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The modern “obesogenic” environment is
characterized by an abundance of readily
available hyperpalatable, energy-dense
foods. These foods are highly valued and
extremely rewarding: exposure to these
foods and associated cues activates a diverse brain network underlying reward
processing and valuation (Stice and Yokum, 2016). Such reward-related cortical
and subcortical responsivity is thought to
override homeostatic processes, evoking
overconsumption in the absence of hunger. This is of concern because excessive
consumption of obesogenic foods rather
than healthier alternatives is a primary
factor underlying the current obesity epidemic (Crino et al., 2015).
How then do individuals maintain a
healthy diet in the modern food-rich environment? Healthy dietary habits involve
the consistent selection of less appealing,
but more nutritious, foods over more
tempting ones. Individuals vary substantially in their ability to exercise such dietary regulation, and this variability is
thought to be associated with differences
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in the structural and functional integrity
of the prefrontal cortex (PFC). That is,
maintaining healthy dietary habits may be
particularly dependent on the ability to
inhibit visceral and autonomic responses
(e.g., food cravings) to appetitive caloriedense foods, which in turn depends on
cognitive control mechanisms mediated
by the PFC (Vainik et al., 2013).
Within the PFC, the dorsolateral PFC
(dlPFC) is thought to a play a critical role
in the “top-down” control over actions
(MacDonald et al., 2000). Specifically,
the cognitive control mechanisms implemented by the dlPFC are proposed to
work in tandem with the striatum and ventromedial PFC (vmPFC) to regulate the
valuation of appetitive rewards, allowing
the selection of foods on the basis of
health rather than taste (Hare et al., 2009).
Decreased regulatory control from the
dlPFC in conjunction with stronger reward valuation inputs from the vmPFC
may override health goals, increasing the
likelihood that individuals will select food
items on the basis of taste rather than
healthiness (Hare et al., 2009). Repetitive
transcranial magnetic stimulation (rTMS)
has been used to decrease cortical activity
in the left dlPFC, allowing examination of
the relationship between dlPFC activity
and the regulation of eating behavior. Following active rTMS, participants reported
stronger cravings for high-calorie food
items, consumed significantly more palat-

able calorie-dense foods in a taste test, and
showed significant reductions in task performance on standardized measures of inhibitory control (i.e., Stroop and Flanker
tasks; Lowe et al., 2014, 2018). A mediation analysis revealed that the increased
palatable food consumption following left
dlPFC rTMS was due to reduced inhibitory control, leading to the conclusion
that dlPFC activity has a key function in
regulating palatable food consumption
(Lowe et al., 2018).
In a recent study, Schmidt et al. (2018)
sought to expand on these findings by examining whether individual differences in
dietary self-regulation were also associated with neuroanatomical differences
within dlPFC and vmPFC, measured by
magnetic resonance imaging (MRI). Specifically, the authors integrated voxelbased morphometry and structural data
from three studies examining individuals’
subjective appraisals of the relative “healthiness” of food images. These results were
generalized to a fourth dataset that examined dietary self-control through a task interrogating how much money participants
would be willing to pay for certain foods
either with the instruction to mentally
“distance themselves” from urges to consume desirable foods or without any cognitive regulation. Results indicated that
the combined volume of the dlPFC and
vmPFC predicted dietary self-regulatory
success (i.e., how much participants re-
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ported that they would like to eat a food
item based on health or taste ratings). It
was therefore posited that the increased
gray matter volumes of the vmPFC and
dlPFC were neural substrates of regulatory success when focusing on the healthiness of food. This complements previous
work that found obesity to be associated
with reduced gray matter volumes in the
anterior cingulate, vmPFC, orbitofrontal
cortex (OFC), and inferior parietal and
temporal cortices— other key regions associated with dietary self-regulation and
cognitive control (García-García et al.,
2018)—suggesting that lower gray matter
volume might impair dietary selfregulation, leading to obesity.
What explains the link between PFC
volume and dietary control? The critical
role of the PFC in regulating striatal reward signals to override the temptation to
consume highly palatable, but unhealthy
foods has been functionally demonstrated
by optogenetic elevation of PFC activity,
which evoked the suppression of striatal
reward-related neural signals (Ferenczi et
al., 2016). A more active PFC would be
more effective at suppressing food rewards in the striatum and vmPFC. Therefore, Schimdt et al. (2018) observation of
increased gray matter volume may reflect
increased dendritic length, complexity,
and spine density in the dlPFC and
vmPFC stemming from neuroplasticity
related to increased activity (Markham
and Greenough, 2004; Kasai et al., 2010).
However, gray matter volumes may not be
the most accurate reflection of cortical
structure and function. For instance, a recent MRI study demonstrated that the
density, rather than the volume, of PFC
gray matter is critical to the optimization
of cognitive control (Gennatas et al.,
2017). Another study (Breukelaar et al.,
2017) found that decreased gray matter
volume within regions of the cognitive
control network (dlPFC, vmPFC, anterior
cingulate, and parietal cortex) was correlated with improved performance on executive function tasks. Likewise, Takeuchi
et al. (2017) demonstrated that wholebrain gray matter volume was associated
with improved cognitive performance in
Stroop interference and working memory
tasks, but there was no significant association between task performance and gray
matter volume in predefined cortical areas, including the dlPFC. Therefore, how
gray matter volume in the dlPFC and
vmPFC is related to enhanced dietary regulation abilities is still to be determined.
Future studies should examine whether
regional changes in gray matter volume

and altered functionality across cortical
regions are associated with diet success.
It is also possible that white matter
tract integrity and connectivity between
regions are better predictors of cognitive
control and obesity than gray matter volumes. The integrity of the white matter
tracts connecting the vmPFC and ventrolateral PFC with posterior cortices are
associated with executive function task performance (Smolker et al., 2015). Moreover,
decreased integrity of white matter tracts
between the inferior frontal gyrus (IFG)
and OFC was negatively associated with
body fat percentages in chronic dieters
(Chen et al., 2017). Therefore, reductions
in white matter integrity along this tract
may predispose individuals to overconsume appetitive high-calorie foods by
limiting the ability of the IFG, a region
associated with executive control, to override reward signals within the OFC. Given
that the ability of the dlPFC to exert control over value signals in the vmPFC is associated with individual differences in
dietary self-regulation (Hare et al., 2009),
future research should investigate whether
this association is related to the integrity of
white matter tracts connecting these two
areas.
Another important question is whether
developmental factors underlie differences
in dlPFC and vmPFC structural integrity.
The developing brain is highly susceptible to
environmental insults, including nutrition, which can derail the natural course
of brain maturation. The PFC is one of the
last brain regions to mature; thus, synaptic pruning and refinement of white matter tracts across adolescence leads to
enduring changes in connectivity between
reward signaling and cognitive control areas (Giedd et al., 1999). Rodent studies
have demonstrated that excessive consumption of obesogenic foods during adolescence negatively impacts function in
medial PFC (a region homologous to the
human dlPFC), resulting in impaired behavioral flexibility (Labouesse et al., 2017)
and decision-making (Reichelt et al.,
2015). Correspondingly, in humans, a
history of excessive obesogenic food consumption is associated with reduced sensitivity to value changes of food rewards,
which can lead to habitual or compulsive
overeating— hallmarks of behavioral dysregulation and loss of control (Horstmann et al., 2015). Considering the
importance of self-regulation in dietary
success, diet-evoked variability in the
functional calibration of the PFC may be a
critical mechanism underpinning maladaptive eating behaviors. Since regional

activity, like connectivity, can change over
time, the dlPFC and vmPFC may be targets for interventions promoting healthy
food choices.
Although the findings by Schmidt et al.
(2018) highlighted the role that structural
differences play in dietary self-regulation,
more work is necessary to elucidate how
these structural differences translate into
functional differences in cortical responsivity during food choices. Comparing
resting-state and task-dependent activity
levels in the vmPFC and dlPFC between
groups of individuals who are successful
at making healthy food choices and those
who are not could provide a starting point
for cognitive training interventions to optimize plasticity. Following dietary regulation training, volumetric changes to the
vmPFC and dlPFC combined with structural and functional connectivity may
provide a measure of activity-driven neuroplasticity processes in neural networks
essential for self-control. Thus, the neurobiological insight provided by functional
and structural imaging could identify
ways to break habitual eating behaviors
and facilitate dietary decision-making to
support dietary modification.
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Neurobehavioural correlates of body mass
index and eating behaviours in adults: a systematic review. Neurosci Biobehav Rev 37:
279 –299. CrossRef Medline

