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Background: The increasing incidence of people affected by overweight or obesity

is a significant health problem. The knowledge of the factors which influences the

inappropriate eating behaviors causing excessive body fat is an essential goal for the

research. Overweight and obesity are significant risk factors for many health diseases,

such as cardiovascular problems, diabetes. Recently, many studies have focused on the

relationship between body weight and cognitive processes.

Objectives: This systematic review is aimed to investigate the existence and the

nature of the relationship between excessive body weight (overweight/obesity) and

executive functions, analyzing cross-sectional, and longitudinal studies in order to verify

the evidence of a possible causality between these variables.

Methods: The review was carried out according to the PRISMA-Statement, through

systematic searches in the scientific databases PubMed, Medline, PsychInfo, and

PsycArticles. The studies selected examined performance on executive tasks by

participants with overweight or obesity, aged between 5 and 70 years. Studies examining

eating disorders or obesity resulting from other medical problems were excluded.

Furthermore, the results of studies using a cross-sectional design and those using a

longitudinal one were separately investigated.

Results: Sixty-three cross-sectional studies and twenty-eight longitudinal studies that

met our inclusion and exclusion criteria were analyzed. The results confirmed the

presence of a relation between executive functions and overweight/obesity, although the

directionality of this relation was not clear; nor did any single executive function emerge

as being more involved than others in this relation. Despite this, there was evidence of a

reciprocal influence between executive functions and overweight/obesity.

Conclusions: This systematic review underlines the presence of a relationship between

executive functions and overweight/obesity. Moreover, it seems to suggest a bidirectional
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trend in this relationship that could be the cause of the failure of interventions for weight

reduction. The results of this review highlight the importance of a theoretical model

able to consider all the main variables of interest, with the aim to structuring integrated

approaches to solve the overweight/obesity problems.

Keywords: executive functions, obesity, overweight, cross-sectional studies, longitudinal studies

INTRODUCTION

Rationale
Obesity and overweight, defined as the accumulation of excessive
body fat, are risk factors for many chronic diseases, such as
hypertension (Jiang et al., 2016) and diabetes (Hauner, 2017) as
well as musculoskeletal (McPhail et al., 2014) and respiratory
problems (Littleton, 2012). Prospective studies have shown
an association between obesity in adulthood and cognitive
impairment in old age (Sanderlin et al., 2017). Moreover, obesity
appears to be connected to psychopathologies—such as anxiety
disorders and depression (Carpiniello et al., 2009; De Wit et al.,
2010; Gariepy et al., 2010; Luppino et al., 2010; Carey et al.,
2014)—and to social difficulties—such as bullying and social
isolation (Kolotkin et al., 2001). The most common risk factors
associated with an increase in body weight are poor eating
habits and a lack of adequate physical activity (World Health
Organization, 2000; Prentice, 2001; Dubbert et al., 2002), which
results in a chronic imbalance between individual’s needs and
energy acquisition (Yumuk et al., 2015).

Conventionally, overweight classifications aremade according
to the body mass index of an individual (BMI; World Health
Organization, 2000). BMI takes into account the weight and
height of a person, providing a quantifiable index as the
measure of body mass. The WHO considers different severity
of overweight: pre-clinical obesity (BMI between 25 and 29.9),
obesity class I (BMI between 30 and 34.9), obesity class II (BMI
between 35 and 39.9), obesity class III (BMI equal to or higher
than 40). An excessive increase in BMI can lead to a higher
risk of premature death and a lower quality of life (World
Health Organization, 2000). However, some authors focused on
other indices that appear to be more sensitive for investigating
the relationship between different degrees of overweight and
their effects on health, such as waist circumference, waist-to-
height ratio, and the body adiposity index (Janssen et al., 2004;
Ashwell et al., 2012; Lam et al., 2015). In general, an increase in
body fat, in the absence of metabolic and hormonal pathologies
(Bray, 1999), is strongly associated with overeating behaviors
and excessive ingestion of high-calorific foods that affect the
individual’s metabolism (McCrory et al., 1999; Ouwens et al.,
2003).

The prevalence of obesity or overweight has increased in
recent years. In 2014, more than 1.9 billion adults were
overweight (World Health Organization, 2015); of these, 600
million were classifiable as obese. Regarding younger people,
in 2013 it was estimated that about 42 million children and
adolescents between the ages of 5–18 years, and about 12.4%
of children below the age of 5 years, were overweight or obese
(World Health Organization, 2015; Yumuk et al., 2015). It is

expected that around 60% of the world’s population will reach
critical BMI values by 2030 (Kelly et al., 2008).

Considering these data, it appears useful to investigate the
predisposing and exacerbating factors of increases in BMI and
body fat, related to overeating behavior. In line with this need,
recent years have seen increasing interest in the cognitive
mechanisms involved in overweight or obesity (Liang et al.,
2014; Forcano et al., 2018). Furthermore, recent studies (Yang
et al., 2018) have focused on the relationship between executive
functions and obesity to investigate the existence and nature of
this association.

Executive Functions
Executive functions (EFs) is an “umbrella term” (Damasio, 1995;
Elliott, 2003; Chan et al., 2008; Diamond, 2013) that includes
both complex cognitive processes—such as the resolution of
new tasks, the modification of existing behaviors, the planning
of new strategies for problem solving, the sequencing of
complex actions (Funahashi, 2001; Elliott, 2003), the inhibition
of motor or cognitive automatic responses and the control
of conflicting information (Diamond, 2013)—and lower-level
of cognitive processes, which allow to regulate and control
thoughts and actions during goal-directed behavior and involve
different cognitive dimensions such as perception and sensation,
memory and motivation, attention, reasoning, and problem-
solving (Pennington and Ozonoff, 1996).

Although there are various EFs, many studies have centered
on three specific processes (Miyake et al., 2000; Diamond,
2013): (i) Cognitive Flexibility (or Shifting), characterized by
an attentional shift between tasks or between different mental
operations; (ii) Working Memory (or Updating), which includes
the updating and monitoring of mental representations in
order to respond appropriately to external tasks or stimuli;
and (iii) Inhibition, which consists of the voluntary inhibition
of dominant or automatic responses for controlling actions,
thoughts and emotions, as well as attentional aspects, in order
to respond appropriately to the needs of goal-directed behaviors
(Miyake et al., 2000; Hofmann et al., 2012; Diamond, 2013). In
general, some EFs have been studied more than others due to the
presence of cognitive tasks (e.g., Stroop task, Stop Signal Task,
IowaGambling Task (IGT), Span Task,Maze task) that seem to be
more sensitive in the investigation of specific EFs, however there
are some limits in their interpretations (Diamond, 2013; Vainik
et al., 2013).

Some authors (Grafman and Litvan, 1999; Chan et al.,
2008) distinguished between two different groups of EFs:
the “cold EFs” and the “hot EFs.” The first—which include
verbal reasoning, problem-solving skills, planning, attentional
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maintenance, cognitive flexibility, response inhibition, and
control of conflicting information—are characterized by the
absence of emotional processing of stimuli and do not generate
emotional arousal (Chan et al., 2008). The second, the hot
EFs—which include expectations of punishment-gratification,
social behavior, and decision-making—are characterized by the
presence of beliefs and desires, and they include a powerful
emotional component (Chan et al., 2008). According to Miyake
model, these executive domains would be included in cold EFs.
However, in daily life, hot and cold EFs work jointly, and both are
necessary to direct our behavior. It is essential to underline that
EFs are characterized by individual differences, which during life
undergo multiple modifications (Jacques and Marcovitch, 2010;
Hall and Marteau, 2014), as the reduction of cognitive flexibility
and planning with aging (see Jacques and Marcovitch, 2010), or
the alterations in inhibition in psychopathology (Nigg, 2000).
These differences and changes can also be traced back to the
establishment of healthy behaviors, such as eating habits (Hall
and Marteau, 2014).

Executive Functions in Obesity and
Overweight
A recent review by Dohle et al. (2018) showed that some studies
support the hypothesis that food behaviors affect executive
functioning, i.e., healthy eating habits promote the preservation
of cognitive functions throughout life (Morris et al., 2005; Smith
and Blumenthal, 2016). Other authors are inclined to sustain
the opposite point of view, in which cognitive functions are
considered as the predictors of food behaviors and, consequently,
of body weight changes. According to this view, EFs deficits
are considered the cause of inappropriate attitudes to food and
represent a trigger for both eating disorders and changes in BMI
(Dohle et al., 2018). These different views on the relationship
between EFs and eating habits are also observed in the studies
that considered the association between obesity/overweight and
EFs (Perry, 2004; Pignatti et al., 2006; Davis et al., 2007b;
Gonzales et al., 2010).

The theoretical models that consider the relationship between
EFs and overweight/obesity are less developed, and usually, they
do not focus on specific executive processes. However, it might
be interesting to extend this type of studies because they could
help in identifying some aspects which are connected to the
increase in obesity and related problems. To clarify the nature of
the relationship between EFs and overweight/obesity could allow
identifying both a causal direction in the relationship between
EFs and excessive body weight and the most suitable theoretical
model able to explain this relationship.

In general, it could be useful to define whether the studies
investigating the relationship between EFs and excessive body
weight showed a consensus about the presence of a clear link
between the examined variables. In fact, some reviews tried to
collect information about this relationship (Fitzpatrick et al.,
2013; Vainik et al., 2013; Emery and Levine, 2017; Gettens and
Gorin, 2017; Gluck et al., 2017; Yang et al., 2018), but they
only confirmed the existence of a correlation between these
dimensions, but they were unable to clarify the essence of

this relationship, nor the causality. Identifying whether the EFs
represent predictors of weight gain (Smith and Robbins, 2013;
Chen et al., 2017), or consequences of the increased body weight
(Perry, 2004; Sellbom and Gunstad, 2012) still represents an
important goal in research.

A review analyzing the relationship between EFs and
overweight aimed to examine studies with different experimental
designs (cross-sectional, longitudinal) could help in identifying
an eventually causal relationship between variables, as well as it
could allow understanding how the interactions that emerged in
cross-sectional studies, change over time in longitudinal studies.
In our view, this represents an essential goal, because it can be
useful to both for structuring interventions aimed at reducing
risks related to excessive body weight and/or EFs impairment
and contributing to the development of a theoretical model.
Moreover, studies analyzing the causality between these variables
could be a starting point to identify whether some executive
domains are more involved than others during body weight
gain. An important aspect to consider is the role of every single
executive domain in the relationship with overweight/obesity.
To identify whether there is a specific EF or some EFs, which
influences or are influenced by the excessive body weight could
be useful both for the development of a theoretical model on
EFs-overweight relationship and for the definition of risk factors
related to excessive body weight or impairment in executive
domains. Some studies identified impairment in specific EF
domains as decision-making, planning and problem solving (for
a review see Fitzpatrick et al., 2013), or in inhibition (Gluck et al.,
2017). However, generally, the studies identified alteration of EFs,
without well-defined the relationship between the single domain
of EFs and excessive body weight. This tendency could be due
to the different cognitive tasks used and the high number of
methodological designs considered in the studies (Vainik et al.,
2013).

Objectives
This systematic review aimed to analyse longitudinal and cross-
sectional studies that have investigated the association between
EFs and obesity or overweight in the absence of chronic diseases
or related eating disorders, trying to add knowledge about the
nature of this relationship.

Specifically, the aims of this systematic review are:

(a) to document the cross-sectional evidence between EFs and
overweight/obesity, trying to identify the consensus on
the presence of a relationship between EFs and excessive
body weight;

(b) to see if any executive domain has been associated mainly
with excessive body weight, considering both positive and
negative results;

(c) to analyse longitudinal studies to assess the causality between
EFs and the BMI, considering EFs eventually an outcome or
predictor of increase in BMI.

This review represents an attempt to systematize the studies on
the relationship between EFs and overweight (Vainik et al., 2013;
Emery and Levine, 2017; Yang et al., 2018). The inclusion of
longitudinal studies, by also considering different interventions
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to reduce weight (as in Thiara et al., 2017) could help to clarify
the nature of this relationship better. The final aim of this review
is to understand how approaching the problems related to excess
body weight.

METHOD

This systematic review was conducted according to the PRISMA-
statement (Liberati et al., 2009; Moher et al., 2009). Online
registration of the protocol has not been provided.

Research Strategies
The systematic review was conducted using PubMed, PsycINFO,
PsycArticles, MedLine databases. The following keywords
were used: “Executive Function,” “Inhibition,” “Cognitive
Inhibition,” “Selective Attention,” “Updating,” “Working
Memory,” “Shifting,” Cognitive Flexibility,” “BMI,” “Overweight,”
“Obesity,” “Overeating,” “Diet.”

The scripts used for the search are presented in Table 1.
The starting date of the work was January 8th, 2018. All

original, “full-text” papers published in international, peer-
reviewed journals up to June 10th, 2018 were considered.

Eligibility Criteria
Selections were made independently by two researchers (FF; MC)
and any disagreements resolved by a supervisor (GF). All the
studies investigated the relationship between EFs and excessive
body weight. Studies including at least one groupwith overweight
or obesity, classified through the international criteria as BMI
(World Health Organization, 2000) and BMI percentiles (Flegal
et al., 2002), and investigating at least one EF were included.
Furthermore, both cross-sectional and longitudinal studies were
considered and analyzed separately. For the selection of the
articles the following inclusion criteria were used: (a) academic
articles published in international, “peer-reviewed” journals; (b)
studies written in English; (c) studies on humans with overweight
or obesity (BMI higher than 25) at various levels of severity; (d)
studies using cognitive tasks to assess EFs; (e) studies including
participants aged between 5 and 70 years; (f) cross-sectional and
longitudinal studies; (g) studies including different interventions
to reduce body weight (bariatric surgery, cognitive remediation
therapy, weight-loss programmes that included diets, or physical
activity); (h) studies including other psychological variables
related to EFs and body weight.

The following exclusion criteria were applied: (a) short report:
these type of articles were excluded because after a preliminary
analysis of them it was observed that the information reported
was too general; (b) studies examining participants with binge
eating disorder or other eating disorders; (c) studies focusing
on cognitive functions other than executive ones; (d) studies
analyzing EFs through self-report questionnaires; (f) studies on
obesity of metabolic origin or caused by other medical diseases;
(g) studies considering overweight in psychopathological or
psychiatric conditions (e.g., depression, schizophrenia, ADHD,
etc.). Moreover, for cross-sectional studies, the absence of
a normal-weight control group for comparison of executive
functioning was an additional exclusion criterion. For the

longitudinal researches, both observational and experimental
studies were included.

Additionally, in both cross-sectional and longitudinal
studies, differences between groups (with normal-weight and
overweight), or between different assessment times (pre, post,
follow-up) were mainly commented, although regression
analyses (continuous BMI) were also considered. Correlational
studies were excluded if the method did not include the presence
of different conditions of BMI (including both normal-weight
and overweight individuals).

Data Collection Process
According to PICOS (Liberati et al., 2009), the authors extracted
from the selected articles information about participants in both
the control group and the groups with overweight/obesity (age,
BMI, gender), methods (executive tasks used), and main results
observed in the EFs tasks.

According to the aims of this review, for the cross-
sectional studies, all the results concerning comparisons
between overweight/obese groups and normal-weight groups
on a cognitive task that assessed one or more EFs were
analyzed. For the longitudinal studies, all the results concerning
the analysis over time of participants with excessive body
weight were examined, including also changes in weight, and
executive functioning following either weight-loss programmes
or cognitive training. The characteristics of the studies are shown
in Tables 3, 4.

Quality Assessment
A quality assessment analyzed the eligibility of each article by
detecting the quality of the studies. This process was aimed
to reduce the risk of bias selection and was conducted using
a six-point checklist created explicitly for the screening of the
studies of this review. For each point, a maximum score of
two (high-quality) could be awarded per article: a score of zero
corresponded to a low-quality index, a score of 1 to a medium-
quality index and a score of 2 to a high-quality index. To derive
an overall quality of score of the study, the mean score of
each study was multiplied by 100. Studies with a score <75%
were considered with high quality, in line with other qualitative
analyses (e.g., Varkevisser et al., 2019). The systematic review
excluded studies with very low quality (lower than 50%). Table 2
shows the six-point quality assessment checklist. Tables 3, 4
reported the quality assessment for each selected article.

RESULTS

Study Selection
The initial search produced 1,817 articles. After excluding 614
duplicates, 922 articles were rejected according to an analysis of
both title and abstract, leaving a final total of 281 studies to be
reviewed and subjected to the quality assessment.

At the end of the review process, 88 articles remained. The
flow chart (Figure 1) shows the study selection process, including
the number of studies found, the assessment process and the
reasons for the exclusion of the articles.

The 88 selected articles were categorized according to the
experimental design. Sixty-three studies used a cross-sectional
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TABLE 1 | Script for the systematic research.

Script

Executive function

and Obesity

(“executive function”[MeSH Terms] OR (“executive”[All Fields] AND “function”[All Fields]) OR “executive function”[All Fields]) AND (BMI[All

Fields] OR (“overweight”[MeSH Terms] OR “overweight”[All Fields]) OR (“obesity”[MeSH Terms] OR “obesity”[All Fields]) OR

(“hyperphagia”[MeSH Terms] OR “hyperphagia”[All Fields] OR “overeating”[All Fields]) OR (“diet”[MeSH Terms] OR “diet”[All Fields]))

Inhibition and

Obesity

((“inhibition (psychology)”[MeSH Terms] OR (“inhibition”[All Fields] AND “(psychology)”[All Fields]) OR “inhibition (psychology)”[All Fields]

OR “inhibition”[All Fields]) OR ((“Cogn Int Conf Adv Cogn Technol Appl”[Journal] OR “cognitive”[All Fields]) AND (“inhibition

(psychology)”[MeSH Terms] OR (“inhibition”[All Fields] AND “(psychology)”[All Fields]) OR “inhibition (psychology)”[All Fields] OR

“inhibition”[All Fields])) OR (Selective[All Fields] AND (“attention”[MeSH Terms] OR “attention”[All Fields]))) AND (BMI[All Fields] OR

(“overweight”[MeSH Terms] OR “overweight”[All Fields]) OR (“obesity”[MeSH Terms] OR “obesity”[All Fields]) OR (“hyperphagia”[MeSH

Terms] OR “hyperphagia”[All Fields] OR “overeating”[All Fields]) OR (“diet”[MeSH Terms] OR “diet”[All Fields]))

Working Memory

and Obesity

(Updating[All Fields] OR (“memory, short-term”[MeSH Terms] OR (“memory”[All Fields] AND “short-term”[All Fields]) OR “short-term

memory”[All Fields] OR (“working”[All Fields] AND “memory”[All Fields]) OR “working memory”[All Fields])) AND (BMI[All Fields] OR

(“overweight”[MeSH Terms] OR “overweight”[All Fields]) OR (“obesity”[MeSH Terms] OR “obesity”[All Fields]) OR (“hyperphagia”[MeSH

Terms] OR “hyperphagia”[All Fields] OR “overeating”[All Fields]) OR (“diet”[MeSH Terms] OR “diet”[All Fields]))

Cognitive Flexibility

and Obesity

(Shifting[All Fields] OR ((“Cogn Int Conf Adv Cogn Technol Appl”[Journal] OR “cognitive”[All Fields]) AND (“pliability”[MeSH Terms] OR

“pliability”[All Fields] OR “flexibility”[All Fields]))) AND (BMI[All Fields] OR (“overweight”[MeSH Terms] OR “overweight”[All Fields]) OR

(“obesity”[MeSH Terms] OR “obesity”[All Fields]) OR (“hyperphagia”[MeSH Terms] OR “hyperphagia”[All Fields] OR “overeating”[All

Fields]) OR (“diet”[MeSH Terms] OR “diet”[All Fields]))

TABLE 2 | Checklist for quality assessment.

1) The use of standardized executive tasks*. 0 = No standardized tasks;

1 = Use of some non-standardized tasks;

2 = Use of all standardized tasks.

2) Controlling of psychological (e.g. depression, anxiety, emotional

dysregulation) and/or physiological variables (e.g. blood values,

hormonal and inflammatory aspects).

0 = No control of variables;

1 = Control of psychological or physiological variables;

2 = Control of both psychological and physiological variables.

3) The use of international guidelines for BMI classification. 0 = No international guidelines;

1 = Shared guidelines (i.e. CDC);

2 = International guidelines.

4) Quality of the method description (about executive variables). 0 = Procedures and assessment tools are not well indicated;

1 = Procedures and assessment tools are partially described;

2 = Procedure and assessment tools are well described.

5) Quality of results description (about executive variables). 0 = Executive functioning is not included in the results;

1 = Executive functioning is partially included in the results;

2 = Executive functioning is included in the results.

6) Quality of discussion and conclusion (about executive variables). 0 = Executive functioning is not included in either discussion or conclusion;

1 = Executive functioning is not well included in discussion and conclusion;

2 = Executive functioning is included in both discussion and conclusion.

*Behavioral tasks widely used in literature for the analysis of a specific executive function.

design, and twenty-eight studies used a longitudinal design (see
Tables 3, 4). Three studies (Deckers et al., 2017; Demos et al.,
2017; Vantieghem et al., 2018) used both cross-sectional and
longitudinal design. These studies considered the differences
between participants with normal-weight and participants with
overweight or obesity and analyzed the differences in executive
performances during the time. For this reason, they were
considered in both sections of the review.

Quality Assessment for Risk Bias
Seventy-nine per cent of the studies (N = 70) were of high
quality, while 20% (N = 18) were of low quality. Figure 2 shows
the percentage of studies per quality level for each point on the
assessment tool. Overall, studies showed higher quality in their
results and discussion sections. Conversely, lower scores were
found for the control of psychological and physiological variables
(Figure 2). The selection of the articles for the systematic review

was justified by the good quality of each study, explicitly
considering the results on EFs. In general, despite a large number
of the selected studies, the high quality of the studies may have
reduced the risks of misinterpretation of the results.

Cross-Sectional Studies
Systematic searching gave 63 cross-sectional studies that met
the inclusion criteria (see Table 3). Of these studies, twenty-
nine involved adult participants (aged over 30 years), twenty
examined adolescents (aged 12–22 years), two studies looked
at young adults (aged 23–30 years) and finally twelve studies
investigated the relationship between EFs and excessive body
weight in children (aged >12 years) (see Table 3).

Only nine studies had a higher proportion of males than
females (Pignatti et al., 2006; Verdejo-García et al., 2010; Gentier
et al., 2013; Mole et al., 2015; Qavam et al., 2015; Reyes
et al., 2015; Alarcón et al., 2016; Tsai et al., 2016; Wu et al.,
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TABLE 3 | Cross-sectional studies.

Participants Method EF Domain

Study Group N Age M (SD) Sex (%

female)

BMI

M (SD)

Cognitive task Global

EF/other

EFs

Inhibition Updating Cognitive

flexibility

Quality of

the study

STUDY ON ADULT POPULATION

Ariza et al. (2012) OB1

NW2
42

42

31.81 (6.51)

29.67 (6.97)

67

69

38.3 (7.59)

22.07 (1.97)

TMT3

SCWT4

WCST5

Letter–

Number Sequence

– OB equal to

NW

OB equal to

NW

OB equal to

NW

83.3%

Bongers et al. (2015) OB

NW

185

134

35.19 (7.59)

33.04 (8.15)

71

74

38.18 (6.17)

22.35 (1.63)

Stop–Signal Task

Delay Discounting

Task (food cue)

OB equal to

NW

OB equal to

NW

– – 75.0%

Brogan et al. (2011) OB

NW

42

50

52.24 (10.89)

47.34 (16.34)

71

66

41.45 (9.17)

24.36 (3.78)

IGT6 OB poor than

NW

– – – 83.3%

Catoira et al. (2016) OB

NW

81

32

30

26.5

100

100

35.81

22.56

WCST

TMT

SCWT

Verbal Fluency

– OB poor than

NW

– OB equal to

NW

91.7%

Cohen et al. (2011) OW

NW

42

107

58.9 (8.3)

61.2 (8.0)

48

52

31.8 (6.8)

24.1 (1.4)

SCWT

WCST

TMT

Digit Span

– OB poor than

NW

OB poor than

NW

OB poor than

NW

66.7%

Danner et al. (2012) OB

OB–

BED7

NW

18

19

30

44.56 (13.36)

38.05 (10.97)

36.13 (14.09)

100

100

100

30.84 (3)

28.74 (6.25)

22.32 (1.96)

IGT OB poor than

NW

– – – 83.3%

Dassen et al.

(2018a)

OB

NW

82

71

41.12 (12.62)

43.40 (13.44)

64.4

77.5

38.94 (5.24)

22.63 (1.53)

2–Back Task

Stop–Signal Task

TMT

– OB poor than

NW

OB poor than

NW

OB equal to

NW

66.7%

Deckers et al. (2017) OB

NW

545

1262

58 (15)

48.9 (16.2)

58

46

31.2 (3.9)

24.9 (2.5)

Concept Shifting

Test

– – – OB poor than

NW

83.3%

Demos et al. (2017) OB

NW

37

30

46.95 (7.9)

43.97 (8.9)

100

100

33.5 (3.9)

22.7 (1.8)

Food Choice

Decision Making

Task

OB poor than

NW

– – – 83.3%

Fagundo et al.

(2012)

OB

AN8

NW

52

35

137

40.5 (11.1)

28.1 (8.2)

24.8 (7)

100

100

100

39.8 (7.4)

17.2 (1.4)

21.5 (2.7)

WCST

SCWT

IGT

OB poor than

NW

OB poor than

NW

– OB poor than

NW

75.0%

Frank et al. (2014) OB

ExOB9

NW

11

9

11

42.6 (4)

42 (2.8)

36.6 (3.8)

100

100

100

40.2 (0.8) 27.1

(0.9)

21.4 (0.5)

Working Memory

Task (food cue)

– – OB equal to

NW

– 50.0%

(Continued)
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TABLE 3 | Continued

Participants Method EF Domain

Study Group N Age M (SD) Sex (%

female)

BMI

M (SD)

Cognitive task Global

EF/other

EFs

Inhibition Updating Cognitive

flexibility

Quality of

the study

Galioto et al. (2013) OB

OW10

NW

81

210

288

51.78 (16.96)

50 (17.24)

44.72 (18.37)

55.9

37.5

58

34.67 (5.59)

27.12 (1.45)

22.35 (1.73)

Digit Span

Maze Test

Switching of

Attention Task

OB poor than

NW

– OB poor than

NW

OB poor than

NW

83.3%

Gameiro et al. (2017) OB

NW

76

38

43.24 (9.05)

40.53 (10.75)

68

71

>30

<25

WCST

Go/No–Go Task

Color Trait Test

Verbal Fluency

Motor Series

– OB poor than

NW

– OB poor than

NW

75.0%

Gonzales et al.

(2010)

OB

OW

NW

12

11

9

48.5 (8.6)

52 (5.1)

51.8 (4.3)

50

45

77

34.4 (3.5)

27.4 (1.4)

22.4 (2.2)

Digit Span

COWAT11

TMT

n–Back Task

– OB equal to

OW equal to

NW

OB equal to

OW equal to

NW

OB equal to

OW equal to

NW

100.0%

Gunstad et al.

(2007) [1]

OW

NW

140

178

32.40 (9.10)

31.56 (8.71)

46.4

55.1

28.4 (4.42)

22.09 (1.71)

Verbal Interference

Task

Switching of

Attention Task

Maze Test

OB poor than

NW

OB poor than

NW

– OB poor than

NW

75.0%

Gunstad et al.

(2007) [2]

OW

NW

58

32

60.4 (7.62)

58.34 (6.62)

55.1

53.4

29.17 (3.54)

23.09 (1.59)

Verbal Interference

Task

Switching of

Attention Task

Maze Task

OB poor than

NW

OB poor than

NW

– OB poor than

NW

75.0%

Hendrick et al.

(2012)

OB

OW

NW

13

12

18

34.8 (9.6)

33.2 (16.7)

26.2 (6.7)

100

100

100

33.2 (2.6)

25.6 (2)

20.2 (1)

Stop–Signal Task – OB equal to

OW equal to

NW

– – 83.3%

Lasselin et al. (2016) OB–

LowCR12

OB–

HighCR13

NW

29

37

20

39.4 (10.5)

37.9 (9)

38.9 (10.1)

62

89

90

40.7 (3.7)

42 (3.8)

22 (3)

IED14 – – – OB–HighCR

poor than

OB–LowCR;

NW

83.3%

Loeber et al. (2012) OB

NW

20

20

47.9 (12.5)

44.9 (11.7)

65

60

38.8 (6.3)

22.6 (1.1)

Go/No–Go Task

[food cue]

Dot Probe Task

(food cue)

– OB equal to

NW

– – 75.0%
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TABLE 3 | Continued

Participants Method EF Domain

Study Group N Age M (SD) Sex (%

female)

BMI

M (SD)

Cognitive task Global

EF/other

EFs

Inhibition Updating Cognitive

flexibility

Quality of

the study

Mole et al. (2015) OB

NW

30

30

44.06 (9.7)

43.59 (10.01)

37

37

32,72 (3.41)

24.11 (2.89)

Delay Discounting

Task

Stop–Signal Task

Information

Sampling Task

OB poor than

NW

OB equal to

NW

– – 83.3%

Navas et al. (2016) OB

OW

NW

20

21

38

32.15 (5.96)

35 (6.31)

33.18 (6.59)

55

52

58

35.5 (2.6)

27.34 (1.59)

22.21 (1.70)

The Ehel of Fortune

Task

IGT

OB poor than

OW; NW

– – – 83.3%

Perpiñá et al. (2017) OB

NW

27

39

47.78 (11.46)

31.9 (13.54)

85.2

76.9

43.92 (10.04)

23.21 (3.48)

WCST

IGT

OB poor than

NW

– – OB poor than

NW

75.0%

Pignatti et al. (2006) OB

NW

34

20

43.40 (8.13)

46.65 (16.33)

42

50

42.17 (6)

22.16 (1.83)

IGT OB poor than

NW

– – – 66.7%

Restivo et al. (2017) OB–

Bar15

OB–

BarDDM16

NW

25

21

20

43.9 (10.7)

43.2 (10.9)

43.8 (11)

92

90

90

44.7 (2.9)

43.7 (4.8)

22.4 (2)

COWAT

SCWT

WCST

Color Trail Test

PASAT17

– OB–Bar;

OB–BarDDM

poor than NW

OB–Bar;

OB–BarDDM

poor than NW

OB–Bar;

OB–BarDDM

poor than NW

100.0%

Schiff et al. (2016) OB

NW

23

23

36.2 (9.5)

33.8 (8.9)

78

78

36.2 (5.7)

22.4 (2.2)

Temporal

Discounting Task

TMT

FAB18

Simple RT Task

Choice RT Task

Sterburg Task

Simon Task

OB equal to

NW

OB equal to

NW

OB equal to

NW

OB equal to

NW

83.3%

Spitoni et al. (2017) OB

NW

24

37

49.8 (13.66)

35.7 (11.2)

79

65

41.1 (8.03)

22.5 (3.01)

BADS19-Rule shift

Cards

Hayling Sentence

Completion Task

– OB poor than

NW

– – 91.7%

Stanek et al. (2013) OB

NW

152

580

43.45 (11.28)

47,66 (18)

84

55

45.23 (6.91)

25.84 (4.97)

Digit Span

Switching of

Attention Task

Verbal Interferences

Maze Test

OB poor than

NW

OB poor than

NW

OB poor than

NW

OB poor than

NW

83.3%

Stingl et al. (2012) OB

NW

34

34

36.5 (9.5)

38.4 (11)

70

70

30.4 (3.2)

22 (2.1)

N–Back Visual Task

(food cue)

– – OB poor than

NW

– 75.0%
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TABLE 3 | Continued

Participants Method EF Domain

Study Group N Age M (SD) Sex (%

female)

BMI

M (SD)

Cognitive task Global

EF/other

EFs

Inhibition Updating Cognitive

flexibility

Quality of

the study

Van der Oord et al.

(2018)

OB

NW

39

25

42.82 (13.23)

44.9 (15.32)

82.1

72

39.7 (5.31)

22.94 (1.43)

Stop–Signal Task

IGT

Chessboard

Working

Memory Task

OB equal to

NW

OW equal to

NW

OW equal to

NW

– 75.0%

Voon et al. (2014) OB

NW

30

30

42.97 (8.59)

43.59 (10.01)

– 32.72 (3.41)

24.11 (2.89)

Premature

Responding Task

– OB equal to

NW

– – 58,3%

STUDY ON ADOLESCENTS

Alarcón et al. (2016) OB

OW

NW

18

46

88

14.4 (0.4)

13.8 (0.2)

14.2 (0.1)

33

46

45

%Score

96.9 (0.3)

90 (0.4)

58.9 (1.8)

WS–WM20 – – OB poor than

OW; NW

– 75.0%

Bauer and Manning

(2016)

OW

NW

74

84

15.59 (1.30)

15.57 (1.24)

100

100

%Score

>85◦

<85◦

Visual Working

Memory Task

– – OW poor than

NW

– 75.0%

Calvo et al. (2014) OB

NW

30

32

21.21 (2.45)

21.06 (2.32)

60

53.1

36.36 (6.17)

21.66 (1.78)

Go/No–Go Task

Running Memory

Continuous

Performance Task

Standard

Continuous

Performance Task

– OB poor than

NW

OB poor than

NW

– 75.0%

Delgado-Rico et al.

(2012)

OW

NW

42

21

14.19 (1.38)

14.14 (1.46)

67

48

29.15 (4.51)

19.84 (2.64)

SCWT

(Stroop–

Switching Performance)

– OW equal to

NW

– OW equal to

NW

66.7%

Fields et al. (2013) OB

OW

NW

21

20

20

14.86 (0.85)

15.2 (0.67)

15 (0.86)

52

55

60

>95◦

85◦- 95◦

5◦- 85◦

Delay Discounting

Task

Go/No–Go Task

Conner’s

Continuous

Performance Test

OB; OW poor

than NW

OB equal to

OW equal to

NW

– – 83.3%

Galioto Wiedemann

et al. (2014)

OB

NW

36

36

21.2 (2.9)

20.7 (2)

61.1

50

36.4 (5.7)

22 (1.7)

Go/No–Go Task

Running Memory

Continuous

Performance Task

– OB poor than

NW

OB poor than

NW

– 75.0%

Kittel et al. (2017) OB

OB–Bed

NW

22

22

22

14.82 (2.63)

14.91 (2.22)

15.23 (2.39)

82

82

82

%score

98.91 (2.3)

99.16 (0.57)

58.91 (24.03)

IGT

SCWT

OB equal to

OB–Bed

equal to NW

OB; OB–Bed

poor than NW

– OB equal to

OB–Bed

equal to NW

75.0%

(Continued)
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TABLE 3 | Continued

Participants Method EF Domain

Study Group N Age M (SD) Sex (%

female)

BMI

M (SD)

Cognitive task Global

EF/other

EFs

Inhibition Updating Cognitive

flexibility

Quality of

the study

Maayan et al. (2011) OB

NW

54

37

17.5 (1.59)

17.32 (1.59)

63.6

56.8

39.86 (9.46)

21.67 (2.49)

SCWT

TMT

COWAT

WRAML–WM21

– OB poor than

NW

OB poor than

NW

OB poor than

NW

91.7%

Moreno-López et al.

(2012)

OW

NW

36

16

14.22 (1.4)

14.13 (.136)

72

56

28.53 (4.97)

20.26 (2.8)

SCWT – OB equal to

NW

– – 75.0%

Nederkoorn et al.

(2006)

OB–Bed

OB–

NBed

NW

15

15

31

13.7

13.9

13.7

67

60

61

33 (4.3)

33.5 (4.4)

19.3 (2.0)

Stop–Signal Task

Door Opening Task

OB poor than

NW

OB poor than

NW

– – 66.7%

Qavam et al. (2015) OB

OW

NW

40

40

40

[15–18] 0

0

0

%Score

>95◦

85◦-95◦

5◦-85◦

TOL22 OB poor than

OW; NW. OW

poor than NW

– – – 66.7%

Sellaro and Colzato

(2017) [1]

OW

NW

17

22

23.4 (0.8)

21.2 (0.6)

75

77

27.7 (0.6)

21.9 (0.4)

Stop–Signal Task – OW poor than

NW

– – 91.7%

Sellaro and Colzato

(2017) [2]

OW

NW

19

24

22.9 (1)

20.5 (0.5)

58

79

28.7 (0.6)

21.7 (0.4)

Simon Task – OW poor than

NW

– – 91.7%

Steenbergen and

Colzato (2017)

OW

NW

26

26

20.27 (0.44)

20.36 (0.41)

73

81

27.58 (0.41)

21.67 (0.25)

Switching of

Attention Task

– – – OW poor than

NW

83.3%

Sweat et al. (2017) OB

NW

108

54

19.6 (1.54)

19.39 (1.52)

63

53.7

35.57 (4.97)

21.45 (1.87)

SWCT

TMT

TOL

– OB equal to

NW

– OB equal to

NW

83.3%

Vantieghem et al.

(2018)

OB

NW

62

30

15.8 (1.8)

16 (1.1)

71

47

39.9 (8.19)

20.95 (2.11)

SCWT – OB poor than

NW

– – 83.3%

Verbeken et al.

(2014)

OW

NW

64

66

13.59 (1.62)

12.42 (1.16)

54.2 Adjusted BMI

(%)

145.37 (16.27)

102.56 (8.99)

HDT23 OW poor than

NW

– – – 58,3%

Verdejo-García et al.

(2010)

OW

NW

27

34

14.3 (1.2)

15.29 (0.91)

41

38

31.58 (7.08)

21.01 (1.97)

SCWT

Five–Digit Test

TMT

IGT

OW poor than

NW

OW poor than

NW

– OW poor than

NW

83.3%

Weller et al. (2008)

[1]

OB

NW

29

26

19.6 (2.9)

20 (2.6)

100

100

38.4 (6.6)

21.9 (2.3)

Delay Discounting

Task

OB poor than

NW

– – – 75.0%

Weller et al. (2008)

[2]

OB

NW

19

21

19.2 (1.3)

19.4 (1.5)

0

0

35.4 (4.8)

22.3 (1.2)

Delay Discounting

Task

OB equal to

NW

– – – 75.0%

(Continued)
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TABLE 3 | Continued

Participants Method EF Domain

Study Group N Age M (SD) Sex (%

female)

BMI

M (SD)

Cognitive task Global

EF/other

EFs

Inhibition Updating Cognitive

flexibility

Quality of

the study

Wu et al. (2016) OB

NW

19

20

21.3 (2.6) 74

70

33 (2.9)

22.2 (2.2)

SCWT

TMT

Verbal Fluency

Digit Span

– OB equal to

NW

OB poor than

NW

OB poor than

NW

58.3%

Yau et al. (2014) OB

NW

30

30

17.64 (1.62)

17.22 (1.55)

57

63

35.47 (5.88)

21.12 (2.18)

TMT

WCST

SCWT

COWAT

– OB equal to

NW

OB poor than

NW

OB poor than

NW

91.7%

STUDY ON YOUNG ADULTS

Coppin et al. (2014) OB

OW

NW

17

16

16

25.17 (4.39)

24.94 (4.55)

24.25 (4.25)

53

44

56

36.02 (6.54)

27.63 (1.49)

22.43 (1.45)

CCPT24 – – OB, OW poor

than NW

– 91.7%

Yadava and Sharma

(2014)

UW

NW

NW2

OW

OB

39

50

58

58

25

26.9

[20–42]

100 <18.5

18.5–22.9

23–24.9

25–29.9

30

Digit Symbol Test

SCWT

Ascending Digit Task

– OB poor than

NW

OB poor than

NW

OB poor than

NW

75.0%

STUDY ON CHILDS

Blanco-Gómez et al.

(2015)

OB

OW

NW

39

149

316

[6–10] 49

53

50

%Score

>97

95–97

<95

Children’s Color

Traits Test (1,2)

Five Digit Test

– OB poor than

OW; NW

– OB poor than

OW; NW

83.3%

Bozkurt et al. (2017) OB

NW

92

55

11.85 (2.43)

11.9 (2.96)

56

54

29.73 (2.33)

21.07 (1.81)

FTT25

SDC26

SCWT

SAT27

CPT28

OB poor than

NW

OB poor than

NW

OB poor than

NW

OB poor than

NW

83.3%

Gentier et al. (2013) OB

NW

19

19

9.8 (1.5)

9.9 (1.5)

47

47

Cut–off (Cole

et al. 2000)

21.62 (3.51)

16.48 (1.76)

Four Choice

Reaction Time Task

OB poor than

NW

– – – 58.3%

Goldschmidt et al.

(2018)

OW–

LC29

OW–C30

NW–C31

26

34

15

10.2 (0.9)

10.8 (1.1)

10.4 (1.1)

61

56

60

z–score

2.08 (0.47)

2.02 (0.47)

Flanker Task

DCCST32

IGT

TOL

List Sorting

OB–LC;

OB–C poor

than NW–C

OB–LC equal

to OB–C

equal to

NW–C

OB–LC;

OB–C poor

than NW–C

– 75.0%

(Continued)
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TABLE 3 | Continued

Participants Method EF Domain

Study Group N Age M (SD) Sex (%

female)

BMI

M (SD)

Cognitive task Global

EF/other

EFs

Inhibition Updating Cognitive

flexibility

Quality of

the study

Kamijo et al. (2012a) OB

OW

NW

30

26

70

9 (0.5)

8.7 (0.6)

8.9 (0.6)

100

100

100

%score

>95◦

>85◦

>5◦

Go/No–Go Task – OB poor than

NW

– – 75.0%

Kamijo et al. (2012b) OB

NW

37

37

9 (0.5)

8.9 (0.5)

51

51

%score

>95◦

5◦-85◦

Go/No–Go Task – OB poor than

NW

– – 75.0%

Kamijo et al. (2012c) OB

NW

37

37

8.9 (0.6)

8.8 (0.6)

54

54

%score

98 (1.4)

56.8 (19.9)

Flanker Task – OB poor than

NW

– – 75.0%

Pearce et al. (2018)

[1]

OB

NW

41

37

13.3 (3.4)

13.1 (2.7)

54

30

%Score

98.8 (1.2)

58.3 (26.1)

BART33 OB equal to

NW

– – – 75.0%

Pearce et al. (2018)

[2]

OB

NW

29

30

11.4 (2.6)

11.9 (2.6)

48

40

%Score

98.5 (1.3)

60.7 (25.4)

Stop–Signal Task

N–Back Task

– OB equal to

NW

OB equal to

NW

– 75.0%

Reyes et al. (2015) OW

NW

93

92

10.2 (1)

10.3 (0.2)

44

46

z–score

1.9 (0.6)

0.1 (0.5)

SCWT

Go/No–Go Task

– WB poor than

NW

– 58.3%

Skoranski et al.

(2013)

OB

NW

28

32

12.8 (2.4)

12.8 (2.5)

79

47

%Score

>85◦

5◦- 85◦

Arrow Task – OB poor than

NW

– – 58.3%

Tsai et al. (2016) OB

NW

26

26

(month)

114.58 (3.69)

113.73 (3.85)

31

31

%Score

>95◦

5◦-85◦

Posner Paradigm

Task

– OB poor than

NW

– – 58.3%

Wu et al. (2017) OB

NW

OW

44

23

92

12.38 (1.22)

11.78 (1)

11.93 (0.92)

32

26

56

>30

25–30

<25

Digit Span Memory

Task (digits;

digit–food cue;

digit–cartoon)

– – OW poor than

NW

– 66.7%

1OB, Obese; 2NW, Normal-Weight; 3TMT, Trail Making Test; 4SCWT, Stroop Color-Word Task; 5WCST, Wisconsin Card Sorting Test; 6 IGT, Iowa Gambling Task; 7OB-BED, Obese with Binge Eating Disorder; 8AN, Anorexia Nervosa;

9ExOB, Normal-weight people who were previously obese; 10OW, Overweight; 11COWAT, Controlled Oral Word Association Task; 12OB-LowCR, Obese with low sensitivity to C-reactive protein; 13OB-HighCR, Obese with high

sensitivity to C-reactive protein; 14IED, Intra/Extra-dimensional set shift test; 15OB-Bar, Obese and on the waiting list for bariatric intervention; 16OB-BarDDM, Obese and on the waiting list for bariatric intervention with Major Depressive

Disorder; 17PASAT, Paced Auditory Serial Attention Test; 18FAB, Frontal Assessment Battery; 19 BADS, Behavioral Assessment of the Dysexecutive Syndrome; 20WS-WM, Working Memory Task of Wechsler Scale; 21WRAML-WM,

Wide-Range Assessment of Memory and Learning-Working Memory; 22TOL, Tower of London; 23HDT, Hungry Donkey Task; 24CCPT, Conditioned Cue Preference Test; 25FTT, Finger-Tapping Test; 26SDC, Symbol Digit Coding; 27SAT,

Shifting Attention Test; 28CPT, Continuous Performance Test; 29OW-LC, Overweight with high loss of control; 30OW-C, Overweight with low loss of control; 31NW-C, Normal-weight with low loss of control; 32DCCST, Dimensional

Change Card Sort task; 33BART, Balloon Analog Risk Task.
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TABLE 4 | Longitudinal Studies.

Participants Method EF Domain

Study Group N Age

M (SD)

Sex

(%

female)a

BMIb

M(SD)

Treatment Cognitive task Program

/follow–

up

Global

EF/other

EFs

Inhibition Updating Cognitive

flexibility

Quality of

the study

*Allom et al.

(2018)

OB–

CRT1

OB–C2

42

38

41.39 (7.85) 86 39.76 (7.53) Cognitive

Remediation

Therapy

WCST3

TMT4
3 months OB–CRT ↑

OB–C =

– . OB–CRT ↑

OB–C =

83.3%

Alosco et al.

(2014a)

OB–AD5

OB–

NAD6

14

80

40 (11.42)

45.1 (10.99)

21.4

15

T1.45.17 (5.02)

T2.37.85 (5.43)

T1.46.07 (5.33)

T2.38.06 (4.86)

Bariatric Surgery

[Alzheimer History]

TMT Maze Task 12 weeks OB–

AD=OB–

NAD=

– . OB–

AD=OB–

NAD=

75.0%

Alosco et al.

(2014b)

OB–Bar7

OB–C

63

23

42.29 (11.42)

41.13 (12.55)

90.5

95.7

T1.46.5 (5.26)

T2.31.34 (6.42)

T1.40.9 (5.24)

T2.40.9 (5.64)

Bariatric Surgery Digit Span

Switching

Attention Task

Maze Task

24 months OB–Bar ↑

OB–C =

– OB–Bar ↑

OB–C =

OB–Bar ↑

OB–C =

91.7%

Alosco et al.

(2014c)

OB–Bar 78 43.5 (10.59) 82.1 T1.46.63 (5.28)

T2.30.51 (5.39)

Bariatric Surgery Switching of

Attention Task

Maze Task

12 months OB–Bar ↑ – – OB–Bar ↑ 66.7%

Alosco et al.

(2014d)

OB–Bar 50 44.08 (10.76) 92 T1.46.61 (5.27)

T2.32.35 (6.57)

T3.33.02 (6.27)

Bariatric Surgery Digit Span

Switching of

Attention

Task

Verbal

Interference

Maze Task

I. 36

months

II. 48

months (LD)8

I.OB–Bar ↑

II.

OB–Bar ↑

I.OB–Bar ↑

II. OB–Bar

↑

I.OB–Bar ↑

II.

OB–Bar ↑

I.OB–Bar ↑

II. OB–Bar

↑

83.3%

Alosco et al.

(2015)

OB–Bar 84 43.86 (10.39) 83.3 T1.46.88 (6.08)

T2.30.05 (5.39)

Bariatric Surgery Digit Span

Switching of

Attention Task

Verbal

Interference Task

12 months – OB–Bar ↑ OB–Bar ↑ OB–Bar ↑ 83.3%

*Augustijn et al.

(2018)

OB T1.32

T2.30

9.6 (1.1) T1.56

T2.60

Z scores

T1. 2.7 (0.3)

T2.2.0 (0.4)

Weight Loss

Program

CANTAB9 6–10

months

OW↑ OW↑ OW↑ OW= 75.0%

Bryan and

Tiggemann

(2001)

OB–

WL10

OB–C

42

21

48.9 (8.2)

50.9 (7.3)

100

100

T1.34.1 (4.3)

T1.35.2 (4.8)

Weight Loss

Program

TMT

WCST

Self–Ordered

Piniting Task

Initial Letter

Fluency

Excluded Letter

Fluency

Digit Span

12 weeks – OB–WL ↑

OB–C=

OB–WL

=OB–C=

OB–WL

=OB–C=

91.7%

*Dassen et al.

(2018b)

OW–

WMT11

OW–C

T1.51

T2.34

T1.40

T2.36

47.97 (10.69) 74.7 T1.30.96 (3.64)

T2.29.95 (3.46)

T1.30.49 (3.97)

T2.30.17 (4.14)

Working Memory

Training

2–Back Task 25 session – – OW–

WMT↑

– 66.7%

(Continued)

F
ro
n
tie
rs

in
P
syc

h
o
lo
g
y
|
w
w
w
.fro

n
tie
rsin

.o
rg

1
3

S
e
p
te
m
b
e
r
2
0
1
9
|V

o
lu
m
e
1
0
|A

rtic
le
2
1
2
6

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


F
a
vie

rie
t
a
l.

E
xe

c
u
tive

F
u
n
c
tio

n
s
a
n
d
O
ve
rw

e
ig
h
t:
S
yste

m
a
tic

R
e
vie

w

TABLE 4 | Continued

Participants Method EF Domain

Study Group N Age

M (SD)

Sex

(%

female)a

BMIb

M(SD)

Treatment Cognitive task Program

/follow–

up

Global

EF/other

EFs

Inhibition Updating Cognitive

flexibility

Quality of

the study

Davis et al.

(2007a)

OW–

HE12

OW–

LE13

OW–

NE14

32

33

29

9.2 (0.84) 60 z–score

2.1 (0.4)

Weight Loss

Program: Aerobic

Exercise

CAS15: Planning

Subscales for EF

15 weeks OW–HE↑ – – – 66.7%

Davis et al.

(2011)

OW–HE

OW–LE

OW–NE

56

55

60

9.3 (1.0) 56 z–score

2.1 (0.4)

Weight Loss

Program: Aerobic

exercise

CAS: Planning

Subscales for EF

13 weeks OW–HE↑ – – – 75.0%

Deckers et al.

(2017)

OB NW T1.545

T2.190

T1.1262

T2.834

T1.58 (15)

T2.48.9 (16.2)

T1.48.9 (16.2)

T2.46.7 (14.9)

I.58

II.59

I.46

II.43

T1.31.2 (3.9)

T2.28.7 (2.4)

T1.24.9 (2.5)

T2.24.8 (2.4)

– Concept Shifting

Test

6 years

12 years

OB= NW= – – OB=NW= 83.3%

Demos et al.

(2017)

OB–WL

NW

37

30

46.95 (7.9)

43.97 (8.9)

100

100

T1.33.5 (3.9)

T1.22.7 (1.8)

Weight Loss

Program

Food Choice

Decision Making

Task

12–16

weeks

OB–WL↑ – – – 83.3%

Galioto et al.

(2015)

OB–Bar 72 43.55 (10.21) 81.7 T1.46.32 (5.51)

T2.30.18 (5.25)

Bariatric Surgery Digit Span

Switching of

Attention Task

Verbal

Interference

Verbal Fluency

12 months OB–Bar↑ OB–Bar↑ OB–Bar↑ OB–Bar↑ 91.7%

*Galioto et al.

(2016)

OB 23 50.35 (15.11) 68 44.21 (8.82) Weight Loss

Program

Dot Counting

Task

N–Back Task

Set Shifting Task

Unstructured

Task

Flanker Task

8 weeks – OB↑ OB= OB↑ 100.0%

*Kulendran et al.

(2014)

OB–WL 53 14.28 (1.15) 60 T1.33.75 (7.9) Weight Loss

Program

Stop–Signal

Task

Delay

Discounting Task

2–8 weeks – OB–WL↑ – – 83.3%

* Kulendran et al.

(2017)

OB–Bar 45 43.42 (13.06) 31 T1.44.25 (6.34)

T2.35.51 (7.08)

Bariatric Surgery Stop–Signal

Task (food–cue)

Temporal

Discounting Task

6 months – OB–Bar↑ – – 75.0%

(Continued)
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TABLE 4 | Continued

Participants Method EF Domain

Study Group N Age

M (SD)

Sex

(%

female)a

BMIb

M(SD)

Treatment Cognitive task Program

/follow–

up

Global

EF/other

EFs

Inhibition Updating Cognitive

flexibility

Quality of

the study

*Pauli-Pott et al.

(2010)

OW 111 11.1 (2.0) 57 95◦ percentile Weight Loss

Program

Go/No–Go Task

Interference Task

1 year – OW↑ – – 91.7%

Pearce et al.

(2017)

OB–Bar

OB–C

NW

10

14

12

17 (1.37)

16.42 (1.35)

16.51 (1.27)

60

71

50

T1.47.18 (6.98)

T1.45.32 (8.19)

T1.21.57 (2.59)

Bariatric Surgery
Verbal N–Back

Test

Ballon analog

risk task

4 months OB–Bar=

OB–C=

NW=

– OB–Bar=

OB–C=

NW=

(DM area

shows a

reduction

of

activation

in OB–Bar

after the

surgery)

83.3%

Raman et al.

(2018)

OB–CRT

OB–C

42

38

40.6 (2.4)

42.2 (8.8)

86 39.2 (7.4)

40.3 (7.8)

Computerized

Cognitive

Remediation

Therapy

WCST

TMT

8 weeks

3 months

– – – OB–CRT ↑

OB–C =

83.3%

*Spitznagel et al.

(2013)

OB–Bar 84 44.75 (9.99) 79.8
T1.46.13 (5.80)

T2.37.46 (4.99)

T3.31.07 (6.44)

Bariatric Surgery Switching of

Attention Task

Digit Span

Maze Task

I.12 weeks

II.

12 months

I.OB–Bar=

II.OB–Bar↑

– I.OB–

Bar=

II.OB–Bar↑

I.OB–Bar=

II.OB–Bar↑

75.0%

*Spitznagel et al.

(2014)

OB–Bar 55 45 (10.28) 87.3 T1.45.11 (5.11)

T2.37.23 (4.76)

T3.31.69 (5.84)

Bariatric Surgery Digit Span

Switching of

Attention

Verbal

Interference

Verbal Fluency

Maze Task

12 weeks

36 months

OB–Bar↑ OB–Bar = OB–Bar↑ OB–Bar = 83.3%

*Stinson et al.

(2018)

OW 46 37.2 (10.2) 24 28.3 (6.7) – IGT

WCST

SCWT

32 ± 25

months

OW= OW↓ – OW= 100.0%

Vantieghem

et al. (2018)

OB–WL

NW

62

30

15.8 (1.8)

16 (1.1)

71

47

T1.39.9 (8.19)

T2.32.21 (7.14)

20.95 (2.11)

Weight Loss

Program

SCWT 30 weeks – OB–WL↑ – – 83.3%

Verbeken et al.

(2013)

OB–

EFT18

OB–C

22

22

11.50 (1.60)

11.41 (1.93)

50

41

Adjusted BMI

T1. 131.58

(21.70)

T1.

132.91 (15.98)

Executive Function

Training

Corsi

Block–Tapping

Task

Stop–Signal Task

Post–Test

8 weeks

12 weeks

OB–EFT ↑

OB–C=

– – – 58.3%

Witbracht et al.

(2012)

OB 29 32.7 (9.2) 100 32 (2.6) Weight Loss

Program

IGT 12 weeks OB↑ – – – 83.3%

(Continued)
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↑

O
B
–C

=

–
–
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.0
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T
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p
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↑

–
–

8
3
.3
%

*E
F
-p
re
d
ic
te
d
w
e
ig
h
t
lo
s
s
.
a
P
e
rc
e
n
ta
g
e
o
f
fe
m
a
le
s
.
b
B
o
d
y
M
a
s
s
In
d
e
x.

↑
,
B
e
tt
e
r
p
e
rf
o
rm
a
n
c
e
a
ft
e
r
tr
e
a
tm
e
n
t;
↓
,
W
o
rs
e
p
e
rf
o
rm
a
n
c
e
a
ft
e
r
tr
e
a
tm
e
n
t.
N
o
d
iff
e
re
n
c
e
s
.
1
O
B
-C
R
T,
O
b
e
s
e
a
n
d
in
C
o
g
n
it
iv
e
R
e
m
e
d
ia
ti
o
n
T
h
e
ra
p
y
Tr
e
a
tm
e
n
t;

2
O
B
-C
,
O
b
e
s
e
-C
o
n
tr
o
l(
N
o
tr
e
a
tm
e
n
t
g
ro
u
p
);

3
W
C
S
T,
W
is
c
o
n
s
in
C
a
rd

S
o
rt
in
g
Te
s
t;

4
T
M
T,
Tr
a
il
M
a
ki
n
g
Te
s
t;

5
O
B
-A
D
,
O
b
e
s
e
w
it
h
h
is
to
ry
o
f
A
lz
h
e
im
e
r’
s
;
6
O
B
-N
A
D
,
O
b
e
s
e
w
it
h
n
o
h
is
to
ry
o
f
A
lz
h
e
im
e
r’
s
;
7
O
B
-B
a
r,
O
b
e
s
e
a
n
d
s
u
b
je
c
te
d

to
b
a
ri
a
tr
ic
s
u
rg
e
ry
;
8
L
D
,
L
o
s
s
D
a
ta
;
9
C
A
N
T
A
B
,
C
a
m
b
ri
d
g
e
N
e
u
ro
p
s
yc
h
o
lo
g
ic
a
l
Te
s
t
A
u
to
m
a
te
d
B
a
tt
e
ry
;
1
0
O
B
-W

L
,
O
b
e
s
e
a
n
d
s
u
b
je
c
te
d
to
a
w
e
ig
h
t-
lo
s
s
p
ro
g
ra
m
m
e
;
1
1
O
B
-W

M
T,
O
b
e
s
e
a
n
d
s
u
b
je
c
te
d
to
W
o
rk
in
g
M
e
m
o
ry
Tr
a
in
in
g
;

1
2
O
W
-H
E
,
O
ve
rw
e
ig
h
t
a
n
d
s
u
b
je
c
te
d
to

h
ig
h
-e
xe
rc
is
e
tr
a
in
in
g
;
1
3
O
W
-L
W
,
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2017). Furthermore, Weller et al. (2008) performed two different
analyses to examine samples of males and females independently.

All the studies used BMI and the related WHO classification
to assign participants to different overweight groups. For
children and adolescents, the guidelines for using percentiles
recommended by WHO or Center for Disease Control and
Prevention (CDC) were employed (Flegal et al., 2002; de Onis
et al., 2007), except in two studies (Reyes et al., 2015; Goldschmidt
et al., 2018) where z scores for CDC classification were used
(Harrington et al., 2013).

Studies focusedmainly on differences in executive functioning
between individuals with obesity and normal-weight; thirteen
analyzed differences between participants with normal-weight
and overweight; thirteen studies investigated differences in
performance between participants with obesity, overweight, and
normal-weight (see Table 3).

Most of the studies reported a significant difference between
the groups in executive functioning, confirming the relationship
between excessive body weight and executive dysfunctions. Only
thirteen studies reported no differences (Gonzales et al., 2010;
Ariza et al., 2012; Delgado-Rico et al., 2012; Hendrick et al., 2012;
Loeber et al., 2012; Moreno-López et al., 2012; Frank et al., 2014;
Voon et al., 2014; Bongers et al., 2015; Reyes et al., 2015; Schiff
et al., 2016; Sweat et al., 2017; Van der Oord et al., 2018).

EXECUTIVE FUNCTIONS IN
CROSS-SECTIONAL STUDIES

Cognitive Flexibility
The tasks most commonly used to assess cognitive flexibility were
the Wisconsin Card Sorting Test (WCST) (Milner, 1963), the
Trail Making Test (TMT, AB) (Reitan, 1958) and the Switching
of Attention Task (Rogers and Monsell, 1995) (see Table 3).

Twenty-seven studies assessed the differences between groups
on cognitive flexibility (see Table 3); only eight of them found
no differences in cognitive flexibility between normal-weight and
overweight/obese groups (Gonzales et al., 2010; Ariza et al., 2012;
Delgado-Rico et al., 2012; Catoira et al., 2016; Schiff et al., 2016;
Kittel et al., 2017; Sweat et al., 2017; Dassen et al., 2018a). In
general, the results showed greater difficulty in performing tasks
involving this function in participants with obesity compared to
those with normal-weight. Furthermore, the study by Blanco-
Gómez et al. (2015) highlighted a further difference: compared
with participants with overweight, participants with obesity
showed higher flexibility deficits.

Inhibition
The most common cognitive tasks used to measure inhibitory
control were the Stroop Color-Word Task (Stroop, 1935) and the
Stop-Signal Task (Lappin and Eriksen, 1966) (see Table 3).

Forty-five studies investigated the relationship between
inhibitory control and excessive body weight (see Table 3). Of
these, seventeen studies reported no differences between the
groups (Gonzales et al., 2010; Ariza et al., 2012; Delgado-Rico
et al., 2012; Hendrick et al., 2012; Loeber et al., 2012; Moreno-
López et al., 2012; Stingl et al., 2012; Fields et al., 2013; Voon
et al., 2014; Yau et al., 2014; Bongers et al., 2015; Schiff et al.,
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FIGURE 1 | Flow chart.

2016;Wu et al., 2016; Goldschmidt et al., 2018; Pearce et al., 2018;
Van der Oord et al., 2018). The remaining studies reported lower
inhibitory control in obese than in normal-weight participants.

Working Memory
The Digit Span Test (in particular the Backwards version)
(Reynolds, 1997), and the N-Back Test (Kane et al., 2007) were

used in various versions (see Table 3) to investigate differences in
working memory performance.

Of the twenty-four studies that analyzed the relation between
overweight/obesity and working memory (see Table 2), six
observed no differences between groups (Gonzales et al., 2010;
Ariza et al., 2012; Frank et al., 2014; Restivo et al., 2017; Pearce
et al., 2018; Van der Oord et al., 2018). The remaining studies
found that participants with overweight/obesity performed worse
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FIGURE 2 | Percentage of the studies and quality levels for each point of tool assessment.

than normal-weight participants on working memory tasks;
moreover, obese participants performed worse than participants
with overweight (Coppin et al., 2014; Alarcón et al., 2016).

Decision-Making, Planning, and
Problem-Solving
The tasks used to assess decision-making, planning and problem-
solving were the IGT (Bechara et al., 2005) and the Delay
Discounting Task (Richards et al., 1999) (see Table 3).

Twenty-six studies (see Table 3) investigated differences in
performances between groups on tasks involving complex EFs
such as decision-making, planning and problem-solving. Among
these studies, only six (Bongers et al., 2015; Mole et al., 2015;
Schiff et al., 2016; Kittel et al., 2017; Pearce et al., 2018; Van
der Oord et al., 2018), individuals with obesity performed worse
than those with normal-weight on decision making, planning
and risk-taking. Furthermore, Schiff et al. (2016), despite of
they observed no clear between differences in decision-making,
found that the group with obesity responded differently in terms
of gratification mechanisms connected with food (as measured
by the Temporal Discounting Task), in fact, they showed more
sensitivity to reward stimuli than normal-weight group. Weller
et al. (2008), using the Delay Discounting task, found that women
affected by obesity, compared to women with normal-weight,
preferred an immediate reward than a major one after some time.
This difference was not observed in men (Weller et al., 2008).

DISCUSSION

The analysis of the cross-sectional studies confirmed the
existence of a relationship between overweight/obesity and EFs,

even if it did not indicate the direction of this relationship.
Many types of cognitive tasks were used to investigate executive
functioning, but, despite this heterogeneity, the results were
consistent. However, the very different demands of the tasks
used did not allow determining whether one single EF is
more closely involved than the others in the relationship
with overweight/obesity, though the most analyzed EF related
to excessive body weight is Inhibition (see Table 3). The
studies that failed to confirm a relationship between EFs and
overweight/obesity used a small sample size (Hendrick et al.,
2012; Schiff et al., 2016), or a high number of cognitive tasks
(Gonzales et al., 2010)

The present systematic review included studies that take
into account people with different ages considering from
children to the elderly. This choice was aimed to investigate
whether the relationship between EFs and overweight/obesity
presents similar characteristics, regardless of the age of the
participants. The results of the review confirmed the relationship
between EFs and overweight both in studies examining adults
and young adults (Gunstad et al., 2007; Fagundo et al.,
2012; Coppin et al., 2014) and in those that looked at
children (Yadava and Sharma, 2014; Bozkurt et al., 2017)
and adolescents (Nederkoorn et al., 2006; Galioto Wiedemann
et al., 2014). These results prevent us from making inferences
about the causality of this relationship over a lifespan but
highlight the existence of a negative relationship between
executive performances and overweight, regardless of the
age considered.

Many studies tried to control for certain variables (gender,
age, and education) that might influence executive performance,
by matching samples or controlling the effects of these
variables through statistical analysis (Gunstad et al., 2007;
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Deckers et al., 2017; Kittel et al., 2017; Perpiñá et al., 2017).
This methodological aspect highlighted the existence of
some dimensions (e.g., demographical variables as gender
or educational level) that might influence the relation
between body weight and EFs; therefore, considering these
variables can contribute to further strengthen the results
(Kittel et al., 2017).

Generally, the analyzed studies used suitable inclusion criteria
that allow excluding individuals with chronic medical conditions,
psychological diseases or eating disorders, in order to avoid an
effect of these dimensions on the observed results (Fagundo
et al., 2012; Galioto et al., 2013; Galioto Wiedemann et al.,
2014). Moreover, in some studies, physiological differences
between participants with normal-weight and overweight/obesity
were reported. In particular, participants with severe obesity
showed worse values, in blood pressure, cholesterol levels, insulin
resistance (Maayan et al., 2011; Perpiñá et al., 2017) and levels
of glycolic metabolism activation although, in the absence of
pathological medical conditions in line with well-known results
(Heymsfield and Wadden, 2017).

Both psychopathological and physiological aspects related
to obesity, and specifically with severe obesity, have an
impact on the executive functioning and consequently with the
performances in executive tasks; therefore these variables should
be controlled in further studies.

Although the cross-sectional studies showed no clear direction
in the overweight–executive functioning relationship, many of
the authors have advanced various hypotheses (Gonzales et al.,
2010; Galioto Wiedemann et al., 2014). For example, Kamijo
et al. (2012a) hypothesized that ineffective inhibitory control
of the prefrontal cortex would cause excessive consumption of
calories that is directly associated with an increase in body
fat. Moreover, other authors considered also the dopaminergic
mechanism involved in executive processing as related to weight
variations (Arnsten and Li, 2005). Neuroimaging studies of
individuals with obesity have shown an association between the
hypoactivation of dopaminergic D2-receptors and a decrease
in neural metabolism in the areas most involved in executive
functioning (Volkow et al., 2011). Furthermore, dopamine is
also implicated in the reward system (Volkow et al., 2011;
Smith and Robbins, 2013). This neural system resulted impaired
in individuals with excessive body weight, and alterations of
this system could influence the approach to food in terms
of favoring the consumption of high-calorie foods to achieve
higher gratification (Schiff et al., 2016). All these findings could
support theoretical models on the genesis of obesity (Davis et al.,
2007b; Smith and Robbins, 2013) that view changes in executive
functioning as one of the leading causes of weight gain. The
hypothesis of executive dysfunctions as a cause of inappropriate
eating behavior could partially support the theoretical model of
Food Addiction, in which the excessive consumption of food
is characterized by behavioral aspects similar to those defining
other substance addiction diseases (Wang et al., 2004; Smith and
Robbins, 2013).

Nevertheless, other authors viewed executive deficits as
a consequence of obesity, recognizing it as a cause of
neurophysiological and metabolic diseases, such as changes in

insulin sensitivity (Gonzales et al., 2010), inflammatory processes
as a result of body fat accumulation (Lasselin et al., 2016), and
changes in cerebrovascular blood flow (Verdejo-García et al.,
2010; Qavam et al., 2015). These alterations could be the cause
of structural changes (e.g., a reduction of the orbitofrontal
cortex) (Cohen et al., 2011) or functional changes (e.g., reduced
functional connectivity of executive networks) (Tsai et al.,
2016) in the cerebral areas involved in executive functioning.
This vision seems to be in line with the Neuroinflammation
Model (Perry, 2004) in which high BMI appears to result
in systemic inflammation, which negatively affects cognitive
functions including executive ones (C-reactive protein and
interleukin would play an essential role in this process; Bourassa
and Sbarra, 2017), and with the model proposed by Sellbom
and Gunstad (2012) in which the changing in blood flow and
metabolism of the frontal lobes as well as the atrophy of the
frontal and temporal lobes would cause an impairment in
inhibitory control resulting in an increase in overeating behaviors
(Sellbom and Gunstad, 2012).

The consistent results confirming the relationship between
EFs and obesity suggests that even a moderate increase in
body weight may be associated with a decrease in executive
performances (Verdejo-García et al., 2010; Cohen et al., 2011;
Sellaro and Colzato, 2017). These views are supported by results
obtained comparing groups of participants with normal-weight,
overweight and obesity, in which differences in performances also
emerged between overweight and obesity conditions (Galioto
Wiedemann et al., 2014; Wu et al., 2017).

Another aspect highlighted by the cross-sectional studies
is the role of certain psychological variables related to BMI
(Catoira et al., 2016; Restivo et al., 2017) that appear to
modulate the relationship between EFs and excessive body
weight. Indeed, the presence of high levels of anxiety and
depression in individuals with obesity, even in the absence
of established psychopathologies, appears to result in worse
executive performances (Restivo et al., 2017). These findings
could be linked to the theoretical model of Emotionally-
Driven Eating (Dallman, 2010), which postulated that
overeating, related to overweight, is a dysfunctional attempt
to regulate emotions in people characterized by a deficit in
emotion regulation.

Longitudinal Studies
Our systematic search allows selecting twenty-eight longitudinal
studies investigating executive functioning in individuals with
overweight or obesity (see Table 4). Of these, eighteen examined
adult participants (aged more than 30 years), five looked at
children (aged <12 years) and five involved adolescents (aged
12–22 years) (see Table 4).

All studies used BMI to classify overweight and obesity,
although z-scores (Davis et al., 2007a, 2011; Augustijn et al.,
2018), percentiles (Pauli-Pott et al., 2010), or adapted BMI scores
(Verbeken et al., 2014) were used in studies involving children.

Five studies (Alosco et al., 2014a; Kulendran et al., 2017;
Xie et al., 2017; Xu et al., 2017; Stinson et al., 2018) reported
having a significantly higher percentage of males than females in
their sample.
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Twelve studies (Bryan and Tiggemann, 2001; Davis et al.,
2007a, 2011; Pauli-Pott et al., 2010; Witbracht et al., 2012;
Kulendran et al., 2014; Galioto et al., 2016; Demos et al.,
2017; Xie et al., 2017; Xu et al., 2017; Augustijn et al.,
2018; Vantieghem et al., 2018) analyzed the effects of non-
invasive programmes aimed at weight-loss on the relationship
between BMI and EFs: some interventions integrated various
modalities of treatment, specifically diet and physical activity
(Pauli-Pott et al., 2010; Kulendran et al., 2014; Galioto et al.,
2016; Demos et al., 2017; Xie et al., 2017; Xu et al., 2017;
Vantieghem et al., 2018); while others focused only on diet
programmes (Bryan and Tiggemann, 2001; Witbracht et al.,
2012) or physical activity (Davis et al., 2007a, 2011). Furthermore,
two studies (Kulendran et al., 2014; Augustijn et al., 2018)
provided residential interventions, with treatment lasting from
four (Davis et al., 2011) to fifty-2 weeks (Pauli-Pott et al., 2010). In
all the studies, at least two measurements were taken: one before
and one after the procedure.

Ten studies examined the effects of bariatric surgery on
the executive functioning in participants with severe obesity
(Spitznagel et al., 2013, 2014; Alosco et al., 2014a,c,d, 2015;
Galioto et al., 2015; Kulendran et al., 2017; Pearce et al., 2017).
The analysis of EFs was performed before surgery and at follow-
up, with time intervals ranging from 12 weeks (Spitznagel et al.,
2013, 2014) to 48 months (Alosco et al., 2014d). In some cases,
more than one follow-up was carried out (Spitznagel et al., 2013,
2014; Alosco et al., 2014d).

All the studies investigating weight reduction in participants
with obesity reported a general improvement in EF
performances. Only Pearce et al. (2017) failed to detect any
significant changes in performances.

Four studies assessed the effects of cognitive interventions on
EFs in obese participants, showed a general improvement
in executive performances associated with a reduction
in body weight. Specifically, two studies evaluated the
benefits of Cognitive Remediation Therapy (Alosco et al.,
2014b; Allom et al., 2018), one assessed the impact of
an intervention focused on Working Memory (Galioto
et al., 2015) and one focused on the effects of a treatment
aimed at strengthening cognitive functions in general
(Verbeken et al., 2014).

Two further studies analyzed the trend over time of body
weight and executive functioning in adults with obesity (Deckers
et al., 2017; Stinson et al., 2018) without introducing weight
reduction programs and reported inconsistent results. Deckers
et al. (2017) found no relationship between weight changes and
executive performance, while Stinson et al. (2018) found evidence
of the role of EFs, specifically of reduced inhibitory control, in
maintaining high body weight.

Eleven studies (Pauli-Pott et al., 2010; Spitznagel et al.,
2013, 2014; Kulendran et al., 2014; Galioto et al., 2015,
2016; Xu et al., 2017; Augustijn et al., 2018; Dassen et al.,
2018a; Stinson et al., 2018) investigated the predictive role
of performance on executive tasks on body weight changes,
and observed that appropriate executive functioning predicted
a reduction in body weight in participants with obesity
or overweight.

EXECUTIVE FUNCTIONS IN
LONGITUDINAL STUDIES

Cognitive Flexibility
The tasks most commonly used to assess cognitive flexibility were
the WCST, TMT, and Switching of Attention Task (see Table 4).

Of the eleven studies that investigated the relationship
between cognitive flexibility and obesity (see Table 4), six (Bryan
and Tiggemann, 2001; Alosco et al., 2014c; Spitznagel et al.,
2014; Deckers et al., 2017; Augustijn et al., 2018; Stinson et al.,
2018) failed to confirm this relationship. Those that found an
association between obesity and executive functioning reported
an improvement in performance as a result of weight reduction.
Furthermore, negative performance appeared to be associated
with less weight reduction over time (Spitznagel et al., 2013;
Augustijn et al., 2018).

Inhibition
The Stroop Color-Word Task and Stop-Signal Task were the
tests most commonly used to investigate cognitive and motor
inhibition (see Table 4).

Thirteen studies reported a relationship between BMI and
cognitive inhibition (Bryan and Tiggemann, 2001; Pauli-Pott
et al., 2010; Alosco et al., 2014d, 2015; Kulendran et al., 2014,
2017; Galioto et al., 2015, 2016; Xie et al., 2017; Xu et al., 2017;
Augustijn et al., 2018; Stinson et al., 2018; Vantieghem et al.,
2018). Some of these studies showed that inhibition control
predicted a reduction of body weight considering both bariatric
surgery (Kulendran et al., 2017) and weight loss programs (Pauli-
Pott et al., 2010; Kulendran et al., 2014; Galioto et al., 2016; Xu
et al., 2017; Augustijn et al., 2018; Stinson et al., 2018). Other
studies showed an improvement in the inhibition after bariatric
surgery (Alosco et al., 2014d, 2015; Galioto et al., 2015) or weight-
loss programs (Bryan and Tiggemann, 2001; Xie et al., 2017;
Vantieghem et al., 2018).

Working Memory
The task most often used to investigate working memory was the
Digit Span Test (Reynolds, 1997) (see Table 4).

Eight studies reported a negative relationship between
working memory and body weight (Spitznagel et al., 2013, 2014;
Alosco et al., 2014b,d, 2015; Galioto et al., 2015; Augustijn
et al., 2018; Dassen et al., 2018b). Indeed some authors found
an improvement of the performance in working memory tasks
after bariatric surgery (Alosco et al., 2014b,d, 2015; Galioto et al.,
2015), while other authors found a predictive role of working
memory performance in the outcome of weight reduction
programs (Augustijn et al., 2018; Dassen et al., 2018b) or bariatric
surgery (Spitznagel et al., 2013, 2014); better performance
predicted success of interventions. Conversely, three studies
found no relationship between obesity and working memory
(Bryan and Tiggemann, 2001; Galioto et al., 2016; Pearce et al.,
2017).

Decision-Making
Decision-making, as measured using the Iowa Gambling Task,
did not appear to be directly associated with weight reduction
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in patients with obesity and overweight (Witbracht et al., 2012;
Stinson et al., 2018). Only Demos et al. (2017) observed an
improvement in decision-making following a reduction in body
weight, but these authors used a task that employed food-
related stimuli.

DISCUSSION

The results of the longitudinal studies confirmed the findings
reported in cross-sectional studies, highlighting a relationship
between executive functioning and overweight/obesity even if the
direction of this relationship remains unclear.

Studies that analyzed the effects of treatments aimed at
reducing body weight showed a general improvement in
executive tasks as a result. This improvement appeared to
occur both in adult populations (Bryan and Tiggemann, 2001;
Witbracht et al., 2012) and in children and adolescents (Davis
et al., 2011; Kulendran et al., 2014; Vantieghem et al., 2018).
Moreover, studies focused on the ability of executive functioning
to predict the success of weight-loss interventions found that
higher executive functioning could be the cause of BMI reduction
(see Table 4). Not all EFs appear to be related to obesity. Such
inconsistency in the results could be due to different versions
of the tasks used to evaluate EFs, as shown in the studies
analyzed decision-making.

As for the cross-sectional studies, the authors interpreted
the results based on two different types of theoretical models.
One hypothesizes that excessive body weight is the cause of
changes in executive functioning, according to results showing an
improvement in executive tasks following treatment for weight
loss (Davis et al., 2007a, 2011; Alosco et al., 2014a,b,c,d, 2015;
Verbeken et al., 2014; Galioto et al., 2015; Demos et al., 2017;
Xie et al., 2017; Vantieghem et al., 2018). In the other theoretical
view, EFs are considered as predictors of eating behaviors related
to excessive body weight, like overeating. Studies assessing the
effects of strengthening EFs in participants with overweight or
obesity (Verbeken et al., 2014; Allom et al., 2018; Dassen et al.,
2018b; Raman et al., 2018) have observed both an increase in
executive functioning and a reduction in BMI. This reduction
may be due to improved eating behavior as a result of adequate
working memory, cognitive flexibility, and inhibitory control.
These enforcement functions would promote healthier behaviors,
reducing the risk associated with obesity, and further improve
weight reduction (Allom et al., 2018). Studies that have shown the
predictive role of the EFs on the success of weight-loss treatments
(Pauli-Pott et al., 2010; Spitznagel et al., 2013, 2014; Kulendran
et al., 2014, 2017; Galioto et al., 2016; Xu et al., 2017; Augustijn
et al., 2018) confirmed the critical role of executive functioning
in the occurrence of obesity.

Concerning bariatric surgery, the effects of weight-loss on
executive performances resulted only at the follow-up (Spitznagel
et al., 2013; Alosco et al., 2014a; Pearce et al., 2017). This result
could be interpreted in two ways. On the one hand, it may
suggest that a reduction in body fat favors improvement in
executive functioning (Alosco et al., 2014b) as a consequence
of the resolution of metabolic alterations related to excessive

BMI; on the other hand, better performance at baseline could
lead to an improvement in healthy eating habits (Spitznagel
et al., 2013; Pearce et al., 2017), linked to a reduction of BMI
over time. This last interpretation is supported by the results
observed at the follow-up that showed a higher reduction in BMI
in participants presenting better EFs performance at baseline
(Spitznagel et al., 2013; Pearce et al., 2017). Lastly, it is interesting
to note that control groups with obesity that did not benefit from
the treatments (Bryan and Tiggemann, 2001; Alosco et al., 2014c;
Pearce et al., 2017; Xie et al., 2017) did not show improvement
in performance on cognitive tasks in the follow up assessment.
These results confirm that a reduction in body fat leads to gains
in executive functioning, although the groups that did not benefit
from the treatment did not show a further executive decline.

Despite these findings, short-term follow-ups showed no
evidence of a causal relationship of EFs on obesity. These studies
did not observe significant differences between participants
with obesity who have reduced their body weight and those
who maintained their condition unchanged (Deckers et al.,
2017). In line with these results, we can conclude that the
relationship between EFs and excessive body weight appears
robust even when longitudinal studies are considered. However,
even considering the results of longitudinal studies appear
challenging to determine the direction of this relationship, and
further studies are needed.

GENERAL DISCUSSION

Only in recent years, the studies focused their attention on the
relationship between excessive body weight and EFs (Fitzpatrick
et al., 2013). This relationship appears to be confirmed by most
of the studies, both cross-sectional (e.g., Verdejo-García et al.,
2010; Cohen et al., 2011; Maayan et al., 2011; Dassen et al.,
2018a) and longitudinal (e.g., Spitznagel et al., 2013; Alosco
et al., 2014d, 2015; Augustijn et al., 2018), analyzed in this
systematic review, despite the heterogeneity of the tasks used
and the methodological framework adopted. Functional and
neuroimaging studies confirmed changes in the cortical areas
involved in executive functioning in participants with obesity
(Stingl et al., 2012; Alarcón et al., 2016; Tsai et al., 2016) even
when cognitive tasks failed to highlight any significant differences
in performance between obesity and normal-weight conditions
(Hendrick et al., 2012; Frank et al., 2014; Pearce et al., 2017).

The choice to selected studies which considered different aged
made us possible to highlight a similar pattern in the relationship
between EFs and overweight/obesity in children (Blanco-Gómez
et al., 2015; Tsai et al., 2016) and adults (Cohen et al., 2011;
Deckers et al., 2017), despite the individual differences linked
to age.

This systematic review allowed us to observe poor
performance on executive function tasks also in people with
overweight, not only in those with obesity (Verdejo-García et al.,
2010; Sellaro and Colzato, 2017), although only a few studies
have investigated the condition of overweight (BMI between 25
and 30) compared to normal-weight (BMI lower than 25) and
obesity (BMI higher than 30). These results should be explored in
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further studies to verify how executive functioning is expressed
at the different stages of overweight and to understand if the
early intervention could prevent the worsening of the increase
in adiposity.

As previously reported, the results of these studies have been
interpreted according to two different theoretical models. At
the conclusion of this systematic review, no single theoretical
model appears to prevail. The empirical data seem to support
both theoretical models: the one postulating the influence of
executive system dysfunctions on obesity (Drewnowski, 1997;
Goldstone et al., 2009; Smith and Robbins, 2013), the other
viewing impairment of executive functioning as a consequence
of the obesity (Ricca et al., 2009; Pieper and Laugero, 2013).

Other longitudinal studies are needed to disentangle the
relationship between obesity and executive dysfunctions. These
studies could either examine the eating behavior and BMI of
people with low executive functioning over time or monitor the
executive functionality of people with overweight who become
obese over time. Finally, the possibility that the relationship
between executive dysfunctions and overweight/obesity could be
bidirectional cannot be excluded; in fact, many studies seem to
suggest that the bidirectionality is the real nature of this relation
(Spitznagel et al., 2013; Augustijn et al., 2018; Raman et al., 2018).

This systematic review has some strengths, such as the
decision to exclude studies of children of preschool age (younger
than 5 years) and those over 70 years. This decision was taken
for various reasons. First, the EFs and underlying neural areas
of preschool-age children are immature and still developing
(Diamond, 2013); moreover, during this period children are still
introjecting eating habits learned from the external environment
(Guxens et al., 2009; Gregory et al., 2010). However, previous
studies have shown a specific predictive value of EFs performance
in preschool children concerning weight and eating behaviors
(Park et al., 2014), and for this reason, it would be interesting
to study this specific age group separately. The decision to not
include studies of people over 70 years of age was influenced
by the “obesity paradox” hypothesis (Artham et al., 2008; Park
et al., 2014), which recognizes the health benefits to older people
in having a higher BMI. Furthermore, impairment of EFs in
older people can be associated with the aging process (Fjell
et al., 2016). Although analysis of the relationship between
EFs and overweight/obesity in these two age groups could be
interesting, their inclusion in the present study would have led
to extreme heterogeneity.

LIMITATIONS

This systematic review was not able to identify if one specific
EF had a more significant role than another on the analyzed
relationship. This result could represent a limitation of this study
because it has not allowed us to establish whether differences
in performance were due to changes in some functions rather
than others. This limitation is due mainly to the heterogeneity
of cognitive tasks (Yang et al., 2018). Another limit could be
represented by the selection of participants from 5–70 years;
in fact, also if the results are coherent, it is known that the

brain continues to develop from childhood to young adulthood,
and the differences related to aging could influence the relation
between cognitive aspects and weight changes. These age-related
differences may have covered possible results that could indicate
a causal direction between the variables.

Considering the longitudinal studies, the most extended
follow-up period—of 4 years—was performed by Alosco et al.
(2014d), though with considerable data loss. No other study
investigated the relationship between EFs and body weight
following body loss treatment over such a long time. This aspect
represents a further limitation of the results, i.e., it is not clear
whether the improvements were sustained over time or whether
a subsequent reversal of the trend occurs, which might have been
the reason behind the drop-out from treatment among bariatric
patients. Besides, a possible change in the trend over time could
indicate that it is the executive damage that influences the success
of weight-loss interventions.

Another limitation is represented by not having included
in the systematic review the analysis of psychological variables
that could modulate the relationship between EFs and excessive
body weight. In fact, a few of the selected studies controlled the
psychological dimensions, like anxiety, depression, or emotional
regulation. It would be interesting to carry out an analysis
of these dimensions. One of the studies that considered some
emotional components showed that emotions could modulate
the relationship between executive functioning and obesity.
However, others found no effect of psychological variables on
this relationship (Yau et al., 2014). Even so, examining these
psychological variables might also lead to a better understanding
of the Emotionally-Driven Eating Model (Chen et al., 2017) in
individuals with no eating disorders.

Further limitations are due to the limited samples considered
by both cross-sectional and longitudinal studies and by the higher
prevalence of females among the participants that do not allow to
generalize the results. Weller et al. (2008) found different results
between males and females on EF performances, and further
studies would be useful to analyse gender differences.

A significant limitation of this work concerns the lack of
studies comparing participants with overweight and obesity
separately. This comparison would have allowed us to examine
the relationship between different severities of excessive body
weight and the impairment of executive functioning, and to
identify the nature of this relationship. Furthermore, a specific
focus on participants with overweight would also have led
to determine the cognitive characteristics that might serve as
warning signs of the development of obesity.

Finally, a meta-analysis measuring the statistical power of the
results obtained from the studies analyzed in this study could help
to interpret better the results obtained in this systematic review.

CONCLUSIONS

The analysis of studies on the relationship between executive
functioning and excessive body weight did not give us decisive
responses to all the questions advanced by this systematic
review but clarified a large part of the issues on this topic.
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A consistent relationship between executive functioning and
overweight/obesity has been confirmed, but it remains unclear
whether a general executive dysfunction is involved or whether
one EF is more implicated than others.

Although it was not possible to confirm a specific theoretical
model on the relationship between EFs and overweight/obesity,
the association between these dimensions appears to be the
result of a complex interaction between different factors that
influence both people’s attitude to food and eating and their
executive functioning. Prolonged inappropriate food intake
related to the maintenance of excessive body weight leads to
poorer performance on executive tasks. Furthermore, executive
impairment exacerbates inappropriate behaviors, leading to
increased body fat (Stinson et al., 2018). Both these aspects are
associated with a real risk of cognitive impairment in old age
(Sanderlin et al., 2017) and difficulty in responding appropriately
to external stimuli that is typical of executive dysfunctions and
which would negatively affect the life of obese individuals. It is
essential to intervene in both these dimensions to reduce the
impact of obesity on quality of life.

It would be interesting in future to evaluate the effectiveness
of long-term interventions involving weight-loss programmes.
The success of weight-loss interventions may be strictly linked
to an improvement in executive functioning because effective
executive skills would allow healthier lifestyles. In this context,
it might be useful to examine the integrated model of Sellbom
and Gunstad (2012) and the Emotionally-Driven Eating model
(Gianini et al., 2013; Wagner et al., 2013) in terms of the
relationship between BMI and cognitive functioning variables
such as mood and emotional regulation that were not often
analyzed in the studies reviewed here.

The leading role of this systematic review was to underline
the powerful connection between cognitive aspects, specifically

EFs, and excessive body weight, highlighting the importance
of considering the nature of the link between these variables
in studies on overeating and obesity. A relevant suggestion
that emerges by this study is the need for longitudinal studies
which, starting from the analysis of EFs, monitor the BMI
over time.

It could be essential for structuring intervention aimed at
enhancing EFs to prevent the drop-out rate among patients
with severe obesity who fail to benefit for a long time from
the effects of treatments (Galioto et al., 2016; Xu et al., 2017),
by favoring the long-term maintenance of the lower weight
achieved. It needs to reduce the risk of further weight gain
in people with overweight, thereby preventing the occurrence
of severe obesity. Moreover, an integrated approach that also
takes emotion regulation and mood into account could be the
best strategy for countering dysfunctional eating behaviors and
executive functioning; therefore it would be necessary to develop
an integrated theoretical model that should jointly consider EFs,
eating behavior, emotion regulation, and mood in the field of
overweight and obesity.
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O., et al. (2017). Assessment of neurocognitive functions in children
and adolescents with obesity. Appl. Neuropsychol. 6, 262–268.
doi: 10.1080/21622965.2016.1150184

Bray, G. A. (1999). Etiology and pathogenesis of obesity. Clin. Cornerstone 2, 1–15.
doi: 10.1016/S1098-3597(99)90001-7

Brogan, A., Hevey, D., O’Callaghan, G., Yoder, R., and O’Shea, D. (2011). Impaired
decision making among morbidly obese adults. J. Psychosom. Res. 70, 189–196.
doi: 10.1016/j.jpsychores.2010.07.012

Bryan, J., and Tiggemann, M. (2001). The effect of weight-loss dieting on cognitive
performance and psychological well-being in overweight women. Appetite 36,
147–156. doi: 10.1006/appe.2000.0389

Calvo, D., Galioto, R., Gunstad, J., and Spitznagel, M. B. (2014). Uncontrolled
eating is associated with reduced executive functioning. Clin. Obes. 4, 172–179.
doi: 10.1111/cob.12058

Carey, M., Small, H., Yoong, S. L., Boyes, A., Bisquera, A., and Sanson-
Fisher, R. (2014). Prevalence of comorbid depression and obesity in general
practice: a cross-sectional survey. Br. J. Generic Pract. 64, e122–e127.
doi: 10.3399/bjgp14X677482

Carpiniello, B., Pinna, F., Pillai, G., Nonnoi, V., Pisano, E., Corrias, S., et al.
(2009). Obesity and psychopathology. A study of psychiatric comorbidity
among patients attending a specialist obesity unit. Epidemiol. Psychiatr. Sci. 18,
119–127. doi: 10.1017/S1121189X00001007

Catoira, N. P., Tapajóz, F., Allegri, R. F., Lajfer, J., Rodríguez Cámara, M., Iturry, M.
L., et al. (2016). Obesity, metabolic profile, and inhibition failure: young women
under scrutiny. Physiol. Behav. 157, 87–93. doi: 10.1016/j.physbeh.2016.01.040

Chan, R. C., Shum, D., Toulopoulou, T., and Chen, E. Y. (2008). Assessment of
executive functions: review of instruments and identification of critical issues.
Arch. Clin. Neuropsychol. 23, 201–216. doi: 10.1016/j.acn.2007.08.010

Chen, P. A., Chavez, R. S., and Heatherton, T. F. (2017). Structural integrity
between executive control and reward regions of the brain predicts
body fat percentage in chronic dieters. Cogn. Neurosci. 8, 162–166.
doi: 10.1080/17588928.2016.1235556

Cohen, J. I., Yates, K. F., Duong, M., and Convit, A. (2011). Obesity, orbitofrontal
structure and function are associated with food choice: a cross-sectional study.
BMJ Open 1:e000175. doi: 10.1136/bmjopen-2011-000175

Coppin, G., Nolan-Poupart, S., Jones-Gotman, M., and Small, D. M. (2014).
Working memory and reward association learning impairments in obesity.
Neuropsychologia 65, 146–155. doi: 10.1016/j.neuropsychologia.2014.
10.004

Dallman, M. F. (2010). Stress-induced obesity and the emotional nervous system.
Trends Endocrinol. Metabol. 21, 159–165. doi: 10.1016/j.tem.2009.10.004

Damasio, A. R. (1995). On some functions of the human prefrontal cortex. Ann.
N. Y. Acad. Sci. 769, 241–252. doi: 10.1111/j.1749-6632.1995.tb38142.x

Danner, U. N., Ouwehand, C., van Haastert, N. L., Hornsveld, H., and de Ridder, D.
T. (2012). Decision-making impairments in women with binge eating disorder
in comparison with obese and normal weight women. Eur. Eating Disord. Rev.
20, e56–e62. doi: 10.1002/erv.1098

Dassen, F. C., Houben, K., Van Breukelen, G. J., and Jansen, A. (2018b).
Gamified working memory training in overweight individuals reduces food
intake but not body weight. Appetite 124, 89–98. doi: 10.1016/j.appet.2017.
05.009

Dassen, F. C. M., Houben, K., Allom, V., and Jansen, A. (2018a). Self-
regulation and obesity: the role of executive function and delay
discounting in the prediction of weight loss. J. Behav. Med. 41, 806–818.
doi: 10.1007/s10865-018-9940-9

Davis, C., Patte, K., Levitan, R., Reid, C., Tweed, S., and Curtis, C. (2007b).
From motivation to behaviour: a model of reward sensitivity, overeating,
and food preferences in the risk profile for obesity. Appetite 48, 12–19.
doi: 10.1016/j.appet.2006.05.016

Davis, C. L., Tomporowski, P. D., Boyle, C. A.,Waller, J. L., Miller, P. H., Naglieri, J.
A., et al. (2007a). Effects of aerobic exercise on overweight children’s cognitive
functioning: a randomized controlled trial. Res. Q. Exerc. Sport 78, 510–519.
doi: 10.1080/02701367.2007.10599450

Davis, C. L., Tomporowski, P. D., McDowell, J. E., Austin, B. P., Miller, P.
H., Yanasak, N. E., et al. (2011). Exercise improves executive function and
achievement and alters brain activation in overweight children: a randomized,
controlled trial. Health Psychol. 30, 91–98. doi: 10.1037/a0021766

de Onis, M. D., Onyango, A. W., Borghi, E., Siyam, A., Nishida, C., and
Siekmann, J. (2007). Development of a WHO growth reference for school-
aged children and adolescents. Bull. World Health Organ. 85, 660–667.
doi: 10.2471/BLT.07.043497

De Wit, L., Luppino, F., van Straten, A., Penninx, B., Zitman, F., and Cuijpers, P.
(2010). Depression and obesity: a meta-analysis of community-based studies.
Psychiatr Res. 178, 230–235. doi: 10.1016/j.psychres.2009.04.015

Deckers, K., van Boxtel, M. P. J., Verhey, F. R. J., and Köhler, S. (2017).
Obesity and cognitive decline in adults: effect of methodological choices and
confounding by age in a longitudinal study. J. Nutri. Health Aging 21, 546–553.
doi: 10.1007/s12603-016-0757-3

Delgado-Rico, E., Río-Valle, J. S., González-Jiménez, E., Campoy, C., and
Verdejo-García, A. (2012). BMI predicts emotion-driven impulsivity and
cognitive inflexibility in adolescents with excess weight. Obesity 20, 1604–1610.
doi: 10.1038/oby.2012.47

Demos, K. E., McCaffery, J. M., Thomas, J. G., Mailloux, K. A., Hare, T. A., and
Wing, R. R. (2017). Identifying the mechanisms through which behavioral
weight-loss treatment improves food decision-making in obesity. Appetite 114,
93–100. doi: 10.1016/j.appet.2017.03.013

Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135–168.
doi: 10.1146/annurev-psych-113011-143750

Dohle, S., Diel, K., and Hofmann, W. (2018). Executive functions and
the self-regulation of eating behavior: a review. Appetite 124, 4–9.
doi: 10.1016/j.appet.2017.05.041

Drewnowski, A. (1997). Taste preferences and food intake. Annu. Rev. Nutr. 17,
237–253. doi: 10.1146/annurev.nutr.17.1.237

Dubbert, P. M., Carithers, T., Hall, J. E., Barbour, K. A., Clark, B. L., Sumner, A.
E., et al. (2002). Obesity, physical inactivity, and risk for cardiovascular disease.
Am. J. Med. Sci. 324, 116–126. doi: 10.1097/00000441-200209000-00002

Elliott, R. (2003). Executive functions and their disorders: Imaging in clinical
neuroscience. Br. Med. Bull. 65, 49–59. doi: 10.1093/bmb/65.1.49

Emery, R. L., and Levine, M. D. (2017). Questionnaire and behavioral
task measures of impulsivity are differentially associated with body
mass index: a comprehensive meta-analysis. Psychol. Bull. 143, 868–902.
doi: 10.1037/bul0000105

Fagundo, A. B., De la Torre, R., Jiménez-Murcia, S., Agüera, Z., Granero,
R., Tárrega, S., et al. (2012). Executive functions profile in extreme
eating/weight conditions: from anorexia nervosa to obesity. PLoS ONE

7:e43382. doi: 10.1371/journal.pone.0043382
Fields, S. A., Sabet, M., and Reynolds, B. (2013). Dimensions of impulsive behavior

in obese, overweight, and healthy-weight adolescents. Appetite 70, 60–66.
doi: 10.1016/j.appet.2013.06.089

Fitzpatrick, S., Gilbert, S., and Serpell, L. (2013). Systematic review: are overweight
and obese individuals impaired on behavioural tasks of executive functioning?
Neuropsychol. Rev. 23, 138–156. doi: 10.1007/s11065-013-9224-7

Fjell, A. M., Sneve, M. H., Grydeland, H., Storsve, A. B., andWalhovd, K. B. (2016).
The disconnected brain and executive function decline in aging. Cereb. Cortex
27, 2303–2317. doi: 10.1093/cercor/bhw082

Flegal, K. M., Wei, R., and Ogden, C. (2002). Weight-for-stature compared
with body mass index–for-age growth charts for the United States from the
Centers for Disease control and prevention. Am. J. Clin. Nutr. 75, 761–766.
doi: 10.1093/ajcn/75.4.761

Frontiers in Psychology | www.frontiersin.org 24 September 2019 | Volume 10 | Article 2126

https://doi.org/10.1159/000442670
https://doi.org/10.1016/j.tics.2005.02.002
https://doi.org/10.1111/apa.12976
https://doi.org/10.1037/hea0000167
https://doi.org/10.1016/j.bbi.2016.09.023
https://doi.org/10.1080/21622965.2016.1150184
https://doi.org/10.1016/S1098-3597(99)90001-7
https://doi.org/10.1016/j.jpsychores.2010.07.012
https://doi.org/10.1006/appe.2000.0389
https://doi.org/10.1111/cob.12058
https://doi.org/10.3399/bjgp14X677482
https://doi.org/10.1017/S1121189X00001007
https://doi.org/10.1016/j.physbeh.2016.01.040
https://doi.org/10.1016/j.acn.2007.08.010
https://doi.org/10.1080/17588928.2016.1235556
https://doi.org/10.1136/bmjopen-2011-000175
https://doi.org/10.1016/j.neuropsychologia.2014.10.004
https://doi.org/10.1016/j.tem.2009.10.004
https://doi.org/10.1111/j.1749-6632.1995.tb38142.x
https://doi.org/10.1002/erv.1098
https://doi.org/10.1016/j.appet.2017.05.009
https://doi.org/10.1007/s10865-018-9940-9
https://doi.org/10.1016/j.appet.2006.05.016
https://doi.org/10.1080/02701367.2007.10599450
https://doi.org/10.1037/a0021766
https://doi.org/10.2471/BLT.07.043497
https://doi.org/10.1016/j.psychres.2009.04.015
https://doi.org/10.1007/s12603-016-0757-3
https://doi.org/10.1038/oby.2012.47
https://doi.org/10.1016/j.appet.2017.03.013
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1016/j.appet.2017.05.041
https://doi.org/10.1146/annurev.nutr.17.1.237
https://doi.org/10.1097/00000441-200209000-00002
https://doi.org/10.1093/bmb/65.1.49
https://doi.org/10.1037/bul0000105
https://doi.org/10.1371/journal.pone.0043382
https://doi.org/10.1016/j.appet.2013.06.089
https://doi.org/10.1007/s11065-013-9224-7
https://doi.org/10.1093/cercor/bhw082
https://doi.org/10.1093/ajcn/75.4.761
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Favieri et al. Executive Functions and Overweight: Systematic Review

Forcano, L., Mata, F., de la Torre, R., and Verdejo-Garcia, A. (2018). Cognitive
and neuromodulation strategies for unhealthy eating and obesity: systematic
review and discussion of neurocognitive mechanisms. Neurosci. Biobehav. Rev.
87, 161–191. doi: 10.1016/j.neubiorev.2018.02.003

Frank, S., Wilms, B., Veit, R., Ernst, B., Thurnheer, M., Kullmann, S., et al. (2014).
Altered brain activity in severely obese women may recover after Roux-en Y
gastric bypass surgery. Int. J. Obes. 38, 341–348. doi: 10.1038/ijo.2013.60

Funahashi, S. (2001). Neuronal mechanisms of executive control by the prefrontal
cortex. Neurosci. Res. 39, 147–165. doi: 10.1016/S0168-0102(00)00224-8

Galioto Wiedemann, R., Calvo, D., Meister, J., and Spitznagel, M. B. (2014). Self-
reported physical activity is associated with cognitive function in lean, but not
obese individuals. Clin. Obes. 4, 309–315. doi: 10.1111/cob.12071

Galioto, R., Alosco, M. L., Spitznagel, M. B., Strain, G., Devlin, M., Cohen, R., et al.
(2015). Glucose regulation and cognitive function after bariatric surgery. J. Clin.
Exp. Neuropsychol. 37, 402–413. doi: 10.1080/13803395.2015.1023264

Galioto, R., Bond, D., Gunstad, J., Pera, V., Rathier, L., and Tremont, G. (2016).
Executive functions predict weight loss in a medically supervised weight loss
programme. Obesity Sci. Pract. 2, 334–340. doi: 10.1002/osp4.70

Galioto, R. M., Alosco, M. L., Spitznagel, M. B., Stanek, K. M., and Gunstad, J.
(2013). Cognitive reserve preserves cognitive function in obese individuals.
Aging Neuropsychol. Cogn. 20, 684–699. doi: 10.1080/13825585.2012.762972

Gameiro, F., Perea, M. V., Ladera, V., Rosa, B., and García, R. (2017). Executive
functioning in obese individuals waiting for clinical treatment. Psicothema 29,
61–66. doi: 10.7334/psicothema2016.202

Gariepy, G., Nitka, D., and Schmitz, N. (2010). The association between obesity
and anxiety disorders in the population: a systematic review and meta-analysis.
Int. J. Obes. 34, 407–419. doi: 10.1038/ijo.2009.252

Gentier, I., Augustijn, M., Deforche, B., Tanghe, A., De Bourdeaudhuij, I., Lenoir,
M., et al. (2013). A comparative study of performance in simple and choice
reaction time tasks between obese and healthy-weight children. Res. Dev.
Disabil. 34, 2635–2641. doi: 10.1016/j.ridd.2013.04.016

Gettens, K. M., and Gorin, A. A. (2017). Executive function in weight
loss and weight loss maintenance: a conceptual review and novel
neuropsychological model of weight control. J. Behav. Med. 40, 687–701.
doi: 10.1007/s10865-017-9831-5

Gianini, L. M., White, M. A., andMasheb, R. M. (2013). Eating pathology, emotion
regulation, and emotional overeating in obese adults with binge eating disorder.
Eat. Behav. 14, 309–313. doi: 10.1016/j.eatbeh.2013.05.008

Gluck, M. E., Viswanath, P., and Stinson, E. J. (2017). Obesity, appetite, and the
prefrontal cortex. Curr. Obes. Rep. 6, 380–388. doi: 10.1007/s13679-017-0289-0

Goldschmidt, A. B., O’Brien, S., Lavender, J. M., Pearson, C. M., Le Grange, D.,
and Hunter, S. J. (2018). Executive functioning in a racially diverse sample
of children who are overweight and at risk for eating disorders. Appetite 124,
43–49. doi: 10.1016/j.appet.2017.03.010

Goldstone, A. P., Prechtl de Hernandez, C. G., Beaver, J. D., Muhammed,
K., Croese, C., Bell, G., et al. (2009). Fasting biases brain reward
systems towards high-calorie foods. Eur. J. Neurosci. 30, 1625–1635.
doi: 10.1111/j.1460-9568.2009.06949.x

Gonzales, M. M., Tarumi, T., Miles, S. C., Tanaka, H., Shah, F., and Haley,
A. P. (2010). Insulin sensitivity as a mediator of the relationship between
BMI and working memory-related brain activation. Obesity 18, 2131–2137.
doi: 10.1038/oby.2010.183

Grafman, J., and Litvan, I. (1999). Importance of deficits in executive functions.
Lancet 354, 1921–1923. doi: 10.1016/S0140-6736(99)90438-5

Gregory, J. E., Paxton, S. J., and Brozovic, A. M. (2010). Maternal feeding
practices, child eating behaviour and body mass index in preschool-aged
children: a prospective analysis. Int. J. Behav. Nutri. Phys. Activity 7:55.
doi: 10.1186/1479-5868-7-55

Gunstad, J., Paul, R. H., Cohen, R. A., Tate, D. F., Spitznagel, M. B., and
Gordon, E. (2007). Elevated body mass index is associated with executive
dysfunction in otherwise healthy adults. Compr. Psychiatr. 48, 57–61.
doi: 10.1016/j.comppsych.2006.05.001

Guxens,M.,Mendez,M. A., Julvez, J., Plana, E., Forns, J., Basagaña, X., et al. (2009).
Cognitive function and overweight in preschool children.Am. J. Epidemiol. 170,
438–446. doi: 10.1093/aje/kwp140

Hall, P. A., andMarteau, T. M. (2014). Executive function in the context of chronic
disease prevention: theory, research and practice. Prevent. Med. 68, 44–50.
doi: 10.1016/j.ypmed.2014.07.008

Harrington, D. M., Staiano, A. E., Broyles, S. T., Gupta, A. K., and Katzmarzyk,
P. T. (2013). BMI percentiles for the identification of abdominal obesity and
metabolic risk in children and adolescents: evidence in support of the CDC
95th percentile. Eur. J. Clin. Nutr. 67, 218–222. doi: 10.1038/ejcn.2012.203

Hauner, H. (2017). “Obesity and diabetes,” in Textbook of Diabetes, eds R. I. G.
Holt, C. Cockram, A. Flyvbjerg, and B. J. Goldstein, 215–228.

Hendrick, O. M., Luo, X., Zhang, S., and Li, C. S. (2012). Saliency processing
and obesity: a preliminary imaging study of the stop signal task. Obesity 20,
1796–1802. doi: 10.1038/oby.2011.180

Heymsfield, S. B., and Wadden, T. A. (2017). Mechanisms, pathophysiology,
and management of obesity. N. England J. Med. 376, 254–266.
doi: 10.1056/NEJMra1514009

Hofmann, W., Schmeichel, B. J., and Baddeley, A. D. (2012). Executive
functions and self-regulation. Trends Cogn. Sci. 16, 174–180.
doi: 10.1016/j.tics.2012.01.006

Jacques, S., and Marcovitch, S. (2010). “Development of executive function across
the life span,” in The Handbook of Life-Span Development, Vol. 1: Cognition,

Biology, and Methods, eds W. F. Overton and R. M. Lerner (Hoboken, NJ: John
Wiley & Sons Inc.), 431–466. doi: 10.1002/9780470880166.hlsd001013

Janssen, I., Katzmarzyk, P. T., and Ross, R. (2004). Waist circumference and not
body mass index explains obesity-related health risk. Am. J. Clin. Nutr. 79,
379–384. doi: 10.1093/ajcn/79.3.379

Jiang, S. Z., Lu, W., Zong, X. F., Ruan, H. Y., and Liu, Y. (2016). Obesity and
hypertension. Exp. Ther. Med. 12, 2395–2399. doi: 10.3892/etm.2016.3667

Kamijo, K., Khan, N. A., Pontifex, M. B., Scudder, M. R., Drollette, E. S.,
Raine, L. B., et al. (2012a). The relation of adiposity to cognitive control
and scholastic achievement in preadolescent children. Obesity 20, 2406–2411.
doi: 10.1038/oby.2012.112

Kamijo, K., Pontifex, M. B., Khan, N. A., Raine, L. B., Scudder, M. R.,
Drollette, E. S., et al. (2012b). The association of childhood obesity
to neuroelectric indices of inhibition. Psychophysiology 49, 1361–1371.
doi: 10.1111/j.1469-8986.2012.01459.x

Kamijo, K., Pontifex, M. B., Khan, N. A., Raine, L. B., Scudder, M. R.,
Drollette, E. S., et al. (2012c). The negative association of childhood obesity
to cognitive control of action monitoring. Cereb. Cortex 24, 654–662.
doi: 10.1093/cercor/bhs349

Kane, M. J., Conway, A. R. A., Miura, T. K., and Colflesh, G. J. (2007). Working
memory, attention control, and the N-back task: a question of construct
validity. J. Exp. Psychol. 33:615. doi: 10.1037/0278-7393.33.3.615

Kelly, T., Yang, W., Chen, C. S., Reynolds, K., and He, J. (2008). Global burden
of obesity in 2005 and projections to 2030. Int. J. Obes. 32, 1431–1437.
doi: 10.1038/ijo.2008.102

Kittel, R., Schmidt, R., and Hilbert, A. (2017). Executive functions in adolescents
with binge-eating disorder and obesity. Int. J. Eating Disord. 50, 933–941.
doi: 10.1002/eat.22714

Kolotkin, R. L., Meter, K., and Williams, G. R. (2001). Quality of life and obesity.
Obesity Rev. 2, 219–229. doi: 10.1046/j.1467-789X.2001.00040.x

Kulendran, M., Borovoi, L., Purkayastha, S., Darzi, A., and Vlaev, I. (2017).
Impulsivity predicts weight loss after obesity surgery. Surg. Obesity Related Dis.
13, 1033–1040. doi: 10.1016/j.soard.2016.12.031

Kulendran, M., Vlaev, I., Sugden, C., King, D., Ashrafian, H., Gately, P., et al.
(2014). Neuropsychological assessment as a predictor of weight loss in obese
adolescents. Int. J. Obes. 38, 507–512. doi: 10.1038/ijo.2013.198

Lam, B. C. C., Koh, G. C. H., Chen, C., Wong, M. T. K., and Fallows,
S. J. (2015). Comparison of body mass index (BMI), body adiposity
index (BAI), waist circumference (WC), waist-to-hip ratio (WHR) and
waist-to-height ratio (WHtR) as predictors of cardiovascular disease risk
factors in an adult population in Singapore. PLoS ONE 10:e0122985.
doi: 10.1371/journal.pone.0122985

Lappin, J. S., and Eriksen, C. W. (1966). Use of a delayed signal to stop a visual
reaction-time response. J. Exp. Psychol. 72, 805–811. doi: 10.1037/h0021266

Lasselin, J., Magne, E., Beau, C., Aubert, A., Dexpert, S., Carrez, J., et al.
(2016). Low-grade inflammation is a major contributor of impaired
attentional set shifting in obese subjects. Brain Behav. Immun. 58, 63–68.
doi: 10.1016/j.bbi.2016.05.013

Liang, J., Matheson, B. E., Kaye, W. H., and Boutelle, K. N. (2014). Neurocognitive
correlates of obesity and obesity-related behaviors in children and adolescents.
Int. J. Obes. 38, 494–506. doi: 10.1038/ijo.2013.142

Frontiers in Psychology | www.frontiersin.org 25 September 2019 | Volume 10 | Article 2126

https://doi.org/10.1016/j.neubiorev.2018.02.003
https://doi.org/10.1038/ijo.2013.60
https://doi.org/10.1016/S0168-0102(00)00224-8
https://doi.org/10.1111/cob.12071
https://doi.org/10.1080/13803395.2015.1023264
https://doi.org/10.1002/osp4.70
https://doi.org/10.1080/13825585.2012.762972
https://doi.org/10.7334/psicothema2016.202
https://doi.org/10.1038/ijo.2009.252
https://doi.org/10.1016/j.ridd.2013.04.016
https://doi.org/10.1007/s10865-017-9831-5
https://doi.org/10.1016/j.eatbeh.2013.05.008
https://doi.org/10.1007/s13679-017-0289-0
https://doi.org/10.1016/j.appet.2017.03.010
https://doi.org/10.1111/j.1460-9568.2009.06949.x
https://doi.org/10.1038/oby.2010.183
https://doi.org/10.1016/S0140-6736(99)90438-5
https://doi.org/10.1186/1479-5868-7-55
https://doi.org/10.1016/j.comppsych.2006.05.001
https://doi.org/10.1093/aje/kwp140
https://doi.org/10.1016/j.ypmed.2014.07.008
https://doi.org/10.1038/ejcn.2012.203
https://doi.org/10.1038/oby.2011.180
https://doi.org/10.1056/NEJMra1514009
https://doi.org/10.1016/j.tics.2012.01.006
https://doi.org/10.1002/9780470880166.hlsd001013
https://doi.org/10.1093/ajcn/79.3.379
https://doi.org/10.3892/etm.2016.3667
https://doi.org/10.1038/oby.2012.112
https://doi.org/10.1111/j.1469-8986.2012.01459.x
https://doi.org/10.1093/cercor/bhs349
https://doi.org/10.1037/0278-7393.33.3.615
https://doi.org/10.1038/ijo.2008.102
https://doi.org/10.1002/eat.22714
https://doi.org/10.1046/j.1467-789X.2001.00040.x
https://doi.org/10.1016/j.soard.2016.12.031
https://doi.org/10.1038/ijo.2013.198
https://doi.org/10.1371/journal.pone.0122985
https://doi.org/10.1037/h0021266
https://doi.org/10.1016/j.bbi.2016.05.013
https://doi.org/10.1038/ijo.2013.142
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Favieri et al. Executive Functions and Overweight: Systematic Review

Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Gøtzsche, P. C., Ioannidis, J.
P., et al. (2009). The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care interventions: explanation
and elaboration. PLoS Med. 6:e1000100. doi: 10.1371/journal.pmed.1000100

Littleton, S. W. (2012). Impact of obesity on respiratory function. Respirology 17,
43–49. doi: 10.1111/j.1440-1843.2011.02096.x

Loeber, S., Grosshans, M., Korucuoglu, O., Vollmert, C., Vollstädt-Klein, S.,
Schneider, S., et al. (2012). Impairment of inhibitory control in response to
food-associated cues and attentional bias of obese participants and normal-
weight controls. Int. J. Obes. 36, 1334–1339. doi: 10.1038/ijo.2011.184

Luppino, F. S., de Wit, L. M., Bouvy, P. F., Stijnen, T., Cuijpers, P., Penninx,
B. W., et al. (2010). Overweight, obesity, and depression: a systematic review
and meta-analysis of longitudinal studies. Arch. Gen. Psychiatry 67, 220–229.
doi: 10.1001/archgenpsychiatry.2010.2

Maayan, L., Hoogendoorn, C., Sweat, V., and Convit, A. (2011). Disinhibited eating
in obese adolescents is associated with orbitofrontal volume reductions and
executive dysfunction. Obesity 19, 1382–1387. doi: 10.1038/oby.2011.15

McCrory, M. A., Fuss, P. J., Hays, N. P., Vinken, A. G., Greenberg, A. S., and
Roberts, S. B. (1999). Overeating in America: association between restaurant
food consumption and body fatness in healthy adult men and women ages 19
to 80. Obes. Res. 7, 564–571. doi: 10.1002/j.1550-8528.1999.tb00715.x

McPhail, S. M., Schippers, M., Marshall, A. L., Waite, M., and Kuipers, P.
(2014). Perceived barriers and facilitators to increasing physical activity
among people with musculoskeletal disorders: a qualitative investigation
to inform intervention development. Clin. Interv. Aging 9, 2113–2122.
doi: 10.2147/CIA.S72731

Milner, B. (1963). Effects of different brain lesions on card
sorting: the role of the frontal lobes. Arch. Neurol. 9, 90–100.
doi: 10.1001/archneur.1963.00460070100010

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., and
Wager, T. D. (2000). The unity and diversity of executive functions and their
contributions to complex “frontal lobe” tasks: a latent variable analysis. Cogn.
Psychol. 41, 49–100. doi: 10.1006/cogp.1999.0734

Moher, D., Liberati, A., Tetzlaff, J., and Altman, D. G. (2009). Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. Ann.
Intern. Med. 151, 264–269. doi: 10.7326/0003-4819-151-4-200908180-00135

Mole, T. B., Irvine, M. A., Worbe, Y., Collins, P., Mitchell, S. P., Bolton, S., et al.
(2015). Impulsivity in disorders of food and drug misuse. Psychol. Med. 45,
771–782. doi: 10.1017/S0033291714001834

Moreno-López, L., Soriano-Mas, C., Delgado-Rico, E., Rio-Valle, J. S., and
Verdejo-García, A. (2012). Brain structural correlates of reward sensitivity and
impulsivity in adolescents with normal and excess weight. PLoS ONE 7:e49185.
doi: 10.1371/journal.pone.0049185

Morris, M. C., Evans, D. A., Tangney, C. C., Bienias, J. L., and Wilson, R. S. (2005).
Fish consumption and cognitive decline with age in a large community study.
Arch. Neurol. 62:1849–1853. doi: 10.1001/archneur.62.12.noc50161

Navas, J. F., Vilar-López, R., Perales, J. C., Steward, T., Fernández-Aranda, F., and
Verdejo-García, A. (2016). Altered decision-making under risk in obesity. PLoS
ONE 11:e0155600. doi: 10.1371/journal.pone.0155600

Nederkoorn, C., Braet, C., Van Eijs, Y., Tanghe, A., and Jansen, A. (2006). Why
obese children cannot resist food: the role of impulsivity. Eat. Behav. 7,
315–322. doi: 10.1016/j.eatbeh.2005.11.005

Nigg, J. T. (2000). On inhibition/disinhibition in developmental psychopathology:
views from cognitive and personality psychology and a working inhibition
taxonomy. Psychol. Bull. 126:220. doi: 10.1037/0033-2909.126.2.220

Ouwens, M. A., van Strien, T., and van der Staak, C. P. (2003). Tendency
toward overeating and restraint as predictors of food consumption. Appetite
40, 291–298. doi: 10.1016/S0195-6663(03)00006-0

Park, J., Ahmadi, S. F., Streja, E., Molnar, M. Z., Flegal, K. M., Gillen, D., et al.
(2014). Obesity paradox in end-stage kidney disease patients. Prog. Cardiovasc.
Dis. 56, 415–425. doi: 10.1016/j.pcad.2013.10.005

Pauli-Pott, U., Albayrak, O., Hebebrand, J., and Pott, W. (2010). Does inhibitory
control capacity in overweight and obese children and adolescents predict
success in a weight-reduction program? Eur. Child Adolescent Psychiatry 19,
135–141. doi: 10.1007/s00787-009-0049-0

Pearce, A. L., Mackey, E., Cherry, J. B. C., Olson, A., You, X., Magge, S. N., et al.
(2017). Effect of adolescent bariatric surgery on the brain and cognition: a pilot
study. Obesity 25, 1852–1860. doi: 10.1002/oby.22013

Pearce, A. L., Mackey, E., Nadler, E. P., and Vaidya, C. J. (2018). Sleep health
and psychopathology mediate executive deficits in pediatric obesity. Childhood
Obesity 14, 189–196. doi: 10.1089/chi.2017.0281

Pennington, B. F., and Ozonoff, S. (1996). Executive functions and
developmental psychopathology. J. Child Psychol. Psychiatry 37, 51–87.
doi: 10.1111/j.1469-7610.1996.tb01380.x

Perpiñá, C., Segura, M., and Sánchez-Reales, S. (2017). Cognitive flexibility
and decision-making in eating disorders and obesity. Eating and
Weight Disorders-Studies on Anorexia. Bulimia Obesity 22, 435–444.
doi: 10.1007/s40519-016-0331-3

Perry, V. H. (2004). The influence of systemic inflammation on inflammation in
the brain: implications for chronic neurodegenerative disease. Brain Behav.

Immun. 18, 407–413. doi: 10.1016/j.bbi.2004.01.004
Pieper, J. R., and Laugero, K. D. (2013). Preschool children with lower executive

function may be more vulnerable to emotional-based eating in the absence of
hunger. Appetite 62, 103–109. doi: 10.1016/j.appet.2012.11.020

Pignatti, R., Bertella, L., Albani, G., Mauro, A., Molinari, E., and Semenza,
C. (2006). Decision-making in obesity: a study using the Gambling
Task. Eat. Weight Disord. Stud. Anorexia Bulimia Obesity 11, 126–132.
doi: 10.1007/BF03327557

Prentice, A. M. (2001). Overeating: the health risks. Obesity Res. 9, 234S−238S.
doi: 10.1038/oby.2001.124

Qavam, S. E., Anisan, A., Fathi, M., and Pourabbasi, A. (2015). Study
of relationship between obesity and executive functions among high
school students in Bushehr, Iran. J. Diabetes Metab. Disord. 14:79.
doi: 10.1186/s40200-015-0211-9

Raman, J., Hay, P., Tchanturia, K., and Smith, E. (2018). A randomised controlled
trial of manualized cognitive remediation therapy in adult obesity.Appetite 123,
269–279. doi: 10.1016/j.appet.2017.12.023

Reitan, R. M. (1958). Validity of the Trail Making Test as an indicator of organic
brain damage. Percept. Mot. Skills 8, 271–276. doi: 10.2466/pms.1958.8.3.271

Restivo, M. R., McKinnon, M. C., Frey, B. N., Hall, G. B., Syed, W., and Taylor,
V. H. (2017). The impact of obesity on neuropsychological functioning in
adults with and without major depressive disorder. PLoS ONE 12:e0176898.
doi: 10.1371/journal.pone.0176898

Reyes, S., Peirano, P., Peigneux, P., Lozoff, B., and Algarin, C. (2015). Inhibitory
control in otherwise healthy overweight 10-year-old children. Int. J. Obes. 39,
1230–1235. doi: 10.1038/ijo.2015.49

Reynolds, C. R. (1997). Forward and backward memory span should not
be combined for clinical analysis. Arch. Clin. Neuropsychol. 12, 29–40.
doi: 10.1093/arclin/12.1.29

Ricca, V., Castellini, G., Lo Sauro, C., Ravaldi, C., Lapi, F., Mannucci, E., et al.
(2009). Correlations between binge eating and emotional eating in a sample of
overweight subjects. Appetite 53, 418–421. doi: 10.1016/j.appet.2009.07.008

Richards, J. B., Zhang, L., Mitchell, S. H., and De Wit, H. (1999). Delay or
probability discounting in a model of impulsive behavior: effect of alcohol. J.
Exp. Anal. Behav. 71, 121–143. doi: 10.1901/jeab.1999.71-121

Rogers, R. D., and Monsell, S. (1995). Costs of a predictible switch between simple
cognitive tasks. J. Exp. Psychol. 124:207. doi: 10.1037/0096-3445.124.2.207

Sanderlin, A. H., Todem, D., and Bozoki, A. C. (2017). Obesity and
co-morbid conditions are associated with specific neuropsychiatric
symptoms in mild cognitive impairment. Front. Aging Neurosci. 9:164.
doi: 10.3389/fnagi.2017.00325

Schiff, S., Amodio, P., Testa, G., Nardi, M., Montagnese, S., Caregaro, L., et al.
(2016). Impulsivity toward food reward is related to BMI: evidence from
intertemporal choice in obese and normal-weight individuals. Brain Cogn. 110,
112–119. doi: 10.1016/j.bandc.2015.10.001

Sellaro, R., and Colzato, L. S. (2017). High body mass index is
associated with impaired cognitive control. Appetite 113, 301–309.
doi: 10.1016/j.appet.2017.03.008

Sellbom, K. S., and Gunstad, J. (2012). Cognitive function and decline in obesity. J.
Alzheimer Dis. 30, S89–S95. doi: 10.3233/JAD-2011-111073

Skoranski, A. M., Most, S. B., Lutz-Stehl, M., Hoffman, J. E., Hassink, S. G., and
Simons, R. F. (2013). Response monitoring and cognitive control in childhood
obesity. Biol. Psychol. 92, 199–204. doi: 10.1016/j.biopsycho.2012.09.001

Smith, D. G., and Robbins, T. W. (2013). The neurobiological underpinnings of
obesity and binge eating: a rationale for adopting the food addiction model.
Biol. Psychiatry 73, 804–810. doi: 10.1016/j.biopsych.2012.08.026

Frontiers in Psychology | www.frontiersin.org 26 September 2019 | Volume 10 | Article 2126

https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1111/j.1440-1843.2011.02096.x
https://doi.org/10.1038/ijo.2011.184
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1038/oby.2011.15
https://doi.org/10.1002/j.1550-8528.1999.tb00715.x
https://doi.org/10.2147/CIA.S72731
https://doi.org/10.1001/archneur.1963.00460070100010
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1017/S0033291714001834
https://doi.org/10.1371/journal.pone.0049185
https://doi.org/10.1001/archneur.62.12.noc50161
https://doi.org/10.1371/journal.pone.0155600
https://doi.org/10.1016/j.eatbeh.2005.11.005
https://doi.org/10.1037/0033-2909.126.2.220
https://doi.org/10.1016/S0195-6663(03)00006-0
https://doi.org/10.1016/j.pcad.2013.10.005
https://doi.org/10.1007/s00787-009-0049-0
https://doi.org/10.1002/oby.22013
https://doi.org/10.1089/chi.2017.0281
https://doi.org/10.1111/j.1469-7610.1996.tb01380.x
https://doi.org/10.1007/s40519-016-0331-3
https://doi.org/10.1016/j.bbi.2004.01.004
https://doi.org/10.1016/j.appet.2012.11.020
https://doi.org/10.1007/BF03327557
https://doi.org/10.1038/oby.2001.124
https://doi.org/10.1186/s40200-015-0211-9
https://doi.org/10.1016/j.appet.2017.12.023
https://doi.org/10.2466/pms.1958.8.3.271
https://doi.org/10.1371/journal.pone.0176898
https://doi.org/10.1038/ijo.2015.49
https://doi.org/10.1093/arclin/12.1.29
https://doi.org/10.1016/j.appet.2009.07.008
https://doi.org/10.1901/jeab.1999.71-121
https://doi.org/10.1037/0096-3445.124.2.207
https://doi.org/10.3389/fnagi.2017.00325
https://doi.org/10.1016/j.bandc.2015.10.001
https://doi.org/10.1016/j.appet.2017.03.008
https://doi.org/10.3233/JAD-2011-111073
https://doi.org/10.1016/j.biopsycho.2012.09.001
https://doi.org/10.1016/j.biopsych.2012.08.026
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Favieri et al. Executive Functions and Overweight: Systematic Review

Smith, P. J., and Blumenthal, J. A. (2016). Dietary factors and cognitive decline. J.
Prevent. Alzheimer Dis. 3, 53–64. doi: 10.14283/jpad.2015.71

Spitoni, G. F., Ottaviani, C., Petta, A. M., Zingaretti, P., Aragona, M., Sarnicola,
A., et al. (2017). Obesity is associated with lack of inhibitory control
and impaired heart rate variability reactivity and recovery in response to
food stimuli. Int. J. Psychophysiol. 116, 77–84. doi: 10.1016/j.ijpsycho.2017.
04.001

Spitznagel, M. B., Alosco, M., Galioto, R., Strain, G., Devlin, M., Sysko, R.,
et al. (2014). The role of cognitive function in postoperative weight
loss outcomes: 36-month follow-up. Obesity Surg. 24, 1078–1084.
doi: 10.1007/s11695-014-1205-2

Spitznagel, M. B., Garcia, S., Miller, L. A., Strain, G., Devlin, M., Wing,
R., et al. (2013). Cognitive function predicts weight loss after bariatric
surgery. Surg. Obesity Related Dis. 9, 453–459. doi: 10.1016/j.soard.2011.
10.008

Stanek, K.M., Strain, G., Devlin,M., Cohen, R., Paul, R., Crosby, R. D., et al. (2013).
Body mass index and neurocognitive functioning across the adult lifespan.
Neuropsychology 27, 141–151. doi: 10.1037/a0031988

Steenbergen, L., and Colzato, L. S. (2017). Overweight and cognitive performance:
high body mass index is associated with impairment in reactive control during
task switching. Front. Nutri. 4:51. doi: 10.3389/fnut.2017.00051

Stingl, K. T., Kullmann, S., Ketterer, C., Heni, M., Häring, H. U., Fritsche,
A., et al. (2012). Neuronal correlates of reduced memory performance in
overweight subjects. Neuroimage 60, 362–369. doi: 10.1016/j.neuroimage.2011.
12.012

Stinson, E. J., Krakoff, J., andGluck,M. E. (2018). Depressive symptoms and poorer
performance on the Stroop Task are associated with weight gain. Physiol. Behav.
186, 25–30. doi: 10.1016/j.physbeh.2018.01.005

Stroop, J. R. (1935). Studies of interference in serial verbal reactions. J. Exp. Psychol.
18, 643–662. doi: 10.1037/h0054651

Sweat, V., Yates, K. F., Migliaccio, R., and Convit, A. (2017). Obese adolescents
show reduced cognitive processing speed compared with healthy weight peers.
Childhood Obesity 13, 190–196. doi: 10.1089/chi.2016.0255

Thiara, G., Cigliobianco, M., Muravsky, A., Paoli, R. A., Mansur, R.,
Hawa, R., et al. (2017). Evidence for neurocognitive improvement
after bariatric surgery: a systematic review. Psychosomatics 58, 217–227.
doi: 10.1016/j.psym.2017.02.004

Tsai, C. L., Chen, F. C., Pan, C. Y., and Tseng, Y. T. (2016). The neurocognitive
performance of visuospatial attention in children with obesity. Front. Psychol.
7:1033. doi: 10.3389/fpsyg.2016.01033

Vainik, U., Dagher, A., Dub,é, L., and Fellows, L. K. (2013).
Neurobehavioural correlates of body mass index and eating behaviours
in adults: a systematic review. Neurosci. Biobehav. Rev. 37, 279–299.
doi: 10.1016/j.neubiorev.2012.11.008

Van der Oord, S., Braet, C., Cortese, S., and Claes, L. (2018). Testing the dual
pathway model of ADHD in obesity: a pilot study. Eating Weight Disord. Stud.

Anorexia Bulimia Obesity 23, 507–512. doi: 10.1007/s40519-017-0375-z
Vantieghem, S., Bautmans, I., De Guchtenaere, A., Tanghe, A., and Provyn,

S. (2018). Improved cognitive functioning in obese adolescents after
a 30-week inpatient weight loss program. Pediatr. Res. 1, 267–271.
doi: 10.1038/s41390-018-0047-3

Varkevisser, R. D. M., van Stralen, M. M., Kroeze, W., Ket, J. C. F., and Steenhuis,
I. H. M. (2019). Determinants of weight loss maintenance: a systematic review.
Obesity Rev. 20, 171–211. doi: 10.1111/obr.12772

Verbeken, S., Braet, C., Bosmans, G., and Goossens, L. (2014). Comparing decision
making in average and overweight children and adolescents. Int. J. Obes. 38,
547–551. doi: 10.1038/ijo.2013.235

Verbeken, S., Braet, C., Goossens, L., and Van der Oord, S. (2013). Executive
function training with game elements for obese children: a novel treatment
to enhance self-regulatory abilities for weight-control. Behav. Res. Ther. 51,
290–299. doi: 10.1016/j.brat.2013.02.006

Verdejo-García, A., Pérez-Expósito, M., Schmidt-Río-Valle, J., Fernández-Serrano,
M. J., Cruz, F., Pérez-García, M., et al. (2010). Selective alterations within
executive functions in adolescents with excess weight. Obesity 18, 1572–1578.
doi: 10.1038/oby.2009.475

Volkow, N. D., Wang, G. J., and Baler, R. D. (2011). Reward, dopamine and the
control of food intake: implications for obesity. Trends Cogn. Sci. 15, 37–46.
doi: 10.1016/j.tics.2010.11.001

Voon, V., Irvine, M. A., Derbyshire, K., Worbe, Y., Lange, I., Abbott, S., et al.
(2014). Measuring “waiting” impulsivity in substance addictions and binge
eating disorder in a novel analogue of rodent serial reaction time task. Biol.
Psychiatr. 75, 148–155. doi: 10.1016/j.biopsych.2013.05.013

Wagner, D. D., Altman, M., Boswell, R. G., Kelley, W. M., and Heatherton,
T. F. (2013). Self-regulatory depletion enhances neural responses to
rewards and impairs top-down control. Psychol. Sci. 24, 2262–2271.
doi: 10.1177/0956797613492985

Wang, G. J., Volkow, N. D., Telang, F., Jayne, M., Ma, J., Rao, M., et al. (2004).
Exposure to appetitive food stimuli markedly activates the human brain.
Neuroimage 21, 1790–1797. doi: 10.1016/j.neuroimage.2003.11.026

Weller, R. E., Cook, E. W. III, Avsar, K. B., and Cox, J. E. (2008). Obese women
show greater delay discounting than healthy-weight women. Appetite 51,
563–569. doi: 10.1016/j.appet.2008.04.010

Witbracht, M. G., Laugero, K. D., Van Loan, M. D., Adams, S. H., and
Keim, N. L. (2012). Performance on the Iowa Gambling Task is related
to magnitude of weight loss and salivary cortisol in a diet-induced weight
loss intervention in overweight women. Physiol. Behav. 106, 291–297.
doi: 10.1016/j.physbeh.2011.04.035

World Health Organization (2000). Obesity: Preventing and Managing the Global

Epidemic (No. 894). World Health Organization; 894: i–xii, 1–253.
World Health Organization (2015). World Health Statistics 2015. Geneva, WHO,

2015, pp 101–111. Available online at: www.who.int/gho/publications/world_
health_statistics/2015/en/

Wu, N., Chen, Y., Yang, J., and Li, F. (2017). Childhood obesity and
academic performance: the role of working memory. Front. Psychol. 8:611.
doi: 10.3389/fpsyg.2017.00611

Wu, X., Nussbaum, M. A., and Madigan, M. L. (2016). Executive function and
measures of fall risk among people with obesity. Percept. Mot. Skills 122,
825–839. doi: 10.1177/0031512516646158

Xie, C., Wang, X., Zhou, C., Xu, C., and Chang, Y. K. (2017). Exercise and dietary
program-induced weight reduction is associated with cognitive function among
obese adolescents: a longitudinal study. Peer J 5:e3286. doi: 10.7717/peerj.3286

Xu, X., Deng, Z. Y., Huang, Q., Zhang, W. X., Qi, C. Z., and Huang, J.
A. (2017). Prefrontal cortex-mediated executive function as assessed by
Stroop task performance associates with weight loss among overweight
and obese adolescents and young adults. Behav. Brain Res. 321, 240–248.
doi: 10.1016/j.bbr.2016.12.040

Yadava, A., and Sharma, N. R. (2014). Cognitive functioning in relation
to body mass index. J. Indian Acad. Appl. Psychol. 40, 203–210.
doi: 10.1093%2Fgerona%2Fglx152

Yang, Y., Shields, G. S., Guo, C., and Liu, Y. (2018). Executive function
performance in obesity and overweight individuals: a meta-analysis and review.
Neurosci. Biobehav. Rev. 84, 225–244. doi: 10.1016/j.neubiorev.2017.11.020

Yau, P. L., Kang, E. H., Javier, D. C., and Convit, A. (2014). Preliminary evidence of
cognitive and brain abnormalities in uncomplicated adolescent obesity.Obesity
22, 1865–1871. doi: 10.1002/oby.20801

Yumuk, V., Tsigos, C., Fried, M., Schindler, K., Busetto, L., and Micic, D.
(2015). European guidelines for obesity management in adults. Obesity Facts

8, 402–424. doi: 10.1159/000442721

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Favieri, Forte and Casagrande. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Psychology | www.frontiersin.org 27 September 2019 | Volume 10 | Article 2126

https://doi.org/10.14283/jpad.2015.71
https://doi.org/10.1016/j.ijpsycho.2017.04.001
https://doi.org/10.1007/s11695-014-1205-2
https://doi.org/10.1016/j.soard.2011.10.008
https://doi.org/10.1037/a0031988
https://doi.org/10.3389/fnut.2017.00051
https://doi.org/10.1016/j.neuroimage.2011.12.012
https://doi.org/10.1016/j.physbeh.2018.01.005
https://doi.org/10.1037/h0054651
https://doi.org/10.1089/chi.2016.0255
https://doi.org/10.1016/j.psym.2017.02.004
https://doi.org/10.3389/fpsyg.2016.01033
https://doi.org/10.1016/j.neubiorev.2012.11.008
https://doi.org/10.1007/s40519-017-0375-z
https://doi.org/10.1038/s41390-018-0047-3
https://doi.org/10.1111/obr.12772
https://doi.org/10.1038/ijo.2013.235
https://doi.org/10.1016/j.brat.2013.02.006
https://doi.org/10.1038/oby.2009.475
https://doi.org/10.1016/j.tics.2010.11.001
https://doi.org/10.1016/j.biopsych.2013.05.013
https://doi.org/10.1177/0956797613492985
https://doi.org/10.1016/j.neuroimage.2003.11.026
https://doi.org/10.1016/j.appet.2008.04.010
https://doi.org/10.1016/j.physbeh.2011.04.035
www.who.int/gho/publications/world_health_statistics/2015/en/
www.who.int/gho/publications/world_health_statistics/2015/en/
https://doi.org/10.3389/fpsyg.2017.00611
https://doi.org/10.1177/0031512516646158
https://doi.org/10.7717/peerj.3286
https://doi.org/10.1016/j.bbr.2016.12.040
https://doi.org/10.1093%2Fgerona%2Fglx152
https://doi.org/10.1016/j.neubiorev.2017.11.020
https://doi.org/10.1002/oby.20801
https://doi.org/10.1159/000442721
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

	The Executive Functions in Overweight and Obesity: A Systematic Review of Neuropsychological Cross-Sectional and Longitudinal Studies
	Introduction
	Rationale
	Executive Functions
	Executive Functions in Obesity and Overweight
	Objectives

	Method
	Research Strategies
	Eligibility Criteria
	Data Collection Process
	Quality Assessment

	Results
	Study Selection
	Quality Assessment for Risk Bias
	Cross-Sectional Studies

	Executive Functions in Cross-Sectional Studies
	Cognitive Flexibility
	Inhibition
	Working Memory
	Decision-Making, Planning, and Problem-Solving

	Discussion
	Longitudinal Studies

	Executive Functions in Longitudinal Studies
	Cognitive Flexibility
	Inhibition
	Working Memory
	Decision-Making

	Discussion
	General Discussion
	Limitations
	Conclusions
	Author Contributions
	Funding
	References


