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ARTICLE INFO SUMMARY

Article history: Background & aims: Individuals with food addiction (FA) may experience addictive behaviours like those

Received 24 January 2022 observed in other substances of abuse, which may affect their dietary intake habits. In fact, previous

Accepted 20 June 2022 studies have reported associations between FA and dietary patterns, but this evidence has not been
quantitatively summarised before. Therefore, this study aimed to explore differences in dietary intakes

KeyWUYde_ ) among adults with vs without food addiction.

Food-addiction Methods: A systematic-review and meta-analysis was conducted. Interventional or observational studies

;f?tiw intake evaluating dietary intakes associated with FA that used the Yale Food Addiction Scale (YFAS) were

Obesity explored. PubMed, WoS and SCOPUS databases were searched up to September 2021, and selected ar-

ticles were confirmed manually. Potentially eligible studies were checked independently by two re-
searchers. YFAS and dietary habits were obtained from the studies selected by the search protocol.
Standardized mean differences were retrieved and random effects meta-analyses were used for those
studies reporting quantitative data.
Results: From 162 potentially appropriate studies, 16 studies were finally included, all of which used
cross-sectional designs. FA was generally related to higher intakes of total fat, proteins, sugar, and
processed/energy-dense foods. The meta-analysis revealed that this association was only statistically
significant in overweighted/obese individuals (P < 0.001 in all cases), while in those studies that included
the general population (all weight categories), this association was not evident (p = 0.18).
Conclusions: Being addicted to food was not associated with a higher energy intake in the general
population. However, among those with overweight or obesity, FA was associated with higher energy and
nutrient consumption. This provides evidence on the influence of addictive behaviours on dietary intake
patterns of people with excess body weight and reinforces the concept of food addiction and its influence
in the development of obesity.
Systematic review registration: PROSPERO registration number CRD42020212866.

© 2022 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Energy intake

1. Introduction

Food addiction (FA) is a behavioural disorder characterized by
symptoms related to loss of self-control, overconsumption, or
continued intake of highly palatable foods despite the negative
— consequences of these behaviours, as well as the incapacity to stop
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also growing evidence suggesting that some forms of obesity are
related to food addiction behaviours [3]. FA has been related to
severe obesity [4], overeating and consumption of certain foods,
particularly highly processed, highly palatable foods [5]. Moreover,
neuroimaging research has shown that highly processed foods
involve reward-related neural circuitry in the same way as drugs of
abuse [6]. However, it is unclear how addiction affects the regula-
tion of food intake and how FA influences weight gain, therefore,
the potential role of the addictive process in appetite regulation is
an area of emerging interest.

Although, as commented above, FA is not yet recognized as a
mental disorder, in a previous systematic review, the prevalence of
a FA ‘diagnosis’ measured using the Yale food addiction scale (YFAS)
varied from 11.0% in normal weight individuals, to around 25% in
adults with overweight or obesity [7]. FA diagnosis was higher in
adults aged >35 years, overweight/obese, and female participants.
The YFAS questionnaire is a validated tool to assess FA [8] that
measures eating patterns over the past year and operationalizes FA
according to the DSM-V diagnostic criteria for substance use dis-
order by modelling these criteria in relation to eating behaviours,
for example: “Substance taken in large amounts and for longer
periods than intended; Persistent desire or repeated unsuccessful
attempts to quit; Excess time/activity to obtain, use, recover food;
Important social, occupational, or recreational activities given up or
reduced; continued use despite knowledge of adverse conse-
quences (e.g. failure to fulfil role obligation, use when physically
hazardous); Tolerance (marked increase in amount; marked
decrease in effect); Characteristic withdrawal symptoms; sub-
stance taken to relieve withdrawal” [9].

Scientific evidence about food addiction is recent and scarce,
with the first study on the validation of YFAS conducted in 2009
and some evidence on the associations between FA and dietary or
food intake habits emerging since then. Earlier studies have sug-
gested that FA could act in an analogous way to other substance
addictions [10], with repeated exposures to palatable food dimin-
ishing the brain response to dopamine release [7]. However, a
detailed assessment of the nutritional composition, including
specific foods (i.e., high-sugar, high-fat), or dietary components
(micro and macro nutrients) were not reported in those studies
[7,10,11]. This is a key point since identifying potentially addictive
foods and dietary profiles will be important in understanding FA
and will help identify therapy options, especially relevant for pa-
tients with obesity.

To date, only one meta-analysis has been carried out that
showed a positive association between food addiction and mental
health symptoms (depression and anxiety) [12], while five other
reviews have focused on measures of prevalence [7,13—15]. How-
ever, no previous studies have systematically reviewed the evi-
dence with regards to FA and dietary intake patterns. The primary
aim of this systematic review and meta-analysis was to investigate
differences in dietary intakes among adults with vs without food
addiction. Secondly, we explored subgroup differences across
weight status.

2. Material & methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were followed
(SupportingTable S1) [16]. The present systematic review was
registered in PROSPERO (CRD42020212866).

2.1. Data sources and literature search

Suitable articles published up to September 2021 were searched
in the PubMed database. The Medical Subject Headings (MeSH)
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search terms employed in the present review were (“food addic-
tion” [All Fields] AND “YFAS” [All Fields] AND (food intake OR FFQ
OR diet* recall OR diet* assessment) [All Fields] NOT (“bariatric
surgery” [All Fields]) [MeSH Terms]. Title, abstract, and keywords
were carefully checked to find pertinent papers. At the same time, a
similar search was performed in the Web of Knowledge (WoS) and
SCOPUS databases to look for additional papers using the same
search terms (see supporting information). Reference lists of
selected manuscripts were manually checked.

2.2. Eligibility criteria

The PICOS criteria used to identify the research question is
shown in Table 1. Studies that satisfied the following criteria were
eligible: studies in human populations, without bariatric surgery;
with a diagnosis of food addiction (measured via the Yale Food
Addiction Scale (YFAS) questionnaire) compared to participants
without food addiction; with available data on dietary and food
intake measurements; and using interventional or observational
study designs. Articles in English were retrieved. There were no
date limits. Those studies conducted on individuals with a mental
or psychological disorder or other medical conditions were
excluded. Previous works performed among people with bariatric
surgery were also excluded.

2.3. Selection process and data extraction

Two researchers (C.R.G. and ].J.H-M.) separately screened the
titles and abstracts of all studies retrieved to find articles that
accomplished the eligibility criteria. The full texts of selected arti-
cles were obtained and independently evaluated by the same au-
thors. Conflicts were discussed and reconciled.

Data from all retrieved articles were obtained by one researcher
(JJHM.) and confirmed by another (C.R.G.). Extracted data
included type of study, study population, study information, and
evaluation food and dietary intake instruments. Discrepancies were
identified and resolved by consensus.

2.4. Quality assessment

Study quality and risk of bias was determined using Evidence
Analysis Manual Academy of Nutrition and Dietetics [17]. Based on
these criteria, two researchers, C.R.G. and ].JH.M. assigned each
article a quality rating of positive, neutral, or negative, discussing
any conflictive rankings until reaching agreement. The risk of bias
tool evaluates the following dimensions: “research question, se-
lection, study groups comparable, withdrawals, blinding, inter-
vening factors, outcomes: measurements valid and reliable,
statistical analysis, conclusions supported by results, funding, or
sponsorship”. Overall quality was identified as positive when the
paper clearly describes inclusion/exclusion criteria, risk of bias,
generalizability, and other relevant issues; a negative evaluation
indicates that these issues have not been clearly explained in the
manuscript; finally, a neutral evaluation reflects that the manu-
script is neither strong nor weak.

Table 1

PICOS criteria for inclusion and exclusion of studies.
Parameter Description
Population Humans, without a bariatric surgery
Intervention Food addiction
Comparison Without food addiction
Outcome Dietary and food intake measures
Setting Interventional or observational designs
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2.5. Analysis of dietary intake among people with vs without food
addiction

A series of meta-analyses were conducted for studies that re-
ported dietary intake data for individuals with and without food
addiction. Main outcomes were related to total daily energy and
macronutrient intakes from studies that collected detailed dietary
measurements. Meta-analyses were performed when at least two
studies reported the same outcomes. A subgroup analysis by
weight status (overweight/obesity vs general population spanning
all weight categories) was conducted. The meta-analysis was con-
ducted based on a priori random-effects models, considering the
heterogeneity across study populations, and outcome evaluation
methods. All variables include in the meta-analysis (total energy
and macronutrient intakes) were group to calculated standardized
mean differences (SMDs) with 95% Cls. Statistical heterogeneity
was assessed with the P statistic. The strength of evidence was
evaluated by the accuracy of the 95% Cls, which permitted signifi-
cant differences to be found and heterogeneity to be determined.
All data derived from the meta-analyses were obtained through the
Review Manager (RevMan) software, version 5.3 (Cochrane
Community).

3. Results
3.1. Search results

The first literature search returned 206 potentially suitable
studies (Figure 1). Eighty studies were discarded after titles and
abstracts screening. Duplicates were also removed. The remaining
126 manuscripts were carefully reviewed. Finally, 16 studies met
the inclusion criteria to be included in this systematic review, of
which eleven studies examined food and dietary intake in all
weight categories and five were focused only on people with
overweight/obesity. Fourteen studies used a cross-sectional design,
one a double-blind crossover design, and one employed a
descriptive analytical study design. A detailed overview of studies
that investigated the relation between food and dietary intake in all
weight categories is provided in Table 2, and those studies focused
exclusively on overweight/obesity populations is described in
Table 3.

The 16 studies that examined food addiction and dietary habits
included a total of 133766 participants. Most participants were
adults, but four studies were exclusively conducted in children and
adolescents [18—21]. All reviewed studies used YFAS questionnaire
as food addiction diagnostic tool, although two studies also
employed the additional items about specific foods of the YFAS
(first version) for addiction assessment [22,23]. All studies evalu-
ated dietary intake pattern through self-reported questionnaires. A
food frequency questionnaire collecting information about food
intake, frequency of consumption or portion size, was used in eight
studies [4,10,20,21,23—26]. One study used Food Craving Ques-
tionnaire, appetite ratings, snack consumption, and favourite
snacks [11]. The forced-choice task of 35 foods was also employed
in two studies [27,28]; while other studies used standardized
questions derived from the New South Wales Health Survey [29];
list of drinks (with and without sugar) [18]; an eating habits
questionnaire [19], or a measure of snaking frequency as a surro-
gate measurement of overeating [30] (SupportingTable S2).

3.2. Food intakes and food addiction in the general population

The first study that evaluated the association between Food
Addiction (FA) and dietary intake was conducted in 2015 by Pedram
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et al. [26]. In that study, a higher intake of total fat and protein was
reported in people diagnosed with FA. Later, a study conducted in
undergraduates by Schulte et al., showed a higher intake of highly
processed foods in those individuals with FA [27]. These authors
also described that higher symptomatology of food addiction was
associated with higher intake of glucose-rich foods, which is
consistent with the importance of dose and rate of absorption in
the addictive potential of drugs of abuse [27]. Similar observations
were delivered by the study of Pursey et al., 2015, where the au-
thors described an association between higher intakes of whole-
grain products and lower odds of FA diagnosis, while higher in-
takes of energy-dense foods were related to higher FA symptom
scores [25].

Burrows et al. concluded that frequent vegetable intake was
related to a decreased likelihood of FA diagnosis, while the opposite
situation was true for high sugar intake (including consumption of
sweets and soft drinks), and snack foods [29]. In the study con-
ducted by Markus et al., FA was more frequent in people with
preference for high-fat savoury and high-fat sweet foods [22].
Similarly, the large population study of Lemeshow et al. observed
that food addiction was positively associated with consumption of
many hypothesized positively reinforcing foods that included a
combination of carbohydrates and fats, such as snacks, “fast food”
and candy bars [24]. Ayaz et al. also described that high fat/high
sugar foods were more likely to be consumed by people with FA
[23].

Not only specific foods or nutrients were related to FA, but also
several dietary habits have been proposed to be mediating the as-
sociation between food intake and FA. For example, YFAS score has
been described as a predictor of craving highly processed foods
[28]. Burrows et al., 2017 also concluded that eating breakfast
regularly was associated with a decreased likelihood of FA [29]. FA
has been positively associated with an increased number of calories
consumed at dinner and post-dinner [19]. Frequent snacking,
described as eating and drinking outside of breakfast, lunch or
dinner, has also been associated with FA symptomatology in the
study of Khine et al. [30].

Three studies conducted in the general population (all weight
categories) were included in meta-analyses of mean total energy
intakes, carbohydrate, total fat, protein saturated fat and sugar
[23,25,26]. Overall, there were no significant differences in total
mean energy intakes between individuals with vs without FA
(SMD = 117.93, 95%CI, —56.12 to 291.98; p = 0.18, Figure 2).

Total carbohydrate (p = 0.60), sugar (p = 0.61) and total protein
(p = 0.28) intakes were also similar in people with or without FA
(Figure 3A and B, Supporting Figure S1), but total fat and saturated
fat intakes were statistically significantly higher in the FA group
(total fat, p = 0.009, Figure 3C) (saturated fat p = 0.0001, Figure S1).

3.3. Food intake and food addiction among people with overweight/
obesity

For studies that exclusively evaluated people with overweight or
obesity, in 2014, Davis et al. showed a higher appetite consumption
of snacks among people with FA, which was independent of using
methylphenidate, a dopamine and norepinephrine reuptake in-
hibitor prescribed for ADHD treatment [11].

The study carried out by Pedram et al., in 2015, reported that
total calorie intake and the percent of energy from total fat and
carbohydrates was higher in individuals with FA and overweight/
obesity [26]. Moreover, in that study, a higher intake of sugar,
minerals (including sodium, potassium, calcium, and selenium),
total fat as well as some of its components (i.e., saturated, mono-
unsaturated, omega-6, omega-3, and trans-fat), vitamin D and vy-
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Fig. 1. Flow diagram of the literature search process.

tocopherol was also observed in people with FA. Keser et al. showed
that a higher frequency of consumption of French fries was asso-
ciated with a 2.3-fold increase in risk of developing FA among
children and adolescents with obesity [20]. There were other foods
which were associated with increased odds of developing FA,
including chocolate, ice cream, carbonated beverages, white bread,
rice, candy, chips, and pasta, in decreasing order [20]. More
recently, Schulte et al. in a study performed on adolescent girls with
obesity, described a greater consumption on the FA group of total
daily energy intake as well as total fat, saturated fat, trans fat, car-
bohydrates, sugar and added sugar; with the strongest association
found for trans-fat, a nutrient most frequently found in highly
processed foods [21]. Consistent observations were observed in the
study of Moghaddam et al., where adult women with FA and
obesity were characterized by higher dietary intakes of energy,
carbohydrate, protein, fat, and cholesterol [4].

Three studies conducted among people with overweight/
obesity reported detailed dietary intake measurements and were
included in the meta-analysis [4,21,26]. A great number of signifi-
cant differences were observed among people with vs without FA in
the subgroup with overweight/obesity. There was a significant
higher energy intake in people with FA compared to those without
FA (SMD = 604.75, 95%Cl, 465.64 to 743.85; p < 0.0001, Figure 2).
Similarly, carbohydrate, total fat and protein intakes were signifi-
cantly higher in FA individuals with overweight/obesity (p < 0.0001
in all cases, Figure 3), as well as saturated fat intake (p < 0.0001,
Figure S1). In contrast, although sugar intake was higher in people
with FA (SMD = 62.43, 95%CI, —9.11 to 133.96, p = 0.09), the high
heterogeneity of the included studies made it unfeasible to reach
statistical significance (Figure S2).
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3.4. Heterogeneity of the reported outcomes

The heterogeneity of the meta-analysis performed to evaluate
differences regarding total energy intakes (Figure 2) was low for the
overweight/obesity studies (FF = 25%), but moderate when all
weight groups were evaluated (P = 65%), and ever higher when
both groups were pooled (1> = 96%). The heterogeneity of carbo-
hydrate data was also high, both in overweight/obesity (¥ = 61%),
all weight (P = 84%) and total heterogeneity of both groups
(P = 99%). On the contrary, heterogeneity for the total protein
analysis was lower (¥ = 0%), probably for the lack of data of the
study of Schulte et al. [21]. The heterogeneity of studies focused on
the general population was moderate (P = 68%), and the pooled
heterogeneity was even higher (° = 78%). Data regarding total fat
intake in overweight/obesity studies was very low (I = 0%), but in
this case, the homogeneity was a consequence of the data described
in those studies. Again, the heterogeneity of the general population
studies was high (P = 77%), and the pooled heterogeneity was of
P =79%.

It can be concluded that when all weight categories were
included in the meta-analysis, the 1? obtained was high, which
suggests that the subgroup analysis was more adequate, therefore,
all meta-analysis should be interpreted in this line.

3.5. Risk of bias

The data derived from the Evidence Analysis Manual Academy
of Nutrition and Dietetics showed that all except one study
included in the present systematic review had overall positive
quality, suggesting a high validity of the included studies. Only one
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Table 2

Overview of studies investigating the relation between food and dietary intake in food addiction including all weight categories.

Reference

Type of study

Population and participant
characteristics

Study information

Food and dietary intake instruments

Results

Khine et al. (2019)

Ayaz et al. (2018)

Lemeshow et al. (2018)

Richmond et al. (2017)

Markus et al. (2017)

Burrows et al. (2017)

Mies et al. (2017)

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

N = 574 university students,
78.5% female.

Age (M = 20.8 years, SD = 1.8).
BMI categories:

Underweight 8.6%, normal
weight 83.4%, overweight 7.0%,
obese 1.0%.

N = 851 adults. 57.7% female.
Age 34.6 + 12.8 years (Age
range 19—65 years)

BMI 25.2 (BMI range: 16.2
—45.7)

BMI categories:

Underweight 9.41%, normal
weight 47.23%, overweight
27.73%, obese 15.63%.

N = 123.688 adult women. Age
Range: 25—55 years

BMI categories: normal weight
43.35%, overweight 31.63%,
obese 25.02%.

N = 107.42.9% women.

Age 8.34 + 2.7 years (range 4
—16 years of age)

BMI 20.39 + 6.18

BMI categories:

Underweight 4.8%, normal
weight 43.5%, overweight 14.5%
and 37.1% were obese.

N = 1495 college students, 1046
women and 449 men.

Age between 18 and 30 years;
21.6 + 3 years.

BMI categories:

84.4% of the participants were
normal weight, 13.1% were
overweight and 2.5% were
obese.

N = 1344, 75.7% female. Mean
age 39.8 + 13.1 years (range 18
—91 years)

BMI 27.7 + 9.5.

BMI categories:

45.2% of the participants were
normal weight, 26% were
overweight and 28.8% were
obese.

N = 2653.61.2% girls.

Age ranged from 14 to 21 years.
BMI categories:

Underweight 7.9%, normal
weight 77.3%, overweight
12.8%.

Validated Japanese version of
YFAS 2.0

Investigates possible
differences in eating patterns,
altered eating behaviours,
obesity, and the number of FA
symptoms.

Evaluated the association
between food consumption and
food addiction

Studies the association between
FA and objectively measured
food consumption

Evaluates the prevalence of FA
and the addiction to specific
foods (high fat or high sugar).
Also determines the
relationships with BMI and
depression.

Investigates FA in a group of
Australian adults through the
revised Yale Food Addiction
Survey (YFAS) 2.0 tool. Also
investigates if FA was
associated with dietary intake,
personality traits and other
mental health issues

Examines the prevalence of
food addiction and the
relationship between FA
symptoms and substance of
abuse use, and the intake of
sugary, while controlling for

Desire to overeat and Snacking frequency
self-reported

Additional YFAS items

Modified version of YFAS and FFQ

Demographic and Eating Habits
Questionnaire

Follow parts to the YFAS and additional
items

Dietary intake was assessed using
standardized items derived from the New
South Wales Health Survey

List of drinks (including drinks with and
without sugar) on a daily or weekly basis.
Indicating the number of servings per day
or week and measure of grams of sugar

Food addiction (FA) diagnosis was
associated with a frequent desire to overeat
(p = 0.007), and frequent snacking

(p = 0.003).

Food Addicted women showed higher total
daily energy intake, protein and fat intakes
that non-addicted females (p < 0.05).
Participants with FA had more problems
with foods with high amounts of fat and
sugar.

Food addiction was positively associated
with consumption of foods like hamburgers
(OR 4.08 (2.66—6.25), French fries (OR 2.37
(1.59—3.51) and pizza (OR: 2.49 (1.67—3.69)
(p < 0.001 in all cases)

The number of FA symptoms, but not BMI
(measured as percentile), were positively
associated with an increased number of
calories, but only those consumed at dinner
and later (post-dinner). This association
was observed only in younger children,
which indicates that age significantly
moderated this relationship.

People with preference for the combined
high-fat savoury and/or high-fat sweet
foods (30%) had higher FA prevalence that
people with preference specifically to
Sugary foods (5%). Moreover, BMI was
positively associated with the number of
YFAS symptoms, which was only significant
in participants reporting to have YFAS
problems for high —fat savoury and/or
high-fat sweet

Vegetable intake decreased the risk of
severe FA. The study showed that addictive
food behaviours are associated with a
complex pattern of worse quality dietary
choices and with a clustering of mental
health problems, mainly depression.

FA symptoms were positively associated
with smoking, alcohol use, cannabis use and
sugar intake.
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Polk et al. (2017)

Pursey et al. (2015)

Schulte et al. (2015)

Pedram et al. (2013)

Cross-sectional

Cross-sectional

Cross-sectional

Cross sectional

N = 216.61.6% were female
(n=133).

Age ranged from 19 to 75 years
(M = 38.15, SD = 14.02).

BMI categories:

Underweight 2.8%, normal
weight 43.1%, overweight
28.7%, obese 25.4%.

N = 462.86% female.

Adults 18—35 years (M = 25.1,
SD = 4.0).

BMI categories: underweight
5.4%, normal weight 72.9%,
overweight 13.9%, obese 7.8%.

Two studies. Study one: 120
undergraduates, 67.5% girls.
Age: 18—23 years (mean = 19
years, SD = 1). BMI

(mean = 23.03, SD = 3.20)/
Study two: 384 adults. Aged 18
—64 (M = 31.14, SD = 9.61),
40.6% females. BMI

26.95 + 6.21.

BMI categories not stated.

n = 652, 63.7% women.

Age: 44.3 + 12.9 years (20—90
years).

BMI: 27.4 + 5.4 kg/m2 (17.1
—54.2 kg/m?).

BMI categories not stated.

gender, age, educational level,
and weight category.

Evaluates the relationship of
highly processed foods with
craving and liking, and whether
these associations differ by FA
symptomology, cognitive
restraint, or BMI.

Evaluates in young adults
whether intakes of specific
foods are associated with FA,
and to describe the associated
nutrient intake profiles.

Investigates initial evidence for
the foods and food issues
implicated in addictive-like
eating

Investigation of FA in a
Canadian Region and the
relationships with gender and
BMI.

35 foods were systematically selected
depending on processing and composition
(fat, protein, sugar, carbohydrate and fibre
content). Foods were categorized as
processed, highly processed, and minimally
processed

Dietary intake composition was evaluated
via the Australian Eating Survey food
frequency questionnaire

Forced-choice task of 35 foods with variable
nutritional composition

Food frequency questionnaire
(macronutrient intake-protein, fat and
carbohydrate-) Willet Food Frequency
Questionnaire (FFQ)

Highly processed foods were usually related
to higher craving (stronger for individuals
who exhibited indicators of FA), but not
significantly associated with elevated liking

Higher intakes of whole-grain products
were related to lower probability of FA
diagnosis. On the other hand, higher intakes
of fat were associated with higher
probability of FA. Moreover, higher intakes
of energy-dense, low quality foods were
related to higher FA scores.

Processed foods or foods with high amounts
of fat and/or refined carbohydrates (like
white flour and sugar), were most
associated with FA behaviours. Food
processing was a positive predictor for
whether a food was associated with
problematic, FA behaviours

People with FA reported higher intake of fat
(4+2.3%, p = 0.04) and protein (41.1%,

p = 0.04).

BMI was associated with FA symptoms

(r = 0.36, p < 0.001), waist hip ratio

(r = 0.15, p < 0.001), percent body fat
(r=0.31, p <0.001), and trunk fat (r = 0.32,
p < 0.001).
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Table 3
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Overview of studies investigating the relation between food addiction and the food and dietary intake focused exclusively on people with overweight/obesity.

Reference

Type of study

Population and participant
characteristics

Study information

Food and dietary intake
instruments

Results

Moghaddam et al.
(2019)

Schulte et al. (2018)

Pedram et al.
(2015)

Keser et al. (2015)

Davis et al. (2014)

Descriptive-analytical
study

Cross-sectional

Cross-sectional

Cross-sectional

Doble blind crossover
design

N = 244 women with obesity.
Age range 18—60 years

(39 +10.2).

BMI 36.37 (30, 78.3)

181 adolescents with obesity
(122 girls).

Aged: 12—16 years (M = 13,75,
SD = 1.35).

BMI (M = 38.15, SD = 7.45)

N = 58 (29 FA and 29 NFA). 83%
women.

Age: 42 + 8.9 years NFA and
42.5 + 9.4 years FAA.

BMI: NFA 32 + 4.42, FA 32,5 + 6.

100 adolescents and children
with overweight or obesity. 63%
were girls.

Age range 10—18 years. FA age
14.6 + 2.07, NFA age

13.9 + 1.96.

BMI between 1 and > 3 SDS
from National standards.

N = 136.67.6% female. Healthy
adults.

Age: 25—50 years.

BMI: FA group 34.6 + 7.0 kg/m?,
non-FA group 33.8 + 8.4 kg/m?

Assess the prevalence of FA and
its associations with plasma
oxytocin levels and
anthropometric and dietary
variables

Examines the prevalence of FA
and its convergent validity with
percent overweight, eating-
related concerns, and self-
reported dietary intake

To evaluate potential
biomarkers, including several
hormones and neuropeptides,
involved in appetite regulation
and metabolism, and nutrient
composition

Investigates the relationship
between obesity parameters
and FA to evaluate the
prevalence of FA among obese
children and adolescents

Participants randomised to oral
methylphenidate or placebo.
Methylphenidate inhibits
appetite and diminishes binge
episodes. Participants could eat

1776

S-FFQ 147 food items

Block food frequency
questionnaire (FFQ)

Willet Food Frequency
Questionnaire (FFQ)

Food frequency
questionnaire (FFQ)

General FCQ- State;
Subjective appetite
ratings, Snack food
consumption;
Favourite snack foods.

FA was associated
with obesity,
dietary intakes of
energy,
carbohydrate,
protein, fat,
cholesterol, and
plasma oxytocin
level

FA
symptomatology
was related to
greater
consumption of all
nutrient
characteristics
evaluated (calories,
fat, saturated fat,
trans fat,
carbohydrates,
sugar, added sugar).
The strongest
association was
found for trans-fat.
Total calorie intake,
fat intake and
carbohydrate
intake was higher
in people with FA.
The FA individuals
consumed more
sugar, minerals
(including sodium,
potassium, calcium,
and selenium), fat
and fat families
(saturated,
monounsaturated,
omega 3 and 6 and
trans-fat), vitamin
D and y-tocopherol
compared to the
NFA group.

The most related to
food addiction
symptoms were
chocolate, ice
cream, carbonated
beverages, French
fries, white bread,
rice, candy, chips,
and pasta, in
decreasing order of
frequency.
Children and
adolescents with a
frequent feeling of
hunger shoed a 2.2-
fold increase in FA
risk (p < 0.05). FA
prevalence was
higher in obese and
overweight
adolescents, which
indicates that FA
plays an important
role in childhood
obesity

FA group showed
higher food
cravings and
subjective appetite
ratings than non-FA
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Reference

Type of study

Population and participant
characteristics

Study information

Food and dietary intake
instruments

Results

26% food addicts and 20%
control group smokers.

ad libitum as much of snack
food as desired 3 h post drug
administration.

group (p < 0.0001).
Methylphenidate
reduced snack food

intake in the non-
food addiction
group (compared to
placebo)

(p < 0.0001) but
there was no effect
on the food addicts.

study was classified as of neutral quality. None of the studies were
classified as high risk of bias for the selection procedure (Sup-
porting Table S3). Although there were few studied to detect
asymmetry, funnel plots were calculated for each outcome (infor-
mation available as supporting Figure S2).

4. Discussion

The present review was conducted to investigate differences in
dietary habits among people with food addiction (FA) compared to
those without FA. We found no evidence of significant differences
in total daily energy intake and macronutrients distribution be-
tween people with vs without FA in the general population. How-
ever, among people with overweight or obesity, those with FA eat
significantly more energy, total fat, saturated fat, protein, and car-
bohydrates than those without FA.

Previous evidence has shown that those diagnosed with FA tend
to consume more processed foods [28] or foods with high amounts
of fat and/or refined carbohydrates (like sugar or white flour) [27],
as well as foods combining high-fat savoury and/or high-fat sweet
foods as opposed to sugary foods only [22]. Another study reported
higher intakes of chocolate, ice cream, sugary drinks, French fries,
white bread, rice, sweets, French fries, and pasta, in decreasing
order, among people with FA [20]. To reinforce these observations, a
large population including data from the NHANES cohort have
showed a positive association between FA diagnosis and the con-
sumption of foods such as snacks, fast-food and candy bars [24].

When studies including the general population were evaluated,
the results suggested that people with vs without FA consumed

Food addiction No food addiction

similar amounts of energy and macronutrients (carbohydrates, fat,
and protein), although it is noticeable that there is a tendency to
consume higher amounts of calories and fats in people with FA, a
question pointed out in the study of Pedram et al. [10]. Our results
support the hypothesis that normal weight individuals could
generate compensatory behaviours (i.e., increased physical activity,
or dieting behaviours, etc.) to balance the large energy and
macronutrient consumption related to FA. In fact, compulsive
overeating behaviours are observed in several disorders charac-
terized by compensatory weight control behaviours [31,32]. In
addition, it has been described that people with FA present an
associated dependence to do more exercise [33], which all together
may potentially explain our observations.

In studies which focused on people with overweight/obesity,
those with FA showed significantly higher intakes of calories, fat,
carbohydrates and sugar [26,27]; as well as several minerals, omega-
3 and omega-6 fats, vitamin D and y-tocopherol [26]; proteins and
cholesterol [4]. Perhaps, in people with overweight/obesity,
compensatory mechanisms are not present or are not able to over-
come the excess caloric intake, which has been theorised before.
Several hypotheses may be involved in these observations. Volkow et
a. previously described that the brain pathways involved in food
addiction and the loss of control and overconsumption of food intake
share the similar neuronal mechanisms in people with obesity [34].
A common feature of the consumption of drugs of abuse and obesity
is the alteration of brain dopamine (DA) signalling, which modulate
the behavioural responses to external cues. The dopamine neurons
in midbrain nuclei project to nucleus accumbens, limbic (amygdala
and hippocampus) and cortical regions (prefrontal cortex, cingulate

Mean Difference Mean Difference

Study or Subgroup  Mean [kcal/day] SD [kcal/day] Total Mean [kcal/day] SD [kcal/day] Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.1 Overweight/obesity
Pedram 2015 2,077 688 29 1,714 612 29 155%  363.00[27.87,698.13] 2015 N
Schulte 2018 1,939 1,193 28 1,250 783 152 13.1% 689.00[229.92, 1148.08] 2018 ——&
Moghaddam 2019 3,394 101 68 2,754 110 176 19.7% 640.00 [611.01, 668.99] 2019 x
Subtotal (95% Cl) 125 357 48.3% 604.75 [465.64, 743.85] -
Heterogeneity: Tau? = 6274.51; Chi? = 2.65, df = 2 (P = 0.27); 12 = 25%
Test for overall effect: Z = 8.52 (P < 0.00001)
1.1.2 General population
Pedram 2013 2,392 1,230 35 2,227 1,541 617 13.8% 165.00 [-260.25, 590.25] 2013 - I =
Pursey 2015 1,997 602 68 2,009 624 394 18.6% -12.00[-167.79, 143.79] 2015 -
Ayaz 2018 2,478 753 394 2,268 653 457 19.3% 210.00 [114.54, 305.46] 2018 —
Subtotal (95% CI) 497 1468 51.7% 117.93 [-56.12, 291.98] i
Heterogeneity: Tau? = 13978.55; Chi? = 5.68, df = 2 (P = 0.06); I* = 65%
Test for overall effect: Z = 1.33 (P = 0.18)
Total (95% Cl) 622 1825 100.0%  333.63 [45.58, 621.69] ~lll—
ity G - Chi? = - Sz = } t t |
Heterogeneity: Tau? = 109691.77; Chi? = 135.11, df = 5 (P < 0.00001); I> = 96% 71000 -500 0 500 1000

Test for overall effect: Z = 2.27 (P = 0.02)
Test for subaroup differences: Chi? = 18.34, df = 1 (P < 0.0001), 1> = 94.5%

No food addiction Food addiction

Fig. 2. Random-effects meta-analysis of standard mean differences (SMDs) and 95% Cls for studies that included data from total daily energy intake. Meta-analysis categories
included (upper section) overweight/obesity and (lower section) general population. Combined data for each group correspond to the SMD and 95% CI. The size of the data markers
indicates the weight assigned to each study in the meta-analysis. Squares correspond to the SMD, while bars correspond to the 95% CI, and diamonds indicate the pooled analysis.
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A: Total fat

Food addiction No food addiction

Mean Difference

Clinical Nutrition 41 (2022) 1770—1780

Mean Difference

Study or Subgroup  Mean [g/day] SD [g/day] Total Mean [g/day] SD [g/day] Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.2.1 Overweight/obesity
Pedram 2015 63.6 26.3 29 45 15.6 29 15.4%  18.60[7.47,29.73] R
Schulte 2018 71.5 46.2 28 471 31.8 152  9.4%  24.40[6.56, 42.24] —=
Moghaddam 2019 1215 45 68 95.4 45 176 13.8% 26.10[13.51, 38.69] =
Subtotal (95% CI) 125 357 38.6% 22.34[14.78,29.89] ‘
Heterogeneity: Tau? = 0.00; Chi? = 0.83, df =2 (P = 0.66); 1= 0%
Test for overall effect: Z = 5.80 (P < 0.00001)
1.2.2 General population
Pursey 2015 783 11.3 68 73.6 10 394 24.6% 4.70 [1.84, 7.56] =
Pedram 2013 71.4 35.7 35 62 543 617 13.8% 9.40 [-3.18, 21.98] ™
Ayaz 2018 109.5 36.7 394 96.7 32.1 457 23.0%  12.80[8.13, 17.47] i
Subtotal (95% CI) 497 1468 61.4% 8.63 [2.19, 15.08] L
Heterogeneity: Tau? = 22.30; Chi? = 8.55, df =2 (P = 0.01); = 77%
Test for overall effect: Z = 2.62 (P = 0.009)
Total (95% CI) 622 1825 100.0% 14.15[7.28, 21.02] L 2
Heterogeneity: Tau? = 47.73; Chi? = 23.76, df = 5 (P = 0.0002); I> = 79% '_100 _5'0 0 5-0 100'
Test for overall effect: Z = 4.04 (P < 0.0001) No food addiction Food addiction
Test for subaroup differences: Chi? = 7.31, df = 1 (P = 0.007). I> = 86.3%
B: Carbohydrate
Food addiction No food addiction Mean Difference Mean Difference
Study or Subgroup  Mean [g/day] SD [g/day] Total Mean [g/day] SD [g/day] Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Overweight/obesity
Pedram 2015 273 103 29 246.3 93 29 15.4% 26.70[-23.81, 77.21] I
Moghaddam 2019 483.3 15 68 398.7 16 176  18.6% 84.60 [80.32, 88.88] i
Schulte 2018 264.3 159.9 28 168.6 110.3 152  14.3% 95.70 [33.93, 157.47] —_—
Subtotal (95% CI) 125 357 48.3% 71.81[35.77, 107.84] e
Heterogeneity: Tau? = 631.52; Chi? = 5.15, df =2 (P = 0.08); I> = 61%
Test for overall effect: Z = 3.91 (P < 0.0001)
1.3.2 General population
Pursey 2015 220.2 33.9 68 228 34.7 394 18.5% -7.80 [-16.56, 0.96] i
Pedram 2013 312.2 160.6 35 302.3 2093 617 14.9%  9.90[-45.81, 65.61] T
Ayaz 2018 288.2 107.6 394 267.2 94 457 18.3% 21.00 [7.32, 34.68] L
Subtotal (95% CI) 497 1468 51.7% 6.56 [-17.92, 31.04] i
Heterogeneity: Tau? = 327.93; Chi = 12.18, df = 2 (P = 0.002); I = 84%
Test for overall effect: Z = 0.53 (P = 0.60)
Total (95% Cl) 622 1825 100.0% 37.36 [-10.84, 85.57] e
Heterogeneity: Tau? = 3251.66; Chi? = 391.88, df = 5 (P < 0.00001); I? = 99% '_100 _5'0 0 5'0 100’
Test for overall effect: Z = 1.52 (P = 0.13) No food addiction Food addiction
Test for subaroup differences: Chi? = 8.62, df = 1 (P = 0.003), I = 88.4%
C: Protein
Food addiction No food addiction Mean Difference Mean Difference
Study or Subgroup Mean [g/day] SD [g/day] Total Mean [g/day] SD [g/day] Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 Overweight/obesity
Moghaddam 2019 116.5 37 68 97.8 39 176 19.2%  18.70[8.19, 29.21] -
Pedram 2015 99 29 29 79.2 30.8 29 13.6%  19.80 [4.40, 35.20] —n—
Subtotal (95% CI) 97 205 32.8% 19.05[10.37,27.73] ’
Heterogeneity: Tau? = 0.00; Chi*=0.01, df =1 (P =0.91); > = 0%
Test for overall effect: Z = 4.30 (P < 0.0001)
1.4.2 General population
Pursey 2015 96.9 19.5 68 98.4 18.1 394  26.6% -1.50 [-6.47, 3.47] -
Ayaz 2018 91.3 31.4 394 85.9 324 457 27.3% 5.40[1.11, 9.69] il
Pedram 2013 107 44.6 35 93 69.8 617 13.3% 14.00[-1.77,29.77] |
Subtotal (95% Cl) 497 1468 67.2%  3.66 [-2.99, 10.31] >
Heterogeneity: Tau? = 21.04; Chi? = 6.22, df = 2 (P = 0.04); I = 68%
Test for overall effect: Z = 1.08 (P = 0.28)
Total (95% Cl) 594 1673 100.0%  9.22[1.52, 16.92] L 4
Heterogeneity: Tau? = 51.69; Chi* = 17.92, df =4 (P = 0.001); I? = 78% '_100 _5'0 0 5'0 100'

Test for overall effect: Z = 2.35 (P = 0.02)
Test for subaroup differences: Chi? = 7.60, df = 1 (P = 0.006), > = 86.8%

No food addiction Food addiction

Fig. 3. Random-effects meta-analysis of standard mean differences (SMDs) and 95% Cls for studies that included data from total fat (A), carbohydrate (B) and protein (C) intakes.
Meta-analysis categories included (upper section) overweight/obesity and (lower section) general population. Combined data for each group correspond to the SMD and 95% CI. The
size of the data markers indicates the weight assigned to each study in the meta-analysis. Squares correspond to the SMD, while bars correspond to the 95% CI, and diamonds
indicate the pooled analysis.

1778



C. Reche-Garcia, C. Piernas, A. Martinez-Rodriguez et al.

gyrus, temporal pole) and regulate the motivation necessary to carry
out behaviours needed for survival [34,35]. To achieve its functions,
DA neurons receive afferent signals from neuronal regions involved
with autonomic responses, memory emotional reactivity, arousal
and executive functioning (prefrontal cortex and cingulate) through
many different neurotransmitters and other neuropeptides. Thus, it
is not surprising that an impairment of the neurohormonal factors
implicated in addictive processes were also implicated in food intake
[36].

Another hypothesis that could partially explain our observations
is an alteration in cognitive control as a consequence of a deterio-
ration in executive functions. Scientific evidence has previously
shown a relationship between increased body fat and impaired ex-
ecutive functions [37]. In this line, we described alterations in ex-
ecutive functions such as working memory or decision-making in
people with obesity [38], and a treatment aimed at improving these
functions could potentially improve the effectiveness of dietary
treatment in people with obesity [38]. The meta-analysis conducted
by Yang et al. also described moderated effects of obesity on working
memory and decision-making [39], although as they described, there
are not enough studies of people with overweight/obesity to make
strong claims about the interaction between obesity and executive
functions. In any case, a different interaction between body weight,
control of addictive behaviours and executive functions can be pro-
posed, which would ultimately serve to carry out compensatory
mechanisms that prevent the development of obesity (this infor-
mation is summarized in the Supporting Figure S3).

Several limitations of the present work should be commented.
Although the data derived from the studies retrieved have provided
evidence on the significant differences in dietary intakes in over-
weight/obese people with FA compared to those without FA, the
weak cross-sectional design of the included studies does not allow
to establish causality and to conclude that FA increases the intake of
high-fat and high-sugar foods or that the intake of these foods leads
to the development of this addiction. Prospective cohort studies
may be necessary to confirm the direction of this hypothesis.

While the main objective of this work was to compare dietary
intake patterns by presence or absence of FA, on some occasions,
the studies retrieved did not provide the necessary information to
carry out a more in-depth evaluation of the dietary data. This
occurred because either the eating habits were evaluated through
questionnaires that didn’t estimate total nutrient intakes (e.g.,
macronutrient, micronutrient and/or total energy intakes), or
because nutritional information was not always provided. There-
fore, the meta-analysis only included 6 out of the 16 studies. In
addition, we reported a high degree of heterogeneity in the meta-
analysis, especially regarding energy intakes and carbohydrate in
the general population. This could have been influenced by differ-
ences in study design and methods, or because they included
different populations, age stages or for having used different tools
for dietary evaluation, which limits the interpretation of the results
described in the present study. In addition, it should be noted that
the studies which included the general population measured FA
and dietary behaviours in people across all weight categories,
which may induce some bias in the results obtained; therefore, only
meta-data on people with overweight/obesity may be considered
more reliable. Finally, although the main databases of scientific
information have been employed, articles not included in either
Pubmed, WoS or SCOPUS or those published in other languages
different to English may have also evaluated these aspects.

5. Conclusion

Food addiction (FA) appears to have a significant effect on eating
habits, which was especially evident in people with overweight/
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obesity. Concretely, among people with overweight/obesity, FA was
related to higher intakes of total daily energy intake and all mac-
ronutrients, as well as processed and energy-dense foods among
people with overweight/obesity, but not in the general population
including all weight categories. However, the heterogeneity of the
studies included in the meta-analysis will force us to take these
observations with some caution. Although undoubtedly new
research is needed to know the precise physiological and metabolic
mechanisms by which a food addiction induces greater food intake
in people with overweight/obesity, at the moment, it might be of
great interest to consider not only the patients' daily energy
expenditure, but also their addictive behaviours related to food, in
order to increase the effectiveness of hypocaloric diets. Further
research should determine the precise role of potential compen-
satory behaviours that may affect dietary behaviour and weight
outcomes.
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