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The authors assessed the association between cognitive function and incidence and maintenance of overweight
in preschool children. A population-based birth cohort was established in Menorca, Spain, between 1997 and 1999
(n = 482). Body mass index (weight (kg)/height (m)?) was measured at ages 4 years and 6 years (n = 421). Atage
4 years, children were assessed for cognitive function (McCarthy Scales of Children’s Abilities) (n = 395). After
multivariable adjustment for a wide range of factors, including maternal education and body mass index, children
with higher general cognition at age 4 years had a lower likelihood of being overweight (odds ratio = 0.47, 95%
confidence interval (Cl): 0.25, 0.88) at age 6 years. Children with higher general cognition at age 4 years had
a lower likelihood of maintaining an unhealthy weight status (being at risk of overweight or overweight) between
ages 4 years and 6 years, as well as worsening weight status over time, than children who maintained a healthy
weight (odds ratios were 0.78 (95% CI: 0.54, 1.14) and 0.77 (95% CI: 0.51, 1.14), respectively). When specific
dimensions of cognitive function were assessed, associations were mainly found for verbal and executive func-
tion areas. Children with higher cognitive function in early life might be at decreased risk of overweight later in
childhood.
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Abbreviations: BMI, body mass index; Cl, confidence interval; MCSA, McCarthy Scales of Children’s Abilities.

The prevalence of childhood overweight has increased
considerably within the last 20 years in nearly all developed
countries (1). Overweight in childhood has been associated
with the long-term risk of health problems such as metabolic
syndrome, hypertension, diabetes, cardiovascular disease,
and cancer (2). There is growing evidence of a possible
association between overweight and poor cognitive function
(3-10). Several mechanisms have been proposed to explain
this relation. It has been suggested that poor control of neu-
ral centers related to impulsivity and/or addiction could fos-
ter impaired control of food intake, leading to overeating
and subsequent overweight (11). Alternatively, physiologic
brain changes caused by overweight—such as subclinical
inflammatory changes, vascular changes, or dysmyeliniza-
tion of white matter—could impair general cognitive func-
tion or performance in some cognitive areas (12, 13).
Moreover, common genetic, environmental, or biologic fac-

tors could also play a role in the development of both
phenotypes.

Previous studies have shown a relation between over-
weight and intelligence quotient or poor general cognitive
performance, as well as relations with a variety of cogni-
tive domains, including executive function, memory, ver-
bal and motor abilities, and attention at different ages (3—
10, 14-29). Most of the literature on this topic is based on
cross-sectional studies, which limits our ability to assess
the potential causality of this relation. In one longitudinal
study, both rapid and slower growth during the first years
of life were related to lower scores on cognitive tests in
early childhood (6). In another study, men who were over-
weight earlier in adulthood had poorer cognitive perfor-
mance during middle age and the elderly years (4).
Conversely, investigators in several studies reported an
association between lower childhood intelligence scores
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and higher adult body mass index (BMI) (15, 23), al-
though these effects were attenuated after adjustment
for educational attainment. In another study, Halkjaer
et al. (20) found that intelligence assessed between ages
18 years and 24 years was negatively associated with the
incidence of obesity some years later, with no association
with the risk of remaining obese, after adjustment for
educational level. Nevertheless, to our knowledge, no
studies have yet assessed the possible influence of early
cognitive function on the risk of subsequent overweight in
early childhood.

In the present study, we examined the relation between
early cognitive function and subsequent overweight, using
data from a birth cohort study. We first assessed the longi-
tudinal association between cognitive function at age 4 years
and weight status at age 6 years, taking into account the
possible influence of earlier weight status on this relation.
Next, we assessed the association between cognitive func-
tion at age 4 years and changes in weight status between
ages 4 years and 6 years.

MATERIALS AND METHODS
Study participants

This study was based on a population-based birth cohort
from Menorca, a Balearic island in the northwestern Med-
iterranean Sea in Spain. The cohort was established within
the Asthma Multicenter Infants Cohort Study (30). All
women seeking antenatal care over a 12-month period start-
ing in mid-1997 were recruited; they were then followed
periodically until their children were 6 years of age. A total
of 482 children were enrolled at birth, and 421 (87.3%) were
followed through the age 6 visit. Cognitive function was
assessed at age 4 years, and these data were available for
395 children (93.8%).

A flood in 2001 damaged some records, including
weight and height measurements taken at age 4 years; as
a result, anthropometric data were available for only 261
children in this wave (66% of the children with cognitive
function data). No differences in BMI at age 6 years,
parental characteristics (including education, age, and
smoking status), or child characteristics at birth (including
birth weight, height, and sex) were found between children
with anthropometric data at age 4 years and those without
these data (P > 0.20). However, children missing data on
BMI at age 4 years had a lower mean score on the general
cognitive function test (96 points vs. 99 points) (P < 0.05).
Since this precluded the possibility that data were missing
completely at random, exclusion of participants without
anthropometric measures (complete-case analysis) may
have led to bias (31). Therefore, multiple imputation of
missing values, which is a widely accepted method that
provides correct inferences under weaker assumptions,
was performed (see ‘‘Statistical analysis’ subsection).
Underweight children (n = 7) were excluded from the
analysis because of the small number of observations
and because of the strong differences observed
between these children and others with regard to several
characteristics.
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Informed consent was obtained from all mothers. The
study protocol was approved by a local ethics committee
and complied with the Declaration of Helsinki.

Study variables

Weight and height were measured with calibrated scales
and a wall-mounted stadiometer, respectively, with the chil-
dren standing in light clothing and barefoot, by 1 trained
field worker at ages 4 years and 6 years. BMI was calculated
as weight in kilograms divided by the square of height in
meters. Using standard procedures, age- and sex-specific
BMI z scores were obtained for each child based on how
his/her BMI value compared with the referent population of
the US National Center for Health Statistics (32). Centers
for Disease Control and Prevention software (‘“‘NutStat”
application, available at www.cdc.gov/epiinfo/) was used to
derive z scores based on each child’s exact age in 1-month
intervals. As recommended, the underweight category was
defined as a BMI z score below the 5th percentile of the
referent population, healthy weight as a BMI z score
between the 5th and 84th percentiles, being at risk of over-
weight as a BMI z score between the 85th and 94th percen-
tiles, and overweight as a BMI z score greater than or equal
to the 95th percentile.

Neuropsychological testing at age 4 years, including as-
sessment of intellectual and motor abilities, was conducted
by trained psychologists using the Spanish version of the
McCarthy Scales of Children’s Abilities (MCSA) (33). The
MCSA includes a general cognitive score and 5 conven-
tional sub-area scores: 1) verbal, which refers to those cog-
nitive tasks related to any kind of verbal information
processing; 2) quantitative, which takes into account numer-
ical abilities; 3) memory, which includes short-time reten-
tion of information (verbal, perceptive, or numerical);
4) perceptive-performance, which refers to those cognitive
tasks related to any kind of perceptive information process-
ing, including manual performance; and 5) motor abilities,
which includes both fine (i.e., drawing) and gross (i.e., play-
ing with a ball) motor skills. To further improve our
understanding, we restructured the MCSA subtests into
a new outcome measure, the executive function subscale,
incorporating tasks highly associated with this specific neu-
rocognitive function (i.e., the underlying construct between
the relation of a brain function to a specific behavior).
Executive functions are unique aspects of human cognition
because they modulate all other cognitive functions. For
example, these functions are necessary for learning new
information or for learning and retrieval strategies and are
solicited to adapt to new testing situations. In summary,
these functions refer to those cognitive tasks critical to non-
routine, goal-oriented situations that are performed by the
prefrontal cortex (34, 35). The executive function subscale
was created incorporating MCSA subtests 2 (“puzzle solv-
ing”), 5 (“number questions”), 6 (‘“‘taping sequence’’), 14y
(“numerical memory”), 15 (““verbal fluency”), 17 (“opposite
analogies’), and 18 (‘“‘conceptual grouping’), in accor-
dance with the standards of present neuropsychological
assessments (36, 37). This new subscale showed good psy-
chometric properties (38).
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Information on maternal and paternal education in years,
maternal and paternal social class (using the United King-
dom Registrar General’s 1990 classification according to
parental occupation, by 1988 International Standard Classi-
fication of Occupations code (http://www.ilo.org/public/
english/bureau/stat/isco/isco88/index.htm)), maternal and
paternal age at child’s birth, maternal health and obstetric
history, maternal height, prepregnancy weight and BMI,
maternal tobacco and alcohol use during pregnancy, mater-
nal diet during pregnancy, number of siblings at child’s
birth, and child’s sex was collected after delivery. In sub-
sequent interviews, data were collected on type and duration
of breastfeeding, marital status, maternal tobacco consump-
tion, and child’s diet at ages 4 years and 6 years. All ques-
tionnaires were administered face to face by trained
interviewers. Additionally, information relating to the
child’s gestational age and anthropometric measurements
taken at birth was collected from clinical records.

Statistical analysis

Multiple imputation of missing values using chained
equations was performed, where 10 completed data sets
were generated and analyzed separately, and the results
were combined using the standard combination rules for
multiple imputation (39). This procedure accounts for the
uncertainty added due to the use of imputations.

BMI was treated as a categorical outcome variable
(healthy weight/at risk of overweight/overweight). The
MCSA scores were treated as continuous variables and were
standardized to a mean of 100 points with a standard de-
viation of 15 to homogenize all of the scales. Associations
are reported for an increase equivalent to a 1-standard-
deviation change in each cognitive test score.

Prior to model-fitting, we assessed the linearity of the asso-
ciations between cognitive function scores, maternal prepreg-
nancy BMI, birth weight, birth height, BMI z score at age
4 years, and BMI z score at age 6 years using generalized
additive models. All variables showed a linear association ex-
cept BMI z score at age 4 years, which had a quadratic relation
with BMI z score at age 6 years (for gain of linearity, P < 0.001);
this reflected the fact that this age is the period of adiposity
rebound, during which BMI gains are normative (40). To fully
adjust for earlier BMI, we included both BMI z score at age
4 years and BMI z score” at age 4 years in the models.

Odds ratios for the association between cognitive func-
tion at age 4 years and BMI group at age 6 years were
assessed using polytomous logistic regression; the reference
group was children with a healthy weight. Models were
adjusted for the following variables, selected a priori on
the basis of previous studies (38, 41, 42): child’s exact
age, schooling level (grade and trimester) at neuropsycho-
logical test administration, psychologist, child’s sex, birth
weight and height, gestational age, maternal smoking during
pregnancy, maternal education, maternal age, prepregnancy
height and BMI, breastfeeding, maternal smoking at child’s
age 4 years and number of siblings at child’s age 4 years,
child’s consumption of sweetened beverages, sweets, and
meat at age 4 years, and BMI z score and BMI z score” at
age 4 years.

In order to assess the associations between cognitive
function scores at age 4 years and changes in BMI category
between ages 4 years and 6 years, we cross-classified chil-
dren into 4 groups to identify those who: 1) maintained
a healthy weight at both ages; 2) maintained an unhealthy
weight at both ages (at risk of becoming overweight or over-
weight); 3) worsened their weight status between ages
4 years and 6 years (shifted from healthy weight to being
overweight or at risk of overweight, or from being at risk of
overweight to overweight); and 4) improved their weight
status between both ages (shifted from being overweight
or at risk of overweight to a healthy weight, or from being
overweight to being at risk of overweight). Polytomous lo-
gistic regression models were fitted; the reference group was
those children who maintained a healthy weight status at
both ages. Covariates in these models were the same as
those used to analyze BMI groups at age 6 years separately.

Finally, as a complementary analysis to separately eval-
uate associations between cognitive function and weight
status at ages 4 years and 6 years, path analysis was used
to examine the role of BMI at age 4 years as an intermediate
variable in the association between cognitive function at age
4 years and BMI at age 6 years, taking into account the same
variables as those used in previous polytomous logistic
regression models.

Statistical analyses were conducted using STATA 10.1
(Stata Corporation, College Station, Texas) and SAS 9.1
(path analysis using PROC CALLIS; SAS Institute Inc., Cary,
North Carolina).

RESULTS

The distributions of child and maternal anthropometric
variables and child cognitive function scores are shown in
Table 1. At age 6 years, the median BMI was 16.2 (range,
13.5-27.3), and the general cognitive function score at age
4 years had a median of 99 points (range, 53-142).

Overall, 16.7% of children at age 6 years were at risk of
becoming overweight and 11.9% were overweight (Table 2).
Children who were overweight at age 6 years had lower mean
general cognitive, verbal skills, executive function, and quan-
titative scores at age 4 years (P < 0.05). Mean memory,
perceptual performance, and motor skills scores also
decreased with worsening weight status, although differences
were not statistically significant. However, cognitive function
scores at age 4 years were not associated with BMI at age
4 years (P > 0.30). This was observed in spite of a strong
association between BMI z score and BMI z score® at age
4 years with BMI z score at age 6 years (B = 0.62 (95%
confidence interval (CI): 0.54, 0.70; P < 0.001) and § = 0.09
(95% CI: 0.03, 0.14; P = 0.001), respectively).

Higher general cognitive function score at age 4 years was
associated with reduced odds of being overweight at age
6 years (Table 3, model 1). This association was strengthened
after adjustment for BMI at age 4 years (model 2) and after
adjustment for covariates, including maternal prepregnancy
BMLI, children’s dietary intakes, and earlier feeding practices
(model 3). Among the different cognitive sub-areas, verbal
abilities, executive function, quantitative, and memory skills
scores maintained strong and significant associations with
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Table 1. Distribution of Child and Maternal Anthropometric Variables and Child’s Cognitive Function Test Scores in
the Menorca Cohort (n = 388), Spain, 1997—2003
Minimum  25th Percentile Median 75th Percentile Maximum Mean
Anthropometric variables
Body mass index® at age 13.5 15.2 16.2 17.7 27.3 16.7 (2.1)°
6 years
Body mass index at age 12.6 15.2 16.1 16.9 21.5 16.2 (1.5)
4 years
Birth weight, g 780 2,905 3,200 3,535 4,880 3,189 (503)
Birth height, cm 35 48 49 50 55 49 (2)
Maternal prepregnancy body 15.3 20.6 22.0 24.4 48.5 22.8 (3.7)
mass index
Cognitive function score at
age 4 years
General cognitive 53 89 99 108 142 100 (15)
Verbal 52 90 99 109 140 100 (15)
Executive function 54 89 100 109 152 100 (15)
Quantitative 71 90 96 105 154 100 (15)
Memory 65 91 929 107 142 100 (15)
Perceptive-performance 58 91 98 109 138 100 (15)
Motor skills 39 90 99 110 143 100 (15)

2 Weight (kg)/height (m)>.
Numbers in parentheses, standard deviation.

overweight at age 6 years. All analyses were rerun after
excluding infants not born at term (<37 weeks or >42 weeks)
(n = 24), with similar results (data not shown).

Children with higher general cognitive, verbal, and exec-
utive function scores at age 4 years had a lower likelihood of
maintaining an unhealthy weight status (at risk of over-
weight or overweight) between ages 4 years and 6 years,
as well as of worsening their weight status over time (in-
cidence of being at risk of overweight or overweight), com-
pared with children who maintained a healthy weight (odds
ratio = 0.78, 95% CI: 0.54, 1.14, and odds ratio = 0.77,

95% CI: 0.51, 1.14, respectively) (Figure 1). In contrast,
children with higher general cognitive, verbal, executive
function, quantitative, and memory scores had a higher like-
lihood of improving their weight status between both ages
than children who maintained a healthy weight status.

In path analysis modeling, relations between cognitive
function scores at age 4 years and BMI at age 6 years
remained similar. BMI at age 4 years was positively associ-
ated with BMI at age 6 years. Paths linking BMI at age
4 years to cognitive function scores at age 4 years did not
reach significance.

Table 2. Cognitive Function (Mean Test Score) at Age 4 Years According to Body Mass Index Group at Age 6
Years in the Menorca Cohort (n = 388), Spain, 1997—2003

Body Mass Index® Group at Age 6 Years

At Risk of

Cognitive Function Healthy Weight Overweight Overweight P Value for
Sub-Area (n = 277) (n= 659) (n = 46) Linear Trend®
Mean 95% CI Mean 95% CI Mean 95% CI

General cognitive 95 91, 98 94 89, 99 88 83, 93 0.007*
Verbal 97 93, 101 96 91, 101 90 84, 95 0.007*
Executive function 98 94, 101 98 93, 103 90 85, 95 0.007%*%*
Quantitative 95 91, 99 97 92, 101 89 84, 94 0.048*
Memory 94 90, 98 96 91, 101 90 85, 96 0.286
Perceptual-performance 94 91, 98 93 88, 98 90 85, 95 0.084
Motor skills 93 89, 96 90 86, 95 90 85, 95 0.195

* P < 0.010; **P < 0.001 (comparison between overweight group and healthy weight group).

2 Weight (kg)/height (m)2.

® Pvalue for the 3 categories of body mass index treated as a continuous variable, adjusted for age, school grade,

and psychologist, in a linear regression model.
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Table 3. Association® Between Cognitive Function at Age 4 Years and Body Mass Index Group
at Age 6 Years in the Menorca Cohort (n = 388), Spain, 1997-2003

Body Mass Index” Group at Age 6 Years

Cognitive Function

Sub-Area and Model At Risk of Overweight Overweight
OR 95% CI P Value OR 95% CI P Value

General cognitive

Model 1°¢ 0.96 0.72,1.28 0.797 0.59 0.42, 0.83 0.003

Model 2¢ 0.85 0.60, 1.20 0.366 0.50 0.30, 0.84 0.009

Model 3° 0.87 0.59, 1.28 0.473 0.47 0.25, 0.88 0.019
Verbal

Model 1 0.96 0.72,1.26 0.752 0.61 0.45, 0.85 0.003

Model 2 0.84 0.59, 1.19 0.322 0.48 0.28, 0.83 0.010

Model 3 0.80 0.54,1.20 0.282 0.43 0.22, 0.83 0.013
Executive function

Model 1 1.03 0.78,1.37 0.816 0.56 0.40, 0.80 0.001

Model 2 0.93 0.66, 1.30 0.668 0.47 0.28, 0.81 0.006

Model 3 0.92 0.63, 1.34 0.683 0.44 0.23, 0.84 0.013
Quantitative

Model 1 1.10 0.84, 1.45 0.478 0.56 0.37,0.86 0.008

Model 2 1.01 0.73,1.39 0.964 0.54 0.32, 0.91 0.022

Model 3 1.06 0.75, 1.51 0.724 0.50 0.26, 0.97 0.042
Memory

Model 1 1.15 0.88, 1.51 0.314 0.75 0.53, 1.04 0.085

Model 2 1.03 0.75, 1.43 0.834 0.61 0.37,0.99 0.048

Model 3 1.04 0.74,1.47 0.827 0.60 0.35, 1.03 0.035

Abbreviations: Cl, confidence interval; OR, odds ratio.
& Odds ratio for a 1-standard-deviation increase in test score in polytomous logistic regression
modeling. The reference group was children with a healthy weight at age 6 years.

b Weight (kg)/height (m)>2.

¢ Adjusted for age, school grade, and psychologist.
9 Adjusted for the variables in model 1 plus body mass index z score at age 4 years and body

mass index z score? at age 4 years.

¢ Adjusted for the variables in model 2 plus child’s sex, birth weight and height, gestational age,
maternal smoking during pregnancy, maternal education, maternal age, prepregnancy height and
body mass index, breastfeeding, maternal smoking at child’s age 4 years, number of siblings at
child’s age 4 years, and child’s consumption of sweetened beverages, sweets, and meat at age 4

years.

DISCUSSION

The present study is, to our knowledge, the first to have
assessed associations between early-life cognitive function
scores and overweight in late childhood. Higher general
cognitive abilities at age 4 years, particularly executive
function, verbal, quantitative, and memory skills scores,
were associated with a lower likelihood of being overweight
at age 6 years, after adjustment for a large list of covariates,
including socioeconomic factors and maternal BMI. Inter-
estingly, despite the strong association observed between
cognitive scores at age 4 years and weight status at age
6 years, we did not observe a cross-sectional relation
between cognitive function scores and concurrent measures
of BMI at age 4 years. Nonetheless, although this suggests
that cognitive abilities may influence the development of

overweight, we cannot rule out the possibility that this pat-
tern of associations is not due in part to the lower variability
in BMI data at age 4 years. Further study using prospective
data is needed to gain additional insights on these relations.

Previous studies on obesity and cognitive function con-
ducted during childhood have shown mixed results (3-10,
14-29), but most suffered from 1 or more of the following
limitations: a cross-sectional rather than longitudinal
approach; lack of adjustment for relevant confounders such
as maternal education, smoking, or prepregnancy BMI; the
use of raw BMI data rather than z scores or percentiles,
which take into account changes in BMI associated with
growth and maturation; or the use of raw weight data, which
also fails to adequately account for the variable changes in
height which occur at different stages of growth and matu-
ration. Our results are based on a birth cohort study with
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Figure 1. Association between cognitive function at age 4 years (1-standard-deviation (SD) change in cognitive test score) and change in weight
status between ages 4 years and 6 years in the Menorca Cohort, Spain, 1997-2003. The reference group (“‘Healthy”) was children who maintained
a healthy weight status between ages 4 years and 6 years. “Unhealthy” children were those who maintained an unhealthy weight status between
ages 4 years and 6 years (were at risk of becoming overweight or were overweight). Children in the “Worsened” group were those whose weight
status worsened between ages 4 years and 6 years (shifted from healthy weight to at risk of overweight or overweight, or from at risk of overweight
to overweight). Children in the “Improved” group were those whose weight status improved between ages 4 years and 6 years (shifted from
overweight or at risk of overweight to healthy weight, or from overweight to at risk of overweight). Odds ratios (ORs) were adjusted for age, school
grade, psychologist, body mass index (weight (kg)/height (m)?) z score at age 4 years, body mass index z score? at age 4 years, child’s sex, birth
weight and height, gestational age, maternal smoking during pregnancy, maternal education, maternal age, prepregnancy height and body mass
index, breastfeeding, maternal smoking at child’s age 4 years, number of siblings at child’s age 4 years, and child’s consumption of sweetened
beverages, sweets, and meat at age 4 years. Bars, 95% confidence interval (Cl).

appropriate measures of BMI, assessing child cognitive in cognitive function, specifically executive control tasks
function with validated scales and incorporating multivari- (48). Similar to our findings, Cserjési et al. (16) found that
able adjustment for a large array of key factors. Although obese children aged 12 years had worse cognitive flexibility
recognized as an imperfect measure of adiposity, BMI has and shifting ability than those of normal weight. In another
been established to correlate well with more direct measures study, Gunstad et al. (5) showed that overweight/obese middle-
of body fat in children as well as in adults (43). Cutoffs used aged adults had reduced executive function performance
to identify overweight children have been shown to be compared with those of normal weight. The association
highly specific to children with high levels of adiposity (44). with executive function is also consistent with a recent report
A possible explanation for the negative association by Davis et al. (17) showing that young adults with poor
observed between cognitive dimensions such as executive decision-making skills tended to have higher BMIs than
function at age 4 years and overweight 2 years later may those who made better decisions. However, given that food
involve the pathophysiology of both the cognitive function choices in young children are made by parents, in contrast to
and food intake control systems. Executive function, a be- the self-feeding practiced by older children and adults, it is
havioral marker of prefrontal functioning, encompasses less clear to what extent mechanisms related to poor self-
a number of different neuropsychological concepts, includ- regulation influence excess intakes in young children. Nev-
ing inhibitory control, attention control, working memory, ertheless, since childhood is a critical period for executive
cognitive flexibility, goal setting, and problem solving (36, function maturation (36, 49), these results suggest that spe-
37). Thus, executive function could influence the ability to cial attention should be paid to factors influencing this pro-
maintain energy balance and control eating impulses. Ani- cess of maturation given its possible relation with the
mal models suggest that overeating may be in part an development of conditions such as overweight.
addiction, where foods may be conceived of as natural drugs We also observed a strong association between higher
(45), especially highly palatable foods (46). Common neural verbal abilities assessed at age 4 years and decreased odds
substrates, such as dopamine circuits, underlie both food of overweight at age 6 years. The MCSA verbal score is
and drug intake (47). Some neuropsychological studies have a proxy for crystallized intelligence. Crystallized intelli-
shown that substance-dependent persons have impairments gence depends on education, involves stimuli and concepts
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available to members of a cultural group, and is related to
factual information (36). A number of cross-sectional stud-
ies have assessed the relation between this cognitive area
and various measures of weight status at different ages, with
inconsistent results. Cawley et al. (3) found that obesity was
associated with reduced verbal skills in early childhood (age
2-3 years). An earlier cross-sectional study of children at
age 5 years showed an unadjusted negative relation between
crystallized intelligence and BMI (14). In contrast, another
cross-sectional study found no relation between elevated
BMI and scores on a test of intellectual function in children
and adolescents (19). However, in another study, the same
authors showed that obese persons aged 21-82 years had
poorer verbal memory performance (18). Finally, Richards
et al. (8) found that weight was not associated with verbal
intelligence at ages 8 years and 15 years but was negatively
associated with verbal ability at age 26 years and with verbal
memory at age 43 years, all assessed using cross-sectional
data.

Another explanation for the associations observed could
involve common environmental factors, such as time spent
watching television, leading to both poor cognitive function
(50, 51) and overweight (52-54). In our study, we found
time spent watching television (more than 2 hours per
day) to be significantly associated with both increased over-
weight and lower cognitive function. However, adjusting for
television watching did not attenuate the associations ob-
served between cognitive function at age 4 years and sub-
sequent overweight at age 6 years (data not shown). Further
studies exploring the possible mediating role of television in
this relation should be carried out.

A limitation of our study is that parental intelligence,
mental health, or problematic family functioning was not
evaluated; these factors are known to be related to cognitive
function, type of diet, and overweight in young children (55,
56). Inclusion of maternal educational level and social class
probably reduced any confounding by these factors but may
not have eliminated residual confounding. A second limita-
tion was the loss of nearly 40% of the weight and height data
at age 4 years, which could have introduced selection bias.
There were no differences in either anthropometric mea-
sures at age 6 years or socioeconomic variables between
children with BMI data at age 4 years and those without
it, and analyses including all children produced findings
consistent with those obtained using multiple imputation.
Another limitation of this study was the absence of several
BMI data points between ages 4 years and 6 years, a phase
of very rapid child development and weight and height
change (40). BMI z scores were used to classify children’s
weight status, taking into account the normative changes in
BMI experienced by children during this period. Nonethe-
less, it is possible that some children experienced important
changes in weight or height that were not observed at the
time points measured. Furthermore, information about
weight gain during the first months of life was not recorded;
rapid gains during this period have been associated with
both greater childhood overweight and poor cognitive per-
formance (6, 57). This suggests that rather than a causal
relation between cognition and risk of overweight, there
may be common underlying etiologies for both rapid growth

leading to obesity and poorer neurodevelopment. Nonethe-
less, while we were unable to fully explore this issue, we
were able to adjust for both birth weight and BMI at age
4 years as proxy measures for early growth; these factors did
not appear to explain the associations observed. Similarly,
adjusting for maternal smoking in pregnancy, another factor
associated with both poor cognitive function and overweight
in offspring (38, 58, 59), did not appear to explain the
relation between child cognition and obesity.

In conclusion, this study found that higher cognitive func-
tion at age 4 years, specifically executive function and ver-
bal skills, was associated with decrease risk of being
overweight at age 6 years. Although significant associations
have been found after adjustment for a large number of
potential confounders, further longitudinal studies are
required to understand the mechanisms of this association,
including the possible role of genetic or other common
etiologic factors.
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