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Research consistently suggests that loss of control (LOC) eating in children and adolescents
is a key factor contributing to pediatric obesity and eating disorders. However, causes of
pediatric LOC eating are yet unclear, and there is a lack of longitudinal research investigating
the developmental processes contributing to LOC eating and related outcomes in youth.
Physical activity is an understudied behavior that declines during middle childhood to
adolescence and may exert an influence in the development of LOC eating via its impact
on executive functioning. While physical activity levels and executive functioning have
been linked to regulation of eating, no research has examined the mechanistic processes
by which these domains may together impact LOC eating during childhood and
adolescence. In the current narrative review, a model is proposed that suggests how
physical activity and executive functioning influence LOC eating and related outcomes
during childhood and adolescence. This model has the potential to influence future
theoretical models of pediatric LOC eating and guide future prevention and intervention efforts.

Keywords: loss of control eating, physical activity, executive functioning, inhibitory control, pediatrics

INTRODUCTION

As children transition from childhood to adolescence, they become increasingly responsible for
their own eating behavior - including types of food eaten, how much food is eaten, and when
they eat (Bassett et al, 2008). In the obesogenic food environments that are omnipresent in
modern society, ability to self-regulate eating and control responses to food are critical for prevention
of negative pediatric health outcomes including obesity, type 2 diabetes, and eating disorders.
Loss of control (LOC) eating is a behavior that is characterized by a subjective sense of LOC
over what or how much one is eating (irrespective of quantity consumed) and is associated with
elevated caloric intake particularly from snacking and intake of energy-dense foods (e.g., fast
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food and sweets) as well as eating disorder pathology and mood
and anxiety disorders (Goldschmidt et al., 2017).

LOC eating begins to emerge across middle childhood into
adolescence, with recent data showing that up to 30% of
children and adolescents with overweight or obesity report
LOC eating with similar prevalence across sex (He et al., 2017).
Importantly, children who report LOC eating are more likely
to gain weight over time and develop full syndrome eating
disorders and/or mood and anxiety disorders (Goldschmidt,
2017; Byrne et al., 2019). Specifically, previous data show that
LOC eating predicts sub- or full-threshold binge-eating disorder
diagnosis and greater global eating disorder psychopathology
(Tanofsky-Kraft et al.,, 2011; Hilbert et al., 2013). Despite the
prognostic relevance of LOC eating for longer-term psychological
and physical health, the etiology and maintenance of LOC
eating in youth remains poorly understood, as predominant
theoretical models of disordered eating (e.g., affect regulation
and interpersonal models) have not held up consistently in
children and adolescents (Hilbert et al., 2009; Ranzenhofer
et al., 2014; Goldschmidt et al., 2018b). This is a crucial problem
for prevention and intervention efforts, which is further evidenced
by the limited efficacy of existing weight management and
eating disorder interventions in children.

PHYSICAL ACTIVITY DECLINE IN
MIDDLE CHILDHOOD AND
ADOLESCENCE

Alongside observed increases in LOC eating during middle
childhood and adolescence, there is a well-documented
age-related decline in physical activity levels as children enter
middle childhood and puberty, such that only 24.8% of youth
ages 12-15 meet physical activity guidelines of daily moderate-
to-vigorous physical activity for at least 60 min (Fakhouri et al.,
2014). This decline is not well-understood, but may be driven
by biological factors (Belcher et al., 2013; Spruijt-Metz et al,,
2013), environmental and psychosocial factors (Sallis et al.,
2000), or decreases in participation in organized sports (Perez
et al, 2017; Kemp et al, 2019). In addition to decreasing
physical activity, sedentary behaviors increase during adolescence.
Taken together, middle childhood through adolescence are
critical years during which LOC eating develops and physical
activity levels are simultaneously declining.

PHYSICAL ACTIVITY AND PEDIATRIC
LOC EATING

Although physical activity and LOC eating share intriguingly
similar developmental timeframes during which significant
changes in these behaviors occur, they are almost entirely
studied apart from one another. Consistently, recent reviews
of the literature on LOC eating in youth did not discuss physical
activity as relevant risk factor for LOC eating (Byrne et al.,, 2019;
Tanofsky-Kraft et al., 2020). Nevertheless, mounting evidence

suggests that higher overall physical activity may exert beneficial
effects on eating behavior, and this is supported by studies in
adults showing that higher levels of physical activity are related
to better appetite regulation, reduced food cue responsivity,
and less binge eating (Joseph et al., 2011; Luo et al, 2018).
Similarly, among children and adolescents, higher accelerometer-
assessed physical activity was negatively correlated with
naturalistically-assessed LOC eating, overeating, stress- and
emotion-related eating, and hunger (Smith et al, 2020a,b).
Given such data, physical activity has been termed a “gateway
behavior” that may facilitate improvements in related health
behaviors, including eating. These findings are especially relevant
for youth with overweight or obesity given that LOC eating
and physical inactivity are more prevalent in this group compared
to peers of lower weight (Harriger and Thompson, 2012;
Prentice-Dunn and Prentice-Dunn, 2012; He et al., 2017). Thus,
it is possible that higher physical activity levels could have
beneficial effects on eating patterns that in turn mitigate poor
long-term outcomes among children.

Importantly, the influence of physical activity on eating may
occur both at the momentary level (e.g., minutes to hours)
and over extended time periods (e.g., months to years). At
the momentary level, in children and adults, acute bouts of
activity have been shown to attenuate appetite and urges to
consume palatable food and have been linked to decreases in
energy intake in children and adults (Thayer et al., 1993; Maraki
et al., 2005; Taylor and Oliver, 2009; Thivel and Chaput, 2014).
Further, prior naturalistic research among adults with obesity
found that dietary lapses and temptations were less likely to
occur after exercising (Carels et al, 2004). Also, elevated
momentary moderate-to-vigorous physical activity predicted
less stress-related eating in adolescents with higher BMI-z and
predicted less positive emotional eating in adolescents with
lower BMI-z (Smith et al., 2020b). Conversely, physical inactivity
may have detrimental short-term effects on eating regulation.
While directionality cannot be inferred, an ecological momentary
assessment (EMA) study of high school adolescents found that
consumption of sweet snacks was concurrently associated with
sedentary activities such as watching television and using
electronic media at the same prompt (Grenard et al, 2013).

In addition to these momentary associations, longitudinal
research in adults has shown that adults participating in exercise
interventions experience greater increases in healthy eating
patterns (i.e., increased fruit and vegetable intake and decreased
junk food consumption) relative to non-intervention conditions
(Oaten and Cheng, 2006; Fleig et al, 2011). Among adults
with overweight and obesity, higher lifestyle physical activity,
measured at the end of a 12-month behavioral weight loss
program, was also related to greater flexible dietary restraint,
less disinhibited eating, and less perceived hunger at 12- and
36- month follow-up assessments (Carraca et al, 2013). In
sum, there is evidence that physical activity may have both
short- and long-term beneficial effects on eating. However,
there remains a dearth of literature that has examined such
relationships in children and adolescents, particularly with
respect to key behaviors (i.e.,, LOC eating) that are linked to
current and future physical and mental health problems.
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EXECUTIVE FUNCTIONING AS A
MECHANISM LINKING ACTIVITY AND
LOC EATING

Moreover, the mechanisms underlying associations between
physical activity and eating regulation have yet to be elucidated.
While several factors have been posited to contribute to these
relationships, burgeoning evidence indicates acute and long-
term physical activity behavior enhance executive functioning,
and poor executive functioning increases risk for the development
of LOC eating (Verburgh et al.,, 2014; Goldschmidt et al., 2015;
Alvarez-Bueno et al., 2017; Tanofsky-Kraff et al., 2020). Executive
functions refer to “top-down” cognitive processes that guide
goal-directed behavior and allow for adaptations to changing
circumstances, and which are rooted in circuitry within the
prefrontal cortex (Diamond, 2013). These executive functions
develop throughout adolescence and are critically important
for adaptive self-regulatory processes, including eating and
physical activity behaviors (Hofmann et al., 2012; Dohle et al,,
2018). In particular, inhibitory control deficits (i.e., reduced
ability to suppress or interrupt prepotent responses) can interfere
with self-regulation processes, including the ability to modulate
the types and amount of food consumed (Liang et al., 2014)
and are a specific facet of executive functioning that may
be related to LOC eating. In fact, a recent study found that
inhibitory control deficits, assessed with the stop-signal task,
were the only executive functioning measure associated with
caloric consumption during a laboratory test meal — an objective
measure of LOC eating (Kelly et al., 2020).

While studies of inhibitory control in children and adolescents
have most commonly utilized self-report measures and behavioral
tasks, cognitive neuroscience research has begun identifying
brain pathways associated with inhibitory control deficits.
Neuroimaging studies using functional magnetic resonance
imaging (fMRI) to examine inhibitory control reliably implicate
frontostriatal circuitry, including areas of the lateral prefrontal
cortex (Dias et al., 1997; Aron et al, 2004). In adolescents
with obesity, disinhibited eating has been linked to reduced
integrity of frontal lobe, specifically lower orbitofrontal cortex
volume (Maayan et al., 2011). Another recent study found
that after completion of a food-specific inhibitory control task,
overweight adolescents showed reduced activation in frontal
inhibitory regions, including the superior frontal gyrus, middle
frontal gyrus, ventrolateral prefrontal cortex, medial prefrontal
cortex, and orbitofrontal cortex, compared to adolescents of
lower weight (Batterink et al., 2010). Thus, it appears that less
activation in the prefrontal cortex, important for inhibition
control when trying to inhibit response to palatable food, is
associated with greater weight and as an extension more
dysregulated eating behaviors, such as LOC eating.

In addition to inhibitory control predicting LOC eating,
research suggests that physical activity improves inhibitory
control in children and adolescents. Several studies of children
or adolescents found that physical activity was associated with
acute improvements in inhibitory control (Chang et al., 2014;
Browne et al., 2016; Franco-Alvarenga et al., 2019). Further,
adolescents who completed an 8-week exercise program had

increased inhibitory control following the intervention compared
to a control group (Ludyga et al, 2018). While cognitive
neuroscience research is limited (Belcher et al., 2020), one
study found that physical activity may enhance prefrontal
cortex functioning in children (Chaddock-Heyman et al., 2013).
In addition, in a separate fMRI study, children with higher
fitness level had more efficient brain networks associated with
inhibitory control compared to children with lower fitness
level (Voss et al., 2011).

MODEL OF PHYSICAL ACTIVITY
DECLINE, EXECUTIVE FUNCTIONING,
AND PEDIATRIC LOC EATING

Given current limitations, we introduce a hypothesized model
(Figure 1) that posits that developmental changes in physical
activity patterns and executive functioning together influence
self-regulation from childhood into adolescence, such that
declines in physical activity have negative short- and long-
term effects on behavioral and neural markers of executive
functioning, which in turn increases risk for subsequent LOC
eating and poor health outcomes (e.g., obesity and eating
disorder pathology) over time. While there is likely a
bi-directional relationship between executive functioning and
physical activity such that executive functioning also precipitates
regular physical activity, there is a more substantial literature
on the predictive association from physical activity to executive
functioning in children (Hillman et al., 2011; Verburgh et al,,
2014; de Greeff et al, 2018). In addition, studies using
accelerometers to obtain objective measurements of physical
activity have shown that children who engaged in more physical
activity had better executive functioning (Syvioja et al., 2014;
van der Niet et al., 2015).

Physical activity has also been shown to alter neurobiological
processes associated with inhibitory control. For example,
children with overweight and obesity who underwent a 3-month
aerobic exercise intervention, compared to a control group,
evidenced increased recruitment of the bilateral prefrontal cortex
during an inhibitory control (i.e., antisaccade) task that was
completed at baseline and post-intervention (Davis et al., 2011).
Further, physical activity has been shown to be particularly
effective at improving executive functioning in children with
obesity (Logan et al.,, 2020), whom are more at-risk for LOC
eating (He et al., 2017).

The proposed model has not been extensively studied and
stems from connecting the available literatures on physical
activity and LOC eating in children and adults. Investigation
of this model has several potential theoretical and clinical
implications. Research has implicated a number of factors in
relation to LOC eating in children; however, little is known
about the developmental origins of LOC eating (Byrne et al.,
2019). That is, much more is known about how children who
exhibit LOC eating differ from children who do not exhibit
LOC eating opposed to the mechanisms that explain the initial
onset of LOC eating. Although, research has yet to study
differences in physical activity between children with
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FIGURE 1 | Model of activity, executive functioning, loss of control eating, and long-term outcomes.

vs. without LOC eating. One of the risk factors associated with
LOC eating in children is impairments in general and food-
specific aspects of executive functioning (Allen et al, 2013;
Goldschmidt et al., 2015; Goldschmidt et al,, 2018a; Stojek
et al,, 2018; Van Malderen et al., 2018). This proposed model
is the first to suggest that a decline in physical activity that
occur in middle childhood may be a biobehavioral mechanism
that explains the onset of LOC eating in childhood.

In addition to theoretical implications, the proposed
biobehavioral model could have high clinical significance.
There have been limited studies investigating treatments
for LOC eating in children. Those that have been conducted
have studied psychological therapies (e.g., cognitive-behavioral
therapy) as a treatment for LOC eating and have reported
these therapies to be successful (Byrne et al., 2019). Examples
of possible clinical implications of our theoretical model
might be using physical activity as a stand-alone intervention
or as part of psychotherapy to treat LOC eating in children.
However, empirical research will be needed to determine
appropriate clinical recommendations - including types of
activity, duration, and frequency that are needed to change
executive functioning and behavior. Further, from a preventive
standpoint, while we know that it is crucial for children
to remain physically active throughout childhood and
adolescence to reduce negative physical and psychological
outcomes, testing of the hypothesized model can provide
information about physical activity as a preventive measure
for LOC eating.

This model also may inform the combination and sequencing
of prevention and intervention components, particularly if
strategies that promote physical activity exert a transfer effect
on eating regulation via enhancing executive functions.
Furthermore, consistent with precision medicine initiatives,
analysis of momentary, real-time data will be crucially important
to inform tailored treatments. New preventions or treatments
could target certain types of children or traits (e.g., children
high vs. low in inhibitory control) or target the specific moments
at which a child is most prone to engage in LOC eating (e.g.,
states of physical inactivity and reduced inhibitory control).
Further, it is critical for pediatricians to screen for children’s
adherence to physical activity recommendations in early
childhood and utilize behavior change techniques with children
and parents to increase adherence.

It is important to acknowledge limitations and other
considerations. The key limitation of this review and proposed
conceptual model is that it is based on a small number of studies,
and we draw on some studies from the adult literature given
the comparatively sparse pediatric literature base. In addition,
this is a proposed conceptual model that is intended to guide
further research direction and has not yet been tested, and thus,
empirical research will be needed in order to make clinical
recommendations. The model described is intentionally
parsimonious to guide initial research in this area, yet there is
a plethora of other variables that should be considered in the
context of this model moving forward. For example, emotion
regulation is an important factor related to physical activity and
LOC eating (Goldschmidt et al., 2017; Bernstein and McNally,
2018), and emotion regulation abilities are modulated by executive
functioning (Calkins and Marcovitch, 2010; Sudikoff et al., 2015).
Therefore, emotion regulation abilities likely play an important
role in this model. Further, other trait and dispositional variables
are key to examine as moderators and mediators within the
context of this model including personality (e.g., health consciousness
and impulsivity), familial factors (e.g., parenting practices), and
environment (e.g., proximity to fast food outlets or parks).

Finally, while reviews of physical activity and executive
functioning (Hillman et al., 2011; Verburgh et al, 2014; de
Greeff et al., 2018) have all shown evidence for relationships
between physical activity and executive functioning, there have
been inconsistent findings regarding acute vs. chronic activity
effects on executive functioning, depending upon measure used.
Verburgh et al. (2014) concluded that acute physical activity
(i.e., single bout of activity) predicted improved executive
functioning using task-based measures but chronic physical
activity (i.e., long-term exercise programs) did not; though,
there were a limited number of chronic physical activity studies.
Conversely, Hillman et al. (2011) reported that acute (i.e., single
bout of activity) and chronic (i.e., fitness level) physical activity
both predicted improved executive functioning using task and
event-related potential measures. de Greeff et al. (2018) also
found that acute (i.e., single bout of activity) and chronic (i.e.,
long-term exercise program) physical activity both predicted
improved executive functioning using task measures, but results
differed across tasks. These reviews demonstrate the importance
for studying possible effects of both acute and chronic activity.
Importantly, future studies testing this model should use
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objectively measured accelerometer physical activity, which
measures children’s total volume of activity and can account
for all activity that children perform.

In sum, establishing causal pathways and micro-temporal
associations among physical activity, executive functioning, and
LOC eating in youth has the potential to inform new prevention
and intervention strategies for a host of pediatric outcomes.
Future studies using multi-method designs, including psychological
interviews, ambulatory assessment, and cognitive assessment,
across middle childhood and adolescence will be needed to
test the proposed model. Research on moderators and facets
of executive functioning will also be needed to refine the model.

REFERENCES

Allen, K. L., Byrne, S. M., Hii, H., Van Eekelen, A., Mattes, E., and Foster, J. K.
(2013). Neurocognitive functioning in adolescents with eating disorders: a
population-based  study. Cogn. Neuropsychiatry 18, 355-375. doi:
10.1080/13546805.2012.698592

Alvarez-Bueno, C., Pesce, C., Cavero-Redondo, I, Sanchez-Lopez, M.,
Martinez-Hortelano, J. A., and Martinez-Vizcaino, V. (2017). The effect of
physical activity interventions on childrens cognition and metacognition: a
systematic review and meta-analysis. J. Am. Acad. Child Adolesc. Psychiatry
56, 729-738. doi: 10.1016/j.jaac.2017.06.012

Aron, A. R., Robbins, T. W,, and Poldrack, R. A. (2004). Inhibition and the
right inferior frontal cortex. Trends Cogn. Sci. 8, 170-177. doi: 10.1016/j.
tics.2004.02.010

Bassett, R., Chapman, G. E., and Beagan, B. L. (2008). Autonomy and control:
the co-construction of adolescent food choice. Appetite 50, 325-332. doi:
10.1016/j.appet.2007.08.009

Batterink, L., Yokum, S., and Stice, E. (2010). Body mass correlates inversely
with inhibitory control in response to food among adolescent girls: an
fMRI study. NeuroImage 52, 1696-1703. doi: 10.1016/j.neuroimage.2010.05.059

Belcher, B. R., Chou, C. P, Nguyen-Rodriguez, S. T, Hsu, Y. W,
Byrd-Williams, C. E., McClain, A. D., et al. (2013). Leptin predicts a decline
in moderate to vigorous physical activity in minority female children at
risk for obesity. Pediatr. Obes. 8, 70-77. doi: 10.1111/j.2047-6310.2012.00091.x

Belcher, B. R., Zink, J., Azad, A., Campbell, C. E., Chakravartti, S. P, and
Herting, M. M. (2020). The roles of physical activity, exercise, and fitness
in promoting resilience during adolescence: effects on mental well-being
and brain development. Biol. Psychiatry: Cogn. Neurosci. Neuroimaging. doi:
10.1016/j.bpsc.2020.08.005 (in press).

Bernstein, E. E., and McNally, R. J. (2018). Exercise as a buffer against difficulties
with emotion regulation: a pathway to emotional wellbeing. Behav. Res.
Ther. 109, 29-36. doi: 10.1016/j.brat.2018.07.010

Browne, R. A. V,, Costa, E. C,, Sales, M. M., Fonteles, A. I, Moraes, J. E V.
N. D, and Barros, J. D. E (2016). Acute effect of vigorous aerobic exercise
on the inhibitory control in adolescents. Rev. Paul. Pediatr. 34, 154-161.
doi: 10.1016/j.rppede.2016.01.005

Byrne, M. E., LeMay-Russell, S., and Tanofsky-Kraff, M. (2019). Loss-of-control
eating and obesity among children and adolescents. Curr. Obes. Rep. 8,
33-42. doi: 10.1007/s13679-019-0327-1

Calkins, S. D., and Marcovitch, S. (2010). “Emotion regulation and executive
functioning in early development: integrated mechanisms of control supporting
adaptive functioning” in Human brain development. Child development at
the intersection of emotion and cognition. eds. S. D. Calkins and M. A. Bell
(Washington, DC: American Psychological Association), 37-57.

Carels, R. A., Douglass, O. M., Cacciapaglia, H. M., and O’Brien, W. H. (2004).
An ecological momentary assessment of relapse crises in dieting. J. Consult.
Clin. Psychol. 72, 341-348. doi: 10.1037/0022-006X.72.2.341

Carraga, E. V., Silva, M. N., Coutinho, S. R., Vieira, P. N., Minderico, C. S.,
Sardinha, L. B., et al. (2013). The association between physical activity and
eating self-regulation in overweight and obese women. Obes. Facts 6, 493-506.
doi: 10.1159/000356449

AUTHOR CONTRIBUTIONS

TM and KS: conceptualized the idea and wrote the first draft
of the manuscript. BB, GD, and SL: revised subsequent drafts
and provided critical feedback. All authors contributed to the
article and approved the submitted version.

FUNDING

This work is in part supported by NIH K01DK115638 (PI. SL),
3K01DK115638-03S1 (PI. SL), and NIH K01DK124435 (P1. TM).

Chaddock-Heyman, L., Erickson, K. I, Voss, M., Knecht, A., Pontifex, M. B,,
Castelli, D., et al. (2013). The effects of physical activity on functional MRI
activation associated with cognitive control in children: a randomized controlled
intervention. Front. Hum. Neurosci. 7:72. doi: 10.3389/fnhum.2013.00072

Chang, Y. K., Hung, C. L., Huang, C. J., Hatfield, B. D., and Hung, T. M.
(2014). Effects of an aquatic exercise program on inhibitory control in
children with ADHD: a preliminary study. Arch. Clin. Neuropsychol. 29,
217-223. doi: 10.1093/arclin/acu003

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

de Greeff, J. W,, Bosker, R. J., OQosterlaan, J., Visscher, C., and Hartman, E.
(2018). Effects of physical activity on executive functions, attention and
academic performance in preadolescent children: a meta-analysis. J. Sci.
Med. Sport 21, 501-507. doi: 10.1016/j.jsams.2017.09.595

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

Dias, R., Robbins, T. W., and Roberts, A. C. (1997). Dissociable forms of inhibitory
control within prefrontal cortex with an analog of the Wisconsin Card Sort
Test: restriction to novel situations and independence from “on-line” processing.
J. Neurosci. 17, 9285-9297. doi: 10.1523/J]NEUROSCI.17-23-09285.1997

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

Fakhouri, T. H., Hughes, J. P, Burt, V. L., Song, M., Fulton, J. E., and Ogden, C. L.
(2014). Physical activity in US youth aged 12-15 years, 2012. NCHS Data
Brief. Number 141. Centers for Disease Control and Prevention.

Fleig, L., Lippke, S., Pomp, S., and Schwarzer, R. (2011). Intervention effects
of exercise self-regulation on physical exercise and eating fruits and vegetables:
a longitudinal study in orthopedic and cardiac rehabilitation. Prev. Med.
53, 182-187. doi: 10.1016/j.ypmed.2011.06.019

Franco-Alvarenga, P. E., Brietzke, C., José Coelho-Junior, H., Canestri, R,
Nagata, E. Y, Asano, R. Y., et al. (2019). Physical education class can
improve acute inhibitory control in elementary school students. Motriz:
Revista de Educagdo Fisica 25:¢101906. doi: 10.1590/s1980-6574201900020007

Goldschmidt, A. B. (2017). Are loss of control while eating and overeating
valid constructs? A critical review of the literature. Obes. Rev. 18, 412-449.
doi: 10.1111/0br.12491

Goldschmidt, A. B., Dickstein, D. P, MacNamara, A. E., Phan, K. L., O'Brien, S.,
Le Grange, D, et al. (2018a). A pilot study of neural correlates of loss of
control eating in children with overweight/obesity: probing intermittent
access to food as a means of eliciting disinhibited eating. J. Pediatr. Psychol.
43, 846-855. doi: 10.1093/jpepsy/jsy009

Goldschmidt, A. B., Hipwell, A. E., Stepp, S. D., McTigue, K. M., and Keenan, K.
(2015). Weight gain, executive functioning, and eating behaviors among
girls. Pediatrics 136, e856-e863. doi: 10.1542/peds.2015-0622

Goldschmidt, A. B., Lavender, J. M., Hipwell, A. E., Stepp, S. D., and Keenan, K.
(2017). Emotion regulation and loss of control eating in community-based
adolescents. J. Abnorm. Child Psychol. 45, 183-191. doi: 10.1007/s10802-016-0152-x

Goldschmidt, A. B., Smith, K. E,, Crosby, R. D., Boyd, H. K., Dougherty, E.,
Engel, S. G,, et al. (2018b). Ecological momentary assessment of maladaptive

Frontiers in Psychology | www.frontiersin.org

October 2020 | Volume 11 | Article 578690


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1080/13546805.2012.698592
https://doi.org/10.1016/j.jaac.2017.06.012
https://doi.org/10.1016/j.tics.2004.02.010
https://doi.org/10.1016/j.tics.2004.02.010
https://doi.org/10.1016/j.appet.2007.08.009
https://doi.org/10.1016/j.neuroimage.2010.05.059
https://doi.org/10.1111/j.2047-6310.2012.00091.x
https://doi.org/10.1016/j.bpsc.2020.08.005
https://doi.org/10.1016/j.brat.2018.07.010
https://doi.org/10.1016/j.rppede.2016.01.005
https://doi.org/10.1007/s13679-019-0327-1
https://doi.org/10.1037/0022-006X.72.2.341
https://doi.org/10.1159/000356449
https://doi.org/10.3389/fnhum.2013.00072
https://doi.org/10.1093/arclin/acu003
https://doi.org/10.1037/a0021766
https://doi.org/10.1016/j.jsams.2017.09.595
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1523/JNEUROSCI.17-23-09285.1997
https://doi.org/10.1016/j.appet.2017.05.041
https://doi.org/10.1016/j.appet.2017.05.041
https://doi.org/10.1016/j.ypmed.2011.06.019
https://doi.org/10.1590/s1980-6574201900020007
https://doi.org/10.1111/obr.12491
https://doi.org/10.1093/jpepsy/jsy009
https://doi.org/10.1542/peds.2015-0622
https://doi.org/10.1007/s10802-016-0152-x

Mason et al.

Physical Activity and LOC Eating

eating in children and adolescents with overweight or obesity. Int. J. Eat.
Disord. 51, 549-557. doi: 10.1002/eat.22864

Grenard, J. L., Stacy, A. W, Shiffman, S., Baraldi, A. N., MacKinnon, D. P,
Lockhart, G., et al. (2013). Sweetened drink and snacking cues in adolescents.
A study using ecological momentary assessment. Appetite 67, 61-73. doi:
10.1016/j.appet.2013.03.016

Harriger, J. A., and Thompson, J. K. (2012). Psychological consequences of
obesity: weight bias and body image in overweight and obese youth. Int.
Rev. Psychiatr. 24, 247-253. doi: 10.3109/09540261.2012.678817

He, J., Cai, Z., and Fan, X. (2017). Prevalence of binge and loss of control
eating among children and adolescents with overweight and obesity: an
exploratory meta-analysis. Int. J. Eat. Disord. 50, 91-103. doi: 10.1002/eat.22661

Hilbert, A., Hartmann, A. S., Czaja, J., and Schoebi, D. (2013). Natural course
of preadolescent loss of control eating. J. Abnorm. Psychol. 122, 684-693.
doi: 10.1037/a0033330

Hilbert, A., Rief, W., Tuschen-Caffier, B., de Zwaan, M., and Czaja, J. (2009).
Loss of control eating and psychological maintenance in children: an ecological
momentary assessment study. Behav. Res. Ther. 47, 26-33. doi: 10.1016/j.
brat.2008.10.003

Hillman, C. H., Kamijo, K., and Scudder, M. (2011). A review of chronic and
acute physical activity participation on neuroelectric measures of brain health
and cognition during childhood. Prev. Med. 52, S21-S28. doi: 10.1016/j.
ypmed.2011.01.024

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

Joseph, R. J., Alonso-Alonso, M., Bond, D. S., Pascual-Leone, A., and
Blackburn, G. L. (2011). The neurocognitive connection between physical
activity and eating behaviour. Obes. Rev. 12, 800-812. doi:
10.1111/j.1467-789X.2011.00893.x

Kelly, N. R,, Jaramillo, M., Ramirez, S., Altman, D. R, Rubin, S. G, Yang, S. B.,
et al. (2020). Executive functioning and disinhibited eating in children and
adolescents. Pediatr. Obes. 15:¢12614. doi: 10.1111/ijpo.12614

Kemp, B. ], Cliff, D. P, Chong, K. H., and Parrish, A. M. (2019). Longitudinal
changes in domains of physical activity during childhood and adolescence:
a systematic review. J. Sci. Med. Sport 22, 695-701. doi: 10.1016/j.jsams.2018.12.012

Liang, J., Matheson, B. E., Kaye, W. H., and Boutelle, K. N. (2014). Neurocognitive
correlates of obesity and obesity-related behaviors in children and adolescents.
Int. J. Obes. 38, 494-506. doi: 10.1038/ij0.2013.142

Logan, N. E,, Raine, L. B., Drollette, E. S., Castelli, D. M., Khan, N. A., Kramer, A. F,
et al. (2020). The differential relationship of an afterschool physical activity
intervention on brain function and cognition in children with obesity and
their normal weight peers. Pediatr. Obes. €12708. doi: 10.1111/ijpo.12708

Ludyga, S., Gerber, M., Herrmann, C., Brand, S., and Piihse, U. (2018). Chronic
effects of exercise implemented during school-break time on neurophysiological
indices of inhibitory control in adolescents. Trends Neurosci. Educ. 10, 1-7.
doi: 10.1016/j.tine.2017.11.001

Luo, S, O'Connor, S. G., Belcher, B. R, and Page, K. A. (2018). Effects of
physical activity and sedentary behavior on brain response to high-calorie
food cues in young adults. Obesity 26, 540-546. doi: 10.1002/0by.22107

Maayan, L., Hoogendoorn, C., Sweat, V., and Convit, A. (2011). Disinhibited
eating in obese adolescents is associated with orbitofrontal volume reductions
and executive dysfunction. Obesity 19, 1382-1387. doi: 10.1038/0by.2011.15

Maraki, M., Tsofliou, E, Pitsiladis, Y. P, Malkova, D., Mutrie, N., and Higgins, S. (2005).
Acute effects of a single exercise class on appetite, energy intake and mood.
Is there a time of day effect? Appetite 45, 272-278. doi: 10.1016/j.appet.2005.07.005

Oaten, M., and Cheng, K. (2006). Longitudinal gains in self-regulation from
regular physical exercise. Br. J. Health Psychol. 11, 717-733. doi:
10.1348/135910706X96481

Perez, L. G., Conway, T. L., Arredondo, E. M., Elder, J. P, Kerr, J., McKenzie, T. L.,
et al. (2017). Where and when adolescents are physically active: neighborhood
environment and psychosocial correlates and their interactions. Prev. Med.
105, 337-344. doi: 10.1016/j.ypmed.2017.10.010

Prentice-Dunn, H., and Prentice-Dunn, S. (2012). Physical activity, sedentary
behavior, and childhood obesity: a review of cross-sectional studies. Psychol.
Health Med. 17, 255-273. doi: 10.1080/13548506.2011.608806

Ranzenhofer, L. M., Engel, S. G., Crosby, R. D., Anderson, M., Vannucci, A.,
Cohen, L. A, et al. (2014). Using ecological momentary assessment to
examine interpersonal and affective predictors of loss of control eating in
adolescent girls. Int. J. Eat. Disord. 47, 748-757. doi: 10.1002/eat.22333

Sallis, J. E, Prochaska, J. J., and Taylor, W. C. (2000). A review of correlates
of physical activity of children and adolescents. Med/Sci. Sports Exerc. 32,
963-975. doi: 10.1097/00005768-200005000-00014

Smith, K. E., Haedt-Matt, A., Mason, T. B., Wang, S., Yang, C., Unick, J. L.,
et al. (2020a). Associations between naturalistically-assessed physical activity
patterns, affect, and eating in youth with overweight and obesity. J. Behav.
Med. doi: 10.1007/s10865-020-00152-3 [Epub ahead of print]

Smith, K. E., O’Connor, S., Mason, T. B., Wang, S., Dzubur, E., Crosby, R. D.,
et al. (2020b). Differential associations between naturalistically-assessed
physical activity and emotional eating among weight-discordant siblings.
Pediatr. Obes. [Epub head of print]

Spruijt-Metz, D., Belcher, B. R., Hsu, Y. W,, McClain, A. D., Chou, C. P,
Nguyen-Rodriguez, S., et al. (2013). Temporal relationship between insulin
sensitivity and the pubertal decline in physical activity in peripubertal
Hispanic and African American females. Diabetes Care 36, 3739-3745. doi:
10.2337/dc13-0083

Stojek, M., Shank, L. M., Vannucci, A., Bongiorno, D. M., Nelson, E. E., Waters, A. J.,
et al. (2018). A systematic review of attentional biases in disorders involving
binge eating. Appetite 123, 367-389. doi: 10.1016/j.appet.2018.01.019

Sudikoff, E. L., Bertolin, M., Lordo, D. N., and Kaufman, D. A. S. (2015).
Relationships between executive function and emotional regulation in healthy
children. J. Neurol. Psychol. 2.

Syvéoja, H. J., Tammelin, T. H., Ahonen, T., Kankaanpai, A., and Kantomaa, M. T.
(2014). The associations of objectively measured physical activity and sedentary
time with cognitive functions in school-aged children. PLoS One 9:¢103559.
doi: 10.1371/journal.pone.0103559

Tanofsky-Kraff, M., Schvey, N. A., and Grilo, C. M. (2020). A developmental
framework of binge-eating disorder based on pediatric loss of control eating.
Am. Psychol. 75, 189-203. doi: 10.1037/amp0000592

Tanofsky-Kraff, M., Shomaker, L. B., Olsen, C., Roza, C. A., Wolkoff, L. E.,
Columbo, K. M., et al. (2011). A prospective study of pediatric loss of
control eating and psychological outcomes. J. Abnorm. Psychol. 120, 108-118.
doi: 10.1037/20021406

Taylor, A. H., and Oliver, A. J. (2009). Acute effects of brisk walking on urges
to eat chocolate, affect, and responses to a stressor and chocolate cue. An
experimental study. Appetite 52, 155-160. doi: 10.1016/j.appet.2008.09.004

Thayer, R. E., Peters, D. P. III, Takahashi, P. J., and Birkhead-Flight, A. M.
(1993). Mood and behavior (smoking and sugar snacking) following moderate
exercise: a partial test of self-regulation theory. Personal. Individ. Differ. 14,
97-104. doi: 10.1016/0191-8869(93)90178-6

Thivel, D., and Chaput, J. P. (2014). Are post-exercise appetite sensations and
energy intake coupled in children and adolescents? Sports Med. 44, 735-741.
doi: 10.1007/s40279-014-0160-3

van der Niet, A. G., Smith, J., Scherder, E. J., Oosterlaan, J., Hartman, E., and
Visscher, C. (2015). Associations between daily physical activity and executive
functioning in primary school-aged children. J. Sci. Med. Sport 18, 673-677.
doi: 10.1016/j.jsams.2014.09.006

Van Malderen, E., Goossens, L., Verbeken, S., and Kemps, E. (2018). Unravelling
the association between inhibitory control and loss of control over eating
among adolescents. Appetite 125, 401-409. doi: 10.1016/j.appet.2018.02.019

Verburgh, L., Konigs, M., Scherder, E. J., and Oosterlaan, J. (2014). Physical
exercise and executive functions in preadolescent children, adolescents and
young adults: a meta-analysis. Br. J. Sports Med. 48, 973-979. doi: 10.1136/
bjsports-2012-091441

Voss, M. W,, Chaddock, L., Kim, J. S., VanPatter, M., Pontifex, M. B., Raine, L. B.,
et al. (2011). Aerobic fitness is associated with greater efficiency of the
network underlying cognitive control in preadolescent children. Neuroscience
199, 166-176. doi: 10.1016/j.neuroscience.2011.10.009

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

Copyright © 2020 Mason, Smith, Belcher, Dunton and Luo. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

October 2020 | Volume 11 | Article 578690


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1002/eat.22864
https://doi.org/10.1016/j.appet.2013.03.016
https://doi.org/10.3109/09540261.2012.678817
https://doi.org/10.1002/eat.22661
https://doi.org/10.1037/a0033330
https://doi.org/10.1016/j.brat.2008.10.003
https://doi.org/10.1016/j.brat.2008.10.003
https://doi.org/10.1016/j.ypmed.2011.01.024
https://doi.org/10.1016/j.ypmed.2011.01.024
https://doi.org/10.1016/j.tics.2012.01.006
https://doi.org/10.1111/j.1467-789X.2011.00893.x
https://doi.org/10.1111/ijpo.12614
https://doi.org/10.1016/j.jsams.2018.12.012
https://doi.org/10.1038/ijo.2013.142
https://doi.org/10.1111/ijpo.12708
https://doi.org/10.1016/j.tine.2017.11.001
https://doi.org/10.1002/oby.22107
https://doi.org/10.1038/oby.2011.15
https://doi.org/10.1016/j.appet.2005.07.005
https://doi.org/10.1348/135910706X96481
https://doi.org/10.1016/j.ypmed.2017.10.010
https://doi.org/10.1080/13548506.2011.608806
https://doi.org/10.1002/eat.22333
https://doi.org/10.1097/00005768-200005000-00014
https://doi.org/10.1007/s10865-020-00152-3
https://doi.org/10.2337/dc13-0083
https://doi.org/10.1016/j.appet.2018.01.019
https://doi.org/10.1371/journal.pone.0103559
https://doi.org/10.1037/amp0000592
https://doi.org/10.1037/a0021406
https://doi.org/10.1016/j.appet.2008.09.004
https://doi.org/10.1016/0191-8869(93)90178-6
https://doi.org/10.1007/s40279-014-0160-3
https://doi.org/10.1016/j.jsams.2014.09.006
https://doi.org/10.1016/j.appet.2018.02.019
https://doi.org/10.1136/bjsports-2012-091441
https://doi.org/10.1136/bjsports-2012-091441
https://doi.org/10.1016/j.neuroscience.2011.10.009
http://creativecommons.org/licenses/by/4.0/

	New Insights Into Causal Pathways Between the Pediatric Age-Rel ated Physical Activity Decline and Loss of Control Eating: A Narrative Review and Proposed Conceptual Model
	Introduc tion
	Physical Activity Decline in Middle Childhood and Adolescence
	Physical Activity and Pediatric LOC Eating
	Executive Functioning as a Mechanism Linking Activity and LOC Eating
	Model of Physical Activity Decline, Executive Functioning, and Pediatric LOC Eating
	Author Contributions

	References

