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Abstract

Background: In developmental science, there is an extensive literature on non-food related self-regulation in
childhood, where several domains relating to emotions, actions and cognitions have been identified. There is now
growing attention to food related self-regulation in childhood, especially difficulties with ASR, and the
consequences for weight gain and adiposity. The aim of this narrative review was to conduct a reciprocal analysis
of self-regulation in the food and non-food domains in childhood (referred to as appetite self-regulation (ASR) and
general self-regulation (GSR) respectively). The focus was on commonalities and differences in key concepts and
underpinning processes.

Methods: Databases and major journals were searched using terms such as self-regulation, appetite self-regulation,
or self-regulation of energy intake, together with associated constructs (e.g., Executive Function, Effortful Control,
delay-of-gratification). This was followed by backward and forward snowballing.

Results and discussion: The scholarship on GSR in childhood has had a focus on the role of the cognitively-
oriented Executive Function (EF), the temperamentally-based Effortful Control (EC) and the recursive interplay
between bottom-up (reactive, emotion driven, approach or avoidance) and top-down (cognitive, conscious
decision-making) processes. “Hot” and “cool/cold” EF and self-regulation situations have been distinguished. There
were some parallels between GSR and ASR in these areas, but uncertainty about the contribution of EF and EC to
ASR in young children. Possible differences between the contribution to ASR-related outcomes of delay-of-
gratification in food and non-food tasks were apparent. Unique elements of ASR were identified; associated with
psychological, biological and neurological responses to food and bottom-up processes. A diverse number of
situations or elements connected to ASR exist: for example, energy balance homeostasis, caloric compensation,
hunger regulation, satiation, satiety, energy density of food, eating in the absence of hunger, emotional eating, etc.

Conclusions: Self-regulation in food and non-food domains are amenable to a reciprocal analysis. We argue that
self-regulation of appetite should be added as a domain under the umbrella of self-regulation in childhood along
with the other non-food related domains. This could lead to a broader understanding of self-regulation in
childhood, and generate novel lines of enquiry.

Keywords: Appetite regulation, Energy intake, Executive function, Homeostasis, Self-regulation, Disinhibited eating,
Effortful control, Inhibitory control, Top-down, Bottom-up
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Background
Self-regulation is important for children’s healthy func-
tioning and development, as shown by its associations
with a wide range of developmental outcomes, including
behavioral, social, emotional and academic adjustment
[1–8], school readiness [9, 10] positive health outcomes
[11] and overweight/obesity [7, 12–16]. Self-regulation
has been identified as a central aspect of development in
the early years [4, 8, 11, 17–19].
To clarify different forms of self-regulation, Saltzman

and colleagues [20] and Anderson and Keim [21] drew a
separation between food and non-food related self-
regulation in childhood and referred to non-food related
self-regulation as “general” self-regulation. In the child-
hood developmental science literature, Saltzman et al. and
Anderson and Keim’s “general” self-regulation is simply
referred to as self-regulation. It has received extensive re-
search and theoretical attention [4, 18, 22–25]. In this lit-
erature, self-regulation has been conceived as an umbrella
term, with the development of self-regulation occurring
across a number of domains or levels of functioning in-
cluding physiological arousal, attentional engagement and
disengagement, emotional regulation, behavioral regula-
tion, and executive cognitive control processes [3, 5, 22,
23], but not appetite. For present purposes, we refer to the
“self-regulation” from developmental science as general
self-regulation (GSR).
Scholarship on food-related self-regulation in childhood

has emerged rapidly in recent years. It has included atten-
tion to self-regulation of energy intake (SREI) [26–29],
and more generally to appetite self-regulation (ASR) or
self-regulation of eating [13, 20, 30–34] where self-
regulation difficulties have been repeatedly associated with
poor dietary intakes and weight status in children.
ASR is a general construct and incorporates the roles of

both hunger and satiety in prompting and stopping energy
intake [20]. It includes not only energy intake, but diet
quality (e.g., selection of healthy or unhealthy food), and is
closely linked with energy expenditure. ASR covers the
positive aspects of regulation, but also the inverse in terms
of the disruption of ASR, in the form of disinhibited eating
and related concepts. The significance of food related self-
regulation is recognized by claims [35–37] that healthy
eating and food decisions require effortful and goal-
directed self-regulation. At the same time, self-regulation
is only one of many factors that contribute to dietary in-
take and the development of overweight and obesity
(OW/OB) [16, 31, 38–42]. Nevertheless, difficulty with ap-
petite self-regulation has been recognized as a possible
pathway in the development of OW/OB in some children
[16, 32, 43], and is often a target in preventive interven-
tions [11, 28, 31, 44–47].
The importance of helping children develop SREI was

identified two decades ago [48]. The evidence base about

SREI and ASR in childhood has substantially expanded
in recent years, and has begun to draw on the con-
structs, evidence, theories and methodologies associated
with GSR, especially constructs such as the neurocogni-
tively oriented Executive Function (EF) [20, 21, 49–57]
the temperament-based Effortful Control (EC) [12, 29,
58–60], Michel’s delay-of-gratification paradigm [24,
61–63], and emotion regulation/dysregulation [14, 26,
64]. However, despite some cross-fertilization, to date,
there do not appear to have been efforts to systematic-
ally compare and contrast research and theory in what
remain as relatively separate bodies of scholarship in
ASR and GSR.
The purpose of the present narrative review is to con-

duct a reciprocal analysis of ASR and GSR in childhood
through an examination of (1) key concepts and pro-
cesses in GSR and ASR, (2) evidence about the possibil-
ity of common processes underpinning GSR and ASR,
and (3) the extent to which GSR could be implicated in
ASR-related outcomes such as disinhibited eating, Body
Mass Index (BMI) and obesity. A reciprocal analysis im-
plies that there are likely to be parallels as well as con-
trasts between ASR and GSR, with the potential for GSR
to provide insights for ASR as well as ASR to provide in-
sights for a wider treatment of GSR. The primary focus
is on childhood, meaning from infancy to about ages 6
or 7. All areas included in the review themselves repre-
sent substantial bodies of knowledge. As a consequence,
at times the coverage is somewhat introductory.
The evidence suggests that there are relatively unique

features of ASR when compared to GSR. As a conse-
quence, we argue there is value in an integration of re-
search and theory about GSR and ASR, so that the
broad field of self-regulation in childhood encompasses
a number of domains including those related to both
non-food self-regulation (e.g., emotions, actions and cog-
nitions) and ASR. The discussion includes implications
for research and theory that arise from linking GSR and
ASR under a common self-regulation umbrella.
The international literature on weight gain and obesity

has recognized that the overconsumption of foods and
beverages, especially palatable and energy dense food, is
an intractable problem in current obesogenic environ-
ments [31, 39, 41, 65, 66]. Drivers of food consumption
are complex and multifactorial and cannot easily be
solved with simple interventions. There is a need to bet-
ter understand how healthy food consumption can be
supported. Better knowledge of processes and mecha-
nisms underlying individual differences in the develop-
ment and disruption of appetite regulation and behavior
could help to explain how and why individuals respond
differently to food environments and to eating interven-
tions. Even with a widespread application of policy levers
to effect change in food environments, understanding
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the development of healthy self-regulation in children
could contribute new information on possible solutions
to the problem of achieving healthy food choices and in-
takes in obesogenic environments.

Methods
To identify literature and relevant journals, we searched ti-
tles, abstracts and key words in databases (PubMed, Psy-
cINFO, SCOPUS, Web of Science, Google Scholar) using
the terms ‘self-regulation’, ‘appetite self-regulation’, or
‘self-regulation of energy intake’ together with associated
constructs (e.g., Executive Function, Effortful Control,
delay-of-gratification). We followed up with backward and
forward snowballing. Given the quickly developing nature
of the field, special efforts during the time of writing and
up to submission were directed at “in press” articles from
the key journals that were identified. Selection of articles
was mainly limited to children or childhood, with a focus
from infancy to age 6 or 7 years. The search also yielded
literature from middle childhood, adolescence and adult-
hood and a selection of these publications was used to add
insights about possible processes in GSR and ASR.

Results
The results are presented first for key concepts and pro-
cesses in general self-regulation followed by parallel litera-
ture on appetite self-regulation. Evidence pertaining to
common underpinnings of GSR and ASR is presented. Fi-
nally, theory and evidence about links between food and
non-food delay-of-gratification and ASR-related outcomes
is examined.

Key concepts and processes in general self-regulation
In developmental science, self-regulation is often con-
ceived as a general goal-directed behavior, with self-
control seen as an instance of successful self-regulation [3,
8, 67]. However, self-control and other concepts such as
delay-of-gratification, temporal discounting, inhibitory
control, executive functioning, effortful control, cognitive
control “have all been related to, and are often treated as
synonymous with, self-regulation” ([68] p. 91). At the
broadest level, self-regulation/self-control has been con-
ceived as involving an ability, capacity or use of strategies
to override or change one’s inner responses such as de-
sires or impulses, as well as to interrupt undesired behav-
ioral tendencies and refrain from acting on them [69], “the
process or behavior of overcoming a temptation or prepo-
tent response in favor of a competing goal (either concur-
rent or longer term)” ([67] p. 80), or as executive
processes modulating prepotent responses [68].
While there seems to be broad definitional agreement, a

number of reviews have summarized differences in the
core constructs, measures or definitions pertaining to GSR
in childhood, such as EF, EC, self-regulation, inhibitory

control and delay-of-gratification [3, 24, 68, 70]. In terms
of the precise definitions of self-regulation and its central
constructs, there can be considerable differences as shown
by Cole et al.’s [68] table of selected theories and defini-
tions of self-regulation, a parallel table by Nigg [3] and
other critical analyses (e.g., [67]). Cole et al. ([68] p. 91)
noted that the US National Institutes of Health “lamented
the plethora of terms, conceptualizations, and methods
used to define and study self-regulation”, arguing that this
hindered our understanding of the basic mechanisms asso-
ciated with important health and developmental outcomes.
Despite this complexity, there is some agreement

about core constructs and processes in general self-
regulation. Much of this agreement is captured in the re-
views by Cole et al. [68] Gagne [24], Nigg [3] and
Bridgett et al. [71], from which the core features of what
Nigg [3] described as a domain-general model of self-
regulation can be outlined. From these reviews and other
literature, there appear to be four main elements of a
domain-general model of self-regulation. First, the
model involves recursive top-down and bottom-up pro-
cesses in the regulation of action, emotion and delay of
gratification. Top-down and bottom-up processes can be
differentiated conceptually, but also at the level of
neurobiology [72]. Top down processes have been de-
scribed as “reflecting more effortful/executive control
process served by cortical structures in the anterior cin-
gulate cortex” ([71] p. 603). Bottom-up processes have
been described as “reflecting more automatic (reactive)
processes served primarily by subcortical structures”
([71] p. 603) and include spontaneous, emotion-driven
appetitive processes. In addition to bottom-up processes
being the targets of self-regulation, they can also be the
source of self-regulation [3]. For example, fear of or
avoidance of weight gain could contribute to regulation
when palatable food is available.
Second, in a domain-general model, self-regulation is a

dynamic process involving an interplay between top-
down and bottom-up processes over time [68]. Third,
there are two major elements of bottom-up processes,
namely bottom-up avoidance (e.g., behavioral inhibition/
fear, anxiety or behavioral over-control) and bottom-up
approach (e.g., impulsivity/behavioral under-control) [3,
71]. Fourth, in a domain-general model, EF and EC are
centrally implicated in top-down processes [3, 71].
The impetus for self-regulatory strategies often derives

from reactive, spontaneous, appetitive or avoidant
bottom-up processes. The power of bottom-up processes
is reflected in the choice of Cole et al. [68] to describe
these as “prepotent responses”. There is a substantial
body of evidence in the literature on GSR (and as we
show below, an essentially parallel literature about ASR)
concerning the role of both behavioral inhibition/fear
and impulsivity [3, 71]. Nevertheless, it is not a one-way
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process with the impetus for self-regulation always to be
found in bottom up processes. As Nigg ([3] p. 365)
noted, “top-down systems can activate, suppress, or bias
bottom-up responses”. At the same time, top-down con-
trol is effortful, so that bottom-up processes can influ-
ence the nature and extent of action control [73].
As the terms “effortful”, “executive” and “control”

imply in describing top-down processes, EF and EC per-
tain largely to voluntary, conscious, or deliberate cogni-
tive processes in the regulation of behaviour. EC is a
temperament-based construct and “is defined as the abil-
ity to inhibit a dominant (motor, vocal, emotional or
cognitive) response and to activate a subdominant re-
sponse” ([74] pp. 1-2). The components of EC include
inhibitory control, planned action, effortful attention,
conflict resolution, error correction and abilities to delay
or wait [74, 75]. Temperament is assumed to involve
genetically-based inherent characteristics and it has been
reasoned that EC is an important underpinning of self-
regulated behavior [18], and it has been a core aspect of
research on emotion regulation [23, 76–79].
EF originated from the field of clinical neuropsychology

and “refers to the more deliberate or goal-directed, top-
down neurocognitive processes involved in self-regulation”
([74] p. 2). It has been considered to be a significant elem-
ent of self-regulation [80]. Hendry et al. ([81] p. 2) charac-
terized EF as involving “higher-order self-regulatory
processes”. The processes include inhibitory control, cogni-
tive flexibility and working memory [24, 74, 82–84]. Blair
([70] p. 3) said of EF that it involves “the ability to hold in-
formation in working memory, to inhibit fast and unthink-
ing responses to stimulation, and to flexibly shift the focus
of one’s mental frame, is more or less the foundation for
the intentional, volitional self-directed control of behavior.
The cognitive skills that make up this construct help us to
limit impulsive responses, to regulate emotions, and to
avoid bad decisions that might bring short-term gain but
longer-term problems”. Inhibitory control is a component
of both EC and EF. In the case of EC, it is conceived as a
dimension of temperament, while in EF it is treated as a
cognitive process. Both EC and EF contain components in
addition to inhibitory control (e.g., effortful attention and
conflict resolution in EC, and cognitive flexibility and
working memory in EF), but for present purposes the em-
phasis is on inhibitory control as a core ingredient of self-
regulation.
The inhibitory control component of EF has usually

been assessed in childhood using behavioral or per-
formance measures involving emotionally neutral tasks
that require children to inhibit a dominant response, as
assumed to be required in self-regulation [24, 85, 86].
Examples are the silly sounds Stroop task, where chil-
dren are asked to make the sound of a dog to a picture
of a cat and the sound of a dog to a picture of a cat, or

the pencil tap task, where the child taps twice if the ex-
periment taps once and the child taps once if the ex-
perimenter taps twice.
The assessment of EC in childhood, including inhibitory

control, has been based on both parent-rated tempera-
ment for toddlers through childhood [24, 87, 88] and
performance-based measures, especially for preschool-
aged children [87, 89]. The latter have included compar-
able tasks to those used to measure inhibitory control
under the umbrella of EF. For example, children saying
circle when shown a square and vice-versa [89]. For
present purposes, the main point to highlight about these
inhibitory control tasks for both EF and EC is their em-
phasis on inhibiting salient responses and on top-down
processes. As Lin et al. [74] argued, EC and EF have their
origins in different historical disciplines, but they have a
number of conceptual and empirical overlaps.
Considerable attention has been directed to the question

of the empirical overlaps of EF and EC. Lin et al. [74]
found that measures from the two domains could load on
a single “self-regulation” factor. Commonality between EF
and EC has been found via a “cognitive control” factor
that included temperament-rated inhibitory control and
performance on EF inhibitory control tasks [80]. Never-
theless, there is also evidence that behavioral measures of
EF and self-report measures of EC in adolescents could
predict academic performance in complementary and in-
dependent ways [83]. At least in adolescents, Zorza et al.
[83] argued that EF and EC share some elements, but do
not completely overlap. In preadolescents, Tiego et al. [90]
found that behavioral ratings of EF and EC measured the
same self-regulation construct. However, based on assess-
ments at age 4 years, Backer-Grondahl et al. ([8] p. 2) ar-
gued that EF and EC are “not completely synonymous”.
Lengua et al. [75] suggested some separation of the execu-
tive and delay components of EC, possibly because they
could stem from different brain regions, have different de-
velopmental courses, predict and relate to adjustment dif-
ferently, and relate differently to cortisol. In the latter case
they speculate that executive, but not delay tasks could be
related to cortisol. Overall, therefore, while there seems to
be considerable commonality between EF and EC, espe-
cially in the measurement and role of inhibitory control,
questions about the separation of the components, both
within and between EF and EC remains somewhat open.
EF has been broadened beyond abstract and decon-

textualized tasks through a distinction between “hot”
EF and “cool/cold” EF [53, 74, 86, 91, 92], with “hot”
implicated in emotionally arousing, or rewarding situ-
ations (such as tasks involving rewards of snacks, toys
or gifts and measures of wait times and self-control
behaviors) and “cool” in emotionally neutral situations
(such as the decontextualized and cognitive tasks
above, where there are no rewards or punishers). The
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use of hot and cool EF draws on the hot/cool delay
of gratification distinction earlier highlighted by Mis-
chel and colleagues [93, 94]. So-called hot situations
imply a greater role for bottom-up processes, while
cool situations are more amenable to top-down cogni-
tive processes and decision-making. The hot/cool dis-
tinction is especially relevant for a reciprocal analysis
of GSR and ASR because of its centrality in both do-
mains of self-regulation.
In relation to possible differences between hot and

cool self-regulation, Zelazo and Carlson [92] argue that
the neural systems supporting EF could vary as a func-
tion of the motivational significance of the situation.
They also suggested that the development of hot EF
might lag the development of cool EF, and that for chil-
dren younger than about 6 years, the distinction between
hot and cool EF is emerging, as part of the increasing
specialization of neural systems. Gagne [24] argued that
hot strategies involve emotional or reactive responses,
while cool strategies draw on cognitive processes, with
younger children more prone to be reactive than older
children.
In seminal research, Mischel and colleagues investi-

gated aspects of will-power and self-control in preschool
children using the now well-established delay-of-
gratification paradigm with food rewards, in what is
often referred to as the “marshmallow” task [8, 62, 93,
95]. The wait or delay aspect of delay-of-gratification is
also inherent in inhibitory control as conceived in both
EF and EC and these aspects are now frequently used in
the measurement of inhibitory control. In delay-of-
gratification tasks, both food and non-food rewards
(such as an appealingly wrapped gift) have been used
[14, 19, 74, 96]. Because of the use of a reward in the
delay-of-gratification paradigm it has often been used as
a measure of hot self-regulation [8, 93].

Overview
Central in models and analyses of GSR is the notion of
the recursive interplay between top-down and bottom-
up processing. In the case of bottom-up, the emphasis
has been on spontaneous or reactive responses that can
be either approach or avoidant. Much attention has been
directed to the top-down processes via research on the
function of EF and EC, especially via the inhibitory con-
trol element. The dynamic interplay or mutual influence
between top-down and bottom-up processes, including
the potential for bottom-up processes to interfere with
top-down regulation, has also been a feature of models
of GSR [3, 68]. Nigg [3] referred to the self-regulation
“universe” in presenting a glossary of major terms relat-
ing to self-regulation. Here we have introduced some
features of that universe to facilitate a reciprocal analysis
of GSR and ASR.

Key concepts and processes in appetite self-regulation
The attention to overweight and obesity in children in
recent decades has probably led to an emphasis on pro-
cesses associated with ASR difficulties more than on the
development of ASR in childhood. In contrast, in GSR
there seems to have been a greater balance between at-
tention to (1) the development of self-regulation and
positive outcomes and (2) self-regulation difficulties or
deficits. The greater positive emphasis in the GSR litera-
ture could arise from a more even focus on successful
adjustment outcomes (e.g., in social, emotional, and aca-
demic domains) as well as maladjustment.
In general, the GSR description of self-regulation as

pertaining to overriding inner responses, interrupting
undesired tendencies and refraining from acting on
them, or in terms of executive processes modulating
prepotent responses, has also been generally applied to
ASR (e.g., 30). In the case of ASR, the inner responses
are internal signals about hunger and satiety and the
prepotent responses are associated with food and eating.
As already noted, research and theory about ASR impli-
cates a wide range of influences and processes in self-
regulation, many of which appear to be relatively unique
to ASR.
Our survey of the literature showed that a large num-

ber of constructs has been used to characterize processes
or to measure ASR in childhood, including ASR difficul-
ties. The constructs are illustrated in Table 1 and extend
across the two main sources of bottom-up processes
identified in the literature on GSR, namely approach
(such as food responsiveness, hedonic aspects of food,
emotional eating), and avoidance (such as food avoid-
ance, food neophobia and picky eating). The breadth
and diversity of constructs that are relevant to processes
and analyses of ASR in childhood is evident. The con-
structs in Table 1 have been grouped under the three
main headings of bottom-up approach (e.g., food ap-
proach), bottom-up avoidant (e.g., food neophobia), and
top-down. An additional grouping captures other con-
structs and those that seem to incorporate aspects of
both top-down and bottom-up processes. The constructs
in Table 1 cover research where ASR-related measures
have been the dependent variable (such as parent influ-
ences on components of ASR, changes in ASR across de-
velopment, and the heritability of ASR constructs), but
also where they have been the independent variable
(such as how parents respond to or perceive the compo-
nents of ASR in children). The table also includes a
number of reviews that discuss or examine a construct.
The list in Table 1 reveals a wide variety of constructs

that appear to be particular to ASR rather than to GSR. It
seems noteworthy that homeostasis is frequently drawn
on in analyses not only of appetite regulation, but also in
appetite self-regulation. It is illustrated by the idea that
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Table 1 An illustrative list of constructs applicable to ASR in childhood and their measurement

Construct First author,
publication
year

Sample description/
age focus for reviews

Construct
Measurement

Study design Results/selected findings

Bottom up (approach)

Food
responsiveness

Carnell
(2016) [97]

4–5 year old UK
children and mothers,
mainly White British

CEBQ Cross-sectional, with preloading
and observed lunch intake plus
parent reported eating behaviors

Higher food responsiveness was
linked to greater total food
intake

Cross
(2014) [98]

Low income African
American and
Hispanic parents and
their preschool
children aged 4 years

CEBQ Cross-sectional survey of parent
rated eating behaviors and
parent feeding practices

Food responsiveness related to
mothers’ restrictive feeding
practices

Reward
sensitivity/
response to
food and food
cues

Adise
(2019) [99]

7–11 year old US
children and families,
mainly White, middle
income

fMRI Cross-sectional using neuro
imaging assessment of brain
responses to food and money
rewards

Higher food responsiveness
linked to decreased brain
responses to winning food
rewards. Regions associated with
reward, cognitive control and
emotion may play a role in the
brain’s responses to food

Yokum
(2019) [100]

US adolescents 14–
17 years, 77.7%
European American

fMRI Longitudinal design measuring
neural activity for gained weight
versus weight stable groups

Suggest that initial hyper-
responsivity to palatable high-fat
food tastes could be related to
future weight gain

Shapiro
(2019) [101]

From a pre-birth
longitudinal cohort of
US children, ethnically
diverse. Tested at 4–6
years of age

fMRI Cross-sectional with laboratory-
based measurement of Eating in
absence of hunger (EAH) and a
brain scan

EAH was associated with activity
in a major reward network, and
reduced connectivity between
brain regions associated with
reward and those associated
with response inhibition

Enjoyment of
food

Carnell
(2016) [97]

4–5 year old UK
children and mothers,
mainly White British

CEBQ Cross-sectional, with preloading
and observed lunch intake plus
parent reported eating behaviors

Higher enjoyment of food was
linked to greater total food
intake

Cross
(2014) [98]

Low income African
American and
Hispanic parents and
their preschool
children aged 4 years

CEBQ Cross-sectional survey of parent
rated eating behaviors and
parent feeding practices

Higher enjoyment of food was
linked to more restrictive feeding
practices in African American
families

Hedonic/
reward aspects
of food and
hunger

Alonso-
Alonso
(2015) [102]

Not age-based Review Examined the neuroscience of
food reward

Discussed homeostatic and non-
homeostatic (related to the
brain’s reward system) influences
on the regulation of food intake

Lowe
(2007) [103]

Not age-based Review Examined hedonic hunger as a
new eating motive

Proposed a distinction between
homeostatic and hedonic eating

Subliminal
reward signals

de Araujo
(2020) [104]

Not age-based Review Examined human and animal
research about processes
associated with food reward

Proposed a two-path model of
food reward that included
subliminal reward signals and
conscious liking

Reward
neurocircuitry

Reichelt
(2015) [105]

Not age-based Review Examined neurocircuitry
associated with the reinforcing
value of foods and inhibitory
control

Set out a model of food cue
effects on homeostatic appetite
signals and reward neurocircuitry

Emotional
eating/over-
eating

Lumeng
(2014) [106]

Low-income (Head
Start) US children
aged 3–4 years and
parents

CEBQ Cross-sectional using parent
questionnaires plus child weight
and cortisol measures

Family stress was linked to
overweight, with this mediated
by emotional eating in boys

External eating Jahnke
(2008) [107]

German mothers of
preschool children
aged 3–6 years.
Diverse SES

DEBQ Cross-sectional using parent-
questionnaires

Overweight children scored
higher on external eating
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Table 1 An illustrative list of constructs applicable to ASR in childhood and their measurement (Continued)

Construct First author,
publication
year

Sample description/
age focus for reviews

Construct
Measurement

Study design Results/selected findings

Consumption
of problematic
foods

Jahnke
(2008) [107]

German mothers of
preschool children
aged 3–6 years,
diverse SES

Parent reports of
child food
consumption

Cross-sectional using parent
questionnaires

Parent ratings showed that
children with higher weight
status ate significant less
problematic food

Healthy food
preferences

Anzman-
Frasca
(2018) [108]

Prenatal to early
childhood

Review Examined evidence about
promoting healthy food
preferences

Early exposure to healthy foods
can support subsequent
acceptance of these foods

Russell
(2016) [109]

Diverse sample of
Australian preschool
children aged 3–5
years and parents

Parent reports of
food preferences

Cross-sectional, with measures of
parent-reported child appetitive
traits (CEBQ) and food
preferences

Healthy food preferences were
related to enjoyment of food,
satiety responsiveness and
fussiness

Eating in the
absence of
hunger (EAH)

Leung
(2014) [58]

Low-income (Head
Start) US preschool
children and their
caregivers, diverse in
race and ethnicity

Observed EAH using
the free access
protocol

Cross-sectional with measures of
parent-reports of temperament
and obesogenic eating behaviors
plus observed EAH

Higher temperamental surgency,
but not effortful control, was
related to more EAH

Impulsivity Bennett
(2016) [110]

UK parents (mainly
tertiary educated) and
their children aged 2–
4 years

Parent ratings on
ECBQ, and child
impulsivity, plus
laboratory
assessments of child
impulsivity

Cross-sectional, using parent
questionnaires and laboratory
measures

Girls high in trait-like impulsivity
and boys high in motor
impulsivity could be more prone
to display food approach
behaviors associated with weight
gain when parents monitor their
intake less.

Disinhibited
eating

Shapiro
(2019) [101]

From a pre-birth
longitudinal cohort of
US children, ethnically
diverse. Tested at 4–6
years of age

Disinhibited eating
measured using the
EAH free access
protocol

Cross-sectional with laboratory
measurement of EAH and a brain
scan

Provided new evidence of the
neuronal correlates of
disinhibited eating in young
children

Russell
(2018) [29]

Childhood Review Narrative review of development
of appetitive traits using insights
from research and theory in
developmental science

Outlined a biopsychosocial
model of the development of
appetitive traits, including
disinhibited eating in childhood

Eating rate Carnell
(2007) [111]

UK children 4–5 years
of age and parents
(mainly mothers,
White British and
affluent)

Observed eating rate Cross-sectional with observed
eating behaviors plus parent-
completed CEBQ

Faster eating was linked to
higher food responsiveness and
enjoyment of food. Slower
eating was linked to higher
satiety responsiveness

Bottom up (avoidance)

Food
neophobia/
picky eating

Russell
(2018) [29]

Childhood Review Narrative review of development
of appetitive traits using insights
from research and theory in
developmental science

Outlined a biopsychosocial
model of the development of
appetitive traits, including food
neophobia in childhood

Cole (2017)
[112]

Children less than 30
months of age

Review Examined correlates of picky
eating and food neophobia at
different levels, for example,
genetic, child, family, community

Highlighted the importance of
investigating parent-child dyads
and bidirectional feeding
patterns

Russell
(2008) [113]

Population-based
sample of Australian
children 2–5 years
and parents

CFNS Cross-sectional, with measures of
parent-reported food neophobia
and food preferences

Food neophobia was negatively
correlated with liking for all
foods in the healthy food group
of Australian Healthy Eating
Guide

Lumeng
(2018) [114]

Low income US
children and mothers.
Entered study at 21
or 27months of age.

CEBQ, BAMBI Cross-lagged cohort
questionnaire study at 21, 27 and
33months of age

Concurrent association were
found between picky eating and
pressuring feeding, but no
prospective associations

Food fussiness Gregory
(2010) [115]

Australian mothers of
children 2–4 years
mostly tertiary educated
and Australian born

CEBQ Cross-sectional using parent
questionnaires about child eating
behaviors, parent feeding, and
concerns about child weight

Food fussiness predicted
maternal pressure to eat, partially
mediated by concern about
child underweight
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Table 1 An illustrative list of constructs applicable to ASR in childhood and their measurement (Continued)

Construct First author,
publication
year

Sample description/
age focus for reviews

Construct
Measurement

Study design Results/selected findings

Food
avoidance

Powell
(2011) [116]

UK mothers of
children 3–6 years,
mostly White British

CEBQ Cross-sectional with parent
reports of parent feeding
behaviors and child food
avoidance

Maternal feeding practices
significantly predicted child food
avoidance

Emotional
undereating

Bjorklund
(2018) [117]

Representative
community sample of
Norwegian children
6–10 years and
parents

CEBQ Longitudinal with measures of
child and contextual predictors of
change in emotional over- and
undereating

Lower family functioning at age
6 predicted emotional
undereating at age 10

Herle
(2018) [118]

Subsample from
Twins Early
Development study
at age 4 years, mainly
White British

CEBQ Cross-sectional with measures of
genetic and environmental
factors contributing to emotional
over-and undereating

Genetic contributions to
emotional undereating were not
significant. Shared environmental
factors explained 77% of the
variance

Slowness in
eating

Llewellyn
(2010) [98]

Population-based
sample of infant
twins from England
and Wales

BEBQ Cross sectional heritability
analysis of scales from BEBQ

Heritability was high for slowness
in eating

Top down

Delay-of-
gratification

Lelakowski
(2019) [72]

Diverse US sample of
mothers, children
aged 24–30 months

Snack delay task Longitudinal, with measures of
child temperament, parent
feeding and child BMI

Impulsivity but not inhibitory
control (snack delay task) was
related to BMI

Kidd (2013)
[119]

US children aged 3–5
years

Marshmallow wait
task

Cross-sectional with measures of
children’s wait time and beliefs
about environmental reliability

Wait time reflected differences in
self-control and beliefs about the
stability of the world

Reward/delay
discounting

Bennett
(2019) [120]

UK children aged 7–
11 years and parents,
mainly White middle
class

Delay discounting
task as a measure of
impulsivity

Cross-sectional with measures of
child impulsivity, adiposity, intake
during a snack, and eating
behaviors

Poorer performance on delay
discounting was associated with
greater snack intake

EC inhibitory
control

Rollins
(2014) [121]

US children aged 3–7
years and parents
mainly White, middle
to high income

CBQ Short-term longitudinal with
measures of restrictive feeding
practices, intake of restricted food
and child weight

Children with lower inhibitory
control and higher approach
showed greater increase in
intake in association with
experience of parental restriction

Tan (2011)
[122]

US parents with
children 3–9 years

CBQ Cross-sectional with measures of
child self-regulation in eating,
inhibitory control and parents’
feeding behavior

Self-regulation in eating was
positively correlated with
inhibitory control

EF inhibitory
control

Fogel
(2019) [123]

Children from an
Asian cohort aged 6
years

Stop signal task as
measure of inhibitory
control

Cross-sectional with measures of
child inhibitory control, eating
behavior and adiposity

Lower inhibitory control was
related to selecting larger food
portion, multiple food servings
and faster eating rates

Shapiro
(2019) [124]

From a pre-birth
longitudinal cohort of
US children, ethnically
diverse. Tested at 4–6
years of age

Flanker task as
measure of inhibitory
control

Cross-sectional with measures of
biomarkers of poor metabolic
health and performance on
cognitive tasks

Greater blood biomarkers of
poor metabolic health were
related to lower inhibitory
control

Others/both top-down and bottom-up

Homeostatic
and hedonic
systems cross-
talk

Higgs
(2017) [125]

Not age-based Review Examined evidence about the
integration of metabolic, reward
and cognitive processes in
appetite control

Favors a framework that
emphasizes cross-talk between
the neurochemical substrates of
hedonic and homeostatic
systems

Berthoud
(2017) [126]

Not age-based Review Examined hedonic and
homeostatic controls in the
regulation of body weight

Presents neural models of the
interaction between homeostatic
and hedonic controls
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Table 1 An illustrative list of constructs applicable to ASR in childhood and their measurement (Continued)

Construct First author,
publication
year

Sample description/
age focus for reviews

Construct
Measurement

Study design Results/selected findings

Interoception Keller
(2018) [127]

Children Review Examined the role of the brain in
children’s food choice and eating
behavior, including brain regions
associated with interoception

Noted findings suggesting a
reduced awareness of internal
homeostatic cues among
individuals prone to obesity

Alliesthesia Higgs
(2017) [125]

Not age-based Review Examined evidence about the
integration of metabolic, reward
and cognitive processes in
appetite control

Discussed alliesthesia: food is
more liked when hungry, less so
when eating when full. Noted
associations with decreases in
reward-related brain activations

Berridge
(2010) [128]

Not age-based Review Examined brain mechanisms
associated with obesity or eating
disorders, including alliesthesia

Suggested possible brain-based
mechanisms for hunger
increasing “liking” and “wanting”
food

Caloric
compensation

Carnell
(2007) [111]

UK children 4–5 years
of age and parents,
(mainly mothers,
White British and
affluent)

Observed using
preload protocol

Cross-sectional with measures of
children’s ability to regulate
intake depending on the caloric
content of a preload plus parent-
completed CEBQ

Higher satiety responsiveness
(CEBQ) was associated with
better average caloric
compensation

Compensation
for energy
density

Brugaileres
(2019) [129]

French infants at 11
and 15 months of age
and mothers

Observed using
preload protocol

Short-term longitudinal with
measures of changes in
adjustment of intake to energy
density

At both ages, infants
undercompensated for the
energy of the preload.
Compensation ability decreased
from 11 to 15 months. The
greater the decrease, the higher
weight status at 2 years of age

Johnson
(2000) [28]

High SES US children
4–5 years of age and
parents

Preload protocol Short-term longitudinal
intervention to help children
recognize cues of satiety and
hunger to compensate for
energy density

Large individual differences in
self-regulation at baseline. The
intervention improved children’s
self-regulation

Compensation
across meals
and over days

Leahy
(2008) [130]

US children 3–5 years
of age. Parents mostly
White with a
university degree

Varied energy
density of prepared
meals

Short-term longitudinal with
measures of intake in response to
differences in energy density over
2 days using a cross-over design

A decrease in energy density led
to a decrease in energy intake;
children did not compensate in
their energy intake (calories)
according to the energy density
of the meals

Food choice/
processed
food effects

Small
(2019) [131]

Not age-based Review Examined two systems driving
food choice: metabolic signals
about nutritional content, and
conscious perceptions e.g., about
flavor, caloric content,
healthfulness

Argues there is evidence that
nutritional signals about
processed food are not
accurately conveyed to the brain

Food “liking”
and “wanting”

Keller
(2018) [127]

Children Review Examined the role of the brain in
children’s food choice and eating
behavior, including the neural
drivers of food “liking” and
“wanting”

Summarizes evidence about the
neural drivers of affective
response to food (“liking”) and
the incentive salience of food
(“wanting”)

Berridge
(2016) [132]

Not age-based Review Examined brain mechanisms
associated with “wanting” a
reward (including food) and
“liking” the same reward

Addiction could be associated
with excessive amplification of
“wanting”, especially triggered by
cues about anticipated rewards
and pleasure. Heightened
dopamine reactivity such as
stress and emotions could
increase “wanting”

Satiety
responsiveness

Carnell
(2016) [97]

4–5 year old UK
children and mothers,
mainly White British

CEBQ Cross-sectional, with preloading
and observed lunch intake plus
parent-reported eating behaviors

Higher satiety responsiveness
was linked to lower total food
intake
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rather than independent homeostatic and hedonic sys-
tems, there is an interaction between the neurochemical
substrates of the two systems in the regulation of energy
intake and weight. This has been described as involving
“crosstalk” between the homeostatic and hedonic systems
[125, 126, 135]. The inclusion of homeostasis in ap-
proaches to ASR seems to provide a contrast with GSR,
where Nigg [3] excluded allostatic and homeostatic pro-
cesses in his review of self-regulation. The constructs in-
cluded in Table 1 point to the complexity and range of
different components implicated in ASR.
Approaches to measurement in ASR (some referred to

in Table 1) have covered three overlapping areas relating
to both self-regulation and self-regulation difficulties: (1)
processes, (2) individual differences and (3) regulatory
skills or strategies. In the case of processes, there has been
considerable use of functional magnetic resonance im-
aging (fMRI). For example, fMRI has been used to assess
increased responsivity to palatable food receipt and cues,
possible inhibitory control activation to suppress urges to
consume palatable food, and reduced fat taste sensitivity
that may impair satiety responses [100] as well as the ori-
gins and role of sweet taste in reward-based eating in chil-
dren [136] and stress-induced cortisol effects on reward
sensitivity and appetite regions of the brain [137].
In the measurement of individual differences in eating

behaviors or appetitive traits in childhood, both neural
and behavioural measures have been used [138]. Parent
ratings of appetitive traits have been widely used. This
has especially involved use of the Children’s Eating Be-
haviour Questionnaire (CEBQ) [139, 140] the parallel
Baby Eating Behaviour Questionnaire [140, 141] and
other questionnaires, such as the Child Food Neophobia
Scale [142]. The CEBQ has two broad dimensions of
food approach and food avoidance (thus matching the

two main aspects of bottom-up processes). Individual
CEBQ scales include food responsiveness, satiety respon-
siveness and food fussiness.
In single-session experimental and/or naturalistic con-

texts, the preload protocol and observations have been
used to measure calorie compensation, eating in the ab-
sence of hunger, i.e., eating beyond satiation, and eating
rate [28, 52, 97, 129, 143–147]. A similar strategy has been
used to measure energy intake and compensation over sev-
eral days [130]. Results of these measurement approaches
are used either to study individual differences in ASR or as
measures of self-regulatory skills (e.g., the ability to com-
pensate for preload) or self-regulatory difficulties (e.g., eat-
ing in the absence of hunger). The widely used delay-of-
gratification paradigm discussed below can also be treated
as an approach to measure skills in self-regulation, or to
measure individual differences. Measures of EF, EC and
emotion regulation have been incorporated into research
on ASR and related to child weight status [52].
Focused models and conceptions of ASR (especially as

they relate to self-regulation difficulties or deficits that
seem to be associated with disinhibited eating) [31–34,
101, 148–150] include at least top-down regulation, he-
donic aspects of food including sweet taste preferences
[151], biological processes in the control of appetite [33,
34], as well as social, physical and macro-level environ-
ments, and psychological and neural control mechanisms.
The idea of bottom-up and top-down processes and their

interplay intrinsic in approaches to GSR has been part of
recent conceptualizations of ASR [32, 39, 44, 61, 72, 101].
While in the case of ASR, the self-regulatory processes in-
clude top-down, cognitive and decision-making processes,
regulation is also dependent on body and brain responses
(such as hormonal and brain signals about satiation) to the
food, processes such as alliesthesia and interactions

Table 1 An illustrative list of constructs applicable to ASR in childhood and their measurement (Continued)

Construct First author,
publication
year

Sample description/
age focus for reviews

Construct
Measurement

Study design Results/selected findings

Cross
(2014) [98]

Low income African
American and
Hispanic parents and
their preschool
children

CEBQ Cross-sectional using measures of
parent-rated child eating
behaviors and parent-reported
feeding practices

Higher satiety responsiveness
was associated with greater
pressure to eat in African
American families

Satiation and
satiety

Blundell
(2010) [133]

Not age-based Review Examined specific measures of
satiation, satiety, hunger and
food consumption, including
“liking” and “wanting”

Sets out a model of the impact
of foods on satiation and satiety.
Discussed approaches to the
measurement of satiation and
satiety

Bellisle
(2012) [134]

Not age-based Review Examines the satiating power of
foods with sweeteners. Included
“liking” and “wanting” and their
role

Highlighted methodological
challenges in measuring satiation
and satiety

CEBQ Children’s Eating Behaviour Questionnaire, BEBQ Baby Eating Behaviour Questionnaire, TMCQ Temperament in Middle Childhood Questionnaire, ECBQ Early
Childhood Behaviour Questionnaire, CFNS Child Food Neophobia Scale, BAMBI Brief Autism Mealtime Behaviour Inventory, CBQ Children’s Behavior Questionnaire,
EF Executive Function, EC Effortful Control
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between metabolic, reward, and cognitive processes [125].
Consciously perceptible hedonic qualities of food could
play a mostly transient role in food reinforcement, with a
greater contribution from subliminal gut-brain reward
pathways [104]. Further, homeostatic (i.e. regulatory) and
hedonic systems in relation to food have evolved to com-
municate and influence one another [125, 152] and there is
a complex interplay of homeostatic and non-homeostatic
controls [102]. Cognitive and behavioral aspects of ASR,
involving social and goal-directed behaviors and decision-
making involved in top-down processes [32], might inter-
act with neural and endocrinal substrates. The interplay
between bottom-up and top-down processes in ASR is
reflected in the argument that appetite self-regulation oc-
curs “at cognitive, emotional, motivational, biological, and
behavioral levels” ([11], p. 71).
Cognitive processes involved in appetite regulation

have been separated in terms of those operating before a
meal and those during a meal [125]. In a similar way,
Smethers and colleagues [153, 154] argued that there are
different possible time courses in relation to ASR. One
possibility is a particular eating or feeding episode which
is affected by a range of factors, some of them which are
unique to eating such as sensory specific satiety and food
variety [155, 156]. Another relates to compensation or
adjustment from a meal or snack to the next opportun-
ity for eating, or over several days. For example, pre-
school children have been found not to adjust energy
intake in response to energy density or portion size over
a 5-day period [153, 154]. There is control of immediate
gratification versus control of overall energy balance
[157]. Different time courses seem to imply different
bottom-up and top-down processes.
ASR also covers both the quantity and composition of

dietary intake [48]. This means that ASR involves not
only the regulation of energy intake, but also the choice
of foods, especially with respect to “healthy” and “un-
healthy” diet and food choices [34, 35, 158–162]. Finally,
in the case of ASR, bottom-up processes can arise in dif-
ferent ways, such as from hunger (and the food could be
healthy or unhealthy) versus from the attraction of palat-
able food, or the sweet taste [136, 151], from attraction
arising from food having been restricted [163, 164], es-
pecially for children lower in inhibitory control [121],
the desire to eat to regulate emotions [29, 118, 165,
166], and in response to stress [167–170]. This means
that what is being responded to and what or how
top-down processes might be drawn on seems vari-
able and uncertain in the case of food and eating: is
the same top-down process required in relation to
self-regulating responses to foods of large portion size
and foods higher in energy density, for example? And
does this differ according to emotional state and hun-
ger levels?

Evidence about common underpinnings of GSR and ASR
and contributions to appetitive traits and BMI
The above comparison of GSR in developmental science
and ASR highlighted possible differences between them,
but also a number of parallels or overlaps. This raises
the question of what the evidence indicates about
whether and how GSR and ASR have common under-
pinnings, especially with respect to EF, EC and delay-of-
gratification. The evidence reviewed above shows the
importance of EF, EC and delay-of-gratification in GSR.
The question is whether there is similar evidence about
ASR. In addition, a linked question arises from research
on delay-of-gratification. Here the question is whether
and how food and non-food related delay-of-
gratification is associated with children’s appetitive traits,
weight and obesity. If food and non-food delay-of-
gratification are associated with ASR-related outcomes
such as disinhibited eating and obesity in similar ways,
this could suggest a close linkage between GSR and
ASR. On both questions the evidence is complex and
diverse.
On the positive side, there is some evidence and claims

that elements of EC contribute to ASR-related outcomes
such as children’s eating behavior, weight, weight gain, or
nutrition risks [21, 56, 60, 122]. This research has included
preschool children [56, 60]. There is parallel evidence and
claims that components of EF are also associated with
ASR-related outcomes [21, 49, 50, 53, 55, 56, 171]. Much
of this evidence seems to involve children of elementary
school age or older [53, 55, 171–173]. There seems to be
limited evidence about EF and ASR-related outcomes in
younger children. Nevertheless, a recent study [49] re-
ported that change in EF from 3 to 5 years was inversely
related to change in BMI from age 2 to 5 years.
Positive results for EF and/or EC have not always been

found in the literature on ASR with young children.
Hughes et al. [52] used a battery of eating and non-
eating self-regulation procedures and measures with a
sample of Hispanic preschool children and their parents.
The battery of non-eating related measures was not sig-
nificantly related to child BMIz. The battery included EF
tasks, EC from parent reports, delay-of-gratification with
a food reward and delay-of-gratification with a non-food
gift reward. In a sample of 3 to 6 year-old children, Pie-
per & Laugero [56] found that parent reported inhibitory
control was associated with parent-reported emotional
over eating, but not to observed eating in the absence of
hunger. Three EF tasks (including delay-of-gratification)
also were not related to observed eating behavior (but
parent-reported emotional eating was related to an EF
selective attention task). In a meta-analysis of research
with mainly adolescents and adults, Yang et al. [57]
found that broad impairments on executive function
were linked to obesity but only deficits in the inhibition
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and working memory components of EF were found for
overweight participants. Tan and Holub [122] found that
parent reported inhibitory control was related to parent-
reported self-regulation in eating in a sample of children
aged 3 to 9 years, but not to child BMI percentile. In re-
search with preschoolers and their caregivers, Leung
et al. [58] reported no significant relationships between
caregiver-reported effortful control and six measures of
caregiver-reported obesogenic appetitive traits.

Evidence about contributions of food and non-food delay-
of-gratification to appetitive traits and BMI
In addition, investigations of relationships between EC
and EF and children’s eating behavior and weight/weight
gain, there has been a body of research based on mea-
sures of delay-of-gratification. The evidence here mainly
pertains to (1) whether or not BMI, obesity or weight
gain is predicted by delay-of-gratification for food and
non-food tasks, and (2) differences between OW/OB
versus normal weight children on delay-of-gratification
tasks. The findings are partly complicated by the ten-
dency for research to claim to be investigating “self-
regulation” but use food as the reward in the delay-of-
gratification procedure [43], despite questions about the
comparability of food and non-food rewards as the evi-
dence below indicates.
There are findings that performance with non-food re-

wards in delay-of-gratification can predict ASR-related out-
comes, as well as other data suggesting that only food
rewards are associated with ASR-related outcomes. In the
former case, Saltzman and colleagues [20] argued that gen-
eral self-regulation and ASR are “strongly related”, to the
extent that a pathway to ASR is via GSR. In the end, this
claim relied on the results of Graziano and colleagues [95,
174]. They used delay-of-gratification for an “appealingly”
gift-wrapped box at 2 years as a measure of self-regulation/
inhibitory control/reward sensitivity and compared over-
weight/at risk versus normal weight children at age 5.5
years [96]. Overweight/at risk children were in the 85th
BMIz percentile or greater. They found inhibitory control
(delay-of-gratification) was significantly related to BMI at
age 2. In a further follow-up at age 10 years [174] they re-
ported that BMIz-scores and changes in BMIz-scores from
4 to 10 years were related to “self-regulation skills” at age 2.
In this case “self-regulation skills” was a single factor score
combining laboratory measures of sustained attention,
emotion regulation and delay-of-gratification using an ap-
pealing gift-wrapped box.
In speculating about the possible mechanisms linking

“self-regulation deficits” to BMI and the development of
weight problems 8 years later, they suggested that it could
arise from “oversensitivity to novel and pleasurable activ-
ities” (p. 941) that could be present prior to the develop-
ment of obesity, but were unsure about how this could

contribute to obesity. Possibilities they proposed were that
it could interfere with satiety processes such as recogniz-
ing the signals of satiety and stopping eating, and could
contribute to unhealthy food preferences, both of which
are elements of ASR. Francis and Susman’s [157] results
also suggest that performance on delay-of-gratification
(they called it a “waiting game” for a toy) at 3 years was re-
lated to weight gain in children to 12 years of age. A sub-
sequent delay-of-gratification measure using food-reward
at age 5 enhanced the prediction of weight gain.
When delay-of-gratification research has directly com-

pared food and non-food rewards, there are a number of
results pointing to the independence of performance on
food and non-food tasks. Miller et al. [14] measured
BMI and observed toddler (mean age 33.1 months) “self-
regulation” responses in food (delay of gratification for a
snack) and non-food (delay of gratification for a gift)
tasks as well as emotional self-regulation from negative
affect in frustration eliciting tasks (one food-related- no-
touch cookie tasks and one non-food related-no-touch
toy task). They reported that the ability to wait in the
food delay task (but not in the non-food delay task) was
associated with lower concurrent child weight (BMIz)
and lower odds of overweight/obese status. They suggest
that food responsivity could be implicated. Better emo-
tional self-regulation in both tasks (less prone to distress
in the face of frustration) was related to lower odds of
overweight/obesity. A possibility the authors raised was
that parents could engage in emotional feeding as a
soothing strategy for children prone to negative emo-
tions. As noted below, emotional feeding could be a fac-
tor in the disruption of ASR in childhood.
Obese and non-obese children from early childhood

and middle childhood have been found to differ on
delay-of-gratification tasks where food is a reward, but
not when there are non-food rewards [175, 176]. These
results are consistent with the suggestion ([177] p. 411)
that “children who were overweight were particularly in-
effective at inhibiting their responses towards food stim-
uli” (p. 411). They suggested that overweight children
could be especially responsive to food cues and find it
difficult to inhibit responses to those cues. This possi-
bility is consistent with a finding that performance on
delay-of-gratification with a food reward at age 4 pre-
dicted BMI 30 years later [178]. These authors sug-
gested that this result could reflect executive function
abilities. It needs to be noted, however, that perform-
ance on food-reward delay-of-gratification is not al-
ways related to ASR-related outcomes. For example,
in a toddler.
sample, Lelakowska et al. [72] found that performance

on the snack delay task at 24 months was not related to
either parent-reported emotional overeating or child
BMI at 30 months.
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Discussion
The present reciprocal analysis pointed to the poten-
tial for the integration of theory and evidence about
GSR and ASR. Nigg [3] argued that self-regulation
should be treated as domain general, and then spe-
cific terms used in relation to separate domains. For
example, self-regulation of emotions, self-regulation of
actions and self-regulation of cognitions. Calkins and
colleagues [22, 23] have advanced similar arguments.
Following this reasoning, the present analysis suggests
that self-regulation of appetite should be added as a
domain under the umbrella of self-regulation in
childhood.
Overall, the present reciprocal analysis (an overview

provided in Table 2) noted important parallels between
ASR and GSR in childhood in terms of key concepts and
possible underpinning processes, but, equally, ASR, like
each of the other identified self-regulation domains of
GSR, seems to involve a number of unique components
and processes. Some of these are highlighted in Table 2.
The evidence did not seem to support a conceptualization
of GSR as providing a pathway to ASR. There were sug-
gestions of common underpinnings, but the development
of GSR and ASR in childhood is no doubt shaped by pro-
cesses partly inherent to each domain and develop some-
what independently [52], but with increasing integration
across childhood.
The relatively unique aspects of ASR seem to have

parallels in the case of emotion regulation/dysregulation,
at least with respect to neurobiological and endocrinal
processes, as well as in terms of reading internal and ex-
ternal cues, and unique cognitive and behavioral pro-
cesses [179–183]. In the case of self-regulation arising
from fear/inhibition and impulsivity/disinhibition,
unique features are also likely to be evident, especially in

relation to demands placed on top-down processes in
the regulation of cognition and action.
It is appealing to assume that comparable processes,

abilities or capacities such as those inherent in EF, EC
and in delay-of-gratification underpin both GSR and
ASR. However, the evidence seems to be mixed for EF
and EC, at least over the period from infancy to age 5 or
6 years of age. In relation to abilities associated with
delay-of-gratification procedures, the evidence mainly
points to differences for food and non-food related de-
lays. In relation to ASR, there is also a question of the
direction-of-effect [57, 171]. There is evidence about the
impact of adiposity on the structure and function of the
prefrontal cortex (which is linked to executive control
processes), so that excessive consumption of appetitive
calorie-dense food could contribute to impairments in
executive function and then to reduced food self-
regulation [150]. There is also evidence that metabolic
health could impact cognitive function in preschool chil-
dren [124]. Finally, both weight gain and impairments in
executive function could be related to a common third
factor such as stress [168, 184, 185], or genetic predispo-
sitions [171].
Collectively, processes in ASR seem to incorporate

biological (e.g., bottom-up approach and avoidance),
psychological (e.g., top-down inhibitory control) and so-
cial factors (e.g., external food and eating cues, and so-
cial contexts that impact both bottom-up and top-down
processes). In this way, ASR appears amenable to a biop-
sychosocial approach in common with much develop-
mental theory [186, 187] and in parallel with the
development of appetite traits [29, 188] and overweight/
obesity in childhood [16].
It is helpful to place the possibility of limited contribu-

tions of EF and EC to ASR-related outcomes in young

Table 2 Results overview

Domains Food self-regulation (eg. ASR, SREI) Non-food self-regulation (eg of action, emotions,
cognitions)

Possible underpinning
processes

EF, EC, Inhibitory Control, delay-of-gratification, recursive bottom-
up and top-down processes

EF, EC, Inhibitory Control, delay-of-gratification, re-
cursive bottom-up and top-down processes, Hot
and cool/cold EF

Possible unique
components and
processes

Early homeostatic regulation, satiation versus satiety, hormonal and
brain responses to food, different time courses of regulation (e.g.,
meal versus diet), regulation of quantity versus quality of diet,
different influences on bottom-up processes (such as hunger ver-
sus palatable food signals), role of disinhibited eating in the disrup-
tion of ASR, and quantity and quality of food intake effects on
brain development and EF.

Unique components and processes in non-food
self-regulation

Relationships between
food and non-food self-
regulation

The pathway to food SR is via non-food SR (little evidence in support).

Food and non-food SR have common EF and EC underpinnings (limited evidence in young children, but support in mid-
dle childhood and beyond).

Non-food SR contributes directly to ASR-related outcomes such as BMI and obesity (little evidence in support).

Integration of aspects of non-food and food SR and the associated underpinning processes across childhood (likely and
warrants further research).
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children in a developmental context. It could be that
with respect to food and eating, “children’s top-down
control capacities are relatively immature compared to
bottom-up processes” ([189] p. 111), where the hedonic
value of food and early taste preferences contribute to
the potency of bottom-up processes, and this could ac-
count for some of the results for preschool children. As
we noted, however, there are consistent findings about
the role of EF and EC in older children, adolescents and
adults, for example, as suggested by meta-analyses [57]
and literature reviews [171, 172].
Inherent in the conceptualization of self-regulation in

childhood as occurring in different domains or levels, is
the notion that the domains or levels build on and inte-
grate over the course of development [3, 4, 22–24, 190].
For instance, Nigg [3] posited that “aspects of the SR uni-
verse can be organized hierarchically in relation to granu-
larity, development, and time. Low-level components
assemble into high-level components” (p. 361): “low-level
operations like response inhibition and working memory
support emergence of more complex operations like
higher order EF” (p. 374), in a cascade type process. Nigg
went on to argue that bottom-up processes emerge and
mature earlier than top-down processes and that “different
aspects of SR mature at different rates within bottom-up
and top-down domains” (p. 375).
It seems that in developmental science research, more

attention has been directed to top-down components of
self-regulation than in work on ASR, as suggested at
least by the body of research on the early development
and precursors of EF and EC in non-food self-regulation
[4, 24, 81, 89, 191, 192]. There seems to be scope for at-
tention to similar questions about early precursors and
their integration across childhood in the development of
ASR. For example, whether or how early homeostatic
energy regulation in infancy is linked to the emergence
of different aspects of ASR in childhood. Increased re-
search is needed on the contribution of the various di-
mensions of EF and EC to appetitive traits (e.g.,
responsiveness to food cues) across childhood. Equally,
there is a need for more research on the nature and role
of top-down and bottom-up processes in children’s eat-
ing and weight (e.g., 72), with attention to the elements
of bottom-up processes and top-down processes, as well
as how they interact, and changes in their role and inter-
action across childhood for different elements of ASR
(such as making healthy food choices, resisting palatable
foods, decisions about when to eat, decisions about stop-
ping eating etc). Theory and evidence from GSR seem to
have the potential to provide conceptual and methodo-
logical insights for approaches to ASR in these areas.
At the same time, scholarship on ASR has the po-

tential to enrich knowledge and insights about general
or non-food self-regulation in childhood. For example,

by attention to possible parallels in the nature of he-
donic and avoidant responses to internal or external
stimuli (such as arise in relation to taste/food prefer-
ences, hunger and food), as well as the role of meta-
bolic processes and brain structures and responses
(such as arise in food-related situations). The case of
ASR also suggests there is potential in adding ideas
and analysis about what Cole et al. [68] referred to as
Executive Processes, which they indicated involve at-
tention, memory, reasoning and conscious decision
making. For example, different executive process
strategies could be implicated in responding to hun-
ger signals versus palatable food signals and in rela-
tion to the initiation of eating versus the control of
an eating episode [148] as well as to the broader con-
trol of food choice and diet. Comparable differences
in executive processes might apply to non-food self-
regulatory situations (such as more internally gener-
ated anger, versus external provocation, and when
and how to stop an anger outburst or acting out
episode).
An implication of drawing ASR under a common um-

brella of self-regulation in childhood is that it generates
a cross-fertilization of areas of research that have the po-
tential, in turn, to advance knowledge about both GSR
and ASR. New areas of research endeavor might include:
1) research and theory about the changing roles of top-
down and bottom up processes across childhood as a
function of different food and non-food regulatory situa-
tions 2) a greater integration of research and theory
about the role of stress in the disruption of GSR and
ASR, 3) more joint attention to situations or factors that
increase (or decrease) the capacity and role of top-down
and bottom-up process such as arises from visceral reac-
tions to hyperpalatable and rewarding food cues [150],
4) expanding research on hot EF [193] to include various
food-related contexts, 5) more research on when, why
and how results differ for food and non-food related
delay-of-gratification, 6) more attention to how the sep-
arate domains or levels of self-regulation (now including
ASR) become integrated across childhood, 7) research
on how homeostatic processes in energy intake and ex-
penditure link with EF and EC, and 8) research on
whether and how GSR might have parallels with food sa-
tiety and satiation.

Conclusion
The present review suggests there are some overlaps be-
tween GSR and ASR: there is commonality with respect
to the overall meaning of self-regulation, in the applica-
tion of constructs such as EF, EC and delay-of-
gratification, and in the utilization of bottom-up and
top-down processes. The overlap is shown by the rele-
vance for both GSR and ASR of the four main elements
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of the domain-general model outlined in the section on
key concepts and processes in general self-regulation.
But, it is also evident that ASR implicates factors that
seem to be unique to food-related self-regulation. Con-
sistent with similar arguments about GSR, it is reason-
able to say that there is not yet a unified definition or
model of ASR in childhood. This could serve as an im-
pediment to research and theory development about the
role of ASR in OW/OB in childhood.
The recognized domains of self-regulation in child-

hood include, emotions, actions and cognitions. Each of
these bring somewhat unique features to questions
about processes in the development and functioning of
self-regulation in childhood. Clearly, also with some
unique features, a case can be made to include ASR as a
domain under the umbrella of self-regulation in child-
hood. This has the potential to enrich theory and re-
search and serve as a significant heuristic for future
scholarship about self-regulation in childhood.

Abbreviations
ASR: Appetite self-regulation; BMI: Body Mass Index; EC: Effortful Control;
EF: Executive Function; GSR: General self-regulation; OW/OB: Overweight/
Obese; SREI: Self-regulation of energy intake

Acknowledgements
Not applicable.

Authors’ contributions
CG Russell and A Russell both conceptualized and wrote the review. The
author(s) read and approved the final manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Faculty of Health, School of Exercise and Nutrition Sciences, Deakin
University, 221 Burwood Highway, Burwood, VIC 3125, Australia. 2College of
Education, Psychology and Social Work, Flinders University, Sturt Rd, Bedford
Park, South Australia 5042, Australia.

Received: 23 September 2019 Accepted: 10 February 2020

References
1. Denham SA, Bassett HH, Wyatt T. The socialization of emotional

competence. In: Grusec JE, Hastings PD, editors. Handbook of
socialization: theory and research. 2nd ed. New York: The Guilford Press;
2015. p. 590–613.

2. Moffitt TE, Arseneault L, Belsky D, Dickson N, Hancox RJ, Harrington H, et al.
A gradient of childhood self-control predicts health, wealth, and public
safety. Proc Natl Acad Sci U S A. 2011;108(7):2693–8.

3. Nigg JT. Annual research review: on the relations among self-regulation,
self-control, executive functioning, effortful control, cognitive control,
impulsivity, risk-taking, and inhibition for developmental psychopathology. J
Child Psychol Psychiatry. 2017;58(4):361–83.

4. Perry NB, Calkins SD, Dollar JM, Keane SP, Shanahan L. Self-regulation as a
predictor of patterns of change in externalizing behaviors from infancy to
adolescence. Dev Psychopathol. 2018;30(2):497–510.

5. Perry NB, Dollar JM, Calkins SD, Keane SP, Shanahan L. Childhood self-
regulation as a mechanism through which early overcontrolling parenting is
associated with adjustment in preadolescence. Dev Psychol. 2018;54(8):
1542–54.

6. Tangney JP, Baumeister RF, Boone AL. High self-control predicts good
adjustment, less pathology, better grades, and interpersonal success. J Pers.
2004;72(2):271–324.

7. Whitaker RC, Gooze RA. Self-regulation and obesity prevention: A valuable
intersections between developmental psychology and pediatrics. Arch
Pediatr Adolesc Med. 2009;163(4):386.

8. Backer-Grondahl A, Naerde A, Idsoe T. Hot and cool self-regulation,
academic competence, and maladjustment: mediating and differential
relations. Child Dev. 2018;90:2171–88.

9. Blair C, Raver CC. School readiness and self-regulation: a developmental
psychobiological approach. Annu Rev Psychol. 2015;66:711–31.

10. Liew J. Effortful control, executive functions, and education: bringing self-
regulatory and social-emotional competencies to the table. Child Dev
Perspect. 2012;6(2):105–11.

11. Miller AL, Gearhardt AN, Fredericks EM, Katz B, Shapiro LF, Holden K, et al.
Targeting self-regulation to promote health behaviors in children. Behav Res
Ther. 2018;101:71–81.

12. Anzman-Frasca S, Stifter CA, Birch LL. Temperament and childhood obesity
risk: a review of the literature. J Dev Behav Pediatr. 2012;33(9):732–45.

13. Bauer KW, Chuisano S. Intentional self-regulation of eating among children
and adolescents. In: Lumeng JCF, Fisher J, editors. Pediatric food
preferences and eating behaviors. London: Academic Press; 2018. p. 255–70.

14. Miller AL, Rosenblum KL, Retzloff LB, Lumeng JC. Observed self-regulation is
associated with weight in low-income toddlers. Appetite. 2016;105:705–12.

15. Moding KJ, Augustine ME, Stifter CA. Interactive effects of parenting
behavior and regulatory skills in toddlerhood on child weight outcomes. Int
J Obes. 2019;43(1):53–61.

16. Russell CG, Russell A. A biopsychosocial approach to processes and pathways
in the development of overweight and obesity in childhood: insights from
developmental theory and research. Obes Rev. 2019;20(5):725–49.

17. De Coen V, De Bourdeaudhuij I, Verbestel V, Maes L, Vereecken C. Risk
factors for childhood overweight: a 30-month longitudinal study of 3-to 6-
year-old children. Public Health Nutr. 2014;17(9):1993–2000.

18. 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.

19. Mulder H, van Ravenswaaij H, Verhagen J, Moerbeek M, Leseman PPM. The
process of early self-control: an observational study in two- and three-year-
olds. Metacogn Learn. 2019.

20. Saltzman JA, Fiese BH, Bost KK, McBride BA. Development of appetite self-
regulation: integrating perspectives from attachment and family systems
theory. Child Dev Perspect. 2018;12(1):51–7.

21. Anderson SE, Keim SA. Parent-child interaction, self-regulation, and obesity
prevention in early childhood. Curr Obes Rep. 2016;5(2):192–200.

22. Calkins SD. The emergence of self-regulation: biological and behavioral
control mechanisms supporting toddler competence. In: Brownell CA, Kopp
C, editors. Socioemotional development in the toddler years: transitions and
transformations. New York: Guilford Press; 2007. p. 261–84.

23. Calkins SD, Fox NA. Self-regulatory processes in early personality
development: a multilevel approach to the study of childhood social
withdrawal and aggression. Dev Psychopathol. 2002;14(3):477–98.

24. Gagne JR. Self-control in childhood: a synthesis of perspectives and focus
on early development. Child Dev Perspect. 2017;11(2):127–32.

25. Kochanska G, Aksan N. Children's conscience and self-regulation. J Pers.
2006;74(6):1587–617.

26. Frankel LA, Hughes SO, O'Connor TM, Power TG, Fisher JO, Hazen NL. Parental
influences on Children's self-regulation of energy intake: insights from
developmental literature on emotion regulation. J Obes. 2012;2012:327259.

27. Hughes SO, Frankel LA, Beltran A, Hodges E, Hoerr S, Lumeng J, et al. Food
parenting measurement issues: working group consensus report. Child
Obes. 2013;9(Suppl(s1)):S95–102.

Russell and Russell International Journal of Behavioral Nutrition and Physical Activity           (2020) 17:33 Page 15 of 19



28. Johnson SL. Improving preschoolers self-regulation of energy intake.
Pediatrics. 2000;106(6):1429–35.

29. Russell CG, Russell A. Biological and psychosocial processes in the
development of Children's appetitive traits: insights from developmental
theory and research. Nutrients. 2018;10(6):692.

30. Francis LA, Riggs NR. Executive function and self-regulatory influences on
Children's eating. In: Lumeng JCF, Fisher J, editors. Pediatric food
preferences and eating behaviors. London: Academic Press; 2018.
p. 183–206.

31. Schwartz MB, Just DR, Chriqui JF, Ammerman AS. Appetite self-regulation:
environmental and policy influences on eating behaviors. Obesity (Silver
Spring). 2017;25(Suppl 1):S26–38.

32. Stoeckel LE, Birch LL, Heatherton T, Mann T, Hunter C, Czajkowski S, et al.
Psychological and neural contributions to appetite self-regulation. Obesity
(Silver Spring). 2017;25(Suppl 1):S17–25.

33. Young-Hyman D. Introduction to special issue: self-regulation of appetite-it's
complicated. Obesity (Silver Spring). 2017;25(Suppl 1):S5–7.

34. MacLean PS, Blundell JE, Mennella JA, Batterham RL. Biological control of
appetite: a daunting complexity. Obesity (Silver Spring). 2017;25(Suppl 1):
S8–S16.

35. Ha OR, Bruce AS, Pruitt SW, Cherry JB, 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.

36. Ha O-R, Lim S-L, Bruce JM, Bruce AS. Unhealthy foods taste better among
children with lower self-control. Appetite. 2019:139, 84–9.

37. Lim SL, Cherry JB, Davis AM, Balakrishnan SN, Ha OR, Bruce JM, et al. The
child brain computes and utilizes internalized maternal choices. Nat
Commun. 2016;7:11700.

38. Clairman H, Dettmer E, Buchholz A, Cordeiro K, Ibrahim Q, Maximova K, et
al. Pathways to eating in children and adolescents with obesity. Int J Obes.
2019;43(6):1193–201.

39. Kremers SP, de Bruijn GJ, Visscher TL, van Mechelen W, de Vries NK, Brug J.
Environmental influences on energy balance-related behaviors: a dual-
process view. Int J Behav Nutr Phys Act. 2006;3(1):9.

40. Qasim A, Turcotte M, de Souza RJ, Samaan MC, Champredon D, Dushoff J,
et al. On the origin of obesity: identifying the biological, environmental and
cultural drivers of genetic risk among human populations. Obes Rev. 2018;
19(2):121–49.

41. Roberto CA, Swinburn B, Hawkes C, Huang TT, Costa SA, Ashe M, et al.
Patchy progress on obesity prevention: emerging examples, entrenched
barriers, and new thinking. Lancet. 2015;385(9985):2400–9.

42. Smith JD, Egan KN, Montano Z, Dawson-McClure S, Jake-Schoffman DE,
Larson M, et al. A developmental cascade perspective of paediatric obesity:
a conceptual model and scoping review. Health Psychol Rev. 2018;12(3):
271–93.

43. Caleza C, Yanez-Vico RM, Mendoza A, Iglesias-Linares A. Childhood obesity
and delayed gratification behavior: a systematic review of experimental
studies. J Pediatr. 2016;169:201–7.e1.

44. Hayes JF, Eichen DM, Barch DM, Wilfley DE. Executive function in childhood
obesity: promising intervention strategies to optimize treatment outcomes.
Appetite. 2018;124:10–23.

45. Hughes SO, Power TG, Beck A, Betz D, Calodich S, Goodell LS, et al.
Strategies for Effective Eating Development—SEEDS: Design of an Obesity
Prevention Program to Promote Healthy Food Preferences and Eating Self-
Regulation in Children From Low-Income Families. J Nutr Educ Behav. 2016;
48(6):405–18. e1.

46. Miller AL, Horodynski MA, Herb HE, Peterson KE, Contreras D, Kaciroti N,
et al. Enhancing self-regulation as a strategy for obesity prevention in
head start preschoolers: the growing healthy study. BMC Public Health.
2012;12:1040.

47. van der Veek SMC, de Graaf C, de Vries JHM, Jager G, Vereijken CMJL,
Weenen H, et al. Baby’s first bites: a randomized controlled trial to assess
the effects of vegetable-exposure and sensitive feeding on vegetable
acceptance, eating behavior and weight gain in infants and toddlers. BMC
Pediatr. 2019;19(1):266.

48. Birch LL, Fisher JA. The role of experience in the development of children's
eating behavior. Why we eat what we eat: The psychology of eating.
Washington, DC: US: American Psychological Association; 1996. p. 113–41.

49. Blair C, Kuzawa CW, Willoughby MT. The development of executive function
in early childhood is inversely related to change in body mass index:
Evidence for an energetic tradeoff? Dev Sci. 2019;23:e12860.

50. Dohle S, Diel K, Hofmann W. Executive functions and the self-regulation of
eating behavior: a review. Appetite. 2018;124:4–9.

51. Hall PA. Executive-control processes in high-calorie food consumption. Curr
Dir Psychol Sci. 2016;25(2):91–8.

52. Hughes SO, Power TG, O'Connor TM, Orlet FJ. Executive functioning,
emotion regulation, eating self-regulation, and weight status in low-income
preschool children: how do they relate? Appetite. 2015;89:1–9.

53. Lensing N, Elsner B. Cool executive functioning predicts not only mean
levels but also individual 3-year growth trajectories of zBMI in elementary-
school children. Int J Behav Dev. 2019;43(4):351–62.

54. Miller AL, Lee HJ, Lumeng JC. Obesity-associated biomarkers and executive
function in children. Pediatr Res. 2015;77(1–2):143–7.

55. Nelson TD, James TD, Hankey M, Nelson JM, Lundahl A, Espy KA. Early
executive control and risk for overweight and obesity in elementary school.
Child Neuropsychol. 2017;23(8):994–1002.

56. Pieper JR, Laugero KD. Preschool children with lower executive function
may be more vulnerable to emotional-based eating in the absence of
hunger. Appetite. 2013;62:103–9.

57. Yang Y, Shields GS, Guo C, Liu Y. Executive function performance in obesity
and overweight individuals: a meta-analysis and review. Neurosci Biobehav
Rev. 2018;84:225–44.

58. Leung CY, Lumeng JC, Kaciroti NA, Chen YP, Rosenblum K, Miller AL.
Surgency and negative affectivity, but not effortful control, are uniquely
associated with obesogenic eating behaviors among low-income
preschoolers. Appetite. 2014;78:139–46.

59. Stifter CA, Moding KJ. Temperament in obesity-related research: concepts,
challenges, and considerations for future research. Appetite. 2019;141:
104308.

60. van den Heuvel M, Chen Y, Abdullah K, Maguire JL, Parkin PC, Birken CS, et
al. The concurrent and longitudinal associations of temperament and
nutritional risk factors in early childhood. Pediatr Obes. 2016;12:431–8.

61. Lundquist E, Austen M, Bermudez M, Rubin C, Bruce AS, Masterson TD, et al.
Time spent looking at food during a delay of gratification task is positively
associated with children's consumption at ad libitum laboratory meals.
Appetite. 2019;141:104341.

62. Mischel W, Ebbesen EB, Zeiss AR. Cognitive and attentional mechanisms in
delay of gratification. J Pers Soc Psychol. 1972;21(2):204–18.

63. Seeyave DM, Coleman S, Appugliese D, Corwyn RF, Bradley RH, Davidson
NS, et al. Ability to delay gratification at age 4 years and risk of overweight
at age 11 years. Arch Pediatr Adolesc Med. 2009;163(4):303–8.

64. Shriver LH, Dollar JM, Lawless M, Calkins SD, Keane SP, Shanahan L, et al.
Longitudinal associations between emotion regulation and adiposity in late
adolescence: indirect effects through eating behaviors. Nutrients. 2019;11(3).
https://doi.org/10.3390/nu11030517.

65. Swinburn BA, Sacks G, Hall KD, McPherson K, Finegood DT, Moodie ML, et
al. The global obesity pandemic: shaped by global drivers and local
environments. Lancet. 2011;378(9793):804–14.

66. Swinburn B, Egger G, Raza F. Dissecting obesogenic environments: the
development and application of a framework for identifying and
prioritizing environmental interventions for obesity. Prev Med. 1999;29(6
Pt 1):563–70.

67. Milyavskaya M, Berkman ET, De Ridder DTD. The many faces of self-control:
tacit assumptions and recommendations to deal with them. Motivation
Science. 2019;5(1):79–85.

68. Cole PM, Ram N, English MS. Toward a unifying model of self-regulation: a
developmental approach. Child Dev Perspect. 2018;13(2):91–6.

69. Hofmann W, Meindl P, Mooijman M, Graham J. Morality and self-control:
how they are intertwined and where they differ. Curr Dir Psychol Sci. 2018;
27(4):286–91.

70. Blair C. Developmental science and executive function. Curr Dir Psychol Sci.
2016;25(1):3–7.

71. Bridgett DJ, Burt NM, Edwards ES, Deater-Deckard K. Intergenerational
transmission of self-regulation: a multidisciplinary review and integrative
conceptual framework. Psychol Bull. 2015;141(3):602–54.

72. Lelakowska G, Kanya MJ, Balassone BR, Savoree SL, Boddy LE, Power TG, et
al. Toddlers' impulsivity, inhibitory control, and maternal eating-related
supervision in relation to toddler body mass index: direct and interactive
effects. Appetite. 2019;142:104343.

73. Verbruggen F, McAndrew A, Weidemann G, Stevens T, McLaren IP. Limits of
executive control: sequential effects in predictable environments. Psychol
Sci. 2016;27(5):748–57.

Russell and Russell International Journal of Behavioral Nutrition and Physical Activity           (2020) 17:33 Page 16 of 19

https://doi.org/10.3390/nu11030517


74. Lin B, Liew J, Perez M. Measurement of self-regulation in early childhood:
relations between laboratory and performance-based measures of effortful
control and executive functioning. Early Child Res Q. 2019;47:1–8.

75. Lengua LJ, Zalewski M, Fisher P, Moran L. Does HPA-Axis dysregulation
account for the effects of income on effortful control and adjustment in
preschool children? Infant Child Dev. 2013;22(5):439–58.

76. Dennis TA, Hong M, Solomon B. Do the associations between exuberance
and emotion regulation depend on effortful control? Int J Behav Dev. 2010;
34(5):462–72.

77. Eisenberg N, Zhou Q. Conceptions of executive function and regulation:
when and to what degree do they overlap? In: Griffin JA, McCardle P,
Freund LS, editors. Executive function in preschool-age children: integrating
measurement, neurodevelopment, and translational research. Washington,
DC: American Psychological Association; 2016. p. 115–36.

78. Eisenberg N, Spinrad TL, Eggum ND. Emotion-related self-regulation and its
relation to children's maladjustment. Annu Rev Clin Psychol. 2010;6:495–525.

79. Morales S, Perez-Edgar K, Buss K. Longitudinal relations among exuberance,
externalizing behaviors, and attentional bias to reward: the mediating role
of effortful control. Dev Sci. 2016;19(5):853–62.

80. Kim-Spoon J, Deater-Deckard K, Calkins SD, King-Casas B, Bell MA.
Commonality between executive functioning and effortful control related
to adjustment. J Appl Dev Psychol. 2019;60:47–55.

81. Hendry A, Jones EJH, Charman T. Executive function in the first three years
of life: precursors, predictors and patterns. Dev Rev. 2016;42:1–33.

82. Matte-Gagne C, Bernier A, Sirois MS, Lalonde G, Hertz S. Attachment security
and developmental patterns of growth in executive functioning during
early elementary school. Child Dev. 2018;89(3):e167–e82.

83. Zorza JP, Marino J, Acosta MA. Predictive influence of executive functions,
effortful control, empathy, and social behavior on the academic
performance in early adolescents. J Early Adolesc. 2017;39(2):253–79.

84. Diamond A. Executive functions. Annu Rev Psychol. 2013;64:135–68.
85. Willoughby MT, Wirth RJ, Blair CB. Family life project I. executive function in

early childhood: longitudinal measurement invariance and developmental
change. Psychol Assess. 2012;24(2):418–31.

86. Willoughby M, Kupersmidt J, Voegler-Lee M, Bryant D. Contributions of hot
and cool self-regulation to preschool disruptive behavior and academic
achievement. Dev Neuropsychol. 2011;36(2):162–80.

87. Kochanska G, Murray K, Jacques TY, Koenig AL, Vandegeest KA. Inhibitory
control in young children and its role in emerging internalization. Child
Dev. 1996;67(2):490–507.

88. Rothbart MK, Ahadi SA, Hershey KL, Fisher P. Investigations of temperament
at three to seven years: the Children's behavior questionnaire. Child Dev.
2001;72(5):1394–408.

89. Lengua LJ, Moran L, Zalewski M, Ruberry E, Kiff C, Thompson S. Relations of
growth in effortful control to family income, cumulative risk, and adjustment in
preschool-age children. J Abnorm Child Psychol. 2015;43(4):705–20.

90. Tiego J, Bellgrove MA, Whittle S, Pantelis C, Testa R. Common Mechanisms
of Executive Attention Underlie Executive Function and Effortful Control in
Children. Dev Sci. 2019:e12918. https://doi.org/10.1111/desc.12918. [Epub
ahead of print].

91. Smith-Donald R, Raver CC, Hayes T, Richardson B. Preliminary construct and
concurrent validity of the preschool self-regulation assessment (PSRA) for
field-based research. Early Child Res Q. 2007;22(2):173–87.

92. Zelazo PD, Carlson SM. Hot and cool executive function in childhood and
adolescence: development and plasticity. Child Dev Perspect. 2012;6(4):354–60.

93. Metcalfe J, Mischel W. A hot/cool-system analysis of delay of gratification:
dynamics of willpower. Psychol Rev. 1999;106(1):3–19.

94. Mischel W, Ayduk O. Self-regulation in a cognitive--affective personality
system: attentional control in the Service of the Self. Self Identity. 2002;1(2):
113–20.

95. Mischel W. Ebbesen, E. B. attention in delay of gratification. J Pers Soc
Psychol. 1970;16(2):329–37.

96. Graziano PA, Calkins SD, Keane SP. Toddler self-regulation skills predict risk
for pediatric obesity. Int J Obes. 2010;34(4):633–41.

97. Carnell S, Pryor K, Mais LA, Warkentin S, Benson L, Cheng R. Lunch-time
food choices in preschoolers: relationships between absolute and relative
intakes of different food categories, and appetitive characteristics and
weight. Physiol Behav. 2016;162:151–60.

98. Cross MB, Hallett AM, Ledoux TA, O'Connor DP, Hughes SO. Effects of
children's self-regulation of eating on parental feeding practices and child
weight. Appetite. 2014;81:76–83.

99. Adise S, Geier CF, Roberts NJ, White CN, Keller KL. Food or money?
Children's brains respond differently to rewards regardless of weight status.
Pediatr Obes. 2019;14(2):e12469.

100. Yokum S, Stice E. Weight gain is associated with changes in neural response
to palatable food tastes varying in sugar and fat and palatable food images:
a repeated-measures fMRI study. Am J Clin Nutr. 2019;110:1275.

101. Shapiro ALB, Johnson SL, Sutton B, Legget KT, Dabelea D, Tregellas JR.
Eating in the absence of hunger in young children is related to brain
reward network hyperactivity and reduced functional connectivity in
executive control networks. Pediatr Obes. 2019;14(6):e12502.

102. Alonso-Alonso M, Woods SC, Pelchat M, Grigson PS, Stice E, Farooqi S, et al.
Food reward system: current perspectives and future research needs. Nutr
Rev. 2015;73(5):296–307.

103. Lowe MR, Butryn ML. Hedonic hunger: a new dimension of appetite?
Physiol Behav. 2007;91(4):432–9.

104. de Araujo IE, Schatzker M, Small DM. Rethinking food reward. Annu Rev
Psychol. 2020;71:139–64.

105. Reichelt AC, Westbrook RF, Morris MJ. Integration of reward signalling and
appetite regulating peptide systems in the control of food-cue responses.
Br J Pharmacol. 2015;172(22):5225–38.

106. Lumeng JC, Miller A, Peterson KE, Kaciroti N, Sturza J, Rosenblum K, et al.
Diurnal cortisol pattern, eating behaviors and overweight in low-income
preschool-aged children. Appetite. 2014;73:65–72.

107. Jahnke DL, Warschburger PA. Familial transmission of eating behaviors in
preschool-aged children. Obesity. 2008;16(8):1821–5.

108. Anzman-Frasca S, Ventura AK, Ehrenberg S, Myers KP. Promoting healthy
food preferences from the start: a narrative review of food preference
learning from the prenatal period through early childhood. Obes Rev. 2018;
19(4):576–604.

109. Russell CG, Worsley T. Associations between appetitive traits and food
preferences in preschool children. Food Qual Prefer. 2016;52:172–8.

110. Bennett C, Blissett J. Interactive effects of impulsivity and dietary restraint
over snack intake in children. Appetite. 2019;146:104496.

111. Carnell S, Wardle J. Measuring behavioural susceptibility to obesity:
validation of the child eating behaviour questionnaire. Appetite. 2007;48(1):
104–13.

112. Cole NC, An R, Lee SY, Donovan SM. Correlates of picky eating and food
neophobia in young children: a systematic review and meta-analysis. Nutr
Rev. 2017;75(7):516–32.

113. Russell CG, Worsley A. A population-based study of preschoolers’ food
neophobia and its associations with food preferences. J Nutr Educ Behav.
2008;40(1):11–9.

114. Lumeng JC, Miller AL, Appugliese D, Rosenblum K, Kaciroti N. Picky
eating, pressuring feeding, and growth in toddlers. Appetite. 2018;123:
299–305.

115. Gregory JE, Paxton SJ, Brozovic AM. Pressure to eat and restriction are
associated with child eating behaviours and maternal concern about child
weight, but not child body mass index, in 2-to 4-year-old children. Appetite.
2010;54(3):550–6.

116. Powell FC, Farrow CV, Meyer C. Food avoidance in children. The
influence of maternal feeding practices and behaviours. Appetite.
2011;57(3):683–92.

117. Bjorklund O, Wichstrom L, Llewellyn CH, Steinsbekk S. Emotional over- and
undereating in children: a longitudinal analysis of child and contextual
predictors. Child Dev. 2019;90(6):e803–e18.

118. Herle M, Fildes A, Llewellyn CH. Emotional eating is learned not inherited in
children, regardless of obesity risk. Pediatr Obes. 2018;13(10):628–31.

119. Kidd C, Palmeri H, Aslin RN. Rational snacking: young children's decision-
making on the marshmallow task is moderated by beliefs about
environmental reliability. Cognition. 2013;126(1):109–14.

120. Bennett C, Blissett J. Multiple measures of impulsivity, eating behaviours and
adiposity in 7-11-year-olds. Appetite. 2019;133:217–22.

121. Rollins BY, Loken E, Savage JS, Birch LL. Effects of restriction on children’s
intake differ by child temperament, food reinforcement, and parent’s
chronic use of restriction. Appetite. 2014;73:31–9.

122. Tan CC, Holub SC. Children's self-regulation in eating: associations with
inhibitory control and parents' feeding behavior. J Pediatr Psychol. 2011;
36(3):340–5.

123. Fogel A, McCrickerd K, Goh AT, Fries LR, Chong YS, Tan KH, et al.
Associations between inhibitory control, eating behaviours and adiposity in
6-year-old children. Int J Obes. 2019;43(7):1344–53.

Russell and Russell International Journal of Behavioral Nutrition and Physical Activity           (2020) 17:33 Page 17 of 19

https://doi.org/10.1111/desc.12918


124. Shapiro ALB, Wilkening G, Aalborg J, Ringham BM, Glueck DH, Tregellas JR,
et al. Childhood metabolic biomarkers are associated with performance on
cognitive tasks in Young children. J Pediatr. 2019;211:92–7.

125. Higgs S, Spetter MS, Thomas JM, Rotshtein P, Lee M, Hallschmid M, et al.
Interactions between metabolic, reward and cognitive processes in appetite
control: implications for novel weight management therapies. J
Psychopharmacol. 2017;31(11):1460–74.

126. Berthoud H-R, Münzberg H, Morrison CD. Blaming the brain for obesity:
integration of hedonic and homeostatic mechanisms. Gastroenterology.
2017;152(7):1728–38.

127. Keller KL, Bruce AS. Neurocognitive influences on eating behavior in
children. In: Lumeng JCF, Fisher JO, editors. Pediatric food preferences and
eating behaviors. London: Academic Press; 2018. p. 207–31.

128. Berridge KC, Ho CY, Richard JM, DiFeliceantonio AG. The tempted brain
eats: pleasure and desire circuits in obesity and eating disorders. Brain Res.
2010;1350:43–64.

129. Brugailleres P, Issanchou S, Nicklaus S, Chabanet C, Schwartz C. Caloric
compensation in infants: developmental changes around the age of 1 year
and associations with anthropometric measurements up to 2 years. Am J
Clin Nutr. 2019;109(5):1344–52.

130. Leahy KE, Birch LL, Rolls BJ. Reducing the energy density of multiple meals
decreases the energy intake of preschool-age children. Am J Clin Nutr.
2008;88(6):1459–68.

131. Small DM, DiFeliceantonio AG. Processed foods and food reward. Science.
2019;363(6425):346–7.

132. Berridge KC, Robinson TE. Liking, wanting, and the incentive-sensitization
theory of addiction. Am Psychol. 2016;71(8):670–9.

133. Blundell J, de Graaf C, Hulshof T, Jebb S, Livingstone B, Lluch A, et al.
Appetite control: methodological aspects of the evaluation of foods. Obes
Rev. 2010;11(3):251–70.

134. Bellisle F, Drewnowski A, Anderson GH, Westerterp-Plantenga M, Martin CK.
Sweetness, satiation, and satiety. J Nutr. 2012;142(6):1149S–54S.

135. Simon JJ, Skunde M, Hamze Sinno M, Brockmeyer T, Herpertz SC, Bendszus
M, et al. Impaired Cross-talk between mesolimbic food reward processing
and metabolic signaling predicts body mass index. Front Behav Neurosci.
2014;8:359.

136. Mennella JA, Nolden AA, Bobowski N. Measuring sweet and bitter taste in
children: individual variation due to age and taste genetics. In: Lumeng JCF,
Fisher JO, editors. Pediatric food preferences and eating behaviors. London:
Academic Press; 2018. p. 1–34.

137. Michels N. Biological underpinnings from psychosocial stress towards
appetite and obesity during youth: research implications towards
metagenomics, epigenomics and metabolomics. Nutr Res Rev. 2019:1–12.

138. Carnell S, Benson L, Pryor K, Driggin E. Appetitive traits from infancy to
adolescence: using behavioral and neural measures to investigate obesity
risk. Physiol Behav. 2013;121:79–88.

139. Wardle J, Guthrie CA, Sanderson S, Rapoport L. Development of the
Children's eating behaviour questionnaire. J Child Psychol Psychiatry. 2001;
42(7):963–70.

140. Burgess B, Faith MS. Satiety responsiveness and eating rate in childhood:
development, plasticity, and the family footprint. In: Lumeng JCF, Fisher JO,
editors. Pediatric food preferences and eating behaviors. London: Academic
Press; 2018. p. 93–110.

141. Llewellyn CH, van Jaarsveld CH, Johnson L, Carnell S, Wardle J.
Development and factor structure of the baby eating behaviour
questionnaire in the Gemini birth cohort. Appetite. 2011;57(2):388–96.

142. Faith MS, Heo M, Keller KL, Pietrobelli A. Child food neophobia is heritable,
associated with less compliant eating, and moderates familial resemblance
for BMI. Obesity. 2013;21(8):1650–5.

143. Faith MS, Carnell S, Kral TV. Genetics of food intake self-regulation in childhood:
literature review and research opportunities. Hum Hered. 2013;75(2–4):80–9.

144. Carnell S, Benson L, Gibson EL, Mais LA, Warkentin S. Caloric compensation
in preschool children: relationships with body mass and differences by food
category. Appetite. 2017;116:82–9.

145. Fox MK, Devaney B, Reidy K, Razafindrakoto C, Ziegler P. Relationship
between portion size and energy intake among infants and toddlers:
evidence of self-regulation. J Am Diet Assoc. 2006;106(1 Suppl 1):S77–83.

146. Remy E, Issanchou S, Chabanet C, Boggio V, Nicklaus S. Impact of
adiposity, age, sex and maternal feeding practices on eating in the
absence of hunger and caloric compensation in preschool children. Int
J Obes. 2015;39(6):925–30.

147. Tripicchio GL, Keller KL, Johnson C, Pietrobelli A, Heo M, Faith MS.
Differential maternal feeding practices, eating self-regulation, and adiposity
in young twins. Pediatrics. 2014;134(5):1399–404.

148. Preuss H, Leister L, Pinnow M, Legenbauer T. Inhibietory control pathway to
disinhibited eating: a matter of perspective? Appetite. 2019;141:104297.

149. Shomaker LB, Tanofsky-Kraff M, Yanovski JA. Disinhibited eating and
body weight in youth. In: Preedy VR, Watson RR, Martin CR, editors.
Handbook of behavior, food and nutrition. New York: Springer New
York; 2011. p. 2183–200.

150. Lowe CJ, Reichelt AC, Hall PA. The prefrontal cortex and obesity: a health
neuroscience perspective. Trends Cogn Sci. 2019;23(4):349–61.

151. Mennella JA, Bobowski NK, Reed DR. The development of sweet taste: from
biology to hedonics. Rev Endocr Metab Disord. 2016;17(2):171–8.

152. Gearhardt AN. Role of reward pathways in appetitive drive and regulation.
In: Lumeng JCF, Fisher JO, editors. Pediatric food preferences and eating
behaviors. London: Academic Press; 2018. p. 111–26.

153. Smethers AD, Roe LS, Sanchez CE, Zuraikat FM, Keller KL, Kling SMR, et al.
Portion size has sustained effects over 5 days in preschool children: a
randomized trial. Am J Clin Nutr. 2019.

154. Smethers AD, Roe LS, Sanchez CE, Zuraikat FM, Keller KL, Rolls BJ. Both
increases and decreases in energy density lead to sustained changes in
preschool children's energy intake over 5 days. Physiol Behav. 2019;204:210–8.

155. Hetherington MM. Sensory-specific satiety and its importance in meal
termination. Neurosci Biobehav Rev. 1996;20(1):113–7.

156. Rolls BJ. Sensory-specific satiety. Nutr Rev. 1986;44(3):93–101.
157. Francis LA, Susman EJ. Self-regulation and rapid weight gain in children

from age 3 to 12 years. Arch Pediatr Adolesc Med. 2009;163(4):297–302.
158. Derks IP, Tiemeier H, Sijbrands EJ, Nicholson JM, Voortman T, Verhulst FC, et

al. Testing the direction of effects between child body composition and
restrictive feeding practices: results from a population-based cohort. Am J
Clin Nutr. 2017;106(3):783–90.

159. Metcalfe JJ, Fiese BH, Team SKR. Family food involvement is related to healthier
dietary intake in preschool-aged children. Appetite. 2018;126:195–200.

160. Peeters A. Obesity and the future of food policies that promote healthy
diets. Nat Rev Endocrinol. 2018;14(7):430–7.

161. Yee AZ, Lwin MO, Ho SS. The influence of parental practices on child
promotive and preventive food consumption behaviors: a systematic review
and meta-analysis. Int J Behav Nutr Phys Act. 2017;14(1):47.

162. Russell CG, Worsley A, Campbell KJ. Strategies used by parents to influence
their children's food preferences. Appetite. 2015;90:123–30.

163. Godefroy V, Champel C, Trinchera L, Rigal N. Disentangling the effects of parental
food restriction on child's risk of overweight. Appetite. 2018;123:82–90.

164. Loth KA. Associations between food restriction and pressure-to-eat
parenting practices and dietary intake in children: a selective review of the
recent literature. Current Nutrition Reports. 2016;5(1):61–7.

165. Steinsbekk S, Barker ED, Llewellyn C, Fildes A, Wichstrom L. Emotional
feeding and emotional eating: reciprocal processes and the influence of
negative affectivity. Child Dev. 2018;89(4):1234–46.

166. Tan CC, Holub SC. The effects of happiness and sadness on Children's snack
consumption. Appetite. 2018;123:169–74.

167. Cedillo YE, Murillo AL, Fernandez JR. The association between allostatic load
and anthropometric measurements among a multiethnic cohort of children.
Pediatr Obes. 2019;14(6):e12501.

168. Miller AL, Riley H, Domoff SE, Gearhardt AN, Sturza J, Kaciroti N, et al.
Weight status moderates stress-eating in the absence of hunger
associations in children. Appetite. 2019;136:184–92.

169. Miller AL, Lumeng JC. Pathways of association from stress to obesity in early
childhood. Obesity (Silver Spring). 2018;26(7):1117–24.

170. Jang M, Owen B, Lauver DR. Different types of parental stress and
childhood obesity: a systematic review of observational studies. Obes Rev.
2019;20:1740.

171. Mamrot P, Hanc T. The Association of the Executive Functions with
overweight and obesity indicators in children and adolescents: a literature
review. Neurosci Biobehav Rev. 2019;107:59.

172. Liang J, Matheson BE, Kaye WH, Boutelle KN. Neurocognitive correlates of
obesity and obesity-related behaviors in children and adolescents. Int J
Obes. 2014;38(4):494–506.

173. Kamijo K, Khan NA, Pontifex MB, Scudder MR, Drollette ES, Raine LB, et
al. The relation of adiposity to cognitive control and scholastic
achievement in preadolescent children. Obesity (Silver Spring). 2012;
20(12):2406–11.

Russell and Russell International Journal of Behavioral Nutrition and Physical Activity           (2020) 17:33 Page 18 of 19



174. Graziano PA, Kelleher R, Calkins SD, Keane SP, Brien MO. Predicting weight
outcomes in preadolescence: the role of toddlers' self-regulation skills and
the temperament dimension of pleasure. Int J Obes. 2013;37(7):937–42.

175. Johnson WG, Parry W, Drabman RS. The performance of obese and
normal size children on a delay of gratification task. Addict Behav.
1978;3(3–4):205–8.

176. Sobhany MS, Rogers CS. External responsiveness to food and non-food cues
among obese and non-obese children. Int J Obes. 1985;9(2):99–106.

177. Nederkoorn C, Coelho JS, Guerrieri R, Houben K, Jansen A. Specificity of the
failure to inhibit responses in overweight children. Appetite. 2012;59(2):409–13.

178. Schlam TR, Wilson NL, Shoda Y, Mischel W, Ayduk O. Preschoolers' delay of
gratification predicts their body mass 30 years later. J Pediatr. 2013;162(1):90–3.

179. Gross JJ, editor. Handbook of Emotion Regulation. 2nd ed. New York:
Guilford Publications; 2014.

180. Price CJ, Hooven C. Interoceptive awareness skills for emotion regulation:
theory and approach of mindful awareness in body-oriented therapy
(MABT). Front Psychol. 2018;9:798.

181. Cole PM, Ashana Ramsook K, Ram N. Emotion dysregulation as a dynamic
process. Dev Psychopathol. 2019;31(3):1191–201. https://doi.org/10.1017/
S0954579419000695. Epub 2019 May 27.

182. Zimmermann P, Thompson RA. New directions in developmental emotion
regulation research across the life span introduction to the special section.
Int J Behav Dev. 2014;38(2):139–41.

183. Gyurak A, Etkin A. A neurobiological model of implicit and explicit emotion
regulation. In: Gross JJ, editor. Handbook of Emotion Regulation. 2nd ed.
New York: Guilford Press; 2014. p. 76–90.

184. Duran CAK, Cottone E, Ruzek EA, Mashburn AJ, Grissmer DW. Family Stress
Processes and Children's Self-Regulation. Child Dev. 2018. https://doi.org/10.
1111/cdev.13202. [Epub ahead of print].

185. Lagasse LL, Conradt E, Karalunas SL, Dansereau LM, Butner JE, Shankaran S,
et al. Transactional relations between caregiving stress, executive
functioning, and problem behavior from early childhood to early
adolescence. Dev Psychopathol. 2016;28(3):743–56.

186. Dodge KA, Pettit GS. A biopsychosocial model of the development of
chronic conduct problems in adolescence. Dev Psychol. 2003;39(2):349–71.

187. Perry NB, Dollar JM, Calkins SD, Bell MA. Developmental Cascade and
transactional associations among biological and behavioral indicators of
temperament and maternal behavior. Child Dev. 2018;89(5):1735–51.

188. Keller KL, Kling SMR, Fuchs B, Pearce AL, Reigh NA, Masterson T, et al. A
Biopsychosocial Model of Sex Differences in Children's Eating Behaviors.
Nutrients. 2019;11(3). https://doi.org/10.3390/nu11030682.

189. Porter L, Bailey-Jones C, Priudokaite G, Allen S, Wood K, Stiles K, et al. From
cookies to carrots; the effect of inhibitory control training on children's
snack selections. Appetite. 2018;124:111–23.

190. Devine RT, Ribner A, Hughes C. Measuring and predicting individual
differences in executive functions at 14 months: a longitudinal study. Child
Dev. 2019;90:e618.

191. Blankenship TL, Slough MA, Calkins SD, Deater-Deckard K, Kim-Spoon J, Bell
MA. Attention and executive functioning in infancy: Links to childhood
executive function and reading achievement. Dev Sci. 2019;22(6):e12824.
https://doi.org/10.1111/desc.12824. Epub 2019 Apr 2.

192. Sheese BE, Rothbart MK, Posner MI, White LK, Fraundorf SH. Executive
attention and self-regulation in infancy. Infant Behav Dev. 2008;31(3):501–10.

193. Garon N. A review of hot executive functions in preschoolers. J Self Regul
Regul. 2016;2:57.

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

Russell and Russell International Journal of Behavioral Nutrition and Physical Activity           (2020) 17:33 Page 19 of 19

https://doi.org/10.1017/S0954579419000695
https://doi.org/10.1017/S0954579419000695
https://doi.org/10.1111/cdev.13202
https://doi.org/10.1111/cdev.13202
https://doi.org/10.3390/nu11030682
https://doi.org/10.1111/desc.12824

	Abstract
	Background
	Methods
	Results and discussion
	Conclusions

	Background
	Methods
	Results
	Key concepts and processes in general self-regulation
	Overview

	Key concepts and processes in appetite self-regulation
	Evidence about common underpinnings of GSR and ASR and contributions to appetitive traits and BMI
	Evidence about contributions of food and non-food delay-of-gratification to appetitive traits and BMI


	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

