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Relation of Food Addiction in Overweight/
Obesity, Depression and Impulsivity: a
Systematic Review and Meta-Analysis
Abstract
Background: Overweight and obesity have increased cases of eating disorders and
psychiatric disorders.
Objective: The aim of the present study was to demonstrate the relationship
between overweight/obesity, depression, impulsivity, and food addiction.
Methods: A systematic review and meta-analysis were carried out through the
PRISMA guidelines using databases PubMed, Science direct, and Scielo, with
English articles published from 2009 to 2019.Cross-sectional and experimental
studies examining the association between overweight/obesity, Food addiction,
and psychiatric disorders.
Results: A total of 32 studies were included for systematic review, and 12 studies
used for meta-analyses. Two authors independently extracted the data about
nutritional status, Yale Food addiction scale, food addiction prevalence, other
eating disorders, and depression and impulsivity outcomes. The risk of bias was
evaluated in the Revman 5 software and a low risk of bias was observed.
Conclusion: These studies found evidence that food addiction can be associated
with overweight and obese. There was a greater association between food
addiction and symptoms of depression and impulsivity, especially in overweight/
obesity.
Keywords: Mental disorders; Compulsive eating; Body weight; Addiction; Eating
disorders
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Introduction
Overweight/obesity is a public health problem that affects
about 2 billion adults and 41 million children [1]. It is the result
of reduced physical activity and excessive consumption of high
energy foods [2]. The etiology of obesity, however, is far more
complex than simply an imbalance between energy intake and
energy output; this comes from a set of metabolic and behavioral
factors with genetic, endocrine and environmental origins [3-6].
Predisposing environmental factors for obesity can be complex
because eating behavior and healthy habits can be influenced by
psychosocial, emotional, socioeconomic and cultural conditions
[7-9]. Moreover, eating behavior can also be regulated by the
hypothalamic centers responsible for controlling homeostasis
of food intake, which can often be altered in individuals with
obesity [10].
© Copyright iMedPub | This article is available in: http://www.hsj.gr/
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The increase in consumption of hyper palatable foods causes
impulsivity over food intake [11]. These foods may contain excess
sugar, fat, and calories and activate reward systems in the central
nervous system (CNS), leading to hyperphagic behavior [12,13].
The increase in BMI has been associated with the consumption
of palatable foods [14]. Boggiano [15] showed an increase in a
preference for palatable foods in individuals with obesity and
overweight as opposed to eutrophic individuals.
Excessive consumption of palatable foods has also been
associated with compulsive behavior, reduced inhibitory
control and activation of reward pathways characterize FA [16].
Associated with this, a greater presence of these symptoms has
been observed in psychiatric patients [17]. In a study conducted
with the female population, the presence of depression and
impulsivity was associated with a greater desire for sweet foods,
leading to uncontrolled eating [18]. It was also observed that
these changes were mediated by changes at the peripheral and
central levels, such as changes in leptin expression. In addition,
another study noted that impulsivity was related to a sedentary
lifestyle and greater preference for high-calorie meals, leading
to an increase in overweight and obesity [19]. Thus, changes
in inhibitory control and symptoms of depression have been
responsible for the development of FA [20].
For the evaluation of FA, the Yale Food Addiction Scale (YFAS) is a
sound tool for identifying signs of addiction towards certain types
of foods (e.g., high fat and high sugar) [21]. Gearhardt, White,
Masheb, Morgan, Crosby and Grilo [22] used YFAS to assess the
presence of FA and found that 57% of patients engaged in binge
eating and suffered from symptoms of depression. Pedram,
Wadden, Amini, Gulliver, Randell, Cahill, Vasdev, Goodridge,
Carter, Zhai, Ji and Sun [23], found that BMI, weight, hip and waist
circumferences were positively associated with FA. Furthermore,
the symptoms found by YFAS have been positively associated
with subcutaneous adipose tissue, hunger and chronic stress
[24]. In addition, FA has been reported to be responsible for the
association between the development of obesity in patients with
attention deficit hyperactivity disorder [25].
The notion that FA may be a factor associated with the
development of obesity and that psychiatric disorders may
mediate this relationship is biologically plausible. Obesity has
already been associated with the reward circuit [26], hedonic
excesses [27] and compulsive eating disorder [28], demonstrating
the establishment of a neurobiological dependence on food.
However, the epidemiologic evidence linking obesity to FA and
its associations has not been critically reviewed. The main aim of
the present study was to demonstrate the relationship between
overweight/obesity, depression, impulsity and FA.

Materials and Methods
This systematic review is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [29].

Search strategy
The search for studies in the scientific literature began in July
2019, using the following databases: PubMed, Science Direct
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and Scielo. The terms used in the search strategy were: Obesity,
overweight, food addiction (FA), food addictions, compulsive
eating, depression and impulsity. Changes were made to the
search strategy depending on the database used. Studies
published between 2009 and 2019 were selected.

Study Selection
Articles were included if they fulfilled the following PICOS criteria
(Population: Adults, adolescents and children; Intervention/
exposure: FA; Comparison: Not FA; Outcomes: Overweight/
obesity, depression and impulsivity; Study Design: Cross-sectional
and clinical trials studies) [29].
After the removal of duplicates, to determine eligibility for
inclusion in the review, titles and abstracts of identified studies
were assessed by two independent reviewers using an inclusion
criterion: Full text available, articles are written in English, use
of YFAS (reference method for FA analysis), assessment of the
diagnosis of depression and/or impulsivity, performed in human
studies and any age. Exclusion criteria: Reviews, opinions, letters,
other languages, animal or experimental studies, no use of YFAS.
For quantitative analysis (meta-analyzes), those that showed the
percentage or number of study participants were included. For
meta-analyzes, studies that did not have control and/or exposure
groups and without mean and standard deviation values were
excluded.

Data extraction
The selected abstracts were submitted to the second stage of
analysis, in which two other independent researchers reviewed
the articles completely and, by consensus, excluded articles
that did not meet the criteria. Data from articles considered
eligible were extracted regarding characteristics of the sample
(mean age, distribution between genders, the prevalence of FA),
methodology (assessment by the FA scale), and the main results
found. The data used in each of the studies meeting the criteria
was then processed by a standardized method. Data extracted
from the articles were performed by a standardized method
among the authors. In the case of quantitative analysis (metaanalyses) studies, those that showed the percentage or number
of study participants were included. For review studies, casecontrol, case reports that did not present data corresponding to
the subject evaluated were excluded. For meta-analyses, studies
that had no control and/or exposure groups and no mean and
standard deviation values were excluded.

Quality assessment and risk of bias
The selected studies were evaluated by two reviewers using a
standardized tool [30]. The quality criteria evaluated eight items,
which include: the method of sample selection, ways of dealing
with confounding factors, reliability of outcome measures, and
statistical analysis. Each item was classified as present (‘Yes=Y’),
This article is available in: http://www.hsj.gr/
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absent (‘No=N’) or unclear (U) for each included study [31-78].
The studies were classified as "positive quality", where the studies
obtained a "yes" for questions of validity and had a score of ≥ 8.
Neutral or negative quality studies were those in which most of
the nine responses to the quality criteria were "no" (Table 1).
The risk of bias was established through of a critical analysis of
the studies selected using seven criteria for a methodological
judgment supplied by the software Revman 5.3.0 program [the
Cochrane Handbook [31], developed for systematic reviews
and available for free download (http//ims.cochrane.org/
revman/download)]. Among the criteria that structure the bias
assessment are (1) Random sequence generation, (2) Allocation
concealment, (3) Blinding of participants and personnel, (4)
Blinding of outcome assessment, (5) Incomplete outcome data,
(6) Selective reporting and (7) Other bias.

Statistical and meta-analysis
The studies selected for meta-analyses were those that presented
values of the MD accompanied by the standard deviation (SD) and
the sample number (n) and using the fixed 95% for Confidence
Interval (CI). In addition, random effects were used. We assessed
heterogeneity with measured inconsistency (the percentage of
variation across studies included due to heterogeneity) of across
FA effects using I² proposed by [31]. The significant level was set
at p<0.05 for all analyses. For all meta-analytical procedures, we
use the software Review Manager 5.3.0.

Results
Study selection
The flowchart in (Figure 1) shows the successive steps taken to
select studies for the present research. A total of 13590 titles
and abstracts were selected initially, 13409 were excluded
because they did not comply with the eligibility criteria or were
duplicated. Primary reasons for exclusion included: subjects with
not affected with obesity (n=1881 articles), studies with no FA
analysis (n=7225 studies) and studies that did not use the YFAS
scale (n=4484 studies). Most included studies used a crosssectional analysis (n=30 studies) and two used experimental
analysis (Table 2). Following the removal of duplicate references
and the assessment of articles using the predefined inclusion
criterion, 32 relevant articles were identified and included. For
meta analysis, only 12 studies were included since the others
(n=20) did not present the necessary quantitative data.

Description of included studies
Most studies were carried out with adults (>18 years, n=24
studies), two studies were carried out with children/adolescents,
five only with adolescents and one study included all three,
children, adolescents, and adults. Differences among these
groups represent adaptations of each YFAS and/or geographical
variations. Further, references to YFAS include all FA’s on these
rating scales, such as mYFAS 2.0 and YFAS 2.0. Five studies were
conducted with exclusively female population groups, with all
other studies including both sexes.
Besides the FA, 20 studies presented eating disorders (Table 2).
© Under License of Creative Commons Attribution 3.0 License
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Table 1. Critical appraisal results for included studies using the Joanna
Briggs Institute.

Study
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
Ahmed et al. [32]
Y
Y
Y
Y
U
U
Y
Y
Benzerouk et al. [64] Y
Y
Y
Y
N
U
Y
Y
Blume et al. [65]
Y
Y
Y
Y
N
U
Y
Y
Brunault et al. [62] Y
Y
Y
Y
N
U
Y
Y
Burrows et al. [58] Y
Y
Y
Y
U
U
Y
Y
Ceccarini et al. [66] Y
Y
Y
Y
Y
N
Y
Y
Chao et al. [67]
Y
Y
Y
Y
N
U
Y
Y
Davis et al. [68]
Y
Y
Y
Y
N
U
Y
Y
Eichen et al. [69]
Y
Y
Y
Y
N
U
Y
Y
Filgueiras et al. [70] Y
Y
Y
Y
N
U
Y
Y
Gearhardt et al. [22] Y
Y
Y
Y
U
U
Y
Y
Gearhardt et al. [71] Y
Y
Y
Y
N
U
Y
Y
Guzzardi et al. [72] Y
Y
Y
Y
N
U
Y
Y
Hsu et al. [42]
Y
Y
Y
Y
N
U
Y
Y
Imperatori et al. [73] Y
Y
Y
Y
U
U
Y
Y
Imperatori et al. [74] Y
Y
Y
Y
N
U
Y
Y
Imperatori et al. [43] Y
Y
Y
Y
U
U
Y
Y
Imperatori et al. [75] Y
Y
Y
Y
N
U
Y
Y
Ivezaj et al. [39]
Y
Y
Y
Y
U
U
Y
Y
Kozak et al. [34]
Y
Y
Y
Y
N
U
Y
Y
Lee et al. [35]
Y
Y
Y
Y
Y
N
Y
Y
Masheb et al. [44] Y
Y
Y
Y
Y
N
Y
Y
Meule et al. [16]
Y
Y
Y
Y
N
U
Y
Y
Meule et al. [63]
Y
Y
Y
Y
N
U
Y
Y
Mies et al. [40]
Y
Y
Y
Y
U
U
Y
Y
Ouellette et al. [76] Y
Y
Y
Y
N
U
Y
Y
Pedram et al. [3]
Y
Y
Y
Y
N
U
Y
Y
Rodrigue et al. [46] Y
Y
Y
Y
N
U
Y
Y
Schulte et al. [41]
Y
Y
Y
Y
U
U
Y
Y
Steward et al. [38] Y
Y
Y
Y
N
U
Y
Y
Tompkins et al. [77] Y
Y
Y
Y
N
U
Y
Y
VanderBroek-Stice
Y
Y
Y
Y
N
U
Y
Y
et al. [37]
Y: Yes; N: No; U: Unclear; Q1: Have the criteria for inclusion in
the sample been clearly defined?; Q2: Were the study subjects
and context described in detail?; Q3: Was exposure measured
in a valid and reliable manner?; Q4: Were objective, standard
criteria used to measure the condition?; Q5: Confounding
factors have been identified?; Q6: Were strategies addressed to
deal with confounding factors?; Q7: Were the results measured
in a valid and reliable way?; Q8: Was appropriate statistical
analysis used?
Regarding weight status, 31 studies presented individuals with
obesity. In addition, among the other studies, 17 evaluated
overweight, 8 evaluated eutrophic and 6 thin (Table 2).

Risk of bias assessment
No studies were excluded based on quality ratings and the risk of
bias was classified as low risk of bias. The results are expressed
in Figure 2.

3

Health Science Journal
ISSN 1791-809X

Id
e
nt
ifi
ca
ti
o
n

2020
Vol. 14 No. 5: 737

DATABASES: PUBMED (11.424), SCIENCE DIRECT (6.795) AND
SCIELO (0)

Total studies found through title and abstracts
(n=18.219)

S
cr
ce
e
ni
n
g

Duplicates removed
(n=4.629)

Records screened
(n=13.590)

El
ig
ib
ili
ty

Total
records
excluded:
13.409
No obesity: 1.881
No Food addiction Analysis:
7.225
No Utilized YFAS scale: 4.484

Studies included in qualitative synthesis
(n=32)

In
cl
u
d
e
d

Studies included in quantitative synthesis
(Meta-analysis)
(n=12)

Figure 1 Flow diagram of the studies selected for systematic review and meta-analysis.
Table 2. Description of included studies after the literature search and main results on FA, overweight/obesity and psychiatric disorders.
Author, year

Number
Type
Population
of particiof study
studied
pants

Ahmed et al Cross401
[32]
sectional

4

Adolescents
mean age
was 13.98 ±
1.93 year and
ranged from
11–18 years

Gender (Female/Male)

221/180

Other eat- PrevaNutritional FA examiFA and BMI outing disorder lence
Status
nation
comes
outcome
of FA
Among individuals thin,
eutrophic and
overweight,
there was no
34 (27.4%)
difference reThin (8)
of the ingarding BMI and
Eutrophic Yale Food
dividuals
presence of FA.
Addiction
(133)
with prob81
However, inOverweight Scale for
able BE and
dividuals with
(93)
children
clinical BE 26
Obesity
(YFAS-C)
obesity (64.2%)
(33.8%) prewith FA had
(167)
sented FA
higher BMI
when compared
to the group
with obesity.
p=0.000

FA, depression
and impulsivity
outcomes

-
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Benzerouk et Cross128
al [64]
sectional

Blume et al
[65]

Cross88
sectional

Brunalt et al Cross188
[62]
sectional

Burrows et
al [58]

Cross150
sectional

Ceccarini et Cross88
al [66]
sectional

Chao et al
[67]

Cross178
sectional

Childhood: <
12 years;
Adolescence:
12 - 18 years;
Adulthood: ≥
18 years

91/37

Obesity
(128)

YFAS 2.0

-

32

There was
no difference
between BMI
of patients
who had or
did not have
FA (t=−0.58;
p=0.56)

Adults: 18-60
years of age
BMI<35.0 kg/
m2

65/23

Obesity (88) YFAS 2.0

23 patients
had FA and
BE

23

No differences
(P=0.58)

Adults: 40.8 ±
12.6 years

158/30

Obesity
(188)

-

31

No differences
(p=0.36)

Children: 5-12
74/76
years

Adults: 18-74
years

63/25

Adults: ≥ 21
157/21
and ≤ 65 years

© Under License of Creative Commons Attribution 3.0 License

YFAS

Thin (10)
Eutrophic
mYFAS
(58)
and YFAS- Overweight
C
(33
Obesity (49)

34

Obesity (88) YFAS

Most individuals with
FA present 30
BE (20 ± 9.3;
p<0.001)

Obesity
(178)

2.2% had
both FA and
clinical or
12
subclinical
BED.

YFAS
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Depression disorder (53,1%;
χ2=12.18;
p<0.001) was
higher in patients with FA.
Patients with
FA had more
depression
than only individuals with
obesity (7.71 ±
3.80; p=0.001)
Patients with
FA presented
motor impulsivity (22.1 ±
4.2; t=-2.55;
p=0.012),
cognitive impulsivity (18.1
± 3.1; t=-4.74;
p<0.001) and
Non-planning
impulsivity
(26.6 ± 4.9; t=2.95; p=0.004)

Patients with FA
presented more
obesity (n=23;
67.6%) than no
FA.
No differences
found in thinness, eutrophic
and overweight.
No differences
were found in
individuals with
FA or no FA
about Attentional impulsivity (16.8 ± 4.2;
p=0.182) and
No difference
motor impulwas found
sivity (21.8 ±
5.4; p=0.21).
However, Nonplanning impulsivity (27.9
± 6.4; p=0.026)
was greater patients with FA.
19.1% of patients with
No differences
FA presented
found (p=0.20)
depression
(p<0.001)
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Davis et al
[68]

Cross72
sectional

Adults: 25-46
years

Eichen et al
[69]

Cross178
sectional

Adults: 51.2 ±
11.7 years

Filgueiras et Cross139
al [70]
sectional

49/23

Obesity (71) YFAS

Most individuals with FA
presented
18
BE (4.2 ± 1.2;
p<0.0001)

133/45

Overweight
(14)
YFAS
Obesity
(164)

-

Children: 9-11
75/64
years

Overweight
(78)
YFAS-C
Obesity (60)

YFAS

Gearhardt et Cross81
al [78]
sectional

Adults: 28-64
years

64/17

Obesity (81)

Gearhardt et
Cross96
al [71]
sectional

Adults: 19-65
years

72/24

Obesity (96) YFAS

33

FA was related to the occurrence of 46
BED (r=0.26;
p<0.01)
FA was correlated with
BED eating
39
(1.81 ± 1.25;
r=0.55;
p<0.01)

36/0

Obesity (36) YFAS

FA was correlated with
22
BE (r=0.58;
p=0.001)

Cross40
sectional

Adults

40/0

-

-

Cross112
sectional

Adults=18 - 73
80/32
years

Clinical
trial

Hsu et al [42]

Imperatori
et al [73]

6

No difference
27
were found
(15.2%)
(p=0.92)

Adults>18
years

Guzzardi et
al [72]

Imperatori
et al [74]

-

36

Cross28
sectional

Adults

22/06

YFAS

Overweight
and obesity YFAS
(112)

20

FA was correlates with
38
BE (r=0.78;
p=0.05)

Italian
Overweight version
and obesity of Yale FA (28)
Scale (IYFAS)

No difference
were found
(p=0.46)

14
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Individuals with
FA present
more depression (27.8%;
p=0.018) and
impulsivity (3.2
± 12; p<0.0001)
Depression
was greater in
patients with
FA (17.1 ± 6.6;
p<0.001)

No difference
was found between the BMI
of overweight
and individuals
with obesity and
with or without
FA (p=0.348)
-

-

-

-

There is no
difference
between the
BMI of patients with low YFAS
and high YFAS
(p=0.858).
FA group present higher BMI
(33.09 ± 3.01;
p<0.001) when
compared to the
control group
-

-

There were
no differences
between the
BMI of patients
who had 3 or
more symptoms (29.35 ± 3.49)
and 2 or fewer
(27.56 ± 1.84)
FA symptoms.
(t=1.70; p=0.10)

This article is available in: http://www.hsj.gr/
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Imperatori
et al [43]

Imperatori
et al [75]

Cross301
sectional

Cross70
sectional

Adults > 18
years

Adults=18-71
years

301/0

70/0

Ivezaj et al
[39]

Cross502
sectional

Adults=38 ±
13.1 years

Kozak et al
[34]

Cross190
sectional

Adults=18 - 65
103/87
years

Masheb et al Cross128
[44]
sectional

Lee et al [35]

Meule et al
[16]

Cross476
sectional

Cross50
sectional

Adults=61.8 ±
8.6 years

Adults=18-64
years

Adolescents=14 - 21
years

415/87

13/113

383/93

31/19

© Under License of Creative Commons Attribution 3.0 License

FA severity was positively associated with
BE (r=0.71;
p<0.001)
75% (N=12)
of the participants with
AF had BE.
FA sympOverweight
toms were
and obesity YFAS
strongly
(70)
associated
with binge
eating severity (r=0.63; p
< 0.01)
12.0% (n=60)
met criteria
Overweight
for BED
and obesity YFAS
and 26.7%
(502)
(n=134) met
FA criteria
FA total
symptom
Eutrophic
score (YFAS)
(50)
were inOverweight YFAS
versely
(50)
related to
Obesity (90)
distress
tolerance
(p<0.001)
75% of BED
Modified participants
Overweight
Yale FA
met FA criand obesity
Scale (mY- teria
(126)
FAS)
(t=40.2,
p<.001)
Overweight
(137)
YFAS
Obesity
(164)

24
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FA severity was
positively associated with
BMI (r=0.26;
p<0.001)

FA severity was
positively associated with depressive symptoms (r=0.41;
p>0.001).

FA symptoms
were positively
BMI was not as- associated with
16
sociated with FA depressive
(22.9%)
(r=0.14; p>0.05) symptom severity (r=0.43;
p<0.01).

84

19.3% (n=97) of
the overweight
and participants with obesity
had FA

152

No differences
in BMI

-

12

FA was significantly and highly
correlated with
BMI (r=0.43;
p<0.001)

FA was significantly correlated with depression (r=.43,
p<.001)

Thin (14)
Eutrophic
(228)
Overweight YFAS
(104)
Obesity
(133)

-

Overweight
YFAS
and obesity

Patients
with FA have
more eating concern 19
when compared to no
FA (p<0.001)

59

FA individual
was obese
(mean (M)
BMI=33.8 ±
10.8), while
undiagnosed
participants
were on average
overweight (M
BMI=26.5 ± 7.3).
Individual with
FA presented
more AttenNo differences
tional impulsivfound between
ity (p<.001)
FA or No FA
and Motor
(p=0.73)
impulsivity
(p=0.01) than
no FA
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Meule et al
[63]

Mies et al
[40]

Cross455
sectional

Cross2653
sectional

Ouellette et Cross146
al [76]
sectional

Pedram et al Cross652
[23]
sectional

Rodrigue et Cross86
al [46]
sectional

Schulte et al Cross181
[41]
sectional

8

Study 1:Adults
= 25.57 ± 6.97
years
Study 2: Adults
= 39.52 ± 10.71
years

Adolescents=14 - 21
years

Adults=39.8 ±
7.1 years

Adults=44.3 ±
12.9 years

Adults=18-55
years

Adolescents=12-16
years

Study 1:
405/50
Study 2:
108/25

Study 1:
Thin (31)
Eutrophic
(354)
Overweight
YFAS 2.0
(53)
Obesity (17)
Study 2:
Obesity
(133)

1626/1027

Thin (210)
Eutrophic
(2052)
YFAS - C
Overweight
(339)
Obesity (52)

112/34

Obesity
(146)

415/237

Thin and
eutrophic
(249)
YFAS
Overweight
and obesity
(403)

66/20

122/59

YFAS

Study 1: Patients with
FA present
food cravings traits
(p<0.001)
Study 2:
Patients
with FA
present EDE
(p<0.001)

-

-

-

2020
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Study 1: Individuals with FA
present more
symptoms of
Attentional
impulsivity
(p<0.001 and
Motor impulsivity (p=0.01
Study 2: No
differences in
impulsivity

Study
1: 44
Study
2: 63

Study 1: Individuals with FA
present higher
BMI than individuals who
do not have FA
(P=0.003)
Study 2: No differences found
between FA or
no FA (p=0.29)

69

Most adolescents diagnosed
with FA were
overweight
(5.9%)

24

No difference
was found in
BMI (p=0.968)

35

88.6% of the
participants
with FA were
overweight and
obese

Impulsiveness
acts as mediator of FA (95%
CI 0.0063 0.0254)

Severe obeYFAS
sity (86)
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Body mass index (BMI) related to patients with
or without FA
The relationship between BMI and FA was assessed in 29 studies.
No differences were found between the BMI of patients with or
without FA in 12 studies. Nine studies observed that individuals
with FA presented higher levels of overweight and obesity. In
relation to the different levels of FA and BMI, one study did not
observe a difference, and another found that individuals with
low FA had a higher BMI. Among the studies that evaluated the
association between FA and BMI, four studies found a positive
association and one found no association. Regarding the
individuals who were thin and had normal weight, no differences
were found in relation to the BMI, either in individuals with or
without FA [23,32-38]. However, it was seen that individuals with
FA had a higher incidence of overweight rather than being thin or
eutrophic [23,39-41]. Moreover, when observed the overweight
group with FA was analyzed, the studies showed increased BMI
(>25 kg/m²) [22, 23, 32, 33, 35, 37-39, 42-46].
Twelve studies showed low heterogeneity (I2 8%, p=0.37) (Figure
3). When the mean difference between groups (FA or no FA) was
analyzed, it was found that patients with FA presented higher
BMI (MD=1.23; 95% CI 0.50 to 1.97%), leading to the conclusion
that FA can influence the increase in BMI (>25 kg/m²).

Depression and patients with or without FA
Ten studies were found that evaluated the relationship between
depression and FA. Seven of these showed that individuals with
FA exhibited symptoms of depression. Among the different levels
of FA, one study reported that individuals with less FA had higher
levels of depression. In addition, among the relationship studies,
two studies found a positive correlation between depression and
the presence of FA.
From the meta analysis, the three studies that evaluated the
presence of depression in individuals with FA, showed high
heterogeneity (I2 78%, p=0.01) (Figure 4). Regarding the difference
between averages, it was seen that individuals with FA presented
a higher mean score of depression (MD=5.39; 95% CI 2.29 to
© Under License of Creative Commons Attribution 3.0 License

Figure 2 Risk of bias graph: review authors' judgements about

each risk of bias item presented as percentages across
all included studies.
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Figure 3 Forest plot of comparison: Food addiction vs No Food addiction, outcome: Food addiction increases body mass index.

Figure 4 Forest plot of comparison: Food addiction vs No Food addiction, outcome: Food addiction increases depression.

Figure 5 Forest plot of comparison: Food addiction vs No Food addiction, outcome: Food addiction increases impulsivity.

8.50). In summary, the data demonstrated that patients with FA
presented a higher score for depression.

Impulsivity and patients with or without FA
Nine studies evaluated the relationship between impulsivity and
FA. Five studies found that individuals with FA had a higher level
of lack of self-control and three studies did not find differences
between groups. One study found a positive correlation between
impulsivity and FA. On the different types of impulsivity, it was
observed that 3 studies found higher levels of motor impulsivity,
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2 studies found higher levels of non-planning and attentional
impulsivity and 1 study found more cases of motor impulsivity in
patients with FA.
Meta-analysis of five studies indicated marked heterogeneity
among them (I2 73%, p=0.005); the mean difference was 2.78
(95% CI 1.23 to 4.33) (Figure 5). This indicates that individuals
with FA are more predisposed to impulsivity.

Discussion
The development of overwiegth/obesity is often associated
This article is available in: http://www.hsj.gr/
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with FA. With this in mind, we performed a systematic review
and meta-analysis examining the association between FA with
overweight and obesity. From the methodological quality
assessment questions, we observed that all selected studies,
classified as medium or high quality, were qualified to identify
FA and outcomes of interest (overweight and obesity). The
result of the meta-analysis indicated that, among individuals
with overweitght/obesity, FA was present in individuals with the
highest BMI levels. In addition, the meta-analysis identified high
scores for depression and impulsivity in individuals with FA.
Among the studies selected for the meta-analysis of BMI and FA,
two studies identified that the highest BMI values were found in
individuals with FA and 10 studies found no difference between
the BMI of individuals either with and without FA. Although
10 studies found no differences, 7 other studies indicated a
tendency to higher BMI in FA. This indicates that the use of the
test for overall effect (3.46, <0.001) was efficient in indicating
that FA was present in people with higher BMI levels. Moreover,
from the heterogeneity test and the calculated value of I2, low
heterogeneity was evidenced between the studies.
Chronic access to palatable and calorically dense foods can be one
of the “trigger mechanisms” for FA. These foods can reshape the
brain-motivating circuits (reward and attention). This is true for the
striatum, for example, which make individuals dependent on the
desirable properties of these foods [47]. The pattern of intake of
these foods resembles patterns of drug use that cause addiction,
where addicted individuals fail to control consumptive behavior
even though they are aware of the associated harm. According to
Lennerz and Lennerz [48], high glycemic carbohydrates and sugars
(additives in highly palatable foods) cause a rapid change in blood
glucose and insulin levels that are similar to the pharmacokinetic
properties of drug abuse and may trigger addictive behaviors. The
three clinical features evidenced in FA are feelings of deprivation
when food is withheld, a propensity to relapse during periods of
abstinence and consumption that persists despite awareness of
negative health, social, financial and other consequences [49].
FA can be diagnosed in individuals with different nutritional
states, but the risks associated with a high prevalence of FA
and failure to control food intake are higher in overweight and
individuals with obesity. A question raised in the context of FA
in individuals with obesity: why among individuals with obesity,
only some are addicted to food and others are not. The genetic
origin of obesity has been associated with mutations that disrupt
signaling through the melanocortin 4 receptor (MC4R). These
mutations are present in up to 6% of severely individuals with
obesity and are associated with hyperphagia [50,51]. Some
studies have attempted to demonstrate activation of the reward
system through ingestion and dietary preferences in individuals
with MC4R mutations. In evaluating children and adolescents with
obesity and with or without the MC4R mutation, [52] identified
that girls with obesity who were carriers of the C allele had lower
scores of satiety responsiveness and higher scores of uncontrolled
eating. Boys with obesity carrying the C allele presented a lower
value of food reward than non-carrier boys. A study by van der
Klaauw, von dem Hagen, Keogh, Henning, O'Rahilly, Lawrence,
Calder and Farooqi [53] aimed to investigate how melanocortin
© Under License of Creative Commons Attribution 3.0 License
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signaling modulates food reward in individuals with MC4R
mutations. They identified a higher striatal (basal core) response
to food stimuli in individuals with MC4R mutations, compared to
their controls with obesity.
The industrial revolution boosted the productivity of the food
and beverage industry by changing the food systems and patterns
of most developed and developing countries [54]. The food
environment changed dramatically, from a diet rich in proteins
and grains, and low in sodium, fat, and sugars, to an adapted diet,
with a production of artificial foods high in fat and sugars [55].
From a nutritional point of view, most of these artificial foods
have lost the characteristics of food and turned into industrial
ingredient formulations that contain little or no whole food [54].
These artificial foods are palatable, fast and practical, and have
become the target of a population marked by pressure and lack
of time [56]. Thus, today, it is more common to ingest more
practical snacks, with high energy density and poor nutritional
quality [57]. Concomitantly with the change in the dietary pattern
experienced after the industrial revolution, there was an increase
in the prevalence of overweight and obesity in the population
[55].
Based on the findings of the systematic review and meta-analysis,
factors such as depression and impulsivity were associated with
FA. However, the presence of heterogeneity significant differences
among the studies reviewed suggests a cautious analysis. Studies
that aimed to evaluate the association of FA with depression and/
or impulsivity were found to be inconsistent, heterogeneous and
even contained contradictory results. A meta-analysis developed
by [58] in 2018 identified an association between depression and
FA, but serious differences were observed among the 18 studies
analyzed. Regarding the association between FA and impulsivity,
the literature presents divergent results on the subject [12,5963]. Although the results suggest that individuals with depression
and impulsivity are more likely to trigger FA as an emotional
regulation strategy (activation of the reward system), our work
did not perform an exhaustive search along this theme.
Given the sizable literature on the studies between FA and
psychiatric disorders, considerable heterogeneity may have
occurred due to our search strategy. However, a recent metaanalysis of FA and depression also found heterogeneity among
the studies [58]. In the present review, we have systematically
tried to identify reasons for heterogeneity by grouping studies
according to similarities in studies with FA, but could not identify
definitive conclusions. Our study found that there is a mutualistic
relationship between overweight/obesity and FA and psychiatric
disorders (depression and impulsivity). In addition, presented
data that can serve as a basis for interventions and planning in
multi-professional studies in the area of FA and overweight.
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