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The present study examined the role of working memory in the association between
childhood obesity and academic performance, and further determined whether memory
deficits in obese children are domain-specific to certain tasks or domain-general. A total
of 227 primary school students aged 10-13 years were analyzed for weight and height,
of which 159 children (44 “obese,” 23 “overweight,” and 92 “normal weight”) filled out
questionnaires on school performance and socioeconomic status. And then, all subjects
finished three kinds of working memory tasks based on the digit memory task in 30 trials,
which were image-generated with a series of numbers recall trial sets. After each trial set,
subjects were given 5 s to recall and write down the numbers which hand appeared in
the trial, in the inverse order in which they had appeared. The results showed there were
significant academic performance differences among the three groups, with normal-
weight children scoring higher than overweight and obese children after Bonferroni
correction. A mediation model revealed a partial indirect effect of working memory in the
relationship between obesity and academic performance. Although the performance of
obese children in basic working memory tests was poorer than that of normal-weight
children, they recalled more items than normal-weight children in working memory
tasks involving with food/drink. Working memory deficits partially explain the poor
academic performance of obese children. Those results indicated the obese children
show domain-specific working memory deficits, whereas they recall more items than
normal-weight children in working memory tasks associated with food/drink.

Keywords: overweight and obese, children, academic performance, working memory, learning and memory

INTRODUCTION

The prevalence of childhood obesity in China has tripled in the past 10 years, and more than 20% of
7-17 year-olds exceeded the 90th percentile of body mass index (BMI) in a national representative
study in 2010 (Ma et al., 2012). Childhood obesity and overweight are associated with several
metabolic and cardiovascular complications that have been well-documented (Daniels, 2006).
Furthermore, childhood obesity is frequently associated with psychosocial issues (Krombholz,
2012); for example, overweight and obese children are more likely to have poor academic
performance. Studies performed in the United States (Datar et al., 2004), Western Europe
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(Mikkila et al., 2003), South America (Campos et al., 1996),
and Asia (Mo-suwan et al, 1999), showed significant and
discouraging associations between childhood obesity and early
academic outcomes. However, the mechanism underlying the
association between obesity and poor academic performance
remains unclear.

Although the exact association between obesity and poor
academic performance remains to be defined, psychosocial
factors, such as altered peer relationships and poor self-esteem
(Wang and Veugelers, 2008; Zeller et al., 2008), have been
suggested to influence the association between childhood obesity
and school performance. These mental conditions may be among
the factors mediating the poor performance of overweight or
obese children in school. Recent research has also pointed to
other cognitive abilities of the overweight and obese children
(Tsal et al., 2016), including executive functioning (EF), that
may affect their academic performance (Mond et al., 2007). EF
skills are a set of cognitive processes that can shape multiple
cognitive and behavioral outcomes across the life span, ranging
from specific academic skills to overall school performance (Best
et al, 2011). Working memory is one of the most central EF
skills that emerge rapidly during the early childhood years and
continues to develop throughout later childhood, and it is vital
for preparing children to be successful in school (Liew, 2012). For
example, individual differences in reading comprehension may
reflect differences in working memory capacity, specifically in the
trade-off between processing and storage functions (Best et al.,
2011). Working memory is also an important predictor of math
achievement. A study found that the working memory ability
at 4 years of age could predict the math performance of 6 and
7 year-old children (Bull et al., 2008). Another study revealed that
the particular difficulties of children with lower mathematical
ability are related to their poor working memory, which results
in problems controlling, regulating, switching and actively
maintaining relevant mathematic information (Raghubar et al,,
2010).

Given the vital role of working memory in children’s
academic performance, it is worth focusing on the possible
role of working memory in the association between childhood
obesity and poor academic performance. Although there is no
direct evidence showing the poor academic performance for
obese children was related to the deficits in their working
memory, many studies indicates that obese children have a
poorer academic performance level than non-obese children.
For example, Sabia (2007) studied a sample of American
adolescents aged 14-17, she found that BMI was associated with
lower grades. Another study also found an inverse relationship
between BMI and academic achievement for school children
aged 14-15 after controlling for parents’ educational level and
parents’ occupation (Sigfusdottir et al, 2007). Shore et al.
(2008) examined this issue with 271 6th graders and 301 7th
graders and found overweight children showed lower scores
on math and reading tests than non-overweight peers after
adjusting for socioeconomic status. Furthermore, studies with
adults and rats have found a link between obesity and deficits
in learning and memory. For instance, compared with healthy
weight adults, obese subjects show deficits in the one-back visual

working memory task and executive function. Meanwhile, those
obese adults consider themselves worse students (Stingl et al.,
2012). A recent study found that a high calorie diet intake
in obese rats resulted in both neurodegeneration and memory
impairment (Trevino et al, 2015). Based on evidence from
previous studies, obese children are more likely to develop a
poor working memory, which might closely related to adverse
academic outcomes. In addition, if the working memory is
impaired in obese children, whether the deficit is domain-
specific to certain tasks or domain-general needs to be further
clarified.

The aim of the present study was to examine the role of
working memory in the association between childhood obesity
and academic performance, in which family socioeconomic
status was fully considered, because (lower) socioeconomic status
was more easily observed by other students and made an (stigma)
effect on those obese children, and therefore contribute to poorer
academic performance. It was hypothesized that overweight and
obese children display a poorer working memory, which might
lead to poorer academic performance than that of healthy weight
children. In addition, different working memory tests were
administered to explore whether the working memory deficit was
domain-specific or domain-general for obese children.

MATERIALS AND METHODS

Participants

A total of 227 primary school students ranging in age from 10
to 13 years were recruited by means of an advertisement asking
for individuals to participate in a study relating to the relation
between eating habits, dietary patterns and mental health [mean
(M) =12.07, standard deviation (SD) = 0.98]. All the participants
reported themselves being in good health. Their weight and
height were tested by the research assistant. According to the
International Obesity Task Force guidelines, a leading manual on
education and advocacy related to obesity, defines “overweight”
for adolescents (ages 10-17) as a BMI greater than 25, whereas
“obesity” is measured and defined as a BMI greater than 30.
Of the 227 participants, 45 children were categorized as “obese
(BMI > 30),” and 23 children were categorized as “overweight
(BMI > 25).” Ninety-one children were categorized as “normal
weight (18.5 < BMI < 25) and the remaining 69 children
were categorized as “underweight (BMI < 18.5).” Therefore,
the final participants in our study were 159 children, including
44 “obese” children, 23 “overweight” children, and 92 “normal
weight” children (see Table 1).

TABLE 1 | Descriptive statistics of the participants in the present study.

Cohort n Gender (n) Age

Boys Girls Mean SD
Obese group 44 30 14 12.38 1.22
Overweight group 23 17 6 11.78 1.00
Normal-weight group 92 40 52 11.93 0.92
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The present experiment was approved by the Ethics
Committee of Teachers’ College of Beijing Union University, and
written consent was obtained from each students parents and
guardian prior to the experiment.

Measures

Working Memory Tasks

The digit span memory task

The digit span memory task used in the present study
is the Chinese version of digit span subtest which taken
from WAIS-IV (Zhang, 2009). The WAIS- IV consists of 10
primary subtests (vocabulary, information, similarities, digit
span, arithmetic, block design, matrix reasoning, visual puzzles,
coding, and symbol search) that yield four Index scores (verbal
comprehension, perceptual reasoning, working memory, and
processing speed) and an overall Full-Scale IQ (Wechsler, 2003).
The digit span memory task is a classical measurement of
immediate memory and working memory maintenance and
manipulation.

The working memory materials used in the present study were
image-generated (sized 15.2 cm x 6.3 cm) and presented on the
center of screen with a series of numbers recall trial sets. Each
trial set was presented at the rate of one number per second. After
each trial set, subjects were given 5 s to recall and write down the
numbers which hand appeared in the trial, in the inverse order in
which they had appeared. All subjects were presented with three

kinds of working memory materials based on the digit memory
task. As the order of the tasks was counter-balanced between
subjects, one third started the first test while one third started the
second test and one third started the third working memory test.
The first test was the typical digit memory task (Figure 1A).
Each subject was asked to recall and write down a number of
digits in the inverse order that were previously displayed on the
computer screen. The list began with two digits and increased
sequentially until recall errors were made on at least one of
the two trials. The increasing set of numbers backward recall
can assess working memory. The participants’ performance was
calculated based on the number of digits that they were able
to recall without mistakes. In the second working memory task
(Figure 1B), each digit was presented together with a food or
drink mark, and only the number of digits that they were able
to write down in reverse order without errors were calculated
as working memory scores. In the third working memory task
(Figure 1C), each digit was presented together with a cartoon
image, and working memory scores were calculated from the
numbers of digits that the subject could recall and write down
correctly in reverse order. Figure 1 shows the examples (6 and 9
number length) of three different working memory materials.

School Performance and Socioeconomic Status

For each participant, the Chinese, English, and mathematics
scores of the previous year were collected and recorded as their
academic achievement. Before the working memory test, children

2 5 3 s o S
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1 a 5 6 o v 4
= 0 2 %. = &
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FIGURE 1 | Examples of the three kinds of working memory materials used in the study. (A) Example of the typical digit memory task. (B) Example of the
digit presented together with a food or drink mark. (C) Example of the digit presented together with a cartoon image. In each task, the participants were asked to
recall and write down the first line and second line number in the inverse order.
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in the three groups were asked their family socioeconomic
status including: (1) household income; (2) parents’ school
diploma and higher education; (3) parents’ occupation. And
the socioeconomic status data was checked again by students’
enrollment to school at the beginning of the academic year.

Procedure

Upon arrival, the procedures were explained and written
informed consent was obtained. The participants were seated in a
quiet room and the demographic questionnaire was administered
by a research assistant, and the data on weight, height as well as
the academic performance were collected. All participant were
then randomly divided into three group to match the orders of
the three working memory tasks. At the beginning of the test,
each participant was taken into a separate room and completed
the working memory tasks on the computer screen conducted by
a female experimenter. A small gift as payment was handed to
each participant at the end of the experiments.

RESULTS

GLM univariance analysis (with SES effects parsed out) was
applied to test school performance differences among the three
groups, and a multilevel modeling (MLM) paradigm (Preacher
et al,, 2010) was administered to explore the role of working
memory in the association between childhood obesity and
academic performance. An analysis of variance (ANOVA) and
planned post hoc (Bonferroni) tests were used to investigate group
effects on the three working memory tasks.

School Performance Differences among
the Three Groups and Relationship with
Working Memory

The association between obesity and academic performance
was tested using GLM univariance analysis with SES factors

(income and parental education status) as covariates. Because
of the large differences in sample sizes across the three
groups (44 obese children, 23 overweight children, and 92
normal-weight children), Levene’s Test was conducted to
check whether the variances of the three groups being
compared are equal. The results showed Levene’s Test was
consistent with the homogeneity of variances assumption,
F(2,156) = 1.87, p = 0.158. Further GLM univariance analysis
showed significant academic performance differences among
normal-weight, overweight, and obese children (Figure 2),
F(2,153) = 16.73, p < 0.001, n? = 0.18. Normal-weight children
scored higher than overweight (p = 0.02) and obese children
(p < 0.001) after Bonferroni correction. There was no significant
difference between overweight children and obese children
(p = 0.34).

To explore the possible role of working memory in
the association between childhood obesity and academic
performance, we used a mediation model, in which working
memory was hypothesized as mediator. The results of this model
suggested that BMI was negatively associated with academic
performance (b = —1.329, SE = 0.336, p < 0.001). A full path
model was then estimated to test the mediation hypothesis. The
results of the model are shown in Figure 3. A higher BMI
predicted a poorer working memory (b = —0.247, SE = 0.128,
p = 0.045), and a poorer working memory was associated with
a lower level of academic performance (b = 0.650, SE = 0.210,
p = 0.002). Furthermore, the link between BMI and academic
performance remained significant after working memory was
added to the model, and the strength of this association decreased
by 7% (b = —1.196, SE = 0.331, p < 0.001). The significance
of the indirect effect was tested using a model-based bootstrap
with 5000 samples from the original data, which revealed a
partial indirect effect of working memory, with a 95% confidence
interval of —0.328, —0.024 (Preacher and Hayes, 2008). The
absence of zero in the confidence interval for the total indirect
effect of BMI on academic performance as mediated by working

100
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75 4

scores of academic achievements

Onormmal-weight Ooverweight

obese

60 5 T
normal-weight
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FIGURE 2 | Normal-weight children had better academic performance than obese children.

obese
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b= 0.650""
SE=0.210

**p < 0.001.

c=-1.329
SE= 0.336
BMI >| academic performance
¢'=-1.169""
SE= 0.331

FIGURE 3 | Mediation model of BMI, working memory and academic performance. For the path from BMI to academic performance, the upper c-weight
indicated the effect without working memory in the model and the lower ¢’-weight indicated the effect with working memory in the model. *p < 0.05, **p < 0.01,

memory was significant (Sobel’s Z = —1.561, p = 0.034). The
results are summarized in Figure 3.

Comparison of Working Memory

Performance in the Three Tasks

Analysis of variance was followed by the Bonferroni significant
difference test to explore whether the poor working memory
ability in obese children was domain-general or domain-specific.
Similarly, we conducted the Levene’s Test to check whether the
variances of the three groups being compared are equal. The
results showed Levene’s Test was consistent with the homogeneity
of variances assumption on the first working memory task
(F = 1.315, p = 0.73) and the second working memory task
(F = 1.062, p = 0.348) as well as the third working memory task
(F = 0.728, p = 0.484). Further ANOVA analysis showed there
was a main group effect on the first and second working memory
tasks [F(2,156) = 4.452, p = 0.012, 1> = 0.06; F(2,156) = 4.343,
p = 0.015, n?> = 0.05]. The Bonferroni test showed that the
normal weight group (M = 57.14, SD = 10.29) scored higher
than the obese group (M = 52.70, SD = 8.78) in the basic
working memory test (p = 0.043). By contrast, the obese group
(M = 64.86, SD = 8.28) performed better than the normal
weight group (M = 60.34, SD = 8.78) in the second working
memory task with food/drink marks (p = 0.006). There were
no significant differences among the three groups in the third
working memory task [F(2,156) = 0.12, p = 0.89]. The mean
recall scores in the three working memory tasks are shown in
Figure 4.

DISCUSSION

There were two important findings in the present study: first, the
results showed that childhood obesity was associated with poor
academic performance, and that this poor school performance
among obese children was partially due to their poor basic
working memory ability. The second finding is that although

obese children performed worse than normal-weight children
in basic working memory tests, they recalled more items than
normal-weight children in the working memory task with
food/drinks marks. This demonstrated that obese children were
more sensitive to the memory materials with food/drink marks,
indicating that the working memory deficit for obese children
might be domain-specific.

The association between childhood obesity and poor school
performance, which is discouraging, has been demonstrated
in various cultures. A review of nine studies performed
in the United States, Western Europe, South America, and
Asia suggested a consistent and significant association (Taras
and Potts-Datema, 2005). Another recent longitudinal study
indicated that weight status during the fifth grade predicted
lower levels of academic achievement in eighth grade, and this
relation was maintained after controlling for numerous potential
confounding variables, including socioeconomic indicators,
physical activity, and TV watching (Purtell and Gershoff,
2015). Among those confounding variables, socioeconomic
characteristics is more easily observable by other students, and
its potential association with worse academic performance can
contribute to the stigma of overweight, which might inverse leads
to poor academic performance at school. While in our study, after
controlling for socioeconomic status, we still found significant
relationship between obesity and academic performance. The
present study was based on Chinese children and provided
consistent findings of poor school performance among children
who are obese.

A possible mechanism for the association between childhood
obesity and poor academic performance was identified in our
study, as our results showed that working memory partially
mediated the link between childhood obesity and poor academic
performance. Working memory represents the basic cognitive
system in that it underlies the capacity to remember moment to
moment information on activities and serves to allocate cognitive
processing capacity to the various other cognitive systems,
according to need and importance. There has been a clear
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FIGURE 4 | Comparison of three groups’ working memory performance during each testing stage.
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generalization concerning the important positive relationship
between math, literature learning, and the demand on working
memory. For example, working memory is increasingly involved
in arithmetic learning and math problem solving (Swanson,
2014). In the process of Chinese and English learning, working
memory for word recall and reading comprehension is also in
high demand (Bull et al., 2008; Best et al., 2011). Furthermore,
previous studies demonstrated that compared with healthy
weight individuals, obese children show significant impairments
in working memory (Francis and Stevenson, 2011; Stingl et al.,
2012; Fitzpatrick et al., 2013; Coppin et al., 2014), which is closely
related to their poor academic performance (Judge and Jahns,
2007). The current data confirm previous work in that working
memory partially explained the obese children’s disadvantage in
academic learning.

Although the poor academic performance of obese children
was partially due to their impaired working memory ability,
whether the working memory deficit for obese children was
domain-specific or domain-general remains unclear. Our study
design based on three different working tasks revealed that
obese children recall more items than normal-weight children
in the working memory task with food/drink marks, whereas
the obese group performed worse than the normal-weight
group in the basic working memory task, indicating that
the deficit in learning and memory for obese children was
domain-specific. This also suggests that the learning and
memory processes in obese children were different from those
of normal weight children, as obese children were more
sensitive to the memory tasks with food/drink marks. Prior
studies of explicit learning and memory in adults showed that
obese individuals show a stronger responsiveness to external
cues related to food; for example, obese women completed
significantly more food-and shape-related words than other
groups in the explicit memory tasks (Docteur et al, 2008).
The proposed mechanism was that the presence of food
cues improve the memory efficiency of obese individuals
through imagery, in which external information is quickly and
vividly organized into an internal representation and stored
as a spatial schema (Fioravanti et al., 2004). Consistent with
prior studies, we observed that obese children recalled items
in a different way, as their processing of information with

food/drink marks was more efficient than that of normal-weight
children.

The present study had several limitations. Poor academic
performance in obese children is influenced by multiple
factors; therefore, working memory plays a limited role in
explaining the disadvantages of obese children regarding
academic performance. It is also important to note that the
sample sizes of the current study were not optimal. Thus, future
studies with larger sample sizes and consideration of additional
factors will help clarify the association between childhood obesity
and poor school performance. Despite these limitations, to the
best of our knowledge, this is the first study demonstrating the
role of working memory in the association between childhood
obesity and academic performance in the Chinese population.

CONCLUSION

The present study found the association between childhood
obesity and poor academic performance in Chinese children and
indicated that this disadvantage in school performance among
obese children was partially due to their poor basic working
memory ability. Furthermore, the current findings extend the
body of evidence related to learning and memory processes in
obese children by indicating that the deficit in working memory
for obese children might be domain-specific.
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