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A B S T R A C T

Food advertisements are ubiquitous in our daily environment. However, the relationships between exposure to food advertising and out-
comes related to ingestive behavior require further investigation. The objective was to conduct a systematic review and meta-analysis of
behavioral and neural responses to food advertising in experimental studies. PubMed, Web of Science, and Scopus were searched for articles
published from January 2014 to November 2021 using a search strategy following PRISMA guidelines. Experimental studies conducted with
human participants were included. A random-effects inverse-variance meta-analysis was performed on standardized mean differences (SMD)
of food intake (behavioral outcome) between the food advertisement and nonfood advertisement conditions of each study. Subgroup an-
alyses were performed by age, BMI group, study design, and advertising media type. A seed-based d mapping meta-analysis of neuroimaging
studies was performed to evaluate neural activity between experimental conditions. Nineteen articles were eligible for inclusion, 13 for food
intake (n ¼ 1303) and 6 for neural activity (n ¼ 303). The pooled analysis of food intake revealed small, but statistically significant, effects
of increased intake after viewing food advertising compared with the control condition among adults and children (adult SMD: 0.16; 95%
CI: 0.03, 0.28; P ¼ 0.01; I2 ¼ 0; 95% CI: 0, 95.0%; Children SMD: 0.25; 95% CI: 0.14, 0.37; P < 0.0001; I2 ¼ 60.4%; 95% CI: 25.6%, 79.0%).
The neuroimaging studies involved children only, and the pooled analysis corrected for multiple comparisons identified one significant
cluster, the middle occipital gyrus, with increased activity after food advertising exposure compared with the control condition (peak
coordinates: 30, �86, 12; z-value: 6.301, size: 226 voxels; P < 0.001). These findings suggest that acute exposure to food advertising in-
creases food intake among children and adults and that the middle occipital gyrus is an implicated brain region among children. (PROS-
PERO registration: CRD42022311357)
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Statements of Significance
This systematic review and meta-analysis of neurobehavioral responses to food advertising indicated a statistically significant overall pooled
effect of food advertising on food intake among both children and adults. This is a novel and relevant finding because previous work has only
detected an effect of food advertising on food intake among children.
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Introduction

It is estimated that 2.1 billion individuals (37% of men and
38% of women) worldwide are overweight (BMI, 25–29.9 kg/
m2), while a third of these (~680 million) are classified as living
with obesity (BMI �30 kg/m2) [1]. Overweight and obesity are
among the top risk factors for diabetes, hypertension, stroke, and
heart disease [1, 2]. Moreover, among 84 risk factors evaluated
by the 2017 Global Burden of Disease Study [3], excess weight
had the greatest increase in prevalence since 1990 and was
among the top 5 risk factors in terms of attributable deaths and
disability-adjusted life-years. The increase in obesity rates
worldwide is likely the result of multiple factors, including
changes in eating behavior [4], genetic susceptibility [5],
reduction in physical activity [6], and agricultural innovation
and business practices that have resulted in calorie-dense foods
being easily accessible and affordable [7].

Evidence from genetics and brain imaging studies suggests
that obesity is inherited via brain function [8, 9]. Notably, 75%
of obesity-related genes are preferentially expressed in the brain
[8] and there is considerable genetic overlap among obesity,
cognitive test scores, and brain imaging findings [9–12]. Indeed,
depending on considerations of eating behaviors and or/BMI
groups, obesity has been associated with differences in activity in
the orbitofrontal cortex, amygdala, and hippocampus; brain
areas involved in decision-making, impulse control, and learning
[13], and a recent study found the associations between cortical
thickness and BMI to be mediated by impulsivity and uncon-
trolled eating [14]. Research using fMRI further shows that these
responses can be significantly modulated by food-related mar-
keting exposures, such as food advertising in children [15] and
adolescents [16], or more general exposures to food images
among adults [17]. Taken together, these findings support the
notion of obesity as a neurobehavioral condition [18] and un-
derscore the need to integrate neuroimaging techniques along-
side other measures in the study of the effects of food-related
stimuli, such as food advertising, on ingestive behavior.

An intriguing aspect of ingestive behavior that warrants
investigation in the context of exposure to food advertising is
food cue reactivity. According to the “cued overeating model,”
food cue reactivity is a set of physiologically conditioned re-
sponses to food cues, such as increased salivation, heart rate, and
neural activity, that may lead to increased eating [19]. Research
has suggested that different forms of food advertising, such as
commercials, advergames (online-based videogames used to
promote a product or brand), and logos, could act as cues that
influence ingestive behaviors, specifically toward consuming
highly processed hyperpalatable foods [20–22]. A previous
meta-analysis found that short-term exposure to unhealthy food
advertising, including television food commercials and adver-
games, increased immediate calorie consumption in children,
but not in adults [23]. Likewise, exposure to food commercials
and subsequent striatum activation was associated with
increased BMI over 1-y follow-up in adolescents [24]. Further, a
separate meta-analysis of brain responses to watching commer-
cials found that food commercials caused more significant brain
responses in the cuneus on both the hemispheres and right
middle occipital gyrus than nonfood commercials [25], high-
lighting a crucial role of the brain in the relationship between
food advertising exposure, food intake, and obesity outcomes.
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Although food cue reactivity may be an important contributor
to the behavioral and neural responses to food advertising, there is
interindividual variability in food cue reactivity [26]. These
interindividual differences may, in part, account for the differ-
ences in ingestive behaviors that are implicated in overweight and
obesity. Moreover, forms of food advertising have changed in
recent years with increased exposure to advertising through on-
line media, including social media platforms and new forms of
marketing practices, such as advergames [27, 28]. Therefore, a
comprehensive review of recent studies on the effects of food
advertising on behavioral and neural responses is required. We
conducted a systematic review and meta-analysis of behavioral
and neural responses to food advertising in recent experimental
studies. Subgroup analysis examined whether the effects of food
advertising on the outcomes of interest differed by participant age
(children compared with adults), BMI group (people with normal
weight compared with overweight/obesity), study design (with-
in-subjects compared with between-subjects), and advertising
media type (television commercials compared with advergames).

Methods

Literature search and screening
The systematic review protocol was registered with the In-

ternational Prospective Register of Systematic Reviews Database
(PROSPERO registration number: CRD42022311357). A search
strategy was developed per the PRISMA guidelines in collabo-
ration with an academic librarian. The Population, Intervention,
Comparison, Outcome, Study design (PICOS) criteria used to
identify the research question are shown in Supplemental
Table 1. The search strategy was targeted to identify experiments
that investigated the effects of food advertising on behavioral
and neural outcomes. PubMed, Web of Science, and Scopus were
searched for articles published in the past 7 y (from January 1,
2014 to November 1, 2021). This time range was selected to
capture articles published after a previous meta-analysis on this
topic [23]. Studies were restricted to English language articles
only. Reviews that appeared within the search were manually
checked for additional citations. Peer-reviewed studies were
included; grey literature and self-published studies were
excluded. The search terms aimed to identify experiments that
evaluated behavioral and neural responses to food advertising
and included: “food images,” “food cues,” “food advertising,”
“food commercials,” “food brands,” “food commercial,” “com-
mercial of food,” “food ad,” “food ads” AND “functional MRI,”
“functional magnetic resonance,” “fMRI,” “brain imaging,”
“reactivity,” “food intake,” “EEG,” “MEG” AND “experiment,”
“study,” “intervention” (Supplemental Table 2).

Studieseligible for inclusionwere those thatexamined the impact
of food commercials, food advertising, food brands, or food adver-
games on the outcomes of interest among children or adults. Pre-
specified outcomes of interest included food intake during or after
the experimental condition (behavioral outcome) and brain activity
(neural outcome) evaluated via fMRI, electroencephalography, or
magnetoencephalography. Physiologic outcomes, including saliva-
tion and assessment of appetite hormones,were documented during
the literature screening for possible consideration inmeta-analysis if
the retrieved studies evaluated those outcomes. Studies that
employed an experimental design were included, including pilot
studies. Exclusion criteria were observational studies and animal
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studies, and studies with special populations (eating disorders,
weight loss surgery, and neuropsychiatry disorders), studies that did
not use a food advertising condition, studies that did not include a
nonfood control group, articles with fMRI results not coming from
wholebrainanalysis (i.e., regionsof interest), experiments lookingat
food cues outside of the context of food advertising, secondary
analysis of published data used in another publication included in
themeta-analysis, and reviews (SupplementalTable3).Resultswere
independently screened in 2 stages (title/abstract and full-text) by 2
reviewers (PA and JMC). A 3rd reviewer (DN) was involved to
resolve any disagreements.

Data extraction
Information extracted included the following: 1) article

identification (e.g., title, digital object identifier, authors, and
date); 2) characteristics of the study (e.g., methodology, exclu-
sion criteria, and type of advertising media); 3) types of out-
comes and measurement (behavioral, physiologic, and neural
whole brain or regions of interest analysis); and 4) results (e.g.,
important findings, group differences, study highlights, and ef-
fect sizes). Extractions were done by a single reviewer (KL) with
input from a second reviewer (PA) where necessary.

Owing to missing values from the original publications, to
request clarification of reported values, or to request data ac-
cording to the BMI group of participants, authors were contacted
via email to obtain the data necessary for the meta-analysis. An
email for data requests was sent to the corresponding author of
19 out of the 20 articles selected (one article included all
required information). Over a 12-wk period, up to 3 email con-
tacts were attempted to clarify and/or obtain required data.
Required data were obtained for 8 studies (representing 8 pub-
lications). Some authors were unresponsive or unable to provide
the required data. In some cases, the information provided in the
article enabled us to proceed with the meta-analysis, but with
raw (unadjusted) means instead of means adjusted for the
covariates mentioned in the publications [22, 29–31], or by
estimating a correlation coefficient based on the available
studies [32–34]. Ultimately, only one of the selected articles
could not be included in the meta-analysis due to an inability to
obtain or estimate the required information [11].

Statistical analyses
Random-effects meta-analysis using standardized mean
differences.

Behavioral, physiologic, and neural outcomes using non-fMRI
techniques were planned to be considered in separate analyses.
Meta-analysis of fMRI studies used a specific analytical tech-
nique described below (seed-based d Mapping [SDM]). Because
all outcome measures were continuous in nature, standardized
mean differences (SMDs) were calculated between food and
nonfood advertising conditions [35]. SMDs were estimated using
Hedges’ g based on the mean, SD (calculated from the SEM,
when necessary), and sample size reported for each condition
[35]. The SE of each SMDwas also calculated. For studies using a
within-subjects design, the correlation between both conditions
was taken into account in the calculation of the SE of the SMD to
get a more reliable estimate that considers the nonindependence
of the observations [35]. When it was not possible to obtain the
correlation coefficient from the authors (3 publications reporting
on 4 studies [32–34]), it was estimated to be r ¼ 0.8, which
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represents the average correlation coefficient observed in the
retrieved studies in which this information was provided.

The overall meta-analysis aimed to examine the pooled dif-
ferences in outcomes between food and nonfood advertising
conditions, regardless of participant or study characteristics. For
one study that compared the effect of advertisements promoting
high- compared with low-calorie foods [31], we considered the
high-calorie advertisement condition alone to maximize the
consistency with the other studies (which used advertisements
for highly palatable foods). When individual articles exclusively
reported study results for 2 separate groups [i.e., participants
with normal weight compared with with overweight/obesity
[32], and participants with or without self-reported episodes of
binge eating [34]], the groups were merged using Cochrane’s
formula for combining summary statistics [36]. In one study
[34], the SD of food intake in the nonfood advertising condition
was unavailable, but could be calculated based on other statistics
provided in the text (P value and sample size).

When a study included an experimental manipulation that
was irrelevant to the aim of the current meta-analysis (e.g., use of
a protective message [30]), only data from the control condition
were used in the analysis (e.g., no protective message). Although
all studies offered highly palatable, energy-dense food options to
participants during or after exposure to advertising (e.g., choc-
olate, candy, or pizza), 4 studies also offered lower
energy-density food options (e.g., fruits and vegetables [31, 33,
37, 38]), and one study also offered a nonwater beverage (i.e.,
orange juice [33]). Therefore, the food intake outcome in the
present analysis refers to overall intake, regardless of the
energy-density of food or beverage consumed (except water).

After calculating SMDs and SEs, the inverse-variance method
was used in the Review Manager version 5.4 software to ensure
that the weight given to each study in the calculation of the
meta-analytic overall effect size was based on the level of pre-
cision of each study. A random-effects model was used to
calculate this overall effect because differences in sample and
methodology across studies were expected. Cochran’s Q sta-
tistic, as well as the I2 statistic and its 95% CI [39] were
computed to assess heterogeneity across studies. Interpretation
of effect sizes [40] and heterogeneity [41] was based on
convention. Publication bias was visually assessed with a funnel
plot and quantitatively assessed with Egger’s regression test.

Prespecified subgroup analyses by age (children compared
with adults) and BMI group (participants with normal weight
compared with participants with overweight/obesity) were
conducted to further examine the effects of food advertising on
the outcomes of interest according to these variables. Owing to
the availability of a sufficient number of studies with use of
different study designs and different advertisement media
types, 2 exploratory subgroup analyses were added to the
analysis plan: study design (within-subjects compared with
between-subjects) and advertising media type (television
commercials compared with advergames).
Meta-analysis of fMRI studies
A meta-analysis using SDM (https://www.sdmproject.com/)

was conducted. SDM is a weighted, voxel-based meta-analytic
method that combines neuroimaging studies using cluster peak
coordinates and effect sizes to find common patterns of activa-
tion in the brain in response to a specific stimulation [42]. Voxels

https://www.sdmproject.com/
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are small rectangular cuboids that are composed of scanner 3D
images of the brain, similar to what pixels are to digital photo-
graphs [42]. SDM is advantageous over other meta-analytical
methods because it allows weighting results from individual
studies according to their sample size [42]. Furthermore, SDM is
able to consider both positive (hyperactivation) and negative
(hypoactivation) differences in neural activity in one analysis,
enabling an overall assessment of the neural response of the
exposures under study [42]. On the contrary, other methods
require a separate meta-analysis to be performed for positive
peaks and negative peaks [42]. The SDM method has been used
in previous neuroimaging meta-analyses of food cue reactivity
specifically comparing food cue reactivity between individuals
with normal weight and obesity [43].

Using SDM, individual results for changes in neural activity
between the experimental (food advertising) and control (nonfood
advertising) conditions of each study were aggregated to identify
common areas in the brain that were activated in response to food
advertising. The standard coordinates of the brain regions with
activation and their corresponding statistics (t or z-values) were
extracted. For one study that compared the effect of advertisements
promotingunhealthy comparedwithhealthier fast foods [16], only
the unhealthy condition was considered to maximize the consis-
tency with the other studies included.

Sdm-Psi 6.22 was used to conduct the SDM meta-analysis
[44]. The main analysis used a voxel-wise P < 0.001 threshold
of significance with a cluster extent >10 voxels. Subsequently, a
threshold-free-cluster enhancement (TFCE) multiple comparison
correction of P < 0.05 was applied (threshold-free in TFCE refers
to the cluster-forming threshold [45]) to obtain peak coordinates
and clusters breakdowns [46]. The thresholded SDM maps were
overlaid onto the Colin brain template in Montreal Neurological
Institute space and visualized with Mango 4.0 (freely available
from http://ric.uthscsa.edu/mango/mango.html). Publication
bias was visually assessed with a funnel plot comparing the re-
sidual effect sizes of fMRI study results against their SEs. A test
for excess statistical significance was conducted to quantitatively
examine the potential for publication bias. The SDM method
conducts multiple imputations and meta-regression to estimate
nonstatistically significant unreported effects [47, 48].

Sensitivity analyses
Sensitivity analyses were conducted to determine whether the

pattern of results would change when either using a range of
correlation coefficients for the 4 within-subjects studies that did
not provide this value between experimental conditions (food
and nonfood advertising) or removing these studies (from 3
publications [32–34]). Given that no estimates were made for
data in the neural activity meta-analysis, sensitivity analyses
were not performed for this outcome.

Bias assessment
The potential for bias among the included studies was eval-

uated using relevant criteria from the Cochrane Risk of Bias tool
(RoB 2) [49] and the risk of bias assessment tools for non-
randomized studies [50], which was applied in a previous sys-
tematic review on a related topic [51]. We considered 5
domains: allocation to the exposure condition and confounding
variables (random allocation and consideration of BMI, age, sex,
or hunger), blinding of participants (whether participants knew
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the aims of the study), measurement of outcome (qual-
ity/objectiveness of the outcome measures), incomplete
outcome data (whether there were missing data or participants
excluded from analyses), and selective outcome reporting
(detailed preregistration of study). Three authors (PA, KL, and
DN) independently assessed the methodological quality of each
included study and any discrepancies were discussed to reach
consensus.
Results

Articles retrieved for the systematic review
A total of 219 articles were retrieved during the initial

screening (Figure 1). On removal of duplicates, 151 articles were
assessed for eligibility. Following title/abstract screening, 46
articles were eligible for full-text screening, of which 20 articles
were deemed eligible for meta-analysis. However, one of these
articles was removed because of the inability to obtain the
required information from the corresponding author, yielding a
total of 19 articles available for meta-analyses. From the 19 ar-
ticles, 13 publications reported on food intake [20, 22, 29–34,
37, 38, 52–54] and 6 studies reported on neural activity (using
only fMRI) [15, 16, 21, 55–57] (Table 1). No eligible article
retrieved from the search strategy reported on appetite hor-
mones, and no article used electroencephalography or magne-
toencephalography to measure neural activity. Only one article
reported on salivation in addition to food intake and so was
included in the review, but ultimately a meta-analysis of physi-
ologic outcomes could not be performed [20]. Thus, on identi-
fication of eligible articles, a meta-analysis was conducted for
food intake, and the neural activity meta-analysis consisted of
only fMRI studies.
Summary of results: food intake and salivation
A total of 1303 participants were included in the 13 articles

that reported on food intake. Of the 13 articles, 10 publications
reported on experiments with children [22, 29–33, 37, 38, 52,
53] and 3 were experiments with adults (aged �18 y) only [20,
34, 54]. Six articles used a within-subjects design [20, 32–34, 37,
38] and 7 a between-subjects design [22, 29–31, 52–54]. A
random assignment to the condition was carried out in all
between-subjects design experiments. All articles based on
within-subjects designs reported the randomization or counter-
balancing of the condition order. Seven articles measured the
impact of television commercials on consumption [20, 32–34,
38, 53, 54], 4 examined exposure to advergames [22, 29–31],
one used both television commercials and advergames [37], and
one studied exposure to YouTube vlogs from social media
influencers presenting food products [52]. Most studies
measured participants’ consumption of snack items that were
provided as part of the experiment (e.g., chocolate and jelly
candy); except for 2 studies that used meal items (e.g., pizza)
[20, 32] and one that used both [38]. Two publications each
conducted 2 separate studies within an article [30, 32], totaling
15 individual studies that were used to calculate the overall ef-
fect size for the meta-analysis. Six studies assessed food intake
while the participants were being exposed to the condition [22,
30, 32, 53], whereas the remaining 9 evaluated food intake after
the exposure [20, 29, 31, 33, 34, 37, 38, 52, 54]. Values for

http://ric.uthscsa.edu/mango/mango.html


FIGURE 1. PRISMA flowchart of the study selection process.
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means, SDs, sample sizes, and correlation coefficients for the
food intake outcome from the individual studies can be found in
Supplemental Table 4.

Studieswith childrenweremostly in a school setting, except for
3 conducted in a laboratory [32, 38, 53] and one during school
camp[37].All 3 studieswithadultswereconducted ina lab setting.
Most studies described assessing hunger with a visual analog scale
(VAS), although there was variation in the characteristics of the
VAS [20, 22, 29–31, 38, 52]. Five other studies evaluated hunger
with a Likert scale [33, 34, 37, 53, 54]. Four studies offered a meal
before the experiment, with variability between the studies in the
type of meal [32, 34, 37, 53]. Regarding the publication that re-
ported on salivation [20], it was found that in participants with
normal weight there was no significant difference in salivation
during the food commercial exposure compared with baseline
salivation. However, their salivation in response to in vivo food
exposure increased comparedwith baseline, regardless of previous
commercial exposure [20]. Moreover, in participants with over-
weight/obesity, salivation increased after in vivo food exposure
only when previously exposed to food commercials [20].
343
Meta-analysis of food intake:Overall pooled outcome
With all 15 possible comparisons included, a SMD of 0.23 (P

< 0.00001; 95% CI: 0.14, 0.32) was observed, which constituted
a small, but significant effect size that indicates participants
consumed more food in the food advertising condition compared
with those under control condition (Figure 2). There was mod-
erate to substantial heterogeneity across studies (Cochran’s Q ¼
29.40; P ¼ 0.009; I2 ¼ 52.4%; 95% CI: 14.2%, 73.6%). A visual
inspection of the funnel plot showed evidence of asymmetry
(Figure 3), which was consistent with the result from Egger’s test
(P ¼ 0.022 for the intercept).
Subgroup analysis by age group (children compared
with adults)

A subgroup analysis that was based on the age of participants
(children compared with adults) was conducted. The subgroup
difference was not significant (χ2 ¼ 1.20; P ¼ 0.27; I2 ¼ 16.7%).
For the 12 experiments that included children only, there was
evidence of a significant small effect of food advertisement



TABLE 1
Characteristics of the studies included in the food intake and neural activity meta-analyses

Study Outcome Final number
of
participants

Sex of
participants

Age (y) Design Relevant
advertising medium

Outcome (food
intake)

Outcome (brain)

Anderson
et al.
2015a1

[32]

Behavioral 27 27M Mean and SD
not provided
Range: 9–14

Within-
subjects

Nonfood vs. food TV
commercials

Ad-libitum pizza
intake (kcal)

N/A

Anderson
et al.
2015b
[32]

Behavioral 23 23F Mean and SD
not provided
Range: 9–14

Within-
subjects

Nonfood vs. food TV
commercials

Ad-libitum pizza
intake (kcal)

N/A

Boyland
et al. 2017
[20]

Behavioral 55 55F Mean (� SD):
32.4 � 9.8
Range: 20–62

Within-
subjects

Nonfood vs. food TV
commercials

Ad-libitum pizza
intake (kcal)

N/A

Bruce et al.
2014 [21]

fMRI 17 10M, 7F Mean (� SD):
11.8 � 1.4
Range: 10–14

Within-
subjects

Nonfood vs. food
logos

N/A Difference in
brain activity
when seeing
logos

Bruce et al.
2016 [55]

fMRI 23 11M, 12F Mean: 10.5
(SD not
provided)
Range: 8–14

Within-
subjects

Nonfood vs. food TV
commercials

N/A Difference in
brain activity
when seeing
commercials

Coates et al.
2019 [52]

Behavioral 151 71M, 80F Mean (� SD):
10.3 � 0.6
Range: 9–11

Between-
subjects

YouTube vlogs from
social media
influencers
presenting nonfood
and food products

Ad-libitum
marketed snack
intake (kcal)

N/A

Egbert et al.
2020 [34]

Behavioral 38 38F Mean (� SD):
18.8 � 1.0
Range: 18–22

Within-
subjects

Nonfood vs. food TV
commercials

Ad-libitum candy
intake (kcal)

N/A

Emond et al.
2016 [53]

Behavioral 60 33M, 27F Mean (� SD):
4.1 � 0.9
Range: 2–5

Between-
subjects

Nonfood vs. food TV
commercials

Advertised snack
intake (kcal)

N/A

Folkvord
et al. 2014
[22]

Behavioral 261 131M, 130F Mean (� SD):
7.7 � 0.7
Range: 7–10

Between-
subjects

Nonfood vs. food
advergame

Ad-libitum jelly
candy and milk
chocolate candy
shells intake
(kcal)

N/A

Folkvord
et al. 2015
[29]

Behavioral 92 42M, 50F Mean (� SD):
8.4 � 1.1
Range not
provided

Between-
subjects

Nonfood vs. food
advergame

Ad-libitum jelly
candy and milk
chocolate candy
shells intake
(kcal)

N/A

Folkvord
et al. 2016
[31]

Behavioral 218 112M, 106F Mean (� SD):
11.1 � 0.8
Range not
provided

Between-
subjects

Nonfood vs. energy-
dense food
advergame

Ad-libitum snack
intake (kcal)

N/A

Folkvord
et al.
2017a
[30]

Behavioral 211 107M, 104F Mean (� SD):
9.0 � 1.2
Range: 6–11

Between-
subjects

Nonfood vs. food
advergame

Ad-libitum jelly
candy and milk
chocolate candy
shells intake
(kcal)

N/A

Folkvord
et al.
2017b
[30]

Behavioral 351 165M, 186F Mean (� SD):
8.9 � 1.7
Range: 6–12

Between-
subjects

Nonfood vs. food
advergame

Ad-libitum jelly
candy and milk
chocolate candy
shells intake
(kcal)

N/A

Gearhardt
et al. 2014
[56]

fMRI 30 13M, 17F Mean (� SD):
15.2 � 1.1
Range: 14–17

Within-
subjects

Nonfood vs. food TV
commercials

N/A Difference in
brain activity
when seeing
commercials

Gearhardt
et al. 2020
[16]

fMRI 171 82M, 89F Mean (� SD):
14.3 � 1.0
Range: 13–16

Within-
subjects

Nonfood vs.
unhealthy food TV
commercials

N/A Difference in
brain activity

(continued on next page)
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TABLE 1 (continued )

Study Outcome Final number
of
participants

Sex of
participants

Age (y) Design Relevant
advertising medium

Outcome (food
intake)

Outcome (brain)

when seeing
commercials

Kearney
et al. 2021
[33]

Behavioral 101 40M, 61F Mean (� SD):
9.9 � 0.5
Range: 8–10

Within-
subjects

Nonfood vs. food TV
commercials

Ad-libitum snack
foods and
beverages intake
(kcal)

N/A

Kidd and
Loxton
2018 [54]

Behavioral 982 35M, 63F Mean (� SD):
25.5 � 8.4
Range: 18–53

Between-
subjects

Nonfood vs. food TV
commercials

Ad-libitum milk
chocolate candy
shells intake (g)

N/A

Masterson
et al.
2019a
[38]

Behavioral 41 19M, 22F Mean (� SD):
7.9 � 0.7
Range: 7–9

Within-
subjects

Nonfood vs. food TV
commercials

Ad-libitum intake
of high- and low-
energy dense
foods (kcal)

N/A

Masterson
et al.
2019b
[15]

fMRI 25 12M, 13F Mean (� SD):
8.6 � 1.1
Range: 7–10

Within-
subjects

Nonfood vs. food
brand images

N/A Difference in
brain activity
when seeing
brand images

Norman
et al. 2018
[37]

Behavioral 154 77M, 77F Mean (� SD):
9.3 � 1.6
Range: 7–12

Within-
subjects

Nonfood vs. food
advergame and TV
commercials

Ad-libitum snack
intake (kJ)

N/A

Rapuano
et al. 2016
[57]

fMRI 37 17M, 20F Mean (� SD):
14.4 � 1.3
Range: 12–16

Within-
subjects

Nonfood vs. food TV
commercials

N/A Difference in
brain activity
when seeing
commercials

Because some studies included experimental conditions that were not relevant to the aim of the current meta-analysis (e.g., use of a protective
message), the final number of participants indicated in this Table sometimes amounts to more than the sum of participants from the food and
nonfood advertising conditions indicated in the forest plots. For 2 studies that compared intake of the specific snack that was marketed in the food
advertisement to intake of an alternative snack [52, 53], only data from the marketed snack condition was considered.
1 Letters "a" and "b" indicate either a single publication that reported on results from two different studies or two distinct publications in the same

year with the same first author surname.
2 One of the 98 participants was identified as an outlier and excluded from the analysis, but the sex of this participant was not specified.
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exposure on food intake (SMD: 0.25; P < 0.0001; 95% CI: 0.14,
0.37; I2 ¼ 60.4%; 95% CI: 25.6%, 79.0%). From the remaining 3
studies involving adult participants, food advertising exposure
also had a small, but significant effect on food intake (SMD: 0.16;
95% CI: 0.03, 0.28; P ¼ 0.01; I2 ¼ 0, 95% CI: 0, 95.0%) (Sup-
plemental Figure 1).
Subgroup analysis by BMI group (participants with
normal weight compared with those with
overweight or obesity)

The subgroup analysis according to BMI group revealed no
significant difference (χ2 ¼ 0.31, P ¼ 0.58, I2 ¼ 0). For the 6
experiments from which effect sizes were able to be calculated
from participants with normal weight, there was no evidence of
an effect of food advertisement exposure on food intake (SMD:
0.11; 95% CI: �0.06, 0.28; P ¼ 0.19; I2 ¼ 56.4%; 95% CI: 0,
82.4%). However, for the same 6 experiments from which effect
sizes were able to be obtained from participants with overweight
and obesity, food advertising exposure had a significant small
effect size on food intake (SMD: 0.17; 95% CI: 0.04, 0.30, P ¼
0.01; I2 ¼ 0; 95% CI: 0, 26.2%) (Supplemental Figure 2).
Subgroup analysis by study design (within-subjects
compared with between-subjects design)

The subgroup analysis showed a significant subgroup differ-
ence, with the effect size being larger for between-subjects than
within-subjects designs (χ2 ¼ 8.64, P ¼ 0.003, I2 ¼ 88.4%, 95%
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CI: 55.9%, 97.0%). For the 7 experiments that used a within-
subjects design, food advertising exposure showed a significant
small effect toward food intake (SMD: 0.14; 95% CI: 0.08, 0.20; P
< 0.00001; I2 ¼ 0, 95% CI: 0, 84.3%). For the 8 experiments that
were between-subjects, advertising exposure had a significant
medium effect size on food intake with participants consuming a
greater amount of food in the food advertisement condition than
the control condition (SMD: 0.43; 95% CI: 0.25–0.61; P <

0.00001; I2 ¼ 43.3%; 95% CI: 0, 74.9%) (Supplemental Figure 3).
Subgroup analysis by advertising media type
(television commercials compared with
advergames)

Out of the 15 studies on advertising and food intake, 2 were
omitted because one usedaYouTuber video blog [52], andweonly
had data for the condition that combined television commercials
and advergames for the other study [37]. The subgroup analysis
revealed a borderline significant difference (χ2 ¼ 3.80; P¼ 0.051;
I2 ¼ 73.7%; 95% CI: 0, 94.1%) between exposure conditions
(television commercials or advergames). For the 8 experiments
that used television commercials as exposure, food advertising
exposure showed a significant small effect toward food intake
(SMD: 0.16; 95% CI: 0.06, 0.25; P¼ 0.001; I2¼ 30.5%; 95% CI: 0,
69.0%). From the remaining5 experiments that had advergames as
the exposure, advertising exposure had a significantmediumeffect
on food intake with participants consuming a greater amount of
food in the food advertisement condition than those under control



FIGURE 2. Forest plot of the effect sizes for the food intake meta-analysis.
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condition (SMD: 0.44; 95% CI: 0.17, 0.71; P ¼ 0.001; I2 ¼ 63.1%;
95% CI: 2.5%, 86.0%) (Supplemental Figure 4).

Results from sensitivity analyses
Detailed results of the sensitivity analyses for overall food

intake as well as subgroup analyses by age, BMI, study design,
and media type are presented in Supplemental Tables 5 and 6.
Three of the studies involved children participants [32, 33]. All 4
studies employed a within-subjects design and were conducted
using television commercials. The pattern of results for the
overall food intake meta-analysis and for the tests of subgroup
differences did not change when using a range of correlation
coefficients (Supplemental Table 5). When excluding the 4
studies, the subgroup comparison results remained unchanged,
although certain SMDs became attenuated among some indi-
vidual subgroups (Supplemental Table 6).

Meta-analysis of neural activity
A total of 303 participants were included in the 6 studies. All

6 studies that reported on neural activity outcomes were per-
formed on children (<18 y) and used a within-subjects design.
Four articles measured the impact of television advertising
FIGURE 3. Funnel plot for the

346
(commercials) on neural activity, one examined exposure to
food brands, and the remaining studied exposure to food logos.
The standard coordinates of the brain regions with activation
and their corresponding statistics can be found in Supplemental
Table 7.

We found that there was one significant cluster, which was
the right middle occipital gyrus (peak Montreal Neurological
Institute coordinates: 30, �86, 12; z-value: 6.301, size: 226
voxels; TFCE corrected P < 0.001) (Figure 4). Given the small
number of studies, further subgroup analyses could not be per-
formed. A visual inspection of the funnel plot showed evidence
of asymmetry, suggesting presence of publication bias (Supple-
mental Figure 5). This was consistent with the result for the test
of excess statistical significance (P < 0.001). Additional clusters
were identified before correcting for multiple comparisons
(voxel-wise P < 0.001). These results are presented in Supple-
mental Table S8 and Supplemental Figure 6.

Bias assessment
The bias assessment of the included studies is summarized in

Supplemental Table 9. No study included in both meta-analyses
ranked with low RoB for all 5 criteria. Most studies had a low
food intake meta-analysis.



FIGURE 4. Illustration of the significant cluster with greater activa-
tion in the food compared with the nonfood advertising condition
(right middle occipital gyrus)

P. Arrona-Cardoza et al. Advances in Nutrition 14 (2023) 339–351
RoB through allocation to exposure condition and confounding
variables (86%), whereas the remaining had an unclear RoB.
Most studies had an unclear RoB related to the blinding of par-
ticipants (62%), whereas the rest had a low RoB. All studies had a
low RoB for measurement of the outcome because all studies
used an objective measurement of the outcome (weighed food
intake or brain activity through fMRI). When evaluating
incomplete outcome data, most studies had low RoB (66%),
whereas only one study had a high RoB, and the remaining
studies had an unclear RoB. Finally, regarding selective outcome
reporting, all studies had an unclear RoB, mostly related to the
lack of information about preregistration, or to the fact that the
preregistration was retrospective and lacking in detail.

Discussion

The present investigation was a systematic review and meta-
analysis of experimental studies that examined the effects of
exposure to food advertising on food intake and neural activity
(15 studies for food intake and 6 studies for fMRI data). The food
intake meta-analysis showed that the difference in food con-
sumption was significant, with a small effect in the direction of
increased intake after exposure to food advertising than to
nonfood advertising. A previous meta-analysis that evaluated
experimental studies conducted before 2014 reported a similar
effect of increased food intake after exposure to food commer-
cials (SMD: 0.37; P ¼ 0.01; 95% CI: 0.09, 0.65; I2 ¼ 98%) [23].
However, the significant effect was only observed among chil-
dren and not adults. To our knowledge, the present meta-analysis
is the first to demonstrate an overall effect of increased food
intake after food advertising exposure in adults, which could be
because of differences in study design/protocol or types of food
advertising media since the time of the previous meta-analysis.
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It is widely accepted that food advertising elicits a modifica-
tion of behavior in children toward increased consumption of
hyperpalatable, ultraprocessed food [28, 58]. As a result, expo-
sure to food advertising is considered a risk factor for childhood
obesity because children may be unable to understand the selling
or persuasive intent of advertising [28]. Further, food adver-
tisements that target children are uniquely designed to influence
children’s food brand awareness and create brand attachment by
tailoring the brand attributes to exploit hedonic and emotional
responses in children [59]. It should be noted that most studies
from our meta-analysis did not look at postexperimental food
consumption or future unhealthy weight gain. Thus, it is unclear
whether participants could have reduced their intake after the
experiment to compensate for the overeating. However, a study
included in our meta-analysis by Norman et al. [37], measured
intake on the subsequent lunch after the postexperimental con-
sumption of a snack. They found that all children ate more after
exposure to food advertising compared with nonfood adver-
tising, suggesting that unhealthy food advertising exposure
contributes to increased energy intake even after some time has
elapsed since the exposure [37]. Thus, more research on the ef-
fects of food advertising exposure on later (nonacute) food intake
is warranted.

Previous research has produced inconsistent results on
whether food advertising confers the same risks in adults [23,
60]. Given their more advanced cognitive development, adults
are considered more critical viewers of advertising and hence
may be less susceptible to their influence [28]. Nevertheless, a
small, but overall significant, effect toward increased food con-
sumption among adults exposed to the food advertising condi-
tion was detected in this meta-analysis despite the fact that the 3
individual studies included reported null results [20, 34, 54]. It is
important to note that in these studies (and in fact most studies
included in our meta-analyses), a description of a sample size
calculation was not provided. Therefore, it is unclear whether
the individual studies we retrieved were sufficiently powered for
their analysis. Although we estimated correlation coefficients for
a few studies, results from our sensitivity analyses support our
conclusions as results were highly consistent across a range of
correlation coefficients or on exclusion of these studies (though
exclusion impacts statistical power).

The subgroup analysis by BMI group revealed a significant
effect among participants with overweight and obesity toward
increased food intake after exposure to food advertising
(although there was no significant difference in the effect size
between BMI groups). Indeed, exposure to food commercials has
been associated with an increased risk of developing obesity
[61]. The present results align with previous suggestions that
individuals with already existing obesity may become sensitized
to the visual and auditory cues found in food advertising and
become more reactive to it, thus increasing their food intake
compared with their lean counterparts [62]. Furthermore, in the
present meta-analysis, there was a positive effect toward
increased food consumption in the food advertising condition
irrespective of the study design, although the effect was larger in
the between-subjects design. This finding also differs from Boy-
land and colleagues’ meta-analysis, which reported larger effect
sizes for studies that used within-subjects rather than
between-subjects designs [23]. One of the main strengths of the
between-subjects design is the minimization of learning and
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transferring across conditions, whereas strengths of the
within-subjects design include controlling for interindividual
variation and minimization of random noise [63]. Although
either design appears suitable for experimental studies of re-
sponses to food-related stimuli, given the opposite findings from
the present study compared with those of Boyland and col-
leagues, additional research is warranted to better understand
factors related to the study design that may impact experimental
results (e.g., length of washout period in a within-subjects design
or participant matching in a between-subjects design).

Both advertising media types influenced intake in the food
advertising condition, however, the effect tended to be larger in
advergames and the subgroup comparison was borderline sig-
nificant. Advergames may involve greater engagement by the
viewer because of the need for interaction, and so this may have
contributed to the larger effect of this media format. This result is
in contrast to a previous meta-analysis that reported that the
effect tended to be larger for television commercials compared
with advergames [23]. Given that time spent online has
increased since the time of the previously reviewed studies, it is
possible that the formats and engagements with digital forms of
food advertising have also evolved [64]. Therefore, additional
investigation into the effects of different media formats is
warranted.

Finally, there was substantial variability in the methods used in
the individual studies included in the present meta-analysis. For
instance, hunger was controlled in different ways across studies.
While some assessed baseline hunger with either a VAS [20, 22,
29–32, 38, 52] or a Likert scale [33, 34, 37, 53, 54], there were
differences in how hunger was controlled for, with some using the
scale response as a covariate, whereas others offered food in the
presence of hunger before conducting the experiment. There was
also variability in the types of foods that were described as offered
before the experiment, with studies offering either a granola bar
[34], bananas, cheese and crackers [53], a breakfast, including
cereals, fruits and toast [37], or an unspecified breakfast [32].
Similarly, there was heterogeneity in the length of time between
consumption of the study snack/meal and the time of the exper-
iment, as well as the time of day in which the experiment was
conducted (morning compared with afternoon). These consider-
ations are important, as the type of meal [65], time of day [66],
and interindividual variability in appetite [67] can impact hunger
and satiety in varying ways. Other relevant factors known to affect
appetite, such as sleep and caffeine consumption [68, 69], were
not discussed nor assessed in the retrieved studies. Guidelines for
experimental designs and tools to assess the quality of these
considerations in experimental studies evaluating outcomes
related to ingestive behavior currently do not exist, highlighting
the need for the development of such tools.

Results from the SDM meta-analysis on brain activity found
that the food commercials condition produced larger brain re-
sponses in the right middle occipital gyrus than the nonfood
conditions (after correcting formultiple comparisons). Themiddle
occipital gyrus is part of the occipital gyri complex, which is
mainly responsible for object recognition [70]. Previous research
has shown an involvement of the middle occipital gyrus in
response to food cues. For instance, in a study evaluating brain
responses to unhealthy and healthy foods, children had a stronger
reaction in the middle occipital gyrus in response to unhealthy
foods than with healthy foods [71]. In line with our results, 3
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separate meta-analyses have also found the middle occipital gyrus
to be involved in responses to food cues [25, 72, 73]. Van der Laan
et al. [72] performed a meta-analysis of 17 studies to determine
the concurrence in the brain regions activated in response to
viewing pictures of food. The middle occipital gyrus was in one of
the 16 significant clusters that showed a stronger response to
pictures of food than nonfood pictures [72]. Furthermore, they
assessed the modulation effect of the energy content of the foods
by performing a meta-analysis contrasting high-calorie foods
compared with low-calorie foods, and found that middle occipital
gyrus was one of the 5 clusters where neural activation was higher
during viewing of high- compared with low-calorie foods [72].
More recently, Yeung [25] conducted a meta-analysis of 7 studies
that recruited only children and adolescents, to evaluate differ-
ences in brain activation in response to food commercials
compared with nonfood commercials. Food commercials were
reported to cause larger brain responses than nonfood commer-
cials in different areas of the brain, including the cuneus and the
middle occipital gyrus [25]. Lastly, Yang et al. [73] performed a
meta-analysis of 59 studies that evaluated brain responses to
high-calorie food cues (including food images and commercials)
in individuals with normal weight or obesity. They found that
viewing high-calorie food cues consistently activated many areas
of the brain, including the middle occipital gyrus [73].

From the available evidence, the activation of the middle oc-
cipital gyrus appears to be greater in response to food compared
with nonfood visual stimuli, and in particularly, high-calorie
compared with low-calorie food stimuli. Indeed, the occipital
cortex has been shown to consistently respond to drug-related
cues (e.g., alcohol, cocaine, marijuana, tobacco), compared with
nondrug cues [74]. It is plausible that high-calorie food images
modulate neural activity in the visual areas because of their highly
rewarding properties, similar to how drug-related cues do.
Furthermore, before correcting our analysis for multiple com-
parisons, additional brain areas were identified as being signifi-
cantly activated when watching food advertisements. Some of
these areas have also been implicated in previous food cue reac-
tivity research. In a meta-analysis by van der Laan et al. [72], the
fusiform gyrus was found to be one of the main brain regions
activated in response to viewing food pictures. The left superior
occipital gyrus was identified in our uncorrected analysis, and
indeed the whole occipital lobe plays a role in visual processing of
food cues [72]. Finally, the posterior cingulate gyrus was identi-
fied, which has been associated with heightened activation in
response to high-calorie food cues among those with higher BMI
[75]. Thus, although our most robust result pertained to the
middle occipital gyrus (which survived TFCE correction), these
other areas warrant additional investigation.

To our knowledge, the present systematic review and meta-
analysis is the first to evaluate the effect of food advertising expo-
sure on both behavioral and neural outcomes as part of the same
investigation. Thiswork updates the evidence obtained frommeta-
analysis by Boyland et al. [23] and performs a further important
subgroup analysis by BMI group. In addition, a separate
meta-analysis evaluated neural responses to food advertising ex-
posures using the activation likelihood estimation method [25]
rather than SDM as conducted presently. A limitation of some
versions of the former method is that a single study can drive the
findings of the pooled analysis because the total number of peaks
are counted regardless of whether they are part of the same or
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different studies [42]. The SDMmethod resolves this limitation by
separating the peaks of each study and weighting the individual
studies by sample size. Further, SDM accounts for both hypo- and
hyperactivation in response to a given stimulation by recreating
positive and negative maps in the same image [42]. We identified
evidence of publication bias in both the behavioral and neural
outcomes of interest. Therefore, the present findings should be
interpreted cautiously and additional experimental studies are
needed.

The present investigation is not without limitations. The
number of studies that evaluated food intake is smaller than the
previous work, likely because the year range in the literature
search was shorter than previous work. This was because the
objective of this present investigation was to update the evidence
according to the most recent studies on the topic, which is
warranted given that the platforms for food advertising have
evolved since previous work (e.g., advertising on YouTube and
social media platforms in addition to television) [52]. Moreover,
society has increased time spent online [76] and so engagement
with digital forms of food advertising has likely changed since
previous work. Although we performed a bias assessment using a
selection of RoB and related criteria, we could not rate the
overall risk of bias or grade the strength of evidence because the
present tools available for these activities are not aligned with
laboratory-based experimental studies [23]. The high level of
control and objective outcome assessment appears to indicate
low RoB in the present group of studies. Nevertheless, experi-
mental researchers have an opportunity to develop quality
assessment tools that are tailored to these study designs.

The limited number of fMRI studies and overall sample size in
the SDM meta-analysis precluded subgroup analyses for the
neural response outcome. We nevertheless proceeded with the
SDM approach given its advantages over other methods [42], but
we may have been underpowered to detect additional brain re-
gions that are activated during exposure to food-related mar-
keting [77]. Hence, we included results before correcting for
multiple comparisons to facilitate broader dissemination of
potentially relevant areas. Indeed, several brain regions were
identified in some individual fMRI studies included in this re-
view [16, 56, 57], and so consideration of additional areas is
warranted. Lastly, studies retrieved from the literature search
were limited to fMRI only, where participants are restricted in a
supine position and unnaturalistic setting. Uptake of other neu-
roimaging tools that allow for less restricted conditions may be
advantageous for future work. Moreover, there are several
additional methodological factors and participants’ characteris-
tics not able to be considered that could be related to the out-
comes of interest (e.g., use of popular children’s media
characters in food advertising [78], participant sex [79], indi-
vidual eating behaviors [80], race/ethnicity [81], and genetic
risk of obesity [11]). Further research is also warranted to
improve the scientific understanding of neural responses to
differing types of food stimuli. In particular, future work could
benefit from considering individual food preferences when
evaluating neural responses to food stimuli. It is well known that
personal food preferences exist because of individual and cul-
tural factors [82], but most experimental protocols have lacked
consideration of participants’ food preferences.

In conclusion, this systematic review and meta-analysis pro-
vides evidence that acute exposure to food advertisements
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increases food intake among both children and adults, although
the effect tends to be larger among children. Among children, the
right middle occipital gyrus had higher activation in response to
food advertising exposure, suggesting a role of this brain area in
the processing of food-related marketing stimuli. These findings
should be considered when developing and reviewing policies
related to the food environment and food marketing. Further
research should investigate the role of specific food cues tailored
to the individual preferences of the participants, which may
produce brain responses unique to the individual. Finally,
further investigation of modern forms of food advertising prev-
alent on social media is warranted, such as those involving
influencers and sponsored ads.
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