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Early life cognitive function and health behaviours in
late childhood: testing the neuroselection hypothesis
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ABSTRACT

Background Higher cognitive function in childhood is
associated with healthier behaviours and a reduced risk
of chronic disease in adulthood, but it is unclear whether
this selection of healthier behaviours occurs in childhood
or later in life. The present study investigated how
cognitive function at age 3—7 years was associated with
health behaviours at age 11.

Methods Verbal, non-verbal and spatial abilities were
assessed using the British Ability Scales at ages 3—7.

At age 11, children reported how often they engaged

in sport/physical activity, sedentary behaviours (eg,
reading and games console usage), cigarette smoking
and alcohol consumption. Logistic regression was used
to estimate odds of engaging in health behaviours at age
11 according to early life cognition.

Results A 1 SD increase in early childhood verbal
ability was associated with reduced odds of attempting
smoking in boys and girls (OR 0.69 (95% CI 0.57 to
0.84)) and reduced odds of computer gaming in girls (OR
0.79 (95% (1 0.72 to 0.86)) by age 11. Early childhood
verbal ability was also associated with reduced odds of
regular participation in sport/active games (boys: OR
0.91(95% C1 0.84 to 0.99); girls: OR 0.81 (95% C1 0.74
to 0.88)) and increased odds of reading for enjoyment
(boys: OR 1.47 (95% Cl 1.35 to 1.60); girls: OR 1.48
(95% Cl 1.36 to 1.62)) at age 11. Early childhood
non-verbal ability was associated with reduced odds of
alcohol consumption in boys and girls (OR 0.92 (95% Cl
0.85 t0 0.99)) and reduced odds of online messaging in
boys (OR 0.89 (95% C1 0.81 to 0.98)) at age 11. Early
childhood spatial ability was associated with reduced
odds of participating in sport/active games in boys at age
11 (OR 0.88 (95% C1 0.82 t0 0.95).

Conclusion Neuroselection may occur during early
childhood resulting in some, but not all, healthier
behaviours by age 11.

To cite: Aggio D, Smith L,
Hamer M. J Epidemiol
Community Health
2018;72:41-46.

INTRODUCTION

Cognition, or mental ability, in childhood has consis-
tently been shown to be associated with a reduced
risk of chronic disease' and mortality” in adulthood.
One possible explanation for these observations is
that individuals with higher cognition choose to
engage in healthier behaviours, a theory known as
neuroselection.’ Cognition in childhood has been
associated with numerous health behaviours in
adulthood. For example, higher mental ability at
age 10 has been associated with a reduced risk of
smoking,* alcohol drinking problems,® unhealthy
dietary habits and physical inactivity decades later.®
Furthermore, executive functions such as inhibi-
tion, working memory and cognitive flexibility

have been shown to be important for many aspects
of life, including physical and mental health, quality
of life and school and job success.” One potential
pathway that may explain these relationships is that
individuals with higher cognition have an increased
ability to appraise and act on health information.®

Current research in this field has focused only
on outcomes in mid-adulthood.! ®° © Thus, it is
not possible to determine whether neuroselection
occurs during or after childhood making it diffi-
cult to tease apart the effects of formal education.
Understanding whether this phenomenon occurs
during early life may help determine exactly when
cognition is most important for the selection of
health behaviours. If neuroselection occurs during
early childhood, tests of cognition may help iden-
tify children who are most at risk of selecting into
unhealthy behaviours earlier in life.

There is also evidence that some health
behaviours, particularly physical activity, are neuro-
protective, in that they are associated with higher
levels of cognition years later.” '© We previously
showed that specific physical activities and seden-
tary behaviours are associated with higher levels
of cognition later in childhood."" However, it may
be possible that some of these associations are
explained or confounded by the process of neuro-
selection, whereby children select different active
and sedentary behaviours according to their levels
of cognition.'? It may be possible that children with
higher levels of cognition select into specific types
of physical activity and sedentary behaviour, some
of which (eg, reading or doing homework) may be
beneficial for other aspects of life, such as academic
achievement and job success. We previously argued
that self-selection of health behaviours, particularly
physical activity, may be restricted during early
childhood, given the limited levels of indepen-
dence at this age.'> However, as children approach
adolescence, increased independence may present
new opportunities for children to engage in health
behaviours." ** Consequently, cognition at this
age may be important for the onset and forma-
tion of life-long health behaviours. This may be
particularly important given that health behaviours
tend to track from childhood into adulthood.'*°
Furthermore, persistent exposure to unhealthy
behaviours across the life course is likely to have
the greatest risk to health.”’ ** These associations
may also vary according to the type of cognitive
function in question. Analysis of the 1970 British
cohort found that verbal ability at age 10 was more
strongly associated with engagement in physical
activity and a healthy diet at age 30 than non-verbal
ability,® suggesting that verbal abilities may be more
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important for selection of these health behaviours. Still, very
little is known about how verbal and non-verbal abilities in early
childhood are associated with other unhealthy lifestyle choices,
such as smoking and alcohol consumption. Poorer spatial ability
has been associated with higher depressive symptoms in middle-
aged men® and a higher risk of falls in older adults; however,
how this specific domain of cognition in childhood is associated
with health behaviours has not been studied.”*

Our primary aim was to establish whether neuroselection
occurred during early childhood. Specifically, we investigate
whether cognition relating to verbal, non-verbal and spatial
ability at ages 3-7 were associated with (1) physical activity,
(2) sedentary behaviour, (3) having ever tried a cigarette and (4)
having ever tried alcohol at age 11.

METHODS

Millennium Cohort Study

The Millennium Cohort Study (MCS) is a prospective study
of a representative sample of British children born between
September 2000 and January 2002. Children were identified
from the records of Child Benefit, which covers nearly all fami-
lies in the UK aside from a small group of children with non-na-
tional parents with recent or temporary immigration status.”> A
stratified sampling approach was employed, oversampling indi-
viduals from minority ethnic groups and disadvantaged areas, to
ensure adequate representation of such groups. Information was
collected from 18 552 families on 18 818 children at 9 months of
age from one parent (usually the child’s mother). Further surveys
were administered at the ages of 3, 5, 7 and 11 years. Data were
collected from 15590, 15246, 13857 and 13 287 families when
children were aged 3, 5, 7 and 11, respectively.

Exposure: verbal, non-verbal and spatial ability

Cognitive functioning has been assessed in the MCS since the
second wave of data collection when children were aged 3.
Assessments have included a battery of tests from the British
Ability Scales (BAS).?® All cognitive measurements were collected
in the child’s home by trained interviewers. When the children
were 3 years old, the tests included the BAS Naming Vocabu-
lary scale, which is used to assess the spoken vocabulary of chil-
dren. Spoken vocabulary is a key component for development
of written language.?” This was accompanied at age 5 years with
the BAS Picture Similarities and Pattern Construction scales,
which are used to assess non-verbal reasoning skills and spatial
problem solving, respectively. There was a correlation between
naming vocabulary scores at ages 3 and 5 (r=0.6). When the
children were 7 years old (sweep 4), the assessments included
the Pattern Construction scale, as well as BAS Word Reading
scale. There was also a correlation between pattern construction
scores at ages 5 and 7 (r=0.6). The Word Reading scale is used
to assess verbal ability and requires respondents to name single
words. T scores or standardised BAS scores were generated
using BAS normative data set for each test,”® with a higher score
indicating better performance. A T score of 50 represents the
same raw score as the mean of their norming group. A T score
of 60 represents a score that is 1 SD above the mean of their
norming group. Standardised scores for the Word Reading scale
(mean=SD, 111+18) were transformed in the same manner;
however, they do not have a mean of 50 and SD of 10. The BAS
measures are nationally standardised, have shown good inter-
rater reliability” and have been shown to correlate strongly
with measures of intelligence.*® Further information on the BAS
measures is reported in detail elsewhere.® We constructed a

composite score for verbal and spatial abilities by calculating the
mean of all standardised scores from the relevant tests. These
scores were combined in order to derive a score for each domain
of cognitive function. BAS Naming Vocabulary T scores at ages
3 and 5 and BAS Word Reading standardised score at age 7 were
used to derive verbal ability. BAS pattern construction scores at
ages 5 and 7 were used to derive spatial ability. BAS Picture Simi-
larities T score at age 5 was used as a measure of non-verbal
ability.

Self-reported behaviours: physical activity, sedentary
behaviour, smoking and alcohol consumption

Atage 11, children were asked how often they engage in a number
of health behaviours. They reported how often they played sports
and active games outside of school, read for enjoyment outside
of school, played games on the computer or games console
outside of school and how often they exchanged messages with
friends online. Response options for these questions were never,
less often than once a month, at least once a month, at least once
a week and most days. Children were also asked whether they
had ever tried a cigarette (even a single puff) and whether they
had ever consumed more than a few sips of an alcoholic drink.
Response options for these questions were yes or no. Although
these specific questions have not been validated, previous studies
have demonstrated the reliability and validity of self-reported
physical activity,>' tobacco® ** and alcohol consumption® **
in similar age groups. We also observed a weak but significant
positive correlation between sports participation at age 11 and
accelerometry derived time spent in moderate-to-vigorous phys-
ical activity (MVPA) at age 7 (tho=0.17) and a weak negative
correlation between time spent reading at age 11 and time spent
in MVPA at age 7 (rho=-0.10), which provides some evidence
of convergent validity for the self-reported physical activity data.

Covariates

A number of confounding factors were identified prior to
analysis for inclusion in the models based on existing litera-
ture about socio-demographic, lifestyle and health factors in
relation to cognition and physical activity.®® *® These included
child’s age, maternal smoking status during pregnancy (smoker
or non-smoker), income (above or in poverty), highest maternal
qualification (GCSE grades D-G, GCSE grades A—C, A/AS levels,
diploma in higher education, degree or above), ethnicity (white
British or other) and strengths and difficulties score. The
Strengths and Difficulties Questionnaire (SDQ) is a valid and
reliable measure of child emotional and behavioural problems®’
and was completed by parents when children were aged 7.

Statistical analysis

Participants were categorised as having low (at least once a week
or less) or regular (most days) participation in each physical
activity and sedentary behaviour. Binary responses (yes/no) for
having ever smoked and having ever consumed alcohol were used
for analyses. Participants missing any of the BAS scores between
ages 3 and 7 were excluded from analyses (n=8342). Descrip-
tive statistics were reported for demographic, health behaviour
and cognitive function variables. Differences in the proportion
of children reporting regular participation in sport and active
games according to engagement in each sedentary behaviour
were examined using x” tests. Binary logistic regression was
used to estimate the ORs of engaging in health behaviours at
age 11 per 1 SD increase in verbal, non-verbal and spatial abili-
ties in early childhood. Analyses adjusted for age, sex, maternal
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Table 1 Descriptive characteristics and early childhood cognitive
function scores

Characteristic % (n) Mean+SD
Total sample 8129

Age, mean+SD 10.7+0.5
Male 49.1 (3992)

White British 89.2 (7255)

Maternal highest qualification (=A levels) 42.7 (3473)

Poverty level income 27.6 (2243)

Smoked during pregnancy 25.4 (2062)

SDQ score 7.0+5.1
Sport and active games (% regularly) 59.4 (4827)

Reading for enjoyment (% regularly) 46.7 (3798)

Gaming on PC/games console (% regularly) 53.8 (4370)

Online messaging (% regularly) 21.9 (1779)

Ever smoked (% yes) 2.3 (184)

Ever consumed alcohol (% yes) 12.4 (1007)

Verbal ability composite score 51.0+10.0
Non-verbal ability composite score 56.4+10.0
Spatial ability composite score 52.9+8.8

PC, personal computer; SDQ, Strengths and Difficulties Questionnaire.

smoking status during pregnancy, income, maternal qualifica-
tions, ethnicity and strengths and difficulties score (model 1).
Model 2 additionally included all cognitive measures at all ages
in the models to determine whether the associations for each
domain were independent of other cognitive domains. Variance
inflation factors (VIFs) were estimated to evaluate multicol-
linearity between exposure variables. VIF values did not exceed
2, indicating no multicollinearity between exposure variables.
We also tested for sex interactions and where significant models
were run separately for boys and girls. Analyses were carried out
using SPSS V.22 (IBM) and an alpha level P<0.05 was used to
determine significance.

RESULTS

A total of 8129 participants had complete data for self-reported
health behaviours, covariates and BAS cognitive scores (at ages
3, 5 and 7). Descriptive characteristics for the analytic sample
are presented in table 1. A total of 5§9.4% of the sample engaged
in regular sport and active games. Proportions of engagement
varied significantly according to engagement in sedentary
behaviours. Compared with children with low levels of reading,
fewer children who regularly read for enjoyment also regularly
engaged in sport and active games (62.8% vs 55.5%, P<0.001).
Similarly, compared with children with low levels of computer
gaming, fewer children who regularly played computer games
also regularly engaged in sport and active games (60.5% vs
58.4%, P=0.06). Conversely, compared with children with low
levels of online messaging, a higher proportion of children who
regularly messaged online also regularly engaged in sport and
active games (57.3% vs 61.4%, P<0.001). Compared with those
excluded from the analyses, the analytic sample was more likely
to be female (50.9% vs 46.9%, P<0.001), white British (89.2%
vs 77.2%, P<0.001), have higher educated mothers (=A levels,
42.7% vs 26.1%, P<0.001), have mothers who did not smoke
during pregnancy (25.4% vs 31.6%, P<0.001), have lower scores
on the SDQ (7.0 vs 8.4, P<0.001), regularly read for enjoyment
(46.7% vs 43.1%, P<0.001), have previously consumed alcohol

(12.4% vs 10.5%, P<0.05), score higher on cognitive tests
(eg, verbal ability composite score, 51.0 vs 47.3) and were less
likely to be in poverty (27.6% vs 41.1%, P<0.001), regularly
play computer games (53.8% vs 56.5%, P<0.05) and have ever
smoked (2.3% vs 3.4%, P<0.001).

Table 2 shows the odds of participating in sport and active
games and specific sedentary behaviours at age 11 according to
verbal, non-verbal and spatial abilities from ages 3 to 7. A 1 SD
increase in verbal ability was associated with reduced odds of
participating in sport and active games at age 11 in boys and girls
after adjusting for non-verbal and spatial abilities. Higher spatial
ability was also associated with reduced odds of participating
in sport and active games at age 11, but this was attenuated to
non-significance in girls after adjusting for non-verbal and spatial
abilities. Non-verbal ability was not associated with participation
in sport and active games in boys or girls.

Higher non-verbal ability was associated with increased odds
of reading for enjoyment at age 11, but this was attenuated to
non-significance in girls after adjusting for verbal and spatial
abilities. The largest effect size was observed between verbal
ability and reading for enjoyment at age 11 in boys (OR 1.48,
95%CI 1.36 to 1.62) and in girls (1.47, 95%CI 1.35 to 1.60).
Spatial ability was not associated with reading for enjoyment in
boys or girls.

Cognitive function was not associated with computer gaming
at age 11 in boys, but higher verbal ability was associated with
reduced odds of computer gaming in girls after adjustment for
non-verbal and spatial abilities. Higher non-verbal (OR 0.88,
95%CI 0.81 to 0.96) and spatial abilities (OR 0.90, 95% CI
0.83 to 0.98) were associated with reduced odds of regular
online messaging in boys at age 11. Non-verbal ability remained
significantly associated after adjusting for other domains of
cognitive function (OR 0.89, 95%CI 0.0.81 to 0.98). Verbal
ability was not associated with online messaging in boys or girls.

When boys and girls were combined, higher verbal ability
was associated with reduced odds of attempting smoking by
age 11 (table 3). Higher non-verbal ability was associated with
reduced odds of alcohol consumption by age 11, but verbal
ability was marginally associated with increased odds of alcohol
consumption.

DISCUSSION

In this sample of British children, early childhood cognition
was associated with participation in health behaviours at age
11. Specifically, these findings suggest that children with higher
cognition select into some healthier behaviours, including avoid-
ance of smoking and alcohol consumption. However, they may
also select into some adverse health behaviours, such as less
sport and exercise and more time in some sedentary behaviours.
Higher verbal ability was more strongly and consistently asso-
ciated with healthier behaviours at age 11 than non-verbal and
spatial abilities.

There may be a number of potential explanations for these
observations, and future research should explore potential
pathways. First, it may be possible that children with higher
cognition have an increased preference for and ability to
carry out specific sedentary tasks, such as reading, which may
increase their participation in these activities and displace time
spent in more active pursuits. For example, regular engagement
in sport and active games was significantly lower in children
reporting regularly reading for enjoyment. Motivation for
reading is a key determinant for time spent reading in child-
hood,* and cognition may drive this association. Another
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Table 2 Early life cognition and odds of regular engagement in sport and sedentary behaviours at age 11

Model 1 OR (95%Cl)

Model 2 OR (95%ClI)

Boys (n=3992)

Girls (n=4137)

Boys (n=3992)

Girls (n=4137)

Sport and active games
Verbal ability
Non-verbal ability
Spatial ability

Reading for enjoyment
Verbal ability
Non-verbal ability
Spatial ability*

Gaming on PC/games console
Verbal ability*
Non-verbal ability
Spatial ability

Online messaging
Verbal ability*
Non-verbal ability*
Spatial ability™

0.87 (0.81 to 0.94)

0.96 (0.90 to 1.03)
0.86 (0.80 to 0.92)

1.52 (1.40 to 1.64)

1.17 (1.10 to 1.25)
1.17 (1.10 to 1.26)

0.94 (0.87 to 1.02)

0.99 (0.92 to 1.06)
1.00 (0.93 to 1.07)

1.00 (0.91 t0 1.10)

0.88 (0.81 to 0.96)
0.90 (0.83 t0 0.98)

0.80 (0.74 t0 0.87)

1.00 (0.94 to 1.07)
0.92 (0.86 to 0.98)

1.46 (1.34 10 1.58)

1.07 (1.00 to 1.14)
1.07 (0.99 to 1.14)

0.80 (0.74 t0 0.87)

0.97 (0.91 to 1.03)
0.98 (0.91 to 1.05)

1.05 (0.96 to 1.15)

1.01 (0.95 to 1.09)
0.98 (0.90 to 1.05)

0.91 (0.84 t0 0.99)

1.02 (0.95 t0 1.10)
0.88 (0.82 t0 0.95)

1.47 (1.35 to 1.60)

1.07 (1.00 to 1.15)
1.03(0.95t0 1.11)

0.93 (0.86 to 1.02)

0.99 (0.92 to 1.07)
1.02 (0.95 t0 1.10)

1.07 (0.96 t0 1.18)

0.89 (0.0.81 to 0.98)
0.92 (0.84 to 1.01)

0.81(0.74 t0 0.88)

1.05 (0.99 t0 1.13)
0.96 (0.89 to 1.03)

1.48 (1.36 t0 1.62)

1.01 (0.95 to 1.08)
0.95 (0.88 to 1.03)

0.79 (0.72 to 0.86)

1.00 (0.93 to 1.07)
1.05(0.97 to 1.13)

1.06 (0.96 to 1.17)

1.02 (0.94 to 1.09)
0.95 (0.88 to 1.04)

ORs reflect the likelihood of regular participation in each activity per 1 SD increase in cognition score. For sport and active games, reading for enjoyment, gaming on PC/games console, this
reflects participation on most days. For online messaging, this reflects participation at least once a month.
Model 1 included only one cognitive measure as an exposure per regression and adjusted for age, maternal smoking status during pregnancy, income, maternal qualifications, ethnicity and

strengths and difficulties score.

Model 2 adjusted for variables in model 1 and included all cognitive scores at ages 3—11 as exposure measures.

*Significant sex interaction detected (P<0.05).
PC, personal computer.

possible explanation may be that children with higher levels of
cognitive function with lower athletic ability are more likely to
make perceptions about their ability and consider avoiding this
behaviour to avert the stigma and teasing by peers. Further-
more, it may be that the perceived adverse effects and threat
of smoking and alcohol to health may be more profound than
the consequences of an inactive lifestyle in children. Health
information regarding smoking and alcohol may be easier for
children to interpret and act on than physical activity advice.
The results also highlight that there are gender differences in

Table 3 Early life cognition and odds of ever tying smoking and
alcohol at age 11 (n=8129)

Model 1 OR (95% ClI)

Model 2 OR (95% Cl)

Ever smoked

Verbal ability 0.70 (0.59 to 0.84)
1.03 (0.88 t0 1.19)

0.88 (0.76 to 1.02)

0.69 (0.57 t0 0.84)

1.14(0.97 to 1.33)
0.94(0.80 to 1.12)

Non-verbal ability
Spatial ability

Ever consumed alcohol

Verbal ability 1.06 (0.98 to 1.15) 1.09 (1.00 to 1.19)
Non-verbal ability 0.93 (0.87 to 1.00) 0.92 (0.85 to 0.99)
Spatial ability 1.00 (0.93 to 1.07) 1.00 (0.92 to 1.08)

ORs reflect the likelihood of having ever smoked and having ever consumed alcohol per 1
SD increase in cognition score.

Model 1 included only one cognitive measure as an exposure per regression and adjusted
for age, sex, maternal smoking status during pregnancy, income, maternal qualifications,
ethnicity and strengths and difficulties score.

Model 2 adjusted for variables in model 1 and included all cognitive scores at ages 3—11
as exposure measures.

the importance of specific components of cognitive function
for selection of health behaviours.

Comparison with other studies

Cognitive function, physical activity and sedentary behaviour

A number of studies have shown that cognition in childhood is
positively associated with more favourable lifestyle behaviours
and health outcomes in adulthood,'™ providing evidence for the
neuroselection hypothesis.® This is the first study that we are
aware of to examine whether the neuroselection theory applies
to physical activity and sedentary behaviours in childhood. In
contrast with previous studies in adults, we found that higher
cognition in early childhood was associated with lower odds
of participation in sport and active games at age 11. We also
found that higher early childhood cognition was associated with
higher levels of reading in boys and girls at age 11, which may
be beneficial for academic achievement and future job pros-
pects.”” Conversely, higher non-verbal abilities were associated
with lower levels of online messaging in boys at age 11 plausibly
because boys with higher non-verbal abilities are less comfort-
able with written communication. Further, higher verbal ability
was associated with reduced odds of computer gaming in girls.
These results suggest that the influence of cognitive function in
early childhood on the self-selection of sedentary behaviours is
context specific. It may be possible that children with higher
levels of cognition engage more in sedentary behaviours such as
reading, which in turn displaces time in sport and other seden-
tary behaviours such as computer gaming. Reading ability is asso-
ciated with a number of health outcomes,*® and other sedentary
tasks such as homework and music are beneficial for cognitive
development.'' *! Thus, interventions should focus on retaining
these sedentary behaviours but displacing less cognitively
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engaging tasks, such as TV viewing and computer gaming,
with physical activity. We previously showed in this cohort that
the association between childhood sedentary behaviours and
later cognitive function was also context specific, suggesting
that some (eg, homework) but not all (eg, TV viewing) seden-
tary behaviours are neuroprotective.'! In the present study, we
also demonstrated that specific domains of cognitive function
in early childhood were more strongly associated with partici-
pation in health behaviours at age 11. Verbal ability was most
strongly and consistently associated with physical activity and
sedentary behaviours at age 11, which is consistent with previous
research.® Verbal abilities are important for reading comprehen-
sion*” and thus may be crucial for the interpretation of health
information and management of health behaviours. Higher
verbal ability may also increase preference for related sedentary
tasks such as reading.

Cognitive function, smoking and alcohol consumption
Children who experiment with smoking and alcohol are more
likely to partake in these behaviours in later life,’ 2° and so
understanding their determinants may help intervention strat-
egies prevent early consolidation of such behaviours. Higher
cognition in childhood has been shown to be associated with
a reduced risk of smoking in adulthood.* Similarly, there is
evidence that childhood cognition is associated with reduced
risk of binge drinking and heavy alcohol consumption in adult-
hood.’ * However, there is little evidence whether the choice to
take up smoking or drink alcohol in childhood is associated with
early childhood cognition. Consistent with previous findings in
adults, our results showed that early childhood verbal ability was
associated with reduced odds of attempting cigarette smoking by
age 11. Non-verbal ability was associated with reduced odds of
drinking alcohol by age 11. These results support the neurose-
lection hypothesis by suggesting that higher early life cognition
is associated with avoidance of harmful behaviours in childhood.
The major strengths of this study are its large representative
sample and prospective design including various measures of
cognition during early childhood. This allowed us to examine
the associations of cognition during early childhood with health
behaviours at age 11. It also allowed investigation into the influ-
ence of specific types of cognition on these behaviours. This
study also has some limitations. First, some aspects of cogni-
tion such as memory may also be important for the selection

What is already known on this subject

» Higher cognitive function in childhood is associated with a
reduced risk of unhealthy lifestyle choices in adulthood.

» Individuals with higher cognitive function select into
healthier behaviours, a theory known as neuroselection.

What this study adds

» Early life cognitive function at ages 3—7 years is associated
with engagement in health behaviours at age 11.

» Children with better cognitive function may select into some
healthier behaviours (eg, avoidance of smoking and alcohol
consumption) by age 11.

» They may also select into some less healthy behaviours (eg,
less sport and active games and more sedentary time.)

of health behaviours, but these were not explored. Second,
only self-reported physical activity and sedentary behaviour
were available at age 11 in this cohort. While self-reported data
allow us to interrogate context-specific associations, self-re-
ported data may be subject to recall and social desirability bias.**
Moreover, the list of sedentary behaviours examined was not
exhaustive. Early life cognition may also be associated with other
sedentary behaviours such as television viewing, for example.
Further studies should examine these associations with objec-
tive measures of activity such as accelerometers. Lastly, our final
sample differed from those excluded from analyses according to
a number of characteristics including ethnicity, socioeconomic
status, exposure to unhealthy behaviours and cognitive ability,
which may reduce the representativeness of our data.

In conclusion, the results suggest that higher cognition in early
life is associated with avoidance of hazardous behaviours, such as
smoking and alcohol consumption, but also avoidance of some
healthy behaviours, such as sport and exercise. Physical activity
interventions may need to target children with higher levels of
cognition to increase participation, particularly those with high
levels of verbal ability. Approaches to improve cognitive ability
in early childhood may improve children’s ability to successfully
manage their health behaviours on a wider scale.

Acknowledgements MH acknowledges support from the National Institute
for Health Research Leicester Biomedical Research Centre, which is a partnership
between University Hospitals of Leicester NHS Trust, Loughborough University and
the University of Leicester.

Contributors DA, LS and MH conceived the idea for the paper. DA analysed

the data and drafted the initial manuscript. LS and MH interpreted the data and
contributed to subsequent drafts of the manuscript. Al authors read and agreed to
the final manuscript.

Funding DA is funded by a British Heart Foundation PhD studentship
(FS/15/70/32044).

Competing interests None declared.

Ethics approval Ethical approval was granted by the South West and London
Multi-Centre Research Ethics Committees.

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others
to distribute, remix, adapt and build upon this work, for commercial use, provided
the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Batty GD, Mortensen EL, Nybo Andersen AM, et a/. Childhood intelligence in relation
to adult coronary heart disease and stroke risk: evidence from a Danish birth cohort
study. Paediatr Perinat Epidemiol 2005;19:452-9.

2 Kuh D, Richards M, Hardy R, et al. Childhood cognitive ability and deaths up until
middle age: a post-war birth cohort study. Int J Epidemiol 2004;33:408-13.

3 Belsky DW, Caspi A, Israel S, et al. Cardiorespiratory fitness and cognitive function in
midlife: neuroprotection or neuroselection? Ann Neurol 2015;77:607-17.

4 Batty GD, Deary 1}, Schoon |, et al. Mental ability across childhood in relation to risk
factors for premature mortality in adult life: the 1970 British cohort study. J Epidemiol
Community Health 2007;61:997-1003.

5 Batty GD, Deary 1), Schoon |, et al. Childhood mental ability and adult alcohol
intake and alcohol problems: the 1970 British cohort study. Am J Public Health
2008;98:2237-43.

6 Batty GD, Deary 1}, Schoon |, et al. Childhood mental ability in relation to food
intake and physical activity in adulthood: the 1970 British cohort study. Pediatrics
2007;119:e38—e45.

7 Diamond A. Executive functions. Annu Rev Psychol 2013;64:135-68.

8 Taylor MD, Hart CL, Davey Smith G, et al. Childhood mental ability and smoking
cessation in adulthood: prospective observational study linking the scottish
mental survey 1932 and the midspan studies. J Epidemiol Community Health
2003;57:464-5.

Aggio D, et al. J Epidemiol Community Health 2018;72:41-46. doi:10.1136/jech-2017-208896 45

ybuAdoo Aq paraslold 1senb Ag zz0oz ‘0T sung uo jwod fwg yosly/:dny woly pspeojumoq */TOZ JQWSAON 6 U0 968802-LT02-U28l/9€TT 0T Se paysignd 1suy :yiesH Ayunwwo) [oiwspids ¢


http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1111/j.1365-3016.2005.00671.x
http://dx.doi.org/10.1093/ije/dyh043
http://dx.doi.org/10.1002/ana.24356
http://dx.doi.org/10.1136/jech.2006.054494
http://dx.doi.org/10.1136/jech.2006.054494
http://dx.doi.org/10.2105/AJPH.2007.109488
http://dx.doi.org/10.1542/peds.2006-1831
http://dx.doi.org/10.1146/annurev-psych-113011-143750
http://dx.doi.org/10.1136/jech.57.6.464
http://jech.bmj.com/

Child health

20

21

22

23

24

25

26

Sibley BA, Etnier JL. The Relationship between physical activity and cognition in
children: a meta-analysis. Pediatr Exerc Sci 2003;15:243-56.

Trudeau F, Shephard RJ. Physical education, school physical activity, school sports and
academic performance. Int J Behav Nutr Phys Act 2008;5:10.

Aggio D, Smith L, Fisher A, et al. Context-specific associations of physical activity and
sedentary behavior with cognition in children. Am J Epidemiol 2016;183:1075-82.
Belsky DW. Invited commentary: lessons for research on cognitive aging from a study
of children. Am J Epidemiol 2016;183:1083-5.

Aggio D, Smith L, Fisher A, et al. Respond to “lessons for research on cognitive
aging”. Am J Epidemiol 2016;183:1086—7.

Carver A, Watson B, Shaw B, et al. A comparison study of children’s independent
mobility in England and Australia. Child Geogr 2013;11:461-75.

Schoeppe S, Duncan MJ, Badland H, et a/. Associations of children’s independent
mobility and active travel with physical activity, sedentary behaviour and weight
status: a systematic review. J Sci Med Sport 2013;16:312-9.

Smith L, Gardner B, Hamer M. Childhood correlates of adult TV viewing time: a
32-year follow-up of the 1970 British cohort study. J Epidemiol Community Health
2015;69:309-13.

Smith L, Gardner B, Aggio D, et al. Association between participation in outdoor

play and sport at 10 years old with physical activity in adulthood. Prev Med
2015;74:31-5.

Telama R, Yang X, Leskinen E, et al. Tracking of physical activity from early childhood
through youth into adulthood. Med Sci Sports Exerc 2014;46:955-62.

Kelder SH, Perry CL, Klepp KI, et al. Longitudinal tracking of adolescent smoking,
physical activity, and food choice behaviors. Am J Public Health 1994;84:1121-6.
Andersen A, Due P, Holstein BE, et a/. Tracking drinking behaviour from age 15-19
years. Addiction 2003;98:1505-11.

Raitakari OT, Porkka KV, Taimela S, et al. Effects of persistent physical activity and
inactivity on coronary risk factors in children and young adults. The cardiovascular risk
in young finns study. Am J Epidemiol 1994;140:195-205.

Wannamethee SG, Shaper AG, Walker M. Changes in physical activity, mortality, and
incidence of coronary heart disease in older men. Lancet 1998;351:1603-8.

Franz CE, Lyons MJ, O'Brien R, et al. A 35-year longitudinal assessment of cognition
and midlife depression symptoms: the Vietnam Era Twin Study of Aging. Am J Geriatr
Psychiatry 2011;19:559-70.

Olsson RH, Wambold S, Brock B, et al. Visual spatial abilities and fall risk: an
assessment tool for individuals with dementia. J Gerontol Nurs

2005;31:45-51; quiz 52-3.

Plewis L. The millennium cohort study: technical report on sampling. London,United
Kingdom.

Hansen K. Millennium cohort study first, second, third and fourth surveys.A guide to
the datasets, 2012.

27

28
29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Green L, McCutchen D, Schwiebert C, et al. Morphological development in children’s
writing. J Educ Psychol 2003;95:752-61.

Elliott CD, Smith P, McCulloch K. British ability scales second edition (BAS Il), 1996.
Elliott CD, Smith P, McCulloch K. British Ability Scales second edition (BAS Il).
Technical manual. London, United Kingdom: Nelson, 1997.

Cook J. An investigation of the validity of the British ability scales with respect to
the wechsler intelligence scale for children-revised and the wide range achievement
test-revised on a group of Canadian children. Br J Educ Psychol 1988;58 (Pt
2):212-6.

Sallis JF, Saelens BE. Assessment of physical activity by self-report: status, limitations,
and future directions. Res Q Exerc Sport 2000;71(Suppl 2):1-14.

Bauman KE, Koch GG, Bryan ES. Validity of self-reports of adolescent cigarette
smoking. Int J Addict 1982;17:1131-6.

Brener ND, Kann L, McManus T, et a/. Reliability of the 1999 youth risk behavior
survey questionnaire. J Adolesc Health 2002;31:336-42.

Winters KC, Stinchfield RD, Henly GA, et al. Validity of adolescent self-report of
alcohol and other drug involvement. /nt J Addict 1991;25:1379-95.

Sallis JF, Prochaska JJ, Taylor WC. A review of correlates of physical activity of children
and adolescents. Med Sci Sports Exerc 2000;32:963-75.

Cerhan JR, Folsom AR, Mortimer JA, et al. Correlates of cognitive function in
middle-aged adults. Atherosclerosis Risk In Communities (ARIC) Study Investigators.
Gerontology 1998;44:95-105.

Nation K, Snowling M. Assessing reading difficulties: the validity and utility of current
measures of reading skill. Br J Educ Psychol 1997:67:359-70.

Cox KE, Guthrie JT. Motivational and cognitive contributions to students” amount of
reading. Contemp Educ Psychol 2001;26:116-31.

Smart D, Youssef GJ, Sanson A, et al. Consequences of childhood reading difficulties
and behaviour problems for educational achievement and employment in early
adulthood. Br J Educ Psychol 2017,87:288-308.

Dewalt DA, Berkman ND, Sheridan S, et a/. Literacy and health outcomes: a systematic
review of the literature. J Gen Intern Med 2004;19:1228-39.

Schlaug G, Norton A, Overy K, et al. Effects of music training on the child’s brain and
cognitive development. Ann N'Y Acad Sci 2005;1060:219-30.

Cain K, Oakhill J. Children's comprehension problems in oral and written language: a
cognitive perspective. New York: Guilford Press, 2007.

Jefferis BJ, Manor O, Power C. Cognitive development in childhood and drinking
behaviour over two decades in adulthood. J Epidemiol Community Health
2008;62:506—12.

Klesges LM, Baranowski T, Beech B, et a/. Social desirability bias in self-reported
dietary, physical activity and weight concerns measures in 8- to 10-year-old African-
American girls: results from the Girls health Enrichment Multisite Studies (GEMS). Prev
Med 2004;38:78-87.

46

Aggio D, et al. J Epidemiol Community Health 2018;72:41-46. doi:10.1136/jech-2017-208896

“ybuAdoo Aq parosioid 1sanb Aq zz0z ‘0T dunr uo jwod [wqg yaaly:dny wol) papeojumoq ‘2 T0Z JOWSAON 6 U0 968802-2T0Z-Y22l/9€TT 0T Se payslignd 1sii :yifeaH Alunwwo) |joiwapid3 ¢


http://dx.doi.org/10.1123/pes.15.3.243
http://dx.doi.org/10.1186/1479-5868-5-10
http://dx.doi.org/10.1093/aje/kww031
http://dx.doi.org/10.1093/aje/kww029
http://dx.doi.org/10.1093/aje/kww030
http://dx.doi.org/10.1080/14733285.2013.812303
http://dx.doi.org/10.1016/j.jsams.2012.11.001
http://dx.doi.org/10.1136/jech-2014-204365
http://dx.doi.org/10.1016/j.ypmed.2015.02.004
http://dx.doi.org/10.1249/MSS.0000000000000181
http://dx.doi.org/10.2105/AJPH.84.7.1121
http://dx.doi.org/10.1046/j.1360-0443.2003.00496.x
http://dx.doi.org/10.1093/oxfordjournals.aje.a117239
http://dx.doi.org/10.1016/S0140-6736(97)12355-8
http://dx.doi.org/10.1097/JGP.0b013e3181ef79f1
http://dx.doi.org/10.1097/JGP.0b013e3181ef79f1
http://dx.doi.org/10.1037/0022-0663.95.4.752
http://dx.doi.org/10.1111/j.2044-8279.1988.tb00895.x
http://dx.doi.org/10.1080/02701367.2000.11082780
http://dx.doi.org/10.3109/10826088209056345
http://dx.doi.org/10.1016/S1054-139X(02)00339-7
http://dx.doi.org/10.1097/00005768-200005000-00014
http://dx.doi.org/10.1111/j.2044-8279.1997.tb01250.x
http://dx.doi.org/10.1006/ceps.1999.1044
http://dx.doi.org/10.1111/bjep.12150
http://dx.doi.org/10.1111/j.1525-1497.2004.40153.x
http://dx.doi.org/10.1196/annals.1360.015
http://dx.doi.org/10.1136/jech.2007.059840
http://dx.doi.org/10.1016/j.ypmed.2003.07.003
http://dx.doi.org/10.1016/j.ypmed.2003.07.003
http://jech.bmj.com/

