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Objective To evaluate the role of extracurricular physical activity and sedentary behavior at preschool and primary
school age on working memory at primary school age and adolescence, respectively.
Study design This prospective study was based on a birth cohort across 4 Spanish regions. In the 3 younger
subcohorts (n = 1093), parents reported lifestyle habits of child at age 4 years of age on a questionnaire, and chil-
dren performed a computerized working memory task at 7 years of age. In the older subcohort (n = 307), the ques-
tionnaire was completed at 6 years of age and working memory was tested at 14 years of age. Adjusted regression
models were developed to investigate the associations between lifestyle habits and working memory.
Results Low extracurricular physical activity levels at 4 years of age were associated with a nonsignificant 0.95%
(95% CI −2.81 to 0.92) reduction of correct responses in the working memory task at age 7 years of age. Low
extracurricular physical activity levels at 6 years of age were associated with a 4.22% (95% CI −8.05 to −0.39)
reduction of correct responses at age 14 years. Television watching was not associated with working memory. Other
sedentary behaviors at 6 year of age were associated with a 5.07% (95% CI −9.68 to −0.46) reduction of correct
responses in boys at 14 years of age.
Conclusion Low extracurricular physical activity levels at preschool and
primary school ages were associated with poorer working memory per-
formance at primary school age and adolescence, respectively. High sed-
entary behavior levels at primary school age were related negatively to
working memory in adolescent boys. (J Pediatr 2017;188:35-41).

H ealthy lifestyle habits, such as high levels of physical activity and low levels
of sedentary behavior, are considered as a fundamental prerequisite for
the development of basic cognitive, motor, and social skills in children.1

These lifestyle habits may also influence the development of higher order cogni-
tive processes, known as executive functions.2 One of the most relevant executive
functions for learning is working memory, the ability to keep information “online”
for a short period of time for cognitive processing. Working memory develops sig-
nificantly across childhood and adolescence, which has important implications for
academic achievement.3 The association between physical activity and working
memory in children has been explored in only a few studies,4-8 which were gen-
erally supportive for positive associations. Regarding sedentary behavior, al-
though weak negative associations have been observed between television (TV)
watching and working memory,9 contradictory associations have been reported
for video game playing.10,11 To our knowledge, prior studies have not explored the
association between other sedentary behaviors and working memory. However,
objectively measured sedentary time has been associated positively with sus-
tained attention,10 which could have an impact on working memory performance.

The scarcity of available studies on the associations between these lifestyle habits
and working memory in children, as well as the inconsistency of their results,
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warrants further investigation of these associations. More-
over, the cross-sectional design of most of these studies limits
their ability to establish the causal nature of such
associations.5-7,10 In addition, it would be interesting to study
these associations across different developmental periods,
because both the type of activities and cognitive develop-
ment varies across ages.2,12 We aimed to investigate the asso-
ciation between physical activity and sedentary behavior at
preschool age and working memory at primary school age, and
the association between physical activity and sedentary be-
havior at primary school age and working memory at
adolescence.

Methods

This study was conducted in the context of the population-
based INMA (Infancia y Medio Ambiente [Environment and
Childhood]) birth cohort across 4 Spanish regions: Menorca
(n = 530), Valencia (n = 855), Sabadell in Catalonia (n = 657),
and Gipuzkoa in Basque Country (n = 638).13 In Menorca
(the older subcohort), women attending antenatal care were
recruited over a 12-month period starting in mid 1997, whereas
in Valencia, Sabadell, and Gipuzkoa (the younger subcohorts),
recruitment took place between 2003 and 2008. In total,
1093 children in the younger subcohorts and 307 in the
older subcohort who had data available on both lifestyle
habits and cognitive function were included in the current
study (Figure). All participants gave written informed consent
before enrollment in the subcohorts. Each subcohort ob-
tained study approval from the ethics committee in its
corresponding region.

Data on extracurricular physical activity and sedentary be-
havior were collected through questionnaires administered to
parents (mainly the mother) when children were 4 years of age
in the younger subcohorts, and when children were 6 years of
age in the older subcohort (Appendix; available at
www.jpeds.com). We focused on extracurricular physical ac-
tivity because it is more variable among children than school
physical activity, which is highly standardized across Spain.
Parents answered the following question regarding physical ac-
tivity,“During a typical week, how long does your child perform
extracurricular exercise in each day, eg, dance/swimming lessons,
or just playing, running, cycling, skating, swimming, etc.?” In
Menorca, the question did not include outdoor playing, walking,
and cycling, because structured physical activity is more ben-
eficial for cognitive development than unstructured physical
activity at this age.2 Parents were able to specify more than 1
activity in Gipuzkoa and Sabadell.

In all regions, parents answered the following question re-
garding TV viewing: “How many hours does your child watch
TV per week?” Parents reported other sedentary behaviors
through the question,“Outside school, how long does your child
dedicate to games or sedentary activities (eg, puzzles, books,
dolls, homework, computer/video games)?” Because the ques-
tions were not identical in all the regions, we harmonized the
answers a posteriori. We transformed categorical variables to
continuous variables as minutes and hours per day (Appendix).

These continuous variables were then converted to hours per
week. In Menorca, we excluded TV watching from sedentary
behavior by subtracting the value obtained in the specific TV
watching question.

We tested working memory using computerized n-back task14

at 7 years of age in the younger subcohorts and at 14 years of
age in the older subcohort. This instrument has been vali-
dated in the Spanish general population.15 The duration of the
sessions was 25 minutes. Briefly, in the n-back task, partici-
pants have a sequence of stimuli on the computer screen, one
at a time, and they have to respond (hit a button) when the
current stimulus matches the one presented n steps before. The
specific visual n-back task used consisted of a series of numbers,
and 3 levels of difficulty or loads (1-, 2-, and 3-back). Stimuli
were presented in a fixed central location on a white back-
ground for a 1500-ms duration with a 1000-ms interstimulus
interval. Participants completed 3 blocks (1-, 2-, and 3-back)
with each block being consisted of 25 trials. Targets never ap-
peared in the first 3 trials of each block and 33% of stimuli
of the following trials were targets. In the present study, we used
2-back as the main outcome, because it showed better prop-
erties than the 1- and 3-back tasks (eg, clear age-dependent
slope and little learning effect) in a previous study.16 Addi-

Younger subcohorts (Valencia, Sabadell, and Gipuzkoa)

Older subcohort (Menorca)

Initial sample
(n = 2150)

Questionnaire at 4 
years of age
(n  = 1576 )

n-Back task at 7 
years of age
(n = 1093)

574 subjects excluded

483 subjects excluded

Initial sample
(n = 530)

Questionnaire at 6 
years of age

(n = 468)

n-Back task at 14 
years of age

(n = 307)

62 subjects excluded

161 subjects excluded

Figure. Flowchart of the study population.
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tionally, we analyzed the difference between 1- and 2-back per-
formances by subtracting the scores between both tasks to study
whether the lifestyle habits affected scores changes owing to
the increase in n-back load or task difficulty.17 This outcome
controls for individual performance, and therefore increases
its reliability. We measured overall accuracy (including both
hits and correct rejections), and d′, a measure of detection sub-
tracting the normalized false alarm rate from the hit rate: (Z
hit rate - Z false alarm rate). This outcome indicates sub-
ject’s sensitivity to detect the signal (target) against the noise
(nontargets).

Accurate age at the time of test was calculated based on the
date of birth and the date of neuropsychological testing session.
We used maternal education (no or primary school, second-
ary school, or university) as a surrogate for socioeconomic
status. This information was collected during the first trimes-
ter of pregnancy through a questionnaire.

Statistical Analyses
We dichotomized physical activity and sedentary behavior vari-
ables by their median values in each subcohort. We used di-
chotomous instead of continuous variables to homogenize the
variables among subcohorts, because the values were not com-
parable among them owing to differences in the questions. For
the 3 younger subcohorts, we merged the categorical vari-
ables in a new variable that gathered the low and high cat-
egories of each subcohort. The 2-back accuracy was truncated
at 100% of correct responses and d′ at 3.91 score (ie, the
maximal possible d′ score). We developed Tobit regression
models,18 which are suitable for the truncated data, to test the
associations between the lifestyle habits and 2-back perfor-
mance. This model uses all observations, both those below and
above the limit, to estimate the regression line. We applied linear
regression models to test the associations between the life-
style habits and 2- vs 1-back performance change. We devel-
oped separate models for each lifestyle habit and for each age

group (2 outcomes × 3 exposures × 2 age groups = 12 regres-
sions in total). We used pooled analyses to combine the younger
subcohorts. The confounders included in our models were sex,
age, and maternal education, because previous literature has
indicated that these variables could be associated with both
lifestyle habits and cognitive performance.12,19 Final models were
adjusted additionally for subcohort in the pooled analyses. We
also performed stratified analyses for boys and girls to study
possible effect modification by sex in the association between
early lifestyle habits and later working memory.

We used R (3.0.2; R Foundation for Statistical Comput-
ing, Vienna, Austria) and Stata 12.1 (Stata Corporation, College
Station, Texas) to perform the statistical analyses.

Results

The region-specific characteristics of the participants are de-
scribed in Table I. Boys and girls were distributed similarly
in all the regions. Among the younger subcohort partici-
pants, 64% and 12% obtained the maximum 1-back and
2-back accuracy scores, respectively. Among the older subcohort
participants 85% and a 57% obtained the maximum 1-back
and 2-back accuracy scores. The mean n-back scores were
higher (ie, better performance) in the oldest (Menorca)
subcohort compared with those obtained in the youngest
subcohort (Sabadell; Table I). The change between 1-back
and 2-back scores was smaller in the older subcohort than in
the younger subcohorts. In Table I, we show the median
hours per week spent in extracurricular physical activity, TV
watching, and other sedentary behaviors by subcohort, which
were used as cutoff points to create the dichotomous expo-
sure variables.

Table II shows the percentage of children in each lifestyle
category stratified by sex and maternal education. In the
younger subcohorts (Valencia, Sabadell, and Gipuzkoa), boys
spent more time performing extracurricular physical activity

Table I. Characteristics of the participants

Younger subcohorts Older subcohort

Valencia (n = 437) Sabadell (n = 492) Gipuzkoa (n = 164) Menorca (n = 307)

Baseline
Sex, n (% females) 217 (49.7) 232 (47.2) 83 (50.6) 157 (51.1)
Age, mean (SD) 4.3 (0.1) 4.4 (0.2) 4.5 (0.3) 6.1 (0.1)
Maternal education, n (%)

Primary or low 116 (26.5) 111 (22.6) 21 (12.8) 150 (48.9)
Secondary 188 (43.0) 208 (42.3) 60 (36.6) 90 (29.3)
University 133 (30.4) 158 (32.1) 83 (50.6) 46 (15.0)
Missing 0 (0) 15 (3.1) 0 (0) 21 (6.8)

Extracurricular physical activity (h/wk), median 2.0 14.2 15.0 1.8
TV watching (h/wk), median 9.0 9.4 8.0 7.0
Other sedentary behaviors (h/wk), median 7.0 9.0 6.8 14.0

Follow-up, mean (SD)
Age 7.6 (0.2) 6.7 (0.5) 7.9 (0.1) 14.6 (0.2)
1-back (accuracy) 95.1 (10.4) 92.7 (12.9) 99.0 (3.0) 98.6 (3.7)
1-back (d′) 3.4 (0.9) 3.2 (1.0) 3.8 (0.4) 3.7 (0.6)
2-back (accuracy) 83.1 (15.3) 81.6 (14.5) 90.3 (7.4) 96.2 (5.5)
2-back (d′) 1.7 (1.2) 1.6 (1.1) 2.3 (1.1) 3.3 (0.9)
2-back vs 1-back (accuracy) −12.0 (12.8) −11.0 (12.6) −8.7 (7.5) −2.4 (6.3)
2-back vs 1-back (d′) −1.7 (1.3) −1.6 (1.3) −1.5 (1.2) −0.4 (1.0)
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and watching TV, and girls spent more time engaged in other
sedentary behaviors. In Menorca, the percentage of boys was
slightly higher in the high physical activity and high TV watch-
ing groups, whereas the percentage of girls was higher in the
group of high levels of other sedentary behaviors. Children
whose mothers had lower education spent more time watch-

ing TV than those of higher educational background, both in
the younger and older subcohorts.

Less active children at 4 years of age showed reductions in
2-back performance at 7 years of age compared with more active
children, but these associations were not significant (Table III).
Children who had low levels of extracurricular physical

Table II. Percentage of participants in each category (low/high) of lifestyle activities by sex and maternal education
categories

Extracurricular physical
activity (%) TV watching (%)

Other sedentary
behaviors (%)

Low High P value* Low High P value* Low High P value*

Younger subcohorts (Valencia, Sabadell, and Gipuzkoa)
Sex (%)

Female 50.8 46.6 52.4 44.2 43.9 54.4
Male 49.2 53.4 .092 47.6 55.8 .004 56.1 45.6 <.0001

Maternal education (%)
Primary 22.3 22.7 18.9 27.6 22.3 23.8
Secondary 42.9 42.3 40.9 44.4 42.2 42.4
University 34.9 35.0 .977 40.2 28.0 <.0001 35.5 33.7 .775

Older subcohort (Menorca)
Sex (%)

Female 52.3 48.9 54.6 45.4 48.7 56.0
Male 47.7 51.1 .338 45.5 54.6 .079 51.3 44.0 .137

Maternal education (%)
Primary 52.2 52.6 49.5 57.4 54.7 48.1
Secondary 32.4 29.5 28.9 34.7 30.9 32.7
University 15.5 18.0 .815 20.7 7.9 .017 14.4 19.2 .453

*Fisher exact test.

Table III. Adjusted associations between preschool and primary school age lifestyle habits and n-back performance at
primary school age (Valencia, Sabadell, and Gipuzkoa) and adolescence (Menorca)

Younger subcohorts
(Valencia, Sabadell and Gipuzkoa) Older subcohort (Menorca)

2-back Coef.*
(95% CI)

2-back vs 1-back
Coef.† (95% CI)

2-back Coef.‡

(95% CI)
2-back vs 1-back

Coef.§ (95% CI)

Extracurricular physical activity (ref. high)
All Accuracy −0.95 (−2.81 to 0.92) −1.71 (−3.14 to −0.28)¶ −4.22 (−8.05 to −0.39)¶ −1.26 (−3.16 to 0.64)

d′ −0.06 (−0.22 to 0.10) −0.19 (−0.34 to −0.03)¶ −0.53 (−1.09 to 0.03) −0.30 (−0.56 to −0.04)¶

Girls Accuracy −2.25 (−4.76 to 0.26) −2.23 (−4.29 to −0.17)¶ −3.25 (−8.59 to 2.10) −0.44 (−3.00 to 2.12)
d′ −0.19 (−0.41 to 0.03) −0.23 (−0.46 to −0.01)¶ −0.28 (−1.05 to 0.49) −0.24 (−0.60 to 0.13)

Boys Accuracy 0.34 (−2.41 to 3.10) −1.28 (−3.29 to 0.73) −4.76 (−10.21 to 0.69) −2.08 (−4.92 to 0.75)
d′ 0.07 (−0.15 to 0.29) −0.15 (−0.37 to 0.06) −0.76 (−1.57 to 0.05) −0.38 (−0.75 to −0.01)¶

TV watching (ref. low)
All Accuracy 0.21 (−1.70 to 2.11) 0.10 (−1.37 to 1.56) −0.01 (−3.37 to 3.35) −0.44 (−2.16 to 1.29)

d′ 0.04 (−0.12 to 0.20) 0.02 (−0.14 to 0.18) −0.07 (−0.58 to 0.45) −0.09 (−0.34 to 0.16)
Girls Accuracy 0.49 (−2.07 to 3.05) 0.69 (−1.41 to 2.79) 1.33 (−3.47 to 6.13) 0.15 (−2.21 to 2.51)

d′ 0.11 (−0.12 to 0.33) 0.09 (−0.14 to 0.33) 0.10 (−0.61 to 0.82) −0.04 (−0.38 to 0.31)
Boys Accuracy −0.12 (−2.93 to 2.69) −0.48 (−2.54 to 1.58) −1.06 (−5.72 to 3.60) −0.98 (−3.53 to 1.56)

d′ −0.02 (−0.25 to 0.20) −0.05 (−0.27 to 0.17) −0.12 (−0.86 to 0.62) −0.11 (−0.46 to 0.25)
Other sedentary behaviors (ref. low)

All Accuracy 0.08 (−1.81 to 1.97) −0.25 (−1.72 to 1.21) −2.20 (−5.46 to 1.05) −0.54 (−2.23 to 1.15)
d′ 0.06 (−0.10 to 0.22) 0.05 (−0.11 to 0.21) −0.33 (−0.83 to 0.17) −0.09 (−0.33 to 0.15)

Girls Accuracy −0.65 (−3.16 to 1.87) −0.87 (−2.92 to 1.19) 0.29 (−4.20 to 4.77) 0.64 (−1.60 to 2.88)
d′ −0.02 (−0.24 to 0.20) −0.02 (−0.25 to 0.21) 0.03 (−0.65 to 0.71) 0.17 (−0.17 to 0.50)

Boys Accuracy 0.86 (−1.96 to 3.68) 0.37 (−1.73 to 2.46) −5.07 (−9.68 to −0.46)¶ −2.00 (−4.57 to 0.57)
d′ 0.14 (−0.09 to 0.37) 0.12 (−0.10 to 0.34) −0.70 (−1.43 to 0.03) −0.38 (−0.73 to −0.02)¶

Coef., coefficient.
*Tobit models adjusted for age, sex, maternal education, and subcohort.
†Linear regression models adjusted for age, sex, maternal education, and subcohort.
‡Tobit models adjusted for age, sex, and maternal education.
§Linear regression models adjusted for age, sex, and maternal education.
¶P < .05.
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activity at 4 years of age showed reductions in 2-back perfor-
mance in relation to 1-back at age 7 years of age, compared
with those with high levels of extracurricular physical activ-
ity (accuracy P = .019; d′ P = .018). The stratified models showed
that the associations were statistically significant only in girls
(accuracy P = .034; d′ P = .046), but there was no interaction
by sex (accuracy P for interaction = .516; d′ P for interac-
tion = .636). TV watching and other sedentary behaviors were
not associated with working memory performance.

In the older subcohort, we observed poorer 2-back perfor-
mance in adolescents who were less active at 6 years of age com-
pared with those who were more active, with a significant
association between physical activity and accuracy (P = .031;
Table III). We also found a more pronounced reduction in
2-back performance (d′) in relation to 1-back in adolescents
who were less active at 6 years of age compared with those who
were more active (P = .024). The stratified analyses showed a
clear association in boys (P = .042) but did not in girls (P for
interaction = .761). We also observed reductions in 2-back ac-
curacy (P = .032; P for interaction = .136) and in 2-back vs
1-back d′ change in adolescent boys who were more seden-
tary when they were 6 years of age (P = .037; P for interac-
tion = .044). There were no significant associations between
TV watching and working memory at either age or for either
sex.

Discussion

We evaluated the role of extracurricular physical activity and
sedentary behavior on cognitive function in schoolchildren
using a prospective study design. Low levels of extracurricu-
lar physical activity at 4 years of age were associated with
poorer cognitive performance in terms of working memory
at 7 years of age. Similar associations were observed in ado-
lescents with low physical activity levels at 6 years of age in a
separate study population. No associations were observed
between TV watching and working memory performance.
Other sedentary behaviors at 6 years of age were associated
with deteriorated working memory at 14 years of age in
boys.

Many studies have observed the positive cross-sectional re-
lationship between physical activity and cognitive functions
in children, especially executive functions.4,10,20 Physical activ-
ity may enhance working memory through different mecha-
nisms at multiple levels, from cells to social interaction.
Cognitive skills acquired during physical activity may trans-
fer to cognitive functioning in other situations.2 Chronic physi-
cal activity has been associated with larger brain volume in
regions supporting memory and executive functions,21,22 im-
provement in the connectivity of brain networks,23,24 higher
levels of brain-derived neurotrophic factor,25,26 and enhanced
cerebrovascular function.27

We found a positive association between extracurricular
physical activity levels at 4 years of age and working memory
performance at 7 years of age. The question included differ-
ent types of physical activity, such as playing, walking, cycling,
and sports. A previous study based on measured physical

activity using accelerometers has supported the idea that any
type of physical activity is associated with better cognitive
capacities.10 This is particularly true for younger children, who
may benefit more from unstructured forms of physical activ-
ity than older children.2 The longitudinal approach of our study
highlights the importance of early physical activity habits for
maximizing cognitive development of children. Interestingly,
in line with previous studies,28,29 the positive association between
physical activity and working memory performance was stron-
ger in girls. This finding could be explained, at least in part,
by different levels and types of physical activity between boys
and girls.28 In animals, brain-derived neurotrophic factor me-
diated the relationship between long-term stress and depres-
sion in females but not in males,30 suggesting that different
metabolic pathways between boys and girls could also explain
this findings.

Regarding older children, our results indicated that time spent
in extracurricular physical activity at 6 years of age predicted
working memory performance 8 years later. In this subcohort,
the variable of extracurricular physical activity included mainly
structured physical activity, such as sports. Although physi-
cal activity levels start to decrease through late childhood,12 it
is known that sports participation increases at school age,
because preschool children do not normally participate regu-
larly in organized physical activity.31 Children engaged in sports
are more likely to be physically active during adolescence and
adulthood.32 Thus, this study showed that structured physi-
cal activity during childhood might have long-term positive
impacts on cognitive development. In this sample, the asso-
ciations were stronger in boys and did not reach statistical sig-
nificance in girls. It is possible that the intensity of the structured
physical activity at school age was higher in boys than in girls,
which could be more beneficial for later working memory
development.

Regarding TV watching, the inclusion of the younger par-
ticipants did not represent an important contribution to the
weak negative associations between TV viewing and working
memory reported in a previous study performed only in the
older subcohort.9 Nevertheless, the variables “TV watching”
and “other sedentary behaviors” were probably too general. We
had no information about the content of the TV programs,
which might be detrimental or beneficial for cognitive func-
tions. For instance, early exposure to age-appropriate pro-
grams designed around an educational curriculum is associated
with academic enhancement, whereas exposure to violent
content is associated with poorer cognitive development.33 We
observed a negative association between sedentary behavior
and working memory only in adolescent boys, with a statis-
tically significant sex interaction. The different types of sed-
entary activities between boys and girls could be an explanation
for this finding; however, we were not able to test this hypoth-
esis based on our data. The variable “other sedentary behav-
iors” included a large variety of behaviors, such as solving
puzzles, reading, playing with dolls, doing homework, or playing
video games, which could affect cognitive development in dif-
ferent ways.10 Our observed lack of associations between sed-
entary behavior and working memory in the younger

September 2017 ORIGINAL ARTICLES

39Are Early Physical Activity and Sedentary Behaviors Related to Working Memory at 7 and 14 Years of Age?



subcohorts could be due to the heterogeneity of activities in-
cluded in this question.

Our study has some limitations. First, some questions were
not identical between subcohorts. In Valencia, the question
about extracurricular physical activity included only 1 activ-
ity per day, whereas in Sabadell and in Gipuzkoa this ques-
tion included up to 3 different activities per day. To account
for these differences by region, we used dichotomous vari-
ables split by subcohort-specific medians. The limited ques-
tion in Valencia could have led to misclassification, whereas
the use of dichotomous instead of continuous variables could
have reduced the precision of the results obtained. Second, one-
half of the initial sample was lost to follow-up, which could
have made selection bias possible. Our sample might have been
more predisposed to participate in activities than the general
population, leading to an underestimation of effects. Third,
the reduced sample size in the sex-stratified analyses re-
stricted the interpretation of our results. Fourth, residual con-
founding by unmeasured variables, such as household income,
could explain, in part, the associations found in this study. Fifth,
we did not have data on the TV program content, which is key
for the cognitive consequences of screen time in children. More-
over, the general questions regarding sedentary behavior (ie,
TV program content, type of sedentary activity) might have
diluted possible longitudinal associations between specific sed-
entary activities and working memory. Furthermore, we did
not explore whether current levels of physical activity medi-
ated the associations or, on the contrary, the effects were in-
dependent of these levels. Finally, our measures of lifestyle habits
were not objective, which might have resulted in
misclassification, recall bias, or perceived desirability of re-
sponses. The use of objective measurements, such as acceler-
ometers, could provide information on the intensity of physical
activity, which has a key role in the potential to cause changes
in the brain through cerebral oxygenation.

The main strength of this study was its prospective design
with a long period between exposure and outcome measure-
ments. The different ages of the samples in this study allowed
us to compare different developmental periods. Our sample
is part of a population-based birth cohort including differ-
ent Spanish regions with diverse cultural and lifestyle habits.
This diversity could increase the external validity of the study.
Furthermore, this cohort allows studying the longitudinal effects
of healthy lifestyles with longer time lapses, because the follow-
ups assessing different health and cognitive outcomes were
carried out consecutively. The cognitive instrument used to
measure working memory in our study was validated in the
Spanish general population.15 Although less comprehensive than
formal neuropsychological assessment, the computerized tests
provided an objective tool to characterize cognitive function.34

In conclusion, this study showed that low physical activity
levels at preschool age may be associated with poorer working
memory performance at primary school age and that low physi-
cal activity levels at primary school age relate to lesser working
memory in adolescents. These data indicate that physical ac-
tivity habits at early ages may influence academic achieve-
ment. Our findings also suggest that highly intense and

structured physical activities are especially relevant for working
memory development in adolescence. According to our results,
early sedentary behavior may negatively influence later cog-
nitive maturation at adolescence, but only in boys. These find-
ings highlight the importance of promoting physical activity
habits and reducing sedentary behaviors early in life for in-
creasing the cognitive potential of children. Further studies
should include larger sample sizes to compare the effects by
sex at different ages, longer time periods between the expo-
sure and the cognitive outcomes, and specific sedentary be-
havior questions and/or objective measurements of physical
activity. A mediation analysis would be interesting to disen-
tangle whether current physical activity levels mediated the as-
sociations found in this study or these habits at early ages have
a permanent impact on the nervous system development. ■
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Extracurricular physical activity

Menorca:
In his/her free time, including extracurricular sport activities, how long does your

child spend exercising or playing sports?
Less than ½ hour/day, ½ to 1 hour/day, 1 hour/day, 2 hours/day, 3 hours/day, 4 or

more hours/daya

Gipuzkoa and Sabadell:
During a typical week, how long does your child usually practice extracurricular

physical activity in each day, (eg, dance/swim lessons) or simply play, run,
cycle, skate, swim, etc (to exclude Wii and trip to school). Specify the activities.

Valencia:
How long does your child usually practice extracurricular organized physical

activity (eg, dance/swim lessons) or non-organized as playing outdoors, cycle,
run, jump, skate, swim, gym, etc (to exclude Wii and trip to school).

TV watching

Menorca:
How many hours does your child watch TV per week?
Gipuzkoa and Sabadell:
How many hours does your child watch TV/videos per day?
a. During week days: hours and minutes
b. Weekends: hours and minutes
Valencia:
How many hours does your child watch TV/videos per day?
a. During week days: never or almost never, less than ½ hour per day, between ½

and less than 1 hour/day, 1 hour/day, 2 hours/day, 3 hours/day, 4 or more
hours/dayb

b. Weekends: never or almost never, less than ½ hour per day, between ½ and
less than 1 hour/day, 1 hour/day, 2 hours/day, 3 hours/day, 4 or more
hours/dayb

Other sedentary behaviors

Menorca:
In his/her free time, how long he/she spend watching TV, videos, sedentary

games, reading or playing in the computer?
Less than 1 hour/day, 1 hour/day, 2 hours/day, 3 hours/day, 4 hours/day, 5 hours/

day, 6 or more hours/dayc

Gipuzkoa and Sabadell:
Out of school, how long per day does your child spend in sedentary games or

activities (eg, puzzles, books, dolls, homework, computer/video games)?
Exclude TV/videos and Wii-sports.

a. During week days: hours and minutes
b. During weekend: hours and minutes
Valencia:
Out of school, how long per day does your child spend in sedentary games or

activities (eg, puzzles, books, dolls, homework, computer/video games)?
Exclude TV/videos and Wii-sports.

a. During week days: almost never, 1 hour/day, 2 hours/day, 3 hours/day, 4 hours/
day, 5 hours/day, 6 or more hours/dayd

b. Weekends: almost never, 1 hour/day, 2 hours/day, 3 hours/day, 4 hours/day, 5
hours/day, 6 or more hours/dayd

Transformations of categorical variables to continuous
variables:

aLess than ½ hour/day 20 min/d
½ to 1 hour/day 45 min/d
1 hour/day 1 h/d
2 hours/day 2 h/d
3 hours/day 3 h/d
4 or more hours/day 4 h/d
bNever or almost never 0.1 h/d
Less than ½ hour per day 20 min/d
Between ½ and less than 1 hour/day 45 min/d
1 hour/day 1 h/d
2 hours/day 2 h/d
3 hours/day 3 h/d
4 or more hours/day 4 h/d
cLess than 1 hour/day 30 min/d
1 hour/day 1 h/d
2 hours/day 2 h/d
3 hours/day 3 h/d
4 hours/day 4 h/d
5 hours/day 5 h/d
6 or more hours/day 6 h/d
dAlmost never 0.1 h/d
1 hour/day 1 h/d
2 hours/day 2 h/d
3 hours/day 3 h/d
4 hours/day 4 h/d
5 hours/day 5 h/d
6 or more hours/day 6 h/d

Appendix. Questionnaires.
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