
REVIEW

Systematic Review: Are Overweight and Obese Individuals
Impaired on Behavioural Tasks of Executive Functioning?

Sian Fitzpatrick & Sam Gilbert & Lucy Serpell

Received: 5 December 2012 /Accepted: 27 January 2013 /Published online: 5 February 2013
# Springer Science+Business Media New York 2013

Abstract This review was aimed at systematically in-
vestigating the evidence suggesting that obese individ-
uals demonstrate impaired performance on behavioural
tasks examining executive functioning abilities. A sys-
tematic review of literature was carried out by search-
ing five separate databases (PsycINFO, MEDLINE,
EMBASE, CINAHL and PubMed) and a hand search
of relevant journals. Twenty-one empirical papers were
identified from the search criteria and the results were
considered in relation to different executive functioning
domains. There is little consistency of results both
within and across different domains of executive func-
tioning. The review suggests that obese individuals
show difficulties with decision-making, planning and
problem-solving when compared to healthy weight con-
trols, with fewer difficulties reported on tasks examin-
ing verbal fluency and learning and memory. A lack of
replication and underreporting of descriptive data is a
key limitation of studies in this area and further re-
search is needed to examine the mechanisms underpin-
ning the relationship between obesity and executive
functioning.

Keywords Executive function . Obesity . Planning . Verbal
fluency . Frontal lobes . Bodymass index

Introduction

The purpose of this review is to examine evidence
looking at the relationship between obesity and meas-
ures of executive functioning.

Obesity

Obesity is a significant and increasing challenge to public
health (Zinzindohoue et al. 2003). Obese individuals often
have a reduced life expectancy and increased healthcare
needs, mostly due to the elevated risk of co-morbidities which
are responsible for 2.5 million deaths a year (Buchwald et al.
2004). The physical consequences associated with obesity,
including elevated risk of developing Type 2 Diabetes, hyper-
tension and other cardio-vascular diseases, have been well
documented (Avenell et al. 2004) and have influenced public
policy relating to the treatment of obesity (NICE 2006).

More recent research however, has sought to look beyond
the physical consequences associated with obesity and in-
stead examine the relationship between obesity and cogni-
tive functioning. Initial studies examining the impact of
obesity on cognitive functioning found that those individu-
als with a high Body Mass Index (BMI) scored significantly
lower on tests of general cognitive ability and have a steeper
longitudinal decline in cognitive ability in comparison to
their thinner peers (Dahl et al. 2010). These findings have
been consistent amongst groups of overweight children and
adolescents (Cserjési et al. 2007) as well as older obese
individuals (Gunstad et al. 2010).

Executive Functioning

Executive functioning can be thought of as an umbrella term
encompassing a variety of different cognitive domains
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involved in regulating behaviour and adapting to novelty
(Gilbert and Burgess 2008). Such domains include planning,
organising, problem-solving, attention, set-shifting and in-
hibitory control (Lezak 1995). Executive functions are often
referred to as “higher level” cognitive abilities due to their
putative role in modulating “lower level” abilities (Alvarez
and Emory 2006; Gilbert and Burgess 2008). Authors have
also noted that executive functioning is a difficult construct
to define as it encompasses a wide range of different abilities
that are difficult to separate (Morgan and Lilienfeld 2000),
although fractionation has been suggested from both behav-
ioural (Miyake et al. 2000) and neuropsychological (Stuss
and Alexander 2007) perspectives.

Executive Functioning and Obesity

Whilst a number of studies have reviewed the relationship
between executive functioning and eating, with a particular
focus on eating disorders such as anorexia nervosa (Lopez et
al. 2007), few reviews have specifically examined executive
functioning and obesity. Most recently Van den Eynde et al.
(2011) reviewed studies examining the relationship between
neurocognition and bulimic eating disorders, which includ-
ed some studies with individuals with Binge eating disorder
(BED), many of whom were also obese. They concluded
that there was no clear neurocognitive profile of individuals
with BED, citing methodological heterogeneity and small
sample sizes as a limitation of the current research. It is also
important to note that of the studies included in the review
only one (Brogan et al. 2010) using a sample size of seven-
teen reported a mean BMI >30. Most of the other studies did
not feature a binge eating group that were clinically obese.
As such, this review was not directly examining the rela-
tionship between weight and executive functioning, which
the current review proposes to do.

Joseph et al. (2011) recently reviewed the neurocog-
nitive link between physical activity and eating behav-
iour. In particular they discuss the top-down regulatory
role of executive functioning and report findings that
less efficient response inhibition and poorer decision-
making has been found in individuals with an elevated
BMI. Whilst this review posits a hypothesis of a neuro-
cognitive link between physical activity and eating be-
haviour, it did not include a systematic review of
empirical data that specifically focused on the executive
functioning abilities of obese individuals.

As part of a larger review, Van den Berg et al. (2009)
reviewed the evidence that obesity might impact on cogni-
tion. Six studies were included in the review and obesity
was found to be associated with impaired cognitive perfor-
mance across one or more cognitive domains. However, the
included studies were predominantly examining general
intellectual abilities or memory as opposed to executive

functioning. So whilst there were some indications of cog-
nitive difficulties in obese individuals, the specific area of
executive functioning was not explored in this review.

The Current Review

This review aims to systematically examine all published
papers investigating the relationship between BMI and ex-
ecutive functioning. More specifically, it aims to address the
following questions;

– Do overweight/obese individuals demonstrate impaired
performance on behavioural tasks of executive func-
tioning when compared to healthy weight controls?

– If performance is impaired, on which tasks or areas of
executive functioning do individuals demonstrate a de-
viation from healthy controls?

– Are there other factors which may account for differ-
ences in task performance other than BMI?

– If there is a relationship between BMI and executive
functioning, are there any indications of direction of cau-
sality or explanations of the nature of this relationship?

Methods

Search Strategy

Potential studies were identified through searching the Titles
and Abstracts of articles indexed in PsycINFO, MEDLINE,
EMBASE, CINAHL and PubMed. The search term obesity
and its relevant synonyms (obes* or overweight or BMI or
body mass index or excess weight) were combined with
executive function and its specified synonyms (exec*
function* or exec* control or neuropsychol* or neurocognit*
or exec* dysfunction or mental flexibility). In addition, hand
searches of two key journals, Appetite and Obesity were
also conducted. Finally, reference lists of papers identified
during the searches were also hand searched for additional
relevant papers.

Study Selection

As expected, the broad set of search terms identified
many publications that were not relevant to the aims of
this review. An initial screening was based on the title
and abstract of the identified papers. The search was
limited to empirical papers written in English that had
appeared in peer-reviewed journals published between
January 1990 and November 2012. Each study featured
human, adult participants aged 18–65 who were either
overweight or obese based on Body Mass Index
(BMI>25). Each paper included at least one established
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behavioural measure associated with executive functioning
(e.g. verbal fluency (Benton and Hamsher 1976), Wisconsin
Card Sort Task (Grant and Berg 1948), Hayling and Brixton
(Burgess and Shallice 1997), IowaGambling Task (Bechara et
al. 1994), Go-No Go task (Logan et al. (1997)), Stop Signal
Task (Logan 1994), Trail Making Test (Reitan 1958), Stroop
(Trenerry et al. 1989), Digit Span (Wechsler, 1997),
Behavioural Assessment of Dysexecutive Syndrome (Wilson
et al. 1996) and the Tower of London Task (Shallice 1982).
Included papers also had to report sufficient demographic
detail (gender, age range and mean, BMI range and mean)

as well as clear task descriptions and statistical data to warrant
comparison between studies.

1020 articles were initially identified. 866 were immedi-
ately excluded because they did not meet the above criteria
or because they were duplications. The abstracts of the
remaining 154 articles were reviewed in detail and a further
111 papers were excluded A full text review of the remain-
ing 43 articles was carried out and 22 were excluded for the
reasons identified in Fig. 1, which illustrates the selection
process for inclusion in this review. A final 21 articles were
included for review; these are shown in Table 1.

Initial results using 

search terms:

Abstract + title 

reviewed: 

1020 articles

Papers included 

in review:

43 articles

154 articles

Review of the title to assess 

suitability for inclusion.

Removal of duplicates.

866 papers removed 

Application of exclusion 
criteria.

111 papers excluded

4 articles unable to 

obtain from author.

3 articles did not 

feature obese or 

overweight 

participants. 

2 articles had 

insufficient 

demographic 

information.

8 studies featured 

adolescents.

2 insufficient data 

reported in the study.

3 failed to report data 

from behavioural task.

Full Text review:

21 articles

Fig. 1 Flowchart describing
results of search strategy used
in systematic review

140 Neuropsychol Rev (2013) 23:138–156



T
ab

le
1

D
et
ai
ls
of

st
ud

ie
s
se
le
ct
ed

fo
r
in
cl
us
io
n
in

th
e
sy
st
em

at
ic

re
vi
ew

S
tu
dy

D
et
ai
ls

S
am

pl
in
g

S
tu
dy

D
es
ig
n

E
xe
cu
tiv

e
F
un
ct
io
ni
ng

O
ut
co
m
e
M
ea
su
re
(s
)

K
ey

F
in
di
ng
s

E
ff
ec
t
S
iz
es

ba
se
d
on

C
oh
en
’s
D

va
lu
es

of
sm

al
l

(0
.2
),
m
ed
iu
m

(0
.5
)
an
d

la
rg
e
(0
.8
)

-
F
ir
st
A
ut
ho
r

-
N

-
D
es
ig
n

-
R
ep
or
te
d
fr
om

or
ig
in
al

pa
pe
r
or

-
P
ub
lic
at
io
n
da
te

-
D
es
cr
ip
tiv

e
da
ta

-
P
ro
ce
du
re

-
ca
lc
ul
at
ed

fr
om

pa
pe
r

-
Jo
ur
na
l

-
S
et
tin

g
-
O
th
er

ou
tc
om

e
m
ea
su
re
s

1.
B
oe
ka

an
d
L
ok
ke
n
(2
00
8)

A
rc
hi
ve
s
of

C
lin

N
eu
ro
ps
yc
ho
l

-
N
=
68

-C
ro
ss
-s
ec
tio

na
l
st
ud
y

-
T
M
T

-O
be
se

in
di
vi
du
al
s
pe
rf
or
m
ed

po
or
ly

on
W
C
S
T,

C
O
W
A
T

bu
t
no

di
ff
er
en
ce
s
on

T
M
T

co
m
pa
re
d
to

no
rm

at
iv
e
da
ta
.

-
T
M
T,

d=
0.
38

-
G
en
de
r:
48

fe
m
al
e;

20
m
al
es
.

-
O
th
er

m
ea
su
re
s/
qu
es
tio

nn
ai
re
s:

-
W
C
S
T

-
W
C
S
T,

d=
0.
19

-
A
ge

ra
ng
e:

20
–
57

ye
ar
s.

-W
R
A
T

-
C
O
W
A
-T

-
C
O
W
A
-T
,
d=

0.
89

-
B
M
I=

35
-8
0.

-W
A
IS
-I
II
-R
ey

C
om

pl
ex

F
ig
ur
e

Te
st
,
C
al
if
or
ni
a
V
er
ba
l
L
ea
rn
in
g
te
st
,

W
ec
hs
le
r
M
em

or
y
S
ca
le
-I
II
S
ub
sc
al
e.

C
en
tr
e
fo
r
ep
id
em

io
lo
gi
ca
l
st
ud
ie
s

D
ep
re
ss
io
n
S
ca
le

an
d
Q
ue
st
io
nn
ai
re

on
E
at
in
g
an
d
W
ei
gh
t
P
at
te
rn
s
an
d
B
in
ge

E
at
in
g
S
ca
le
.

-
S
et
tin

g:
B
ar
ia
tr
ic

su
rg
er
y
pa
tie
nt
s

-
C
om

pa
re
d
to

no
rm

at
iv
e
da
ta

fo
r

ea
ch

te
st
.

-
t-
T
es
ts
.

2.
B
ro
ga
n
et

al
.
(2
01
0)

J
In
te
rn
at

N
eu
ro
ps
yc
ho
lo
g
ic
al

So
ci
et
y

-
N
=
67

(A
no
re
xi
a
N
er
vo
sa

(A
N
)=

22
;
B
ul
im

ia
ne
rv
os
a
(B
N
)
N
=
17
;

O
be
se

(O
)
=
18
;
H
ea
lth

y
C
on
tr
ol
’s

(H
C
)=

20
)

-
C
ro
ss

se
ct
io
na
l
de
si
gn
.

-I
G
T

-
A
ll
cl
in
ic
al

gr
ou
ps

w
er
e
im

pa
ir
ed

co
m
pa
re
d
to

he
al
th
y
co
nt
ro
ls
,
bu
t

cl
in
ic
al

gr
ou
ps

di
dn

’t
di
ff
er

fr
om

on
e
an
ot
he
r.

-
U
na
bl
e
to

ca
lc
ul
at
e

fr
om

re
po
rt
ed

st
at
is
tic
s.

-
G
en
de
r:
al
l
fe
m
al
e

-
3
cl
in
ic
al

gr
ou
ps

+
1
co
nt
ro
l
gr
ou
p,

re
pe
at
ed

m
ea
su
re
s
de
si
gn
.

-
A
ge

ra
ng
e:

18
–
46

ye
ar
s.

-
T
o
ex
am

in
e
de
ci
si
on
-m

ak
in
g
de
fi
ci
ts

ac
ro
ss

di
ff
er
en
t
di
so
rd
er
ed

ea
tin

g
gr
ou
ps
.

-
B
M
I:
m
ea
n
B
M
I
A
N
=
16
.3
;B
N
=

31
.8
7;

O
=
36
.2
;
H
C
=
21
.5
.

-
A
N
C
O
V
A
.

-
S
et
tin

g:
R
ec
ru
ite
d
fr
om

an
ea
tin

g
di
so
rd
er
s
un
it
or

ob
es
ity

m
an
ag
em

en
t
un
it.

3.
C
se
rj
es
i
et

al
.
(2
00
9)

A
pp
et
ite

-N
=
60

(3
0
ob
es
e
an
d
30

he
al
th
y

co
nt
ro
ls
).

-
C
ro
ss
-s
ec
tio

na
l
de
si
gn
.

-
D
S

-
O
be
se

w
om

en
pe
rf
or
m
ed

po
or
er

on
D
2
an
d
H
ay
lin

g
ta
sk
.

-
U
na
bl
e
to

ca
lc
ul
at
e
fr
om

re
po
rt
ed

st
at
is
tic
s.

-
G
en
de
r:
al
l
fe
m
al
e.

-
R
ep
ea
te
d
m
ea
su
re
s;
tw
o
gr
ou
ps
.

-
S
em

an
tic

an
d
P
ho
ne
tic

ve
rb
al

fl
ue
nc
y

-
L
ow

m
oo
d
m
od
er
at
es

in
hi
bi
tio

n
bu
t
no
t
m
en
ta
l
fl
ex
ib
ili
ty

im
pa
ir
m
en
ts

in
ob
es
e
pe
op
le
.

-
A
ge

ra
ng
e:

37
–
59

ye
ar
s.

-
R
el
at
io
ns
hi
p
be
tw
ee
n
m
oo
d,

co
gn
iti
ve

fu
nc
tio

ni
ng

an
d

fe
m
al
e
ob
es
ity
.

-
T
M
T

-
B
M
I=

31
-3
7.

-
H
ay
lin

g
S
en
te
nc
e

C
om

pl
et
io
n
te
st

-
S
et
tin

g:
B
ar
ia
tr
ic
s

4.
D
an
ne
r
et

al
.
(2
01
2)

E
ur
op
ea
n

E
at
in
g
D
is
.
R
ev
ie
w

-N
=
75

-
C
ro
ss
-s
ec
tio

na
l
de
si
gn

w
ith

3
gr
ou
ps

-I
G
T

-
B
E
D

an
d
ob
es
e
pa
rt
ic
ip
an
ts
pe
rf
or
m
ed

w
or
se

on
th
e
IG

T
an
d
do

no
t
de
m
on
st
ra
te

a
le
ar
ni
ng

pa
tte
rn

ov
er

tr
ia
ls
in

co
m
pa
ri
so
n

to
he
al
th
y
w
ei
gh
t
co
nt
ro
ls
.
B
E
D

an
d
ob
es
e

gr
ou
ps

di
d
no
t
di
ff
er

in
pe
rf
or
m
an
ce
.

-
U
na
bl
e
to

ca
lc
ul
at
e
fr
om

re
po
rt
ed

st
at
is
tic
s.

-G
en
de
r:
al
l
fe
m
al
e

-
O
th
er

m
ea
su
re
s
in
cl
ud
ed
:

Neuropsychol Rev (2013) 23:138–156 141



T
ab

le
1

(c
on

tin
ue
d)

S
tu
dy

D
et
ai
ls

S
am

pl
in
g

S
tu
dy

D
es
ig
n

E
xe
cu
tiv

e
F
un
ct
io
ni
ng

O
ut
co
m
e
M
ea
su
re
(s
)

K
ey

F
in
di
ng
s

E
ff
ec
t
S
iz
es

ba
se
d
on

C
oh
en
’s
D

va
lu
es

of
sm

al
l

(0
.2
),
m
ed
iu
m

(0
.5
)
an
d

la
rg
e
(0
.8
)

-
F
ir
st
A
ut
ho
r

-
N

-
D
es
ig
n

-
R
ep
or
te
d
fr
om

or
ig
in
al

pa
pe
r
or

-
P
ub
lic
at
io
n
da
te

-
D
es
cr
ip
tiv

e
da
ta

-
P
ro
ce
du
re

-
ca
lc
ul
at
ed

fr
om

pa
pe
r

-
Jo
ur
na
l

-
S
et
tin

g
-
O
th
er

ou
tc
om

e
m
ea
su
re
s

-A
ge

ra
ng
e:

27
–
58
.

-
B
E
S

-B
M
I:
20

B
E
D

(B
M
I=
26
-4
5)

;
21

O
be
se

(B
M
I=

30
-3
4)
;
34

no
rm

al
w
ei
gh
t
(B
M
I=

20
-2
4)

-
B
IS

-S
et
tin

g:
U
ni
ve
rs
ity

sa
m
pl
e
E
at
in
g

di
so
rd
er

se
rv
ic
e

-
B
A
S

-
S
C
S

5.
D
av
is
et

al
.
(2
00
4)

O
be
si
ty

R
es
ea
rc
h

-N
=
41

-
C
ro
ss
-s
ec
tio

na
l
de
si
gn

w
ith

2
gr
ou
ps
.

R
eg
re
ss
io
n
an
d
gr
ou
p
co
m
pa
ri
so
n.

-I
G
T

-N
or
m
al

gr
ou
p
sh
ow

im
pr
ov
em

en
t
in

de
ci
si
on
-

m
ak
in
g
ov
er

tr
ia
ls
w
he
re
as

th
e
ob
es
e/

ov
er
w
ei
gh
t

gr
ou
p
do

no
t.

-
U
na
bl
e
to

ca
lc
ul
at
e
fr
om

re
po
rt
ed

st
at
is
tic
s.

-
G
en
de
r:
al
l
fe
m
al
e

-O
th
er

m
ea
su
re
s
in
cl
ud
ed
:
E
E
S

-
A
ge

ra
ng
e:

23
–
33

ye
ar
s.

-
B
M
I:
19
-3
2.

26
no
rm

al
w
ei
gh
t
an
d

15
ov
er
w
ei
gh
t
or

ob
es
e.

-
S
et
tin

g:
w
om

en
re
cr
ui
te
d
fr
om

un
iv
er
si
ty
.

6.
D
av
is
et

al
.
(2
01
0)

A
pp
et
ite

-
N
=
(6
5
O
be
se

w
ith

B
E
D
;
73

O
be
se

w
ith

ou
t
B
E
D
;
71

he
al
th
y
co
nt
ro
l’
s
(H

C
’s
).

-
C
ro
ss
-s
ec
tio

na
l
de
si
gn
.

-I
G
T

-
B
ot
h
ob
es
e
gr
ou
ps

di
d
po
or
er

th
an

co
nt
ro
ls
on

IG
T
an
d
D
el
ay

D
is
co
un
tin

g
ta
sk

bu
t
th
is
ef
fe
ct

di
sa
pp
ea
re
d
w
he
n

ed
uc
at
io
na
l
le
ve
l
w
as

fa
ct
or
ed

in
.

-
U
na
bl
e
to

ca
lc
ul
at
e
fr
om

re
po
rt
ed

st
at
is
tic
s.

-G
en
de
r:
al
l
fe
m
al
e.

-
R
ep
ea
te
d
m
ea
su
re
s
w
ith

3
gr
ou
ps
.

-D
D

Ta
sk

(a
ss
es
s
th
e

va
lu
e
of

im
m
ed
ia
te

re
w
ar
ds

vs
.

lo
ng

te
rm

re
w
ar
ds
.)

-
A
ge

ra
ng
e:

25
–
45

ye
ar
s.

-
A
N
O
V
A
.

-
B
M
I=

m
ea
n
B
M
I
in

B
E
D
=
35
.7
;

O
be
se
=
38
.6
;
H
C
’S
=
21
.7
.

-
S
et
tin

g:
R
ec
ru
ite
d
fr
om

un
iv
er
si
ty
,

ho
sp
ita
ls
an
d
ad
ve
rt
s.

7.
D
uc
he
sn
e
et

al
.
(2
01
0)

-
N
=
38

O
be
se

w
ith

B
in
ge

E
at
in
g

D
is
or
de
r,
38

O
be
se

co
nt
ro
ls
.

-
C
ro
ss
-s
ec
tio

na
l,
re
pe
at
ed

m
ea
su
re
s

w
ith

2
cl
in
ic
al

gr
ou
ps
.

-
D
S

-N
o
di
ff
er
en
ce
s
be
tw
ee
n
gr
ou
ps

on
ru
le

sh
if
t
or

S
tr
oo
p
ta
sk
s.

-
S
tr
oo
p,

d=
0.
44
.

-G
en
de
r:
63

fe
m
al
es
;
13

m
al
es

-
O
th
er

m
ea
su
re
s
in
cl
ud
ed
:
S
tr
uc
tu
re
d

C
lin

ic
al

In
te
rv
ie
w

D
S
M
-I
V
an
d

B
in
ge

E
at
in
g
S
ev
er
ity

sc
al
e
w
er
e

al
so

co
m
pl
et
ed
.

-
T
M
T

-
P
ar
tic
ip
an
ts
w
ith

B
E
D

sh
ow

ed
po
or
er

pe
rf
or
m
an
ce

an
d
m
ad
e

m
or
e
pe
rs
ev
er
at
iv
e
er
ro
rs
.

-
T
M
T-
B
,
d=

0.
36
.

-A
ge

ra
ng
e:

18
–
45

ye
ar
s

-
M
an
n
W
hi
tn
ey

te
st
s
an
d
L
og
is
tic

R
eg
re
ss
io
n.

-
S
tr
oo
p

-
W
C
S
T,

d=
0.
81
.

-B
M
I:
>
30
.

-
W
C
S
T

-
S
ix
E
le
m
en
ts
ta
sk
,d
=
0.
48
.

-S
et
tin

g:
re
cr
ui
te
d
fr
om

ea
tin

g
di
so
rd
er

an
d
ob
es
ity

cl
in
ic
.

-
B
A
D
S
-
Z
oo

M
ap
,

A
ct
io
n

P
ro
gr
am

,
M
od
if
ie
d
6

el
em

en
ts

&
ru
le

sh
if
t
ta
sk
s

-
R
ul
e
S
hi
ft
ta
sk
,
d=

0.
41
.

-
Z
oo

M
ap

ta
sk
,
d=

0.
8.

142 Neuropsychol Rev (2013) 23:138–156



T
ab

le
1

(c
on

tin
ue
d)

S
tu
dy

D
et
ai
ls

S
am

pl
in
g

S
tu
dy

D
es
ig
n

E
xe
cu
tiv

e
F
un
ct
io
ni
ng

O
ut
co
m
e
M
ea
su
re
(s
)

K
ey

F
in
di
ng
s

E
ff
ec
t
S
iz
es

ba
se
d
on

C
oh
en
’s
D

va
lu
es

of
sm

al
l

(0
.2
),
m
ed
iu
m

(0
.5
)
an
d

la
rg
e
(0
.8
)

-
F
ir
st
A
ut
ho
r

-
N

-
D
es
ig
n

-
R
ep
or
te
d
fr
om

or
ig
in
al

pa
pe
r
or

-
P
ub
lic
at
io
n
da
te

-
D
es
cr
ip
tiv

e
da
ta

-
P
ro
ce
du
re

-
ca
lc
ul
at
ed

fr
om

pa
pe
r

-
Jo
ur
na
l

-
S
et
tin

g
-
O
th
er

ou
tc
om

e
m
ea
su
re
s

8.
F
er
ge
nb
au
m

et
al
.
(2
00
9)

O
be
si
ty

-N
=
20
7
(9
0
ov
er
w
ei
gh
t/o

be
se

ad
ul
ts
an
d
11
7
he
al
th
y
w
ei
gh
t

co
nt
ro
ls
).

-C
ro
ss
-s
ec
tio

na
l
de
si
gn

-T
M
T

-
B
M
I
as
so
ci
at
ed

w
ith

re
du
ce
d

E
xe
cu
tiv

e
fu
nc
tio

ni
ng
.

-
G
en
de
r:
10
7
fe
m
al
es
;
10
0
m
al
es
.

-
T
o
ex
am

in
e
re
la
tio

ns
hi
p
be
tw
ee
n

ob
es
ity
,
co
gn
iti
on

an
d
ca
rd
io
va
sc
ul
ar

ri
sk

fa
ct
or
s.

-
O
be
se

in
di
vi
du
al
s
ha
d
a
fo
ur
fo
ld

ri
sk

of
im

pa
ir
ed

pe
rf
or
m
an
ce

on
T
M
T
B
.

-
A
ge

ra
ng
e:

19
–
65

ye
ar
s.

-
O
th
er

m
ea
su
re
s
in
cl
ud
e:

C
lo
ck

dr
aw

in
g
te
st
an
d
ca
rd
io
va
sc
ul
ar

hi
st
or
y.

-
N
o
ef
fe
ct

on
T
M
T
pe
rf
or
m
an
ce

fo
r
th
os
e
w
ho

w
er
e
ov
er
w
ei
gh
t
or

no
rm

al
w
ei
gh
t.

-
B
M
I=

cl
as
si
fi
ed

in
to

no
rm

al
(n
=
28
),
ov
er
w
ei
gh
t
(n
=
53
)

&
ob
es
e
(n
=
12
6)
.

-
O
dd
s
ra
tio

an
d
co
nf
id
en
ce

in
te
rv
al
s.

-
S
et
tin

g:
co
m
m
un
ity

sa
m
pl
e.

9.
G
al
io
to

et
al
.
(2
01
2)

C
om

p.
P
sy
ch
ia
tr
y

-N
=
13
1

-C
ro
ss
-s
ec
tio

na
l
de
si
gn

w
ith

2
gr
ou
ps

-
T
M
T

-N
o
si
gn
if
di
ff
er
en
ce
s
in

ta
sk

pe
rf
or
m
an
ce

be
tw
ee
n
ob
es
e
an
d

B
E
D

pa
rt
ic
ip
an
ts
.

-
T
M
T,

d=
0.
44

-G
en
de
r:
17

m
al
es
;
11
4
fe
m
al
es
.

-
O
th
er

m
ea
su
re
s
in
cl
ud
ed
:

-
S
tr
oo
p

-
S
tr
oo
p,

d=
0.
18

-A
ge

ra
ng
e:

30
–
54
.

-
lis
t
le
ar
ni
ng

-
M
az
e
T
as
k

-
M
az
e
T
as
k,

d=
0.
58

-B
M
I:
41

B
E
D

(B
M
I=
39
-5
1)

;
90

O
be
se

(B
M
I=

38
-5
0)

-
sp
at
ia
l
sp
an

-
V
er
ba
l
F
lu
en
cy

-
V
er
ba
l
fl
ue
nc
y,
d=

0.
16

-S
et
tin

g:
B
ar
ia
tr
ic

se
rv
ic
e

-
D
S

-
D
ig
it
sp
an
,
d=

0.
47
.

10
.

G
on
za
le
s
et

al
.
(2
01
0)

O
be
si
ty

-
N
=
32

-
C
ro
ss
-s
ec
tio

na
l
de
si
gn

us
in
g
fM

R
I

br
ai
n
im

ag
in
g.

-
C
O
W
A
-T

-T
he

ob
es
e
B
M
I
gr
ou
p
di
sp
la
ye
d

si
gn
if
ic
an
tly

le
ss

ta
sk
-r
el
at
ed

ac
tiv

at
io
n
in

th
e
ri
gh
t
pa
ri
et
al

co
rt
ex
.

-
C
O
W
A
-T
,
d=

0.
57
.

-
G
en
de
r:
14

m
al
es
;
18

fe
m
al
es

-O
th
er

m
ea
su
re
s
in
cl
ud
ed
:

-
T
M
T

-
T
M
T-
A
,
d=

0.
08
.

-
A
ge

ra
ng
e:

40
–
57

ye
ar
s.

-
M
M
S
E
,
W
A
S
I,
C
al
if
or
ni
a
V
er
ba
l

L
ea
rn
in
g
Te
st
,
N
-B
ac
k
ta
sk

-
D
S

-
T
M
T-
B
,
d=

0.
42
.

-
B
M
I:
9
no
rm

al
s
(B
M
I=
18
-2
4.
99
);

11
ov
er
w
ei
gh
t
(B
M
I=
25
-2
9.
9)

an
d
12

ob
es
e
(B
M
I>
30
).

-
B
D
I

-
D
ig
it
S
pa
n,

d=
0.
30
.

-
S
et
tin

g:
C
om

m
un
ity

sa
m
pl
e

-
S
TA

I

11
.

G
un
st
ad

et
al
.
(2
00
7)

C
om

pr
eh
en
si
ve

P
sy
ch
ia
tr
y

-
N
=
40
8

-
C
ro
ss
-s
ec
tio

na
l
de
si
gn

-
D
S

-
O
ve
rw

ei
gh
t
an
d
ob
es
e
in
di
vi
du
al
s

pe
rf
or
m

po
or
er

on
m
az
e
er
ro
rs

an
d

ve
rb
al

in
te
rf
er
en
ce

ta
sk
s
re
la
tiv

e
to

co
nt
ro
ls
.

-
D
ig
it
sp
an

fo
rw

ar
d,

d=
0.
04
.

-G
en
de
r:
21
2
fe
m
al
es

19
6
m
al
es

-
R
ep
ea
te
d
m
ea
su
re
s
w
ith

4
gr
ou
ps

(y
ou
ng

ob
es
e,
ol
d
ob
es
e,
yo
un
g

no
rm

al
,
ol
d
no
rm

al
.)

-
T
M
T

-
O
ld
er

pa
rt
ic
ip
an
ts
pe
rf
or
m

po
or
er

on
ex
ec
ut
iv
e
fu
nc
tio

ni
ng

ta
sk
s

re
la
tiv

e
to

yo
un
ge
r
pa
rt
ic
ip
an
ts
.

-
T
M
T,

d=
0.
08
.

-
A
ge

ra
ng
e:

20
–
82

ye
ar
s

-
O
th
er

m
ea
su
re
s
in
cl
ud
e:

S
po
t
th
e
W
or
d,

ch
oi
ce

re
ac
tio

n
ta
sk
,
sp
at
ia
l
sp
an

-
C
om

pu
te
ri
se
d
S
tr
oo
p

-
S
tr
oo
p,

d=
0.
41
.

-
B
M
I:
N
or
m
al

(n
=
21
0)

(1
8.
5-
24
.9
)
or

ov
er
w
ei
gh
t/o

be
se

(n
=
19
8)

(B
M
I>
25
).

-
C
or
re
la
tio

n
&

M
A
N
C
O
V
A
.

-
M
az
e
er
ro
rs

-
S
et
tin

g:
D
at
ab
as
e

-
M
az
e
E
rr
or
s,
d=

-0
.2
4.

12
.

H
en
dr
ic
k
et

al
.
(2
01
1)

O
be
si
ty

-N
=
43

-
C
ro
ss
-s
ec
tio

na
l
de
si
gn

us
in
g
fM

R
I

br
ai
n
im

ag
in
g

-S
S
T

-N
o
di
ff
er
en
ce
s
on

be
ha
vi
ou
ra
l
ta
sk
.

-
S
S
T,

d=
.0
11
.

Neuropsychol Rev (2013) 23:138–156 143



T
ab

le
1

(c
on

tin
ue
d)

S
tu
dy

D
et
ai
ls

S
am

pl
in
g

S
tu
dy

D
es
ig
n

E
xe
cu
tiv

e
F
un
ct
io
ni
ng

O
ut
co
m
e
M
ea
su
re
(s
)

K
ey

F
in
di
ng
s

E
ff
ec
t
S
iz
es

ba
se
d
on

C
oh
en
’s
D

va
lu
es

of
sm

al
l

(0
.2
),
m
ed
iu
m

(0
.5
)
an
d

la
rg
e
(0
.8
)

-
F
ir
st
A
ut
ho
r

-
N

-
D
es
ig
n

-
R
ep
or
te
d
fr
om

or
ig
in
al

pa
pe
r
or

-
P
ub
lic
at
io
n
da
te

-
D
es
cr
ip
tiv

e
da
ta

-
P
ro
ce
du
re

-
ca
lc
ul
at
ed

fr
om

pa
pe
r

-
Jo
ur
na
l

-
S
et
tin

g
-
O
th
er

ou
tc
om

e
m
ea
su
re
s

-
G
en
de
r:
al
l
fe
m
al
e

-L
ea
n
w
om

en
sh
ow

gr
ea
te
r
ac
tiv

at
io
n

to
st
op

as
op
po
se
d
to

go
tr
ia
ls

co
m
pa
re
d
to

ob
es
e.

-
A
ge

ra
ng
e:

16
–
50

ye
ar
s.

-
B
M
I:
18

le
an

(B
M
I
<
22
,
ag
e

26
.2

±
6.
7
ye
ar
s)
,1

2
of

in
te
rm

ed
ia
te

w
ei
gh
t
(2
2
<
B
M
I
<
30
,
ag
e

33
.2

±
16
.7

ye
ar
s)
,
an
d
13

ob
es
e

(B
M
I
>
30
,

ag
e
34
.8

±
9.
6
ye
ar
s)
.

-
S
et
tin

g:
no
t
sp
ec
if
ie
d.

13
.

M
ob
bs

et
al
.
(2
01
1)

A
pp
et
ite

-
N
=
48

(1
6
O
be
se

ad
ul
ts
w
ith

B
E
D
;

16 O
be
se

ad
ul
ts
no
-B
E
D
;
16

H
ea
lth

y
C
on
tr
ol
’s
).

-
C
ro
ss

se
ct
io
na
l
de
si
gn
.
R
ep
ea
te
d

m
ea
su
re
s
w
ith

3
gr
ou
ps
.

-
M
en
ta
l
F
le
xi
bi
lit
y
ta
sk

(b
as
ed

on
M
ur
ph
y
et

al
,
19
99
).

C
om

pu
te
ri
se
d
go
/n
o-
go

ta
sk

us
in
g
fo
od

re
la
te
d

an
d

no
n-
fo
od

re
la
te
d
ta
sk
s.

-O
be
se

pe
op
le

ha
d
no

m
or
e
se
t

sh
if
tin

g
pr
ob
le
m
s
th
an

co
nt
ro
ls
.

-
U
na
bl
e
to

ca
lc
ul
at
e
fr
om

re
po
rt
ed

st
at
is
tic
s.

-
G
en
de
r:
34

fe
m
al
es
;
14

m
al
es
.

-
C
om

pu
te
r
ta
sk

an
d
se
lf
re
po
rt
s

ad
m
in
is
te
re
d
in

ra
nd
om

is
ed

or
de
r.

-
T
he
re

w
as

a
di
ff
er
en
ce

be
tw
ee
n

th
e
tw
o
ob
es
e
gr
ou
ps
.
B
E
D

gr
ou
p

m
ad
e
m
or
e
er
ro
rs

an
d
om

is
si
on
s.

-
A
ge

ra
ng
e:

27
–
57

ye
ar
s.

-
O
th
er

m
ea
su
re
s/
Q
ue
st
io
nn
ai
re
s:

E
D
I-
II
;
(B
D
II
I)
;
S
ta
te

an
d
T
ra
it

A
nx
ie
ty

In
ve
nt
or
y
(S
TA

I)
.

-
B
M
I>
30
.

-
A
N
O
V
A

an
al
ys
is
.

-
S
et
tin

g:
O
ut
pa
tie
nt
s
in

ch
ro
ni
c

di
se
as
e
cl
in
ic
.

-
N
o
ot
he
r
se
ri
ou
s
ill
ne
ss
es
.

14
.

N
ed
er
ko
or
n
et

al
.
(2
00
6)

A
pp
et
ite

-N
=
59

-
C
ro
ss

se
ct
io
na
l
de
si
gn

w
ith

2
gr
ou
ps

-
S
S
T

-O
be
se

w
om

en
w
er
e
m
or
e
im

pu
ls
iv
e

on
st
op
si
gn
al

ta
sk
.

-
U
na
bl
e
to

ca
lc
ul
at
e
fr
om

re
po
rt
ed

st
at
is
tic
s.

-
G
en
de
r:
al
l
fe
m
al
e

-
O
th
er

m
ea
su
re
s
in
cl
ud
ed
:
S
en
sa
tio

n
se
ek
in
g
sc
al
e
&

Im
pu
ls
iv
ity

su
bs
ca
le

fr
om

E
ys
en
ck

P
er
so
na
lit
y

P
ro
fi
le
r.

-
D
D

ta
sk

-N
o
di
ff
er
en
ce

on
se
lf
re
po
rt
m
ea
su
re
s.

-A
ge

ra
ng
e:

34
–
48

ye
ar
s.

-B
M
I:
31

ob
es
e
(B
M
I=
34
-4
4)
;
28

no
rm

al
s

(B
M
I=

20
-2
4)

-
S
et
tin

g:
co
m
m
un
ity

sa
m
pl
e

15
.

P
ie
ro
bo
n
et

al
.
(2
00
8)

Sl
ee
p

M
ed
ic
in
e

-
N
=
15
7
ob
es
e
pa
tie
nt
s
w
ith

sl
ee
p

ap
no
ea
.

-
C
ro
ss
-s
ec
tio

na
l
st
ud
y
of

ps
yc
ho
lo
gi
ca
l

an
d
ne
ur
ol
og
ic
al

fa
ct
or
s
in
fl
ue
nc
in
g

ob
es
e
in
di
vi
du
al
s
w
ith

sl
ee
p
ap
no
ea
.

-
T
M
T

-I
m
pa
ir
m
en
ts
on

vi
su
al

an
d
ve
rb
al

sp
at
ia
l
m
em

or
y
w
he
n
co
m
pa
re
d

to
no
rm

ed
da
ta
.

-
T
M
T-
A
,
d=

0.
11
.

-
G
en
de
r:
51

fe
m
al
es
;
10
6
m
al
es
.
A
ge

ra
ng
e:

35
–
60

ye
ar
s.

-
O
th
er

m
ea
su
re
s/
qu
es
tio

nn
ai
re
s:
S
TA

I,
E
P
Q
,
V
er
ba
l
sp
an

te
st
,
C
or
si
B
lo
ck

ta
pp
in
g
te
st
,
B
us
ch
ke
–
F
ul
d
te
st
,
P
ro
se

m
em

or
y
te
st
,
R
av
en

pr
og
re
ss
iv
e
m
at
ri
ce
s.

-N
o
di
ff
er
en
ce
s
on

T
M
T
ta
sk

an
d

di
gi
t
sy
m
bo
l
ta
sk
s.

-
T
M
T-
B
,
d=

0.
05
.

-
B
M
I>
25
.

-C
hi

S
qu
ar
e,
t-
Te
st
,
A
N
O
V
A

-
T
M
T
B
-A

,
d=

0.
10
.

144 Neuropsychol Rev (2013) 23:138–156



T
ab

le
1

(c
on

tin
ue
d)

S
tu
dy

D
et
ai
ls

S
am

pl
in
g

S
tu
dy

D
es
ig
n

E
xe
cu
tiv

e
F
un
ct
io
ni
ng

O
ut
co
m
e
M
ea
su
re
(s
)

K
ey

F
in
di
ng
s

E
ff
ec
t
S
iz
es

ba
se
d
on

C
oh
en
’s
D

va
lu
es

of
sm

al
l

(0
.2
),
m
ed
iu
m

(0
.5
)
an
d

la
rg
e
(0
.8
)

-
F
ir
st
A
ut
ho
r

-
N

-
D
es
ig
n

-
R
ep
or
te
d
fr
om

or
ig
in
al

pa
pe
r
or

-
P
ub
lic
at
io
n
da
te

-
D
es
cr
ip
tiv

e
da
ta

-
P
ro
ce
du
re

-
ca
lc
ul
at
ed

fr
om

pa
pe
r

-
Jo
ur
na
l

-
S
et
tin

g
-
O
th
er

ou
tc
om

e
m
ea
su
re
s

-
S
et
tin

g:
re
cr
ui
te
d
fr
om

sl
ee
p
cl
in
ic

16
.

P
ig
na
tti

et
al
.
(2
00
6)

E
at
in
g

an
d

W
ei
gh
t
D
is
or
de
rs

-
N
=
40

(2
0
cl
in
ic
al

an
d
20

H
ea
lth

y
co
nt
ro
ls
)

-
C
ro
ss

se
ct
io
na
l
de
si
gn

-I
G
T

-O
be
se

in
di
vi
du
al
s
sh
ow

ed
po
or
er

de
ci
si
on
m
ak
in
g
an
d
th
is
co
ul
d

no
t
be

ex
pl
ai
ne
d
by

de
m
og
ra
ph
ic

fa
ct
or
s.

-
IG

T,
d=

0.
71
.

-
G
en
de
r:
6
m
al
es
;
14

fe
m
al
es

-
O
th
er

m
ea
su
re
s
in
cl
ud
ed
:
E
at
in
g

D
is
or
de
rs

In
ve
nt
or
y
–
II
,
A
ut
o

E
va
lu
at
io
n
S
ca
le

(S
C
L
-9
0R

),
B
IT
E
,

B
od
y
U
ne
as
in
es
s
Te
st
.

-
A
ge

ra
ng
e:

-
A
N
O
V
A

-
B
M
I:
>
34

or
no
rm

al
w
ei
gh
t

-S
et
tin

g:
R
ec
ru
ite
d
fr
om

an
ea
tin

g
di
so
rd
er

un
it.

17
.

S
m
ith

et
al
.
(2
01
0)

H
yp
er
te
ns
io
n

-
N
=
12
4

-
C
ro
ss
-s
ec
tio

na
l
de
si
gn
,
3
tr
ea
tm

en
t

gr
ou
ps

w
ith

ra
nd
om

as
si
gn
m
en
t
(D

A
S
H
;
D
A
S
H
+
W
M
;
TA

U
)

-
T
M
T

-D
ie
t
an
d
ex
er
ci
se

pr
og
ra
m
m
e
im

pr
ov
ed

pe
rf
or
m
an
ce

on
S
tr
oo
p,

T
ra
ils
,
bu
t
no
t

C
O
W
A
T
or

ve
rb
al

fl
ue
nc
y.

-
U
na
bl
e
to

ca
lc
ul
at
e
fr
om

re
po
rt
ed

st
at
is
tic
s.

-
G
en
de
r:
45

m
en

an
d
79

w
om

en
-
P
re

an
d
P
os
t
ne
ur
op
sy
ch
ol
og
ic
al

m
ea
su
re
s.

-
S
tr
oo
p

-
A
ge

ra
ng
e:

42
–
62

ye
ar
s.

-
D
S

-
B
M
I:
28
-3
6.

-
V
er
ba
l
fl
ue
nc
y
(a
ni
m
al
s)

-
S
et
tin

g:
D
ie
ta
ry

A
pp
ro
ac
he
s
to

S
to
p

H
yp
er
te
ns
io
n
(D

A
S
H
)
pr
og
ra
m
m
e.

-
C
O
W
A
-T

18
.

S
pi
tz
na
ge
l
et

al
.
(2
01
1)

Su
rg
er
y
fo
r

O
be
si
ty

an
d
R
el
at
ed

D
is
or
de
rs

-N
=
84

-
L
on
gi
tu
di
na
l
de
si
gn

pr
os
pe
ct
iv
el
y

ex
am

in
in
g
co
nt
ri
bu
tio

n
of

co
gn
iti
on

to
w
ei
gh
t
lo
ss

fo
llo

w
in
g
su
rg
er
y.

-T
M
T

-V
er
ba
l
m
em

or
y,
an
d
at
te
nt
io
n/
ex
ec
ut
iv
e

fu
nc
tio

ni
ng
,
is
as
so
ci
at
ed

w
ith

su
cc
es
s

in
w
ei
gh
t
lo
ss

at
12

m
on
th
s
af
te
r
ba
ri
at
ri
c

su
rg
er
y.

U
na
bl
e
to

ca
lc
ul
at
e
fr
om

re
po
rt
ed

st
at
is
tic
s.

-G
en
de
r:
17

m
al
es
;
67

fe
m
al
es

-
O
th
er

m
ea
su
re
s
in
cl
ud
ed
:
ve
rb
al

lis
t
le
ar
ni
ng
.

-D
S

-
A
ge

ra
ng
e:

34
–
54
.

-M
az
e
ta
sk

-B
M
I:
>
30

-S
et
tin

g:
B
ar
ia
tr
ic

S
ur
ge
ry
.

19
.

S
va
ld
i
et

al
.
(2
01
0)

A
pp
et
ite

-N
=
35

(1
7
B
E
D

an
d
18

ov
er
w
ei
gh
t

co
nt
ro
ls
)

-
C
ro
ss
-s
ec
tio

na
l
de
si
gn
,
re
pe
at
ed

m
ea
su
re
d

w
ith

2
gr
ou
ps
.

-
G
am

e
of

di
ce

ta
sk

-W
om

en
w
ith

B
E
D

m
ak
e
ri
sk
y
de
ci
si
on
s

si
gn
if
ic
an
tly

m
or
e
of
te
n
th
an

ov
er
w
ei
gh
t

co
nt
ro
ls
.
M
or
eo
ve
r,
th
ey

sh
ow

im
pa
ir
ed

ca
pa
ci
tie
s
to

ad
va
nt
ag
eo
us
ly

ut
ili
ze

fe
ed
ba
ck

pr
oc
es
si
ng
.

G
am

e
of

di
ce

ta
sk
,
d=

0.
79
.

-G
en
de
r:
al
l
fe
m
al
e

-
O
th
er

m
ea
su
re
s
in
cl
ud
ed
:
E
D
E
-Q

an
d
B
D
I-
II
.

-
T
M
T

-W
om

en
w
ith

B
E
D

w
er
e
al
so

sl
ow

er
on

T
M
T.

T
ra
il
m
ak
in
g
te
st
,
d=

0.
71
.

-A
ge

ra
ng
e:

25
–
54

ye
ar
s.

-
B
IS
/B
A
S

-B
M
I:
29
-3
5.

-S
et
tin

g:
co
m
m
un
ity

sa
m
pl
e

20
.

V
ol
ko
w

et
al
.
(2
00
8)

O
be
si
ty

-
N
=
21

-
C
ro
ss

se
ct
io
na
l
de
si
gn

-
S
tr
oo
p
In
te
rf
er
en
ce

an
d

S
ym

bo
l
D
ig
it
M
od
al
ity

te
st
s

-
N
eg
at
iv
e
as
so
ci
at
io
n
be
tw
ee
n
B
M
I
an
d

le
ft
an
d
ri
gh
t
pr
ef
ro
nt
al

re
gi
on
s,

-
U
na
bl
e
to

ca
lc
ul
at
e
fr
om

re
po
rt
ed

st
at
is
tic
s.

-G
en
de
r:
9
fe
m
al
es
;
12

m
al
es
.

-
U
si
ng

P
E
T
to

m
ea
su
re

br
ai
n
gl
uc
os
e

m
et
ab
ol
is
m

an
d
lo
ok

at
th
is
in

re
la
tio

n
to

B
M
I
an
d
co
gn
iti
ve

pe
rf
or
m
an
ce
.

-
W
C
S
T

-
B
M
I
w
as

ne
ga
tiv

el
y
co
rr
el
at
ed

w
ith

pe
rf
or
m
an
ce

on
W
C
S
T.

-
A
ge

ra
ng
e:

22
–
45

ye
ar
s.

Neuropsychol Rev (2013) 23:138–156 145



T
ab

le
1

(c
on

tin
ue
d)

S
tu
dy

D
et
ai
ls

S
am

pl
in
g

S
tu
dy

D
es
ig
n

E
xe
cu
tiv

e
F
un
ct
io
ni
ng

O
ut
co
m
e
M
ea
su
re
(s
)

K
ey

F
in
di
ng
s

E
ff
ec
t
S
iz
es

ba
se
d
on

C
oh
en
’s
D

va
lu
es

of
sm

al
l

(0
.2
),
m
ed
iu
m

(0
.5
)
an
d

la
rg
e
(0
.8
)

-
F
ir
st
A
ut
ho
r

-
N

-
D
es
ig
n

-
R
ep
or
te
d
fr
om

or
ig
in
al

pa
pe
r
or

-
P
ub
lic
at
io
n
da
te

-
D
es
cr
ip
tiv

e
da
ta

-
P
ro
ce
du
re

-
ca
lc
ul
at
ed

fr
om

pa
pe
r

-
Jo
ur
na
l

-
S
et
tin

g
-
O
th
er

ou
tc
om

e
m
ea
su
re
s

-
O
th
er

m
ea
su
re
s
in
cl
ud
ed
:
D
ig
it
sp
an

an
d

M
at
ri
x
R
ea
so
ni
ng

fr
om

W
A
IS
-I
II
.

-B
M
I:
H
ea
lth

y
ad
ul
ts
w
ith

B
M
I

ra
ng
in
g

fr
om

19
-3
7
(N

=
3
cl
in
ic
al
ly

ob
es
e)
.

-
C
ro
ss
-s
ec
tio

na
l
de
si
gn

-S
et
tin

g:
U
N
K
N
O
W
N

21
.

W
el
le
r
et

al
.
(2
00
8)

A
pp
et
ite

-N
=
11
2

-
C
ro
ss
-s
ec
tio

na
l
de
si
gn

-D
D

ta
sk

-O
be
se

w
om

en
bu
t
no
t
m
en

sh
ow

hi
gh
er

de
la
y
di
sc
ou
nt
in
g

-
U
na
bl
e
to

ca
lc
ul
at
e
fr
om

re
po
rt
ed

st
at
is
tic
s.

-
G
en
de
r:
45

m
al
es
;
67

fe
m
al
es

-B
IS

-A
ge

ra
ng
e:

17
–
23

ye
ar
s

-
B
M
I:
55

ob
es
e
(B
M
I>
30
);
57

co
nt
ro
ls
(B
M
I=

18
.5
-2
4.
9)

-
S
et
tin

g:
U
ni
ve
rs
ity

sa
m
pl
e

B
D
I-
II

B
ec
k
D
ep
re
ss
io
n
In
ve
nt
or
y
II
;
B
E
S
B
in
ge

E
at
in
g
S
ca
le
;
B
IS

B
ar
re
tt
Im

pu
ls
iv
ity

S
ca
le
;
B
IS
/B
A
S
B
eh
av
io
ur
al

in
hi
bi
tio

n
sy
st
em

an
d
B
eh
av
io
ur
al

A
ct
iv
at
io
n
S
ys
te
m

qu
es
tio

nn
ai
re
;
B
IT
E

B
ul
im

ic
In
ve
st
ig
at
or
y
T
es
t
E
di
nb

ur
gh

;
B
M
I
B
od

y
M
as
s
In
de
x;

C
O
W
A
T
C
on

tr
ol
le
d
O
ra
l
W
or
d
A
ss
oc
ia
tio

n
T
es
t;
D
D

D
el
ay

D
is
co
un

tin
g
ta
sk
;
D
S
D
ig
it
S
pa
n;

E
D
E
-Q

E
at
in
g
D
is
or
de
r
E
xa
m
in
at
io
n

qu
es
tio

nn
ai
re
;
E
D
I-
II

E
at
in
g
D
is
or
de
rs

In
ve
nt
or
y
II
;
E
D
D
S
E
at
in
g
D
is
or
de
r
D
ia
gn

os
tic

S
ca
le
;
E
E
S
E
m
ot
io
na
l
E
at
in
g
S
ca
le
;
E
P
Q

E
ys
en
ck

P
er
so
na
lit
y
In
ve
nt
or
y;

fM
R
I
F
un

ct
io
na
l
M
ag
ne
tic

R
es
on

an
ce

Im
ag
in
g;

IG
T
Io
w
a
G
am

bl
in
g
T
as
k;

M
M
SE

M
in
i
M
en
ta
l
S
ta
te

E
xa
m
in
at
io
n;

PA
N
A
S
P
os
iti
ve

an
d
N
eg
at
iv
e
A
ff
ec
t
S
ch
ed
ul
e;

P
E
T
P
os
itr
on

E
m
is
si
on

T
om

og
ra
ph

y;
SC

S
S
el
f-
C
on

tr
ol

S
ca
le
;
SS

T
S
to
p
S
ig
na
l
T
as
k;

ST
A
I
S
ta
te

T
ra
it
A
nx

ie
ty

In
ve
nt
or
y;

T
M
T
T
ra
il
M
ak
in
g
T
as
k;

W
A
IS
-I
II
W
ec
hs
le
r
A
du

lt
In
te
lli
ge
nc
e
S
ca
le
-
II
I;
W
A
SI

W
ec
hs
le
r
A
bb

re
vi
at
e
S
ca
le

In
te
lli
ge
nc
e;

W
C
ST

W
is
co
ns
in

C
ar
d
S
or
t
T
as
k;

W
R
A
T
W
id
e
R
an
ge

A
ch
ie
ve
m
en
t
T
es
t

146 Neuropsychol Rev (2013) 23:138–156



Description of Studies

Study Design and Methodology

All studies, with the exception of two (Smith et al. 2010 and
Spitznagel et al. 2011) had a cross-sectional design. The
remaining two used a longitudinal design (Spitznagel et al.
2011) and random assignment (Smith et al. 2010). Seven
studies used a healthy normal weight control group to com-
pare to an obese group (Cserjesi et al. 2009; Gunstad et al.
2007; Pignatti et al. 2006; Volkow et al. 2008; Svaldi et al.
2010; Nederkoorn et al. 2006; Weller et al. 2008;). Seven
studies made further group comparisons by comparing an
obese group to a binge eating group or overweight group as
well as a control group (Mobbs et al. 2011; Fergenbaum et
al. 2009; Davis et al. 2010; Gonzales et al. 2010; Davis et al.
2004; Hendrick et al. 2011; Danner et al. 2012). One study
compared performance with three other groups (Brogan et
al. 2010). Two studies did not feature a control group, but
instead compared performance to normed task data
(Pierobon et al. 2008; Boeka and Lokken 2008). Two stud-
ies compared a binge eating obese group to a non- binge
eating obese group (Duchesne et al. 2010; (Galioto et al.
2012)) and two studies used only one type of participant
(Smith et al. 2010; Spitznagel et al. 2011).

The mean sample size used in each study was 103.52
(median = 75) and ranged from 21–408. The age of partic-
ipants ranged from 18 to 65, with the exception of one study
(Gunstad et al. 2007) which split the sample into an old and
a young group. Eight studies featured an all female sample
(Brogan et al. 2010; Davis et al. 2010; Cserjesi et al. 2009;
Svaldi et al. 2010; Nederkoorn et al. 2006; Davis et al. 2004
& Hendrick et al. 2011; Danner et al. 2012), seven studies
featured a predominantly female sample (Mobbs et al. 2011;
Boeka and Lokken 2008; Pignatti et al. 2006; Duchesne et
al. 2010; Smith et al. 2010& Weller et al. 2008; Spitznagel
et al. 2011; Galioto et al. 2012), another study used predom-
inantly male participants (Pierobon et al. 2008) and four
studies used equivalent numbers from both genders
(Fergenbaum et al. 2009; Gunstad et al. 2007; Volkow et
al. 2008 & Gonzales et al. 2010). Where comparable numb-
ers of male and female participants were recruited, only one
study examined whether gender was a potential co-variate
(Fergenbaum et al. 2009) and found that both males and
females showed similar levels of impairment. The potential
impact of gender on executive functioning in obese individ-
uals remains unclear as most studies did not consider this as
a factor; however it is of note that the majority of studies
featured predominantly or exclusively female samples.

All studies used the established conventions for deter-
mining weight classification according to World Health
Organisation (WHO 2011), e.g. underweight: BMI< 18.5;
normal: BMI= 18.5-24.99; overweight: BMI= 25-29.99;

obese: BMI>30. Nineteen reported a mean BMI and stan-
dard deviation, whereas two examined predictors of BMI
and so did not report this data (Spitznagel et al. 2011 and
Fergenbaum et al. 2009). Of the obese groups recruited
across all studies, the mean BMI was 37.1, ranging from
30–61.3. Whilst all studies reported a mean BMI >25 and
most had a mean BMI >30, in some studies the standard
deviation was large, thus increasing the heterogeneity of the
overweight/obese group. In such cases it is not always clear
whether the data set was examined for skewness or kurtosis
or whether this factor was considered within the statistical
analysis. It also makes it difficult to investigate potential
differences in executive functioning performance between
those who are obese and those who are morbidly obese.

Outcome Measures

Whilst all studies used at least one behavioural measure of
executive functioning with obese individuals, studies varied
in their reasons for investigating this relationship. Five
sought to directly examine the relationship between obesity
and cognition (Boeka and Lokken 2008), four of which
were specifically interested in impulsivity as a factor
(Pignatti et al. 2006; Nederkoorn et al. 2006; Weller et al.
2008 & Davis et al. 2004). Four studies sought to examine
the relationship between obesity and cognition in the pres-
ence of a third factor e.g. sleep problems (Pierobon et al.
2008), cardiovascular disease, (Fergenbaum et al. 2009) age
(Gunstad et al. 2007) or mood (Cserjesi et al. 2009). Three
studies examined the relationship between obesity and cog-
nitive functioning using brain imaging (Volkow et al. 2008;
Gonzales et al. 2010 and Hendrick et al. 2011). Seven
studies sought to compare performance on measures of
executive functioning between obese individuals and those
with other eating disorders (Mobbs et al. 2011; Svaldi et al.
2010; Brogan et al. 2010; Davis et al. 2010; Duchesne et al.
2010; Danner et al. 2012; Galioto et al. 2012). Two studies
were evaluating the effect of a weight loss intervention on
executive functioning in obese individuals (Smith et al.
2010) or the impact of executive functioning on ability to
lose weight (Spitznagel et al.2011).

Statistical Power and Effect Sizes of the Findings

Adequate sample size is an important consideration when
determining whether a study had the necessary statistical
power to detect an effect. Similar reviews in this area have
suggested that in order to detect a large effect size (Cohen’s
d = 0.8) with 80 % power at 0.05 significance level, there
would need to be 25 participants in each experimental group
(Van den Eynde et al. 2011). Of the twenty-one studies
included in this review, eleven would have met these sample
size requirements (Fergenbaum et al. 2009, Davis et al.
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2010, Cserjesi et al. 2009, Boeka and Lokken 2008,
Gunstad et al. 2007, Duchesne et al. 2010, Smith et al.
2010, Nederkoorn et al. 2006, Weller et al. 2008,
Spitznagel et al. 2011).

Effect sizes were reported or could be calculated from ten
of the studies included in the review. Significant data gen-
erally reported medium (0.5) or large (0.8) effect sizes,
whereas non-significant data generally had small or medium
effect sizes.

Other Factors Impacting Executive Functioning Abilities

When considering the relationship between obesity and
executive functioning, it is important to consider any other
factors which may be moderating or mediating this effect.

Education/Intelligence Education level/years was measured
in sixteen of the studies reviewed (Brogan et al. 2010;,
Cserjesi et al. 2009, Boeka and Lokken 2008, Pignatti et
al. 2006, Duchesne et al. 2010, Mobbs et al. 2011; Davis et
al. 2010; Pierobon et al. 2008; Gunstad et al. 2007; Volkow
et al. 2008; Smith et al. 2010; Gonzales et al. 2010; Weller et
al. 2008; Svaldi et al. 2010; Danner et al. 2012 and
Spitznagel et al. 2011. Most studies used years of education
as an outcome measure, but some also used an IQ estimate
(Spot the Word, WAIS III Subscales, Shipley Institute of
Living Scale, Ravens Matrices, TONI) (Boeka and Lokken
2008; Pignatti et al. 2006; Duchesne et al. 2010; Pierobon et
al. 2008; Gunstad et al. 2007 and Weller et al. 2008) . Seven
studies used either education years or IQ estimates as a way
of matching clinical and control participants (Brogan et al.
2010;Cserjesi et al. 2009; Boeka and Lokken 2008; Pignatti
et al. 2006; Duchesne et al. 2010; Danner et al. 2012 and
Svaldi et al. 2010), the remaining nine used education/IQ as
a variable. Of those studies, six found that there were no
significant differences in education years or IQ between
groups; one found that the clinical group had a slightly
higher IQ when compared to normed data. In contrast, one
study found that not only did years of education differ
between clinical and control groups but that this difference
moderated the effect of impaired task performance (Davis et
al. 2010) with clinical patients no longer demonstrating an
impaired performance on IGT when education years were
considered. The remaining two (Gunstad et al. 2007 and
Smith et al. 2010) which used education/IQ as a covariate
with their analyses found that obese individuals were still
impaired on tasks of executive functioning even after these
factors were considered.

Mood Fourteen studies used a mood measure within their
design (Mobbs et al. 2011; Cserjesi et al. 2009; Pierobon et
al. 2008, Boeka and Lokken 2008; Pignatti et al. 2006;
Duchesne et al. 2010; Svaldi et al. 2010; Gonzales et al.

2010; Davis et al. 2010; Gunstad et al. 2007; Smith et al.
2010; Danner et al. 2012; Galioto et al. 2012 and Svaldi et
al. 2010). Most studies used the Beck Depression Inventory
II (BDI-II) as an index of low mood and the State Trait
Anxiety Inventory (STAI) as a measure of anxiety.

In relation to depressive symptoms some studies screened
out depressed individuals (Duchesne et al. 2010) or did not
report their findings vis a vis mood measures (Pigantti,
Gunstad et al. 2007 and Smith et al. 2010.) Of those which
report data, one found no performance differences between
obese individuals and controls (Gonzales et al. 2010) and
another found that there was no relationship between de-
pressive symptoms and task performance (Svaldi et al.
2010). Two studies found that obese patients were more
depressed than controls (Cserjesi et al. 2009, Boeka and
Lokken 2008) and another found no difference between
controls and obese individuals, but that obese individuals
with BED were more depressed than obese people without.
One study reports a trend towards impaired performance on
IGT task and overeating in response to depressive symp-
toms (Davis et al. 2010).

For studies which included a measure of anxiety (Mobbs
et al. 2011; Cserjesi et al. 2009, Pierobon et al. 2008;
Galioto et al. 2012 and Gonzales et al. 2010), two found
that obese individuals did not differ from controls (Pierobon
et al. 2008 and Gonzales et al. 2010), one found that obese
individuals were more anxious than healthy weight controls
and the final study reported that only those who were obese
and also had BED reported significantly higher levels of
anxiety than either healthy weight controls or obese
individuals.

In summary, it is unclear whether obese individuals
report higher levels of psychopathology than healthy
weight controls as the findings are mixed and the link
between either depressive or anxious symptomatology
and its impact on task performance has not been ex-
amined sufficiently or replicated enough to determine
whether it might explain differences on executive func-
tioning task performance. Furthermore, additional fac-
tors such as socioeconomic status that could potentially
mediate relationships between obesity and performance
on executive functions tasks were not investigated in
the reviewed studies. Thus the potential mediating impact of
additional social and environmental factors has yet to be
systematically explored.

Results

Neurocognitive Findings

Consistent with other reviews in this area, (Duchesne et al.
2010 & Van den Eynde et al. 2011) the findings from the
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reviewed studies were categorised according to the neuro-
cognitive construct e.g.; impulsivity/inhibitory control, set-
shifting, verbal fluency and decision-making. However, the
classification of specific tasks to a given domain is some-
what arbitrary as tasks may extend across more than one
executive functioning domain.

Inhibitory Control/Impulsivity

Stroop Task Five studies used the Stroop task (Gunstad et
al. 2007; Duchesne et al. 2010; Smith et al. 2010;
Volkow et al. 2008; Galioto et al. 2012). In this task,
individuals are asked to say the ink colour of written
words whilst inhibiting reading the word, e.g. “red”
written in blue ink. Most studies used the Colour Word
variant thus allowing comparisons to be made. One study
found that performance on the Stroop task was strongly
correlated to BMI with poorer performance associated
with higher BMI (Gunstad et al. 2007) and that perfor-
mance on this task improved following weight loss
(Smith et al. 2010). Two found no relationship between
Stroop performance and BMI (Volkow et al. 2008;
Duchesne et al. 2010) and one found no differences in
performance when comparing an obese and BED group
(Galioto et al. 2012). Thus there was no consistent evi-
dence that Stroop performance is impaired for obese
individuals.

Stop Signal Task or Go- No Go Task Three studies used a
variant of the stop signal task (Nederkoorn et al. 2006;
Hendrick et al. 2011; Mobbs et al. 2011). In the stop signal
task, participants are asked to respond as quickly as possible
on a choice reaction time task, unless a stop signal is
presented in which case they must inhibit their response.
Two found that there were no significant differences in
reaction times between obese and normal weight groups
(Nederkoorn et al. 2006 & Hendrick et al. 2011). One study
comparing healthy controls, obese participants and obese
participants with BED used a slightly different version of
the task using food-related and body-related stimuli (Mobbs
et al. 2011). Overall both obese groups made more errors
than healthy weight controls. Whilst the two obese groups
did not differ in reaction times, the BED group made more
errors on both food and body stimuli than obese partici-
pants. It would seem that obese individuals show mixed
performance on the stop signal task.

Hayling Sentence Completion Task On the Hayling task,
where individuals have to inhibit a logical response to
specific sentences, Cserjesi et al. (2009) found that obese
individuals performed worse than normal weight controls
on both parts of the task and therefore demonstrated diffi-
culty both inhibiting a response but also with the control

variant of this task which is not specifically measuring
inhibition.

There is significant variation in impulsivity/inhibitory con-
trol performance reported by different studies, with some
reporting that obese individuals demonstrate impaired per-
formance and others not observing any difference in perfor-
mance. It is worth noting that those not reporting a
significant group difference had a sample size ranging from
13–38, whereas those reporting significant group differen-
ces had sample sizes ranging from 16–198. It is possible that
the failure to detect a group difference, in part reflects
insufficient power.

Set-Shifting

Trail Making Test (TMT) The TMT is a brief executive task
with two parts. Part A asks participants to connect a series of
numbers on a page in numerical order; Part B asks partic-
ipants to draw a line connecting numbers and letters spread
across a page in alpha numerical order as quickly and
accurately as possible, i.e. 1, a, 2, b, 3, c… Part A is used
to measure speed of attention and sequencing and part B
measures switching in addition to these factors (Spreen and
Strauss 1998). Eleven studies used the TMT or a variant of
it, as an outcome measure (Fergenbaum et al. 2009; Cserjesi
et al. 2009; Pierobon et al. 2008; Boeka and Lokken 2008;
Gunstad et al. 2007; Duchesne et al. 2010; Smith et al. 2010;
Svaldi et al. 2010; Gonzales et al. 2010; Spitznagel et al.
2011, Galioto et al. 2012). Most studies used the completion
time as a dependent variable, of these studies, two found a
correlation between increased BMI and increased comple-
tion time on TMT part B (Cserjesi et al. 2009; Boeka and
Lokken 2008) but no difference on errors. One study found
this effect was only significant for females and that it dis-
appeared when other factors were controlled for (Boeka and
Lokken 2008). Others showed no difference between obese
and BED (Duchesne et al. 2010; Galioto et al. 2012) or
between normal, overweight or obese groups (Gonzales et
al. 2010).

Other studies computed an equivalent score (Pierobon
et al. 2008) or a proportionate score (Svaldi et al. 2010),
one reported that clinical groups (including obese and
other eating disordered groups) performed more slowly
(Svaldi et al. 2010) whilst the other showed no differ-
ences between obese and control participants (Pierobon
et al. 2008). Two studies used a modified version of the
TMT (Gunstad et al. 2007 and Spitznagel et al. 2011),
one found a correlation between BMI and performance
on Trails B, and one found trails A to be a significant
predictor of weight loss at 12 weeks and 12 months.
Another found that timed scores on the TMT improved
as individuals lost weight (Smith et al. 2010). One study
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used TMT as a predictor and found that obese individu-
als were more likely to be correctly classified as obese
using the TMT.

Differences in the ways in which studies have computed
scores from the TMT make it difficult to directly compare
performance of individuals across studies. For those using
completion times as an outcome variable, obesity did not
independently impact on performance. The results were
more mixed for studies that computed a proportionate score,
and for those that used an adapted version of the TMT, a
group difference was found. For studies that used TMT as a
predictor, it appeared to significantly predict weight loss in
obese people and conversely as weight decreased, perfor-
mance on the TMT appeared to improve. However, this
finding is based on single studies and has yet to be
replicated.

Wisconsin Card Sort Test (WCST) Three studies used the
Wisconsin Card Sort Test (WCST) as part of their testing
battery (Boeka and Lokken 2008; Volkow et al. 2008;
Duchesne et al. 2010). In the original version of this task,
participants are given a deck of cards and asked to sort them
according to four different key cards (colour, shape, number
etc.). Participants are given feedback on their performance
as they sort through the cards and every few trials the sorting
rule changes without the participant’s knowledge. Their task
is to recognise that a change has happened and start sorting
the cards according to the new rule as quickly as possible.
Most studies used a variant of Grant and Berg’s 1948 task,
allowing for comparison. Studies comparing the perfor-
mance of obese groups to normal weight individuals found
that obese individuals made more errors and more persev-
erative errors than healthy weight controls (Boeka and
Lokken 2008; Volkow et al. 2008). One study compared
performance between obese and obese individuals with
BED, they found that those with BED made more persev-
erative errors and set failures than control obese participants
(Duchesne et al. 2010). Unfortunately this study did not
feature a healthy weight comparison group and so it is
not known whether obese individuals would have dif-
fered in comparison to healthy controls (as reported in
other studies) or whether a group difference is only found
when binge eating disorder is considered. Overall, obese
individuals do seem to show a tendency to make more
perseverative errors on this task but not to the same
extent as other eating disordered groups. Perhaps a study
comparing performance across different eating disordered
and obese groups (Obese, Obese with BED, BN, AN as
well as healthy weight controls) may help to disentangle
this effect.

On set-shifting tasks, once again the findings are mixed.
Obese individuals appear to struggle with the WCST but
this is based on a limited number of studies using this

paradigm. On other set-shifting tasks where the paradigm
has been used more extensively, methodological and scoring
differences make it difficult to draw any conclusions from
the findings.

Verbal Fluency

Controlled Oral Word Association Test –COWA-T) Five
studies utilised a Verbal Fluency task (Cserjesi et al. 2009;
Boeka and Lokken 2008; Smith et al. 2010; Galioto et al.
2012 and Gonzales et al. 2010). In this task, individuals are
asked to name as many words as possible beginning with a
particular letter within one minute. All studies used the
Controlled Oral Word Association Test (COWAT) (Benton
and Hamsher 1976). Three found no difference in test perfor-
mance between obese and non-obese individuals (Cserjesi et
al. 2009; Smith et al. 2010, and Gonzales et al.,2010) and one
study found obese individuals’ scores were better than normed
data (Boeka and Lokken 2008). A further study reported no
difference between task performance of obese and BED par-
ticipants (Galioto et al. 2012). Generally obese individuals
show no differences on verbal fluency tasks when compared
to control participants and seem to perform equivalently or
even better than normed data.

Learning and Memory

Digit Span Eight studies used digit span as an outcome
measure within their study (Cserjesi et al. 2009; Gunstad
et al. 2007; Duchesne et al. 2010; Smith et al. 2010; Volkow
et al. 2008; Gonzales et al. 2010; Spitznagel et al. 2011;
Galioto et al. 2012). Digit span appears as a subtest in the
WAIS- III and WMS – III tests and consists of digits
forward and digits backwards. Participants are asked to
repeat verbally increasing number strings that they hear until
they fail to complete two successive trials. For digits back-
wards, individuals repeat a reversed version of number
strings that they hear until they fail two successive trials at
a given number string length. All studies with the exception
of one (Gunstad et al. 2007) used a Digit span score derived
from combined digit span forward and digit span backward
scores, thus allowing a comparison across different studies
to be made. One study found a correlation between in-
creased BMI and poorer performance on the digit span task
(Volkow et al. 2008). One found an impairment in perfor-
mance when comparing obese individuals with BED and a
control obese group (Duchesne et al. 2010) and one study
found no group differences in task performance (Galioto et
al. 2012). All other studies found no relationship between
BMI and digit span. Performance on digit span tasks did not
predict weight loss (Spitznagel et al. 2011) or change as a
result of weight loss (Smith et al. 2010). A relationship
between digit span and BMI was only found when
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combined with mood measures (Cserjesi et al. 2009) or age
(Gunstad et al. 2007).

Obese individuals in general, do not seem to demonstrate
difficulty with this specific task and performance does not
predict weight loss or change as a result of weight loss.
Generally studies that have found a difference in perfor-
mance between obese individuals and controls are those
which have also examined it in relation to another factor
e.g. mood, age or BED.

Decision-Making

Iowa Gambling Task Five studies used the Iowa Gambling
Task (IGT) as a measure of executive functioning (Brogan et
al. 2010; Davis et al. 2010; Pignatti et al. 2006; Davis et al.
2004; Danner et al. 2012). In this task individuals are given
hypothetical money and asked to make decisions to maxi-
mise their gains with minimal instruction in relation to the
rules. They have to choose between cards from four
different decks, two of which yield high immediate gains,
but high future losses and two decks which yield low
immediate gains but smaller future losses. All studies
used the computerised version of Bechara et al. (1994)
task and all studies examined both net scores and block
scores thus allowing comparisons across studies to be
made. Four of the five studies looked at group differences
(Brogan et al. 2010; Davis et al. 2010; Pignatti et al.
2006, Danner et al. 2012), whilst one used a regression
model (Davis et al. 2004) to analyse the data. Overall, all
studies found that obese individuals’ performance was
worse than healthy weight controls. Two studies also
found that obese individuals were less likely to show an
improvement over blocks (Davis et al. 2004; Pignatti et
al. 2006). However of the studies which compared per-
formance to that of individuals with eating disorders (e.g.
BED and AN compared to obese people), there was no
difference between their performance and that of obese
individuals (Brogan et al. 2010; Davis et al. 2010; Danner
et al. 2012). Several studies also considered the impact of
education on task performance; one study found the
effect of weight disappeared when educational level was
accounted for (Davis et al. 2010), whilst another found it
had no effect (Pignatti et al. 2006) and two further studies
merely controlled for education (Brogan et al. 2010;
Danner et al. 2012). In summary, obese individuals do
seem to demonstrate impaired performance on this task
compared to healthy weight controls, and in some cases
where a comparison was made, they show a level of
impairment similar to that shown by clinically eating
disordered individuals.

Delay Discounting Task The delay discounting task looks at
how individuals make decisions between low short term

gains and higher long term gains. Individuals are offered
different monetary values; a lower amount now or a higher
amount later on. The length of delay is manipulated and the
outcome measure is the point at which someone switches
from the delay to an immediate reward. A variant of the
delay discounting task was used in three studies (Davis et al.
2010; Nederkoorn et al. 2006; Weller et al. 2008). Whilst the
construction of this task appeared consistent across studies,
there were differences in the absolute amounts, currency,
number of delays and also the way in which participant
scores were computed which makes it difficult to compare
across studies. One study found no difference in task per-
formance between obese and normal weight controls
(Nederkoorn et al. 2006), whilst another study only found
a difference when gender was considered in addition to
weight, with obese females tending to chose smaller more
immediate rewards in comparison to control weight females
(Weller et al. 2008). A third study did find a difference
between obese and healthy weight control groups, but
only when comparing performance at specific time
delays (Davis et al. 2010). Overall it seems that perfor-
mance on this task was mixed when comparing across
studies and that any differences observed were subtle or
dependent on gender.

Maze Task In the Maze Task individuals have to identify a
hidden pathway through a grid of circles. Individuals re-
ceive visual and verbal feedback on performance but have to
complete the task twice without an error in order to pass.
Three studies used a computerised version of the Austen
maze task (Walsh 1994) and both used the number of errors
as the dependent variable (Gunstad et al. 2007; Spitznagel et
al. 2011; Galioto et al. 2012). One study found that the
number of errors was a significant predictor of BMI
(Spitznagel et al. 2011) and another found that normal
weight individuals performed better than obese individuals
(Gunstad et al. 2007), whilst a third found no difference in
performance between an obese and a BED group of partic-
ipants (Galioto et al. 2012). From rather limited evidence, it
seems that individuals with a high BMI may have difficulty
with the maze errors task.

Game of Dice Task One study used the Game of Dice task
(Svaldi et al. 2010) where participants have to guess the
outcome of a dice game with the aim of maximising their
gains. The authors reported a significant difference in scores
between obese individuals with BED and overweight con-
trols, suggesting that individuals with BED selected more
disadvantageous scores more often than those who were
overweight but did not have BED.

In summary, obese individuals consistently show poor
performance on specific decision-making tasks e.g. Iowa
Gambling task, Maze Task and Game of Dice but factors
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such as education level, gender and binge eating symptom-
atology can impact upon task performance.

Planning and Problem-solving

Behavioural Assessment of Dysexecutive Syndrome
(BADS) One study comparing obese individuals and obese
individuals with BED used three subtests from the BADS
which predominantly examine planning and problem-
solving (Duchesne et al. 2010). The Zoo Map task requires
individuals to plan a journey around a zoo following spe-
cific instructions and rules. On this task Duchesne et al.
2010 found that obese individuals with BED made more
errors than obese controls but did not differ on planning or
completion time or in a second condition when provided
with increased task structuring. On the modified six ele-
ments task where participants are required to complete some
of six different tasks within 10 min following specific
rules, the authors found that obese participants with
BED performed worse than obese controls. This find-
ing was repeated again on the Action Program Task,
where individuals have to problem-solve a practical task
with minimal guidance, with obese controls able to com-
plete more of the stages of the task unaided than those
with BED.

Whilst the findings indicate that obese individuals with
BED show difficulty with planning, the absence of a healthy
weight control group makes it difficult to conclude whether
or not having a higher BMI generally might contribute to
difficulties with decision-making or whether binge eating
pathology alone can explain this distinction in task perfor-
mance. Additionally the findings are based on only one
dataset.

Discussion

General Findings

The key question which prompted this review was whether
obese individuals demonstrate impaired performance on
behavioural tasks of executive functioning when compared
to healthy weight controls. Methodological differences and
incomplete information in relation to task procedure and the
reporting of descriptive data made this a difficult question to
answer. Overall, when considering specific domains, obese
individuals seem to demonstrate an impaired performance
consistently on only one domain of executive functioning;
tasks measuring decision-making and on only one other task
in the set-shifting domain (WCST). All other domains of
executive functioning report mixed findings across studies
in relation to the association between obesity and executive
functioning. A possible explanation why we might see

impairment in only certain areas might be to do with the
sensitivity of the tasks used. The majority of behavioural
tasks used to examine executive functioning are designed
for use with brain injured populations and thus may be
insensitive to detecting what may be quite subtle distinc-
tions in executive functioning in obese individuals. This
may also explain why differences were only observed in
the more complex executive functioning tasks (e.g. IGT,
Maze Task) as these tasks were more sensitive at detecting
a small deficit. Alternatively, it may be possible that obese
individuals show subtle impairments over a range of differ-
ent aspects of executive functioning, but that studies which
failed to detect this effect may have been underpowered and
be using an insufficient sample size to detect what may be
quite a small effect. It is also worth noting that due to
incomplete data sets it was not possible to make a statistical
comparison between the different executive functioning
domains and so the differences in patterns of result may
also reflect statistical chance.

However, even studies which do suggest that obese indi-
viduals might demonstrate specific executive impairments
need to be interpreted with caution. These findings have
their limitations as they are based on a small number of
studies and factors such as education, gender and mood also
impact on task performance. Unmeasured factors such as
socioeconomic status might also play a mediating role. In
these domains, but also across the board, there is a need for
more study replication and parity across study design to
allow for more adequate comparison.

Additionally, a number of studies failed to include effect
sizes within their reported statistics or did not report suffi-
cient summary data to allow this to be calculated for the
purpose of comparison in relation to the size of the effect
they are reporting. Also, most papers did not report a power
calculation and several studies may have been underpow-
ered due to small sample sizes.

The Relationship between Obesity and Executive
Functioning

Of those studies which did report an association between
obesity and impaired executive functioning, the direction of
the relationship remains unclear and most studies stress that
causality may occur in either direction, with either obesity
impacting on executive functioning or impaired executive
functioning increasing the risk of obesity. (Boeka and
Lokken 2008). Difficulty maintaining weight loss and diffi-
culties adjusting and adhering to post-bariatric lifestyle
changes have been used as evidence to support the idea that
individuals with executive functioning difficulties may have
a propensity to become obese (Boeka and Lokken 2008).
Others have suggested that making good food choices in
modern life requires forethought, planning and good self-
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regulation in order to avoid overeating (Davis et al. 2010;
Duchesne et al. 2010). These are skills which require good
executive functioning abilities and so there is a suggestion
that impaired executive functioning leads to obesity via poor
food choices. This idea might also fit with the findings from
the current review that distinctions between obese and non-
obese individuals tends to occur on tasks measuring plan-
ning, problem-solving and decision-making, abilities need-
ed to make good food and lifestyle choices. Finally, some
studies also report on previous research which showed a
reduction in BMI following the administering of methylphe-
nidate, a drug commonly used to treat ADHD (Nederkoorn
et al. 2006). The implication drawn from these findings is
that the drug enhances inhibitory control leading to reduced
calorific intake and weight loss as a result.

However, for this explanation to be true, we would ex-
pect poor executive functioning to be directly related to
eating behaviour in obese individuals e.g. reporting of over-
eating/bingeing and poor choices to be directly related to
poor task performance. However, a number of studies in this
review failed to include a measure of reported eating behav-
iour and so this comparison could not be made. Of those
which did include a measure of eating pathology, this was
usually used to help distinguish between obese and obese
binge-eating participants and not analysed in conjunction
with task performance (Mobbs et al. 2011; Boeka and
Lokken 2008; Pignatti et al. 2006; Duchesne et al. 2010)
and thus the relationship between eating pathology and
executive functioning was not directly examined. Only
two studies made such comparison (Davis et al. 2004;
Svaldi et al. 2010), neither found a significant correlation
between eating pathology (binge frequency, emotional over-
eating) and performance on executive functioning tasks,
although one reported a tendency for those who showed
poorer decision-making to also demonstrate overeating ten-
dencies. In order to show that executive functioning might
lead to obesity through the mechanism of disordered eating
due to poor decision-making/self-control, future research
needs to directly compare these factors, preferably using a
prospective design allowing pre and post measures to be
compared.

In contrast to this potential causal relationship, some
studies have suggested that being obese may, (even in the
absence of other co-morbidities that might impact on cog-
nitive abilities) lead to impaired executive functioning
(Volkow et al. 2008; Gunstad et al. 2007). Studies have
suggested that individuals with a larger body mass experi-
ence reduced blood flow to certain areas of the brain and
therefore the metabolic activity of the brain is reduced and
cognitive functioning is negatively affected (Gonzales et al.
2010). Other studies have focussed less on the role of
reduced blood flow, but instead on glucose and insulin
dysregulation in the brain which may impact specifically

on prefrontal regions and dopaminergic systems of the brain
and thus impact upon executive functioning (Volkow et al.
2008). Other individuals have suggested that the increase in
adipocytes seen in obese individuals could also lead to
reduced cognitive functioning (Boeka and Lokken 2008).
A further argument suggesting that obesity might contribute
to impaired executive functioning, is the finding that cogni-
tive abilities, in particular executive functioning improve
following weight loss, suggesting that a reduction in body
mass leads to improved executive functioning (Smith et al.
2010; Hendrick et al. 2011) . However some researchers
have argued that whilst there is an improvement in executive
functioning following weight loss, the level of functioning is
still not equivalent to that of a healthy weight individual
(Spitznagel et al. 2011). This suggests that even when body
mass is reduced, individuals still show a cognitive deficit.
Either carrying excess weight is not impacting on cognition
or perhaps the effect of a high BMI on cognition cannot be
easily reversed following weight loss. To examine the va-
lidity of this argument, it would be helpful to see if reduced
blood flow to particular regions found in obese individuals
reverses following weight loss.

In summary it seems that at present there is no general
consensus in relation to the directionality of the relationship
between obesity and impaired executive functioning.
Impaired executive abilities may lead to poor decision-
making, poor inhibition and reduced mental flexibility
which could lead to poorer food choices and overeating
leading to weight gain. In addition, a number of biological
explanations for why obese individuals might demonstrate
disrupted brain activation have been suggested which might
in turn impact on executive performance (Brogan et al.
2010; Cserjesi et al. 2009; Davis et al. 2010; Svaldi et al.
2010). However, the inconsistency of results between the
studies examined here makes it unlikely that any single
neurobiological mechanism will provide an adequate ac-
count of the link between obesity and executive functioning.

Other factors also make it difficult to determine direc-
tionality. For example in the current review, one study made
a distinction in decision-making deficits observed between
obese individuals and obese individuals with BED with the
authors suggesting a continuum of decision-making deficits
that were not simply explained by BMI but more related to
the presence or absence of eating pathology in addition to
BMI. This finding was also replicated in some of the other
studies included in the review when comparing obese and
obese and BED groups (Duchesne et al. 2010; Mobbs et al.
2011 and Svaldi et al. 2010) where those with BED dem-
onstrated poorer performance than those who were obese.
However this result was not found consistently within the
literature, with some studies reporting no difference between
the two groups when compared to one another (Galioto et al.
2012) or when in the presence of a group of healthy weight

Neuropsychol Rev (2013) 23:138–156 153



controls (Danner et al. 2012). In order to clarify these find-
ings, future research should try to compare performance of
healthy weight, obese and BED obese individuals on a range
of executive functioning measures.

Implications and Future Research

Whilst this review examined the link between obesity
and executive functioning, it did so with some specific
limitations. For example the selection criteria for inclu-
sion was that participants had to be eighteen or over,
therefore this study excluded a number of interesting
recent studies examining the link between childhood
obesity and executive functioning. This may have pro-
vided some helpful information when thinking about the
development of obesity and the causal directionality be-
tween executive functioning impairment and obesity
(Maayan et al. 2011; Davis et al. 2011; Verdejo-García
et al. 2010).

Additionally, future research needs to consider the
role of moderating and mediating factors in the relation-
ship between BMI and executive functioning. In partic-
ular the roles of mood, gender and education seem to
be important, along with social and environmental fac-
tors. Examining mood in particular would also link to
the direction of research in eating disorders, which are
building upon the finding that individuals with eating
disorders (Anorexia Nervosa in particular) demonstrate
executive impairments and also show difficulty with
emotion regulation (Harrison, 2010).

Also this review did not seek specifically to under-
stand or explain the mechanism of executive functioning
and eating behaviour. As such the review did not ex-
amine how demonstrating an executive functioning im-
pairment might modulate eating behaviour or food
choice. As such, whilst this review indicated that there
is a link between obesity and executive functioning we
cannot yet explain the impact of that link. In order to
do this, future research needs to make this link clearer
by examining the links between BMI, executive func-
tioning and eating behaviour. Another useful approach
could be incorporating eating/food salient stimuli within
executive functioning tasks as has been done when
looking at executive functioning in the presence of other
eating disorders (Bolton 2010; Pender 2011).

In conclusion, whilst a review of the current literature
suggests that obese individuals demonstrate consistent
impairments on complex executive functioning tasks
measuring set-shifting and decision-making, the evidence
suggesting a global deficit is less clear. This is in part a
reflection of methodological heterogeneity which has led
to inconsistent results and difficulty comparing studies.

Additionally, future research needs to examine the mech-
anism of any particular relationship between obesity and
executive functioning and in particular its links to eating
behaviour.
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