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Abstract
Purpose of Review The goal of the current paper is to review the literature on the neural and behavioral factors involved in food
decision-making in youth.
Recent Findings Recent neuroimaging studies that employ passive viewing paradigms have found that exposure to food-related
cues activate reward, motor planning, and attentional salience signals in children. Greater activations of reward signals and/or
lower activations of control signals are associated with overeating and weight gain. Neuroimaging studies with decision-making
paradigms have found the reward network in the brain activates during food choices, while control network activates less
strongly.
Summary Findings suggest that exposure to food cues activates reward/valuation network, but activation of control network
tends to be relatively weaker in children. Hedonic aspects of foods are predominantly considered in children’s food choices, and
their dietary self-control is not matured yet. The increased activation in reward network and the decreased activation in control
network are associated with risk of developing obesity.
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Introduction

Food decisions during childhood can establish lifelong behav-
ioral habits. While caregivers may frequently encourage
healthy choices (“eat your vegetables!”), children often prefer
calorically dense foods (e.g., candy, soda, chips) with less
nutritional value. Compared with adults, self-controlled die-
tary decisions like choosing healthier but less tasty foods (e.g.,
vegetables) can be challenging for children whose self-
regulation and executive functions are still maturing.
Children rarely understand nutrition facts (e.g., calories,

carbohydrates) designed for adult consumers, and real-world
studies are less supportive of any effect of nutrition labeling
on children’s food choices [1]. Furthermore, brain develop-
ment and neural connections in self-control regions such as
dorsolateral prefrontal cortex (dlPFC) are not complete until a
person reaches his or her mid-20s [2, 3]. Thus, neither serving
foods that follow nutritional guidelines nor providing nutri-
tional information is sufficient to prevent childhood obesity.
Indeed, one primary limitation of these traditional approaches
is that they do not consider how children learn to make inde-
pendent food choices and exert dietary self-control through
their growth and development. To effectively prevent child-
hood obesity and promote healthy dietary behaviors in chil-
dren, it is critical to (1) gain a scientific understanding of how
children gradually develop to make their own independent
food choices at both the behavioral and the neurobiological
level and (2) provide appropriate guidance or aids that empha-
size children’s developmental transition to an independent
dietary decision-maker.

Why Do Children’s Food Decisions Matter?

Across the world, the prevalence of childhood obesity has
dramatically increased during the past several decades [4].
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This is likely due to environmental and lifestyle changes lead-
ing to a chronic energy imbalance (intake > expenditure).
Childhood obesity is one of the biggest global health chal-
lenges of the twenty-first century in both developed and de-
veloping countries [5, 6]. Presently, 18.5% of US children and
adolescents aged 2 to 19 years are in the obese range [7].
Childhood obesity puts children at higher risk for physical,
social, behavioral, and emotional health difficulties, including
type 2 diabetes, cardiovascular disease, hypertension, and cer-
tain cancers, as well as lower self-esteem, depression, poor
academic achievement, social rejection, and discrimination
[8–12]. Furthermore, childhood obesity is decisively associat-
ed with adulthood obesity [13]. A recent systematic meta-
analysis study shows that about 55% of childhood obesity
continues through adolescence and about 80% adolescent
obesity continues through young adulthood [14]. There are
several physiological, psychological, and environmental fac-
tors that contribute to childhood obesity, including genetics,
metabolism, eating habits, physical activity, economic factors,
and social environments. Among these, food decisions
(“what to eat”) are the primary determinant of children’s
energy intake. Children’s dietary choices frequently do
not meet current nutritional recommendations (e.g., high-
ly energy-dense snacks and sugar-sweetened beverages)
and therefore increase the child’s risk for developing obe-
sity. Given the important role that children’s dietary de-
cisions play in preventing childhood obesity, it is impor-
tant to systematically understand how children learn to
make their own food choices and provide the ways in
which we can effectively guide children to voluntarily
make healthy food choices using knowledge from devel-
opmental neuroscience.

“You can lead a horse to water, but you can’t make it
drink.” Providing healthy dietary guidelines (e.g.,
“MyPlate”) and environments is important, but it is not
sufficient in and of itself, to prevent the development of child-
hood obesity or stop additional weight gain in children with
overweight or obesity. Children must learn to consciously
decide to eat healthy rather than unhealthy foods. In other
words, we may more effectively prevent childhood obesity
by encouraging children to be successful self-controllers
who can make their own healthy dietary choices. Therefore,
this selective qualitative review emphasizes the importance of
understanding the developmental and neurobiological under-
pinnings of children’s self-regulated dietary choices to prevent
childhood obesity.

Determinants of Children’s Food Decisions

Children’s food choices can be generally understood as an
interaction between internal-biological influences (e.g.,
interoception of hunger, affective states, genetic factors, hor-
monal influences, neural mechanisms) and external-social

influences (e.g., parental feeding behaviors, peer pressures,
food marketing). These internal and external factors inextrica-
bly overlap [15, 16]. Among those, to understand how chil-
dren learn to make their own food decisions, parental influ-
ence is of particular importance, especially early in life.
Children’s food decisions follow a developmental trajectory,
beginning with early feeding experiences by their parents.
Initially, caregivers have control over their children’s environ-
ments and make most of the food decisions for their children.
Parents may limit foods they offer to their children by parents’
own preferences. However, as children grow, they gradually
learn to make dietary choices independently, increasingly
without their parents’ presence (i.e., school cafeteria).
Furthermore, children can influence what their parents buy
at grocery stores, and what they order in restaurants. Not sur-
prisingly, children’s dietary behavioral habits continue to be
highly influenced by their parents and family environments
[17, 18]. Children often establish their dietary behavior pat-
terns by observing and modeling their parents’ behaviors [19].
Also, parents’ food-related health literacy, ethnicity, and so-
cioeconomic status can significantly shape children’s eating
behaviors [20]. Thus, the parental influence and the family
environment are critical to understand children’s dietary
decision-making development [16]. After beginning of formal
schooling, the educational environment (e.g., lunch menus in
school cafeteria) and peers can play a very important role to
shape children’s autonomous food decisions [21]. Food mar-
keting is another important factor to be considered. Children
are exposed to thousands of food and beverage-related com-
mercials per year, and the vast majority of these advertised
foods are not healthy (processed food products which are high
in fat, sugar, or salt) [22]. External factors like advertising
along with internal factors combine to result in the foods that
children choose.

Dietary Self-Control in Children

To prevent obesity, children need to make food choices con-
sistent with maintaining healthy energy balance. This, howev-
er, is not simple or easy. Healthier food choices require chil-
dren’s effective dietary self-control (i.e., resisting tasty but
unhealthy foods) [23], which is executed through complex
interactions between brain valuation and control networks
[24]. Preadolescence and early adolescence are developmental
periods that can be characterized by impulsive, suboptimal
behaviors (e.g., unhealthy food intake). Neuroscientific evi-
dence explains this critical period as being due, in part, to
differing rates of maturation in limbic (bottom-up; valuation)
and prefrontal (top-down; control) systems [25]. Emotion-
based limbic regions develop more quickly than frontal re-
gions that help children exhibit self-restraint and control [3,
25, 26]. In the preadolescence period, children do not yet have
mature development in the prefrontal cortex. Thus, from a
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neurobiological perspective, youth tend to be prone to hedonic
(tastiness)-based unhealthy food decisions rather than self-
regulated healthy food decisions that emphasize longer-term
nutritional consequences.

Brain Imaging and Children’s Food
Decision-Making

Brain imaging techniques like functional magnetic resonance
imaging (fMRI)) and positron emission tomography (PET)
are helpful in uncovering the neural bases of appetite and
energy balance in humans. Typically, neuroimaging studies
in obesity have shown irregularities in a distributed network
of reward (valuation) and attention/control regions implicated
in motivational signals and cognitive control functions [27,
28]. For example, adults with obesity show significantly great-
er brain activations in the ventromedial prefrontal cortex
(vmPFC), ventral striatum, amygdala, insula, and anterior cin-
gulate cortex when shown pictures of high-calorie foods [29,
30]. Successful weight loss is associated with the levels of
activation in the vmPFC (reward signals) and the dorsolateral
prefrontal cortex (dlPFC; control signals) [31, 32]. However,
the neuroimaging research findings with adults may not be
directly generalizable to children and adolescents due to the
structural and functional changes that occur throughout brain
development that continue until one’s mid-20s [2, 3]. Thus, it
is necessary to separately investigate developing brain mech-
anisms of eating behaviors and obesity in children and ado-
lescents. Similarly, while advances in decision neuroscience
provide useful insights to understand basic computational and
neurobiological bases of dietary decision-making in adults
[33], our neuroscientific understanding of children’s
obesogenic food choice mechanisms is still in its infancy.
Because the neural response to food stimuli is a dynamic
process that interacts with the motivational and cognitive
status of an individual rather than a stable or trait character-
istic [34], it is critical to investigate how people makes their
food choices. The neurocomputational understanding of
children’s “developing” brain mechanisms of dietary
decision-making go beyond what children or parents
report. This will be critical for providing unique transla-
tional information to develop age-appropriate obesogenic
dietary decision prevention interventions, along with creat-
ing practical guidance to children, parents, educators, and
policy-makers.

Previous neuroimaging studies that have examined food
intake in children can be categorized into two different types:
(1) response to food cue exposure (please see Table 1) and (2)
decisions based on food choices (please see Table 2). Here, we
summarize children’s neuroimaging studies that have been
conducted in the past five years (2016–2020).

Exposure to Food Cues

Exposure to food cues can elicit multiple brain responses related
to physiological, motivational, and cognitive processes of eating
behavior [35, 36]. Reward and valuation circuitry of individuals
with overweight/obesity demonstrate hypersensitively to highly
palatable (high-caloric) food (particularly when fasting), increas-
ing consumption of foods [37, 38]. Most food cue reactivity
studies employed simple passive-viewing paradigms, in which
experimental food images (alternating with control images) were
presented without a required task for participants. Findings have
suggested that children show similar patterns of neural activa-
tions to adults while engaging in passive viewing paradigms.
That is, studies show increased activations of reward signals on
exposure to palatable unhealthy foods in children. They also
show decreased activations of control signals in children with
obesity risks. For example, exposure to appetizing foods acti-
vates regions implicated in reward (e.g., orbitofrontal cortex
[OFC], striatum), gustatory processing (e.g., insula, postcentral
gyrus), emotion (e.g., amygdala), memory (e.g., hippocampus),
and attentional and visual processing (e.g., occipital and parietal
cortex) relative to nonfood cues [39]. Exposure to unhealthy food
cues activates regions implicated in attention and memory (e.g.,
inferior frontal gyrus, hippocampus), motor planning (e.g.,
precentral gyrus), and inhibitory control (e.g., dlPFC) compared
with healthy food cues [40]. The greater level of activation in
regions implicated in inhibitory control (e.g., medial prefrontal
cortex [mPFC], lateral orbitofrontal cortex [lOFC], posterior
parahippocampal gyrus [PPHG], dorsomedial prefrontal cortex
[dmPFC], dlPFC) on exposure to palatable, high-calorie, un-
healthy foods is associated with lower body mass index (BMI)
or lower percent body fat [39–41]. When levels of portion size
and energy density are varied, exposure to images of high
energy-dense foods has activated regions implicated in reward
and sensory signals (e.g., insula, fusiform gyrus, thalamus) com-
pared with low energy-dense foods [42, 43]. Exposure to large
portion sizes has reduced activations in regions implicated in
control compared with small portion sizes (e.g., inferior frontal
gyrus), which suggests that exposure to large food portions may
suppress inhibitory control that could result in overconsumption
[42•]. One study used words (text) for food and nonfood items,
and similar to studies using food images, exposure to food words
activates regions related to taste and reward signals (e.g., insula,
basal ganglia nuclei) compared with nonfood words [44].
Compared with adults, children have shown greater activation
in the region implicated in motor planning of ingesting foods
(i.e., precentral gyrus) in response to unhealthy relative to healthy
food images, which suggests that children may be more suscep-
tible to tempting unhealthy foods than adults [40].

Some studies have adopted a paradigm that delivers liquid
foods to participants (e.g., milkshake) after simulating antici-
pations to foods by viewing food images (e.g., a glass of
milkshake or water) as cues for anticipated foods during

238 Curr Nutr Rep  (2020) 9:236–250



Ta
bl
e
1

A
n
ab
ri
dg
ed

su
m
m
ar
y
of

re
ce
nt

ne
ur
oi
m
ag
in
g
st
ud
ie
s
in
ve
st
ig
at
in
g
br
ai
n
re
sp
on
se
s
on

ex
po
su
re

to
fo
od

cu
es

in
ch
ild

re
n

St
ud
y

Pa
rt
ic
ip
an
ts

T
op
ic
s

St
im

ul
i

S
tu
dy

de
si
gn

B
eh
av
io
ra
lf
in
di
ng
s

B
ra
in

re
gi
on
s

B
ra
in

ac
tiv

at
io
ns

C
on
cl
us
io
ns

A
di
se et
al
.,

20
18

7
to 11

ye
ar
s

A
nt
ic
ip
at
io
n

to
fo
od

re
w
ar
ds
;

fo
od

in
ta
ke

Fo
od
,m

on
ey
,

ne
ut
ra
li
m
ag
es

(t
yp
es

of
an
tic
ip
at
ed

re
w
ar
ds
)

A
nt
ic
ip
at
ed

re
w
ar
ds

in
w
in
ni
ng

vs
.n
o
w
in
ni
ng

co
nd
iti
on

w
hi
le

pl
ay
in
g
a

ca
rd
-g
ue
ss
in
g

pa
ra
di
gm

(f
M
R
I)
;f
oo
d

in
ta
ke

(a
d
lib

itu
m

ba
se
lin

e,
ov
er
in
du
lg
en
ce
,

sa
tia
tio

n
co
nd
iti
on
s)
;

he
al
th
y
w
ei
gh
tv

s.
ov
er
w
ei
gh
tg

ro
up

co
m
pa
ri
so
n

A
gr
ea
te
r
fo
od

in
ta
ke

w
as

fo
un
d
in

ba
se
lin

e
an
d

ov
er
in
du
lg
en
ce

co
nd
iti
on
s
in

ch
ild

re
n

w
ith

ov
er
w
ei
gh
t/o

be
se

co
m
pa
re
d
w
ith

he
al
th
y

w
ei
gh
tc
hi
ld
re
n

m
P
F
C
(r
ew

ar
d)
;d

lP
F
C

(i
nh
ib
ito

ry
co
nt
ro
l)

G
re
at
er

ac
tiv

at
io
n
in

th
e

m
PF

C
fo
r
an
tic
ip
at
io
n

to
fo
od

re
la
tiv

e
to

m
on
ey

w
as

po
si
tiv

el
y

co
rr
el
at
ed

w
ith

fo
od

in
ta
ke

in
th
e
ba
se
lin

e
an
d
ov
er
in
du
lg
en
ce

co
nd
iti
on
s.
G
re
at
er

ac
tiv

at
io
n
in

th
e
dl
P
F
C

fo
r
w
in
ni
ng

fo
od

re
la
tiv

e
to

m
on
ey

w
as

po
si
tiv

el
y
co
rr
el
at
ed

w
ith

fo
od

in
ta
ke

in
th
e

ov
er
in
du
lg
en
ce

an
d

sa
tia
tio

n
co
nd
iti
on
s.

N
o
w
ei
gh
ts
ta
tu
s

di
ff
er
en
ce

w
as

fo
un
d

H
ei
gh
te
ne
d
re
w
ar
d
va
lu
e

of
fo
od
s
an
d

hy
pe
rs
en
si
tiv

ity
to

an
tic
ip
at
or
y
fo
od

cu
es

ar
e
as
so
ci
at
ed

w
ith

th
e

vu
ln
er
ab
ili
ty

of
ov
er
ea
tin

g.
T
he

in
hi
bi
to
ry

sy
st
em

be
co
m
es

ac
tiv

at
ed

in
th
e
co
nt
ex
to

f
ov
er
in
du
lg
en
ce

an
d

sa
tia
tio

n.
B
ei
ng

ex
po
se
d
to

va
ri
ou
s

te
m
pi
ng

fo
od
s
ev
en

in
th
e
ab
se
nc
e
of

hu
ng
er

in
cr
ea
se
s
ov
er
ea
tin

g,
de
sp
ite

an
at
te
m
pt

to
su
pp
re
ss

ea
tin

g
be
ha
vi
or
s
by

ex
er
tin

g
in
hi
bi
to
ry

co
nt
ro
l

B
oh
on
,

20
17

6
to
8
ye
ar
s

Fo
od

ta
st
e

an
d

an
tic
ip
a-

tio
n
to

fo
od

cu
e

Im
ag
es

of
gl
as
se
s
of

be
ve
ra
ge
s

(m
ilk

sh
ak
e
an
d

w
at
er
)

Pa
ss
iv
e
vi
ew

in
g
of

im
ag
es

of
gl
as
se
s
of

be
ve
ra
ge
s
as

cu
es

fo
r

an
tic
ip
at
ed

ta
st
es

of
be
ve
ra
ge
s
an
d

be
ve
ra
ge

ta
st
in
g

(f
M
R
I)
;h

ea
lth

y
w
ei
gh
t

vs
.o
ve
rw

ei
gh
tg

ro
up

co
m
pa
ri
so
n

In
su
la
(t
as
te
),
op
er
cu
lu
m

(g
us
ta
to
ry

pr
oc
es
si
ng
),

pr
ec
en
tr
al
gy
ru
s
(m

ot
or

pl
an
ni
ng
),
an
gu
la
r

gy
ru
s
(t
as
te
re
w
ar
d)
,

pr
ec
un
eu
s
(a
tte
nt
io
na
l

sa
lie
nc
e)

an
d
ci
ng
ul
at
e

(r
ew

ar
d)

G
re
at
er

ac
tiv

at
io
ns

oc
cu
rr
ed

in
th
e
in
su
la
,

op
er
cu
lu
m
,p
re
ce
nt
ra
l

gy
ru
s,
an
gu
la
r
gy
ru
s,

pr
ec
un
eu
s,
an
d

ci
ng
ul
at
e
in
re
sp
on
se

to
m
ilk

sh
ak
e
re
la
tiv

e
to

w
at
er

in
ov
er
w
ei
gh
t

ch
ild

re
n
co
m
pa
re
d

w
ith

he
al
th
y
w
ei
gh
t

ch
ild

re
n.
A
ct
iv
at
io
ns

to
an
tic
ip
at
ed

fo
od

cu
es

w
er
e
no
td

if
fe
re
nt

be
tw
ee
n
gr
ou
ps

T
as
tin

g
sw

ee
tl
iq
ui
d
fo
od
s

ac
tiv

at
es

ta
st
e
or
ie
nt
ed
,

re
w
ar
d
si
gn
al
s
in

yo
un
g
ch
ild

re
n
w
ith

ov
er
w
ei
gh
t

C
ar
ne
ll

et
al
.,

20
17

14
to 19

ye
ar
s

Fa
m
ili
al

ob
es
ity

ri
sk
,

en
er
gy

de
ns
ity

(E
D
)

W
or
ds

(h
ig
h
E
D
,

lo
w
E
D
fo
od
s
an
d

no
nf
oo
d
ite
m
s)
;

fo
od

in
ta
ke

Pa
ss
iv
e
vi
ew

in
g
of

w
or
ds

re
pr
es
en
tin

g
hi
gh

E
D
,

lo
w
E
D
,a
nd

no
nf
oo
d

ite
m
s;
fo
od

in
ta
ke

(a
d

lib
itu

m
);
w
ei
gh
ts
ta
tu
s

an
d
fa
m
ili
al
ob
es
ity

ri
sk

gr
ou
p
co
m
pa
ri
so
ns

(o
ve
rw

ei
gh
t,
he
al
th
y

w
ei
gh
tw

ith
ob
es
e/
ov
er
w
ei
gh
t

m
ot
he
rs
,a
nd

he
al
th
y

T
he

am
ou
nt

of
fo
od

in
ta
ke

w
as

gr
ea
te
st
fo
r

th
e
ov
er
w
ei
gh
t,

hi
gh
-r
is
k
he
al
th
y

w
ei
gh
tg

ro
up
,a
nd

th
en

lo
w
-r
is
k
he
al
th
y

w
ei
gh
tg

ro
up

In
su
la
(t
as
te
),
A
C
C

(a
tte
nt
io
n
al
lo
ca
tio

n,
re
w
ar
d
an
tic
ip
at
io
n,

co
gn
iti
ve

co
nt
ro
l)
;

dl
PF

C
(i
nh
ib
ito

ry
co
nt
ro
l)
,a
nd

ba
sa
l

ga
ng
lia

nu
cl
ei
(r
ew

ar
d

pr
oc
es
si
ng
)

G
re
at
er

ac
tiv

at
io
ns

oc
cu
rr
ed

in
th
e
in
su
la

an
d
A
C
C
in

re
sp
on
se

to
fo
od

re
la
tiv

e
to

no
nf
oo
d
w
or
ds

in
al
l

th
re
e
gr
ou
ps
.A

s
th
e

ri
sk

of
ob
es
ity

in
cr
ea
se
d
ac
ro
ss

th
re
e

gr
ou
ps
,t
he

in
te
ns
ity

of
ac
tiv

at
io
ns

in
th
e

dl
P
FC

,A
C
C
,a
nd

ba
sa
l

W
or
ds

re
pr
es
en
tin

g
fo
od
s

ac
tiv

at
e
a
re
w
ar
d

sy
st
em

.W
or
ds

re
pr
es
en
tin

g
fo
od
s

su
pp
re
ss

a
co
nt
ro
l

sy
st
em

in
ad
ol
es
ce
nt
s

as
th
e
ri
sk

of
ob
es
ity

in
cr
ea
se
s

239Curr Nutr Rep  (2020) 9:236–250



T
ab

le
1

(c
on
tin

ue
d)

St
ud
y

Pa
rt
ic
ip
an
ts

T
op
ic
s

St
im

ul
i

S
tu
dy

de
si
gn

B
eh
av
io
ra
lf
in
di
ng
s

B
ra
in

re
gi
on
s

B
ra
in

ac
tiv

at
io
ns

C
on
cl
us
io
ns

w
ei
gh
tw

ith
he
al
th
y

w
ei
gh
tm

ot
he
rs
)

ga
ng
lia

nu
cl
ei

de
cr
ea
se
d
in

re
sp
on
se

to
hi
gh

E
D
re
la
tiv

e
to

lo
w
E
D
fo
od
s

E
ng
lis
h

et
al
.,

20
16

7
to 10

ye
ar
s

Po
rt
io
n
si
ze
;

en
er
gy

de
ns
ity

(E
D
)

Fo
od

an
d
no
nf
oo
d

im
ag
es

Pa
ss
iv
e
vi
ew

in
g
of

fo
od

im
ag
es

va
ry
in
g
po
rt
io
n

si
ze
s
an
d
E
D
s

In
fe
ri
or

fr
on
ta
lg

yr
us

(i
nh
ib
iti
on
);
fu
si
fo
rm

gy
ru
s
(v
is
ua
lc
ue

pr
oc
es
si
ng
),
in
su
la

(t
as
te
),
su
pe
ri
or

te
m
po
ra
lg

yr
us

(g
us
ta
to
ry

pr
oc
es
si
ng
)

L
ow

er
ac
tiv

at
io
n

oc
cu
rr
ed

in
th
e
in
fe
ri
or

fr
on
ta
lg

yr
us

in
re
sp
on
se

to
hi
gh

PS
re
la
tiv

e
to

lo
w
PS

.
G
re
at
er

ac
tiv

at
io
ns

oc
cu
rr
ed

in
th
e

fu
si
fo
rm

gy
ru
s
an
d

in
su
la
in

re
sp
on
se

to
hi
gh

E
D
re
la
tiv

e
to
lo
w

E
D
.A

n
in
te
ra
ct
io
n

be
tw
ee
n
PS

an
d
E
D

w
as

fo
un
d
in

th
e

su
pe
ri
or

te
m
po
ra
l

gy
ru
s

E
xp
os
ur
e
to
la
rg
e
po
rt
io
ns

of
fo
od

su
pp
re
ss
es

in
hi
bi
to
ry

co
nt
ro
l.

E
xp
os
ur
e
to

hi
gh

en
er
gy
-d
en
se

fo
od
s

ac
tiv

at
es

re
w
ar
d
an
d

ta
st
e
pr
oc
es
si
ng

si
gn
al
s

Fe
ar
nb
ac
h

et
al
.,

20
16

7
to 10

ye
ar
s

Po
rt
io
n
si
ze
;

bo
dy

co
m
po
si
-

tio
n
(f
at

fr
ee

m
as
s,

FF
M
)
an
d

en
er
gy

de
ns
ity

(E
D
)

Fo
od

an
d
no
nf
oo
d

im
ag
es

Fo
od

in
ta
ke

va
ry
in
g
PS

s
an
d
E
D
s
fo
r
vi
si
t1

–4
;

pa
ss
iv
e
vi
ew

in
g
of

hi
gh

an
d
lo
w
E
D
fo
od

im
ag
es

at
vi
si
t5

(f
M
R
I)

T
ha
la
m
us

(s
en
so
ry

pr
oc
es
si
ng
);
su
bs
ta
nt
ia

ni
gr
a
(r
ew

ar
d,

m
ot
iv
at
io
na
ld

ri
ve
s)

G
re
at
er

ac
tiv

at
io
n

oc
cu
rr
ed

in
th
e

th
al
am

us
in
re
sp
on
se

to
hi
gh

E
D
re
la
tiv

e
to
lo
w

E
D
.G

re
at
er

ac
tiv

at
io
n

el
ic
ite
d
in

th
e

su
bs
ta
nt
ia
ni
gr
a
in

re
sp
on
se

to
hi
gh

re
la
tiv

e
to

lo
w
E
D
w
as

po
si
tiv

el
y
co
rr
el
at
ed

w
ith

FF
M

H
ig
h
en
er
gy
-d
en
se

fo
od
s

st
im

ul
at
e
th
e
gu
st
at
or
y

ne
tw
or
k.
L
ow

bo
dy

fa
t

st
at
us

is
re
la
te
d
to

hi
gh
er
re
w
ar
d
va
lu
es

of
hi
gh

en
er
gy
-d
en
se

fo
od
s,
w
hi
ch

m
ay

be
lin

ke
d
to

th
e
re
qu
ir
ed

gr
ea
te
r
en
er
gy

co
ns
um

pt
io
ns

G
ea
rh
ar
dt

et
al
.,

20
20

13
to 16

ye
ar
s

Im
pa
ct
of

fo
od

ad
ve
rt
is
-

in
g;

fo
od

in
ta
ke

U
nh
ea
lth

y
an
d

he
al
th
ie
r
fa
st
-f
oo
d

co
m
m
er
ci
al
s,

no
nf
oo
d

co
m
m
er
ci
al
s

Pa
ss
iv
e
vi
ew

in
g
of

co
m
m
er
ci
al
s
(f
M
R
I)
;

co
m
m
er
ci
al
pr
ef
er
en
ce

ra
tin

gs
;f
oo
d
in
ta
ke

in
a

si
m
ul
at
ed

fa
st
-f
oo
d

re
st
au
ra
nt

U
nh
ea
lth

y
fa
st
-f
oo
d

co
m
m
er
ci
al
s
w
er
e

pr
ef
er
re
d
to

he
al
th
ie
r

fa
st
-f
oo
d
co
m
m
er
ci
al
s.

N
on
fo
od

co
m
m
er
ci
al
s

(i
.e
.p
ho
ne
)
w
er
e

pr
ef
er
re
d
to

bo
th

fo
od

co
m
m
er
ci
al
s.
T
he

am
ou
nt
s
of

un
he
al
th
y

an
d
he
al
th
ie
r
fa
st
-f
oo
d

in
ta
ke

w
er
e
ne
ga
tiv

el
y

co
rr
el
at
ed
.T

he
hu
ng
er

le
ve
lw

as
co
rr
el
at
ed

w
ith

to
ta
la
nd

un
he
al
th
y
fo
od

in
ta
ke
,

C
au
da
te
nu
cl
eu
s
(r
ew

ar
d)
,

hi
pp
oc
am

pu
s

(m
em

or
y)
,a
nt
er
io
r

ce
re
be
llu

m
(s
en
so
ry

m
ot
or
),
pr
ec
un
eu
s

(a
tte
nt
io
na
ls
al
ie
nc
e)
,

nu
cl
eu
s
ac
cu
m
be
ns

(r
ew

ar
d)

G
re
at
er

ac
tiv

at
io
ns

in
th
e

ca
ud
at
e
nu
cl
eu
s
w
hi
le

vi
ew

in
g
un
he
al
th
y

fo
od

co
m
m
er
ci
al
s

co
m
pa
re
d
w
ith

no
nf
oo
d
co
m
m
er
ci
al
s

w
er
e
re
la
te
d
to

gr
ea
te
r

to
ta
lf
oo
d
in
ta
ke
.

G
re
at
er

ac
tiv

at
io
ns

in
th
e
nu
cl
eu
s

ac
cu
m
be
ns
,

hi
pp
oc
am

pu
s,
an
d

an
te
ri
or

ce
re
be
llu

m
in

re
sp
on
se

to
he
al
th
ie
r

re
la
tiv

e
to

no
nf
oo
d

T
he

ex
po
su
re

to
un
he
al
th
y
fo
od

co
m
m
er
ci
al
s
in
cr
ea
se
s

ov
er
ea
tin

g
th
ro
ug
h

re
w
ar
d
sy
st
em

s.
R
ed
uc
in
g
ex
po
su
re

to
un
he
al
th
y
fo
od

co
m
m
er
ci
al
s
an
d

en
ha
nc
in
g
th
e
ab
ili
ty
to

su
pp
re
ss

at
te
nt
io
na
l

bi
as

to
fo
od

cu
es

in
co
m
m
er
ci
al
s
w
ill

be
im

po
rt
an
tf
or

ob
es
ity

pr
ev
en
tio

n
an
d

in
te
rv
en
tio

n

240 Curr Nutr Rep  (2020) 9:236–250



T
ab

le
1

(c
on
tin

ue
d)

St
ud
y

Pa
rt
ic
ip
an
ts

T
op
ic
s

St
im

ul
i

S
tu
dy

de
si
gn

B
eh
av
io
ra
lf
in
di
ng
s

B
ra
in

re
gi
on
s

B
ra
in

ac
tiv

at
io
ns

C
on
cl
us
io
ns

bu
tn

ot
w
ith

he
al
th
y

fo
od

in
ta
ke

co
m
m
er
ci
al
s
w
er
e

re
la
te
d
to

gr
ea
te
r
to
ta
l

an
d
un
he
al
th
y
fo
od

in
ta
ke
.L

ow
er

ac
tiv

at
io
n
in

th
e

pr
ec
un
eu
s
in

re
sp
on
se

to
un
he
al
th
y
re
la
tiv

e
to

he
ar
tie
r
co
m
m
er
ci
al
s

w
as

re
la
te
d
to

he
al
th
ie
r

fo
od

in
ta
ke

L
uo

et
al
.,

20
19

7
to 11

ye
ar
s

H
ea
lth

y
an
d

un
he
al
th
y

fo
od

im
ag
es

A
pp
et
iz
in
g
fo
od

an
d

no
nf
oo
d
im

ag
es

Pa
ss
iv
e
vi
ew

in
g
of

fo
od

im
ag
es

(f
M
R
I)
;h
ea
lth

y
w
ei
gh
tv

s.
ov
er
w
ei
gh
t

gr
ou
p
co
m
pa
ri
so
n

O
FC

(r
ew

ar
d)
,s
tr
ia
tu
m

(m
ot
iv
at
io
n)
,i
ns
ul
a

(t
as
te
),
po
st
ce
nt
ra
l

gy
ru
s
(t
as
te
),

hy
po
th
al
am

us
(m

et
ab
ol
ic
si
gn
al
in
g)
,

am
yg
da
la
(e
m
ot
io
n)
,

hi
pp
oc
am

pu
s

(m
em

or
y)
,o
cc
ip
ita
l

an
d
pa
ri
et
al
co
rt
ex

(a
tte
nt
io
n
an
d
vi
su
al

pr
oc
es
si
ng
);
m
PF

C
(c
og
ni
tiv

e
co
nt
ro
l)
,

lO
FC

(c
og
ni
tiv

e
co
nt
ro
l)

G
re
at
er

ac
tiv

at
io
ns

oc
cu
rr
ed

in
th
e
O
F
C
,

st
ri
at
um

,i
ns
ul
a,

po
st
ce
nt
ra
lg

yr
us
,

hy
po
th
al
am

us
,

am
yg
da
la
,

hi
pp
oc
am

pu
s,
oc
ci
pi
ta
l

co
rt
ex
,a
nd

pa
ri
et
al

co
rt
ex

in
re
sp
on
se

to
fo
od

re
la
tiv

e
to

no
nf
oo
d
cu
es
.G

re
at
er

ac
tiv

at
io
ns

in
th
e

m
PF

C
an
d
la
te
ra
lO

F
C

in
re
sp
on
se

to
fo
od

re
la
tiv

e
to

no
nf
oo
d

cu
es

w
er
e
re
la
te
d
to

lo
w
er

pe
rc
en
tb

od
y
fa
t

w
he
n
ag
e
an
d
se
x
w
er
e

co
nt
ro
lle
d

F
oo
d
cu
es

ac
tiv

at
e
re
w
ar
d

an
d
m
ot
iv
at
io
n,

em
ot
io
n,
m
em

or
y,

ta
st
e,
an
d
at
te
nt
io
n
an
d

vi
su
al
pr
oc
es
si
ng

in
ch
ild

re
n.
A
ct
iv
at
io
n
of

co
nt
ro
ls
ig
na
ls
to

fo
od

cu
es

is
as
so
ci
at
ed

w
ith

lo
w
fa
tm

as
s

M
as
te
rs
on

et
al
.,

20
19

7
to 10

ye
ar
s

Im
pa
ct
of

fo
od

br
an
ds
;

fo
od

in
ta
ke

Fo
od

br
an
ds
,

no
nf
oo
d
br
an
ds
,

co
nt
ro
li
m
ag
es

Pa
ss
iv
e
vi
ew

in
g
of

fo
od

br
an
ds
,n
on
fo
od

br
an
ds
,a
nd

co
nt
ro
l

im
ag
es

(f
M
R
I)
;f
oo
d

co
ns
um

pt
io
n
in

fo
od

pa
ck
ag
in
g
w
ith

fa
m
ili
ar

br
an
ds
,n
ov
el

br
an
ds
,a
nd

no
br
an
d

co
nd
iti
on
s

T
he
re

w
as

no
en
er
gy

ta
ke

di
ff
er
en
ce

be
tw
ee
n

fo
od

pa
ck
ag
in
g

co
nd
iti
on
s

L
in
gu
al
gy
ru
s
(v
is
ua
l

at
te
nt
io
n)
,f
us
if
or
m

gy
ru
s
(v
is
ua
lc
ue

pr
oc
es
si
ng
)

G
re
at
er

ac
tiv

at
io
n

oc
cu
rr
ed

in
th
e
lin

gu
al

gy
ru
s
in

re
sp
on
se

to
fo
od

re
la
tiv

e
to

no
nf
oo
d
br
an
ds
.

G
re
at
er

ac
tiv

at
io
n

oc
cu
rr
ed

in
th
e

fu
si
fo
rm

gy
ru
s
in

re
sp
on
se

to
fo
od

an
d

no
nf
oo
d
br
an
ds

re
la
tiv

e
to

co
nt
ro
l.

L
ow

er
ac
tiv

at
io
n
in

th
e

fu
si
fo
rm

gy
ru
s
to

fo
od

an
d
no
nf
oo
d
br
an
d

im
ag
es

w
as

ne
ga
tiv

el
y

Fo
od

lo
go
s
ac
tiv

at
e
a

st
ro
ng
er

at
te
nt
io
na
l

bi
as

th
an

no
nf
oo
d

lo
go
s.
A
tte
nu
at
ed

ac
tiv

at
io
n
to

br
an
d

lo
go
s
in

th
e
fu
si
fo
rm

gy
ru
s
m
ig
ht

in
di
ca
te

su
sc
ep
tib

ili
ty

to
fo
od

ad
ve
rt
is
in
g

241Curr Nutr Rep  (2020) 9:236–250



T
ab

le
1

(c
on
tin

ue
d)

St
ud
y

Pa
rt
ic
ip
an
ts

T
op
ic
s

St
im

ul
i

S
tu
dy

de
si
gn

B
eh
av
io
ra
lf
in
di
ng
s

B
ra
in

re
gi
on
s

B
ra
in

ac
tiv

at
io
ns

C
on
cl
us
io
ns

co
rr
el
at
ed

w
ith

fo
od

in
ta
ke

S
am

ar
a

et
al
.,

20
18

8
to 10

ye
ar
s

H
ig
h
ca
lo
ri
c

fo
od

cu
es

H
ig
h-
ca
lo
ri
e
fo
od

an
d
no
nf
oo
d

im
ag
es

Pa
ss
iv
e
vi
ew

in
g
of

fo
od

im
ag
es

(f
M
R
I)
;h
ea
lth

y
w
ei
gh
tv

s.
ov
er
w
ei
gh
t

gr
ou
p
co
m
pa
ri
so
n

Po
st
er
io
r

pa
ra
hi
pp
oc
am

pa
lg
yr
us

(P
PH

G
-m

em
or
y

en
co
di
ng

an
d

re
tr
ie
va
l)
,d
m
PF

C
(c
og
ni
tiv

e
co
nt
ro
l,

co
m
pl
ex

de
ci
si
on

m
ak
in
g)

G
re
at
er

ac
tiv

at
io
ns

in
th
e

P
P
H
G
an
d
dm

P
F
C
in

re
sp
on
se

to
fo
od

im
ag
es

oc
cu
rr
ed

on
ly

in
he
al
th
y
w
ei
gh
t

ch
ild

re
n

H
ig
h-
ca
lo
ri
e
fo
od

cu
es

ac
tiv

at
e
co
gn
iti
ve

co
nt
ro
la
nd

m
em

or
y

pr
oc
es
s
in

he
al
th
y

w
ei
gh
tc
hi
ld
re
n,
bu
t

no
ti
n
ov
er
w
ei
gh
t

ch
ild

re
n.
H
ea
lth

y
w
ei
gh
tc
hi
ld
re
n
m
ay

re
tr
ie
ve

an
d
pr
oc
es
s
th
e

va
lu
e
of

he
al
th
in
es
s

fo
rm

ed
in

pa
st

ex
pe
ri
en
ce

S
he
ar
re
r

et
al
.,

20
18

14
to 16

ye
ar
s

Pa
re
nt
al

ob
es
ity

ri
sk
,t
he

im
pa
ct
of

fa
ta
nd

su
ga
r
on

fo
od

in
ta
ke

Im
ag
es

of
gl
as
se
s
of

liq
ui
d
fo
od
s

(m
ilk

sh
ak
e
an
d

w
at
er
),
liq

ui
d

fo
od
s
va
ry
in
g
in

fa
ta
nd

su
ga
r

co
nt
en
t;
fo
od

im
ag
es

(a
pp
et
iz
in
g,

un
ap
pe
tiz
in
g,
an
d

gl
as
s
of

w
at
er
)

Pa
ss
iv
e
im

ag
e
vi
ew

in
g
of

gl
as
se
s
of

liq
ui
d
fo
od
s

as
cu
es

fo
r
an
tic
ip
at
ed

ta
st
es

an
d
liq

ui
d
fo
od

ta
st
in
g
(f
M
R
I)
;p

as
si
ve

vi
ew

in
g
of

fo
od

im
ag
es

(f
M
R
I)
;3

-y
ea
r

fo
llo

w
-u
p
fo
r

m
ea
su
ri
ng

w
ei
gh
tg

ai
n

H
ig
h-
ob
es
ity

-r
is
k

ad
ol
es
ce
nt
s
ha
d
a

si
gn
if
ic
an
tly

hi
gh
er

B
M
I
co
m
pa
re
d
w
ith

lo
w
-o
be
si
ty
-r
is
k

ad
ol
es
ce
nt
s
at
th
e

3
ye
ar

fo
llo

w
-u
p,

al
th
ou
gh

th
er
e
w
as

no
di
ff
er
en
ce

in
th
ei
r

ba
se
lin

e
B
M
I
be
tw
ee
n

tw
o
gr
ou
ps

A
nt
er
io
r
in
su
la
,l
O
F
C
,

po
st
ce
nt
ra
lg

yr
us
,a
nd

ve
nt
ra
lp
re
ce
nt
ra
lg
yr
us

(g
us
ta
to
ry

an
d
re
w
ar
d

pr
oc
es
si
ng
,m

ot
or

pl
an
ni
ng
);
ca
ud
at
e,

ce
nt
ra
lo

pe
rc
ul
um

,
su
pe
ri
or

te
m
po
ra
l

gy
ru
s,
ju
xt
ap
os
iti
on
al

lo
bu
le
,t
ha
la
m
us

(g
us
ta
to
ry

pr
oc
es
si
ng
,

sa
lie
nc
e,
m
ot
iv
at
io
n,

re
w
ar
d
le
ar
ni
ng
)

G
re
at
er

ac
tiv

at
io
ns

oc
cu
rr
ed

in
th
e
an
te
ri
or

in
su
la
,l
O
F
C
,

po
st
ce
nt
ra
lg

yr
us
,a
nd

ve
nt
ra
lp
re
ce
nt
ra
lg
yr
us

in
re
sp
on
se

to
m
ilk

sh
ak
es

(i
n
al
lf
at

an
d
su
ga
r

co
m
bi
na
tio

ns
)
re
la
tiv

e
to

w
at
er

in
hi
gh
-o
be
si
ty
-r
is
k

co
m
pa
re
d
w
ith

lo
w
-o
be
si
ty
-r
is
k

pa
rt
ic
ip
an
ts
.G

re
at
er

ac
tiv

at
io
ns

oc
cu
rr
ed

in
th
e
ca
ud
at
e,
ce
nt
ra
l

op
er
cu
lu
m
,s
up
er
io
r

te
m
po
ra
lg

yr
us
,

ju
xt
ap
os
iti
on
al
lo
bu
le
,

an
d
th
al
am

us
in

re
sp
on
se

to
hi
gh
-s
ug
ar
/lo
w
fa
t

m
ilk

sh
ak
e
re
la
tiv

e
to

w
at
er

in
hi
gh
-o
be
si
ty

ri
sk

co
m
pa
re
d
w
ith

lo
w
-o
be
si
ty
-r
is
k

pa
rt
ic
ip
an
ts

E
le
va
te
d
gu
st
at
or
y,

so
m
at
os
en
so
ry
,s
tr
ia
ta
l,

he
do
ni
c-
ba
se
d
re
w
ar
d

pr
oc
es
si
ng

in
re
sp
on
se

to
fo
od

cu
es

w
ith

hi
gh

su
ga
r
co
nt
ri
bu
te
to

th
e

in
cr
ea
se
d
ri
sk

of
de
ve
lo
pi
ng

ob
es
ity

S
tic
e
&

Y
ok
ym

,
20
16

14
to 16

ye
ar
s

Fo
od

ta
st
e

an
d

an
tic
ip
a-

tio
n
to

Im
ag
es

of
gl
as
se
s
of

liq
ui
d
fo
od
s

(m
ilk

sh
ak
e
an
d

w
at
er
),
liq

ui
d

F
oo
d
re
w
ar
d
pa
ra
di
gm

:
pa
ss
iv
e
im

ag
e
vi
ew

in
g

of
gl
as
se
s
of

liq
ui
d

fo
od
s
as

cu
es

fo
r

A
do
le
sc
en
ts
w
ho

ga
in
ed

bo
dy

fa
to

ve
r
3-
ye
ar

fo
llo

w
-u
p
sh
ow

ed
a

hi
gh
er

bo
dy

fa
t

Pu
ta
m
en

(r
ew

ar
d)
,i
ns
ul
a

(t
as
te
),
R
ol
an
di
c

op
er
cu
lu
m

(g
us
ta
to
ry

G
re
at
er

ac
tiv

at
io
ns

oc
cu
rr
ed

in
th
e

pu
ta
m
en
,i
ns
ul
a,
an
d

R
ol
an
di
c
op
er
cu
lu
m

in

E
le
va
te
d
gu
st
at
or
y
an
d

re
w
ar
d
pr
oc
es
si
ng

in
ac
tiv

at
io
n
to

fo
od

cu
es

242 Curr Nutr Rep  (2020) 9:236–250



T
ab

le
1

(c
on
tin

ue
d)

St
ud
y

Pa
rt
ic
ip
an
ts

T
op
ic
s

St
im

ul
i

S
tu
dy

de
si
gn

B
eh
av
io
ra
lf
in
di
ng
s

B
ra
in

re
gi
on
s

B
ra
in

ac
tiv

at
io
ns

C
on
cl
us
io
ns

fo
od

cu
e;

w
ei
gh
t

ga
in

fo
od
s
(m

ilk
sh
ak
e

an
d
w
at
er
)

an
tic
ip
at
ed

ta
st
es

an
d

liq
ui
d
fo
od

ta
st
in
g

(f
M
R
I)
;m

on
ey

re
w
ar
d

pa
ra
di
gm

:p
as
si
ve

im
ag
e
vi
ew

in
g
of

th
re
e

co
in
s
fo
llo

w
ed

by
w
in
ni
ng

or
lo
si
ng

ou
tc
om

es
;f
oo
d
an
d

m
on
et
ar
y

re
in
fo
rc
em

en
t

pa
ra
di
gm

s
(b
eh
av
io
ra
l)
;

pl
ea
sa
nt
in
g,
w
an
tin

g,
an
d
fa
m
ili
ar
ity

ra
tin

gs
of

be
ve
ra
ge
s;
3-
ye
ar

fo
llo

w
-u
p
fo
r

m
ea
su
ri
ng

w
ei
gh
tg

ai
n

pe
rc
en
ta
ge
,B

M
I,
an
d

m
ilk

sh
ak
e
w
an
tin

g
ra
tin

gs
co
m
pa
re
d
w
ith

th
os
e
w
ho

lo
st
bo
dy

fa
t.
O
ve
r
tim

e,
ad
ol
es
ce
nt
s
w
ho

ga
in
ed

bo
dy

fa
t

sh
ow

ed
a
si
gn
if
ic
an
t

in
cr
ea
se

in
m
ilk

sh
ak
e

w
an
tin

g
an
d
a
de
cr
ea
se

in
w
or
ki
ng

tim
e
to
ea
rn

fo
od

an
d
m
on
et
ar
y

re
w
ar
ds

pr
oc
es
si
ng
);
pr
ec
un
eu
s

(a
tte
nt
io
na
ls
al
ie
nc
e)

re
sp
on
se
to
an
tic
ip
at
io
n

to
m
ilk

sh
ak
e
re
la
tiv

e
to

w
at
er

in
ad
ol
es
ce
nt
s

w
ith

bo
dy

fa
tg

ai
n

co
m
pa
re
d
w
ith

th
os
e

w
ith

st
ab
le
bo
dy

fa
t.

G
re
at
er

ac
tiv

at
io
n

oc
cu
rr
ed

in
th
e

pr
ec
un
eu
s
in

re
sp
on
se

to
an
tic
ip
at
io
n
to

m
ilk

sh
ak
e
re
la
tiv

e
to

w
at
er

in
ad
ol
es
ce
nt
s

w
ith

bo
dy

fa
tg

ai
n

co
m
pa
re
d
w
ith

th
os
e

w
ith

bo
dy

fa
tl
os
s
or

st
ab
le
bo
dy

fa
t

ar
e
re
la
te
d
to

bo
dy

fa
t

ga
in

S
tic
e
&

Y
ok
ym

,
20
18

14
to 16

ye
ar
s

Fo
od

ta
st
e

an
d

an
tic
ip
a-

tio
n
to

fo
od

cu
e;

W
ei
gh
t

ga
in

Im
ag
es

of
gl
as
se
s
of

liq
ui
d
fo
od
s

(m
ilk

sh
ak
e
an
d

w
at
er
),
liq

ui
d

fo
od
s
va
ry
in
g
in

fa
ta
nd

su
ga
r

co
nt
en
t;
fo
od

im
ag
es

(a
pp
et
iz
in
g,

un
ap
pe
tiz
in
g,
an
d

gl
as
s
of

w
at
er
)

Pa
ss
iv
e
im

ag
e
vi
ew

in
g
of

gl
as
se
s
of

liq
ui
d
fo
od
s

as
cu
es

fo
r
an
tic
ip
at
ed

ta
st
es

an
d
liq

ui
d
fo
od

ta
st
in
g
(f
M
R
I)
;p

as
si
ve

vi
ew

in
g
of

fo
od

im
ag
es

(f
M
R
I)
;3

-y
ea
r

fo
llo

w
-u
p
fo
r

m
ea
su
ri
ng

w
ei
gh
tg

ai
n

11
.3
%

of
pa
rt
ic
ip
an
ts

de
ve
lo
pe
d
ov
er
w
ei
gh
t

or
ob
es
ity

ov
er

3-
ye
ar

fo
llo

w
-u
p

Pr
e-
SM

A
(m

ot
or

in
hi
bi
to
ry

co
nt
ro
l)
;

pr
ec
en
tr
al
gy
ru
s
(m

ot
or

pl
an
ni
ng
),
R
ol
an
di
c

op
er
cu
lu
m

(g
us
ta
to
ry

pr
oc
es
si
ng
);
vm

PF
C

(r
ew

ar
d)

L
ow

er
ac
tiv

at
io
n
in

th
e

pr
e-
SM

A
in

re
sp
on
se

to
hi
gh
-f
at
/lo

w
-s
ug
ar

m
ilk

sh
ak
e
re
la
tiv

e
to

w
at
er

pr
ed
ic
te
d
B
M
I

ga
in

an
d
lo
w
er

le
ve
lo

f
di
et
ar
y
re
st
ra
in
t.

G
re
at
er

ac
tiv

at
io
ns

in
th
e
pr
ec
en
tr
al
gy
ru
s

an
d
R
ol
an
di
c

op
er
cu
lu
m

in
re
sp
on
se

to
ap
pe
tiz
in
g
fo
od

im
ag
es

re
la
tiv

e
to

co
nt
ro
lp

re
di
ct
ed

B
M
I

ga
in
.L

ow
er

ac
tiv

at
io
n

in
th
e
vm

P
F
C
in

re
sp
on
se

to
ap
pe
tiz
in
g

re
la
tiv

e
to
un
ap
pe
tiz
in
g

fo
od

im
ag
es

pr
ed
ic
te
d

B
M
I
ga
in

L
ow

er
m
ot
or

in
hi
bi
to
ry

co
nt
ro
li
n
ac
tiv

at
io
n
to

hi
gh
-c
al
or
ie
fo
od

ta
st
e

co
nt
ri
bu
te
s
to

w
ei
gh
t

ga
in
.I
nc
re
as
ed

ac
tiv

at
io
ns

of
m
ot
or

pl
an
ni
ng

an
d
or
al

so
m
at
os
en
so
ry

pr
oc
es
si
ng

in
ac
tiv

at
io
n

to
pa
la
ta
bl
e
fo
od

cu
es

ar
e
ri
sk

fa
ct
or
s
fo
r

ov
er
ea
tin

g
an
d
w
ei
gh
t

ga
in
.E

le
va
te
d
re
w
ar
d

re
gi
on

si
gn
al
w
as

no
t

ev
id
en
ce
d
fo
r
fu
tu
re

w
ei
gh
tg

ai
n

va
n
M
ee
r

et
al
.,

20
16

10
to 12

ye
ar
-

s;
ad
ul
ts

(p
ar
en
ts
)

U
nh
ea
lth

y
an
d

he
al
th
y

fo
od

cu
es
;

he
al
th
i-

ne
ss

an
d

lik
in
g

at
tr
ib
ut
es

H
ea
lth

y
an
d

un
he
al
th
y
fo
od

im
ag
es

Pa
ss
iv
e
vi
ew

in
g
of

fo
od

im
ag
es

(f
M
R
I)
;

he
al
th
in
es
s
an
d
lik

in
g

ra
tin

gs
:c
hi
ld
re
n
an
d

ad
ul
ts
(p
ar
en
t)

co
m
pa
ri
so
n

In
fe
ri
or

fr
on
ta
lg

yr
us

(a
tte
nt
io
na
lc
on
tr
ol
),

pr
ec
en
tr
al
gy
ru
s
(m

ot
or

pl
an
ni
ng
),

hi
pp
oc
am

pu
s

(m
em

or
y)
,d
lP
F
C

(i
nh
ib
ito

ry
co
nt
ro
l)

G
re
at
er

ac
tiv

at
io
ns

oc
cu
rr
ed

in
th
e
in
fe
ri
or

fr
on
ta
lg

yr
us
,

pr
ec
en
tr
al
gy
ru
s,

hi
pp
oc
am

pu
s,
an
d

dl
P
FC

in
re
sp
on
se

to
un
he
al
th
y
re
la
tiv

e
to

he
al
th
y
fo
od

im
ag
es

in

U
nh
ea
lth

y
fo
od

cu
es

ac
tiv

at
e
st
ro
ng
er

at
te
nt
io
n,
m
em

or
y

pr
oc
es
si
ng
,a
nd

m
ot
or

pl
an
ni
ng

(i
ng
es
tin

g
of

fo
od
)
co
m
pa
re

w
ith

he
al
th
y
fo
od

cu
es

in
ch
ild

re
n.
A
ct
iv
at
io
n
of

243Curr Nutr Rep  (2020) 9:236–250



T
ab

le
1

(c
on
tin

ue
d)

St
ud
y

Pa
rt
ic
ip
an
ts

T
op
ic
s

St
im

ul
i

S
tu
dy

de
si
gn

B
eh
av
io
ra
lf
in
di
ng
s

B
ra
in

re
gi
on
s

B
ra
in

ac
tiv

at
io
ns

C
on
cl
us
io
ns

ch
ild

re
n.
G
re
at
er

ac
tiv

at
io
n
in

th
e
dl
P
F
C

in
re
sp
on
se

to
un
he
al
th
y
fo
od

im
ag
es

w
as

re
la
te
d
to

lo
w
er

B
M
I
in

ch
ild

re
n.

G
re
at
er

ac
tiv

at
io
n

oc
cu
rr
ed

in
th
e

pr
ec
en
tr
al
gy
ru
s
in

re
sp
on
se

to
un
he
al
th
y

re
la
tiv

e
to

he
al
th
y
fo
od

im
ag
es

in
ch
ild

re
n

co
m
pa
re
d
w
ith

ad
ul
ts

in
hi
bi
to
ry

co
nt
ro
li
n

re
sp
on
se

to
un
he
al
th
y

fo
od
s
is
as
so
ci
at
ed

w
ith

lo
w
er

B
M
I

m
PF

C
,m

ed
ia
lp
re
fr
on
ta
lc
or
te
x;
dl
PF

C
,d
or
so
la
te
ra
lp
re
fr
on
ta
lc
or
te
x;
A
C
C
,a
nt
er
io
rc
in
gu
la
te
co
rt
ex
;O

FC
,o
rb
ito

fr
on
ta
lc
or
te
x;
lO
FC

,l
at
er
al
or
bi
to
fr
on
ta
lc
or
te
x;
P
PH

G
,p
os
te
ri
or

pa
ra
hi
pp
oc
am

pa
lg
yr
i;

pr
e-
S
M
A
,p
re
-s
up
pl
em

en
ta
ry

m
ot
or

ar
ea
;v

m
P
F
C
,v
en
tr
om

ed
ia
lp

re
fr
on
ta
lc
or
te
x;

244 Curr Nutr Rep  (2020) 9:236–250



Ta
bl
e
2

A
n
ab
ri
dg
ed

su
m
m
ar
y
of

re
ce
nt

ne
ur
oi
m
ag
in
g
st
ud
ie
s
in
ve
st
ig
at
in
g
ne
ur
al
m
ec
ha
ni
sm

s
of

fo
od

de
ci
si
on
-m

ak
in
g
in

ch
ild

re
n

St
ud
y

Pa
rt
ic
ip
an
ts

T
op
ic
s

St
im

ul
i

St
ud
y
de
si
gn

Fi
nd
in
gs

B
ra
in

re
gi
on
s

B
ra
in

ac
tiv

at
io
ns

C
on
cl
us
io
ns

B
ru
ce

et
al
.,
20
16

8
to 14

ye
ar
s

Fo
od

ch
oi
ce
s;

ta
st
e
an
d

he
al
th

at
tr
ib
ut
es
;

co
m
m
er
ci
al
s

Fo
od

an
d

no
nf
oo
d

co
m
m
er
ci
al
s;

he
al
th
y
an
d

un
he
al
th
y

fo
od

im
ag
es

Fo
od

ch
oi
ce
s
af
te
r

w
at
ch
in
g

co
m
m
er
ci
al
s

(f
M
R
I)
;t
as
te
,

he
al
th
in
es
s,

pr
ef
er
en
ce

ra
tin

gs

T
he

im
po
rt
an
ce

of
ta
st
e

an
d
de
ci
si
on

tim
es

in
fo
od

ch
oi
ce
s
w
er
e

in
cr
ea
se
d
af
te
r

w
at
ch
in
g
fo
od

co
m
m
er
ci
al
s.
H
ea
lth

ra
tin

gs
di
d
no
tb
ut
ta
st
e

ra
tin

gs
si
gn
if
ic
an
tly

pr
ed
ic
te
d
fo
od

ch
oi
ce
s

vm
PF

C
(r
ew

ar
d)

G
re
at
er

ac
tiv

at
io
n
in

th
e

vm
P
FC

oc
cu
rr
ed

at
th
e

tim
e
of

fo
od

ch
oi
ce
s
af
te
r

w
at
ch
in
g
fo
od

co
m
m
er
ci
al
s
co
m
pa
re
d

w
ith

no
nf
oo
d

co
m
m
er
ci
al
s.
G
re
at
er

ac
tiv

at
io
n
in

th
e
vm

P
F
C

in
re
sp
on
se

to
fo
od

re
la
tiv

e
to

no
nf
oo
d

co
m
m
er
ci
al
w
as

re
la
te
d
to

th
e
hi
gh
er

hu
ng
er

le
ve
l

T
as
te
at
tri
bu
te
(im

m
ed
ia
te

re
w
ar
d)

pr
ed
om

in
an
tly

de
te
rm

in
es

fo
od

ch
oi
ce
s.

U
nl
ik
e
ad
ul
ts
,h
ea
lth

at
tri
bu
te
do
es

no
t

de
te
rm

in
e
de
ci
si
on
s.

E
xp
os
ur
e
to
fo
od

co
m
m
er
ci
al
s
pr
ov
ok
es

yo
ut
h
to
m
ak
e
ea
tin
g

de
ci
si
on
s
m
or
e
im
pu
ls
iv
el
y

w
hi
le
in
co
rp
or
at
in
g
m
or
e

he
do
ni
c
as
pe
ct
s
of

fo
od
s

(i.
e.
,t
as
te
)
th
ro
ug
h
re
w
ar
d

va
lu
e
co
m
pu
ta
tio
n

sy
st
em

s.
T
as
te
-o
rie
nt
ed
,

im
pu
ls
iv
e
ea
tin
g
de
ci
si
on
s

be
co
m
e
pr
of
ou
nd

as
th
er
e

is
an

in
cr
ea
se

in
hu
ng
er

L
im

et
al
.,
20
16

8
to 14

ye
ar
s

Fo
od

ch
oi
ce
s

(o
w
n
an
d

pr
oj
ec
te
d

m
at
er
na
l

de
ci
si
on
s)
;

ta
st
e
an
d

he
al
th

at
tr
ib
ut
es

H
ea
lth

y
an
d

un
he
al
th
y

fo
od

im
ag
es

Fo
od

ch
oi
ce
s:
(1
)
ow

n
ch
oi
ce

(c
hi
ld
re
n’
s

ow
n
fo
od

de
ci
si
on
s)

an
d
(2
)
pr
oj
ec
te
d

m
om

’s
ch
oi
ce

(p
ro
je
ct
ed

m
at
er
na
l

fo
od

de
ci
si
on
s
fo
r

th
em

)
(f
M
R
I)
;t
as
te
,

he
al
th
in
es
s,

pr
ef
er
en
ce

ra
tin

gs

T
as
te
at
tr
ib
ut
e
pr
ed
ic
te
d

ow
n
fo
od

ch
oi
ce
s;

bo
th

he
al
th

an
d
ta
st
e

at
tr
ib
ut
es

pr
ed
ic
te
d

pr
oj
ec
te
d
m
at
er
na
l

fo
od

ch
oi
ce
s
fo
r

ch
ild

re
n.
B
ot
h
ow

n
fo
od

pr
ef
er
en
ce
s
an
d

pr
oj
ec
te
d
m
at
er
na
l

fo
od

ch
oi
ce
s
pr
ed
ic
te
d

ch
ild

re
n’
s
ow

n
fo
od

ch
oi
ce
s

vm
PF

C
(r
ew

ar
d)
,

dl
P
F
C

(i
nh
ib
ito

ry
co
nt
ro
l)

O
w
n
fo
od

ch
oi
ce
s:
ac
tiv
at
io
n

in
th
e
vm

PF
C
w
as

po
si
tiv
el
y
co
rr
el
at
ed

w
ith

ow
n
fo
od

pr
ef
er
en
ce
s.

A
ct
iv
at
io
n
in
th
e
dl
PF

C
w
as

po
si
tiv
el
y
co
rr
el
at
ed

w
ith

pr
oj
ec
te
d
m
at
er
na
l

fo
od

ch
oi
ce
s
fo
r
th
em

.T
he

pe
ak

of
th
e
dl
PF

C
si
gn
al

w
as

de
la
ye
d
re
la
tiv
e
to
th
at

of
th
e
vm

PF
C
si
gn
al
in
th
e

co
ur
se

of
de
ci
si
on

tim
es
.

T
he

dl
PF

C
sh
ow

ed
ne
ga
tiv
e
(in
hi
bi
to
ry
)

fu
nc
tio
na
lc
on
ne
ct
iv
ity

w
ith

th
e
vm

PF
C
.T

he
gr
ea
te
r

in
hi
bi
to
ry

fu
nc
tio
na
l

co
nn
ec
tiv
ity

be
tw
ee
n

vm
PF

C
an
d
dl
PF

C
w
as

re
la
te
d
to
hi
gh
er
B
M
I
an
d

lo
w
er
se
lf-
co
nt
ro
ls
ca
le

sc
or
es
.P
ro
je
ct
ed

m
at
er
na
l

fo
od

ch
oi
ce
s:
th
e
ac
tiv
at
io
n

in
th
e
dl
PF

C
w
as
po
si
tiv
el
y

co
rr
el
at
ed

w
ith

th
e

pr
oj
ec
te
d
m
at
er
na
lf
oo
d

ch
oi
ce
s
fo
r
th
em

,n
ot
w
ith

R
ew

ar
d
va
lu
e
(p
re
fe
re
nc
es
)

an
d
in
hi
bi
to
ry

co
nt
ro
l

(p
ro
je
ct
ed

m
at
er
na
l

gu
id
an
ce
)
de
te
rm

in
e
ea
tin
g

de
ci
si
on
s.
T
he

in
iti
al
ly

ac
tiv
at
ed
,p
rim

ar
y
re
w
ar
d

si
gn
al
is
su
pp
re
ss
ed

by
th
e

in
hi
bi
to
ry

si
gn
al
th
at
is

st
im
ul
at
ed

by
pr
oj
ec
te
d

m
at
er
na
lg
ui
da
nc
e
fo
r
fo
od

ch
oi
ce
s.
T
he

re
gu
la
to
ry
ro
le

of
pe
rc
ei
ve
d
m
at
er
na
l

gu
id
an
ce

is
es
pe
ci
al
ly

im
po
rta
nt
w
he
n
th
e

in
hi
bi
to
ry

co
nt
ro
li
s
no
t

fu
lly

in
te
rn
al
iz
ed
,a
nd

he
al
th
at
tri
bu
te
,a

de
te
rm

in
an
tf
or

he
al
th
y

ea
tin
g
de
ci
si
on
s
in
ad
ul
ts
,i
s

no
tm

ea
ni
ng
fu
lly

in
co
rp
or
at
ed

in
th
e
fo
od

de
ci
si
on
-m

ak
in
g
pr
oc
es
s

ye
t

245Curr Nutr Rep  (2020) 9:236–250



T
ab

le
2

(c
on
tin

ue
d)

St
ud
y

Pa
rt
ic
ip
an
ts

T
op
ic
s

St
im

ul
i

S
tu
dy

de
si
gn

Fi
nd
in
gs

B
ra
in

re
gi
on
s

B
ra
in

ac
tiv

at
io
ns

C
on
cl
us
io
ns

he
al
th
at
tri
bu
te
.T

he
vm

PF
C
ac
tiv
at
io
n
in
th
e

pr
oj
ec
te
d
m
at
er
na
lf
oo
d

ch
oi
ce
s
w
as

no
ts
ig
ni
fic
an
t.

T
he

pe
ak

of
th
e
dl
PF

C
si
gn
al
w
as

fa
st
er
in

pr
oj
ec
te
d
m
at
er
na
lf
oo
d

ch
oi
ce
s
re
la
tiv
e
to
ow

n
fo
od

ch
oi
ce
s

va
n
M
ee
r
et
al
.,

20
17

10
to 12

ye
ar
s;

ad
ul
ts

(p
ar
en
ts
)

Fo
od

ch
oi
ce
s;

ta
st
e
an
d

he
al
th

at
tr
ib
ut
es

H
ea
lth

y
an
d

un
he
al
th
y

fo
od

im
ag
es

Fo
od

ch
oi
ce
s:
m
ak
in
g

fo
od

ch
oi
ce
s
ba
se
d

on
pr
ef
er
en
ce

in
th
re
e
at
te
nt
io
n

co
nd
iti
on
s,
(1
)

he
al
th

(2
)
ta
st
e
(3
)

na
tu
ra
l(
w
ho
le

as
pe
ct
s
of

fo
od
s)

(f
M
R
I)
;t
as
te
an
d

he
al
th
in
es
s
ra
tin

gs

In
th
e
na
tu
ra
lc
on
di
tio

n,
ta
st
e
ra
tin

g
w
as

a
po
si
tiv

e
pr
ed
ic
to
r
of

fo
od

ch
oi
ce
s
(y
es

ch
oi
ce
)
in

bo
th

ch
ild

re
n
an
d
ad
ul
ts
.

H
ea
lth

ra
tin

g
w
as

a
po
si
tiv

e
pr
ed
ic
to
r
of

fo
od

ch
oi
ce
s
in

ad
ul
ts
,

bu
ta

ne
ga
tiv

e
pr
ed
ic
to
r
of

fo
od

ch
oi
ce
s
in

ch
ild

re
n.
In

th
e
he
al
th

co
nd
iti
on
,

bo
th

ch
ild

re
n
an
d

ad
ul
ts
m
ad
e
he
al
th
ie
r

ch
oi
ce
s

vm
PF

C
(r
ew

ar
d)
,

m
PF

C
(r
ew

ar
d)
,

dl
P
F
C

(i
nh
ib
ito

ry
co
nt
ro
l)

A
cr
os
s
al
la
tte
nt
io
n
co
nd
iti
on
s,

gr
ea
te
r
ac
tiv
at
io
n
oc
cu
rr
ed

in
th
e
vm

PF
C
in
re
sp
on
se

to
th
e
ye
s
re
la
tiv
e
to
th
e
no

ch
oi
ce

in
bo
th
ch
ild
re
n
an
d

ad
ul
ts
.G

re
at
er
ac
tiv
at
io
n

oc
cu
rr
ed

in
th
e
dl
PF

C
in

re
sp
on
se

to
th
e
ye
s
re
la
tiv
e

to
no

ch
oi
ce

in
ad
ul
ts
.T

he
dl
PF

C
ac
tiv
at
io
n
w
as

w
ea
ke
r
in
ch
ild
re
n
in
fo
od

ch
oi
ce
s
co
m
pa
re
d
w
ith

ad
ul
ts
.G

re
at
er
ac
tiv
at
io
ns

in
th
e
vm

PF
C
w
er
e
re
la
te
d

to
hi
gh
er
ta
st
e
ra
tin
g
in

ch
ild
re
n
an
d
ad
ul
ts
.W

hi
le

at
te
nd
in
g
to
fo
od

he
al
th
in
es
s,
gr
ea
te
r

ac
tiv
at
io
n
in
th
e
m
PF

C
w
as

re
la
te
d
to
hi
gh
er
he
al
th

ra
tin
g
in
ad
ul
ts
,b
ut
to
lo
w
er

he
al
th
ra
tin
g
in
ch
ild
re
n.

C
on
si
de
rin
g
fo
od

he
al
th
in
es
s
in
cr
ea
se
d

co
nn
ec
tiv
ity

be
tw
ee
n

dl
PF

C
an
d
m
PF

C
in
ad
ul
ts
,

bu
tn
ot
in
ch
ild
re
n

R
ew

ar
d
si
gn
al
s
m
ai
nl
y

in
vo
lv
e
in

ch
ild

re
n’
s
fo
od

ch
oi
ce
s.
T
as
ty

fo
od
s

ac
tiv

at
e
re
w
ar
d
si
gn
al
s
in

bo
th

ch
ild

re
n
an
d
ad
ul
ts
.

W
he
n
co
ns
id
er
in
g
he
al
th

as
pe
ct
s
of

fo
od
s,
ad
ul
ts

fi
nd

he
al
th
y
fo
od
s

re
w
ar
di
ng
,b
ut
ch
ild

re
n
do

no
t.
C
hi
ld
re
n
ar
e
m
or
e

lik
el
y
to

m
ak
e
fo
od

ch
oi
ce
s
pr
ed
om

in
an
tly

by
ta
st
e
at
tr
ib
ut
es
,w

hi
le

co
nt
ro
ls
ig
na
ls
ar
e
w
ea
k
in

ch
ild

re
n’
s
fo
od

ch
oi
ce
s

vm
PF

C
,v
en
tr
om

ed
ia
lp

re
fr
on
ta
lc
or
te
x;

dl
P
F
C
,d
or
so
la
te
ra
lp

re
fr
on
ta
lc
or
te
x;

m
P
F
C
,m

ed
ia
lp

re
fr
on
ta
lc
or
te
x

246 Curr Nutr Rep  (2020) 9:236–250



scanning [45–48]. In addition, scientists have investigated the
relationship of neural activations and excessive weight gain.
Findings suggest that anticipations to food tastes and the ac-
tual tasting of sweet and high-fat foods activate hedonic re-
ward signals and suppress inhibitory signals, which all con-
tribute to an increased risk of developing obesity. For exam-
ple, tasting foods varying in sweet and fat levels have activat-
ed regions implicated in hedonic gustatory processing (e.g.,
insula, operculum, caudate, thalamus, angular gyrus, superior
temporal gyrus, cingulate) and motor planning (e.g.,
precentral gyrus) compared with control beverage (water)
[45–48]. Attenuated activation in the region implicated in mo-
tor inhibitory control (e.g., pre-supplementary motor area
[pre-SMA]) in response to high-fat food taste is associated
with weight gain and lower level of dietary restraint [48].
Anticipations to foods have activated regions implicated in
gustatory processing (e.g., insula, Rolandic operculum),
reward/motivation (e.g., putamen), attentional salience (e.g.,
precuneus), and motor planning (e.g., precentral gyrus) com-
pared with anticipation to control [45–48]. Greater activations
of these regions occur in children with overweight [45], youth
with parental obesity risk [46••], and youth with body fat and
BMI gain over 3-year follow-up [47, 48]. In one study, instead
of using passive viewing paradigms, anticipations to food re-
wards have simulated using a card-guessing paradigm during
fMRI scanning, and actual amounts of food consumption have
measured in various meal conditions (i.e., ad libitum, overin-
dulgence, and eating in the absence of hunger) [49]. Still,
anticipations to food rewards have activated the regions im-
plicated in the reward signals (e.g., mPFC) compared with
monetary rewards, and greater activation in the reward system
is associated with overeating.

Food commercial exposure is another important variable
in a comprehensive understanding of children’s eating be-
havior, because food marketing often targets children and
the vast majority of advertised food and beverage products
do not meet nutrition recommendations [50]. Recent find-
ings have suggested that food commercials activate hedonic
reward systems and children are susceptible to attentional
bias for food brand logos, which increase vulnerability to
overeating and weight gain [51, 52]. For example, exposure
to fast-food commercials in passive viewing paradigms has
activated the regions implicated in rewards signals (e.g.,
caudate, nucleus accumbens), memory (hippocampus),
and sensory-motor processing (e.g., anterior cerebellum)
compared with nonfood commercials [51]. Exposures to
food brands have activated regions implicated in attention
salience (e.g., lingual gyrus) compared with nonfood
brands [52]. Lower activations in regions implicated in vi-
sual cue processing (e.g., fusiform gyrus) in response to
both food and nonfood brands are related to greater food
intake. More research is necessary to investigate the breadth
of the influence that food marketing has on children’s brain

activations, subsequent food choices, and prospective ex-
cess weight gain (development of obesity).

Food Choices

Only a few studies have investigated the neural mechanisms
of food decision-making in children. Food decision-making
paradigms employ food choice tasks that require participants
to make food choices while viewing food images during scan-
ning. Health and taste attributes are important determinants of
food choices in adults [24]; thus, food healthiness and taste
ratings on food images presented during food choice tasks are
used to predict eating decisions at the individual level in chil-
dren as well. Recent findings on children’s food decision-
making have supported that limbic regions (valuation net-
work) develop earlier than prefrontal systems (control net-
work) [25], which hinders exertion of dietary self-control in
demanding healthy food choices. In children, similar to adults,
food decision-making activates the reward/valuation network
(e.g., vmPFC, mPFC) for computing reward values of foods at
the time of choices [53–55]. Yet, in the course of food choices,
activation of control network (i.e., dlPFC) is delayed com-
pared with that of the valuation network, which challenges
healthy food choices due to delayed incorporation of health
attributes [53••]. Considering the health aspects of foods dur-
ing food choices increases the reward value of healthy foods
in adults; however, attending to health attributes does not
change (increase) the reward value of healthy foods in chil-
dren [54]. Moreover, food choices are predominantly deter-
mined by perceived food taste and preferences at where the
activation of cognitive network is much weaker than that of
adults [53–55]. Thus, children are highly susceptible to appe-
titive cues including food commercials given that mostly he-
donic aspects of food (taste) are incorporated through activa-
tion of reward network, while the activation of inhibitory net-
work is either lacking or weak [55•]. Interestingly, in our
recent neuroimaging study [53••], food decision-making
based on perceived maternal choices for children (i.e., would
my mom like me to eat this?) activates the control network
(i.e., dlPFC). In addition, the activation timing of the control
network is much earlier in the time course of food choices
compared with the timing in own food choices. In other
words, children’s brains encode and utilize their caregiver’s
preferences when children make food choices. This neural
internalization of parental regulation encoded in the dorsolat-
eral prefrontal cortex of children’s brains may serve as a crit-
ical self-regulator of children’s decision-making, leading to
more optimal dietary choices in the preadolescent period.

Promoting Children’s Dietary Self-Control

Despite the increase in prevalence of childhood obesity over
the past several decades and the major public health problems
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associated with it [4], obesity prevention and intervention pro-
grams for children are still limited or have only modest effects
on BMI changes. Even if there are effects on BMI, they are not
sustained [56, 57]. Related to children’s food intake, restric-
tive parental feeding practices have little effect on childhood
obesity prevention. In fact, it often counterproductively in-
creases children’s uninhibited consumption of forbidden
foods (e.g., candy) or obstinate rejection of pressured foods
(e.g., vegetables) [58]. Thus, it is important to encourage and
help children to make healthy choices voluntarily by enhanc-
ing children’s dietary self-control. Scientific evidence sug-
gests that self-control is modifiable [59], and researchers are
actively exploring how to improve children’s self-control
skills using a variety of interventions [60–62]. Also, positive
child-parent relationships support children’s successful devel-
opment of self-regulation [63, 64]. Parents or other family
members can encourage children’s self-regulation through be-
havioral modeling, interactive responses to children’s behav-
ior, assistance, and motivating children’s behavior through
rewards and punishments [65, 66]. Thus, especially, for young
school-age children who typically begin to make their own
food choices, dietary self-control training to take to take their
parent’s perspective [67] (i.e., would my mom like me to eat
this?) in positive child-parent relationships at both behavioral
and neural levels may hold strong promise to promoting resil-
ience to childhood obesity [68].

Conclusions

This selective review focuses on some of the known be-
havioral and neural mechanisms of food decision-making
in youth. Despite recent advances in our understanding of
food choices, and how these change over time for youth,
much is still unknown. In addition, just understanding the
determinants of food intake and eating behavior in and of
itself is not sufficient to translate our scientific discoveries
to clinical practice and interventions designed to produce
significant behavior change. In order to effectively prevent
and treat childhood obesity, a more comprehensive and
interdisciplinary approach including decision-making
about other health behaviors (physical activity, sedentary
time) will be necessary. Finally, it will be crucial to exam-
ine some of the interpersonal (trans-generational) and cul-
tural factors related to energy intake and expenditure. This
will allow us to then develop tailored, individualized
interventions—precision medicine—approaches to im-
proving health behavior choices in youth.

Compliance with Ethical Standards

Conflict of Interest All authors declare that they have no conflict of
interest.

Human and Animal Rights and Informed Consent All reported studies/
experiments with human or animal subjects performed by the authors
have been previously published and complied with all applicable ethical
standards (including the Helsinki declaration and its amendments,
institutional/national research committee standards, and international/na-
tional/institutional guidelines).

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Linabery AM, Nahhas RW, Johnson W, Choh AC, Towne B,
Odegaard AO, et al. Stronger influence of maternal than paternal
obesity on infant and early childhood body mass index: the Fels
Longitudinal Study. Pediatr Obes. 2013;8(3):159–69. https://doi.
org/10.1111/j.2047-6310.2012.00100.x.

2. Arain M, Haque M, Johal L, Mathur P, Nel W, Rais A, et al.
Maturation of the adolescent brain. Neuropsychiatr Dis Treat.
2013;9:449–61. https://doi.org/10.2147/NDT.S39776.

3. Casey BJ, Tottenham N, Liston C, Durston S. Imaging the devel-
oping brain: what have we learned about cognitive development?
Trends Cogn Sci. 2005;9(3):104–10. https://doi.org/10.1016/j.tics.
2005.01.011.

4. Hales CM, Fryar CD, Carroll MD, Freedman DS, Ogden CL.
Trends in obesity and severe obesity prevalence in US youth and
adults by sex and age, 2007-2008 to 2015-2016. Jama.
2018;319(16):1723–5. https://doi.org/10.1001/jama.2018.3060.

5. Cali AM, Caprio S. Obesity in children and adolescents. J Clin
Endocrinol Metab. 2008;93(11 Suppl 1):S31–6. https://doi.org/10.
1210/jc.2008-1363.

6. Flynn MA, McNeil DA, Maloff B, Mutasingwa D, WuM, Ford C,
et al. Reducing obesity and related chronic disease risk in children
and youth: a synthesis of evidence with 'best practice' recommen-
dations. Obes Rev. 2006;7(Suppl 1):7–66. https://doi.org/10.1111/
j.1467-789X.2006.00242.x.

7. Ogden CL, Carroll MD, Lawman HG, Fryar CD, Kruszon-Moran
D, Kit BK, et al. Trends in obesity prevalence among children and
adolescents in the United States, 1988-1994 through 2013-2014.
Jama. 2016;315(21):2292–9. https://doi.org/10.1001/jama.2016.
6361.

8. Freedman DS, Mei Z, Srinivasan SR, Berenson GS, Dietz WH.
Cardiovascular risk factors and excess adiposity among overweight
children and adolescents: the Bogalusa Heart Study. J Pediatr.
2007;150(1):12–7.e2. https://doi.org/10.1016/j.jpeds.2006.08.042.

9. van Geel M, Vedder P, Tanilon J. Are overweight and obese youths
more often bullied by their peers? A meta-analysis on the correla-
tion between weight status and bullying. Int J Obes. 2014;38(10):
1263–7. https://doi.org/10.1038/ijo.2014.117.

10. Puhl RM, King KM. Weight discrimination and bullying. Best
Pract Res Clin Endocrinol Metab. 2013;27(2):117–27. https://doi.
org/10.1016/j.beem.2012.12.002.

11. May AL, Kuklina EV, Yoon PW. Prevalence of cardiovascular
disease risk factors among US adolescents, 1999-2008. Pediatrics.
2012;129(6):1035–41. https://doi.org/10.1542/peds.2011-1082.

12. Rankin J, Matthews L, Cobley S, Han A, Sanders R, Wiltshire HD,
et al. Psychological consequences of childhood obesity: psychiatric
comorbidity and prevention. Adolesc Health Med Ther. 2016;7:
125–46. https://doi.org/10.2147/ahmt.s101631.

248 Curr Nutr Rep  (2020) 9:236–250

https://doi.org/10.1111/j.2047-6310.2012.00100.x
https://doi.org/10.1111/j.2047-6310.2012.00100.x
https://doi.org/10.2147/NDT.S39776
https://doi.org/10.1016/j.tics.2005.01.011
https://doi.org/10.1016/j.tics.2005.01.011
https://doi.org/10.1001/jama.2018.3060
https://doi.org/10.1210/jc.2008-1363
https://doi.org/10.1210/jc.2008-1363
https://doi.org/10.1111/j.1467-789X.2006.00242.x
https://doi.org/10.1111/j.1467-789X.2006.00242.x
https://doi.org/10.1001/jama.2016.6361
https://doi.org/10.1001/jama.2016.6361
https://doi.org/10.1016/j.jpeds.2006.08.042
https://doi.org/10.1038/ijo.2014.117
https://doi.org/10.1016/j.beem.2012.12.002
https://doi.org/10.1016/j.beem.2012.12.002
https://doi.org/10.1542/peds.2011-1082
https://doi.org/10.2147/ahmt.s101631


13. ObesityWHTFoC. Solving the problem of childhood obesity with-
in a generation. Washington, DC: White House Task Force on
Childhood Obesity Report to the President; 2010.

14. Simmonds M, Llewellyn A, Owen CG, Woolacott N. Predicting
adult obesity from childhood obesity: a systematic review and me-
ta-analysis. Obes Rev. 2016;17(2):95–107. https://doi.org/10.1111/
obr.12334.

15. Bruce AS, Lim SL, Smith TR, Cherry JB, Black WR, Davis AM,
et al. Apples or candy? Internal and external influences on children's
food choices. Appetite. 2015;93:31–4. https://doi.org/10.1016/j.
appet.2015.04.061.

16. Scaglioni S, Arrizza C, Vecchi F, Tedeschi S. Determinants of
children's eating behavior. Am J Clin Nutr. 2011;94(6 Suppl):
2006s–11s. https://doi.org/10.3945/ajcn.110.001685.

17. Savage JS, Fisher JO, Birch LL. Parental influence on eating be-
havior: conception to adolescence. J Law, Med Ethics. 2007;35(1):
22–34. https://doi.org/10.1111/j.1748-720X.2007.00111.x.

18. Yee AZ, Lwin MO, Ho SS. The influence of parental practices on
child promotive and preventive food consumption behaviors: a sys-
tematic review and meta-analysis. Int J Behav Nutr Phys Activity.
2017;14(1):47. https://doi.org/10.1186/s12966-017-0501-3.

19. Larsen JK, Hermans RC, Sleddens EF, Engels RC, Fisher JO,
Kremers SP. How parental dietary behavior and food parenting
practices affect children's dietary behavior. Interacting sources of
influence? Appetite. 2015;89:246–57. https://doi.org/10.1016/j.
appet.2015.02.012.

20. Gibbs H, Chapman-Novakofski K. A review of health literacy and
its relationship to nutrition education. Top Clin Nutr. 2012;27(4):
325–33. https://doi.org/10.1097/TIN.0b013e31826f8dc5.

21. Houldcroft L, Haycraft E, Farrow C. Peer and friend influences on
children's eating. Soc Dev. 2014;23(1):19–40.

22. MossM. Salt, sugar, fat: how the food giants hooked us. NewYork:
Random House; 2014.

23. Ha O-R, Bruce AS, Pruitt SW, Cherry JBC, Smith TR, Burkart D,
et al. Healthy eating decisions require efficient dietary self-control
in children: a mouse-tracking food decision study. Appetite.
2016;105:575–81. https://doi.org/10.1016/j.appet.2016.06.027.

24. Hare TA, Camerer CF, Rangel A. Self-control in decision-making
involves modulation of the vmPFC valuation system. Science.
2009;324(5927):646–8. https://doi.org/10.1126/science.1168450.

25. Casey BJ, Getz S, Galvan A. The adolescent brain. Dev Rev.
2008;28(1):62–77. https://doi.org/10.1016/j.dr.2007.08.003.

26. Crone EA, Steinbeis N. Neural perspectives on cognitive control
development during childhood and adolescence. Trends Cogn Sci.
2017;21(3):205–15. https://doi.org/10.1016/j.tics.2017.01.003.

27. Carnell S, Gibson C, Benson L, Ochner CN, Geliebter A.
Neuroimaging and obesity: current knowledge and future direc-
tions. Obes Rev. 2012;13(1):43–56. https://doi.org/10.1111/j.
1467-789X.2011.00927.x.

28. Van den Eynde F, Treasure J. Neuroimaging in eating disorders and
obesity: implications for research. Child Adolesc Psychiatr Clin N
Am. 2009;18(1):95–115. https://doi.org/10.1016/j.chc.2008.07.
016.

29. Stoeckel LE, Weller RE, Cook Iii EW, Twieg DB, Knowlton RC,
Cox JE. Widespread reward-system activation in obese women in
response to pictures of high-calorie foods. NeuroImage.
2008;41(2):636–47. https://doi.org/10.1016/j.neuroimage.2008.02.
031.

30. Rothemund Y, Preuschhof C, Bohner G, Bauknecht H-C,
Klingebiel R, Flor H, et al. Differential activation of the dorsal
striatum by high-calorie visual food stimuli in obese individuals.
NeuroImage. 2007;37(2):410–21. https://doi.org/10.1016/j.
neuroimage.2007.05.008.

31. Le DSN, Pannacciulli N, Chen K, Salbe AD, Hill JO, Wing RR,
et al. Less activation in the left dorsolateral prefrontal cortex in the
reanalysis of the response to a meal in obese than in lean women

and its association with successful weight loss. Am J Clin Nutr.
2007;86(3):573–9.

32. DelParigi A, Chen K, Salbe AD, Hill JO, Wing RR, Reiman EM,
et al. Successful dieters have increased neural activity in cortical
areas involved in the control of behavior. Int J Obes. 2006;31(3):
440–8.

33. Leng G, Adan RAH, Belot M, Brunstrom JM, de Graaf K, Dickson
SL, et al. The determinants of food choice. Proc Nutr Soc. 2016;76:
1–12. https://doi.org/10.1017/S002966511600286X.

34. Roefs A, Franssen S, Jansen A. The dynamic nature of food reward
processing in the brain. Curr Opin Clin Nutr Metab Care.
2 0 1 8 ; 2 1 ( 6 ) : 4 4 4–8 . h t t p s : / / d o i . o r g / 1 0 . 1 0 9 7 /mco .
0000000000000504.

35. van der Laan LN, de Ridder DT, Viergever MA, Smeets PA. The
first taste is always with the eyes: a meta-analysis on the neural
correlates of processing visual food cues. Neuroimage.
2011;55(1):296–303. https://doi.org/10.1016/j.neuroimage.2010.
11.055.

36. van Meer F, van der Laan LN, Adan RA, Viergever MA, Smeets
PA. What you see is what you eat: an ALE meta-analysis of the
neural correlates of food viewing in children and adolescents.
NeuroImage. 2015;104:35–43. https://doi.org/10.1016/j.
neuroimage.2014.09.069.

37. Leigh S-J, Morris MJ. The role of reward circuitry and food addic-
tion in the obesity epidemic: an update. Biol Psychol. 2018;131:31–
42. https://doi.org/10.1016/j.biopsycho.2016.12.013.

38. Devoto F, Zapparoli L, Bonandrini R, Berlingeri M, Ferrulli A,
Luzi L, et al. Hungry brains: a meta-analytical review of brain
activation imaging studies on food perception and appetite in obese
individuals. Neurosci Biobehav Rev. 2018;94:271–85. https://doi.
org/10.1016/j.neubiorev.2018.07.017.

39. Luo S, Alves J, Hardy K, Wang X, Monterosso J, Xiang AH, et al.
Neural processing of food cues in pre-pubertal children. Pediatr
Obes. 2019;14(2):e12435. https://doi.org/10.1111/ijpo.12435.

40. vanMeer F, van der Laan LN, Charbonnier L, ViergeverMA,Adan
RA, Smeets PA, et al. Developmental differences in the brain re-
sponse to unhealthy food cues: an fMRI study of children and
adults. Am J Clin Nutr. 2016;104(6):1515–22. https://doi.org/10.
3945/ajcn.116.137240.

41. Samara A, Li X, Pivik RT, Badger TM, Ou X. Brain activation to
high-calorie food images in healthy normal weight and obese chil-
dren: a fMRI study. BMC Obes. 2018;5:31. https://doi.org/10.
1186/s40608-018-0209-1.

42.• English LK, Fearnbach SN, Wilson SJ, Fisher JO, Savage JS, Rolls
BJ, et al. Food portion size and energy density evoke different
patterns of brain activation in children. Am J Clin Nutr.
2017;105(2):295–305. https://doi.org/10.3945/ajcn.116.136903
Large Portion sizes suppressed activation of inhibitory control
network, and high energy-dense foods provoked greater acti-
vations in reward and gustatory networks.

43. Fearnbach SN, English LK, Lasschuijt M, Wilson SJ, Savage JS,
Fisher JO, et al. Brain response to images of food varying in energy
density is associated with body composition in 7- to 10-year-old
children: results of an exploratory study. Physiol Behav. 2016;162:
3–9. https://doi.org/10.1016/j.physbeh.2016.03.007.

44. Carnell S, Benson L, Chang KV, Wang Z, Huo Y, Geliebter A,
et al. Neural correlates of familial obesity risk and overweight in
adolescence. NeuroImage. 2017;159:236–47. https://doi.org/10.
1016/j.neuroimage.2017.07.052.

45. Bohon C. Brain response to taste in overweight children: a pilot
feasibility study. PLoS One. 2017;12(2):e0172604. https://doi.org/
10.1371/journal.pone.0172604.

46.•• Shearrer GE, Stice E, Burger KS. Adolescents at high risk of obe-
sity show greater striatal response to increased sugar content in
milkshakes. Am J Clin Nutr. 2018;107(6):859–66. https://doi.org/
10.1093/ajcn/nqy050 Activations in striatal, hedonic reward

249Curr Nutr Rep  (2020) 9:236–250

https://doi.org/10.1111/obr.12334
https://doi.org/10.1111/obr.12334
https://doi.org/10.1016/j.appet.2015.04.061
https://doi.org/10.1016/j.appet.2015.04.061
https://doi.org/10.3945/ajcn.110.001685
https://doi.org/10.1111/j.1748-720X.2007.00111.x
https://doi.org/10.1186/s12966-017-0501-3
https://doi.org/10.1016/j.appet.2015.02.012
https://doi.org/10.1016/j.appet.2015.02.012
https://doi.org/10.1097/TIN.0b013e31826f8dc5
https://doi.org/10.1016/j.appet.2016.06.027
https://doi.org/10.1126/science.1168450
https://doi.org/10.1016/j.dr.2007.08.003
https://doi.org/10.1016/j.tics.2017.01.003
https://doi.org/10.1111/j.1467-789X.2011.00927.x
https://doi.org/10.1111/j.1467-789X.2011.00927.x
https://doi.org/10.1016/j.chc.2008.07.016
https://doi.org/10.1016/j.chc.2008.07.016
https://doi.org/10.1016/j.neuroimage.2008.02.031
https://doi.org/10.1016/j.neuroimage.2008.02.031
https://doi.org/10.1016/j.neuroimage.2007.05.008
https://doi.org/10.1016/j.neuroimage.2007.05.008
https://doi.org/10.1017/S002966511600286X
https://doi.org/10.1097/mco.0000000000000504
https://doi.org/10.1097/mco.0000000000000504
https://doi.org/10.1016/j.neuroimage.2010.11.055
https://doi.org/10.1016/j.neuroimage.2010.11.055
https://doi.org/10.1016/j.neuroimage.2014.09.069
https://doi.org/10.1016/j.neuroimage.2014.09.069
https://doi.org/10.1016/j.biopsycho.2016.12.013
https://doi.org/10.1016/j.neubiorev.2018.07.017
https://doi.org/10.1016/j.neubiorev.2018.07.017
https://doi.org/10.1111/ijpo.12435
https://doi.org/10.3945/ajcn.116.137240
https://doi.org/10.3945/ajcn.116.137240
https://doi.org/10.1186/s40608-018-0209-1
https://doi.org/10.1186/s40608-018-0209-1
https://doi.org/10.3945/ajcn.116.136903
https://doi.org/10.1016/j.physbeh.2016.03.007
https://doi.org/10.1016/j.neuroimage.2017.07.052
https://doi.org/10.1016/j.neuroimage.2017.07.052
https://doi.org/10.1371/journal.pone.0172604
https://doi.org/10.1371/journal.pone.0172604
https://doi.org/10.1093/ajcn/nqy050
https://doi.org/10.1093/ajcn/nqy050


systems in response to sweet liquid foods were greater in
adolescents with parental obesity risk compare to those
without parental obesity risk. Increased level of reward
network activation is related to high-obesity-risk.

47.•• Stice E, Yokum S. Gain in body fat is associated with increased
striatal response to palatable food cues, whereas body fat stability is
associated with decreased striatal response. J Neurosci.
2016;36(26):6949–56. https://doi.org/10.1523/JNEUROSCI.4365-
15.2016 Increased activations in reward network in response to
anticipations to liquid foods were shown in adolescents who
gained body fat, whereas adolescents who maintained or lost
body fat showed decreased activations in reward network.

48. Stice E, Yokum S. Relation of neural response to palatable food
tastes and images to future weight gain: using bootstrap sampling to
examine replicability of neuroimaging findings. NeuroImage.
2018;183:522–31. https://doi.org/10.1016/j.neuroimage.2018.08.
035.

49. Adise S, Geier CF, Roberts NJ, White CN, Keller KL. Is brain
response to food rewards related to overeating? A test of the reward
surfeit model of overeating in children. Appetite. 2018;128:167–79.
https://doi.org/10.1016/j.appet.2018.06.014.

50. Powell LM, Schermbeck RM, Chaloupka FJ. Nutritional content of
food and beverage products in television advertisements seen on
children's programming. Child Obes. 2013;9(6):524–31. https://
doi.org/10.1089/chi.2013.0072.

51. Gearhardt AN, Yokum S, Harris JL, Epstein LH, Lumeng JC.
Neural response to fast food commercials in adolescents predicts
intake. Am J Clin Nutr. 2020;111:493–502. https://doi.org/10.
1093/ajcn/nqz305.

52. Masterson TD, Stein WM, Beidler E, Bermudez M, English LK,
Keller KL. Brain response to food brands correlates with increased
intake from branded meals in children: an fMRI study. Brain
Imaging Behav. 2019;13(4):1035–48. https://doi.org/10.1007/
s11682-018-9919-8.

53.•• Lim SL, Cherry JB, Davis AM, Balakrishnan SN, Ha OR, Bruce
JM, et al. The child brain computes and utilizes internalized mater-
nal choices. Nat Commun. 2016;7:11700. https://doi.org/10.1038/
ncomms11700 When children made own food choices, reward
signals activated primarily and faster than control signals.
When children made perceived maternal food choices for
them, inhibitory signals involved in food decision-making,
which suggested that neural internalization of parental
regulation may guide children’s decision-making until the mat-
uration of dietary self-control.

54.•• van Meer F, van der Laan LN, Viergever MA, Adan RAH, Smeets
PAM, Consortium IF. Considering healthiness promotes healthier
choices but modulates medial prefrontal cortex differently in chil-
dren compared with adults. NeuroImage. 2017;159:325–33. https://
doi.org/10.1016/j.neuroimage.2017.08.007 Choices of accepting
foods activated greater responses in the ventromedial
prefrontal cortex (reward network). Compared to adults, the
activation of the dorsolateral prefrontal cortex (control
network) in response to foods was weaker in children during
food choices.

55.• Bruce AS, Pruitt SW, Ha OR, Cherry JB, Smith TR, Bruce JM,
et al. The influence of televised food commercials on children's
food choices: evidence from ventromedial prefrontal cortex

activations. J Pediatr. 2016;177:27–32 e1. https://doi.org/10.1016/
j.jpeds.2016.06.067 Exposure to food commercials increased
activations in the ventromedial prefrontal cortex (reward
network) during food choices.

56. Brown TJ, Mead E, Ells LJ. Behavior-changing interventions for
treating overweight or obesity in children aged 6 to 11 years. JAMA
Pediatr . 2019;173(4):385–6. ht tps:/ /doi .org/10.1001/
jamapediatrics.2018.5494.

57. Brown T, Moore TH, Hooper L, Gao Y, Zayegh A, Ijaz S, et al.
Interventions for preventing obesity in children. Cochrane Database
System Rev. 2019;7:Cd001871. https://doi.org/10.1002/14651858.
CD001871.pub4.

58. Rollins BY, Savage JS, Fisher JO, Birch LL. Alternatives to restric-
tive feeding practices to promote self-regulation in childhood: a
developmental perspective. Pediatr Obes. 2016;11(5):326–32.
https://doi.org/10.1111/ijpo.12071.

59. Fonagy P, Target M. Early intervention and the development of
self-regulation. Psychoanal Inq. 2002;22(3):307–35. https://doi.
org/10.1080/07351692209348990.

60. Diamond A, Barnett WS, Thomas J, Munro S. Preschool program
improves cognitive control. Science. 2007;318(5855):1387–8.
https://doi.org/10.1126/science.1151148.

61. Blair C, Diamond A. Biological processes in prevention and inter-
vention: the promotion of self-regulation as a means of preventing
school failure. Dev Psychopathol. 2008;20(3):899–911. https://doi.
org/10.1017/S0954579408000436.

62. Ha O-R, Killian H, Bruce JM, Lim S-L, Bruce AS. Food advertis-
ing literacy training reduces the importance of taste in children’s
food decision-making: a pilot study. Front Psychol. 2018;9(1293).
https://doi.org/10.3389/fpsyg.2018.01293.

63. Kochanska G, Philibert RA, Barry RA. Interplay of genes and early
mother-child relationship in the development of self-regulation
from toddler to preschool age. J Child Psychol Psychiatry Allied
Discip. 2009;50(11):1331–8. https://doi.org/10.1111/j.1469-7610.
2008.02050.x.

64. Kochanska G, Coy KC, Murray KT. The development of self-
regulation in the first four years of life. Child Dev. 2001;72(4):
1091–111.

65. Bandura A, Grusec JE, Menlove FL. Observational learning as a
function of symbolization and incentive set. Child Dev. 1966;37(3):
499–506.

66. Frankel LA, Hughes SO, O'Connor TM, Power TG, Fisher JO,
Hazen NL. Parental influences on children's self-regulation of en-
ergy intake: insights from developmental literature on emotion reg-
ulation. J Obes. 2012;2012:327259–12. https://doi.org/10.1155/
2012/327259.

67. Galinsky AD, MadduxWW, Gilin D, White JB. Why it pays to get
inside the head of your opponent: the differential effects of perspec-
tive taking and empathy in negotiations. Psychol Sci. 2008;19(4):
378–84. https://doi.org/10.1111/j.1467-9280.2008.02096.x.

68. Anderson SE, Keim SA. Parent-child interaction, self-regulation,
and obesity prevention in early childhood. Curr Obes Rep.
2016;5(2):192–200. https://doi.org/10.1007/s13679-016-0208-9.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

250 Curr Nutr Rep  (2020) 9:236–250

https://doi.org/10.1523/JNEUROSCI.4365-15.2016
https://doi.org/10.1523/JNEUROSCI.4365-15.2016
https://doi.org/10.1016/j.neuroimage.2018.08.035
https://doi.org/10.1016/j.neuroimage.2018.08.035
https://doi.org/10.1016/j.appet.2018.06.014
https://doi.org/10.1089/chi.2013.0072
https://doi.org/10.1089/chi.2013.0072
https://doi.org/10.1093/ajcn/nqz305
https://doi.org/10.1093/ajcn/nqz305
https://doi.org/10.1007/s11682-018-9919-8
https://doi.org/10.1007/s11682-018-9919-8
https://doi.org/10.1038/ncomms11700
https://doi.org/10.1038/ncomms11700
https://doi.org/10.1016/j.neuroimage.2017.08.007
https://doi.org/10.1016/j.neuroimage.2017.08.007
https://doi.org/10.1016/j.jpeds.2016.06.067
https://doi.org/10.1016/j.jpeds.2016.06.067
https://doi.org/10.1001/jamapediatrics.2018.5494
https://doi.org/10.1001/jamapediatrics.2018.5494
https://doi.org/10.1002/14651858.CD001871.pub4
https://doi.org/10.1002/14651858.CD001871.pub4
https://doi.org/10.1111/ijpo.12071
https://doi.org/10.1080/07351692209348990
https://doi.org/10.1080/07351692209348990
https://doi.org/10.1126/science.1151148
https://doi.org/10.1017/S0954579408000436
https://doi.org/10.1017/S0954579408000436
https://doi.org/10.3389/fpsyg.2018.01293
https://doi.org/10.1111/j.1469-7610.2008.02050.x
https://doi.org/10.1111/j.1469-7610.2008.02050.x
https://doi.org/10.1155/2012/327259
https://doi.org/10.1155/2012/327259
https://doi.org/10.1111/j.1467-9280.2008.02096.x
https://doi.org/10.1007/s13679-016-0208-9

	Neural Mechanisms of Food Decision-Making in Children
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Why Do Children’s Food Decisions Matter?
	Determinants of Children’s Food Decisions
	Dietary Self-Control in Children

	Brain Imaging and Children’s Food Decision-Making
	Exposure to Food Cues
	Food Choices
	Promoting Children’s Dietary Self-Control

	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



