort Test (Zelazo et al. 2013). Participants were
presented two target cards and asked to sort a series of biva-
lent test cards, first according to “shape” and then according
to “color.” A four-trial practice was presented; if they passed,
participants were presented with a 30-trial block. A final score
was calculated incorporating accuracy and reaction time.

Working memory was assessed with the List Sorting
Working Memory Test (Tulsky et al. 2013). Participants
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were required to repeat the names of a set of items that
were visually and audibly presented. Then, participants
were required to name the presented items while ordering
them from smallest to largest. In each trial, the number
of items increased by one. In the first part of the test, all
items belonged to the same category, and in the second
part, items from two categories were presented together,
and children had to name items by category and size. Final
scores were based upon a sum of the total correct trials
across the two lists.

Screen time was measured by using a questionnaire com-
pleted by parents, in which they were asked about the num-
ber of hours of leisure time that the child spent viewing TV
or using other electronic devices (computers, tablets, smart-
phones, or videogames) during the weekdays and weekend.
The averages (in terms of frequency per week and hours per
week) were then divided by seven to calculate the average
of h/day of screen time. These data were categorized, based
on previous recommendations (Tremblay et al. 2011), as
adequate (<2 h/day), high (2-3 h/day), and very high (>3 h/
day) when exceeding recommendations.

Diet quality was estimated using the Children’s Eating
Habits Questionnaire (CEHQ), completed by parents (Lanfer
et al. 2011), whose food frequency section allowed parents
to report the frequency of their child’s consumption of 15
food items in a typical week during the preceding 4 weeks.
Response options were: “Never,” “Less than once a week”,
“Once a week,” “2—4 times a week,” “5-6 times a week,”
“1 time per day,” and “2 or more times per day.” A health
dietary quality index (HDQI) was calculated from the CEHQ
as a measure of the extent to which children’s dietary intake
follows nutritional guidelines (Arvidsson et al. 2017). Briefly,
healthy dietary recommendations include limiting the intake
of refined sugars, reducing fat intake, especially saturated fat,
choosing whole grains, when possible, consuming 400-500 g
of fruits and vegetables per day and fish 2-3 times per week.
The items with high scores (higher scores indicates greater
frequency of consumption) were the following: consumption
of fruit, vegetables, milk, cheese or other dairy products, cere-
als, bread, and fish. Otherwise, the items with lower scores
(a lower score indicates lower consumption frequency) were
the following: sweets, sugary soft drinks, light soft drinks,
and chips. Each component has a minimum score of 0 and a
maximum score of 7, where the highest score indicates the
highest possible quality of the diet.

Height was measured with a Seca® 222, and weight was
measured with Seca® 661 scales (Seca, Birmingham, UK)
with the children in lightweight clothing and barefoot. Body
mass index (BMI) was calculated as weight divided by the
square height in meters (kg/m?).

Cardiorespiratory fitness was measured using the 20-m
shuttle run test. Participants were encouraged to run back
and forth between two lines 20 m apart, following a sound

signal that increased by 0.5 km/h each minute. Participants
failed the test when they did not reach the lines before the
signal sounded twice. Maximal oxygen intake (VO, max)
was calculated by applying the Léger formula (Léger et al.
1988).

Socioeconomic status was assessed by using a validated
questionnaire (Domingo-Salvany et al. 2000), completed by
both parents, about education level and occupation. Mother’s
education was used as a covariate, as several authors have
pointed out that it is one of the main determinants of AA
(Chen 2004). Maternal education level was the maximum
level of education achieved by the mother and was catego-
rized as follows: (1) no studies; (2) primary studies; (3) high
school studies; and (4) university studies.

Statistical analysis

To examine the normal distribution of continuous variables,
graphical (normal probability plots) and statistical (Kolmogo-
rov—Smirnov test) methods were. All continuous variables
fit well within a normal distribution. Exploration of outlier
values was performed. After that, data were winsorized using
the 1st and 99th percentiles of the distribution of variables.
The chi-squared test (categorical variables) or Student’s t test
(continuous variables) was used to analyze the descriptive
characteristics of the study sample by meeting the screen
time guidelines categories (American Academy of Pediatrics
2021).

Bivariate Pearson correlation coefficients were used to
examine the associations between variables. ANCOVA mod-
els were used to test mean differences in AA, executive func-
tions, and diet components as dependent variables by screen
media use categories (TV viewing/other electronic devices)
(<2 h/day, 2-3 h/day, and >3 h/day). The results are shown
unadjusted in model O and controlling for sex, age, BMI,
cardiorespiratory fitness (VO, max) and maternal education
in model 1. Pairwise post hoc hypotheses were tested using
the Bonferroni correction for multiple comparisons.

To determine whether diet quality acts as a mediator in
the relationship between screen media use (TV viewing/
other electronic devices) and AA (in language and math-
ematics) we performed mediation analyses following Baron
and Kenny (1986) criteria. Those authors establish four cri-
teria that should be met to consider a mediation analysis: (1)
a change in levels of the exposure variable affects changes
in the outcome; (2) a change in exposure variable affects
the changes in mediator; (3) there is a significant relation-
ship between mediator and the outcome; (4) when the pre-
vious paths are controlled, a previously significant relation
between the exposure and outcome is no longer significant.
When any of these conditions is not met, the mediation anal-
ysis stops (Baron and Kenny 1986). In this sense, executive
functions were not included in the mediation analysis since
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the independent variable and the mediator were not associ-
ated with executive functions, so the first and third Baron
and Kenny’s criteria were not met. For these analyses, we
used PROCESS SPSS macro version 3.1, selecting Model 4
and 5.000 bias-corrected bootstrap samples (Hayes 2013).

Path “a” represents regression coefficients of diet qual-
ity on screen media use; coefficient “c” (total effect), the
regression of AA on screen media use; and coefficient “b,”
the regression of AA on diet quality. Path “c” (direct effect)
represents the regression coefficient of AA on screen media
use after controlling for the mediating variable. Based on
a previous literature review to identify the most important
confounders, mediation models were controlled using sex,
age, BMI, cardiorespiratory fitness (VO,max), maternal edu-
cation level, and executive function as covariates, as these
are variables that have been shown in previous studies to
be associated with the study variables (Shi et al. 2022; Wu
et al. 2022). To test the statistical significance, the bootstrap
confidence interval method was used. Indirect effects were
considered significant when the confidence interval (95%)
was not zero.

The statistical significance was set at p <.05. Statistical
analyses were performed using IBM SPSS Statistics v.24 0
(IBM Corp., Armonk, NY, USA).

Results

Descriptive characteristics are presented in Table 1. Chil-
dren who did not meet the screen time recommendations
had higher BMI, lower cardiorespiratory fitness, lower
quality of diet, and higher consumption of junk food, such
as sweets, soft drinks and beverages, chips, and fries, (p <
.001). Regarding AA mean differences almost reach statisti-
cal significance (p = .071) and (p = .076) in language and
mathematics, respectively; and non-significant differences
were found in executive functions variables.

Table 2 shows correlation coefficients among study vari-
ables. TV viewing was negatively associated with AA in
language (r = -.177; p <.001) and mathematics (r = —.181;
p <.001) and with HDQI (r = —.183; p <.001). No associa-
tions were reported between TV viewing and executive func-
tions. Screen time in other electronic devices was negatively
associated with HDQI (r = —.240; p <.001). A direct and
significant association was found between screen time in
other electronic devices and inhibition (r = .093; p <.05).
However, no significant associations were reported with AA
in language, mathematics, or other executive functions.

Table 3 (model 0) shows that those children who spent
>3 h/day viewing TV had significantly lower scores on lan-
guage and mathematics (p <.001), worse diet profiles (ate
fewer fruits and more sweets and drank more soft drinks
(p <.001)) and scored lower on the HDQI (p <.001). No
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differences in mean academic grades were found by cat-
egories of “mean time using electronic devices,” but those
children who spent >3 h using these devices had better
inhibition levels (p <.021) and worse HDQI (p <.001) than
their peers belonging to the lowest category (<2 h). These
differences, except for inhibition, were maintained after
controlling for sex, age, BMI, cardiorespiratory fitness, and
maternal education level (model 1).

Figure 1 shows the mediation analyses assessing whether
the association between screen time behaviors and AA was
mediated by HDQI. In the first regression step (path a), both
types of screen time were negatively associated with HDQI
(p <.001), indicating that higher amounts of time spent in
screen time activities were associated with lower HDQI. The
HDQI (path b) was positively associated with achievement
in language and mathematics (p <.001) in all the mediation
models, indicating that higher HDQI was associated with
better AA in both language and mathematics. Thus, the sig-
nificant paths were the following: TV viewing was associ-
ated with HDQI with AA in language [IE = -0.025; 95%
CI (-0.036; —0.014)]; TV viewing was also associated with
HDQI, and HDQI with AA in mathematics [IE = —0.025;
95% CI (-0.037; —0.015)]. Regarding screen time in other
electronic devices, it was also associated with HDQI, and
HDQI with AA in language [IE = —0.033; 95% CI (-0.047,
—0.020)]; and screen time in other electronic devices was
associated with HDQI, and HDQI with AA in mathematics
[IE = -0.035; 95% CI (-0.049; —0.022)]. In Fig. 1a and b,
TV viewing showed a negative and significant total effect
(path c), which was attenuated while introducing HDQI
into the model (path ¢’), indicating a partial mediation (p
<.001). Regarding time spent in other electronic devices, the
mediated effect (a x b), X on Y through M, was significant;
in language path c, it was significant and when the media-
tor was entered in the model the significance disappeared
(c’) indicating a full mediation; however, no direct or total
effects were significant between other electronic devices and
mathematics, indicating indirect-only mediation (Zhao et al.
2010), see Fig. 1c and d.

Discussion

This study analyzed the associations of two screen-related
behaviors (TV viewing and time spent using other electronic
devices) with diet, cognition, and AA and examined whether
diet quality mediates the relationship between these screen
behaviors and AA. Our analyses confirm that both types of
screen-related behaviors have detrimental effects on dietary
habits, so that children who spend more time watching TV
or with other electronic devices have lower quality of diet.
Moreover, diet quality mediated the association between TV
viewing and other electronic devices with AA (academic
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Table 1 Characteristics of the
study sample by screen time use
categories

Variables Total Meeting screen time Non-meeting screen P value
(n=562) guidelines' time guidelines'
(n=363) (n=144)
Age (years) 9.58 (0.72) 9.97 (0.68) 10.19 (0.71) <.001
Sex, (n, %)
Boys 269 (47.9) 269 (47.9) 169 (46.6) .326
Girls 293 (52.1) 293 (52.1) 194 (53.4)
Height (cm) 140.91 (7.32) 140.68 (7.02) 141.12 (7.57) 264
Weight (kg) 36.55 (9.77) 35.83 (8.90) 37.65 (10.38) .024
BMI (kg/m?) 18.22 (3.78) 17.96 (3.57) 18.68 (3.92) .025
Pubertal stage (n, %)
Stage 1 213 (57.6) 160 (60.2) 51(53.1)
Stage 2 131 (35.4) 91 (34.2) 36 (37.5) 301
Stage >3 26 (7) 15 (5.6) 9(9.4)
Cardiorespiratory fitness 45.97 (4.61) 47.66 (4.64) 45.23 (4.26) .009
(VO,max estimate)*
Socioeconomic status (n, %)
Very low/low 103 (21.3) 71 (20.7) 31(23.7)
Medium 250 (51.8) 183 (53.4) 61 (46.6) 417
High/very high 130 (26.9) 89 (25.9) 39 (29.8)
Maternal education level (n, %)
No studies 9(1.8) 51.4) 322
Primary studies 53 (10.6) 39 (11.0) 13 (9.6) 939
High school 355 (70.8) 252 (70.7) 98 (72.1)
University studies 84 (16.8) 60 (16.9) 22 (16.2)
Academic achievement (marks)®
Language 7.19 (1.71) 7.32 (1.68) 7.07 (1.75) .071
Mathematics 6.91 (1.86) 7.06 (1.79) 6.08 (1.92) .076
Executive function
Inhibition® 7.94 (0.90) 7.66 (0.98) 7.691 (0.97) 184
Cognitive flexibility? 7.42 (0.90) 7.08 (1.12) 7.09 (1.04) 473
Working memory® 14.90 (3.17) 14.32 (3.16) 14.52 (3.00) 256
Diet
Healthy diet' 16.41 (3.92) 16.42 (3.82) 16.14 (4.11) 247
Junk food and drinks® 12.11 (3.82) 11.47 (3.39) 13.65 (4.39) <.001
HDQI" 65.16 (6.85) 66.20 (6.58) 63.33 (4.39) <.001
Screen time (h/week)
TV viewing 2.12 (1.71) 1.97 (1.03) 2.59 (1.29) <.001
Other electronic devices 1.50 (1.24) 0.89 (0.48) 3.05 (1.28) <.001
Total screen media 3.64 (1.91) 1.96 (0.96) 2.57 (1.23) <.001

Values are mean + standard deviation (SD), except for pubertal stage and socioeconomic status, that are

shown as percentages (n; %).

BMI = body mass index; HDQI = health dietary quality index.

3According to Léger equation. ® Range: 1-10. “Flanker test total score was calculated using a two-vector
method that incorporates both accuracy and time reaction. “Dimensional Change Card Sort test total score
was calculated using a two-vector method that incorporates both accuracy and time reaction. °List Sorting
Working Memory test total score: number of correct responses. fIndex composed of fruit, vegetables, milk,
and fish. &Index composed of sweets, soft drinks and sugar beverages, chips, and fries. "Higher scores indi-
cate a better quality of diet. ‘The American Academy of Pediatrics guidelines recommending a maximum
of 2 hours per day for non-school work use in children between 6 and 17 years old.

*p < .05; *¥p < .001

@ Springer
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Table 2 Bivariate correlations
among academic achievement,
executive function, health
dietary quality index and screen
time (TV viewing and other
electronic devices)

1 2 3 4 5 6 7
1 Language -
2 Mathematics .860** -
3 Inhibition 262 262%* -
4 Cognitive flexibility 273%% 261%* .660%* -
5 Working memory 318 352 259 238 -
6 HDQI* 159 168 —-.048 -.032 014 -
7 TV viewing —177%* —.181%* .017 .018 .063 —.183%* -
8 Other electronic devices -.074 —-.055 .093* .063 .049 —.240%* .354%*

HDQI = health dietary quality index.

Correlation is significant at the .05 level; *p < 0.05; **p < 0.001.

*Higher scores indicate a better quality of diet

grades in mathematics and language); however, between
screen time on electronic devices with AA in mathemat-
ics only an indirect association through diet quality was
observed.

Studies analyzing the relationship between screen time
and AA show mixed results (Adelantado-Renau et al. 2019;
Walsh et al. 2020; Garcia-Hermoso and Marina 2017;
Syvioja et al. 2018). In our study, passive screen time (TV
viewing) was associated with lower AA in mathematics and
language, such that children who spent >3 h watching TV
had a lower AA. Several mechanisms could explain the det-
rimental effect of TV viewing on AA: the time-displace-
ment hypothesis (Kostyrka-Allchorne et al. 2017) proposes
that TV viewing replaces activities such as socializing,
homework, physical activity, or sleeping; or the passivity
hypothesis (Shin 2004). Moreover, TV viewing has been
shown to decrease attention and cognition (Horowitz-Kraus
and Hutton 2018; Nathanson et al. 2014; Takeuchi et al.
2015; Walsh et al. 2020) and to increase behavioral prob-
lems and unhealthy habits (Kostyrka-Allchorne et al. 2017,
Shin 2004). Last, a study found that TV viewing affected
the gray matter volume of the frontopolar cortex and that
this was associated with impaired verbal abilities (Takeuchi
et al. 2015).

In contrast, our data in the mediation analysis support
that the time spent using other display devices was associ-
ated with lower AA in language but not directly associated
with AA in mathematics. Additionally, we have also shown
a direct and significant association between screen time in
other electronic devices and inhibition (r = .093; p <.05).
According to a previous study (Walsh et al. 2020), children
who spend >3 h/day using other electronic devices scored
higher in the inhibition dimension of executive functions.
In our study, this effect disappeared with further adjust-
ments. A recent study showed that videogaming and active
screen uses that challenge executive functions may benefit
top-down cognitive processes (Diamond and Lee 2011) and
may induce brain plasticity tied to cognitive functions (Kiihn
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et al. 2014), which are related to AA (Chaddock et al. 2011).
Similarly, another study suggested that video game playing
is linked with structural alterations indicative of maturation
and specialization in brain areas tied to executive functions
(Paulus et al. 2019). Finally, some research has suggested
that children’s metabolic and physiological responses to
active screen uses are different from the time spent watch-
ing TV (Wang and Perry 2006), such that energy expend-
iture during video game play is significantly higher than
that expended during TV viewing (Sweetser et al. 2012).
Additionally, some video games actively promote increased
physical activity (Graves et al. 2008). This positive effect
of some screen use on executive functions could mitigate
the association between screen time using other electronic
devices and academic performance in mathematics, as per-
formance in this subject is strongly related to executive func-
tions (Bull and Lee 2014).

Regarding executive functions, previous studies have
found significant inverse effects of screen time on execu-
tive functions and AA (Adelantado-Renau et al. 2019;
Horowitz-Kraus and Hutton 2018; Takeuchi et al. 2015).
However, in our study, no significant differences were
observed in the mean of executive functions by catego-
ries of screen time. These results may suggest two facts:
one, that the negative relationship between screen use and
academic performance would occur because children use
more electronic devices, thus reducing their study time,
which translates into poorer academic performance, and
not because the use of electronic devices has a direct nega-
tive influence on their cognitive performance. And second,
that the relationship between screen time and cognition
may not be direct or occur more in the long term. Addi-
tionally, these null results highlight the importance of con-
sidering screen time as a complex variable, so it is impor-
tant to consider what use is being made of the screen,
what apps are being used, if they are cognitive demandant
or not, among others. In this line, some specific screen
time activities might be associated with improvements in
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Table 3 Mean differences (ANCOVA) in academic achievement, executive function, and dietary components by TV viewing and other elec-
tronic devices use categories

TV viewing time (h/day)

Model 0 Model 1
<2 2-3 >3 p <2 2-3 >3 p

n 140 245 130 140 245 130
AA
Language 7.39 + 1.81° 7.27 + 1.70° 6.73 +1.78 <.001 7.28 +1.67 7.46 + 1.66° 7.07 +1.80 .039
Mathematics 7.18 + 1.88° 7.00 + 1.78° 6.36 + 1.88 <.001 7.08 +2.00 7.18 + 1.80° 6.67 + 1.83 .021
Executive function
FT* 7.55+1.20 7.64 +1.04 7.65 + 1.05 557 7.49 +1.20 7.66 + 1.03 7.70 + 1.03 218
DCCST® 7.05 + 1.06 7.10 £ 0.97 7.00 = 1.16 .882 6.98 +1.17 719+ 1.11 7.07 +1.06 .852
LSWMT® 14.08 + 3.33 1427 +£2.95 14.35 £3.11 .666 14.02 + 3.35 14.46 + 3.16 14.62 + 3.06 449
Diet
Fruits 5.41 + 1.50° 4.97 + 1.49¢ 4.65 +1.62 <.001 5.37 + 1.44b 5.00 + 1.46° 459+ 1.61 <.001
Vegetables 3.92 +1.50 3.98 +1.33 372 + 1.64 .356 3.87 +1.36 394+ 141 3.55 +1.59 .074
Sweets 3.49 + 1.20° 3.78 + 1.38° 4.13 +1.50 <.001 351 +1.23° 3.81 +1.40 4.13 +£1.52 <.001
Soft drinks 242 +1.38° 2.72 + 1.68° 351 +1.77 <.001 244 + 1.42° 2.71 + 1.65° 332+1.74 <.001
Fish 3.59 £ 0.95 3.55+0.93 335+1.14 .069 3.57 +0.87 3.55 +£0.90° 331 +1.15 .043
Chips 2.70 + 1.04° 2.95 + 1.06 321 +£1.28 <.001 2.70 + 1.05° 2.95 + 1.06 3.11+£1.28 .018
HDQI¢ 67.01 + 6.78° 65.78 + 6.56° 63.19 + 7.68 <.001 66.58 + 6.76° 65.65 + 6.46° 63.48 + 8.26 <.001

Other electronic devices time (h/day)

Model 0 Model 1

<2 2-3 >3 P <2 2-3 >3 )4

n 121 267 127 121 267 127
AA
Language 7.11 £ 1.68 7.30 + 1.69 6.95+1.79 195 722 +1.76 7.39 +£1.70 7.11 +1.75 537
Mathematics 6.78 +£1.90 7.05 +1.78 6.66 + 1.93 .140 6.87 + 1.90 7.10 + 1.86 6.99 + 1.93 .302
Executive function
FT? 7.78 + 0.96° 7.93 +0.88 8.10 + 0.80 .021 7.79 + 0.96 7.93 +0.88 8.03 + 0.81 .091
DCCST® 6.95 +1.28 7.08 + 1.09 7.11 +0.95 .882 6.99 +1.29 7.09 + 1.08 7.18 + 0.98 371
LSWMT*® 14.06 + 3.55 14.23 +3.17 14.44 + 3.06 .500 14.20 +3.57 14.30 + 3.06 14.70 + 2.99 .386
Diet
Fruits 533 +1.33" 5.04 + 1.53¢ 4.63 +1.63 .003 532+ 1.27° 5.03 +£1.52°¢ 4.64 +1.64 .002
Vegetables 4.06 +1.42 3.86+1.44 3.77 + 1.55 .348 4.05 + 1.40° 3.81+1.39 3.60 + 1.53 .042
Sweets 3.44 +1.29° 373 £ 1.34° 431 +1.52 <.001 3.49 + 1.28° 3.76 + 1.34° 427 +1.53 <.001
Soft drinks 230 + 1350 2.84 + 1.62¢ 3.39 + 1.88 <.001 230+ 1.31%° 2.83 + 1.66° 3.19+1.88 <.001
Fish 3.72 £ 0.92° 3.51+0.95 3.30 + 1.08 .002 3.71 +0.92° 3.49 + 0.96 330+ 1.11 .009
Chips 270 + 1.07° 293 +1.07° 324 +1.36 <.001 2.66 + 0.99" 293 +1.07 3.15+1.38 .002
HDQI¢ 67.03 + 6.59° 65.69 + 6.50° 62.66 +7.78 <.001 67.16 + 6.57° 65.70 + 6.52° 62.65 + 7.06 <.001

Values are means + SD. Bold values indicate statistical significance (p <0.05) using ANCOVA. Model 0: crude data; Model 1 adjusted by gen-
der, age, body mass index, cardiorespiratory fitness (VO, max estimate), and maternal education. Superscript letters indicate statistical signifi-
cance (p < 0.05) in pairwise mean comparisons using Bonferroni post-hoc test: * (<2) to (2-3) category, b (<2) to (>3), ¢ (2-3) to (>3).

FT, Flanker Test. " DCCS, Dimensional Change Card Sort Test. “LSWMT List Sorting Working Memory Test. “HDQI, health dietary quality
index. Higher scores indicate a better quality of diet

executive function, such as educational games or exer-
games (Choi et al. 2020; Ozgetin et al. 2019; Lépez et al.
2021). Thus, more research is needed to discern the effect
on specific cognitive domains of different types of screen
time behavior.

Our findings highlight the mediating role of diet quality
on the associations between screen time and AA. Both types
of screen time were associated with higher consumption of
sweets, chips, and soft drinks, lower consumption of fruit
and fish, and lower dietary quality. Similarly, a previous

@ Springer
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a.
=-13 (<.001)*
TV Language
HDQI
a=-18 b=.10
(<.001)* (<.001)*

¢ =-10(<.001)**
TV Language

IE = -.03 (.01) [-.04; -.01]
Standardized IE = -.02 (.00) [-.02; -.01]

PM = .14
c.

c =-.04 (.029)*
EDs Language
=-24 HDQl b=.12

(<.001)** (<.001)**

¢’ =.01(.597)

EDs Language

IE = -.03 (.01) [-.05; -.02]
Standardized IE = -.02 (.01) [-.03; -.02]
PM=.72

Fig. 1 Mediation between screen time (TV and other electronic
devices) and academic achievement through health dietary quality
index (HDQI), controlling for gender, age, body mass index, cardi-
orespiratory fitness, maternal education, and executive function. Note.
Path a, association between independent variable and mediators; path

review found a significant relationship between screen time
and all adverse dietary outcomes (Shqair et al. 2019). One
of the most compelling arguments for the link between elec-
tronic media use and food consumption is commercial adver-
tising. Fast food is heavily promoted in media, and children’s
exposure to TV shapes their preferences toward advertised
foods (Emond et al. 2021) to the detriment of typical, self-
regulation of food intake (Braude and Stevenson 2014).
Similarly, previous studies found associations between
dietary intake and AA, especially breakfast, global dietary
quality patterns and negative associations with junk food
consumption (Burrows et al. 2017) and that low consump-
tion of fish, fruits, and high-fat fast foods were linked with
poor cognition and AA (Vassiloudis et al. 2014; Naveed

@ Springer

c=-11(<.001)** .
TV Mathematics

a=-18 HDal b=.10
(<.001)** (<.001)**
¢’ =-.09 (<.001)*
TV Mathematics

IE = -.03 (.01) [-.04; -.02]
Standardized IE = -.02 (.00) [-.02; -.01]

PM = .16
¢ =-.03 (.085) .
EDs Mathematics
a=-24 HDQI
(<.001)**
¢” =.00 (.803) .
EDs Mathematics

IE = -.04 (.01) [-.05; -.03]
Standardized IE = -.02 (.00) [-.03; -.02]
PM = .81

b, association between mediator and dependent variables; path c, total
effect between independent and dependent variables; path ¢’, direct
effect of independent variable on dependent variable. EDs = other
electronic devices; /E indirect effect (95% confidence interval); PM
percentage of mediation. *p < 0.05 **p < 0.001

et al. 2020). Among the hypothetical mechanisms of influ-
ence of diet on AA, the effect of diet on physical growth and
other health conditions (Naveed et al. 2020) are mechanisms
associated with neurodevelopmental processes that occur
during childhood (Prado and Dewey 2014).

Strengths and limitations

The strengths of this study include the large sample size; the
consideration of different dimensions of screen time behav-
iour; and that it is the first study to analyse in a combined
model the effect of two different types of screen use, the
quality of the diet, and its impact on AA, controlling for the
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most significant covariates reported in the literature. How-
ever, some limitations must be considered. First, due to the
study’s design, we were unable to ascertain causal relation-
ships among study variables or directionality. However, the
temporality in the direction of the diagrams proposed in our
study is consistently endorsed by the availability of theo-
retical knowledge and previous studies. Therefore, further
longitudinal, and experimental studies are recommended to
confirm this hypothesis. Second, although the assessment
of screen time differentiated TV viewing from other elec-
tronic devices (tablets, computers, or smartphones), we did
not gather information about the different uses of screens,
such as video gaming, social networks, or academics. More-
over, other sedentary behaviors that may positively influ-
ence AA, such as reading or drawing, were not considered.
Third, because screen time and diet are self-reported meas-
urements, our analyses are not free of potential biases such
as social desirability bias and recall bias that threaten the
accuracy of our data. Finally, some authors have suggested
that the effect of diet on AA may have direct and indirect
paths, as well as synergistic effects with other behaviors such
as physical activity or sleep.

Conclusions

These results suggest that children who spent >3 h per day
on screen time make poorer food choices, which, in turn,
are associated with worse AA. Our results confirm the piv-
otal role of diet quality in the relationship between screen
time and AA, differentiating between TV time and time
using other electronic devices. Moreover, our data suggest
that both screen-related behaviors are associated with an
unhealthy diet and therefore support the implementation of
public health interventions aimed at preventing these nega-
tive influences. Further studies with longitudinal and experi-
mental designs, considering several types of screen time, are
recommended.
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