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1 | INTRODUCTION

The extensive marketing of unhealthy foods and non-alcoholic bever-
ages (hereafter referred to as food) is a critical characteristic of the
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Summary

Food marketing impacts the food behaviors of children and adults, but the underpin-
ning neural mechanisms are poorly understood. This systematic review and meta-
analysis pooled evidence from neuroimaging studies of exposure to food marketing
stimuli (vs. control) on brain activations in children and adults to clarify regions associ-
ated with responding. Databases were searched for articles published to March 2022.
Inclusion criteria included human functional magnetic resonance imaging (fMRI) studies
employing a contrast between a food marketing stimulus and a non-food/non-exposure
control, published in English in a peer-reviewed journal, reporting whole brain (not
Region of Interest [ROI] only) co-ordinates. Eleven studies met inclusion criteria, of
which eight were included in the quantitative synthesis (Activation Likelihood Estima-
tion [ALE] meta-analysis). Food marketing exposures (vs. controls) produced greater
activation in two clusters lying across the middle occipital gyrus, lingual gyrus, and
cuneus (cluster 1), and the postcentral gyrus, precentral gyrus, and the inferior parietal
lobule/supramarginal gyrus (cluster 2). Brain responses to food marketing are most con-
sistently observed in areas relating to visual processing, attention, sensorimotor activity,
and emotional processing. Subgroup analyses (e.g., adults vs. children) were not possi-
ble because of the paucity of data, and sensitivity analyses highlighted some instability
in the clusters; therefore, conclusions remain tentative pending further research.

KEYWORDS
brain, fMRI, food marketing, meta-analysis

current obesogenic food environment® and has been strongly impli-
cated in rising levels of obesity globally, particularly in children.?®
Numerous systematic reviews and meta-analyses have demonstrated
the significant detrimental impacts of unhealthy food marketing
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exposure on eating and health-related outcomes in children,*® with
some evidence that minority and socioeconomically disadvantaged
groups are disproportionately exposed.”® Some mandatory govern-
ment policies have been shown to be effective in reducing children's
exposure to food marketing, the persuasive power of that marketing,
and purchasing of unhealthy foods by or on behalf of children.®°
However, many countries continue to rely on ineffective industry
self-regulatory policies® despite the numerous best-practice recom-
mendations including greater restrictions that have been issued by
United Nations organizations and other authoritative bodies.**

Evidence of effects of food marketing on adult eating behaviors is
less clear than the research conducted with youth. Acute effects of
food marketing exposure on intake in adults have not been consis-
tently observed in experimental settings,***® though there are cross-
sectional associations between unhealthy food advert exposure and
diet-related outcomes in adults,** and parents' perceptions of food
products are influenced by the presence of marketing features such
as celebrity endorsements on packaging.*® Evidence from parallel lit-
eratures on alcohol and smoking also suggests that marketing impacts
adults' use of promoted products.**® There is additional evidence to
suggest that food marketing has broader sociocultural impacts, includ-
ing influencing dietary norms, driving population-level shifts in food
and drink category preferences, and affecting the cultural values
underpinning food behaviors.*”

One potential explanation for the lack of observed effects of food
marketing on acute consumption in adults may be awareness that
they are being observed, creating social desirability bias,**> so some
studies have sought to use alternative outcome measures, such as
physiological effects, to try to overcome this limitation.*® While the
importance of physiological influences as a contextual factor influenc-
ing food behaviors has been noted in models of food marketing
impacts, their specific role is yet to be characterized.*® This reflects
the need for research that helps elucidate the specific mechanism(s)
through which food marketing exerts its effects?® and that uses out-
comes less susceptible to behavioral bias, such as neuroimaging. Neu-
roimaging studies can non-invasively identify priming effects of food
marketing on subconscious, automatic physiological and psychological
processes?! that might not be captured by self-report measures and
may also be used as a meaningful predictor of eating behavior.??

The evidence of food marketing's impact on food behaviors
appears to be consistent with food cue reactivity theory, whereby
exposure to visual food cues (e.g., images and videos) triggers cue-
induced craving in both children and adults.>®>?* Craving has been
shown to systematically and prospectively predict food-related out-
comes with effect sizes similar to real food exposure and greater than
those for olfactory cues.?* The sight of food also elicits many other
physiological, emotional, and cognitive responses.>> Alongside salient
food imagery, visual branding is also a key component of food market-
ing. Branding, such as logos, acts as a representation of a brand and is
frequently presented to consumers on products, in media marketing and
on signage, as well as being integrated into sports events and promo-
tions,?® as brands seek to develop and nurture emotional connections
that will influence consumers' behavior.2”?® Children as young as three

years of age can recognize brand logos and associate them with prod-
ucts®® and brand imagery has been shown to significantly impact chil-
dren's taste preference and food choices.>® Greater recognition of food
brands has previously been found to be associated with higher body
mass index in pre-school children.3* Evidence of impacts from even brief
or subliminal exposures to brand imagery is indicative of the power of
food marketing exposure in the real world, which can often operate

2032 particularly via digital media.?®

below conscious awareness,

Neural mechanisms are believed to play an important role in medi-
ating eating behavior through regulation of food motivation and behav-
ioral control.*>® The ability of food marketing to activate key neural
systems, such as reward-related pathways, could be critical to their
effectiveness.?* Understanding the neural mechanisms underpinning
food marketing influences could have implications for identifying partic-
ularly vulnerable populations (e.g., those with developmentally linked
heightened reward sensitivity>* or genetic susceptibility to real world
food cues such as marketing®>=6)
ment to protect those groups, and have the potential to inform individ-

ual interventions (e.g., those that target the relevant neurobiological
d25

. It could also inform policy develop-

systems). Brain responses to both food®® and food marketing cues®’
have been observed, but studies are small and heterogeneous in partici-
pants and methodology and therefore, evidence synthesis is warranted.

This study systematically reviewed and meta-analyzed neuroim-
aging studies of exposure to any form of commercial food marketing
stimulus on brain activation in children and adults relative to a non-
food or non-exposure control. The primary objective was to use these
pooled analyses to clarify the brain regions associated with responding
to food marketing exposure to improve understanding of the potential

mechanisms through which such marketing exerts its effects.

2 | METHODS

This systematic review and Activation Likelihood Estimation (ALE)
meta-analysis was pre-registered with PROSPERO (registration num-
ber: CRD42020190176, available from https://www.crd.york.ac.uk/
prospero/display_record.php?RecordiD=190176) and is reported in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines.®®

21 | Search methods

The comprehensive search strategy (see supplement) was developed
and executed by an experienced information specialist (MM).
Searches were conducted in Scopus, MEDLINE, CINAHL, EMBASE,
PsycINFO, CENTRAL (via The Cochrane Library), Business Source
Complete, EconLit, Academic Search Complete, TRIP, Google, and
Google Scholar (targeted searches for both Google sources), using the
key concepts (‘fMRI’ terms combined with OR) AND (‘food’ terms
combined with OR) AND (‘marketing’ terms combined with OR). Both
thesaurus and free-text terms were combined. Databases were ini-
tially searched for articles published up to June 10, 2020, this was
later updated to March 16, 2022. These searches were supplemented
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by (i) hand searching reference lists of retrieved systematic reviews,
(i) contact with topic experts, and (iii) forward and backward citation
searching of included studies.

2.2 | Eligibility criteria

The criteria for inclusion were the following: a) human functional mag-
netic resonance imaging (fMRI) studies; b) published in English in a
peer-reviewed journal; c) studies of healthy (systemic disease-free)
child (0-18 years) and/or adult (18 y+) populations; d) employed a
contrast between a commercial food marketing stimulus (as defined
by the World Health Organization! e.g., TV commercial, brand logo,
product placement image), and a control stimulus (e.g., non-food
images such as stationery items or non-food marketing images such
as an advertisement for a toy or car) or baseline activity; and e) co-
ordinates were reported in the article or supplementary material in
either Montreal Neurological Institute (MNI)*® or Talairach space.*°
Studies that reported Region of Interest (ROI) results only (i.e., did not
report results from whole-brain analyses) were excluded (e.g.*%). This
is because inclusion of ROI studies is understood to introduce bias

into ALE meta-analyses.*>*3

2.3 | Study selection and data extraction

Two reviewers from a pool of five (EB, CR, MM, MA, and TM) inde-
pendently screened studies against the inclusion criteria; assessing
titles and abstracts to identify potentially relevant studies then
reviewing full texts. One reviewer (AC) extracted the relevant data,
and these were cross-checked by a second reviewer (CR). The
reviewers extracted the following information: study information
(e.g., authors, year, study country, funding, and conflicts of interest);
population (e.g., number of participants, age, gender, and body
weight), study design (e.g., description of control and food marketing
stimuli, contrast(s)), and outcome measures (e.g., XYZ coordinates, sta-
tistical corrections). For both study selection and data extraction, dis-
agreement was resolved through consensus, and, if necessary,
consulting a third reviewer.

24 | Quality assessment

No appropriate tool exists for assessing risk of bias in neuroimaging
studies specifically, so quality assessment was undertaken using the
Newcastle—Ottawa Scale (NOS) for experimental and non-randomized
study designs.** The quality of included studies was assessed by one
reviewer (EB) and independently checked for agreement by a second
(MA). In addition, because of results from ALE analyses being suscep-
tible to dominance from individual large cohort studies, “leave one
out” sensitivity analyses were conducted (detailed below).

2.5 | Additional handling of data

Where necessary, authors of eligible studies were contacted by email
to provide missing or additional data. Studies that reported

_Wl LEYM

4548 \were converted into MNI coor-

coordinates in the Talairach space
dinates using GingerALE (Brainmap GingerALE version 2.3.6 Research
Imaging Institute: http://brainmap.org).

In cases where a food marketing > non-food/control image or
commercial was presented in addition to a food marketing > baseline
activation, we used data from the former contrast only.*>*¢ In cases
where unhealthy food marketing > non-food marketing, and healthy
food marketing > non-food marketing were presented, we used data
from the former contrast only.*” Where there were two publications

48,49

from the same cohort, only data from the article published first*°

was included in the meta-analysis.
2.6 | ALE meta-analysis

One primary ALE meta-analysis was conducted, followed by a series
of “leave-one-out” sensitivity analyses in which each effect size was
removed in turn, and the pooled effect was recalculated. These ana-
lyses were conducted to assess stability of results following exclusion
of individual studies. To have been included in the primary meta-
analysis, the article must have reported the results of a direct contrast
between activity while viewing food marketing and activity while
viewing non-food marketing, control images, or baseline activity
(experimental condition minus control condition activation). Given
that vulnerability to food marketing is thought to vary by age,° we
intended to conduct subgroup analyses based on age of participants
(adults vs. children including adolescents) but this was not possible
because of an insufficient amount of data. We did not consider data
from between groups contrasts (e.g., effects of food marketing in par-
ticipants with overweight > healthy weight in the meta-analysis) as
this was not our primary research question.

To determine consistency in reported regions of neural activation
during exposure to food marketing stimuli, we performed coordinate-
based (x,y,z) ALE meta-analyses (single dataset analysis). Analyses
were performed in Brainmap GingerALE version 2.3.6. This approach
assesses the spatial convergence of foci across studies using the
reported coordinates of activation peaks from the individual studies
(rather than peak height/signal intensity). GingerALE software algo-
rithms use kernel techniques to assess spatial uncertainty around
reported peaks.>® Overlap between kernels is used to assess spatial
location convergence that is greater than expected by chance.

We adhered to the ALE method (http://www.brainmap.org/ale/)
of Eickhoff et al.*?! with the correction devised by Turkeltaub
et al.*® for minimizing within-experiment and within group effects.
The correction uses a random effects model, and minimizes within-
experiment effects (differences in number of reported foci that are in
close proximity, which affects an individual experiment's contribution
to an ALE map) and within-group effects (multiple contributions from
the same sample, with the same contrast within the same article).
Therefore, reported ALE coordinates represent the degree of concor-
dance in activation across independent studies. This method assigns
an ALE value to each voxel (1 mm® volumes of brain tissue): ALE
values increase with the number of studies that report activated peaks
at a voxel or in close proximity. Thus, consistency of voxel activation
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across studies can be assessed. The standardized procedures for per-
forming ALE using GingerALE are described in the GingerALE user
manual (Research Imaging Institute, 2013).

In GingerALE, Modeled Activation (MA) maps are produced for
each experiment using the reported coordinates in MNI space. Each
voxel within the MA map has an MA score that reflects the likelihood
of that location having fMRI activation (based on a 3D normal proba-
bility distribution centered on entered coordinates). Individual MA
maps are then combined to form an experimental ALE map, with ALE
values for each voxel. True convergence of activation foci can then be
distinguished from random clustering (noise) by testing against the
null hypothesis (by creating a null distribution map) that there is a ran-
dom spatial association between experiments.5?

A p value is then calculated for each voxel based on the probabil-
ity of attaining an ALE value that differs from that of the correspond-
ing voxel on a null-distribution map, via random permutation. In our
analysis, p values were generated by 1,000 permutations.

We adhered to the recommendations on methodology reported
by Eickhoff et al.>2 As such, a cluster-level family-wise error (FWE)
correction at p < 0.05 was employed to control for multiple compari-
sons. Our initial cluster-forming threshold was set at p < 0.01 (rather
than p < 0.001) because of the relatively small number of studies in
our analysis, meaning a less conservative initial cluster-forming
threshold was more appropriate.

Multi-image Analysis GUI (MANGO http://ric.uthscsa.edu/
mango) was used to overlay ALE maps onto an anatomical image using
MNI coordinates.

3 | RESULTS

3.1 | Description of included studies
See Figure 1 for a PRISMA indicating the study selection steps. A total
of 446 articles were returned from the database searches, removal of
duplicates left 305 articles for screening. Of these, 212 were excluded
following review of titles and abstracts. Full text reviews
excluded 83 articles (see Figure 1 for reasons). An additional article
was identified via supplementary searches, for a total of 11 eligible
studies (all “good” quality; see Table 1) of which eight were included
in the meta-analysis. Three studies could not be included in the quan-
titative synthesis because of the required data being unavailable
(n = 2)°3% or because there was duplication of data from the same
cohort with another included study (n = 1),%® but are included in the
narrative synthesis.

Of the 11 eligible studies, two featured adult participants,>*>® five

47-49,56,57 and four

were conducted in adolescents (13 years and over),
with children (12 years and under).*>#65358 The numbers of partici-
pants ranged from 17 to 171 with mean age ranging from 8.56 years to
37.09 years (Table 1). The stimuli types used were TV commercials in
five studies*®**"~*°%" prand logo images in four studies¢°3%458
images from TV commercials in one study,®® and multiple marketing

images (e.g., of print ads, store displays, websites) in one study.>®

32 |
exposure

Primary ALE meta-analysis: food marketing
control contrast

The food marketing exposure minus control contrast ALE meta-
analysis pooled the data from eight eligible experiments (from eight
articles, with a total of 371 participants and 73 reported foci).

The results (Table 2, Figure 2) revealed two significant clusters.
The largest of these clusters has three peaks that lie in the middle
occipital gyrus and the cuneus (Table 2). The cluster is situated across
the cuneus (49.4%), middle occipital gyrus (45.9%), and the lingual
gyrus (4.3%). The second cluster has three peaks that lie in the post-
central gyrus, and the cluster is situated across the postcentral gyrus
(79.7%), precentral gyrus (16.9%), and inferior parietal lobule/
supramarginal gyrus (3.4%).

3.3 | Sensitivity analyses

The primary analysis was supplemented by an additional eight “leave
one out” analyses. The result files from each of these analyses are
presented in the supplementary materials; however they are briefly
summarized here. The results from the main analysis (i.e., two clusters;
1 =right middle occipital gyrus/cuneus, 2 = postcentral gyrus)
remained stable following the removal of Bruce et al.*®> Courtney
et al.®® or Gearhardt et al.*” However, the cluster in the right middle
occipital gyrus/cuneus was no longer present (although the postcen-
tral gyrus cluster remained) following removal of either Bruce et al.*®
or Masterson et al.®® In addition, the cluster in the postcentral gyrus
was no longer present (although the middle right occipital gyrus/
cuneus cluster remained) in cases where either Burger et al.%® or

Rapuano et al.>’

were removed. Following the removal of Gearhardt
et al.*® neither cluster from the primary analysis remained significant,

instead a cluster appeared that was centered in the left insular cortex.

3.4 | Narrative synthesis of studies not included in
the meta-analysis

Two studies of three that could not be included in the meta-analysis-
reported significant differences in activation between food marketing
and control stimuli. Bruce et al.>® reported on a group (healthy weight,
obese) by stimulus type (food logo, nonfood logo) interaction. Here,
the healthy weight children showed greater brain activation to food
(vs. nonfood) logos in the middle and inferior frontal gyrus, the supe-
rior temporal gyrus, the parahippocampal gyrus, and the insula as well
as greater bilateral activation in Brodmann's area 10 extending to the
inferior frontal gyrus. The children with obesity did not show any sig-
nificantly greater brain activation in any area relative to the children
with healthy weight. Yokum et al.*® report the same baseline data as
Gearhardt et al.*® whereby adolescents showed greater activation in
the orbitofrontal cortex, anterior cingulate cortex, postcentral gyrus,
and occipital gyrus in response to food commercials compared with

|54

non-food commercials. Fehse et al compared the contrast of
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FIGURE 1  Study selection.

Records identified through database
searching
(n=446)

A

Records after duplicates removed
(n=305)

Records screened
(n=305)

Records excluded*
(n=212)

A

1 articleidentified for

inclusion from
supplementary searches
l Full-text articles excluded,
with reasons
Full-text artides assessed > (n=83)
for digibility
(n=94) 36 Wrong publication type
26 Wrong intervention
15 Wrong outcomes
J v 4 Wrong study design
1 Wrong comparator
Studies included Studies included 1 Wrong language
in narrative in quantitative
synthesis synthesis (meta-
(n=3) analysis)
(n=8)

* Reasons for exclusion: wrong intervention, wrong comparator, wrong study design,

duplicate records.

popular (defined as representing popular conventional food brands)
> organic brands (alternative brands of organic origin) in adults,
reporting activation in the ventromedial prefrontal cortex, whereas
the contrast of organic > popular brands found activations in the left
dorsolateral prefrontal cortex. However, the contrast of either food
stimulus with the control exposures (colorful rectangles) was not
reported.

4 | DISCUSSION

The current study explored brain activations in response to commer-
cial food marketing exposures relative to a control stimulus using ALE
meta-analysis. This is the first meta-analysis to include all forms of
food marketing exposure stimuli (logos, static commercial images, TV

commercials, and multiple marketing images) and both child and adult
participants. Results show that food marketing exposures, compared
with controls, produced greater activation in two clusters that lie
across: the middle occipital gyrus, lingual gyrus, and cuneus (cluster 1),
and the postcentral gyrus, precentral gyrus, and the inferior parietal
lobule/supramarginal gyrus (cluster 2). This illustrates that the totality
of the data so far suggests that the most consistently observed brain
responses to food marketing exposure involve visual processing
(cuneus, middle occipital gyrus, and lingual gyrus), somatosensory pro-
cessing (post-central gyrus), and interpretation of sensory stimuli and
perception of emotions (supramarginal gyrus).

Visual systems are often implicated in food marketing research.>®
Heightened brain responses to food marketing in the visual system,
relative to control stimuli, are understood to reflect a heightened rep-
resentation of food marketing at a pre-conscious level that may
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TABLE 2

Peak voxel coordinates

Cluster Brain region X Y z

Primary analysis

1 Middle Occipital Gyrus R 32 78 10
Middle Occipital Gyrus R 30 88 14
Cuneus 24 94 12
2 Postcentral gyrus R 60 12 28
Postcentral gyrus R 56 20 36
Postcentral gyrus R 52 24 36

_Wl LEYJE

Locations (MNI) of significant clusters from the contrast food marketing exposure minus the control condition.

No of contributing experiments

Cluster size (mm?) ALE value N %
2040 0.0161 3 [Bruce et al., 2014°¢; 375
0.0115 Gearhardt et al, 2014%°;
0.0114 Gearhardt et al, 2020*"]
1,656 0.0212 4 [Burger et al., 20147, 50.0
0.0198 Gearhardt et al, 2014%°;
0.0145 Gearhardt et al, 2020%7;

Rapuano et al, 2016°7]

Total number of experiments for primary analysis = 8, Cluster 1 lies 49.4% in cuneus, 45.9% in mid occipital gyrus and 4.3% lingual gyrus, Cluster 2 79.7%
in post central gyrus, 16.9% precentral gyrus, 3.4% inferior parietal lobule (supramarginal gyrus).
Abbreviations: ALE, Activation Likelihood Estimation; MNI, Montreal Neurological Institute.

influence decision-making on food choices.®® In addition, greater
activity in visual areas may be indicative of greater attention allocation
to food-branded images relative to control images. For example, the
cuneus is understood to have a role in attention.®* Previous research
has also shown that attentional bias is a key moderator of the impact
of food advertising exposure on children's food intake.>® As such, the
results from the current analysis are salient and concerning from a
public health perspective, if they indicate that greater attention is
commanded by branded-food images given that the majority of foods
that are marketed are unhealthy.®>®® The increased activity to food
marketing in brain areas involved in visual processing observed in the
current analysis may also reflect greater salience of brands and
branded foods. This is of particular interest given that branding
and brand building are key elements of food marketing strategies,®*
including in the contemporary digital era,%® and visual cues are known
to be potent triggers for approach motivation and consumption
behaviors in both children and adults.>* Indeed, brain activation to
branded food cues has been shown to be associated with food intake
in children.>® Further, previous research has observed that reduced
activity in brain regions associated with visual salience (precuneus and
superior parietal lobe) can lead to healthier food intake in adults.*’
The second cluster in the current analysis identified somatosen-
sory areas (postcentral gyrus), motor areas (precentral gyrus), and
areas involved in interpretation of sensory stimuli and perception of
emotions (supramarginal gyrus). The somatosensory-postcentral gyrus
has been observed to have a role in taste perception, as well as activa-

tion relating to food cues,*%%®

and motor activation in response to
viewing food marketing may reflect neural circuitry engaged in
expected consumption of viewed foods.*® Taken together, these
regions comprise sensorimotor activation relating to the approach of
foods. Previous research has demonstrated associations in adults, but
not children, between approach bias and greater consumption of
snack food®” as well as greater responsivity to television advertising
for soft drinks.®®

It is noteworthy that food marketing increased activation in the
supramarginal gyrus, as this activation not only reflects interpreting
sensory stimuli (i.e., foods) but is also involved in emotional

processing. This suggests that branded foods produce an emotional
response, which likely reflects how food marketing works — by condi-
tioning an emotional attachment to brands.28° Effective marketers
draw on the power of emotion to drive impulsive behavior (quick
choices) in consumers and loyalty to particular brands.”® Food market-
ing rarely presents rational, information-based content, intending to
persuade consumers at a conscious level, rather it infers that there are
elaborate emotional benefits to consumption (e.g., feeling good).”*
The emotional attachment, combined with the increased attention
and salience, as well as a sensorimotor approach response may under-
mine an individuals' ability to control their eating behavior, particularly
when confronted with branded foods.”?

Given the relatively modest number of included studies, addi-
tional fMRI studies using relevant food marketing contrasts would sig-
nificantly help our understanding of these observed neurological
phenomena and their potential relation to the well-documented
behavioral effects of advertising. Studies that explore whether eth-
nicity or socioeconomic position influences responding would be par-
ticularly useful” as would those that would facilitate comparisons of
adult and child populations, given children's and adolescents' vulnera-
bility to food marketing is thought to be driven by immature cognitive
development, limited self-regulatory competence, and hypersensitivity
to reward and appetitive cues.”* Further research is also needed to
fully elucidate the extent to which these observed effects are specific
to food marketing, as some studies have found similar activations in
visual areas for non-food stimuli in comparison to control that suggest
this may be more of a generalized marketing effect.®® Given the rapid

7374 it would also be

growth in digital food marketing in recent years,
beneficial for studies to explore whether the brain regions responsive
to digital marketing are consistent with those for other stimuli types

(such as TV commercials and brand logos).

4.1 | Strengths and limitations

One of the strengths of the current paper was the transparent and
clearly defined inclusion and exclusion criteria. This approach has
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Cuneus / middle occipital gyrus R

Postcentral Gyrus R

afforded an unbiased assessment of brain regions that are activated
when viewing food marketing images relative to controls based on
the totality of the directly relevant evidence. Given that the literature
shows several small and heterogeneous studies, the current quantita-
tive synthesis is valuable to provide clarity of the overall picture. Bet-
ter understanding of neural responses to food marketing may help to
develop better interventions for overconsumption resulting from such
marketing exposure.”® These findings can also help to better direct
ROI analyses for future studies in food marketing, which currently
often rely on the food image literature to determine ROI.

However, as our systematic searches have revealed, the research
in this area is still in its infancy, and there are a limited number of
studies that contribute to our meta-analysis (albeit all deemed to be
of “good” overall quality). This meant that the important planned sub-
group analysis to compare effects in adult versus child participants, or
other potentially relevant analyses (e.g., comparing results by stimulus
type) were not possible in the present study. Given that there are
known neurobiological differences between children and adults that
are likely to affect response to food marketing exposure®3* and
indeed behavioral differences in responding have been
demonstrated,'? it is a limitation of the present analysis that we are
not meaningfully able to disentangle findings by age of participants.
Nevertheless, our findings can be considered a launching point for
consideration of the neural mechanisms that may be affected by food
marketing (i.e., where there is consistency in reported regions of neu-
ral activation during exposure to food marketing). Identifying limita-
tions in the evidence base (e.g., lack of relevant studies with adults,
small sample sizes with a paucity of power calculations) may also be
useful for informing future research activity in this field. Developing
standardized protocols for food marketing neuroimaging studies
(as has been undertaken for food marketing monitoring, where such
protocols have been used to facilitate the collection of comparable

data internationally®276)

may also be useful to address this issue.
In addition, because of the small number of contributing experi-
ments in the current analysis, a more lenient cluster-forming threshold

of p<0.01 (rather than p<0.001) was employed. This is an

FIGURE 2 Localization of significant
ALE clusters from the food marketing
exposure — control contrast (main
analysis). GingerALE output overlaid onto
a standard template
(Colin27_T1_seg_MNL.nii) in Montreal
Neurological Institute (MNI) space.

acceptable threshold to use in instances such as this where there are
relatively few contributing experiments to the ALE; however, we
would suggest treating the results with some caution, and suggest
that the analysis be updated once a greater number of contributing
experiments have been published. Eickhoff et al.>? suggest a critical
threshold of 17 experiments contributing to an ALE affords confi-
dence that significant clusters are robust from being biased by one
dominant (large sample) study. To mitigate the potential bias in the
results from one dominant study, we conducted a series of leave-
one-out sensitivity analyses. However, the sensitivity analysis does
highlight some instability in the reported clusters that illustrate the
need for cautious interpretation of findings. This instability may be, at
least in part, explained by differences in responding by the type of
marketing stimulus presented given the variability of stimuli used in
the included studies (e.g., from brand logos to full TV commercials) as
well as the inclusion of studies with both adults and children in the
same analysis. Future research should seek to determine whether
unique brain response patterns are elicited by different marketing
media forms. The data so far does suggest that the greatest consis-
tency of activation to food marketing exposure is observed in areas
relating to visual processing, attention, sensorimotor activity, and
emotional processing, which may underlie food choice decision-
making.

5 | CONCLUSION

The findings of this systematic review and meta-analysis, although ten-
tative, add strength to the notion that neurological responding (visual
processing, somatosensory processing, interpretation of sensory stim-
uli, and perception of emotions) is part of the mechanism that drives
observed effects of food marketing on eating behavior.?° Results are
consistent with those showing impacts of food marketing exposure on

477 and that effective

food intake and its behavioral antecedents,
restriction of food marketing exposure and its powerful persuasive

strategies would support countries' obesity prevention efforts.’
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