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The body of research examining the validity of food addiction and eating addiction far
exceeds the research examining their clinical utility. Although neither food addiction nor
eating addiction are officially recognized diagnoses, many individuals self-identify as “food
addicts” and/or exceed the cut-offs on measures of addictive-like eating. To be clinically
useful, a diagnosis should inform the treatment plan and predict clinical outcomes. This
special issue presents a collection of articles, contributed by renowned experts, researchers,
and clinicians spanning different disciplines, that adds to the knowledge on the clinical
utility of food addiction and eating addiction. The articles in this collection include
reviews [1–5] as well as original research utilizing a variety of methodologies and study
designs such as clinical trials [6–8], cross-sectional studies [9,10], and surveys [11].

Oliveria et al. [10] examined the characteristics of individuals seeking treatment for
food addiction and found that they were very likely to present with comorbid diagnoses
(83% of patients). On average, patients presented with 2 to 3 comorbid conditions, with
anxiety and mood disorders being the most common. They also reported impairment
in psychological, physical, and social functioning, and food addiction was a significant
predictor of social impairment even when controlling for binge eating, depression, and
anxiety severity.

In their international survey of health care professionals who potentially work with
patients presenting with addictive eating behaviour (e.g., dietitians, psychologists), Bur-
rows et al. [11] reported that the majority of respondents had been asked about addictive
eating before (72%) and were interested or very interested in receiving training regarding
addictive eating. They specifically reported a need for training in assessment/diagnosis
(77%) and evidence-based treatments (81%). Therefore, knowledge translation of and
training in food addiction assessment and treatment is needed to build capacity amongst
healthcare providers.

Wiss & Brewerton [3] contributed a helpful guide to this special issue that can assist
with the assessment of food addiction and differential diagnosis. Specifically, they described
a comprehensive approach for assessing food addiction that takes into consideration factors
such as dietary restraint and comorbid psychiatric disorders. By helping to distinguish
food addiction from other forms of eating pathology, this approach aims to guide case
formulation and treatment planning. Importantly, the authors concluded that “one size
will not fit all in food addiction treatment” (p. 17).

A number of authors contributed papers to this special issue that emphasize the
need for individual-level and societal-level interventions for food addiction. In a sample
of post-operative bariatric surgery patients, Cassin et al. [6] found that those with food
addiction reported greater binge eating characteristics and psychiatric distress relative to
those without, and there was preliminary evidence that a brief telephone-based cognitive

Nutrients 2021, 13, 708. https://doi.org/10.3390/nu13020708 https://www.mdpi.com/journal/nutrients
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behavioural therapy intervention may lead to short-term improvement in food addiction
symptoms. Two other studies examined food addiction in the context of behavioural
weight loss programs. In a sample of individuals with obesity and binge eating disorder
participating in a behavioural weight loss program, Wiedemann et al. [7] found that those
with food addiction reported a stronger negative reaction to weekly weighing and less
acceptance of their weight and shape throughout treatment, and the authors recommended
that body image concerns be targeted in treatment given that both of these factors prospec-
tively predicted greater eating disorder psychopathology. Gordon et al. [8] found that food
addiction symptoms improved during a behavioural weight loss program; however, more
severe food addiction symptomatology was associated with less weight loss. Interestingly,
reduced intake of hyperpalatable foods during the program was associated with short-term
improvements in food addiction symptoms but not with long-term improvements in food
addiction symptoms or weight, suggesting that the association among hyperpalatable
foods, food addiction, and weight is a complex one.

In his review and commentary, Lustig [1] provides a compelling argument that “per-
sonal intervention must be balanced with societal intervention” (p. 17) and presents
evidence that added sugar, and by extension the category of ultraprocessed foods, meets
the criteria deemed necessary and sufficient for public health regulatory policy. He then
proposes a number of societal interventions, including public education, taxation, subsidies,
and restricted access, that have been found effective in reducing the risk and impact of
other public health issues. Wiss, Avena, & Gold [4] present a conceptual biopsychosocial
model showing how early adversity, trauma, and stress may become biologically embed-
ded and interact with psychological, social, and environmental factors to increase the risk
of addiction, including food addiction. Following this model, they recommend a multilevel
approach for reducing the risk and impact of food addiction that includes both individual
and public health interventions.

Other authors examined the similarities between food addiction and other forms of
addiction, or the presence of addictive-like eating in other clinical populations. Zawertailo
et al. [5] conducted a narrative scoping review to examine commonalities between food ad-
diction and tobacco use disorder and identified some shared biopsychosocial vulnerability
factors (e.g., childhood adversity, attachment insecurity, dopaminergic neurocircuitry) and
underlying mechanisms that may help to inform treatment options. They also included
the results of a small pilot study examining food addiction among individuals seeking
treatment for tobacco use disorder. The research conducted to date has primarily exam-
ined food addiction among individuals with other forms of addictions or eating disorders
given their overlap, and Stogios et al. [2] extended this line of research into a new clinical
population in their scoping review of eating behaviours among individuals with psychosis.

Collectively, the articles included in this special issue suggest that individuals with
food addiction, and particularly those presenting for treatment of food addiction, often have
comorbid psychiatric diagnoses, body image concerns, and impaired quality of life, and
that many health care professionals who potentially work with such patients feel that they
need additional knowledge of, and training in, assessment and evidence-based treatments
for food addiction. Similar to other addictions such as tobacco use disorder, a multi-
component approach including both individual and societal intervention is warranted to
reduce the personal and public health impact of food addiction.

As research attention shifts from examining the validity to the clinical utility of
food and eating addiction, many questions remain to be answered. What factors predict
treatment seeking among individuals with food or eating addiction? What are the treatment
preferences of individuals with food or eating addiction? Are existing evidence-based
treatments for eating disorders or substance-related and addictive disorders effective
among individuals with food or eating addiction? What can be done to improve the
durability of treatment effects of those interventions that have already been examined and
found to improve only short-term outcomes? What is the evidence for abstinence-based
versus moderation approaches? How do patients experience each of these interventions?

2
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What do they find helpful and unhelpful, and what do they attribute any changes to?
Recognizing that “one size will not fit all”, how can we move to personalized approaches
to food addiction treatment (i.e., what treatment for whom)? We hope that the articles
included in this special issue will provide the impetus to explore these important questions
and generate knowledge to inform clinical practice guidelines.

Author Contributions: Both authors conceptualized and contributed to writing this editorial. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Little is known about the characteristics of individuals seeking treatment for food addiction
(FA), and the clinical utility of FA has yet to be established. To address these gaps, we examined
(i) the demographic, eating pathology, and psychiatric conditions associated with FA and (ii) whether
FA is associated with psychosocial impairments when accounting for eating-related and other
psychopathology. Forty-six patients seeking treatment for FA completed self-report questionnaires
and semi-structured clinical interviews. The majority of the sample were women and self-identified as
White, with a mean age of 43 years. Most participants (83.3%) presented with a comorbid psychiatric
condition, most commonly anxiety and mood disorders, with a mean of 2.31 comorbid conditions.
FA was associated with binge eating severity and anxiety symptoms, as well as psychological, physical,
and social impairment. In regression analyses controlling for binge eating severity, food cravings,
depression, and anxiety, FA remained a significant predictor only of social impairment. Taken together,
the results suggest that individuals seeking treatment for FA are likely to present with significant
comorbid conditions, in particular anxiety disorders. The results of the present research provide
evidence for the clinical utility of FA, particularly in explaining social impairment.

Keywords: food addiction; clinical utility; psychosocial impairment; comorbidity; quality of life

1. Introduction

The food addiction (FA) hypothesis posits that foods that are highly processed and rich in salt,
sugar, and fat have “addictive potential”. In other words, certain foods may have the ability to provoke
symptoms of substance use disorders [1]. Empirical research on the concept of food addiction is
rapidly growing, and animal and human studies have demonstrated similarities between food and
drugs that are abused, particularly with respect to their effects on reward pathways in the brain [2,3].
FA, assessed using the self-report Yale Food Addiction Scale [4], which applies substance use disorder
criteria to food and eating has been found to be relatively common, ranging from 3% to 20% in
non-clinical samples [4]. Rates of FA are higher in eating disorder samples, with some studies finding
rates as high as 95% among women with bulimia nervosa [4]. FA is also relatively common in Brazil,

Nutrients 2020, 12, 3388; doi:10.3390/nu12113388 www.mdpi.com/journal/nutrients5
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with Nunes-Neto and colleagues (2018) reporting a prevalence rate of 4.3% in a large web-based
sample [5].

The concept of FA is heavily debated, with some arguing that it pathologizes everyday eating
behaviors [6] or does not hold incremental clinical utility beyond existing eating disorder diagnoses [7].
According to the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders, “The diagnosis
of a mental disorder should have clinical utility: it should help clinicians to determine prognosis,
treatment plans, and potential outcomes for their patients” (p. 20) [8]. However, the clinical utility of FA
constitutes an important gap in the field. A systematic review examining the correlates of FA reported
a relationship with body mass index, binge eating, and mixed results with other psychopathology
including depression [9]. Since the review, studies have also revealed an association between FA and
demographic characteristics [10], lower quality of life [11], psychological distress [12,13], problematic
eating behaviors [13–15], and impulsivity [5,14]. Regarding psychosocial impairments, FA has been
shown to have moderate to strong associations that remain significant when other forms of eating
pathology are controlled for [16]. Within a Brazilian context, Nunes-Neto and colleagues also found
associations between FA and psychopathology and lower quality of life in psychological, physical,
social, and environment domains [5]. Thus, there is evidence to suggest that FA may be associated
with unique characteristics and psychosocial impairments, providing preliminary support for its
clinical utility.

Although these studies are informative, a major limitation is that they have all consisted of
non-clinical samples or people experiencing difficulties with weight and eating disorders. Additionally,
previous studies have not controlled for the impact of comorbid psychopathology on psychosocial
impairments. As such, it is unclear whether the documented clinical characteristics and psychosocial
impairments stem from FA or from other conditions, which provides a limited understanding of
the clinical utility of FA. Furthermore, the incremental clinical utility of FA is not known, that is,
whether it contributes useful information above and beyond what may be explained by the comorbid
psychopathology. It is critical to examine the incremental utility of FA among individuals seeking
treatment for this concern, given that there is already emerging literature recommending various
treatment strategies for FA [17,18]. In this light, the aim of the present study was to address gaps in
the understanding of the clinical utility of FA by examining clinical characteristics (demographics,
eating disorders, cravings, psychiatric conditions) and psychosocial impairments (controlling for
common psychopathology) in a clinical sample with the primary concern of FA.

2. Materials and Methods

2.1. Participants and Procedures

Participants were 46 patients seeking treatment for food addiction at a specialized university
outpatient clinic associated with the University of São Paulo, Faculty of Medicine in São Paulo, Brazil.
Patients were self-referred through the community or referred by other treatment programs affiliated
with the University. At intake, patients were assessed by a registered psychiatrist to determine
their suitability for treatment. The eligibility criteria for treatment were as follows: (i) meet criteria
for moderate-to-severe FA as assessed by the Yale Food Addiction Scale 2.0 (YFAS 2.0) [19] and
(ii) 18 years of age or over. Exclusion criteria included (i) an organic condition that may explain
eating pathology (e.g., endocrine disturbances); (ii) acute psychosis, mania, or borderline personality
disorder; (iii) cognitive impairments that may interfere with treatment; and (iv) being currently
pregnant or breastfeeding. Current psychiatric conditions were assessed by psychiatrists using the
Brazilian Portuguese version of the Mini International Neuropsychiatric Interview (MINI) [20] using the
Diagnostic and Statistical Manual of Mental Disorders - IV criteria. The MINI is a brief, semi-structured
clinical interview with strong psychometric properties and high inter-rater reliability compared to
the Structured Clinical Interview for the DSM [20]. The treatment consisted of 15 weekly sessions of
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group schema therapy and six sessions of behavioral nutrition delivered by two psychologists and two
nutritionists [21].

Ethics approval was obtained from the Faculty of Medicine, University of São Paulo (12820813.5.0000.0068).
The research was conducted in accordance with the Declaration of Helsinki. All patients were informed
that research participation was voluntary and would not impact their treatment. All participants
provided their consent to participate in the study.

2.2. Measures

2.2.1. Demographic Information

Participants reported their age, gender, ethnicity, and marital and employment status.

2.2.2. Food Addiction Severity

The Yale Food Addiction Scale 2.0 (YFAS 2.0) [19] was used to assess FA severity. The YFAS
2.0 contains 35 items (α = 0.90) assessing the 11 DSM-5 substance use disorder criteria applied to
FA, including two items to assess distress and impairment. The items are anchored from 0 (never)
to 7 (every day) with total scores ranging from 0 to 235. In addition to providing a total score,
the YFAS 2.0 provides a total symptom count, as well as a categorical “diagnosis” of food addiction
(None=≤1 symptom and/or lack of distress or impairment; Mild= 2 to 3 symptoms plus distress and/or
impairment; Moderate = 4 to 5 symptoms plus distress and/or impairment; Severe = ≥6 symptoms plus
distress and/or impairment). The YFAS 2.0 was translated and back-translated to Brazilian Portuguese
by the senior author (H.T.), a content expert who is fluent in both languages.

2.2.3. Binge Eating Severity

Binge eating severity was assessed using the Brazilian-Portuguese version of the Binge Eating
Scale (BES) [22]. The BES consists of 16 items (α = 0.80) assessing the behavioral, affective, and cognitive
components associated with binge eating. The response options for BES range from 0 to 3, with two
questions containing three response options. As such, the total scores on the BES range from 0 to 46,
with higher scores indicating greater binge eating severity.

2.2.4. Food Craving (Trait)

The Brazilian-Portuguese validated version of the Food Cravings Questionnaire—Trait version
(FCQ-T) [23] was used to assess the frequency and intensity of participants’ food-related cravings.
The FCQ-T contains 39 items (α = 0.94) assessing a variety of dimensions related to food cravings.
The items are anchored from 1 (never or not applicable) to 6 (always). Total scores (39–234) are
calculated by summing the items with higher scores indicating greater food-related cravings.

2.2.5. Psychiatric Comorbidities

Symptoms of depression and anxiety were assessed using the Brazilian-Portuguese validated
versions of the 21-item Beck Depression Inventory (BDI-II) [24] (α = 0.90) and the 21-item Beck Anxiety
Inventory (BAI) [25] (α = 0.87), respectively. Both the BDI and BAI are anchored from 0 to 3 with total
scores ranging from 0 to 63. The MINI provided diagnostic coverage of current psychiatric conditions,
including mood, anxiety, substance use, and eating disorders.

2.2.6. Quality of Life

A Brazilian-Portuguese validated version of the WHOQOL-bref [26] was used to assess quality of
life in four domains: psychological, physical, social, and environment. The WHOQOL-bref contains
26 items (α = 0.91) with items ranging from 1 to 5. Mean scores were computed for each domain,
with lower scores indicating worse quality of life in the domains.
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2.3. Data Analytic Plan

First, descriptive statistics were used to examine demographic characteristics and current
psychiatric conditions. Next, two-tailed bivariate correlation analyses were conducted to examine
associations among YFAS 2.0 total scores, food cravings, binge eating severity, symptoms of
depression/anxiety, and quality of life. Lastly, a multiple regression analysis was conducted with the
psychological, physical, social, and environmental domains of the WHOQOL-bref as the criterion
variable and binge eating severity, food craving, symptoms of depression, and anxiety as the predictor
variables to examine whether FA predicted psychosocial impairments above and beyond common
comorbidities associated with FA.

3. Results

3.1. Clinical Characteristics

The sample consisted of more women (n = 37; 80.4%) than men (n = 9; 19.6%). The mean age
was 43.28 (Standard Deviation [SD] = 10.82) years. Regarding ethnicity, the majority of the sample
self-identified as White (n = 36; 78.3%), five as mixed (10.9%), three as Black (6.5%), and one as Asian
(2.2%). One participant did not disclose their ethnicity. Roughly half (n = 24; 52.2%) of the participants
reported being in a relationship, and the majority (n = 43; 93.48%) reported being employed. The mean
score on the YFAS 2.0 was 9.12 (SD = 1.81), which corresponds to severe symptoms of food addiction.

Of the 42 patients who completed the MINI, 35 (83.3%) met criteria for at least one current
psychiatric condition, with a mean of 2.31 (SD = 1.87) comorbid conditions (Table 1). The most
common current psychiatric condition was generalized anxiety disorder (n = 26; 61.9%), followed by
major depressive episode (n = 20; 47.6%), suicidality (n = 11; 26.8%), agoraphobia (n = 9; 21.4%),
and social anxiety (n = 8; 19.0%). Regarding eating disorders, seven (16.7%) participants met criteria
for bulimia nervosa, and none met criteria for anorexia nervosa. Relatively few, if any, participants
met current diagnostic criteria for post-traumatic stress disorder (n = 1; 2.4%) or alcohol or substance
use/dependence (n = 1; 2.4%).

Table 1. Frequencies of current psychiatric conditions met by participants using the Mini International
Neuropsychiatric Interview (MINI).

Psychiatric Diagnoses Yes No

Major Depressive Episode 20 (47.6%) 22 (52.4%)
Dysthymia 4 (9.5%) 38 (90.5%)
Suicidality 11 (26.8%) 30 (73.2%)

Panic Disorder 4 (9.5%) 38 (90.5%)
Agoraphobia 9 (21.4%) 33 (78.6%)

Social Anxiety 8 (19.0%) 34 (81.0%)
Generalized Anxiety 26 (61.9%) 15 (38.1%)

Obsessive Compulsive Disorder 6 (14.3%) 36 (85.7%)
Post-Traumatic Stress Disorder 1 (2.4%) 41 (97.6%)

Alcohol Abuse/Dependence 1 (2.4%) 41 (97.6%)
Substance Abuse/Dependence 0 (0.0%) 42 (100.0%)

Anorexia Nervosa 0 (0.0%) 42 (100.0%)
Anorexia Nervosa Binge/Purge Type 0 (0.0%) 42 (100.0%)

Bulimia Nervosa 7 (16.7%) 35 (83.3%)
Any Current Condition 35 (83.3%) 7 (16.7%)

3.2. Correlation Analyses

Means, standard deviations, and correlations among the variables of interest are presented in
Table 2. Food addiction severity was positively correlated with binge eating severity and anxiety
symptoms, and negatively correlated with the psychological, physical, and social domains of
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the WHOQOL-bref. Food addiction severity was not significantly correlated with food craving,
depression symptoms, or the environment domain of the WHOQOL-bref, p > 0.055.

Table 2. Means, standard deviation, and correlations between our variables of interest.

M SD 1 2 3 4 5 6 7 8 9

1. YFAS2.0 142.45 34.89 - 0.42 ** 0.26 0.28 0.50 *** −0.37 * −0.32 * −0.44 ** −0.29
2. BES 30.46 7.60 - 0.63 *** 0.43 ** 0.36 * −0.54 ** −0.63 *** −0.12 −0.22

3. FCQ-T 166.39 30.27 - 0.22 0.30 * −0.35 * −0.39 ** −0.09 −0.14
4. BDI 20.31 10.37 - 0.53 ** −0.86 *** −0.73 *** −0.43 ** −0.53 ***
5. BAI 16.66 10.42 - −0.57 *** −0.55 *** −0.25 −0.42 **

6. WHO_Psyc 10.77 2.94 - 0.81 *** 0.52 *** 0.64 ***
7. WHO_Phys 12.07 2.74 - 0.42 ** 0.51 ***
8. WHO_Soc 11.68 3.63 - 0.56 ***
9. WHO_Env 12.65 2.36 -

Note. YFAS 2.0 = Yale Food Addiction Scale 2.0; BES = Binge Eating Scale; FCQ-T = Food Craving Questionnaire—Trait;
BDI = Beck Depression Inventory; BAI = Beck Anxiety Inventory; WHO =WHOQOL-bref; Psyc = psychological;
Phys=physical; Soc= social; Env=environmental. * p<0.05; ** p<0.01; *** p<0.001. M=Mean, SD=Standard deviation.

3.3. Multiple Regression

3.3.1. Psychological Impairment

The multiple regression model predicting psychological impairment was statistically significant
F(5,35) = 29.84, p < 0.001, adj. R2 = 0.78. In this model, only symptoms of depression significantly
predicted psychological impairment. FA, binge eating, symptoms of anxiety, and food craving were
not significant predictors (Table 3). A post hoc power analysis indicated a power of 1.0 based on
our results.

Table 3. Multiple regressionresultspredictingpsychological impairmentsmeasuredusingthe WHOQOL-bref.

Psychological Impairment b LL UL SE b B adj. R2 R2C

Model 0.78 0.81
***

Constant 17.62 *** 14.92 20.33
Food Addiction −0.01 −0.02 0.01 0.01 −0.08

Anxiety Symptoms −0.01 −0.06 0.05 0.03 −0.03
Depression Symptoms −0.22 *** −0.27 −0.17 0.03 −0.78 ***

Binge Eating Symptoms −0.07 −0.13 −0.01 0.04 −0.19
Food Craving 0.003 −0.02 0.02 0.01 0.04

Note. b = unstandardized beta, LL = Lower limit, UL = Upper limit, SE b = Standard error of unstandardized beta,
B = standardized beta, adj.R2 = adjusted R2, R2C = R2 Change. *** p < 0.001.

3.3.2. Physical Impairment

The multiple regression model was statistically significant, F(5,35) = 13.36, p < 0.001, adj. R2 = 0.61.
Symptoms of depression and binge eating significantly predicted physical impairments. On the
other hand, FA, symptoms of anxiety, and food craving were not significant predictors of physical
impairments (Table 4). A post hoc power analysis indicated a power of 0.99 based on our results.

Table 4. Multiple regression results predicting physical impairments measured using WHOQOL-bref.

Physical Impairment b LL UL SE b B adj. R2 R2C

Model 0.61 0.66 ***
Constant 19.24 *** 15.68 22.79

Food Addiction 0.01 −0.01 0.03 0.01 0.09
Anxiety Symptoms −0.05 −0.12 0.02 0.03 −0.17

Depression Symptoms −0.13 *** −0.20 −0.06 0.03 −0.48 ***
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Table 4. Cont.

Physical Impairment b LL UL SE b B adj. R2 R2C

Binge Eating Symptoms −0.14 ** −0.23 −0.04 0.05 −0.38 **
Food Craving −0.003 −0.03 0.02 0.01 −0.04

Note. b = unstandardized beta, LL = Lower limit, UL = Upper limit, SE b = Standard error of unstandardized beta,
B = standardized beta, adj.R2 = adjusted R2, R2C = R2 Change. ** p < 0.01, *** p < 0.001.

3.3.3. Social Impairment

The multiple regression model was statistically significant, F(5,35) = 4.10, p = 0.005, adj. R2 = 0.28.
FA and symptoms of depression were significant predictors of social impairments. Symptoms of
anxiety, binge eating severity, and food craving were not significant predictors (Table 5). A post hoc
power analysis indicated a power of 0.95 with the parameters of our observed results. FA symptoms
remained a significant predictor of social impairment b = −0.049, t = −3.20, p = 0.004 when controlling
for age, gender, marital status, ethnicity, and body mass index.

Table 5. Multiple regression results predicting social impairments measured using WHOQOL-bref.

Social Impairment b LL UL SE b B adj. R2 R2C

Model 0.28 0.37 **
Constant 16.57 *** 10.38 22.77

Food Addiction −0.05 ** −0.08 −0.02 0.02 −0.49 **
Anxiety Symptoms 0.05 −0.08 0.17 0.06 0.13

Depression Symptoms −0.18 ** −0.29 −0.06 0.06 −0.50 **
Binge Eating Symptoms 0.09 −0.08 0.26 0.09 0.19

Food Craving 0.01 −0.03 0.05 0.02 0.09

Note. b = unstandardized beta, LL = Lower limit, UL = Upper limit, SE b = Standard error of unstandardized beta,
B = standardized beta, adj.R2 = adjusted R2, R2C = R2 Change. ** p < 0.01; *** p < 0.001.

3.3.4. Environmental

The multiple regression model predicting environmental impairment was statistically significant,
F(5,35) = 3.17, p = 0.018, adj. R2 = 0.21. In this model, only symptoms of depression were significant.
FA, binge eating, symptoms of anxiety, and food craving were not significant predictors of environmental
impairments (Table 6). A post hoc power analysis indicated a power of 0.88 based on our results.

Table 6. Multiple regression results predicting environmental impairments measured using WHOQOL-bref.

Environmental Impairment b LL UL SE b B adj. R2 R2C

Model 0.21 0.31 *
Constant 14.51 *** 10.28 18.74

Food Addiction −0.01 −0.03 0.01 0.01 −0.16
Anxiety Symptoms −0.02 −0.10 0.06 0.04 −0.09

Depression Symptoms −0.11 ** −0.19 −0.03 0.04 −0.48 **
Binge Eating Symptoms −0.001 −0.12 0.12 0.06 −0.004

Food Craving 0.01 −0.02 0.04 0.02 0.15

Note. b = unstandardized beta, LL = Lower limit, UL = Upper limit, SE b = Standard error of unstandardized beta,
B = standardized beta, adj.R2 = adjusted R2, R2C = R2 Change. * p < 0.05; ** p < 0.01; *** p < 0.001.

4. Discussion

The present study is, to our knowledge, the first to examine the clinical characteristics and
psychosocial impairments of individuals for whom FA is the primary concern and reason for
seeking treatment. Regarding demographic characteristics, the sample consisted mainly of women,
consistent with previous studies reporting a higher prevalence of FA among women [4]. A potential
explanation for this gender difference is that the weight gain associated with or expected to occur
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as a consequence of food addiction may be more distressing to women given they are under greater
sociocultural pressure to conform to a thin body ideal [27]. As a result, women may be more likely
to be distressed by and seek treatment for FA. Nonetheless, in the current study, roughly one in five
participants seeking treatment were men, providing further evidence for the clinical significance of FA
among individuals of both these genders. Future studies investigating gender differences in the clinical
characteristics of those seeking treatment for FA would be highly informative. Indeed, to increase
the generalizability of characterizations of FA across the gender spectrum, it is important to avoid
under-representation of men and individuals who identify as transgender or gender non-binary in
studies of FA.

Regarding the relationship between FA and binge eating, the mean score of the participants on
the BES was in the severe range, and FA was moderately (r = 0.42) associated with binge eating,
consistent with previous research [15]. These findings suggest binge eating disorder may be a common
comorbidity; however, given that the correlation between FA and BES scores was far from perfect,
there does not appear to be a complete overlap between these two constructs. Regarding other eating
disorders, no participants met the diagnostic criteria for anorexia nervosa including the binge/purge
subtype, and less than 1 in 5 participants met diagnostic criteria for bulimia nervosa. These results may
be partly attributable to the low base rates of anorexia nervosa and bulimia nervosa and are consistent
with prior evidence that FA can occur outside the context of eating disorders [28,29].

The majority of participants reported a current psychiatric condition, with patients meeting
criteria for two diagnoses on average. However, it should be noted that 16.7% of the participants did
not meet criteria for any current psychiatric conditions. This result suggests that there likely exists
a group of individuals with FA who may not meet criteria for a recognized eating disorder or other
psychiatric condition, yet still experience psychosocial impairment severe enough to warrant seeking
treatment. Addictive disorders were not very common in the sample, which is surprising given the
conceptualization of FA as an addiction and given that addictive disorders tend to co-occur [30,31].
Additionally, FA was not related to cravings, which is also a hallmark symptom of addictive disorders.
A potential reason for this finding may be due to the relatively small sample size as the association
between FA and craving was approaching significance with close to a moderate effect size (p = 0.087,
r = 0.26). Thus, future research with large samples is needed to further investigate the association of
FA with other addictive behaviors, to examine whether they are likely to co-occur, and whether FA is
associated with hallmark characteristics of addictive disorders such as heightened levels of impulsivity.

The most frequent comorbid conditions were anxiety and mood disorders. Interestingly, however,
FA was not significantly correlated with severity of depression in contrast to previous findings but in
line with others [9]. Given the mixed findings in the literature regarding the association between FA
and depression, further research is warranted. On the other hand, FA was significantly associated
with severity of anxiety. Furthermore, anxiety disorders were the most frequent disorders in patients
seeking treatment for FA. Longitudinal studies would be highly valuable in determining the temporal
relationships between FA and anxiety.

FA was significantly associated with physical, psychological, and social impairment in our
univariate analyses. FA remained a significant predictor of social impairment when controlling for
binge eating, craving, depression, and anxiety. These results provide some support for the incremental
clinical utility of FA, specifically in regard to social impairment, and suggest that individuals seeking
treatment for FA may experience significant impairments in their social and interpersonal lives.
These results are consistent with qualitative research [32], wherein people with FA described significant
interpersonal difficulties as a result of FA. They reported that the shame, secrecy, and judgment by
others regarding their difficulties with FA led them to withdraw from social situations, resulting in
social and interpersonal harm.

Taken together, the results of the present research hold some implications for the clinical utility
(i.e., prognosis, treatment plans, potential outcomes) of FA. Given the cross-sectional nature of our
data, it would be premature to draw definitive conclusions regarding the prognosis or treatment
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of FA. Nonetheless, our findings identified factors worthy of further study using longitudinal and
experimental designs, to examine whether they play a causal role in the generation or maintenance
of FA symptoms or in recovery from FA. For example, given the significant association between FA
and anxiety, it is plausible that excessive food consumption may represent a maladaptive coping
mechanism to manage symptoms of anxiety, as was described by participants in an earlier qualitative
study conducted by our team [32]. Using addictive behaviors to regulate one’s emotions is a hallmark
characteristic of addictions. Previous reports have distinguished two types of emotion regulation goals
that may motivate addictive behavior: reducing aversive emotional states such as anxiety (a form of
negative reinforcement) or increasing positive affect via the introduction of a pleasurable stimulus
(a form of positive reinforcement). Some addictive behaviors such as alcohol abuse may be more
motivated by the former goal, whereas others, such as gambling, may be motivated by the latter [33,34].
Our findings suggest that, in FA, eating may be used primarily as a means of reducing aversive
emotional states, rather than for increasing positive affect. This finding is consistent with a prior
qualitative study where participants emphasized eating as a means of temporarily reducing aversive
emotional states [32].

From a potential treatment perspective, if addictive-like eating represents a maladaptive response
to anxiety, then clinicians may wish to employ an integrated treatment model to address difficulties
with anxiety and FA simultaneously, by the same team of clinicians. Indeed, an integrative approach has
been associated with improved outcomes compared to a sequential or parallel treatment approach when
addressing multiple concerns [35]. Regarding social impairments, should social functioning be identified
as a causal or perpetuating factor in the development and maintenance of FA symptoms, incorporating
aspects of social skill training into the treatment plan may lead to improved prognosis, and social
impairment may represent an outcome to track in progress monitoring. That said, more research
is needed regarding the associations between FA and anxiety as well as social impairments before
recommending potential treatment strategies for FA. Lastly, the results suggest that it may be helpful
to monitor treatment outcomes not only for FA but also for related conditions given the high rates of
psychiatric conditions, in particular anxiety disorders, and the strong associations between FA, binge
eating, and depression.

Limitations

Several limitations are worth noting. First, the cross-sectional design does not allow for causal
inferences between FA and our variables of interest. Second, given the relatively small sample
size, future research with larger samples is needed to replicate the findings of the present research.
Having said that, the sample in the present study is one of the largest clinical samples of FA, and to
our knowledge, the only study investigating clinical characteristics of people seeking treatment
whose primary concern is FA. Third, the version of the MINI used in the present research captured
DSM-IV diagnoses and as such did not capture binge eating disorder. Rather, in the present research,
the well-known and used Binge Eating Scale was used to examine the relationship between FA
and binge eating disorder. However, the BES was developed prior to the inclusion of binge eating
disorder in the DSM-5 and thus was not designed to diagnose binge eating disorder [27]. Importantly,
FA predicted social impairments when controlling for binge eating symptoms, providing some support
for the clinical utility of FA. Lastly, although FA predicted social impairment when controlling for
demographic factors and Body mass index, it is possible that other variables may have influenced the
results. As such, future research controlling for other confounding variables would provide further
support for our results.

5. Conclusions

In the past decade, there has been an increased empirical interest in FA. Although our knowledge
of FA has grown exponentially, less is known regarding the clinical utility of FA, which impedes
progress in developing efficacious treatments for this relatively common concern. The current study
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suggests that people seeking treatment for FA are likely to present with co-occurring psychiatric
conditions and experience impairments in social functioning, over and beyond other psychopathology.
Taken together, the results suggest FA holds some clinical utility. The results of the present research,
as well as future research investigating the clinical utility of FA, may help in providing knowledge on
the potential treatment possibilities for people with FA.
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Abstract: Despite increasing research on the concept of addictive eating, there is currently no published
evidence on the views of health professionals who potentially consult with patients presenting with
addictive eating behaviours, or of students training to become health professionals. This study aimed
to explore the views and understanding of addictive eating behaviours among health professionals
and health professionals in training and to identify potential gaps in professional development
training. An international online cross-sectional survey was conducted in February–April 2020.
The survey (70 questions, 6 key areas) assessed participants’ opinions and clinical experience of
addictive eating; opinions on control, responsibility, and stigma relating to addictive eating; and
knowledge of addictive eating and opinions on professional development training. In total, 142 health
professionals and 33 health professionals in training completed the survey (mean age 38.1 ± 12.5 years,
65% from Australia/16% from the U.K.) Of the health professionals, 47% were dietitians and 16% were
psychologists. Most participants (n = 126, 72%) reported that they have been asked by individuals
about addictive eating. Half of the participants reported that they consider the term food addiction to
be stigmatising for individuals (n = 88). Sixty percent (n = 105) reported that they were interested/very
interested in receiving addictive eating training, with the top two preferred formats being online and
self-paced, and face-to-face. These results demonstrate that addictive eating is supported by health
professionals as they consult with patients presenting with this behaviour, which supports the views
of the general community and demonstrates a need for health professional training.
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1. Introduction

Addictive eating (i.e., an abnormal, recurrent pattern of excessive food consumption despite
negative consequences) [1], often referred to as food addiction, is not currently recognised in the
Diagnostic and Statistical Manual of Mental Disorders as a distinct diagnosis from other eating and
substance use disorders. There exists an ongoing scientific debate in this regard, which centres around
whether the symptoms of addictive eating are covered appropriately under other recognised disorders,
such as binge eating disorder [2,3]. If addictive eating is a distinct disorder, the debate is also around
whether it should be considered a substance (i.e., food) addiction or a behavioural (i.e., eating) addiction,
or on a spectrum of overeating [2,3]. Further, there is the question of what the addictive substance/s are
or whether it relates to the level of food processing [2,3]. Regardless of whether addictive eating should
be recognised, 15–20% of the population report experiencing symptoms that align with addictive
eating as determined by self-reported tools [4]. This is higher among certain groups, including females,
those with binge eating disorder and other mental health conditions, and those with overweight and
obesity [4]. Further, rates of self-perceived addictive eating among community samples range from 27%
to 50% [5]. There is also widespread support from community samples that the concept of addictive
eating exists [5,6]. For example, a survey of over 600 American and Australian adults reported that
86% believed certain foods may be addictive, and 72% believed addictive eating is linked with an
increased risk of obesity [6].

Unhealthy lifestyle behaviours such as poorer dietary intake, physical inactivity, greater time
spent sitting, and poor sleep quality are associated with addictive eating [7,8]. This association extends
to conditions such as depression, anxiety, and overweight and obesity [9,10]. In terms of clinical
management of addictive eating, the published evidence is scarce [11,12]. A recent systematic review
conducted by Cassin et al. to assess psychosocial interventions for addictive eating identified only eight
studies [12]. Of these, only two studies included individuals with addictive eating and interventions
that specifically targeted addictive eating symptoms. The two interventions were abstinence-based
(i.e., abstaining from overeating, snacking, and/or from identified problem foods), while the remaining
studies included an outcome measure of addictive eating in intervention studies targeting either
bulimia nervosa or overweight and obesity. Additionally, all of the included studies were deemed to
exhibit poor or fair methodological quality, and most were pilot or feasibility studies. Importantly, the
review was limited to psychosocial interventions and did not consider alternate options such as dietary
advice alone. Overall, the review’s authors concluded that no effective psychosocial interventions
currently exist for the treatment of addictive eating. There is however a high volume of self-help
support groups for individuals with addictive eating [13]. A recent review of websites identified 13
online support groups for addictive eating; however only three of these involved credentialed health
professionals [13]. Evidently, research exploring the clinical utility of recognising addictive eating as a
diagnostic entity and evidence-based best practices for treatment are limited.

There is currently no published evidence on the views of health professionals who likely consult
with patients who report addictive eating behaviours, or of those training to become health professionals.
Research should examine clinicians’ and future clinicians’ understanding of addictive eating, their
support for it as a diagnostic category, and whether professional development training is needed
regarding understanding and treating addictive eating. This work is critical to advancing the field
of addictive eating in terms of treatment and informing best practice. The aims of this study were to
explore the opinions and understanding of addictive eating behaviours among health professionals
with experience in weight management and students undertaking relevant health professional training.
The study also aimed to explore the needs and preferences for professional development training in
addictive eating.
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2. Materials and Methods

2.1. Study Design

An international online cross-sectional survey was conducted. An online survey was used as a
convenient method of completion for participants and to maximise the survey reach and response
rate. The survey was hosted via Qualtrics (https://www.qualtrics.com/au/) and was open from
21 February to 27 April 2020. The survey took approximately 25 min to complete and was initially pilot
tested among a sample of five health professionals and university students to assess for readability
and comprehension. The survey consisted of 70 questions including demographic questions and
questions across six key areas (opinions and clinical experience of addictive eating; opinions on control,
responsibility, and stigma relating to addictive eating; knowledge of addictive eating and opinions
on professional development training; opinions on weight gain; treatment of disordered eating and
overweight/obesity; and agreement with statements regarding addictive eating symptoms). This paper
reports on the questions relating to opinions and clinical experience of addictive eating; opinions on
control, responsibility, and stigma relating to addictive eating; and knowledge of addictive eating and
opinions on professional development training. Questions relating to the other key areas were outside
the scope of the current paper (see File S1 and Table S1). The survey questions used were developed by
the research team for the purpose of this study. The survey was set up to require a response to each
question before participants could progress to the next question, with the exception of the qualitative
questions, which were optional to complete. Survey logic was used so that only relevant questions
were displayed to each participant, based on their previous responses. The use of survey logic also
limits participants from being able to go back and change previous responses. The study conduct and
reporting comply with the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines for cross-sectional studies [14]. All participants gave informed consent prior to
completing the survey. Participation was voluntary, and no incentives were offered for participation.
Ethical approval for the study was obtained from the University of Newcastle Human Research Ethics
Committee (H-2019-0349).

2.2. Participants and Recruitment

Individuals were eligible to participate if they were a health professional with experience in the
management or research of overweight or obesity or disordered eating, or were a student currently
enrolled in health professional training at a university. Relevant disciplines included allied health
professionals; medical professionals; psychologists; other health professionals; public health, nutrition,
or other health researchers; or university students training in one of these professions. University
students of relevant disciplines were also included as they represent the next generation of health
professionals. Individuals from any country were eligible to participate; however, the survey was
written in English. Health professionals and university students completed the same survey; however,
some of the survey questions were worded differently by asking health professionals about their
practical experience and university students about their opinions. Additionally, the questions regarding
experience in treating clients were only asked of health professionals. Recruitment was via convenience
sampling and used a range of strategies. Email invitations were sent from the members of the research
team to their networks of health professionals and students and contained a link to the online survey.
The survey was also advertised via posts from the research team on Twitter, a brief advertisement in
the member e-newsletter of Dietitians Australia (professional body for Dietitians in Australia), and an
advertisement to students was posted via the online learning management system at the University of
Newcastle, Australia. All advertisements used the same recruitment materials and information, which
described the survey as a “cross-sectional survey to identify the current understanding of addictive
eating behaviours and whether a need exists for professional development training.”
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2.3. Measures

2.3.1. Demographic Characteristics

Demographic data collected included age, gender, country of residence, and highest qualification
completed. Health professionals were also asked their occupation, primary work setting (e.g., hospital,
private practice, research), the population group/life stage they primarily work with (e.g., adolescents,
adults), and whether they provide advice to individuals with disordered eating or overweight/obesity.
University students were also asked the degree for which they were currently studying.

2.3.2. Opinions and Clinical Experience of Addictive Eating

The survey included 14 questions about opinions and clinical experiences regarding addictive
eating. Participants were asked whether they had encountered patients/individuals asking or speaking
about addictive eating, their thoughts around whether people can develop compulsive eating patterns
that resemble an addictive disorder, and whether addictive eating exists (yes, no, or maybe). Of those
who indicated that addictive eating does or may exist, participants were asked whether they think
different populations may be more vulnerable. Of those who indicated that they provide advice to
individuals with disordered eating or overweight/obesity, participants were asked what proportion of
their clients may benefit from a specific treatment of addictive eating, if available. Participants were
also asked to rate their level of interest in addictive eating becoming a diagnostic term and a referral
pathway being introduced for the treatment/management of addictive eating (1/very interested to 5/not
at all interested). In terms of treatment for addictive eating, participants were asked their opinion on
which health professionals would be best placed to identify and treat people with addictive eating, and
which services they would be more/less likely to refer individuals to, as well as whether any particular
sub-groups of overweight and obese people would benefit more from a diagnosis of addictive eating.
Two open-ended questions were also asked of those who indicated that addictive eating does or may
exist, including what they thought were the strengths and weaknesses of using the addictive eating
concept to explain eating and weight to individuals.

2.3.3. Opinions on Control, Responsibility, and Stigma Relating to Addictive Eating

Three questions were included relating to opinions on control and responsibility for eating and
weight. Participants were asked to rate how much they think it is the responsibility of the individual
with addictive eating to gain control over their eating and weight status (1/not responsible to 5/100%
responsible) and how much control they think individuals have over their eating and weight (1/a great
deal to 5/none at all). Three questions were included relating to their opinions around the different
terminology used for addictive eating and stigma. Participants were asked how well they think the
term food addiction relates to the experiences of people with weight issues, whether they think the
term food addiction is stigmatising, and to indicate which term (if any) they think is most appropriate
to describe food addiction/addictive eating.

2.3.4. Knowledge of Addictive Eating and Opinions on Professional Development Training

Three questions asked about participants’ knowledge of addictive eating. Participants were asked
what sources of information informed their understanding of addictive eating and to rate their current
knowledge of addictive eating and their level of confidence in their knowledge. Six questions asked
about participants’ professional development training needs and preferences. Participants were asked
about what kinds of professional development training on addictive eating assessment and treatment
would be needed, who should receive this training, and their preferred method of training delivery.
They were also asked to rate their level of interest in receiving addictive eating training delivered
online, whether this would be of interest to colleagues/peers, and whether individuals/clients would
be interested in training/management/treatment delivered online.
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2.4. Analysis

Data were analysed using Stata statistical software version 14.2. In total, 274 individuals accessed
the online survey, of these, 175 consented and completed all survey questions (i.e., 64% of those
who accessed the survey). Of those that did not complete the survey (n = 99), 14 opened the
link/viewed the first page but did not start the survey, one did not provide consent and exited the
survey, 15 filled in some of the demographics questions only, and the remaining 69 completed the
demographics questions and some but not all of the rest of the survey. Quantitative data are reported
as number and percentage for categorical variables and mean and standard deviation for continuous
variables. Open-response questions are described qualitatively. Qualitative data were analysed using a
theoretical thematic analysis approach [15], including (1) identifying codes from the responses based on
keywords/phrases, (2) grouping codes into themes, (3) reviewing themes in relation to the contributing
codes, and (4) defining and naming themes. One researcher initially conducted the thematic analysis,
and this was checked by a second researcher, with any discrepancies discussed and results amended.
Themes are presented in the order of most to least frequent/recurrent. Results for health professional
and health professional trainee participants were compared using chi-square tests for questions with
mutually exclusive response options, to determine whether these were significantly different. There
were differences between responses for nine of the questions; however, with further investigation
these differences were driven by the large number of response options. As the pattern of the most
common responses were similar between the two groups, and due to the small sample size of the
health professionals in training, it was deemed appropriate to combine the responses for reporting
(see Table S2 for responses by group).

3. Results

3.1. Sample Characteristics

Of the 175 participants, 81% (n = 142) were health professionals, and 19% (n = 33) were university
students (Table 1). The mean ± SD age of participants was 38.1 ± 12.5 years, the majority were female
(n = 150, 86%), and participants were from six different countries with most residing in Australia
(n = 113, 65%) or the U.K. (n = 28, 16%). Among the health professional participants, the most common
occupations were dietitian (n = 66, 47%) and psychologist (n = 23, 16%), with the highest proportion
working in hospitals (n = 39, 28%) and private practice (n = 39, 28%), and working with population
groups of adults 25–65 years (n = 109, 77%) and young adults 18–24 years (n = 52, 37%). Sixty-three
percent of health professional participants (n = 90) reported that they provide advice to clients for
disordered eating, while 70% (n = 100) provide advice to clients for overweight/obesity.

Table 1. Demographic characteristics of health professionals participating in a survey on addictive
eating (n = 175).

Demographic Characteristic n %

Age (years) Mean ± SD 38.1 ± 12.5

Gender
Female 150 85.7
Male 22 12.6
Other 3 1.7

Country of residence
Australia 113 64.6

U.K. 28 16.0
USA 23 13.1
Other 11 6.3
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Table 1. Cont.

Demographic Characteristic n %

Highest qualification completed
School certificate/Higher school certificate 21 12.0

Trade or diploma 2 1.1
Undergraduate university degree 50 28.6
Postgraduate university degree 71 40.6

Higher research degree 31 17.7

Occupation
Dietitian 66 37.7

Tertiary health or medical student a 33 18.9
Psychologist 23 13.1

Other health practitioner 18 10.3
Health researcher 12 6.9

Tertiary academic/teacher 6 3.4
Medical specialist/registrar 4 1.7

General practitioner 3 1.7
Counsellor 3 1.7
Pharmacist 3 1.7

Psychotherapist 2 1.1
Social worker 2 1.1

Primary work situation b

Hospital 39 27.5
Private practice 39 27.5

Research and teaching 29 20.4
Community/population/public health program 19 13.4

Primary care 7 4.9
Food service 1 0.7

Other 8 5.6

Population group worked with b,c

Infants < 2 years 13 9.2
Children 2–12 years 20 14.1

Adolescents 13–17 years 39 23.2
Young adults 18–24 years 52 36.6

Adults 25–65 years 109 76.8
Adults > 65 years 41 28.9

Not applicable 4 2.8
a Of the tertiary health and medical students, n = 29 (88%) were studying a degree in Nutrition and Dietetics.
b Responses are for health professionals only (n = 142). c Multiple response question i.e., percentages add to >100.

3.2. Description of Quantitative Results

3.2.1. Opinions and Clinical Experience of Addictive Eating

The majority of participants (n = 126, 72%) reported that they have been asked by individuals
about addictive eating (Table 2). Sixty percent of participants (n = 105) indicated that they think
addictive eating exists. The proportion of the sample who reported being interested/very interested in
addictive eating being a diagnostic term was 48% (n = 83).
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Table 2. Opinions and clinical experience of addictive eating among health professionals participating
in a survey on addictive eating (n = 175).

Survey Item n %

Have you experienced individuals asking or speaking about addictive eating?
Yes 126 72.0

Maybe 14 8.0
No 35 20.0

In your opinion, do you feel that people can develop compulsive patterns of eating that resemble an addictive
disorder?

Yes 120 68.6
Maybe 33 18.9

No 22 12.6

In your opinion, does addictive eating exist?
Yes 105 60.0

Maybe 33 18.9
No 37 21.1

In your opinion, do you feel that there are population groups who may be more vulnerable to addictive eating? a

Yes 75 54.3
Unsure 18 13.0

No 45 32.6

Estimated percentage of clients to benefit from a specific treatment of addictive eating (Mean SD) b
40.9
±

27.9

How interested would you be in addictive eating being a diagnostic term?
Very interested 43 24.6

Interested 40 22.9
Somewhat interested 29 16.6
Not very interested 23 13.1
Not at all interested 40 22.9

How interested would you be if there was a referral pathway for the treatment/management of addictive eating?
Very interested 72 41.1

Interested 41 23.4
Somewhat interested 20 11.4
Not very interested 6 3.4
Not at all interested 36 20.6

Who do you think would be best placed to identify people with behaviours suggestive of addictive eating? c

Dietitians/nutritionists 99 56.6
Psychologists 93 53.1
Psychiatrists 51 29.1
Counsellor 49 28.0

General practitioner 48 27.4
Medical specialists 30 17.1

All of the above 75 42.9
Other 30 17.1

Who do you think is best placed to provide treatment for people with addictive eating? c

Psychologists 114 65.1
Dietitians/nutritionists 107 61.1

Psychiatrists 52 29.7
Counsellor 49 28.0

General practitioner 16 9.1
Medical specialists 17 9.7

All of the above 34 19.4
Other 29 16.6

Are there any services you would be more likely to refer to or suggest to clients/individuals with addictive eating? c

Psychologist 124 70.9
Counselling 77 44.0

Addiction specialist 75 42.9
General practitioner 19 10.9

Pharmacological 8 4.6
All of the above 96 54.9

Other 14 8.0
None 34 19.4
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Table 2. Cont.

Survey Item n %

Are there any services you would be less likely to refer to or suggest to clients/individuals with addictive eating? c

Pharmacological 86 49.1
General practitioner 76 43.4
Addiction specialist 33 18.9

Counselling 6 3.4
Psychologist 2 1.1

All of the above 7 4.0
Other 3 1.7
None 46 26.3

Are there any particular sub-groups of overweight and obese people you feel would benefit more from a diagnosis
of addictive eating? c

Individuals with binge eating disorder 80 45.7
Overeaters 79 45.1

Individuals with a mental health condition 60 34.3
Individuals with other mental illnesses 44 25.1
Individuals with substance disorders 36 20.6

Individuals with low motivation to engage with treatment 30 17.1
Children 14 8.0

Other 17 9.7
No 58 33.1

a n = 138 responses (i.e., those that believe addictive eating exists). b n = 80 responses from health professionals
(i.e., those that believe addictive eating exists and provide treatment for overweight/obesity and/or disordered
eating). c Multiple response questions, i.e., percentages add to >100.

3.2.2. Opinions on Control, Responsibility, and Stigma Relating to Addictive Eating

The largest proportion of participants reported that they think individuals with addictive eating
have “a little” control over their eating habits (n = 89, 51%) and weight (n = 77, 44%) (Table 3). However,
the majority reported that individuals with addictive eating are very/moderately responsible for
gaining control over their eating and weight (n = 118, 67%). Half of the participants reported that they
think food addiction is a stigmatising term for individuals (n = 88). Participants’ preferences regarding
the terminology used to describe addictive eating/food addiction were varied. From the proposed list
of terms, the largest proportion of participants selected compulsive overeating (n = 41, 23%), followed
by addictive eating (n = 34, 19%), and other (n = 29, 17%). Of those that selected other, some indicated
that eating disorder terminology should be used, some indicated that more than one term is needed as
the most appropriate term may differ for different clients/individuals, while other suggested terms
included disordered eating, eating addiction, highly processed food addiction, refined food addiction,
and restriction–rebound overeating.

Table 3. Opinions on control, responsibility, and stigma relating to addictive eating among health
professionals participating in a survey on addictive eating (n = 175).

Survey Item n %

In your opinion, how much control does someone with addictive eating have over their eating habits?
A great deal 5 2.9

A lot 9 5.1
A moderate amount 60 34.3

A little 89 50.9
None at all 12 6.9

In your opinion, how much control does someone with addictive eating have over their weight?
A great deal 2 1.1

A lot 2 1.1
A moderate amount 44 25.1

A little 77 44.0
None at all 50 28.6
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Table 3. Cont.

Survey Item n %

In your opinion, how much responsibility does someone with addictive eating have to gain control over their eating
and weight?

100% responsible 12 6.9
Very responsible 51 29.1

Moderately responsible 67 38.3
Not very responsible 20 11.4

Not responsible 25 14.3

Do you think that the term “food addiction” is stigmatising for individuals?
Yes 88 50.3

Unsure 52 29.7
No 35 20.0

How well do you think the term food addiction relates to the experiences of people with weight issues?
Extremely/very well 59 33.7

Neutral 35 20.0
Not well 81 46.3

Select which term you feel is most appropriate to describe food addiction/addictive eating?
Compulsive overeating 41 23.4

Addictive eating 34 19.4
Compulsive overeating disorder 27 15.4

Food addiction 23 13.1
None, no term needed 21 12.0

Other 29 16.6

3.2.3. Knowledge of Addictive Eating and Opinions on Professional Development Training

The majority of participants rated their knowledge of addictive eating as average or poor
(n = 106, 61%) (Table 4). The most common source of information that participants used to inform
their understanding of addictive eating was colleagues (n = 123, 70%), followed by the scientific
literature (n = 116, 66%). Sixty percent of participants (n = 105) reported that they were interested/very
interested in receiving training on addictive eating delivered via technologies such as the internet
and/or smartphones. When participants were asked who should be trained in addictive eating, the most
common responses were dietitians (n = 87, 50%) and psychologists (n = 82, 47%). In terms of the types
of professional development training that is needed, most commonly, participants indicated training
in evidence-based treatment (n = 142, 81%), followed by understanding medical and non-medical
treatments (n = 134, 77%) and assessment and diagnosis (n = 134, 77%).

Table 4. Knowledge of addictive eating and opinions on professional development training among
health professionals participating in a survey on addictive eating (n = 175).

Survey Item n %

How confident do you feel in your knowledge on the latest evidence relating to addictive eating (i.e., assessment
methodologies/treatment)?

Extremely confident 26 14.9
Very confident 26 14.9

Neutral 41 23.4
Somewhat confident 34 19.4
Not at all confident 48 27.4

How would you rate your current knowledge about addictive eating?
Excellent 30 17.1

Good 36 20.6
Average 57 32.6

Poor 49 28.0
Terrible 3 1.7
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Table 4. Cont.

Survey Item n %

What sources of information have informed your understanding of addictive eating? a

Colleagues 123 70.3
Scientific literature 116 66.3

Education 102 58.3
Conferences 68 38.9
Social media 36 20.6

Other reading 27 15.4
Traditional media 21 12.0

Have not heard of addictive eating 7 4.0

If training for addictive eating were available, how interested would you be in participating in training
delivered using technologies such as the internet and/or smartphones?

Very interested 75 42.9
Interested 30 17.1

Somewhat interested 24 13.7
Not very interested 10 5.7
Not at all interested 36 20.6

In your opinion, who should be trained in addictive eating assessment and treatment? a

Dietitians 87 49.7
Psychologists 82 46.9
Psychiatrists 55 31.4

General practitioners 52 29.7
Undergraduate students 38 21.7

Medical specialists 33 18.9
Practice nurses 25 14.3
All of the above 73 41.7

Other 38 21.7

If food addiction/addictive eating became a diagnostic term, what kinds of professional development training do
you think would be needed (for yourself/other professions)? a

Evidence-based treatment 142 81.1
Understanding treatment (medical and non-medical) 134 76.6

Assessment/diagnosis 134 76.6
Treatment approaches focusing on other behaviours as well as food, e.g., sleep, physical activity 129 73.7

Understanding addiction terminology 123 70.3
Neuroscience behind addictive eating 119 68.0

How to minimise stigma 114 65.1
Foods to avoid 59 33.7

Other 36 20.6

What would be your preferred method of delivery for professional development training? b

Face to face 81 46.3
Online, self-paced 77 44.0

Professional development 65 37.1
Structured short course 63 36.0

Delivered by a credential source 51 29.1
Other 13 7.4

Do you think online training/management/treatment delivered by health professionals would be of interest to
clients/individuals?

Yes/Maybe 157 89.7
No 18 10.3

Do you think online training would be of interest to your co-workers/colleagues/peers?
Yes/Maybe 154 88.0

No 21 12.0
a Multiple response questions i.e., percentages add to >100. b Reported as the n(%) who ranked responses as 1 or 2.

3.2.4. Description of Qualitative Results

Thematic analysis results are presented in Table 5. Sixty-three percent (n = 111) of the participants
responded to the question “What are some strengths/benefits to using the addictive eating approach
to explain eating and weight to clients/individuals?” Five themes were identified, including from
most to least frequent: (1) provides an explanation/assists understanding; (2) relieves guilt/stigma;
(3) provides acknowledgement/validation; (4) provides a framework/pathway for future treatment;
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and (5) encourages hope for overcoming addictive eating. Fifty-nine percent (n = 103) of participants
responded to the question “What are some of the downsides/weaknesses to using the addictive
eating approach to explain eating and weight to clients/individuals?” Six themes were identified,
including from most to least frequent: (1) reason/barrier not to change; (2) negative response
from clients/individuals; (3) stigma; (4) lack of evidence/recognition; (5) implications for treatment;
and (6) clinician training/time.

Table 5. Qualitative findings among health professionals participating in a survey on addictive eating
(n = 175).

Question: What are some strengths/benefits to using the addictive eating approach to explain eating and weight to
clients/individuals?

Themes and quotes

(1) Provides an explanation/assists understanding
“Help clients realise the link between behaviours, thoughts, and food . . . ”

“Help people understand the role of psychology in food choice”

(2) Relieves guilt/stigma
“May help to reduce stigma and some of the extreme negative thoughts people have in relation to

their eating.”
“Clients may feel less guilty about weight/weight gain.”

(3) Provides acknowledgement/validation
“Legitimises their problem”

“‘Giving it a name’ may help people externalise and tackle the issue better.”

(4) Provides a framework/pathway for future treatment
“Current knowledge about addiction medicine would provide potential avenues for treatment.”

(5) Encourages hope for overcoming addictive eating
“When they [clients] feel understanding and empowered it is easier to facilitate health promoting

changes and more effective strategies.”

Question: What are some of the downsides/weaknesses to using the addictive eating approach to explain eating and
weight to clients/individuals?

Themes and quotes

(1) Reason/barrier not to change
“Some people may like another label as a reason not to try to change.”

“Dissolves some responsibility for lifestyle decisions that are outside of addictive behaviours.”

(2) Negative response from clients/individuals
“[It] may induce a sense of helplessness.”

“Some people may get offended when using the word addictive, may bring up deep rooted
emotional issues associated with why they overeat.”

(3) Stigma
“It can become a stigmatised label of being an ‘addict’, which may impact on their recovery journey.”

(4) Lack of evidence/recognition
“I do not see this [food addiction] at the moment as true addiction.”

“The fact that scientific literature and other health care professionals don’t support this.”

(5) Implications for treatment
“The abstinence model may have the potential to increase binge eating if it is too restrictive

regarding food rules.”
“Limited psychological support to help manage the condition”

(6) Clinician training/time
“Clinicians need to be trained to identify and safely address addictive eating . . . Identifying the

eating behaviour without appropriate treatment may be detrimental.”

Questions were only asked of those participants who responded yes or maybe to the question, “do you believe
addictive eating exists?”

4. Discussion

This study aimed to explore the opinions and understanding of addictive eating in an international
sample of practising health professionals and health professionals in training. The needs and preferences
for professional development training in addictive eating were also explored. The majority of the survey
sample reported that they support that addictive eating exists, have experienced individuals/patients
asking about addictive eating, and expressed interest in receiving training about addictive eating.
Overall, the study findings provide important insight into the perspective of currently practicing health
professionals and health professionals in training (i.e., future health professionals) on addictive eating.
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This adds to and provides a point of comparison for the larger evidence base of opinions among the
general population.

Sixty percent of the health professionals and health professionals in training surveyed supported
that addictive eating exists, while a higher proportion (69%) expressed the view that people can
develop compulsive patterns of eating resembling an addictive disorder. These results are substantially
lower than in community samples such as the survey by Lee et al. where 86% of adults believed that
certain foods may be addictive [6]. Results show that over 70% of health professionals reported that
individuals had enquired about addictive eating. Moreover, participants expressed interest in addictive
eating being officially recognised as a formal diagnosis and in the use of a specific referral pathway.
However, self-rating of knowledge of addictive eating was rated below average in the majority of
participants and confidence in knowledge of the evidence base was low. Thus, it is potentially not
surprising that our data revealed a definite interest for training and education in this specific topic.
Two-thirds of health professionals were interested or very interested in receiving addictive eating
training, with almost half reporting that they would prefer training to be online and self-paced and
almost half preferring face-to-face training. The most common types of professional development
training that were reportedly needed included training in evidence-based treatment, understanding
medical and non-medical treatments, and training in assessment and diagnosis. Participants identified
dietitians and psychologists as the two major professions who should receive training, followed by
psychiatrists and general practitioners, while the majority reported that training in addictive eating
would also be useful for individuals or clients. This is not surprising given the pertinent roles that
these health professionals have in other recognised forms of disordered eating. These findings indicate
that this is a significant issue faced by clients and health professionals.

Overall, there was a mixed response in terms of the preferred terminology to be used to describe
this compulsive form of eating. Compulsive overeating was the most preferred term, indicated by
23% of participants, followed by addictive eating (19%). However, a large proportion of participants
indicated other responses including that more than one term may be needed as the most appropriate
term may differ between clients/individuals. This difference may suggest that a multidimensional or
domain-based approach is needed rather than a categorical diagnosis. This also shows that reaching
a consensus on a common term may not be achievable. Despite there being a lack of consensus in
existing research over the preferred terminology [16,17], the term “food addiction” was the least
preferred. This illustrates the recognition amongst those surveyed of the highly stigmatising nature of
this descriptor. Indeed, the majority of participants expressed a belief that the term food addiction
is stigmatising, which supports consumer research [18]. Many existing research reports discuss the
terminology, and it may be time to move beyond the terminology to focus on greater understanding
and possible management options, given that many health professionals in the current study have
patients seeking help for this behaviour. The qualitative findings from the current study also provide
further insight into the discussion of stigma, as this was a recurrent theme when health professionals
were asked to explain the benefits and downsides of using the addictive eating approach to explain
eating and weight to individuals. Views were divided, in that, some health professionals commented
that it may reduce stigma, while others explained that it may introduce the stigma that is associated
with addictions and other mental health conditions in general. This may be linked with the number
of views expressed about the terminology. Further exploration of the views of health professionals
regarding addictive eating and stigma is warranted [19].

The survey identified mixed opinions regarding the relationship between addictive eating
behaviours and weight. Over two-thirds of the participants reported that individuals with addictive
eating have little to no control over their eating habits and weight. This highlights acceptance of the
lack of control experienced by those with addictive eating; yet, approximately half of the participants
reported that addictive eating does not relate well to the experiences of people with weight issues. These
findings could relate to the fact that individuals may not have been directed to the appropriate services
for the management of their addictive eating, i.e., the lack of control relates to numerous unsuccessful
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attempts at treatment/management by the individual with addictive eating. Comparatively, the study
by Lee et al. found that among the community sample of >600 adults, almost three-quarters supported
that addictive eating causes obesity, while views were divided close to 50:50 in terms of individuals
having control over their weight and eating [6]. These are important findings, as the way that health
professionals view these factors would have implications for the treatment that they may provide or
refer individuals on to. Further, if these views differ from those of the general population and/or their
patients, this may also influence the efficacy of treatment. There has been increasing research of the
overlap of disordered eating and obesity [20]. Given that addictive eating often overlaps with binge
eating and presents with obesity, this offers an interesting opportunity for further exploration.

The major strength of this study is that it is the first to explore opinions on addictive eating in a
sample of health professionals and health professionals in training. Further, a moderate sample size
was obtained, which is a strength given the challenges of engaging health professionals in research
(e.g., due to busy workloads). The sample was an international sample with health professionals from
a range of backgrounds, which is a strength for this exploratory study as it provides a broad range
of perspectives; however, the fact that different countries have different professional standards and
structures is also a potential limitation. In terms of limitations, health professionals who have an interest
in or have been asked about addictive eating may have been motivated to participate in the current
study, while a large proportion were dietitians or psychologists. Therefore, the representativeness of
the sample is a limitation, and the views presented may not represent the generalised community of
health professionals and students. Further, females were over-represented in the study population.
However, this can be explained by the higher percentage of women among the health professions
surveyed [21] and by the fact that females are more likely to participate in online survey studies than
males [22]. The use of convenience sampling is also a limitation in terms of the representativeness of
the sample, for example, this likely contributed to the high percentage of dietitians and participants
residing in Australia. The survey included a large number and scope of questions as it is the first
to explore this topic among health professionals and the intention was to obtain a broad overview
of opinions. However, this may have contributed to some participants not completing the survey.
Additionally, the survey is based on self-report and, while some qualitative data were collected, the
survey included primarily quantitative questions, which may limit the scope of opinions. Many of
the participants surveyed also rated their knowledge of addictive eating as below average and their
confidence in their knowledge of the latest evidence as low, which could be a limitation to their views
on the topic.

The implications of the study findings for research and practice include that practitioners are
being asked about addictive eating and there is a need for practitioners to understand addictive eating
and the related comorbidities with weight and other mental health conditions such as depression. This
would ensure that individuals are provided or directed to the most appropriate service rather than just
standard dietary, weight management or psychology advice. One avenue for this could be achieved
through professional development training. The focus of professional development training will need
to consider the needs of different health professions based on their role in the referral or treatment
pathway, for example, focusing on awareness of addictive eating and appropriate services to refer
individuals to, compared with evidence-based treatment approaches for those delivering/managing
treatment. Despite the lack of consistent terminology, addictive eating may be a means of people
seeking help for a mental illness evidenced through having an unhealthy relationship with food.
Therefore, there is a need for greater understanding of addictive eating behaviour and possible
management options regardless of the terminology that is used to describe it. Future studies should
aim to include a varied representation of health professions who may have a role in the care of
individuals presenting with addictive eating. For example, GPs who may be the first point of contact
for individuals and psychologists, dietitians, or other health professionals who may provide ongoing
treatment. As addictive eating is an emerging field of research, health professionals’ views on the topic
may change over time, and research into this should be updated accordingly.
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5. Conclusions

Overall, this survey of an international sample of practising health professionals and health
professionals in training identified support for the concept of addictive eating and interest in professional
development training. Additional exploration of health professionals’ views on addictive eating is
warranted, as this information is critical to advancing the field of addictive eating and informing best
practice for assessment and treatment.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/9/2860/s1,
File S1: Health professionals’ and health professional trainees’ views on addictive eating behaviours: A cross
sectional survey - Additional results, Table S1: Opinions on weight gain, and treatment of individuals with
disordered eating or overweight/obesity among health professionals participating in a survey on addictive eating
(n = 175), Table S2: Responses of participants in a survey on addictive eating, by health professionals and health
professionals in training (n = 175).

Author Contributions: Conceptualisation, T.B., A.V.-G., A.C., R.M.B., Z.B.A., C.V.D., C.A.H., N.L., and P.S.;
methodology, T.B., A.V.-G., A.C., R.M.B., Z.B.A., C.V.D., C.A.H., N.L., P.S., and M.W.; data curation, M.W. and T.B.;
formal analysis, M.W. and T.B.; writing—original draft preparation, M.W. and T.B.; writing—review and editing,
T.B., A.V.-G., A.C., R.M.B., Z.B.A., C.V.D., C.A.H., N.L., P.S., and M.W. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding. T.B. and P.S. are supported by Investigator Grant’s from the
National Health and Medical Research Council (NHMRC). A.C. is supported by an NHMRC Career Development
Fellowship (ID: APP1123311). R.M.B. is supported by an Australian Research Council (ARC) Discovery Early
Career Researcher Award (DECRA) Fellowship (DE190101244). A.V.G. is supported by a Medical Research Future
Fund Next Generation of Clinical Researchers Fellowship (MRF1141214).

Conflicts of Interest: The authors declare no conflict of interest for this research. C.A.H. has received research
funding from the American Beverage Association and speaker fees from the International Sweeteners Association
for work outside of the submitted manuscript.

References

1. Gearhardt, A.N.; Corbin, W.R.; Brownell, K.D. Food Addiction: An Examination of the Diagnostic Criteria
for Dependence. J. Addict. Med. 2009, 3, 1–7. [CrossRef]

2. Davis, C. From passive overeating to “food addiction”: A spectrum of compulsion and severity. ISRN Obes.
2013, 2013, 435027. [CrossRef]

3. Fletcher, P.C.; Kenny, P.J. Food addiction: A valid concept? Neuropsychopharmacology 2018, 43, 2506–2513.
[CrossRef] [PubMed]

4. Pursey, K.M.; Stanwell, P.; Gearhardt, A.N.; Collins, C.E.; Burrows, T.L. The prevalence of food addiction as
assessed by the Yale Food Addiction Scale: A systematic review. Nutrients 2014, 6, 4552–4590. [CrossRef]
[PubMed]

5. Ruddock, H.K.; Hardman, C.A. Food Addiction Beliefs Amongst the Lay Public: What Are the Consequences
for Eating Behaviour? Curr. Addict. Rep. 2017, 4, 110–115. [CrossRef] [PubMed]

6. Lee, N.M.; Lucke, J.; Hall, W.D.; Meurk, C.; Boyle, F.M.; Carter, A. Public Views on Food Addiction and
Obesity: Implications for Policy and Treatment. PLoS ONE 2013, 8, e74836. [CrossRef]

7. Li, J.T.E.; Pursey, K.M.; Duncan, M.J.; Burrows, T. Addictive Eating and Its Relation to Physical Activity and
Sleep Behavior. Nutrients 2018, 10, 1428. [CrossRef]

8. Pursey, K.M.; Collins, C.E.; Stanwell, P.; Burrows, T.L. Foods and dietary profiles associated with ‘food
addiction’ in young adults. Addict. Behav. Rep. 2015, 2, 41–48. [CrossRef]

9. Pedram, P.; Wadden, D.; Amini, P.; Gulliver, W.; Randell, E.; Cahill, F.; Vasdev, S.; Goodridge, A.; Carter, J.C.;
Zhai, G.; et al. Food Addiction: Its Prevalence and Significant Association with Obesity in the General
Population. PLoS ONE 2013, 8, e74832. [CrossRef]

10. Burrows, T.; Skinner, J.; McKenna, R.; Rollo, M. Food Addiction, Binge Eating Disorder, and Obesity: Is
There a Relationship? Behav. Sci. 2017, 7, 54. [CrossRef]

11. Wiss, D.A.; Brewerton, T.D. Incorporating food addiction into disordered eating: The disordered eating food
addiction nutrition guide (DEFANG). Eat. Weight Disord. EWD 2017, 22, 49–59. [CrossRef] [PubMed]

12. Cassin, S.E.; Sijercic, I.; Montemarano, V. Psychosocial Interventions for Food Addiction: A Systematic
Review. Curr. Addict. Rep. 2020. [CrossRef]

28



Nutrients 2020, 12, 2860

13. McKenna, R.A.; Rollo, M.E.; Skinner, J.A.; Burrows, T.L. Food Addiction Support: Website Content Analysis.
JMIR Cardio 2018, 2, e10. [CrossRef] [PubMed]

14. Vandenbroucke, J.P.; von Elm, E.; Altman, D.G.; Gotzsche, P.C.; Mulrow, C.D.; Pocock, S.J.; Poole, C.;
Schlesselman, J.J.; Egger, M. Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE): Explanation and elaboration. Epidemiology 2007, 18, 805–835. [CrossRef]

15. Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77–101. [CrossRef]
16. Hebebrand, J.; Albayrak, Ö.; Adan, R.; Antel, J.; Diéguez, C.; De Jong, J.; Leng, G.; Menzies, J.; Mercer, J.G.;

Murphy, M.; et al. “Eating addiction”, rather than “food addiction”, better captures addictive-like eating
behavior. Neurosci. Biobehav. Rev. 2014, 47, 295–306. [CrossRef]

17. Ruddock, H.K.; Christiansen, P.; Halford, J.C.G.; Hardman, C.A. The development and validation of the
Addiction-like Eating Behaviour Scale. Int. J. Obes. 2017, 41, 1710–1717. [CrossRef]

18. DePierre, J.A.; Puhl, R.M.; Luedicke, J. Public perceptions of food addiction: A comparison with alcohol and
tobacco. J. Subst. Use 2014, 19, 1–6. [CrossRef]

19. Cassin, S.E.; Buchman, D.Z.; Leung, S.E.; Kantarovich, K.; Hawa, A.; Carter, A.; Sockalingam, S. Ethical,
Stigma, and Policy Implications of Food Addiction: A Scoping Review. Nutrients 2019, 11, 710. [CrossRef]

20. da Luz, F.Q.; Hay, P.; Touyz, S.; Sainsbury, A. Obesity with Comorbid Eating Disorders: Associated Health
Risks and Treatment Approaches. Nutrients 2018, 10, 829. [CrossRef]

21. Australian Institute of Health & Welfare. Health Workforce Snapshot. Available online: https://www.aihw.
gov.au/reports/australias-health/health-workforce (accessed on 25 August 2020).

22. Cull, W.L.; O’Connor, K.G.; Sharp, S.; Tang, S.-F.S. Response rates and response bias for 50 surveys of
pediatricians. Health Serv. Res. 2005, 40, 213–226. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

29





nutrients

Review

Separating the Signal from the Noise: How
Psychiatric Diagnoses Can Help Discern Food
Addiction from Dietary Restraint

David Wiss 1,* and Timothy Brewerton 2

1 Department of Community Health Sciences, Fielding School of Public Health,
University of California Los Angeles, Los Angeles, CA 90025, USA

2 Department of Psychiatry and Behavioral Sciences, Medical University of South Carolina,
Charleston, SC 29425, USA; drtimothybrewerton@gmail.com

* Correspondence: dwiss@ucla.edu; Tel.: +310-403-1874

Received: 30 August 2020; Accepted: 23 September 2020; Published: 25 September 2020

Abstract: Converging evidence from both animal and human studies have implicated hedonic eating
as a driver of both binge eating and obesity. The construct of food addiction has been used to capture
pathological eating across clinical and non-clinical populations. There is an ongoing debate regarding
the value of a food addiction “diagnosis” among those with eating disorders such as anorexia nervosa
binge/purge-type, bulimia nervosa, and binge eating disorder. Much of the food addiction research in
eating disorder populations has failed to account for dietary restraint, which can increase addiction-like
eating behaviors and may even lead to false positives. Some have argued that the concept of food
addiction does more harm than good by encouraging restrictive approaches to eating. Others have
shown that a better understanding of the food addiction model can reduce stigma associated with
obesity. What is lacking in the literature is a description of a more comprehensive approach to the
assessment of food addiction. This should include consideration of dietary restraint, and the presence
of symptoms of other psychiatric disorders (substance use, posttraumatic stress, depressive, anxiety,
attention deficit hyperactivity) to guide treatments including nutrition interventions. The purpose of
this review is to help clinicians identify the symptoms of food addiction (true positives, or “the signal”)
from the more classic eating pathology (true negatives, or “restraint”) that can potentially elevate food
addiction scores (false positives, or “the noise”). Three clinical vignettes are presented, designed to aid
with the assessment process, case conceptualization, and treatment strategies. The review summarizes
logical steps that clinicians can take to contextualize elevated food addiction scores, even when the
use of validated research instruments is not practical.

Keywords: food addiction; eating disorder; dietary restraint; substance use disorder; posttraumatic
stress disorder; trauma; adverse childhood experience; early life adversity; psychiatric comorbidity;
clinical vignette

1. Background

The Yale Food Addiction Scale (YFAS) was created in 2009 to match criteria for Substance Abuse
in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) and has been validated as a
tool for identifying eating patterns which resemble alcohol and drug addictions [1]. The YFAS 2.0
(released 2016) reflects updated criteria in the DSM-5 [2]. Prevalence estimates of food addiction (FA)
in a nationally representative US sample are approximately 15%, with higher rates in those who are
obese [3]. A meta-analysis of 51 studies suggests the mean prevalence of FA worldwide is 16.2% [4].
Unlike obesity, rates of FA in the US are elevated among individuals with higher incomes [3]. In other
studies of patients with obesity seeking weight loss, prevalence estimates range from 6.7–16.5% [5,6]
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which closely mirror national prevalence rates for alcohol and substance use disorders (SUDs) [7].
Estimates are lower in adolescents [8], suggesting that FA develops over time. There has been a
growing interest in early life psychosocial risk factors (e.g., trauma—defined as a deeply distressing or
disturbing experience) in the development of both FA and obesity [9–12]. The current review employs
a biopsychosocial perspective on FA, considering predisposing factors such as early life adversity
which occurs in the first 18 years of life and can become biologically embedded, impacting reward
function and eating behavior over the life course.

There has been considerable debate regarding the utility of an FA “diagnosis” without considering
the contribution of dietary restraint in increasing FA symptoms [13–17]. While FA is not recognized
by the DSM, the term diagnosis is used loosely throughout this manuscript. A common criticism
of the YFAS in clinical applications is that the measure itself does not detect restrained eating
(tendency to restrict food intake for weight control). The Disordered Eating and Food Addiction
Nutrition Guide (DEFANG) attempted to conceptualize a role for FA into the common eating disorder
(ED) paradigm which rejects the concept of food having addictive qualities by favoring an “all foods
fit” (“no bad foods”) approach [18]. However, the DEFANG did not incorporate restrained eating
into the framework, nor did it consider the impact of trauma. The current review aims to help
clinicians consider divergent nutritional strategies in patients with elevated YFAS scores, and to avoid
misconceptions regarding treatment. Importantly, FA does not always necessitate rigid nutrition
interventions. Arguments for and against the FA construct in the context of binge eating have recently
been published [15]. Here, the position that FA can be relevant as a clinical entity is presented, and it is
suggested that the presence of other psychiatric conditions such as ED, SUD, and posttraumatic stress
disorder (PTSD) can be useful in determining if an individual requires targeted nutritional treatment
(e.g., abstinence from specific foods). Alternatively, related psychopathology (e.g., chronic dieting based
on body dissatisfaction) might indicate an opposite approach (e.g., inclusion of the foods persistently
avoided). An understanding of different FA phenotypes may help guide intervention strategies.

1.1. Food Addiction Stigma

Alcohol use disorder (AUD) and SUDs were once viewed as individual choices but scientific
progress and changing social norms have reduced this stigma. A survey study found that FA is more
vulnerable to stigmatization than alcohol and may be perceived as a behavioral rather than substance
addiction [19]. This position has favored the term “eating addiction” which has gained some traction
and stimulated scholarly debate [20,21]. Meanwhile, FA is becoming increasingly accepted by the lay
public, as evidenced by growing numbers of self-perceived food addicts [22,23]. Study participants
express a desire to have their perceived condition formally recognized in order to receive more
appropriate treatment [24]. While some research suggests that the FA label may increase stigmatizing
attitudes [25], other studies show that the FA explanation reduces weight stigma [26,27]. It has also
been suggested that while FA reduces externalized stigma, it may increase internalized stigma [28].
Furthermore, believing that certain food products can be addictive has been associated with support
for policies intended to curb their use [29]. However, it remains unclear how a better understanding of
FA neurobiology can reduce stigma in the context of ED treatment and recovery.

1.2. Food Addiction Controversy

Efforts to clear confusion around the FA construct have focused on semantics. For example,
some authors have proposed the terms “refined food addiction” or “processed food addiction” to better
capture FA as a substance-related disorder [30,31]. This approach targets specific foods which have been
identified as addictive, such as chocolate, ice cream, French fries, pizza, cookies, chips, and cake [32].
More importantly, individuals would identify foods to avoid (“trigger foods”) as part of their personal
recovery program, which has been endorsed by some 12-Step groups (whereas other 12-Step groups
have fixed food plans for all members). These approaches have come under scrutiny because success
rates have not been well documented. Meanwhile, some authors posit that saying abstinence is
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ineffective because people binge when they finally eat sweets is like saying that abstinence from
alcohol is ineffective because those with AUD binge after taking the first drink [31]. Another reason
“abstinence-based” approaches are criticized is because they often place emphasis on weight loss,
which current data suggests is not sustainable over the long term. A study based on a large prospective
cohort from the UK suggests that over a 9-year period, the probability of going from obese to normal
was 1 in 210 for men, and 1 in 124 for women [33]. Understandably, with such small chances of
sustaining weight loss, classic ED treatment has favored targeting dietary restraint rather than weight
loss, or the removal of specific foods.

1.3. Dietary Restraint

In 2003, Fairburn introduced a transdiagnostic theory of EDs proposing that diagnosis is not
relevant to the treatment [34], when binge eating disorder (BED) was in the DSM-IV appendix and not
yet an official diagnosis. A core assumption is that dieting precipitates bingeing; therefore, the pursuit
of weight loss will be counterproductive with most ED presentations. However, among women with
body image concerns (n = 1165), weight suppression correlated with future onset of EDs characterized
by dietary restriction or compensatory weight control behaviors, but not with BED [35]. In one study
of BED outpatients (n = 98), 65% reported an onset of dieting prior to their first binge and 35% reported
that binge eating preceded their first diet [36]. Thus, dieting may not necessarily be a precursor to
all forms of binge eating [37,38]. There is less consensus regarding the pursuit of weight loss in the
presence of FA without an ED. Some advocates for reconceptualizing weight as a social justice issue
believe that no person at all should engage in weight-loss behaviors. Rather, treatment professionals
should target the problem of fat shame in society [39]. Others support the idea that new treatments
are needed to address ED pathology and weight loss concurrently [40]. A recent systematic review
and meta-analysis found that structured and professionally run obesity treatments are associated with
reduced ED prevalence, risk, and symptoms in children [41]. However, because clinicians who work
with patients with EDs often discover that the onset of disordered eating follows the first attempt
to diet, many prefer a “do no harm” approach. Additionally, many professionals who work with
these populations have abandoned weight loss [42] in some cases to avoid being targeted (shamed)
by colleagues.

The current standard ED treatment is associated with high rates of relapse and poor long-term
outcomes [43–45]. It has been suggested that contemporary ED models devote relatively little attention
to biological factors driving binge eating, and that changes in the food environment interacting with
individual vulnerability are key predisposing risk factors [46]. Newly proposed models suggest
that clinicians go beyond a “no dieting” approach for all ED presentations and should incorporate
addiction neuroscience [46,47]. Some authors recommend that researchers and clinicians distinguish
between flexible and rigid restraint [14]. In some cases, restraint is related to a lower body weight,
better weight regulation, and a better diet quality while in others, restraint predicts poor diet,
overeating, and obesity [48]. While short-term deprivation increases cravings for avoided foods,
long-term restriction results in reduction of food cravings that can facilitate extinction of conditioned
responses [16]. Meule states that “the wide-held notion that dieting inevitably leads to food cravings
is strongly oversimplified as the relationship between food restriction and food craving is more
complex” [16]. This paper explores the nuances of different FA phenotypes, which have not been
adequately described.

2. Eating Disorders

2.1. Bulimia Nervosa and Anorexia Nervosa

The highest prevalence rates of YFAS 2.0 diagnoses have been found in individuals with
bulimia nervosa (BN) [49]. The relationship between FA and BMI has been described as non-linear:
FA symptomatology can be higher in some underweight groups, in some cases related to compensatory
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behaviors that maintain lower BMIs [50]. In fact, some studies suggest that when separating anorexia
nervosa restrictive type (AN-R) with the binge–purge type (AN-BP), FA prevalence is the highest in
AN-BP [51]. Compensatory weight control behaviors in individuals with BN and AN-BP likely dampen
the association between FA and BMI [52]. Several key reviews have summarized neurobiological
overlaps with BN and SUDs, including dopamine (DA) D2 receptor-related vulnerabilities, structural
and functional alterations in the frontal cortex, glutamatergic signaling, and the opioid system [53–55].
A recent systematic review of neuroimaging studies on BN and BED found diminished activity in
frontostriatal circuits (associated with self-regulation) [56]. Treatment studies suggest that FA most
likely improves when BN symptoms remit [57]. In an intervention study among women with BN
(n = 66), those with higher FA severity at baseline were less likely to obtain abstinence from binge–purge
episodes following treatment [58]. Taken together, there is preliminary support for the role of FA in the
maintenance of BN via neuroadaptive changes in reward circuits. The challenge is discerning which
came first (or would be considered “primary”) in order to conceptualize an effective nutrition strategy.
Here, it is suggested that consideration of the temporal sequence of disorder onset can be useful in
discerning the truly positive FA “signal” from the falsely positive “noise,” but that no rule can be
applied to all cases.

2.2. Binge Eating Disorder

It has been suggested that subtyping BED based on psychiatric comorbidity may have important
implications for treatment [59]. Researchers question whether the presence of BED vs. FA vs.
BED + FA requires tailored treatment approaches [60]. One study suggested that when diagnostic
subtypes are considered separately, FA is associated with a poor prognosis in the BED group [61].
It is possible that poor BED outcomes stem from the transdiagnostic assumption that BED patients
do not need to emphasize the quality of their food (“it’s not about the food”). Patient interest in
weight loss may increase their risk of dropout from nonspecific ED treatment (not tailored to BED) [62].
Different phenotypes in BED are likely related to their dopaminergic response to highly palatable foods.
For example, some individuals may develop particular eating expectancies in the face of poor emotion
regulation and high anticipatory rewards [63]. The presence of FA may represent a more disturbed
group of BED characterized by greater psychopathology [64]. To illustrate, in one study of 788 adults
enrolled in BED treatment, shape/weight overvaluation differentiated BED severity more strongly
than binge eating frequency [65]. Relatedly, those with heightened body image disturbance are more
likely to engage in dietary restraint [66] which may contribute to bingeing as well as FA symptoms.
Importantly, fear of being stigmatized predicts worsening FA status over time [67]. Stigma leads to
maladaptive eating behaviors, stress, and weight gain [68]. Meanwhile, other findings do not support
prevailing models that posit dietary or cognitive restraint as the predominant risk factor in BED [69].
Taken together, there appears a timely need to identify phenotypes of BED that require different
treatment strategies, specifically those that would aim to reduce addiction-like eating versus those that
would aim to reduce dietary restraint.

3. Substance Use Disorders

Given the neurobiological overlap between SUDs, EDs, and FA, considering an individual’s
relationship to alcohol, drugs, and other substances such as nicotine and caffeine may be helpful in
separating the FA signal from the noise. For example, in a sample of Dutch adolescents (n = 2653),
symptoms of FA were positively associated with alcohol use, cannabis use, smoking, and sugar
intake [8]. Men with heroin use disorder (n = 100) had triple the odds of meeting criteria for BED
or FA compared to controls [70]. Not surprisingly, FA diagnosis was associated with more severe
craving. In a community-based sample of women (n = 3756), those with lifetime AUD or nicotine
dependence were at higher risk for ED symptoms and diagnoses [71]. Based on the concept of reward
dysfunction (reviewed below), it is likely that such ED symptoms represent those that overlap with
FA. A recent systematic review and meta-analysis confirmed a higher prevalence of comorbid SUD
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in binge–purge ED presentations [72]. Among individuals with EDs, the pooled lifetime prevalence
of comorbid SUD was 21.9% [72]. In an Italian sample of SUD patients (n = 575), the prevalence of
FA was 20.2% [73], which is very close to the prevalence of ED estimated in meta-analysis. In a large
longitudinal study from Australia, illicit substance users had significant risk of developing recurrent
binge eating in addition to, or in place of, their substance use; however, the reverse was not found [74].
This suggests that individuals who engage in dysfunctional food-related behaviors prior to using
drugs and alcohol may represent a different phenotype than those who develop addiction-like eating
as a result of their drug use. In a study of women in SUD treatment (n = 297), a third reported starting
drug use (in part) to lose weight and nearly half were concerned that gaining weight could trigger
relapse [75]. In a non-treatment sample of drug-using women (college setting), 15.3% reported drug use
for weight control purposes [76]. Patients with co-occurring SUD and ED are more sensitive to reward,
have more difficulty engaging in goal-directed activity, are more impulsive, and have less access to
emotion regulation skills [77]. The assessment of other addictions may prove helpful in determining
the underpinnings of a high FA score, specifically as they relate to reward dysfunction and impulsivity.
Meanwhile, genome wide association studies have found limited support for shared underpinnings
for FA and SUD [78] whereas other lines of research have implicated DA-D2 receptors [79–83].

3.1. Reward Dysfunction

Convergence from neuroscience findings with case reports from the field have made clear that
dysregulation of DA function is important for reward-related processes driving substance-seeking
behavior [84]. Many authors have speculated that the bidirectional association between food and
alcohol/drug dysfunction represents an “addiction transfer” [85] which has been supported by many
studies of bariatric patients [86]. In a large twin study from the Netherlands, genetic factors explained
48% of the variation in high sugar consumption (52% explained by unique environmental factors),
suggesting that neuronal circuits underlying the development of addiction and obesity are related,
possibly due to DA receptor dysfunction that lead to difficulties resisting rewarding stimuli [87].
DA contributes to addiction and obesity through its differentiated role in reinforcement, motivation,
and self-regulation [88]. In addition to deficiencies identified at striatal DA-D2 receptors [89,90],
individuals with obesity and BED have widespread reduction in binding at mu-opioid receptors
(MOR) [91]. The mesolimbic dopaminergic circuit is clearly affected by both highly palatable foods and
diet-induced obesity similar to exposure to drugs of abuse [92]. Recent review articles have discussed
highly processed foods (often high in glycemic index) as impacting neurohormonal and inflammatory
signaling pathways in ways that create a vicious cycle of impulsivity, compulsivity, FA, and EDs [93–95].
The Regulatory Model of Addictive Vulnerability (RMAV) proposes that susceptibility to addictive
disorders is linked to how well an individual’s regulatory system responds to challenges, also referred
to as allostasis [96]. According to these authors, both obesity and drug addiction are examples of
major disorders characterized by dysregulated control systems. To date, this information has not been
integrated into mainstream ED treatment programs, possibly because the translation of these findings
contradicts the popular assumption that “it’s not about the food.” No trials have been conducted
using strategies designed to reduce reward-based eating in patients with EDs; however, there are data
suggesting that medications commonly used in SUD treatment (naltrexone/bupropion) in conjunction
with lifestyle changes can reduce FA severity among those with BED [97]. Prospective research is
needed to determine if reduction of highly palatable foods can improve reward dysfunction in people
with FA.

3.2. Impulsivity

Impulsivity can be separated into attentional (inability to focus attention or concentrate) and
motor (acting without thinking). In a sample of individuals with obesity presenting for bariatric
surgery (n = 193), FA emerged when both attentional and motor impulsivity levels were elevated [98].
Impulsivity has been identified as a key shared mechanism between BED and addictive disorders [99].
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For example, patients with EDs who have problems pursuing tasks to the end and focusing on long-term
goals are more likely to develop addiction-like eating patterns [100]. A recent systematic review
reported that across 45 studies, impulsivity was consistently associated with FA [101]. Given that
FA has been reported as a mediator between impulsivity and obesity [102], it is possible that in
certain susceptible individuals, ED behaviors develop along this trajectory to suppress unwanted
weight. In a recent study of 145 patients with EDs, those with alcohol and drug abuse symptoms
represented a specific phenotype characterized by greater impulsive personality, emotion dysregulation,
and problems with executive functioning [103]. Among male military veterans (n = 106), impulsivity
moderated the relationship between PTSD symptoms and alcohol consumption [104], with relevance
discussed in more detail below. In addition to higher levels of impulsivity, individuals with FA
are more likely to report a family history of addiction [105] which may be consistent with genetic
underpinnings. While addiction research has primarily focused on the mesolimbic dopaminergic
projection, impulsivity has also been linked to the serotonin system. Several genetic studies have
linked polymorphisms at 5HTTLPR (codes for serotonin transporters) to higher levels of impulsivity
among individuals with BN [106,107], with associated aberrations of serotonergic functioning being
exacerbated by early life adversity (ELA) [108–110]. However, meta-analysis has linked the 5HTTLPR
allele strongest to AN [111] and to date no study has linked this polymorphism to FA. Taken together,
assessment of impulsivity in conjunction with assessment of SUD may prove beneficial in separating
the FA signal (true positives) from the noise (false positives), but more research is needed before the
impulsivity construct can be used in predicting the clinical utility of FA.

4. Trauma and PTSD

The Adverse Childhood Experiences (ACE) study from 1998 highlighted 5- to 10-fold increase in
the risk of AUD and SUD following exposure to four or more ACEs in the first 18 years of life [112].
As traumatic stress affects a variety of brain structures and functions, ACEs impact a variety of functions
and behaviors therefore have been determined nonspecific [113]. ACEs captured by the various forms
of the questionnaire are referred to as a form of ELA; however, it is important to acknowledge there are
many other measures used, such as the childhood trauma questionnaire (CTQ) [114,115]. Why is it
that some individuals exposed to childhood trauma have a heightened risk for psychiatric disorder
while others demonstrate resilience over the lifespan? The Theory of Latent Vulnerability suggests
that one’s genotype interacts with an adverse environment to create a neurocognitive phenotype,
characterized by changes in reward processing (DA), threat processing (amygdala), and memory
processing (hippocampus) [116]. One pathway which might in part explain the enduring biological
impact of adversity is inflammation. A longitudinal study of adolescent girls (n = 147) showed
that ELA was associated with greater odds of displaying a proinflammatory phenotype, generating
low-level non-resolving inflammation (higher levels of IL-6 and decreased sensitivity to cortisol) [117].
Meta-analysis has linked childhood trauma to cognitive deficits, with the greatest deficits among those
with a PTSD diagnosis [118]. If any abuse is identified in children or adolescents, it is likely they have
also previously experienced, are currently experiencing, or are at risk for experiencing additional forms
of abuse [119], which highlights the importance of social and environmental factors in a biopsychosocial
model. While it is outside the scope of this review to clearly distinguish between trauma, adversity,
chronic stress, and PTSD, the importance of these events early in life are emphasized as increasing risk
for various addictions. Important for the understanding of trauma is that events be differentiated from
their effects, which varies based on the experience of the individual [120]. Exposures by themselves do
not define PTSD.

4.1. Addictions

Functional magnetic resonance imaging (fMRI) studies have linked ELA to blunted subjective
responses to reward-predicting cues and dysfunction in the left basal ganglia regions implicated
in reward-related learning and motivation [121]. Other neuroimaging studies have indicated an
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increase in dopamine transporter (DAT) density in PTSD, which may reflect a higher DA turnover
among trauma survivors [122]. Both an increase in the number of traumatic events early in life and
an increase in levels of perceived stress were associated with a higher ventral striatal DA response
to amphetamine [123]. This evidence supports the biological embedding hypothesis [124] which
links ELA to addictive behaviors [125]. ELA can be viewed as nonspecific because it predisposes
individuals to a wide range of addictive behaviors. For example, in a sample of healthy young
adults (n = 200), greater lifetime stress exposure was related to increased impulsivity and FA [126],
suggesting that food is a predictable go-to for self-medication [127]. A nationally representative sample
of young adults’ (n = 10,813) exposure to multiple forms of maltreatment predicted excessive sugar
sweetened beverage consumption [128]. Not surprisingly, childhood physical abuse and childhood
sexual abuse both increase risk for FA by approximately 90% [10]. Higher numbers of PTSD symptoms
predict increased prevalence of FA and the strength of this association increased when symptom
onset occurred at an earlier age [11]. In this study (n = 49,408), the PTSD-FA association did not
differ substantially by trauma type, suggesting that all forms of ELA impact reward-related behaviors.
Among overweight/obese women (n = 301), the association between FA and childhood trauma was
significant after controlling for potential confounders such as socioeconomic status [129]. Compared to
women with no addictions, women with FA and with SUD endorsed more depression and PTSD
symptoms and had more difficulties with goal-directed behaviors, acceptance of emotions, and impulse
control [130]. Taken together, exposure to trauma significantly increases risk for FA and therefore
should be considered during comprehensive psychiatric/psychological and nutrition assessments.

4.2. Eating Disorders

All forms of childhood maltreatment are associated with all forms of EDs, although some more
than others [131]. The odds of BED following maltreatment is consistently higher than AN [132],
yet meta-analysis confirms that, when pooled, the risk for BN is the highest [133]. Given the link
between early life trauma and addictive disorders, it is likely that FA is an important pathway on the
trajectory toward binge-type EDs. Meanwhile, there are also associations from ELA to EDs which may
not include FA as a mediator, capturing a different phenotype with different treatment implications
(discussed further below). In one sample of adult patients with EDs from Sweden (n = 853), a quarter
had a lifetime diagnosis of PTSD [134]. Other estimates suggest traumatic events occur in over a
third of adolescents in ED outpatients (n = 182), and the prevalence is highest among those with
BN [135]. A recent review article suggests that the prevalence of comorbid PTSD and EDs ranges from
9% to 24% [136], although estimates are consistently higher when looking specifically at binge-type
EDs [137–141]. Several studies have suggested that adverse events experienced early in life predict
binge eating symptoms in both men and women [142–144]. Evidence consistently shows that ED
symptoms such as anxiety and depression are more severe among those with a PTSD diagnosis [145],
and those with the dissociative subtype are even worse off [146]. Some authors believe that it may be
helpful to modify current ED treatments to better address the overlapping risk among EDs and obesity
among those who have been exposed to trauma [147]. Others posit that any effort to lose weight or
restrict food will only make eating problems worse [66,148,149]. In this paper, our aim is to resolve this
debate by presenting three clinical vignettes that are fictional yet rooted in extensive clinical experience.

5. Other Psychiatric Diagnoses

5.1. Depression

Multiple lines of evidence suggest that individuals with FA have more depressive symptoms than
controls [60,105,130,150–152]. A recent review of studies using YFAS identified depressive symptoms
as a clinically relevant correlate [49]. Meta-analysis suggests that FA is significantly correlated to
depression (r = 0.459) [4]. The directionality of this relationship remains less clear. While it is likely that
depressed individuals may turn to highly palatable foods to alleviate negative affect, several recent
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studies have suggested that a low-quality diet increases depressive symptoms. A cross-sectional study
from the US (n = 16,807) suggests that intakes of total fiber, specifically from fruits and vegetables,
was inversely associated with depressive symptoms [153]. In a French cohort of adults (n = 3523) with
mean follow-up 12.6 years, diets high in anti-inflammatory properties prevented depressive symptoms,
particularly among men, smokers, or physically inactive individuals [154]. In a Spanish cohort of
graduate students initially free of depression (n = 14,907), followed for a median 10.3 years, participants
with the highest consumption of ultra-processed foods had the highest risk of developing depression,
particularly among those with low levels of physical activity [155]. Another large French cohort of
adults followed for a mean of 5.4 years demonstrated a positive association between ultra-processed
food and the risk of incident depression [156].

While there appears to be preliminary support that low-quality diets can lead to depression, there is
also evidence that high-quality diets can mitigate or reverse depressive symptoms. A randomized
controlled trial (RCT) showed that dietary support (nutrition counseling by a dietitian) for 12
weeks can improve symptoms [157]. Systematic review and meta-analysis suggest that the most
compelling evidence for reducing incident depression exists for the Mediterranean diet, known for its
anti-inflammatory properties [158]. Since depressive disorders correlate and cross-associate with EDs,
SUDs, and PTSD [138,159,160] the diagnosis may prove important for informing nutrition treatment.
While the presence of depressive symptoms might not be informative of whether or not an individual
has an actual addiction to food (the signal), it is worth considering the potential role of dietary intake in
contributing to symptoms. For example, for a person engaging excess consumption of highly palatable
foods, it may be worth experimenting with dietary manipulation before psychiatric medication. Further,
if a patient receiving ED treatment with the “all foods fit” philosophy is consistently eating low-fiber
foods (“intuitively”) and has non-resolving depressive symptoms, it may indicate that a more targeted
nutrition strategy is warranted.

5.2. Anxiety

In addition to reducing depressive symptoms, the Mediterranean diet may also be helpful in
reducing the odds of anxiety [161]. However, a recent meta-analysis of RCTs concluded that no effect of
dietary interventions is observed for anxiety [162]. Meanwhile, anxiety disorders show a dose–response
association with worsening diet quality [163]; however, directionality remains unclear. Omega-3 fatty
acids have been investigated for their role in anxiety disorders, but results are inconsistent, and data
are too sparse to draw conclusions [164,165]. The role of gastrointestinal microbiota has also received
attention as a potential mediator linking diet quality to anxiety symptoms [166–169]. Meanwhile,
anxiety has been significantly correlated with FA (r = 0.483) [4] which is not surprising given the strong
associations between anxiety and SUDs [170]. Anxiety is a well-established risk factor for EDs, SUDs,
and PTSD. A recent systematic review suggested that anxiety may mediate the association between
PTSD and SUD [171]; therefore, it is biologically plausible that anxiety is on the pathway from ELA to
FA, though this has not yet been shown. Among treatment-seeking youth (n = 490), social anxiety
predicts binge eating [172]. A rodent model suggests that consumption of a Western diet may lead to
long-lasting damage to fear neurocircuitry, particularly during adolescence [173]. In an Australian
sample of adults (n = 1344), anxiety sensitivity predicted severe FA [174]. The association between FA
and current anxiety disorders has also been reported in bariatric surgery candidates (n = 128) [175].
One study suggested that irrational beliefs may be the source of the anxiety associated with FA [176].
Among adult females with anxiety (n = 51), impulsivity predicted higher intakes of sugar and saturated
fat [177], which is consistent with reports of “comfort food” consumption when under stress [178].
Taken together, the presence of an anxiety diagnosis by itself is not likely to be informative of an
FA phenotype; however, it may prove beneficial to discern between anxiety that is symptomatic of
PTSD/ELA and generalized [145,179] versus other forms of anxiety such as body image disturbance or
dysmorphia (likely indicative of dietary restraint). Either way, FA treatment should include positive
anxiety management and coping skills [46].
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5.3. Attention Deficit Hyperactivity Disorder (ADHD)

ADHD is defined by inattention and/or hyperactivity and is often characterized by impulsivity.
Both ADHD and SUDs are characterized by choice impulsivity [180]. There are recent data to support
the possibility that choice impulsivity in ADHD results from substance misuse [181]. A popular
explanation for the association between ADHD and EDs is that impulsive behavior generates the
disordered eating [182,183]. Both conditions rely on a dopaminergic signaling which makes their
cooccurrence a logical comorbidity [182]. However, the evidence reviewed above suggests that
among those with EDs, impulsivity is also linked to serotonergic genes (i.e., 5HTTLPR). In both sexes,
binge eaters have significantly higher prevalence of ADHD [184]. In a nationally representative sample
of adults in the US (n = 4719), only the association between ADHD and BN remained significant after
confounders were adjusted for [185]. In a sample of patients with obesity (n = 105), adult and childhood
ADHD were significantly associated with self-reported FA and binge eating severity [186]. In a
recent study of 136 patients with EDs, a positive screen for ADHD related to worse eating symptoms
and the presence of high ED levels contributed to treatment dropout [187]. Meanwhile, a large
genome-wide association study suggests that higher BMI increases risk of developing ADHD but not
the other way around [188]; therefore, directionality remains unclear. It is worth noting that stimulant
medications (i.e., amphetamines) often used in the treatment of ADHD can have an impact on appetite,
with suppressing effects while using and rebound appetite when not. In one study of undergraduate
students (n= 705), nearly 12% reported using prescription stimulants to lose weight [189] however these
students were not diagnosed with ADHD. Lisdexamfetamine, which is FDA approved for ADHD as
well as BED, works by enhancing dorsofrontal cortex function [190,191]. Meanwhile, it remains unclear
whether ADHD symptomatology (e.g., impulsivity) or the effect of ADHD medications (including their
discontinuation) drive the potential association with FA. Research is needed to test long-term outcomes
of lisdexamfetamine on BED + FA. It may prove important to consider ADHD when conceptualizing
FA phenotypes in the context of nutrition strategies.

6. Clinical Vignettes

6.1. Phenotype A

Alma is a 23-year-old, single Columbian female who grew up in a troubled household. Her parents
were not married but lived together off and on until she was 10, when her father left. Alma had two
older brothers from a different father. Her mother divorced her first husband when the two boys were
two and four, right before she met Alma’s father, who attempted to parent all three children. However,
Alma’s father struggled with a severe alcohol use disorder and would be absent for days at a time.
Alma’s brothers never accepted him as a parent figure. When Alma’s father was gone completely,
she began to seek attention from boys by playing sports with her brothers. She became athletic and
thrived in volleyball. As a freshman in high school, she joined the volleyball team and made many
friends among the athletic crowd. Alma loved to play sports and cook food, often referring to herself
as a “foodie”, known for baking Columbian desserts for her teammates. She grew close to the assistant
coach of the girls’ volleyball team who had a reputation for drinking with the students after games.
Alma never drank alcohol or did drugs because of what she had seen them do to her father. She swore
she would never smoke a cigarette. One night the male assistant coach offered to take Alma home and
kissed her in the car. Alma felt confused but kept the secret to herself. During the summer after her
freshman year, she agreed to visit his home where she was coerced into sex (statutory rape). Alma kept
it a secret due to shame, but people close to her knew something had changed.

Alma did not return to the volleyball team for her sophomore year. She became promiscuous with
several seniors at her school and some of her brother’s friends. She lost interest in sports completely and
began binge eating on highly processed foods at night to help her sleep. She often skipped breakfast
but never engaged in any compensatory behaviors. Her academic performance began to decline,
and she started drinking coffee, soda, and energy drinks throughout the day. Between her sophomore
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and senior year, Alma gained forty pounds, meanwhile experimenting with a few popular diets that
never stuck for more than two days. When she graduated from high school, she moved in with her
boyfriend who was 30 years old, owning a small shop that sold electronic cigarettes. Alma began
vaping daily. However, she stuck by her commitment to never smoke a cigarette, drink alcohol, or use
drugs. They mostly ate fast food and ordered take-out together, but Alma would frequently bake and
cook. Alma got a job as an office administrator and slowly stopped responding to texts from her mother
and brothers. She never posted any pictures on social media because she did not want people to see
how much weight she had gained. Eventually, she learned that her boyfriend was cheating on her and
moved back in with her mother after he told her that she had to leave. At this point the mother brought
Alma to a psychiatrist for an evaluation, but Alma did not tell the doctor about the rape, in part because
she was amnestic for the memories. The doctor identified complex PTSD and a dissociative disorder,
prescribing sertraline and trazadone. She was referred to an outpatient psychotherapist who began
working with her twice per week, at which point Alma opened up about the sexual abuse. When the
trauma therapy started, the bingeing escalated significantly. At this point, Alma was referred to a
registered dietitian nutritionist (RDN) specializing in mental and behavioral health. Several assessment
tools were administered, including the eating disorder examination questionnaire (EDE-Q) which
indicated an absence of dietary restraint and the YFAS 2.0 where she met criteria for severe food
addiction (BMI = 36.8).

6.2. Phenotype B

Jeffrey is a 27-year-old, single, half-Taiwanese, half-white male who grew up in a wealthy
household as an only child. His father was a cardiologist with mild undiagnosed obsessive compulsive
personality disorder (OCPD) and, before getting married, his mother was a swimsuit model with a
long history of dieting. Both parents ran marathons together and revered the thin ideal, frequently
making negative comments about fat people. Jeffrey’s parents were very adamant about their son
playing sports and at one point hired a running coach for him. Jeffrey spent a lot of time with nannies
and babysitters, including extended periods when his parents vacationed without him. When Jeffrey
was nine, he was sent to a psychiatrist for behavioral problems where he was diagnosed with ADHD
and prescribed dextroamphetamine/amphetamine. Jeffrey was a straight-A student with the help of
the medication and several tutors. Jeffrey also began running with his parents by age 13. His mother
told Jeffrey to only eat carbohydrates before, during, and after a run, and to avoid them at all other
times. Jeffrey completed his first marathon at age 15 and wore the medal at his private high school
the next day, where he was photographed for the cover of the school magazine and website. One of
his mother’s friends provided an opportunity for Jeffrey to model for a large international fashion
company and, at age 17, he was on a billboard in his 6′2” frame with his shirt off. His agent helped
him build a following on Instagram, and Jeffrey began to spend more time exercising to prepare for
photo shoots. The agreement was that Jeffrey could continue to model as long as he went to college
and earned decent grades. He went to a private university as a communications major.

As a freshman in college, Jeffrey was switched from mixed amphetamine salts to a high-dose
lisdexamfetamine and was also prescribed clonazepam for anxiety. Jeffrey never told anyone that
he spent up to an hour each day looking in the mirror, obsessed with the fat on his abdominal area.
During his junior year Jeffrey did a “Freeze the Fat” procedure with the physician who had done
several cosmetic surgeries on his mother. He was very disappointed with the results. As Jeffrey
continued to get modeling jobs, his performance in school began to decline. Jeffrey continued to run
10 miles per day on a treadmill in the gym at his apartment complex. He also did 30 minutes of
abdominal workouts daily and rarely missed a workout. Jeffrey cut out all grains and dairy from his
diet and only got small amounts of carbohydrates from fruits, starchy vegetables, and occasionally
beans. Jeffrey frequently made negative comments about processed food and did not like to eat at
restaurants. Jeffrey had several short-lived relationships with women, but as he became increasingly
concerned about his appearance, he lost interest in dating. Jeffrey sought out an RDN to help him
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lose his stubborn abdominal fat; the dietitian determined that his BMI was 17.2 and contacted the
psychiatrist to discuss potential body dysmorphic disorder. The psychiatrist told Jeffrey that being on
a stimulant was contraindicated at such a low BMI, discontinuing the lisdexamfetamine and starting
him on fluoxetine. At this point Jeffrey starting bingeing on carbohydrates and would “run it off” in his
apartment gym, even if it was late at night. One evening, Jeffrey rolled his ankle and due to the sprain
was told not to run for several weeks. Jeffrey purged for the first time after ordering Chinese food and
eating a whole container of fried rice. He hated the experience of purging but continued to engage that
behavior whenever he ate carbohydrates. He began to order food delivery and would often flush the
food down the toilet because once he retrieved it from the trash. At the request of the psychiatrist,
Jeffrey made another appointment with the RDN and obliged because he was feeling very depressed.
Several assessment tools were administered, including the EDE-Q, which indicated high levels of
dietary restraint, and the YFAS 2.0, where he met criteria for moderate food addiction (BMI = 17.0).

6.3. Phenotype C

Whitney is a 30-year-old, single, white female, and the oldest of three daughters to happily
married parents who had no formal psychiatric diagnoses. Her mother was a professor at a small
university and her father a certified public accountant who became obese in his late 40s. Her two
sisters looked up to Whitney who was quite popular in middle school. Whitney got a lot of attention
from boys but found herself attracted to women. In high school, she had a girlfriend for two years
and the relationship made a lot of people in school uncomfortable. Despite becoming somewhat of an
outcast, Whitney got good grades and was accepted into a local college as a sociology major. She was
passionate about gender studies and started her own blog about sexuality. For a class assignment,
Whitney filled out the ACE measure and scored a zero. Some of her friends began frequenting rave
parties and taking ecstasy; Whitney fell in love with this culture. Whitney attended the Burning Man
festival each year during college and graduated with honors. Whitney’s family was proud of her and
she maintained successful relationships with her parents and siblings. Everyone in the family loved
Whitney’s girlfriend. After college, they opened a business selling handmade jewelry, which was a big
success in the Burning Man crowd. They eventually moved into a condo together and had two dogs
who they took with them on long hikes at nearby trails.

At age 26, Whitney was hit by a drunk driver which killed her partner, witnessing her take her
last breath at the scene. Whitney shattered her femur along with several other minor fractures and was
in the hospital for two weeks, completely devastated by the loss of her lover. Despite having family
by her side constantly and a doctor who gave a positive prognosis of her recovery, Whitney began
to express suicidal ideation. She was on heavy doses of opioid medications and everyone assumed
her mental health would improve after discharging from the hospital. However, upon returning back
to her parents’ house, it was obvious that Whitney had PTSD. She was prescribed oxycodone for
pain management which she quickly became dependent on. The family found a therapist to do Eye
Movement Desensitization and Reprocessing (EMDR), but Whitney would often show up sedated from
the medication and the work was not productive. After several months of both physical and emotional
therapy, the doctor took her off opioids and prescribed gabapentin. However, Whitney was able to
purchase oxycodone on the street and within a matter of months she was buying heroin (which she
smoked rather than injected) because it was much more affordable.

Whitney went into her first treatment center for heroin use disorder at age 29. She was prescribed
gabapentin, buspirone, methocarbamol, venlafaxine, and quetiapine. During this time, she developed
a strong preference for sweets and would eat several bags of candy daily. It was normal for people in
her rehab to smoke cigarettes and drink sugary energy drinks, so she did the same. For the first time in
her life, Whitney began gaining weight and by six months sober had gained 30 pounds. At this time,
she was in a sober living house, which provided restaurant-style catered food. One of her roommates
with severe bulimia nervosa taught Whitney how to induce vomiting to lose unwanted pounds.
Whitney had never struggled with body image issues until she was sober and on several medications.
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She quickly learned that purging was quite soothing and began vomiting daily, yet never tried any
specific diets. Sometimes she would purge “healthy foods” simply because it felt relieving to do so.
When these behaviors were discovered, her sober living required her to attend an ED outpatient clinic
where she was instructed to eat three meals, two snacks, plus dessert every single day. After reaching
her highest weight, Whitney relapsed on heroin and, within two weeks, was back in detox, where she
began bingeing on ice cream, candy, and grilled cheese sandwiches. Whitney was referred to an RDN
specializing in mental and behavioral health. Several assessment tools were administered including
the EDE-Q which indicated moderate dietary restraint and the YFAS 2.0 where she met criteria for
severe food addiction (BMI = 26.4).

7. Discussion

Phenotype A is a clear example of an FA signal (true positive) not blocked by the noise of dietary
restraint (false positive). With an absence of restrictive eating there is little convincing evidence that
the addiction is driven by dieting, a relic of internalized weight bias, or other forms of compensation
often generated by socially constructed forces such as weight stigma. This case illustrates the link
between ELA and FA which is likely mediated by biological mechanisms including altered DA
signaling [121,122,192–194]. FA has been independently associated with exposure to early life sexual
abuse [195]. Alma’s father has AUD, which can be useful in evaluating biological susceptibility to
addictive disorders. Furthermore, Alma was a “foodie” prior to the rape incident, suggesting that
her tendency to seek highly palatable food may have a genetic basis as well as linked to her early
psychosocial environment (and cultural background). The traumatic event did not create the FA but
rather exacerbated her symptoms and severity by creating dependence on food for self-medication.
Her weight gain may have reinforced incentive salience assigned to food stimuli [196]. Alma did not
develop alcohol or drug problems due to important social factors during her upbringing where she
witnessed the devastating impact they had on her father. While many people with high susceptibility
to addictions struggle with multiple substances, Alma did not cross-addict into intoxicating substances;
however, her clinical history indicates evidence of both caffeine and nicotine use disorders. Based on our
clinical experience, we have observed that some (not all) of the most severe FA cases develop addictions
to food with limited cross-addictions. We recommend considering cross-addiction in discerning the
signal from the noise (true versus false positives); however, the absence of cross-addiction does not
always indicate a weaker signal. In fact, in some cases it may be more severe because other addictive
substances fail to compete with the experience of food. As this phenotype exemplifies FA, it suggests
that FA-informed nutritional strategies may be warranted as well as safe (low risk of developing an
ED). We suggest that strategies be assessed individually rather than a “one size fits all” approach.

Phenotype B is an example of how “noise” can muddle the FA signal and produce a false positive.
In this case, dietary restraint is clearly driving the FA symptoms. Jeffrey is a classic example of how
thin ideals can be perpetuated by the family system, become internalized, and eventually become
pathological. Jeffrey’s modeling career appears influenced by his mother’s history of modeling and
related social network. There is no AUD/SUD in the immediate family, which can be helpful information
when assessing potential FA (reward dysfunction). The fact that Jeffrey never struggled with AUD/SUD
is also informative. However, the ADHD diagnosis indicates the potential for higher levels of
impulsivity and the stimulant medications may have appetite dysregulating effects [182,189,197].
When Jeffrey was taken off lisdexamfetamine after clinical concerns about under eating and body
dysmorphic disorder, the loss-of-control eating began. Binge eating was accompanied by compensatory
exercise behaviors, indicating classic ED pathology. The period of time when Jeffrey was depressed and
experiencing heightened conflict around food is likely the source of the increased FA scores. He was
previously successful in restraining himself with food but eventually lost his ability to do so, which is
not uncommon over longer periods of time [34]. This case study exemplifies how an underweight
individual can have elevated YFAS scores; however, the diagnosis of moderate FA is not informative
for treatment. Rather, FA is a product of restrained eating stemming from body dissatisfaction.
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Therefore, intervention strategies should focus on dietary inclusion rather than exclusion, targeting
the underlying psychological and family system issues rather than focus on avoiding specific foods
(e.g., carbohydrates).

Phenotype C is an example of a case that could be interpreted as an FA signal (true positive),
or as a more classic ED presentation (false positive), depending on the training (and bias) of the
practitioner. Whitney had no evidence of ELA, although did experience adversity in high school.
However, she was resilient to this exposure. She did not develop SUD early on despite regularly using
“party drugs” (methylenedioxyamphetamine or MDMA). However, following her serious injury and
PTSD warranting opioid medications, she developed an opioid use disorder, implicating trauma as
an important risk factor. Once becoming sober and being prescribed several medications, her PTSD
symptoms and reward-seeking behavior led to FA and associated distress. Evidence of cross-addiction
can be found with caffeine and nicotine. The ED developed after the FA and weight gain, eventually
contributing to her relapse with heroin. While body dissatisfaction initially drove the ED behaviors,
there was no history of dietary restraint before the SUD. In this case, FA preceded the dietary restraint,
meaning that the signal existed before the noise. It is likely that practitioners who do not endorse the
clinical utility of FA will observe the PTSD–ED connection and ignore the contribution of addiction-like
eating into Whitney’s assessment and treatment plan. The best direction for nutrition treatment is
not clear and could be effective in multiple ways as long as Whitney had “buy-in” with adequate
clinical and social support. Regular inclusion of highly palatable foods appears to be the safest course
in order to prevent further progression of restriction and/or purging. However, it is possible that
this approach can increase risk for SUD relapse if Whitney continues to gain weight and is unable
to accept her body at a higher BMI [75]. Meanwhile, some might argue that FA-informed nutrition
strategies that reduce reward-based eating may increase risk for SUD relapse by depriving the brain
of DA that it has been conditioned to get from comforting foods. This has been widely endorsed
by a “first things first” message from Alcoholics Anonymous, suggesting that sweets and chocolate are
helpful in early recovery [198], but data to support this are lacking. This is another example of how a
nutrition strategy is best assessed on an individual basis. Importantly, the treatment team should be on
the same page since consistent messaging from providers appears critical [47].

The three clinical vignettes bring attention to heterogeneity that is possible given an FA diagnosis
using the YFAS 2.0. All three cases meet criteria for FA (A and C are severe while B is moderate).
However, a comprehensive biopsychosocial assessment identified divergent phenotypes that may
warrant different nutrition interventions. While no trials have been reported using targeted nutrition
interventions for FA, several studies have shown that non-diet approaches such as intuitive eating
can be effective in reducing dietary restraint [199–201]. The present review suggests that it would
be effective to identify FA phenotypes based on the presence of other psychiatric disorders such as
ED, AUD/SUD, PTSD, depression, anxiety, and ADHD as part of a comprehensive biopsychosocial
assessment, and to assign nutrition treatment based on the relative strength of the FA signal amidst the
noise (true versus false positive). Recent studies have identified different phenotypic characterizations
of the FA construct [60,61,202,203]. However, Table 1 suggests a guide for clinicians to consider in
settings where the use of extensive validated instruments is not always practical.
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Table 1. Eight Step Process for Clinicians to Discern Food Addiction from Dietary Restraint in Order to
Inform Inclusive vs. Exclusive Nutrition Strategies.

Step Assessment If Negative If Positive

1

Food Addiction (FA)

• YFAS 2.0 [2] or mYFAS [204]
FA is unlikely to be a relevant
construct

⇒ Step 2

2

Dietary Restraint

• Examine history of dieting
behavior and role of body
image as well as internalized
weight bias

• Can use EDE-Q (long or short)
[205] or EAT-26 [206] or similar
validated tools

FA is likely to be a relevant
construct

• Consider ruling out food
insecurity since it is also a
form of deprivation that may
increase FA symptoms
[207,208]

Consider if the FA preceded the
restraint, or if the restraint created
the FA

• If FA came first, it is likely to
be informative that FA is a
relevant construct

⇒ Step 3, and
⇒ Step 7

3

Substance Use Disorder (SUD)

• Can use clinical diagnosis or
self-report or
validated measure

• Can assess reward dysfunction
by also considering addictions
to caffeine and nicotine

• Can also assess impulsivity
using BIS-11 [209,210] which
may help to better understand
loss-of-control behavior

Absence of other addictions does
not rule out FA. However,
concurrent low levels of
impulsivity may suggest that the
individual is unlikely to have an
actual FA. Will want to also
consider ADHD when assessing
impulsivity

⇒ Step 4, and
⇒ Step 8

FA is likely to be a relevant
construct. It is worth considering
if the FA or SUD came first

• If SUD came first, it may
indicate that inclusive
nutrition strategies are the
most practical

⇒ Step 4

4

PTSD including complex PTSD

• Can use clinical diagnosis or
validated measure such as
PCL-5 [211]

• Qualified professionals are
required to assess the presence
of CPTSD because it can be
difficult for some patients to
“connect the dots” across
multiple life events

If there is an absence of SUD and
PTSD, the presence of dietary
restraint suggests that FA
symptoms are driven by
restriction rather than an actual
FA. An exception would be if it
was clear that FA preceded the
restraint; however, in the absence
of SUD and PTSD, inclusive
nutritional strategies are likely to
be the most practical

⇒ Step 6

FA is likely to be a relevant
construct regardless of whether
there is SUD history. However,
history of SUD likely strengthens
the confidence in the FA signal

⇒ Step 5

5

Early Life Adversity (ELA)

• Can use validated measures
such as ACE [112], CTQ
[114,115], ETI-SR [212]

Suggests an absence of biological
embedding. While later life
traumatic experiences can alter
physiology, an absence of ELA
indicates that inclusive nutritional
strategies may be more plausible.
There may be some cases of ELA
in the absence of PTSD which can
indicate high levels of biological
resilience, also warranting
inclusive nutritional strategies

⇒ Step 6

FA is very likely to be a relevant
construct, and in the presence of
ELA, PTSD, and SUD and no
evidence of dietary restraint as a
predisposing risk factor,
exclusive/restricted nutritional
strategies may be warranted,
assuming there are adequate
resources including social support
and access to nutritious
unprocessed foods

6

Depression

• Can use clinical diagnosis or
self-report or validated
measures such as PHQ-9 [213],
BDI [214], or CESD [215]

With low levels of depressive
symptoms, an inclusive
nutritional strategy is likely to be
the most practical strategy

⇒ Step 7

If depressive symptoms persist, it
may be worth making drastic
dietary changes such as the
exclusion of highly processed
foods in order to improve mood
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Table 1. Cont.

Step Assessment If Negative If Positive

7

Anxiety

• Can use clinical diagnosis or
self-report or validated
measures such as the BAI [216],
STAI [217], GAD-7 [218] or
similar validated tools

Low levels of anxiety indicate that
an inclusive nutritional strategy is
likely to be most practical

⇒ Step 8

Consider if anxiety is related to
body image disturbance. If body
image drives anxiety (or vice
versa), it may indicate dietary
restraint, suggesting an inclusive
nutritional strategy. If anxiety is
not associated with body image,
improving nutritional status by
excluding certain foods may be
warranted (and safe)

8

ADHD

• Can use clinical diagnosis or
validated measures such as
ASRS [219]

If ADHD is negative but there are
high levels of impulsivity, it may
indicate higher likelihood of FA

Consider if eating behavior has
been altered by the impact of
stimulant medications

Legend: YFAS: Yale Food Addiction Scale; FA: Food Addiction; EDE-Q: Eating Disorder Examination Questionnaire;
EAT-26: Eating Attitudes Test-26; SUD: Substance Use Disorder; BIS-11: Barratt Impulsiveness Scale-11; ADHD:
Attention Deficit Hyperactivity Disorder; PTSD: Post Traumatic Stress Disorder; PCL-5: PTSD Checklist for DSM-5;
CPTSD: Complex Post Traumatic Stress Disorder; ELA: Early Life Adversity; ACE: Adverse Childhood Experience;
CTQ: Childhood Trauma Questionnaire; ETI-SR: Early Trauma Inventory Self-Report; PHQ-9: Patient Health
Questionnaire-9; BDI: Beck Depression Inventory; CESD: Center for Epidemiological Studies Depression; BAI: Beck
Anxiety Inventory; STAI: State Trait Anxiety Inventory; GAD-7: General Anxiety Disorder-7; ASRS: Adult ADHD
Self-Report Scale.

8. Interventions for Food Addiction

There are few successful interventions for reducing FA in the literature. Likewise, there are no
articles describing effective interventions for the treatment of obesity in individuals with a history
of ACEs [220] which is likely mediated by FA [9,192]. In a study of 60 women, 12-Step self-help
groups for compulsive eating have been shown to reduce anxiety and depression, but not FA [221].
A 14-week group lifestyle modification program including caloric reduction (n = 178) significantly
reduced addictive eating behaviors [222]. A 6-week integrative group for weight management (n = 51)
reduced FA from pre to post, with strategies such as mindful eating, keeping a food diary, carrying
out an exercise plan, regular weigh-ins, and planning for social eating [223]. In a study of 47 different
internet sources, self-perceived sugar addicts shared actional strategies that worked for them, including
avoidance, consumption planning, environmental restructuring, professional and social support,
addressing underlying issues, and urge management, among others [23]. Qualitative interviews
have found that the YFAS does not adequately assess social and situational cues for overeating [224].
Importantly, interventions aimed to reduce weight and FA scores generally do not have strategies in
place to mitigate progression into disordered eating. This highlights the difference between dietary
restraint that can be helpful for some versus pathological for others. Some authors recommend that if
an ED is present in addition to FA, clinicians should first provide evidence-based treatments for those
conditions [225]. Notwithstanding, it is worth repeating that among women with BN, patients with
higher FA severity at baseline were less likely to obtain abstinence from bingeing/purging episodes after
treatment [58]. Thus, it is being suggested to view EDs with co-occurring FA on a continuum rather
than as discrete conditions, using the eight-step process as a guide, rather than simply to dichotomize
inclusive vs. exclusive nutrition strategies.

It is well established that earlier intervention is beneficial for addressing ED pathology [226].
With respect to reducing FA symptoms and severity, it appears that earlier intervention matters,
given that ELA does not lead to obesity immediately but develops over time [227,228]. Recently,
there have been recommendations for interventions among adolescents that promote executive
functioning in the context of salience and reward processing [196]. Among adolescents with obesity
(n = 18), an FA-informed mobile health (app) intervention reduced zBMI in a more cost-effective
manner than the in-clinic intervention, and there is currently an RCT underway in a larger sample
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using this approach [229,230]. It has been suggested that the more interactive, engaging and person
centered a mobile health treatment is, the more appealing it will be to those suffering from compulsive
overeating [231]. Meanwhile, many people with more classic ED training may view these apps as
a causal factor to ED pathology, either in the short term or over the life course. It seems that until
researchers and clinicians determine who is a good candidate for an FA-based nutrition intervention,
FA science will continue to stimulate disagreement. In the meantime, recommended treatments might
include abstinence from trigger foods, deliberate inclusion of health-promoting foods, interventions
that target impulsivity and habitual patterns of responding, anxiety management, coping mechanisms,
positive social connections, spirituality, and deterrence of maladaptive compensatory behaviors [46].

9. Summary

The DEFANG (2017) was the first effort to disentangle FA from more classic ED pathology by
incorporating the presence or history of SUD into the nutrition intake process [47]. The current review
using three clinical vignettes extends that work by adding trauma and PTSD history, particularly
early in life, as well as histories of depression, anxiety, and ADHD to guide treatment. The aim in
including psychiatric diagnoses, self-report, scores on validated measures, or even informal assessment
(clinical intuition) is to reduce the potential for false FA positives (enhance specificity and sensitivity).
We have recognized dietary restraint as a primary contributor of “noise” in the FA signal. Failure to
consider restrictive eating patterns is an important criticism of FA that has led many ED professionals
to reject the construct altogether [15]. The eight-step process outlined in Table 1 might improve
the FA assessment process and help clinicians further integrate FA into ED treatment protocols.
Currently, most EDs are treated with an inclusive nutrition strategy aimed to reduce fears around
food and desensitize individuals to highly palatable foods through regular consumption. Meanwhile,
standard ED treatment is associated with suboptimal results, possibly because existing treatments
sometimes fail to recognize impulsivity as part of the eating pathology [232,233]. Our clinical experience
suggests that failure to recognize/treat trauma/PTSD is a major contributor to poor outcomes. We have
suggested that the proper interpretation of an FA diagnosis may improve treatment for those who
would benefit from a different nutritional approach, such as excluding problematic foods like added
refined sugars [234]. Evidence supports the validity of FA as a diagnostic construct, particularly as it
relates to foods high in added sweeteners and refined ingredients [235]. Similar to how SUD patients
exhibit different patterns of abuse, patients with FA may have very different behavioral characteristics
such as those that binge versus those that do not. Tailor-made hybrid models between inclusive and
exclusive approaches have been useful in our clinical experience but have yet to be formally described
or tested. These nutrition interventions usually require some trial-and-error and are best done under
the supervision of an RDN and a psychiatrist/psychotherapist who understands EDs, FA, SUDs,
trauma, and the associations with other psychiatric diagnoses described herein. A multidisciplinary
team approach can be helpful, but it is essential that all team members understand the science of FA.

Emerging data on FA may contribute to reduced stigma around body weight, by clearing
up confusion and controversy around why humans consume food beyond physiological need.
Better terminology will be important to progressing FA science, with several authors proposing
new descriptors such as “food use disorder” [236] among others described earlier. The area of
greatest controversy surrounding FA appears to be in those with clinically significant EDs, particularly
those with purging behaviors where FA symptoms can become elevated [51]. An understanding of
the SUD recovery culture including harm reduction may be useful in helping clinicians integrate
FA into ED treatment. However, it will be very challenging to implement divergent nutritional
strategies in residential treatment settings where there is comparison on the unit and heightened
interest in each other’s food plans. Currently, exclusive nutritional strategies might be best conducted
in an outpatient setting. These strategies may run the risk of exacerbating restrict–binge patterns,
therefore should be supervised by clinicians experienced in EDs as well as in detecting reward
dysfunction (through examination of cross-addictions) and impulsivity (with respect to food and
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other behaviors). Treatment professionals should be aware of the various pathways in which ELA and
PTSD can become biologically embedded and alter human physiology. ELA increases vulnerability
for FA and obesity later in life [192] and highly palatable foods can become a way to distract from
disturbing and intrusive trauma-related thoughts [237]. When food alters DA circuitry, efforts to
moderate become more difficult and “intuitive eating” can feel impossible. Trauma-informed care
should be applied to recovery systems and providers servicing EDs [238,239].

Future Directions

A large prospective study of individuals meeting criteria for FA separated into a restricted diet
group (excluding identified trigger foods) and a non-diet group (including challenging foods) would
be informative, timely, and warranted. However, given the heterogeneity associated with FA described
herein, it could be more effective to categorize FA phenotypes before implementing nutrition-related
treatment. Future research using exclusive nutrition strategies might exclude participants revealing
moderate or high levels of dietary restraint in order to assess risk for progression from exclusion
into disordered eating, as well as into “orthorexia” [240]. The inclusion of orthorexia into future
versions of the DSM might prove useful when conceptualizing treatment strategies and research
related to FA. It would be valuable to analyze the benefits vs. risks in reducing reward-based eating
in those who meet criteria for FA. Research on medications commonly used on patients with SUD
for patients with FA is also needed. There is a growing interest in genetic risk for EDs and it would
be valuable to know if genetic counseling would be of benefit [241]. More data on food insecurity
and other forms of deprivation as predictors of FA may also elucidate the link between undereating
and overeating. The temporal sequence of disorder onset may prove beneficial in terms of case
conceptualization with respect to nutrition. Consideration of other psychiatric diagnoses such as
obsessive compulsive, bipolar, and borderline personality disorders may prove beneficial for FA
treatment as new data becomes available. We have proposed that identifying different phenotypes
for FA as well as for EDs might improve nutrition interventions and even modify treatment models.
An important question at this time remains unanswered: where does all the dieting stem from in
the first place? How have sociocultural influences engrained highly palatable foods into the brain’s
reward expectancy? Furthermore, can public health interventions aimed at reducing exposure to
highly processed foods eventually reduce FA and subsequently reduce chronic dieting?

10. Conclusions

While there is disagreement regarding FA, it appears that much of the controversy pertains to
the treatment (lacking data) rather than the existence of the problem (robust data). More specifically,
nutrition interventions for individuals with FA and co-occurring ED characterized by high levels
of dietary restraint are less clear than for individuals with FA and no history of restrictive ED.
Individualized treatment might be helpful based on the existence of FA, but only after it has been
determined that the FA signal represents an addiction to food (true positive), rather than a consequence
of dietary restraint, food insecurity or insufficiency, or other forms of deprivation or food-related
neglect (false positive). Dismissing FA as a clinical entity is ill informed and not helpful. FA may
warrant consideration as a distinct category in the DSM, which might lead to additional research at the
individual and group level, as well as public health efforts to improve the national food environment.
The impact of contemporary Westernized foods may be contributing to poor ED treatment outcomes.
Patients may become increasingly distrustful of the message that “there are no bad foods.” EDs are
far more heterogenous than the transdiagnostic theory originally proposed, and recent data on FA
supports this conclusion. Treatment models must be trauma informed. Food philosophies must be
dynamic, continually incorporating new findings. In summary, one size will not fit all in FA treatment,
and collaboration with the patient is crucial to develop a mutually agreeable/achievable plan. Steps and
assessment tools offered herein may improve the clinical utility of FA and, in doing so, improve quality
of life in individuals seeking care.
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Abstract: The current study examined clinical correlates of food addiction among post-operative
bariatric surgery patients, compared the clinical characteristics of patients with versus without food
addiction, and examined whether a brief telephone-based cognitive behavioural therapy (Tele-CBT)
intervention improves food addiction symptomatology among those with food addiction. Participants
(N = 100) completed measures of food addiction, binge eating, depression, and anxiety 1 year following
bariatric surgery, were randomized to receive either Tele-CBT or standard bariatric post-operative
care, and then, repeated the measure of food addiction at 1.25 and 1.5 years following surgery.
Thirteen percent of patients exceeded the cut-off for food addiction at 1 year post-surgery, and this
subgroup of patients reported greater binge eating characteristics and psychiatric distress compared
to patients without food addiction. Among those with food addiction, Tele-CBT was found to
improve food addiction symptomatology immediately following the intervention. These preliminary
findings suggest that Tele-CBT may be helpful, at least in the short term, in improving food addiction
symptomatology among some patients who do not experience remission of food addiction following
bariatric surgery; however, these findings require replication in a larger sample.

Keywords: bariatric surgery; food addiction; Yale Food Addiction Scale; cognitive behavioural
therapy; telephone therapy

1. Introduction

The increasing prevalence of obesity is a growing global concern [1]. Bariatric surgery remains
the most durable intervention for severe obesity, with studies demonstrating significant weight loss
and improvements in, or even resolution of, obesity-related comorbidities [2–4]. The period of most
significant weight loss occurs within the first 12 months following surgery [5,6]; however, between
20% to 50% of patients experience weight regain during long-term follow-up [7–9]. Bariatric patients’
weight change trajectories begin to diverge between 6 and 12 months following surgery [5,6] and
different trajectories have an impact on the prevalence of comorbidities and corresponding health care
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costs [10]. Post-operative binge eating, loss of control eating, and grazing have been shown to predict
poorer weight loss outcomes following surgery [11–13].

The concept of food addiction (FA) may help account for the divergent weight change trajectories
observed following bariatric surgery. It has been proposed that certain foods (i.e., hyperpalatable
foods with refined carbohydrates and/or added fats) share pharmacokinetic properties with drugs
of abuse [14], and are capable of activating an addictive-like process in susceptible individuals that
can cause weight-promoting eating behaviours such as compulsive overeating and binge eating [15].
Food addiction is not included as a diagnosis in the Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition (DSM-5) [16]; however, the term was first coined in the scientific literature in the
1950s [17] and is widely used by health care professionals, researchers, patients, and the general public.
The Yale Food Addiction Scale (YFAS) [18] was developed to operationalize food addiction and identify
individuals with addictive tendencies towards highly processed foods. Given the similarities between
highly processed foods and drugs of abuse, the YFAS adapted the DSM-IV criteria for substance
dependence to make them relevant to the consumption of certain foods such as sweets, salty snacks,
fatty foods, and sugary drinks (e.g., consuming more of certain foods than intended or over a longer
period of time, preoccupation with certain foods, craving or strong urge to consume certain foods,
and continued consumption of certain foods despite knowledge of adverse effects).

Rates of food addiction in pre-operative bariatric surgery populations as determined by the
YFAS [18] and its subsequent modifications range from 14% to 58% [19]. Food addiction has been found
to be associated with increased psychosocial impairment, including higher rates of depression, anxiety,
impulsivity, and eating psychopathology, particularly binge eating [20–25]. In fact, food addiction has
been conceptualized as a more severe and compulsive subtype of binge eating disorder (BED) [26].
Although food addiction is positively associated with body mass index [25,27], pre-operative YFAS
scores do not appear to be significantly associated with percentage total weight loss (% TWL) following
surgery [24,28] and food addiction is not considered a contraindication for bariatric surgery [29].

To date, research on food addiction among post-operative bariatric surgery patients remains
sparse. Rates of food addiction in post-operative bariatric surgery populations are much lower,
ranging from 2% to 14%, with no de novo cases of food addiction identified following bariatric
surgery [19]. These improvements in food addiction symptomatology as well as associated problematic
eating behaviours have led some researchers to consider whether bariatric surgery could be used
as a treatment for food addiction [29]. Despite the improvements in food addiction that generally
occur following bariatric surgery, some patients do continue to experience significant food addiction
symptomatology. Currently, very little is known about the clinical characteristics of this subgroup of
patients; however, they likely represent a subgroup with a particularly severe form of food addiction
that may require additional intervention.

A recent systematic review concluded that there are currently no evidence-based psychosocial
interventions for food addiction [30]. To our knowledge, no studies conducted to date have examined
therapeutic interventions for bariatric patients experiencing food addiction. However, previous
studies have shown that a brief telephone-based cognitive behavioural therapy (Tele-CBT) intervention
developed specifically for bariatric surgery patients is effective in improving binge eating, emotional
eating, depression, and anxiety among both pre- and post-operative patients [31–33]. Given the close
association between food addiction, other forms of disordered eating, and psychiatric distress that
has been reported in the literature, it is possible that such an intervention may also be effective in
improving food addiction symptomatology following surgery.

The current study had three aims: (1) to examine correlates of food addiction among post-operative
bariatric surgery patients; (2) to compare the clinical characteristics of patients who meet “diagnosis”
for food addiction at 1 year post-surgery to those who do not; and (3) to examine whether Tele-CBT
improves food addiction symptomatology among the subset of individuals who meet “diagnosis” for
food addiction at 1 year post-surgery. It was hypothesized that: (1) food addiction symptomatology
would be strongly correlated with binge eating and moderately correlated with percentage total weight
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loss and measures of psychiatric distress at 1 year post-surgery; (2) patients meeting “diagnosis” for
food addiction would have greater binge eating and psychiatric distress and lower percentage total
weight loss compared to those who do not; and (3) patients meeting “diagnosis” for food addiction
at 1 year post-surgery who received Tele-CBT would report greater improvements in food addiction
symptomatology compared to those receiving standard care.

2. Materials and Methods

2.1. Study Setting

Patients were recruited between 2018 and 2020 from the University Health Network (Toronto
Western Hospital) Bariatric Surgery Program (UHN-BSP) and from the Humber River Hospital Bariatric
Surgery Program (HRH-BSP) as part of a larger multisite randomized controlled trial examining
the efficacy of telephone-based cognitive behavioural therapy 1 year following bariatric surgery.
This study was approved by the institutional Research Ethics Boards and all patients provided
informed consent before commencing the study; ethical approval code: CTO #0942. Patients were
eligible to participate in the study if they were 1 year post-bariatric surgery, fluent in English, and had
access to a telephone and a computer with Internet connection to complete the questionnaires. Study
exclusion criteria included active suicidal ideation and poorly controlled psychiatric illness that would
preclude engaging in Tele-CBT (e.g., psychosis). Participants were between the ages of 18 and 65 years
and had a pre-operative body mass index (BMI) of >40 or ≥35 kg/m2 with at least one obesity-related
comorbidity. Patients received a Roux-en-Y Gastric Bypass unless a sleeve gastrectomy was surgically
indicated (e.g., if there was a history of previous abdominal surgeries resulting in extensive adhesions
and/or distorted anatomy).

2.2. Study Procedures

A total of 100 patients completed all study procedures and were included in the analyses.
Pre-surgery anthropomorphic data including height and weight were collected by a clinician during
pre-surgery appointments. Subsequent post-surgery weights at 1 year post-surgery (henceforth, referred
to as “baseline” for the purposes of the present study), post-intervention (1.25 years post-surgery),
and follow-up (1.5 years post-surgery) were provided directly from participants via photo or self-report.
Percent total weight loss (%TWL) was calculated by dividing the difference in weight at post-intervention
by the pre-surgery weight and then multiplying by 100.

All participants completed questionnaires at baseline, post-intervention, and follow-up using
Qualtrics (Provo, UT, USA). Upon completion of the baseline questionnaires, participants were
randomized to either the Tele-CBT group or the standard care control group using a customized
randomization application. Participants randomized to the Tele-CBT group received the intervention
described below, whereas those randomized to the control group received standard post-operative care
that consisted of routine clinic visits (including post-surgery psychosocial follow-up appointments)
and the option of attending a monthly support group. Participants completed questionnaires again at
post-intervention and follow-up. The total time interval between the baseline and post-intervention
timepoints was 10 weeks.

The Tele-CBT intervention consisted of six 1-hour sessions conducted weekly followed by a
1-hour “booster” session 1 month after the sixth session. Four clinical psychology graduate students
who had experience assessing and treating bariatric surgery patients conducted the sessions, and
the first author provided clinical supervision. The Tele-CBT intervention introduced participants to
a personalized cognitive behavioural model of obesity, and included a variety of clinical strategies
such as setting goals, scheduling healthy meals and snacks throughout the day, identifying and
planning for difficult eating scenarios, planning pleasurable activities and behavioural alternatives to
overeating, engaging in self-care activities, and challenging maladaptive thoughts and solving problems
in order to decrease vulnerability to overeating. Participants were asked to complete worksheets
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for homework between sessions (e.g., food records, thought records) and practice skills that were
introduced during the sessions (e.g., engaging in self-care and pleasurable activities) (see full Tele-CBT
protocol description) [34]. The final “booster” session served as a check-in for participants to review
the skills learned, troubleshoot issues that arose in the month prior, and develop a relapse prevention
plan to help maintain the improvements made following surgery.

2.3. Study Measures

The Modified Yale Food Addiction Scale Version 2.0 (mYFAS 2.0) [35] was used to assess food
addiction symptoms. The mYFAS 2.0 is a 13-item self-report measure designed to assess indicators of
addictive-like eating and is comprised of 11 questions assessing substance use disorders as outlined by
the DSM-5 and two questions that evaluate clinically significant impairment and distress. Symptom
scores on the mYFAS 2.0 range from 0 to 11, and “diagnosis” scores range from no food addiction
(1 or fewer symptoms, or does not meet criteria for clinical significance) to mild (2 or 3 symptoms and
clinical significance), moderate (4 or 5 symptoms and clinical significance), or severe food addiction
(6 or more symptoms and clinical significance). The YFAS 2.0 has been validated in bariatric surgery
patients [36], and the abbreviated version of the YFAS 2.0 (i.e., the mYFAS 2.0) has similar psychometric
properties as the full version [35].

The Binge Eating Scale (BES) was used to assess binge eating symptoms [37,38]. The BES is a
self-report measure that assesses the presence of binge eating characteristics suggestive of an eating
disorder. It was designed for use with individuals with obesity. Total cores on the BES range from 0
to 46. Moderate and severe levels of binge eating correspond to cut-off scores of 18 and 27, respectively.

The Patient Health Questionnaire-9 (PHQ-9) [39] and the Generalized Anxiety Disorder-7
(GAD-7) [40] were used to assess psychological distress. The PHQ-9 is a self-report measure that
assesses depressive symptoms on a scale ranging from 0 (not at all) to 3 (nearly every day). Total scores
on the PHQ-9 range from 0 to 27. Mild, moderate, moderately severe, and severe levels of depressive
symptoms correspond to cut-off scores of 5, 10, 15, and 20, respectively. The GAD-7 is a self-report
measure that assesses anxiety symptoms on a scale ranging from 0 (not at all) to 3 (nearly every day).
Total scores on the GAD-7 range from 0 to 21. Mild, moderate, and severe levels of anxiety symptoms
correspond to cut-off scores of 5, 10, and 15, respectively. Previous studies have used the PHQ-9 and
GAD-7 to assess changes in psychological distress among bariatric surgery patients [41–43].

2.4. Statistical Analysis

All statistical analyses were performed using SPSS Statistics for Windows (Version 23.0;
SPSS, IBM Corp., Armonk, NY, USA). Descriptive statistics including means, standard deviations,
and frequency counts were calculated to describe the participant sample. Bivariate correlational
analyses were conducted to examine correlates of food addiction. A Pearson’s r effect size of 0.1,
0.3, and 0.5 correspond to a small, medium, and large effect, respectively [44]. Change scores were
calculated by comparing post-intervention and follow-up to baseline scores. The Shapiro–Wilk test
was used to determine whether the data were normally distributed. Kruskal–Wallis H tests were
conducted for clinical variables with non-normally distributed data to assesses differences between
groups, and Wilcoxon Signed-Rank tests were conducted for clinical variables with non-normally
distributed data to assess differences from baseline (pre-intervention) to post-intervention.

3. Results

3.1. Participant Flow and Characteristics

As mentioned, the current study examining the correlates of food addiction and changes in food
addiction in response to cognitive behavioural therapy was part of a larger multisite randomized
controlled trial. Of the 136 participants who consented to participate, 122 completed the baseline
questionnaires and were randomized to either the Tele-CBT group (n = 61) or control group (n = 61).
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Of the remaining participants, eight did not respond to phone calls or emails, two were excluded due
to their screening results, and four dropped out due to time constraints. Twelve participants from the
Tele-CBT group discontinued treatment due to time constraints and 10 participants from the control
group were lost to follow-up due to non-response. Given that this was a pilot study, data analyses for
the first and second study aims were conducted with only those who had complete data at baseline
(n = 100). Participants had a mean age of 48.40 ± 8.51 years, and the majority were female (82%),
Caucasian (84%), college or university graduates (68%), were employed full-time (74%), and either
married or in a common-law relationship (62%) (see Table 1). Only the subgroup of patients who met
“diagnosis” for food addiction at 1 year post-surgery was included in the data analyses for the third
study aim (i.e., to examine whether Tele-CBT improves food addiction symptomatology).

Table 1. Participant Characteristics (n = 100).

Variable M (SD) or n (%)

Age (years) 48.40 (8.51)
Gender (female) 82 (82%)

Race/Ethnicity
Black 4 (4%)
East Asian 1 (1%)
Latin American 3 (3%)
South Asian 1 (1%)
White (Caucasian) 84 (84%)
Other 7 (7%)

Relationship Status
Married/Common-Law 62 (62%)
Divorced/Separated 13 (13%)
Single 23 (23%)
Widowed 1 (1%)

Occupational status
Full-Time 74 (74%)
Part-Time 6 (6%)
Retired 7 (7%)
Disability 7 (7%)
Unemployed 6 (6%)

Education
Some High School 3 (3%)
High School Graduate 7 (7%)
Some College/University 22 (22%)
College or University Graduate 68 (67%)

3.2. Correlates of Food Addiction 1 Year Post-Surgery

The correlates of food addiction are presented in Table 2. As hypothesized, at 1 year post-surgery,
mYFAS 2.0 symptom scores were significantly correlated with scores on the BES, PHQ-9, and GAD-7,
as well as %TWL. Similarly, mYFAS 2.0 “diagnosis” scores were significantly correlated with scores on
the BES, PHQ-9, and GAD-7, as well as %TWL.
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Table 2. Correlates of Modified Yale Food Addiction Scale Version 2.0 (mYFAS 2.0) symptom and
diagnosis scores at 1 year post-surgery.

Measure mYFAS 2.0 Symptom Scores mYFAS 2.0 Diagnosis Scores

r p r p

BES 0.633 <0.001 0.365 <0.001
PHQ-9 0.459 <0.001 0.217 0.030
GAD-7 0.372 <0.001 0.239 0.016
%TWL −0.293 0.003 −0.229 0.022

Note: BES—Binge Eating Scale; PHQ-9—Patient Health Questionnaire 9-Item Scale; GAD-7—Generalized Anxiety
Disorder 7-Item Scale; %TWL—Percent Total Weight Loss; mYFAS 2.0 Symptomatology—Modified Yale Food
Addiction Scale Version 2.0 Symptomatology Scores.

3.3. Comparison of Participants with versus without Food Addiction 1 Year Post-Surgery

Of the 100 participants in this study, 13 (13%) exceeded the cut-off for food addiction according to
the mYFAS “diagnosis” score at 1 year post-surgery. Those who exceeded the cut-off for food addiction
reported significantly higher scores on the BES (p < 0.001), PHQ-9 (p = 0.006), GAD-7 (p = 0.027),
and mYFAS 2.0 symptoms (p < 0.001). Those with food addiction also reported greater %TWL;
however, the difference between groups was non-significant (p = 0.08). Mean scores (and standard
deviations) are presented in Table 3.

Table 3. Clinical characteristics of patients with food addiction (according to the mYFAS2.0), patients
without food addiction, and the total sample assessed at 1 year post-surgery. Values represent
mean ± standard deviation.

Measure
No Food Addiction
(n = 87)

Food Addiction
(n = 13)

Total Sample
(n = 100)

BES 11.86 ± 7.85 20.46 ± 5.78 12.980 ± 8.12
PHQ-9 5.22 ± 4.60 8.54 ± 3.36 5.65 ± 4.59
GAD-7 4.40 ± 3.96 7.15 ± 4.20 4.76 ± 4.07
%TWL 29.91 ± 9.44 22.09 ± 14.91 28.89 ± 10.55
mYFAS 2.0 Symptomatology 0.72 ± 1.13 3.92 ± 1.44 1.14 ± 1.59

Note: BES—Binge Eating Scale; PHQ-9—Patient Health Questionnaire 9-Item Scale; GAD-7—Generalized Anxiety
Disorder 7-Item Scale; %TWL—Percent Total Weight Loss; mYFAS 2.0 Symptomatology—Modified Yale Food
Addiction Scale Version 2.0 Symptomatology Scores.

3.4. Changes in Food Addiction Following Tele-CBT

Changes in mYFAS 2.0 scores were examined among the subgroup of patients who met “diagnosis”
for food addiction at 1 year post-surgery (n = 13). mYFAS 2.0 symptom scores were significantly lower
in the Tele-CBT group (1.29 ± 1.38) than the control group (2.33 ± 3.33) at post-intervention (p = 0.027).
Patients in the Tele-CBT group reported significant improvements in mYFAS 2.0 symptom scores from
pre- to post-intervention (p = 0.027), whereas those in the control group did not report significant
changes over the same period (p = 0.246). mYFAS 2.0 symptom scores were not significantly different
between the Tele-CBT group (2.00 ± 1.826) and the control group (2.50 ± 2.429) at follow-up (p = 0.772).
See Figure 1 for changes in mYFAS 2.0 symptom scores across time as a function of group.

Regarding mYFAS 2.0 “diagnosis” scores, only one patient in the Tele-CBT group met “diagnosis”
for food addiction at post-intervention and follow-up. Only two patients in the control group
met “diagnosis” for food addiction at post-intervention and they no longer met “diagnosis” at
follow-up. However, one other patient reported a resurgence of food addiction despite having remitted
at post-intervention.
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Figure 1. Changes in mYFAS 2.0 symptom scores over time as a function of treatment group among
patients meeting “diagnosis” for food addiction at 1 year post-surgery (n = 13). Note: Baseline = 1 year
post-surgery (prior to CBT); Post-intervention = 15 months post-surgery (immediately following CBT);
Follow-up= 18 months post-surgery (3 months following CBT). mYFAS 2.0 Symptomatology—Modified
Yale Food Addiction Scale Version 2.0 Symptomatology Scores. Tele-CBT—telephone-based cognitive
behavioural therapy.

4. Discussion

The current study sought to examine clinical correlates of food addiction among post-operative
bariatric surgery patients, to compare the clinical characteristics of patients with food addiction to those
without food addiction, and to examine whether Tele-CBT improves food addiction symptomatology
among those with food addiction. Our study hypotheses were largely supported. Consistent with the
existing literature [20–25], food addiction symptomatology was strongly correlated with binge eating
characteristics and psychiatric distress (i.e., depression and anxiety symptoms). It was also moderately
correlated with %TWL. Thirteen percent of patients exceeded the mYFAS 2.0 cut-off for food addiction
at 1 year post-surgery, and this subgroup of patients reported greater binge eating characteristics and
psychiatric distress compared to patients without food addiction. They also reported almost 8% less
total weight loss on average, though the difference was not statistically significantly likely due to the
small sample size and variability in weight loss outcomes. Among those with food addiction, Tele-CBT
was found to improve YFAS symptomatology immediately following the intervention.

The findings of this study add to the literature demonstrating that food addiction tends to improve
following bariatric surgery [29]. The rate of mYFAS 2.0 “diagnosis” of 13% in the current study falls
within the range of 2% to 14% that has previously been reported among post-operative patients [45,46],
and below the range of 14% to 58% reported among pre-operative patients [19]. The mechanisms
underlying this improvement are unclear; however, Koball and colleagues [29] identify a number
of changes that occur following surgery, including cravings [47], rewarding properties of food [48],
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food preference and intolerance [49,50], and regulation of hunger and satiety [51,52], which may help
account for improvements in food addiction symptomatology.

The impact of bariatric surgery on food addiction symptomatology is encouraging given the
lack of empirical research on treatments for food addiction [30]. The subgroup of patients who meet
“diagnosis” for food addiction following bariatric surgery appear to have more persistent and clinically
significant binge eating characteristics (falling within the “moderate” range according to BES cut-offs
in the current study), which may result in attenuated weight loss outcomes. The very limited research
examining the association between post-operative YFAS scores and weight loss outcomes has generated
mixed results, with one study reporting that post-operative YFAS score was not associated with the
maximum %TWL achieved following surgery but was positively (r = 0.22, albeit not significantly,
p = 0.065) associated with weight regain [53].

To our knowledge, this is the first study to examine the effect of a psychosocial intervention on
food addiction symptomatology in a bariatric surgery population. Cognitive behavioural therapy
has been suggested as a potential treatment for food addiction among bariatric surgery patients,
given its efficacy in the treatment of binge eating disorder and substance use disorders [29,30,54].
Patients receiving Tele-CBT reported significant improvements in food addiction symptomatology
immediately following the intervention. They improved to a greater extent than those receiving
standard post-operative care alone; however, the group difference was no longer significant 3 months
following the intervention. These preliminary findings suggest that Tele-CBT may be helpful, at least
in the short term, in improving food addiction symptomatology among some patients who do not
experience remission of food addiction following bariatric surgery. It is important to highlight
that only one patient in each group met “diagnosis” for food addition at the follow-up assessment,
which occurred 1.5 years following surgery. Thus, at least among this small group of study participants,
it appears that the prevalence of food addiction may continue to decrease between 1 and 1.5 years
post-surgery, even among those receiving standard post-operative bariatric care.

5. Limitations and Future Research Directions

The results of this study must be considered in light of a number of limitations. First and foremost,
a relatively low percentage of patients met “diagnosis” for food addiction at 1 year post-surgery. This is
a very encouraging finding; however, it meant that the sample size was very small (n = 13) to examine
the efficacy of the Tele-CBT intervention among the subgroup of patients with food addiction. It will
be important to replicate the findings of this pilot study in a much larger sample of patients with
food addiction. If Tele-CBT is found to be effective in improving food addiction symptomatology
in a larger replication study, it would be informative to examine the mechanisms of change and
predictors of response, similar to studies in patients without food addiction [55]. Second, the Tele-CBT
intervention did not have an explicit focus on food addiction. It focused predominantly on goal
setting, normalized eating, self-care activities, alternative activities to replace overeating, planning for
challenging eating situations, and challenging thoughts that may increase vulnerability for maladaptive
behaviours, such as binge eating. It is noteworthy that the Tele-CBT intervention resulted in short-term
improvements in food addiction symptomatology despite not explicitly addressing food addiction.
However, whether incorporating food addiction into the treatment protocol, using models such as
those proposed by Wiss and Brewerton [56] and Treasure and colleagues [57], results in larger and
sustained improvements in food addiction symptomatology is an important question that could be
empirically tested. Third, given that the intervention was delivered by telephone and thus, did not
require patients to travel to the bariatric program, the post-operative weight data used to calculate
%TWL were collected directly from patients via photo or self-report, which may impact the reliability
of those calculations. Finally, the study sample was quite homogeneous with respect to participant
ethnicity (Caucasian) and sex (female). Although this is typical of most bariatric surgery programs,
the findings may not generalize to male patients and those of diverse racial and ethnic backgrounds.
Regarding future research directions, it would also be informative to conduct a longitudinal study
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examining pre-operative and post-operative predictors of food addiction symptomatology, as well as
the mechanisms that might account for improvements in food addiction symptomatology observed
from pre- to post-surgery.

6. Conclusions

The findings of this study contribute to the body of literature suggesting that bariatric surgery
improves food addiction symptomatology. Patients who continue to experience food addiction after
undergoing surgery likely have a more severe form of food addiction that is characterized by greater
binge eating characteristics and psychosocial distress. The results of this preliminary study suggest
that Tele-CBT may result in short-term improvements in food addiction symptomatology among the
subgroup of patients who continue to experience food addiction following surgery.
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Abstract: Food addiction (FA) has been linked to clinical features in binge-eating disorder (BED) and
obesity. A feature of behavioral weight loss (BWL) treatment involves frequent weighing. However,
little is known regarding how frequency of self-weighing and related perceptions are associated with
BWL outcomes among individuals with BED and obesity stratified by FA status. Participants (n = 186)
were assessed with the Eating Disorder Examination before and after BWL treatment. Mixed effects
models examined FA (presence/absence) before and after (post-treatment and 6- and 12-month
follow-up) treatment and associations with frequency of weighing and related perceptions (reactions
to weighing, sensitivity to weight gain and shape/weight acceptance). Participants with FA reported
more negative reactions to weighing and less acceptance of shape/weight throughout treatment
and follow-ups, and both variables were associated with greater disordered eating at follow-ups
among participants with FA. Sensitivity to weight gain decreased over time independent of FA status.
Frequency of weighing was associated with a greater likelihood of achieving 5% weight loss only
among those without FA. Reactions to weighing and sensitivity to weight gain are associated with
FA and poorer treatment outcomes in individuals with BED and obesity. Targeting these features
may improve BWL outcomes among individuals with BED, obesity and FA.

Keywords: food addiction; binge-eating disorder; weighing; obesity; eating disorders; addictive be-
haviors

1. Introduction

Changes in the food environment have led to greater exposure to obesogenic foods (i.e.,
highly palatable, processed, relatively low in cost) and a “toxic food environment” (i.e., the
modern food environment encouraging consumption of a diet high in fat and calories) [1].
These changes have been posited to contribute to increased rates of obesity; however,
there is considerable debate surrounding whether these types of foods have addictive
properties [2,3]. Growing interest and scientific study in the area of food addiction has
increased substantially during the past two decades [4], concurrent with the development
of self-report measures such as the Yale Food Addiction Scale (YFAS) [5].

The YFAS was developed to standardize assessment of symptoms of addictive-like
eating based on diagnostic criteria assessing substance use disorders [5]. Importantly,
addictive-like eating behaviors are not currently included within any formal diagnostic
category or in any nosological system. However, numerous studies find that food addiction
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(based on the YFAS) is associated with behaviors/conditions linked to poorer health,
including disordered eating, binge-eating disorder (BED) and obesity [6–9]. Furthermore,
prior work suggests that food addiction is strongly associated with poorer body image,
including elevated concerns about weight and shape [10,11]. Despite significant work in the
past two decades examining the prevalence and clinical correlates of food addiction, few
studies have examined the clinical utility of food addiction, and notably there is a scarcity
of research investigating individuals with food addiction while receiving evidence-based
treatments [12].

There are, however, preliminary findings that food addiction might attenuate weight-
loss outcomes among those in behavioral weight loss (BWL) treatment [13]. BWL is an
evidence-based treatment for overweight/obesity with goals of modifying problematic
eating by establishing patterns of regular eating, restricting caloric consumption and in-
creasing physical activity. Although BWL produces modest weight loss (i.e., 8–10 kg)
among individuals with comorbid obesity/BED [14], prior studies have found that greater
symptoms of food addiction at baseline were related to less weight loss following par-
ticipation in a BWL intervention [13], as well as at 12-month follow-up among adults
participating in a dietary intervention [15]. However, in other studies, food addiction did
not attenuate weight loss [16,17].

In addition to the equivocal findings regarding the predictive significance of food
addiction, even less is known regarding how individuals with food addiction perceive
and respond to weight-loss interventions, such as BWL. We are unaware of any studies
that have prospectively examined changes in behaviors among individuals with and
without food addiction during and after treatment. One key component of BWL includes
self-monitoring of weight during treatment, and prior work suggests that more frequent
or consistent self-weighing is associated with improved weight-loss outcomes [18–21].
Several prospective studies examining adults during weight-loss treatment found that
greater frequency of self-weighing was not associated with adverse psychological outcomes
such as binge-eating [22], depression [20,21,23] or other forms of disordered eating, such
as compensatory strategies [20,22]. Importantly, however, many of these studies excluded
individuals with current or history of eating disorders, and we are unaware of any studies
examining self-weighing among those with food addiction.

This present study examined prospectively (during and after BWL treatment) patients
with BED with comorbid obesity, with and without food addiction. The first aim was to
examine changes in weighing variables, including frequency of self-weighing, reactions
to weighing, sensitivity to weight gain and shape/weight acceptance, between groups
with and without food addiction during and after BWL treatment. The second aim was to
examine associations of weighing variables at post-treatment with binge-eating, disordered
eating and weight outcomes following treatment between groups with and without food
addiction. We hypothesized that participants with food addiction would endorse greater
eating-disorder psychopathology throughout BWL and following treatment compared
to those without food addiction. We did not have a priori hypotheses with respect to
self-weighing, as no prior studies have assessed the frequency of weighing among those
with food addiction.

2. Materials and Methods

2.1. Participants

Participants were 186 adult (ages 18–65 years) patients with BED and obesity recruited
from the community in a large university-based medical health-care center in an urban
setting (see [24,25] for detailed description of methods and primary outcomes). All par-
ticipants were diagnosed with DSM-IV-TR [26] criteria for BED and with obesity (criteria
included current BMI ≥30 and ≤50 kg/m2). Participants currently using antidepressant
medications (a contraindication to the study medications involving sibutramine and orli-
stat), medications known to influence eating/weight or those with severe psychiatric
conditions (e.g., schizophrenia, substance use disorder) or medical problems (e.g., cardiac
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disease, uncontrolled hypertension, thyroid disease or diabetes) were excluded. Partici-
pants were on average 48.38 years old (SD = 9.45) and had a mean BMI of 38.88 kg/m2

(SD = 5.93). The majority of participants were female (71%) and identified as white (84.9%).

2.2. Procedures

This study received approval from the University’s Institutional Review Board, and
written informed consent was obtained from all participants prior to study procedures.
Participants were evaluated by doctoral-level clinicians who were independent assessors
with advanced training in eating/weight disorders. Assessors administered the Structured
Clinical Interview for DSM-IV Psychiatric Disorders (SCID-I/P; [27]) at baseline to establish
a diagnosis of BED and the Eating Disorder Examination Interview (EDE; [28]) to confirm
the BED diagnosis at baseline and to comprehensively assess eating-disorder psychopathol-
ogy at baseline, post-treatment and at 6- and 12-month follow-up assessments. Assessors
were blinded to the treatment conditions. Participants completed a battery of self-report
questionnaires to characterize associated domains, including food addiction, prior to ran-
domization. Participants were randomly assigned to six-month behavioral weight loss
treatment, either an adaptive stepped-care BWL sequential multiple allocation random-
ized trial (SMART) treatment or “standard” BWL treatment. BWL treatment followed the
same protocols in both conditions, which included individual sessions with trained and
monitored treatment clinicians following manualized treatment protocols. BWL focuses
on making gradual behavioral changes including making moderate increases in physical
activity and gradually decreasing caloric consumption. The adaptive SMART stepped-care
BWL involved stratifying participants to a different behavioral treatment based on partici-
pants’ early response in treatment (i.e., reduction in binge eating). The primary outcomes
from this trial have previously been reported (including short- and long-term outcomes),
and there were no significant overall differences between the conditions [24,25].

2.3. Measures

Weight variables. Following standardized procedures, participant height and weight
were measured at participants’ first treatment session using a wall-mounted measure and
a large-capacity digital scale (MedWeigh MS-4600 High Capacity BMI Platform Scale).
Participants were weighed in street clothing without shoes. Current height and weight
at baseline were used to calculate participant BMI (kg/m2). Weight was re-measured at
post-treatment and six- and twelve-month follow-ups to calculate percent weight change.
Weight loss was also examined categorically based on whether participants achieved
greater than or equal to 5% weight loss at post-treatment and follow-ups.

The Eating Disorder Examination Interview (EDE; 16th ed; [29]) is a semi-structured,
investigator-based interview designed to assess and diagnose eating disorders and eating-
disorder psychopathology. Prior psychometric studies of the EDE support its use with
BED [30], including with respect to test-retest reliability [31]. The EDE has been shown to
differentiate between case and non-cases of eating disorders [32]. In the present study, the
EDE—in addition to serving as the primary measure of binge eating and associated eating-
disorder psychopathology (i.e., EDE Global Score)—assessed weighing-related variables of
primary focus for the current study. These include frequency of self-weighing (henceforth
referenced as Weighing), reaction to weekly weighing (henceforth referenced as Reaction),
sensitivity to weight gain (henceforth referenced as Sensitivity) and shape/weight accep-
tance (henceforth referenced as Acceptance). Table 1 describes the study variables and
corresponding item from the EDE, which assesses these constructs. Higher scores are
indicative of greater pathology.
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Table 1. Weighing and body image variables prospectively examined.

Study
Variables

EDE Item Frequency/Rating

Weighing “Over the past 4 weeks how often
have you weighed yourself?”

Number of times weighed in past
28 days

Sensitivity

“Over the past 4 weeks what
amount of weight gain, over a
period of 1 week, would have
definitely upset you?”

7-point Likert scale based on the
number of pounds or kilograms that
would generate a marked negative
reaction (0 = 7 lbs or 3.5 kg or more to
6 = 1 lb or 0.5 kg).

Reaction

“Over the past 4 weeks how would
you have felt if you had been asked
to weigh yourself once each week
for the subsequent 4 weeks . . . just
once a week; no more often and no
less often?”

7-point Likert score ranging from
0 = no reaction to 6 = marked reaction
(pronounced reaction which would
affect other aspects of the subject’s
life).

Acceptance

“Over the past 4 weeks, to what
extent have you been able to accept
your shape and weight—see them
as simply being the way you are?”

7-point Likert scale ranging from
0 = complete acceptance to 6 = no
acceptance.

Note: EDE = Eating Disorder Examination Interview. Items obtained from the EDE Interview [29].

The EDE also assesses binge-eating episodes, defined as experiencing a subjective
sense of loss-of-control while consuming an unusually large amount of food during the
past 28 days. Binge-eating episodes were examined as a quantitative variable (number
of episodes in past 28 days) and categorically based on binge-eating remission (defined
as no binge-eating episodes during the prior 28 days at post-treatment and follow-ups)
status. Additionally, the standard EDE global severity (i.e., EDE Global Score) score was
calculated, which is comprised the average of four subscales reflecting eating-disorder
psychopathology; scores range from 0 to 6, with higher scores reflecting greater severity. It
is important to note that none of the weighing variables examined in this study comprise
the EDE Global Score. The EDE was administered at pre-treatment, post-treatment and
follow-ups.

The Yale Food Addiction Scale (YFAS) [5] is a 25-item self-report measure of food
addiction developed in correspondence with substance-dependence criteria from the DSM-
IV-TR. The YFAS offers both dimensional (symptom count) and dichotomous (clinical
threshold) scoring methods to assess food addiction diagnosis. The YFAS has a one-factor
structure and has adequate internal reliability and good convergent validity with measures
of problematic eating [5]. For the present study, the dichotomous scoring was used to
identify cases with food addiction. The YFAS was administered at pre-treatment, and the
pre-treatment assessment was used to determine food addiction status throughout the
study period. The Cronbach’s alpha in the present study was 0.88.

2.4. Data Analysis

Descriptive statistics were analyzed using SPSS 24.0, and subsequent analyses were
conducted in SAS 9.4. To examine changes in weighing variables by food addiction status
across the study period, we used mixed effects models with each of the four weighing
variables as the response in a separate model, food addiction status (yes/no) and treatment
(stepped care vs. BWL) as between-subject factors and time (pre-treatment, post-treatment,
6-month follow-up, 12-month follow-up) as a within-subject factor. Linear mixed models
possess several statistical advantages and are considered a robust method for accommodat-
ing missing values within longitudinal data. Associations among repeated observations
on an individual were modelled using structured variance–covariance matrix with the
best structure selected based on the Schwartz Bayesian Criterion (BIC). Transformations
were applied prior to analysis in case of non-normality, and residual plots were used to
assess the model assumptions. Least square means per food addiction status, treatment

76



Nutrients 2021, 13, 29

and time are shown in all models. Contrasts among least square means were used to
explain significant effects. To examine the association of weighing variables at post with
dimensional outcomes (i.e., binge-eating frequency, percent weight loss, EDE Global Score)
during follow-up, we used mixed effects models with food addiction, time and each weigh-
ing variable at post (considered in a separate model) and all their interactions as predictors,
controlling for the corresponding outcome at post-treatment as a covariate. Slopes with 95%
confidence intervals were estimated when significant effects of weighing variables were
observed. For categorical outcomes (i.e., 5% weight loss achieved, binge-eating remission),
we fit Generalized Estimating Equations (GEE) models with the same set of predictors as
above (without the covariate) and with an exchangeable working correlation structure.
Odds ratios with 95% confidence intervals were used to describe significant effects of
weighing frequency.

3. Results

Of the n = 186 participants, 61.3% (n = 114) met criteria for food addiction. The average
number of food addiction symptoms endorsed by the total sample was 4.77 (SD = 1.79)
out of the seven total symptoms assessed. Table 2 summarizes the means and standard
deviations among food addiction groups for the weighing variables across the assessment
timepoints.

Table 2. Means and standard deviations of weighing variables by Yale Food Addiction Scale Group.

Pre-Treatment Post-Treatment 6-Month Follow-Up 12-Month Follow-Up

FA
(n = 114)

No FA
(n = 72)

FA
(n = 100)

No FA
(n = 66)

FA
(n = 114)

No FA
(n = 72)

FA
(n = 91)

No FA
(n = 63)

Sig.

Weighing 10.63 (15.00) 8.01 (11.10) 9.73 (11.98) 10.18 (17.01) 10.93 (19.32) 8.57 (10.35) 8.66 (10.42) 9.09 (11.63) ns
Sensitivity 4.31 (1.73) 4.40 (1.63) 4.17 (1.69) 3.92 (1.45) 3.45 (1.80) 3.17 (1.81) 3.68 (1.89) 3.19 (1.62) 0.0001
Reaction 1.46 (1.88) 1.01 (1.64) 1.07 (1.77) 0.61 (1.39) 0.59 (1.41) 0.59 (1.41) 1.14 (1.81) 0.72 (1.59) 0.01

Acceptance 5.28 (1.20) 4.65 (1.20) 4.07 (1.73) 3.27 (1.64) 3.64 (1.87) 3.06 (1.74) 3.89 (1.85) 3.09 (1.67) 0.0001

Note: Means were derived from raw data for ease of interpretation. FA = food addiction. ns = non-significant effects. Weighing = frequency
of self-weighing during the past 28 days. Sensitivity = sensitivity to weight gain during the past 28 days. Follow-up scores all significantly
different from pre-treatment. Reaction = reaction to prescribed weighing during the past 28 days. Significant main effects for time and FA
status. Acceptance = shape/weight acceptance during the past 28 days. Significant main effects for time and FA status.

3.1. Aim 1: Examine Changes in Weighing Variables by Food Addiction Status Over Time

Mixed models analyses of Reaction revealed a significant main effect of food addiction
(F(1,174) = 6.84, p = 0.01). Food addiction was associated with higher Reaction scores across
groups and time points (Figure 1).

Mixed models analyses of Acceptance revealed significant main effects of food ad-
diction (F(1,182) = 16.47 p < 0.0001) and time (F(3,472) = 37.79, p < 0.0001) (Figure 2).
Acceptance scores were more pathological for those with food addiction compared to those
without. Acceptance scores improved from pre-treatment to the other time points.
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Figure 1. Frequencies of EDE Reaction to prescribed Weighing scores over time by food addiction
group. Note: Means were derived from raw data for ease of interpretation. EDE = Eating Disorder
Examination; FA = food addiction. Reaction = reaction to prescribed weighing during the past
28 days. Significant main effects were found for food addiction across all time points (p < 0.01).

 

Figure 2. Frequencies of EDE Acceptance of shape/weight scores over time by food addiction
group. Note: Means were derived from raw data for ease of interpretation. EDE = Eating Disorder
Examination; FA = food addiction. Acceptance = shape/weight acceptance during the past 28 days.
Significant main effects were found for food addiction (p < 0.0001) and time (p < 0.0001). All follow-
up scores were significantly different from baseline. Lower scores reflect greater acceptance of
shape/weight.

Mixed models analyses of Sensitivity revealed a significant improvement from baseline
and post-treatment compared to follow-up across conditions F(3,465) = 16.94, p < 0.0001, but
no significant differences between those with and without food addiction F(1,178) = 1.59,
p = 0.21 and no significant interactions. There were no significant effects when examining
Weighing scores (see Figure 3).
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Figure 3. Frequencies of EDE Self-Weighing scores over time by food addiction group. Note. Means
were derived from raw data for ease of interpretation. EDE = Eating Disorder Examination; FA = food
addiction. All non-significant differences.

3.2. Aim 2: To Examine the Association of Weighing Variables at Post-Treatment with
Binge-Eating, Disordered Eating and Weight Outcomes by Food Addiction Groups

Analyses of binge-eating frequency revealed no significant effects of any of the weigh-
ing variables, or interaction with food addiction at follow-ups, when examining binge-
eating episodes quantitatively (frequency of episodes) or categorically (remission status).

Mixed model analyses of percent weight loss revealed no significant effects of any
of the weighing variables or interactions with food addiction at follow-ups. When exam-
ining weight loss categorically (achievement of 5% weight loss or more), however, there
was a marginally significant interaction between Weighing at post and food addiction
(χ2(1) = 3.98, p = 0.05) and significant main effects of Weighing at post (χ2(1) = 10, p = 0.002)
and food addiction (χ2(1) = 4.73, p = 0.03). Increasing Weighing frequency by one unit
was associated with almost doubling of the odds of 5% weight loss for subjects without
food addiction (OR = 1.95, 95% CI: 1.31, 2.90), whereas the effect was not significant in
individuals with food addiction (OR = 1.17, 95% CI: 0.84, 1.61). There were no significant
effects on 5% weight loss when examining Reaction, Sensitivity and Acceptance.

Mixed models analyses of the EDE Global Score revealed a significant interaction
between Acceptance and food addiction (F(1,147) = 4.24, p = 0.04) and a significant main
effect of Acceptance (F(1,148) = 10.27, p = 0.002). The slope for the relationship between
Acceptance and the EDE Global Score was positive in both groups but significantly steeper
for individuals with food addiction. Only the slope in the food addiction group was
significantly different from 0 (slope = 0.14, SE = 0.03, p < 0.0001). There was also a
significant interaction between Reaction and food addiction (F(1,149) = 4.89, p = 0.03). The
interaction was due to the slope for the relationship between Reaction and EDE Global
Score being slightly positive for those with food addiction and slightly negative for those
without food addiction, but neither slope was significantly different from zero. There were
no significant effects of Weighing or Sensitivity when examining EDE Global Scores.

4. Discussion

This is the first study, to our knowledge, to examine prospectively shape and weight
concerns among individuals with and without food addiction participating in weight-
loss treatment; more specifically, our study was with patients with BED and comorbid
obesity who were subcategorized by food addiction status. Consistent with some of
our hypotheses, our findings suggest multiple differences in shape and weight concerns
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between individuals with and without food addiction, including a stronger negative
reaction related to the prospect of weekly weighing, as well as poorer acceptance of
shape and weight throughout treatment among those with food addiction. However,
no differences in frequency of self-weighing and sensitivity to weight gain were found
between groups with and without food addiction.

Furthermore, we found that having a stronger negative reaction to weekly weighing
and poorer acceptance of shape/weight following treatment were associated with greater
levels of disordered eating following treatment among those with food addiction but were
not related to binge-eating or weight-loss treatment outcomes. Sensitivity to weight gain
was also unrelated to treatment outcomes and decreased over time across participants.
Last, frequency of self-weighing was relatively stable over time and was not related to
treatment outcomes (i.e., binge-eating, percent weight loss, disordered eating). However,
greater frequency of weighing following treatment was related to a greater likelihood of
achieving 5% weight loss following BWL treatment among those without food addiction.

The first aim of this study was to examine changes in weighing variables, including
frequency of self-weighing, reactions to weighing, sensitivity to weight and shape/weight
acceptance before and after BWL treatment between groups with and without food ad-
diction. There were no significant differences in frequencies of self-weighing and sen-
sitivity to weight gain when comparing those with and without food addiction and no
significant changes after BWL treatment. However, participants categorized with food
addiction endorsed a stronger negative reaction to weekly weighing and poorer acceptance
of shape/weight over time relative to those without food addiction. It is important to
note that although the food addiction group endorsed more pathological scores related
to the prospect of weekly weighing, both groups endorsed subclinical scores (i.e., scores
≤4) throughout the assessment period. Shape/weight acceptance scores, however, were
clinically elevated among both groups prior to starting treatment and remained in the
clinical range for those with food addiction at the post-treatment assessment. Taken to-
gether, these longitudinal findings extend prior cross-sectional work suggesting that the
combination of BED and food addiction are associated with elevated eating-disorder psy-
chopathology [10,11,33] and suggest that food addiction, if present in patients with BED,
might warrant additional clinical focus during BWL treatment.

The second aim was to examine whether changes in weighing variables (i.e., self-
weighing, reaction to weekly weighing, sensitivity to weight gain and shape/weight accep-
tance) following treatment were associated with treatment outcomes among those with
and without food addiction following BWL treatment. Prior work examining self-weighing
within adult samples with overweight highlight the significant benefits of consistent self-
weighing on weight loss outcomes [18–21], yet individuals with binge-eating or those with
a history of eating disorders are often excluded from weight-loss studies. The present find-
ings suggest that frequency of weighing was not significantly related to adverse treatment
outcomes, including binge-eating, percent weight loss and eating-disorder psychopathol-
ogy in a clinical sample of individuals with obesity and BED. Our prospective findings
add to the growing literature suggesting that self-weighing in patients with BED with
comorbid obesity might not have negative effects [34], and this seems to be the case for
those with and without food addiction. Importantly, studies examining individuals with
other eating disorders characterized by highly restrictive eating behaviors (i.e., anorexia
nervosa, bulimia nervosa) or young adult women and girls, however, have found that more
frequent self-weighing is associated with greater eating-disorder psychopathology [34–37].
The present study also found that individuals without food addiction who weighed more
often were significantly more likely to achieve 5% weight loss, suggesting some benefit to
regularly weighing. However, this result was observed only among those without food
addiction. Participants were self-weighing, on average, ten times in a 28-day period, which
approximates to weighing 2.5 times per week. An important direction for future research is
to determine the threshold at which more frequent self-weighing may become maladaptive
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in those with BED [38]. Taken together, our findings highlight the benefits of self-weighing
to promote weight loss in individuals with BED and obesity without food addiction.

Additionally, we found that endorsing a stronger negative reaction to weekly weighing
and poorer acceptance of shape/weight were associated with greater disordered eating fol-
lowing treatment among those with food addiction and BED. Participants with co-occurring
food addiction and BED did not self-weigh more often than those with BED without food
addiction, yet consistently endorsed a stronger negative reaction to the prospect of weekly
weighing. These findings have possible implications for treatments such as BWL and
cognitive behavioral therapy (CBT), an evidence-based treatment for BED [39,40]. CBT
for BED recommends limiting self-weighing to weekly, as opposed to daily self-weighing,
which is common for some BWL treatments. Thus, our findings highlight possible areas
for assessment among participants with food addiction, who endorsed a strong reaction to
the prospect of weekly weighing. Assessing reactions and perceptions of weekly weighing
in patients with food addiction may be helpful to identify potential barriers to weighing
interventions in treatments such as BWL and CBT. Additionally, our findings suggest that
less acceptance of shape/weight was associated with greater eating-disorder psychopathol-
ogy in this subgroup. Future studies testing in patients with food addiction the efficacy
of CBT, which provides durable and significant improvement in cognitive symptoms for
individuals with BED [41], are warranted. Taken together, our findings suggest that certain
body image concerns are a negative prognostic indicator among those with food addiction,
which highlight important targets for treatment in this subgroup of patients.

There are several limitations to the present study to highlight. Although self-weighing
was assessed using a semi-structured diagnostic interview of eating-disorder psychopathol-
ogy, the frequency of self-weighing is based on participants retrospective report. Future
work should assess self-weighing using electronic scales to determine objectively assessed
self-weighing. Participants in this study were predominately female and white; thus,
generalizability is limited. Future studies should evaluate these outcomes in more diverse
samples including larger samples with more male participants. Future studies should also
examine these outcomes using the more recent version of the self-report assessment of food
addiction (i.e., YFAS 2.0), which corresponds to the DSM-5 definitions of substance use
disorders, as the YFAS 2.0 was not yet developed when this study was conducted.

5. Conclusions

In summary, results of the present investigation provide evidence that self-weighing
among individuals with BED with comorbid obesity with and without food addiction is
not associated with poorer eating-disorder psychopathology or weight outcomes following
BWL treatment. Frequency of self-weighing was associated with a marginally greater
likelihood of achieving 5% weight loss, but only in those without food addiction. Our
findings suggest that individuals categorized with food addiction reported a stronger
negative reaction to weekly weighing and poorer acceptance of shape/weight, which
were prospectively associated with greater eating-disorder psychopathology but were not
related to weight loss outcomes and binge-eating frequency or remission. Clinicians should
assess and consider body image concerns in treatment conceptualization and delivery in
patients with BED comorbid with obesity who also report food addiction.
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Abstract: Interest in food addiction (FA) has increased, but little is known about its clinical implications
or potential treatments. Using secondary analyses from a randomized controlled trial, we evaluated
the associations between changes in FA, body weight, and “problem food” consumption during a
22-month behavioral weight-loss program consisting of an initial four-month in-person intervention,
12-month extended-care, and six-month follow-up (n = 182). Food addiction was measured using the
Yale Food Addiction Scale. “Problem foods” were identified from the literature and self-reporting.
Multilevel modeling was used as the primary method of analysis. We hypothesized that reductions
in problem food consumption during the initial treatment phase would be associated with long-term
(22-month) FA reductions. As expected, we found that reductions in problem foods were associated
with greater initial reductions in FA symptoms; however, they were also associated with a sharper
rebound in symptoms over time (p= 0.016), resulting in no significant difference at Month 22 (p= 0.856).
Next, we hypothesized that long-term changes in FA would be associated with long-term changes in
body weight. Although both FA and weight decreased over time (ps < 0.05), month-to-month changes
in FA were not associated with month-to-month changes in weight (p = 0.706). Instead, higher overall
FA (i.e., mean scores over the course of the study) were associated with less weight loss (p = 0.008)
over time. Finally, we hypothesized that initial reductions in problem food consumption would be
associated with long-term reductions in weight, but this relationship was not significant (ps > 0.05).
Given the complexity of the findings, more research is needed to identify interventions for long-term
changes in FA and to elucidate the associations between problem foods, FA, and weight.

Keywords: obesity; food addiction; weight loss; treatment; food

1. Introduction

Prior research has suggested that certain foods (e.g., processed foods high in fat and/or sugar) and
eating behaviors (e.g., binge eating) can be associated with addiction-like symptoms. Neurological,
genetic, and psychological similarities have been observed between problematic eating behaviors
and symptoms of substance use disorders (e.g., excessive consumption, cravings, preoccupation,
unsuccessful attempts to limit use of the substance) [1–10]. High-fat and/or high-sugar processed foods,
such as ice cream, pizza, potato chips, or chocolate, are most commonly associated with addiction-like
changes both behaviorally and neurobiologically [9,11,12]. For example, Gearhardt et al. [12] found
that individuals who reported experiencing DSM-IV substance dependence symptoms toward food
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had greater activation in the anterior cingulate cortex, medial orbitofrontal cortex, and amygdala (brain
areas implicated in substance dependence) in response to a chocolate milkshake.

In 2009, Gearhardt et al. [13] published the Yale Food Addiction Scale (YFAS), a validated
self-report questionnaire that adapts the DSM-IV substance dependence criteria toward “certain foods”
for which respondents may have difficulty controlling their intake. Using this scale, Schulte and
Gearhardt [14] estimated that approximately 15% of adults in the United States met the YFAS criteria
for food addiction (FA; ≥3 symptoms, plus distress/impairment), with higher prevalence among
adults with obesity (19%). In addition to obesity, FA symptoms have been associated with increased
risk for disordered eating [8,15–17], depression [15–18], emotional eating [15,17], impulsivity [16],
lower self-esteem [16], and poorer quality of life [19].

Despite increased empirical interest in FA, research toward evidence-based treatment is inchoate.
A systematic review by Cassin et al. [20] found only eight studies related to FA treatment and concluded
that there is not sufficient evidence to support any specific intervention. There is a clear need for
research toward evidence-based interventions if FA continues to present as a unique problem [21–23].
Potential treatments could draw on successful approaches used in the substance use disorder and
obesity treatment literature. For example, Vella and Pai [24] proposed that techniques commonly
used in substance use disorder and obesity treatment—such as problem solving, stimulus control,
and cognitive behavioral approaches—could help treat FA by reducing impulsivity, building positive
coping skills, and improving distress tolerance.

Behavioral weight-loss treatments represent a logical next step toward identifying evidence-based
treatments for FA due to their strong theoretical base, effectiveness in treating obesity, and similarity to
substance use disorder treatment. Grounded in cognitive-behavioral theory, these interventions aim
to produce healthy weight loss primarily by decreasing caloric consumption, improving diet quality,
and increasing physical activity [25]. Often provided in a group setting, these interventions can be
a source of health-behavior-specific social support, which is vital to long-term recovery from drug
addiction [26], and possibly FA [27].

To our knowledge, only two studies have evaluated changes in FA symptoms among adults
participating in behavioral weight-loss programs. In a sample of 90 women, Sawamoto et al. [28]
found that “successful” participants (i.e., those who maintained a 10% weight loss at 12- and 24-month
follow-ups) in a seven-month behavioral weight-loss program reported fewer symptoms of FA
post-treatment compared to “unsuccessful” participants, despite no differences in symptoms at baseline.
However, the authors did not report whether changes in FA were statistically significant. Chao et al. [29]
analyzed changes in weight and FA symptoms among a sample of 178 adults participating in a
14-week behavioral weight-loss program. They found that, although overall YFAS scores significantly
decreased from pre- to post-intervention, neither changes in YFAS scores nor baseline YFAS “diagnosis”
significantly predicted weight loss. Taken together, findings from these studies appear to suggest that
FA symptoms may decrease in behavioral weight-loss programs.

The current study aimed to describe the associations between early changes in “problem food”
consumption, long-term changes in FA symptoms, and long-term weight change. Analyses were
conducted using data collected from a multi-site behavioral weight-loss randomized control trial that
consisted of a four-month in-person treatment phase (Phase 1; Months 0–4), followed by a 12-month
extended-care phase (Phase 2; Months 4–16) and a six-month follow-up phase (Phase 3; Months 16–22).
Specifically, we aimed (1) to identify associations between initial (Phase 1) changes in “problem food”
consumption (e.g., high-sugar/high-fat processed foods recorded in participant dietary logs) and
long-term changes in FA symptoms, and (2) to identify the associations between initial changes in
“problem food” consumption, long-term FA symptoms, and long-term weight loss. We hypothesized
that (a) Phase 1 reductions in “problem foods” would be associated with a long-term reduction in FA
symptoms (Months 0–22), (b) long-term changes in FA symptoms would be associated with long-term
changes in body weight, and (c) Phase 1 reductions in problem food consumption would be associated
with long-term reductions in body weight.
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2. Materials and Methods

The current paper describes a secondary data analysis of data from the Rural Lifestyle Eating
and Activity Program (Rural LEAP) [30]. The Rural LEAP project was a randomized controlled trial
comparing the effects of three strategies for long-term weight management among 528 women and men
(ages 21–75; body mass indexes (BMIs) between 30–45) living in rural north Florida. Approval was
obtained from the University of Florida Institutional Review Board (IRB), and all participants gave
written informed consent. Participants attended a weekly, in-person behavioral weight-loss program for
the first four months of treatment (Phase 1). Those who completed Phase 1 with ≥50% attendance were
randomly assigned to 12 months of extended care (Phase 2) delivered via individual or group telephone
counseling or an education control program delivered via email. All participants received 18 modules
with recommendations for maintaining lost weight. In the phone-based conditions, health coaches
provided participants with 18 individual or group sessions focused on problem solving of obstacles
to the maintenance of weight loss. Phase 3 (Months 16–22) was a no-contact follow-up period for
participants to practice the strategies on their own. Assessments were conducted at baseline (Month 0),
post-treatment (Month 4), halfway through the extended-care phase (Month 10), post-extended care
(Month 16), and after the final no-contact phase (Month 22).

2.1. Participants

The sample included adult men and women with BMIs between 30–45 kg/m2 and without medical
contraindications for weight loss (see prior publications [30,31] for specific inclusion and exclusion
criteria). Although four cohorts (“waves”) of volunteers participated in the Rural LEAP program,
the YFAS was not added to the study until the third and fourth cohorts; thus, the current study only
included participants who completed the program during Waves 3 and 4 (n = 196). In addition,
the current study excluded participants if they failed to complete eligible dietary records at the end of
Month 4 (i.e., ≥3 days recorded per week; complete information on food types/amounts) or if they
did not complete the 22-month assessment. This resulted in a sample size of 182 participants for the
current study (see Figure 1 for a flow diagram).
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Figure 1. Flow diagram of participants.

2.2. Main Variables

2.2.1. Problem foods

“Problem foods” (i.e., foods more likely to be associated with addiction-like symptoms) were
self-identified at baseline using participants’ responses to the YFAS. Combined with information
from prior literature (e.g., [9,11,32–34]), these responses were used to create a combined “problem
foods” variable, which included the following food categories from the USDA’s “What We Eat In
America” survey [35]: pizza, burgers, savory snacks, sweet bakery products, chocolate, candy, ice cream
and frozen desserts, fried potatoes, diet soda, sweetened beverages, sugars, and sugar substitutes.
A “problem food consumption” score was calculated for each participant based on the average number
of times per day he or she consumed a food item from this list. This was calculated by summing
the total number of times participants consumed any item from the “problem food” list in a week
(e.g., first week of Month 0; last week of Month 16) and dividing this sum by the number of days
recorded that week (e.g., average daily frequency of problem food consumption = total number
of times “problem food” consumed that week/number of days recorded that week). Data on food
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consumption was extracted from participants’ dietary records, which they were instructed to keep
daily during the course of the intervention. Due to low food record completion rates during Phase 2
(approximately 50%), only food logs from Phase 1 were used for the current study. Data extracted from
the logs were entered into the secure Research Electronic Data Capture (REDCap) tool [36], and entries
were randomly checked for accuracy and consistency. Food records were excluded if they failed to
include accurate or complete information (e.g., no quantities or caloric values), if there were less than
three complete days recorded per week, or if the participant had abnormal circumstances that week
(i.e., severe illness).

2.2.2. Food Addiction Symptoms

The Yale Food Addiction Scale (YFAS) [13] is a validated self-report instrument, and is currently
the most frequently used measure of addiction-like eating behaviors. The original version of this
scale was used in the current study. It includes 25 questions, with most presented in either Likert
or “yes/no” format. Respondents are instructed to answer questions while keeping in mind “certain
foods” for which they have difficulty controlling their intake. Each question contributes to one of seven
symptoms (e.g., craving, failure to fulfill major role obligations) or clinical criteria (i.e., distress or
impairment). The scale’s “diagnostic” threshold is based on the DSM-IV criteria for substance
dependence (≥3 symptoms, plus distress or impairment). The questionnaire produces two metrics:
a dichotomous “diagnosis” score (meets criteria vs. does not meet criteria) and a continuous “symptom”
score (0–7 symptoms). The current study used the symptom score for analyses in order to better
quantify the degree of change in symptoms.

The YFAS was administered at all five assessment points (Months 0, 4, 10, 16, and 22). While the
original questionnaire asks participants to report on symptoms experienced in the past year, we modified
the instructions to read “the past four months” at the Month 4 assessment and “the past six months” at
Months 10, 16, and 22 in order to reflect the amount of time between assessments.

2.2.3. Body Weight

Body weight was measured to the nearest 0.1 kg using a calibrated digital scale at all five
assessments. Participants wore light indoor clothing and emptied pockets prior to weighing.

2.3. Recruitment and Initial Assessment

Recruitment to the parent study (Rural LEAP) primarily used mailed fliers and brochures presented
at community and healthcare organizations. Screening occurred first via telephone and then in person
at local county extension offices. At the in-person assessment, participants completed measurements
of weight and height, psychosocial questionnaires (e.g., YFAS), and other health-/fitness-related
assessments, such as a walking test [30]. Data collection occurred primarily through REDCap [36],
which was approved by the University of Florida IRB for HIPAA compliance.

2.4. Intervention

Participants were taught strategies to increase physical activity and reduce caloric intake.
Each weekly in-person session consisted of a private weigh-in, reviewing progress, problem-solving
challenges, a skills-based lesson, and setting of eating and activity goals. Lessons included topics such
as basic nutrition education, physical activity, problem solving, managing cravings, seeking social
support, and substituting high-calorie foods for low-calorie foods. All participants were instructed to
continue self-monitoring during Phase 2. Details on the study and intervention content have been
described in prior publications [30,31].
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2.5. Statistical Analyses

Analyses were performed in SPSS version 26 and significance levels were set to p < 0.05.
Multilevel modeling tests used the full sample (n = 182); other tests (e.g., descriptive analyses)
did not include participants with missing data (see Figure 1 for sample sizes at each timepoint).
One-way analyses of variance (ANOVAs), chi-squared tests, and Kruskal–Wallis tests were used for
descriptive and supplementary analyses involving categorical variables. Pearson correlations and
related-samples Wilcoxon signed-rank tests were used for analyses involving continuous variables.
Bootstrapping to 5000 samples was used to correct for non-normal variables in parametric tests.
Bootstrapping is a robust and effective resampling technique for non-parametric and/or smaller
samples that does not make parametric assumptions on the distribution [37,38].

Multilevel modeling was used for Aims 1 and 2. The Aim 1 model included FA symptoms at each
time point (Level 1) nested within 182 participants (Level 2). The model included the following Level 2
predictors: age, BMI, baseline problem food consumption (PFBaseline), Phase 1 changes in problem
food consumption (PFChange), linear time slope (MonthLinear), quadratic time slope (MonthQuad),
and the interactions between PFChange and each time slope. Level 1 predictors included: linear time
slope (MonthLinear), quadratic time slope (MonthQuad), and BMI. Multilevel modeling also controls
for the baseline value of the dependent variable (FA symptoms). In the equation below (Equation (1)),
“FA” represents the dependent variable (FA symptoms) for person “i” at timepoint “j”. Terms marked
with γ represent Level 2 intercepts as labeled after the underscore (e.g., γ01_Age represents the Level
2 intercept for age). The residual is represented by the symbol “ζ0i”, and subsequent terms marked
with ζ represent individual differences in Level 1 parameters not explained by Level 2 predictors.
Age was included as a control variable in Aim 1 due to prior literature suggesting differences in food
addiction symptoms by age group [8]. We originally added Phase 2 group randomization as a control
variable in our multi-level models because it was significantly related to weight loss in the parent
study (n = 445) [30]. However, it was ultimately removed from the current study due to worsened fit
and no significant effects.

FAij = [γ00_Intercept + γ01_Age + γ02_BMI + γ03_ PFBaseline + γ04_PFChange + γ10_MonthLinear +
γ11_(MonthLinear*PFChange) + γ20_MonthQuad + γ21_(MonthQuad*PFChange)] + [ζ0i +

ζ1i_MonthLinear + ζ2i_MonthQuad + ζ3i_BMI + εij]

(1)

The Aim 2 model included body weight at each time point (Level 1) nested within 182 participants
(Level 2). The model included the following Level 2 predictors: height, race, baseline problem
food consumption (PFBaseline), Phase 1 changes in problem food consumption (PFChange),
mean between-person FA symptoms (FAMean), centered within-person FA symptoms (FACent),
linear time slope (MonthLinear), quadratic time slope (MonthQuad), and the interactions between
PFChange, FAMean, and each time slope. The Level 1 predictors included: linear time slope
(MonthLinear), quadratic time slope (MonthQuad), and centered within-person FA symptoms (FACent).
Symbol definitions for Equation (2) are the same as for Equation (1). FA was split into Level 1 and
Level 2 variables in order to test both within- and between-subject effects. Level 2 effects of FA
symptoms were calculated by computing person-means (i.e., averaging each participant’s YFAS score
across all timepoints). Level 1 effects were calculated by computing person-mean centered values
(i.e., subtracting participants’ scores at each timepoint from their person-mean). Race was included as
a control variable in Aim 2 due to prior literature showing differences in body weight by race [39].

Weightij = [γ00_Intercept + γ01_Height + γ02_Race + γ03_PFBaseline + γ04_PFChange + γ05_FAMean +

γ06_FACent + γ10_MonthLinear + γ11_(MonthLinear*PFChange) + γ12_(MonthLinear*FAMean) +

γ20_MonthQuad + γ21_(MonthQuad*PFChange) + γ22_(MonthQuad*FAMean)] + [ζ0i +

ζ1i_MonthLinear + ζ2i_MonthQuad + ζ3i_FACent + εij]

(2)
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One-way ANOVA and Bonferroni post-hoc tests were used to evaluate differences between mean
values and change scores in FA symptoms and weight (respectively) at each timepoint. Median split
graphs were also created to assist in interpreting significant quadratic time interactions.

3. Results

3.1. Demographics

The final study sample included 182 participants (84.6% female) with a mean age of 55.4 ± 9.9 years.
Demographic characteristics and YFAS scores are presented in Table 1. At baseline, 24 (13.2%)
participants met the YFAS “diagnostic” criteria for FA, and the mean symptom score for the full sample
was 2.38 ± 1.58. Non-white participants were more likely to have higher BMIs by about 1.5 kg/m2

(p = 0.031) compared to white participants. No other demographic variables were significantly related
to YFAS scores or BMI. YFAS scores were not significantly related to BMI at baseline (r = 0.061;
p = 0.410). There were no significant differences in demographic variables between Waves 1 and 2
(enrolled in the parent study before the YFAS was administered; n = 215) and Waves 3 and 4 (from
which the current sample was drawn; n = 230, ps > 0.05). Additionally, there were no significant
differences between our sample (n = 182) and participants in Waves 3 and 4 who were not eligible for
the current study (n = 48; ps > 0.05).

Table 1. Baseline sample characteristics (N = 182).

Characteristic M (SD) n (%)

Age (years) 55.4 (9.9)
Weight (kg) 99.6 (13.9)
BMI (kg/m2) 36.6 (3.6)

YFAS symptom score 2.38 (1.58)
YFAS clinical cutoff

≥3 symptoms + distress/impairment 24 (13.2)
<3 symptoms or no distress/impairment 158 (86.8)

Gender
Female 154 (84.6)
Male 28 (15.4)

Ethnicity
Non-Hispanic 175 (96.2)

Hispanic 7 (3.8)
Race

White 146 (80.2)
Black or African American 35 (19.2)

Hispanic or Latino 7 (3.8)
American Indian or Alaskan Native 6 (3.3)

Asian 1 (0.5)
Native Hawaiian or Other Pacific Islander 0 (0.0)

Highest level of education
<High school 4 (2.2)

High school or GED 89 (48.9)
Associate’s degree 21 (11.5)
Bachelor’s degree 45 (24.7)
Advanced degree 23 (12.6)

Annual household income
<$20,000 14 (7.7)

$20,000–$34,999 41 (22.5)
$35,000–$49,999 31 (17.0)
$50,000–$74,999 39 (21.4)
>$75,000 45 (24.7)

Unknown 12 (6.6)

3.2. Phase 1 Problem Food Consumption

Baseline problem food consumption was significantly associated with baseline FA symptoms
(r = 0.230, p = 0.002). During Phase 1, the mean frequency of problem food consumption dropped from
2.5 ± 1.2 times/day to 1.5 ± 0.9 times/day (p < 0.001). Decreases in problem food consumption were
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significantly associated with Phase 1 reductions in FA symptoms (r = 0.165, p = 0.028), but not weight
(r = 0.119, p = 0.115). However, correlation effect sizes were small. Phase 1 changes in FA symptoms
were not significantly associated with weight change (r = 0.082, p = 0.277).

3.3. Aim 1: Long-Term Changes in Food Addiction Symptoms

Five models (A–E) were tested using YFAS symptoms as the dependent variable and changes in
Phase 1 problem food consumption as the independent variable. Body mass index, age, and baseline
problem food consumption were included as covariates. Model A tested the unconditional means model,
which included only the intercept. Model B tested the unconditional growth model, which added both
linear and quadratic time slopes as predictors, both of which were significant (quadratic time, p = 0.012;
linear time, p = 0.010). Model C tested for the fixed effects of baseline problem food consumption
(covariate) and Phase 1 changes in problem food consumption (independent variable) on FA symptoms
over time. Fixed effects test the association of a predictor with the intercept (in this study, baseline value)
of the dependent variable. Neither predictor had a significant fixed effect.

Model D added the interaction of changes in problem food consumption with both linear and
quadratic time, respectively. A variable’s interaction effect with time looks at its association with
subsequent changes in the dependent variable across time (as opposed to at the intercept only).
We found that the quadratic time interaction with problem food change was significant (p = 0.012),
suggesting that Phase 1 decreases in problem food consumption were initially associated with a slightly
sharper decline in FA symptoms, followed by a slightly sharper rebound. The interaction between
problem food changes and linear time was not significant, indicating that Phase 1 problem food
changes were not associated with long-term changes in FA scores. Model E included our remaining
control variables (BMI and age), both of which had significant fixed effects (p < 0.001 and p = 0.043,
respectively). The random effect of BMI was not significant (p = 0.321; see Figures 2 and 3 and Table 2).

Figure 2. Model-implied trend of food addiction symptoms over time. Shaded areas mark Phases 1, 2,
and 3 of the study, with the frequency of intervention sessions noted in italics. * = p < 0.05.
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Figure 3. Changes in food addiction (FA) symptoms over time, comparing subjects with greater versus
smaller Phase 1 reductions in problem food consumption (based on median split: greater reduction =
gray triangles, smaller reduction = blue diamonds): (a) graph using original data; (b) graph correcting
for baseline differences in Yale Food Addiction Scale (YFAS) scores for comparison.

Table 2. Aim 1 results of the model tests (food addiction symptoms as outcome).

Par Model A Model B Model C Model D Model E

Fixed effects
Initial status

Intercept γ00 0.007 (0.058) −0.216 ** (0.062) −0.217 *** (0.061) −0.135 * (0.062) −0.134 * (0.062)
PF Change γ04 −0.117 (0.080) −0.026 (0.084) −0.026 (0.085)
PF Baseline γ03 0.088 (0.080) 0.098 (0.080) 0.088 (0.080)

BMI γ02 0.262 *** (0.049)
Baseline Age γ01 −0.113 * (0.056)

Rate of change
Time (linear) γ10 −0.082 ** (0.026) −0.083 ** (0.026) −0.040 (0.026) −0.039 (0.026)
X PF Change γ11 −0.003 (0.025) −0.005 (0.025)
Time (quad) γ20 0.214 *** (0.031) 0.215 *** (0.031) 0.135 *** (0.034) 0.135 *** (0.033)
X PF Change γ21 −0.078 * (0.031) −0.074 * (0.031)

Random effects
Level 1

Residual εij 0.496 *** (0.027) 0.385 *** (0.028) 0.389 *** (0.028) 0.360 *** (0.026) 0.352 *** (0.028)
BMI ζ3i 0.041 (0.042)

Level 2
Intercept ζ0i 0.503 *** (0.064) 0.468 *** (0.063) 0.437 *** (0.059) 0.443 *** (0.060) 0.420 *** (0.059)

Time (linear) ζ1i 0.034 * (0.013) 0.034 * (0.013) 0.034 ** (0.013) 0.033 ** (0.013)
Time (quad) ζ2i 0.042 * (0.017) 0.036 * (0.016) 0.041 * (0.016) 0.036 * (0.016)
Fit Statistics

Deviance 2165.464 2099.093 2087.688 2046.568 2041.203
AIC 2171.464 2113.093 2105.688 2070.568 2069.203
BIC 2185.749 2146.424 2148.542 2127.693 2135.849

Estimates are presented with standard errors between parentheses. * p<0.05, ** p<0.01, *** p<0.001. PF = problem foods;
BMI = body mass index; AIC =Akaike information criterion; BIC = Bayesian information criterion.

3.4. Aim 2: Long-Term Changes in Body Weight

Five models (A–E) were tested using body weight as the dependent variable and both FA symptoms
and changes in Phase 1 problem food consumption as independent variables. Height, race (white vs.
not white), and baseline problem food consumption were covariates. Model A was the unconditional
means model and Model B was the unconditional growth model. In Model B, both linear and quadratic
time slopes were significant (ps < 0.001).

Model C included the fixed effects of both FA symptoms and problem food consumption (baseline
values and change scores); of these, only the fixed effects of within-person (Level 1, person-mean
centered) FA symptoms were significant in Model C (p < 0.001). Model D added four interaction
terms: Phase 1 changes in problem food consumption by time and person-mean (between-subject)
FA symptoms by time. Of these, only the interaction between FA symptoms and linear time was
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significant (p = 0.008), such that higher mean FA scores were associated with less long-term weight
loss. Model E added the remaining covariates (height and race), both of which had significant fixed
effects (ps ≤ 0.001). The fixed effect of between-person (Level 2, person-mean) FA symptoms also
became significant (p = 0.009) in this model, such that individuals with higher mean YFAS scores were
more likely to have a higher baseline body weight. The quadratic time by person-mean FA interaction
also became significant (p = 0.045), such that higher mean FA scores were associated with a slightly
shallower weight-loss curve and a slightly steeper rate of weight regain (see Figures 4 and 5 and
Table 3).

Figure 4. Model-implied trend of body weight over time. Shaded areas mark Phases 1, 2, and 3 of the
study, with the frequency of intervention sessions noted in italics. * = p < 0.05.

Figure 5. Changes in body weight over time, comparing subjects with higher versus lower person-mean
YFAS scores (based on median split: higher YFAS scores = gray triangles; lower YFAS scores =
blue diamonds): (a) graph using original data; (b) graph correcting for baseline differences in body
weight for comparison.
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Table 3. Aim 2 results of the model tests (body weight as outcome).

Par Model A Model B Model C Model D Model E

Fixed effects
Initial status

Intercept γ00 0.003 (0.069) −0.235 ** (0.070) −0.228 ** (0.070) −0.228 ** (0.070) −0.230 *** (0.052)
FA (M) γ05 0.083 (0.091) 0.105 (0.092) 0.181 ** (0.069)
FA (C) γ06 0.101 *** (0.016) 0.101 *** (0.015) 0.101 *** (0.016)

PF Change γ04 −0.107 (0.101) −0.104 (0.101) −0.063 (0.075)
PF Baseline γ03 0.005 (0.100) 0.005 (0.100) −0.015 (0.075)

Height γ01 0.610 *** (0.052)
White race γ02 −0.170 ** (0.052)

Rate of change
Time (linear) γ10 −0.123 *** (0.015) −0.121 *** (0.015) −0.120 *** (0.014) −0.120 *** (0.014)

X FA (M) γ12 0.051 ** (0.019) 0.050 ** (0.019)
X PF Change γ11 0.002 (0.015) 0.002 (0.015)
Time (quad) γ20 0.238 *** (0.013) 0.224 *** (0.013) 0.224 *** (0.013) 0.224 *** (0.013)

X FA (M) γ22 −0.033 (0.017) −0.033 * (0.016)
X PF Change γ21 −0.005 (0.014) −0.005 (0.013)

Random effects
Level 1

Residual εij 0.147 *** (0.008) 0.049 *** (0.004) 0.044 *** (0.004) 0.044 *** (0.004) 0.046 *** (0.004)
FA (C) ζ3i 0.002 (0.004) 0.001 (0.003) 0.001 (0.004)
Level 2

Intercept ζ0i 0.846 *** (0.092) 0.874 *** (0.093) 0.843 *** (0.090) 0.844 *** (0.090) 0.457 *** (0.050)
Time (linear) ζ1i 0.030 *** (0.004) 0.028 *** (0.004) 0.027 *** (0.004) 0.026 *** (0.004)
Time (quad) ζ2i 0.013 *** (0.003) 0.013 *** (0.003) 0.013 *** (0.003) 0.010 ** (0.003)
Fit Statistics

Deviance 1443.129 1013.281 944.070 933.623 825.881
AIC 1449.129 1027.281 968.070 965.623 861.881
BIC 1463.536 1060.898 1025.195 1041.790 947.569

Estimates are presented with standard errors between parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001.
FA = food addiction symptoms; M = mean; C = centered; PF = Problem foods; AIC = Akaike information
criterion; BIC = Bayesian information criterion.

3.5. ANOVAs and Bonferroni Post-Hocs: Food Addiction Symptoms and Body Weight

3.5.1. Food Addiction

Finally, one-way ANOVA and Bonferroni tests detected statistically significant differences
between baseline (Month 0) FA symptoms and each subsequent timepoint, respectively (all ps < 0.05).
Months 4–22 were not significantly different from each other. Changes in FA symptoms between
Months 0–4 (Phase 1) were significantly different from Months 4–10, 10–16, and 16–22 (first half of
Phase 2, second half of Phase 2, and Phase 3, respectively; ps < 0.001). None of the subsequent phases
were significantly different from each other (ps > 0.05).

3.5.2. Body Weight

There were statistically significant differences between baseline (Month 0) body weight and each
subsequent timepoint (all ps < 0.05). Months 4–22 were not significantly different from each other.
Phase 1 changes in body weight were significantly different from all other timepoints (ps < 0.001),
as were the changes during the first half of Phase 2 (Months 4–10; ps < 0.001; see Table 4).

95



Nutrients 2020, 12, 3687

Table 4. Means and change slopes for main variables by timepoint.

Timepoint
M ± SD

YFAS Score Body Weight (kg)
Timepoint

M ± SD
Change in

YFAS Score
Change in Weight (kg)

Month 0 2.39 ± 1.58 b,c,d,e

N = 182
99.57 ± 13.95 b,c,d,e

N = 182
Months 0–4

(Phase 1)
−0.882 ± 1.47 g,h,i

N = 178
−8.83 ± 4.75 g,h,i

N = 182

Month 4 1.56 ± 1.1 a

N = 178
90.74 ± 13.56 a

N = 182
Months 4–10

(Phase 2, 1st half)
0.044 ± 1.23 f

N = 161
−0.789 ± 4.51 f,h,i

N = 180

Month 10 1.60 ± 1.29 a

N = 164
89.90 ± 14.8 a

N = 180

Months 10–16
(Phase 2, 2nd

half)

0.252 ± 1.10 f

N = 153
1.93 ± 3.08 f,g

N = 174

Month 16 1.79 ± 1.46 a

N = 163
91.65 ± 15.38 a

N = 174
Months 16–22

(Phase 3)
0.073 ± 1.11 f

N = 161
1.80 ± 3.79 f,b

N = 174

Month 22 1.92 ± 1.51 a

N = 177
93.67 ± 15.38 a

N = 182 - - -

Significance evaluated at p < 0.05 using One-way analysis of variance (ANOVA) and bootstrapped T-tests.
Key: a = significantly different from Month 0, b = significantly different from Month 4, c = significantly different
from Month 10, d = significantly different from Month 16, e = significantly different from Month 22; f = significantly
different from Months 0–4, g = significantly different from Months 4–10, h = significantly different from Months
10–16, i = significantly different from Months 16–22.

4. Discussion

The primary goal of this study was to evaluate long-term changes in food addiction (FA)
symptoms and weight loss among a sample of adults participating in a behavioral weight-loss program.
We hypothesized that reductions in problem food consumption during the initial phase of treatment
would be associated with long-term reductions in FA symptoms, that long-term changes in FA would
be associated with long-term changes in body weight, and that initial reductions in problem food
consumption would be associated with long-term reductions in body weight.

4.1. Food Addiction and Problem Foods

We found that changes in problem food consumption during the initial in-person treatment phase
were not associated with changes in FA symptoms from the baseline to Month 22. Rather, reductions in
problem food consumption were associated with a different pattern of change, suggesting sharper initial
reductions in FA symptoms followed by a sharper rebound after the in-person phase. While future
research is needed to clarify the relationship between problem food consumption and FA symptoms,
our findings suggest that decreasing problem food consumption (in the context of a behavioral weight
loss program) may be associated with improvements in FA symptoms in the short term, but that these
changes may not last in the long term.

Many have proposed that, similarly to drug addiction treatment models, the goal of FA treatment
should be either abstinence [40], moderation [23], or harm reduction [41] in regard to problem
food consumption. Others have implied that non-dieting approaches may be beneficial [42–45].
However, few studies have tested the efficacy of any FA treatment. The FA studies identified by
Cassin et al. [20] examined a variety of different approaches, including abstinence, cognitive-behavioral
therapy, exposure and response prevention, intuitive eating, and mindfulness. However, only two of
the included studies specifically targeted FA as a primary outcome. The authors concluded that more
research is needed to compare the effects of potential interventions, particularly those drawn from
evidence-based treatments for substance use or eating disorders [20].

4.2. Food Addiction and Weight

We found that both FA symptoms and body weight decreased over time, and that higher average
YFAS scores over the course of the study were associated with less weight loss. These findings
are consistent with several studies that have shown an association between FA symptoms and
body weight both cross-sectionally and across time [8,15,28]. However, others have failed to find
an association [29,46,47]. Despite some inconsistency, most prior research has shown significant
reductions in FA symptoms following weight-loss treatment [28,29,46,48,49]. These findings require
further exploration, but it is possible that the connection between FA symptoms and weight may
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become more apparent over periods of time that extend beyond the length of typical intervention
studies (i.e., 4–6 months), and/or that both FA and body weight are influenced or caused by an
external factor.

4.3. Problem Foods and Weight

We did not find a significant association between early changes in problem food consumption
and long-term changes in weight. This finding was contrary to our hypotheses, and also contrary to
some prior cross-sectional and behavioral weight-loss studies [50–54]. One possible explanation could
be that participants in our intervention were instructed to reduce calories rather than reduce problem
foods specifically; the results may have been different had problem food consumption been directly
targeted. Another possible explanation could be that our measure of problem food consumption
(number of times consumed per day) did not provide enough power given its seemingly restricted
range. However, at least one other study has reported a similarly unexpected finding: Nikiforova and
associates [55] found that, among their sample of 300 laparoscopic sleeve gastrectomy patients,
there was a 12.9% increase in the number of patients who reported a diet rich in “sweets” and an
8.9% increase in the number of patients who reported a diet rich in “snacks” three years after surgery,
despite a significant reduction in BMI. They concluded that while consumption of these foods increased
post-surgery, they did not appear to have a negative effect on BMI. Further research is required to
clarify the association between high-fat and/or high-sugar foods and body weight, especially while
controlling for caloric consumption.

4.4. Implications and Future Directions

Some have proposed that FA causes weight gain through the overconsumption of high-calorie
foods (e.g., [56]), while others have suggested that obesity may cause FA symptoms via brain chemistry
changes that lead to overeating (e.g., [57]). An additional question to consider is whether FA and
obesity may both be symptoms of an external factor. For example, it has been well established that both
obesity and FA symptoms are associated with increased depression and anxiety, lower self-esteem,
and poorer quality of life [16,19,58–62]. In addition to psychosocial factors, biological contributors,
such as gut microbiota and genetics, have also been associated with weight and addiction-like
eating [63–66]. Future studies should prospectively analyze the relationships between neurobiological
and psychosocial factors, body weight, and FA in order to predict which factors may put individuals at
risk of developing either or both of these conditions.

If FA leads to weight gain through the overconsumption of high-calorie, highly palatable foods,
reducing consumption of these foods should lead to weight loss. However, the current study’s findings
did not support an association between changes in problem food consumption and either concurrent
(Phase 1) or subsequent (long-term) changes in body weight. Future studies should evaluate long-term
changes in problem food consumption simultaneously with both FA symptoms and weight in order to
elucidate these relationships. Future studies should also evaluate the long-term effects of problem
food consumption on both body weight and FA symptoms by specifically targeting problem food
consumption without caloric restriction.

4.5. Strengths and Limitations

The results should be interpreted in light of this study’s limitations. First, the analyses conducted
cannot demonstrate causal relationships between the variables, nor determine the direction of the
association between FA and body weight. Second, the study sample was primarily female and had
sociodemographic characteristics similar to adults in the rural southeastern United States, which may
limit generalizability to other populations. Additionally, the proportion of participants in the current
study who met YFAS criteria for FA (13.2%) was less than the estimated prevalence for adults
with overweight/obesity (approximately 25%) [8]. This may be due to the fact that ours was a
treatment-seeking sample, as other behavioral weight-loss studies have also reported relatively low
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FA prevalence rates (e.g., 19% [15]; 6.7% [29]; 15.2% [47]). Third, dietary records were based on
self-reporting and were not independently verified, and problem food consumption was coded post
hoc for secondary data analyses. Additionally, we were unable to evaluate long-term changes in
problem food consumption due to the low rates of self-monitoring after Phase 1. Fourth, the current
sample size may have been insufficient to detect certain differences, such as the effects of Phase
2 group randomization and problem food consumption on weight change. Finally, the present
results were consistent with previous research regarding the direction of change in problem food
consumption [52,53,67,68]; however, differences in methodology (i.e., using measures of quantity vs.
frequency) precluded our ability to compare the clinical significance of the change with that observed
in prior studies e.g., [52,53,67,68]. Nevertheless, this is the first study to our knowledge that has
evaluated long-term changes in FA symptoms in the context of a behavioral weight-loss program.
The above findings regarding the associations between problem food consumption, FA symptoms,
and body weight over time have important implications for future research.

5. Conclusions

Despite increased interest in the concept of food addiction, there is a dearth of research regarding
its clinical implications and potential treatments. The current study examined long-term (two-year)
changes in food addiction symptoms and their association with changes in body weight and “problem
food” (i.e., highly palatable food) consumption among adults in a behavioral weight-loss program.
The findings suggest that food addiction symptoms improve during behavioral weight-loss treatment
and that reducing problem food consumption is associated with short-term improvements in FA
symptoms. Despite some evidence for a negative association between food addiction symptoms and
weight loss, more research is needed to elucidate the complex interplay of food addiction symptoms,
body weight, and problem food consumption. A greater understanding of these relationships may
inform the development of effective interventions for long-term changes in FA.
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46. Sevinçer, G.M.; Konuk, N.; Bozkurt, S.; Coşkun, H. Food addiction and the outcome of bariatric surgery at

1-year: Prospective observational study. Psychiatry Res. 2016, 244, 159–164. [CrossRef] [PubMed]
47. Lent, M.R.; Eichen, D.M.; Goldbacher, E.; Wadden, T.A.; Foster, G.D. Relationship of food addiction to weight

loss and attrition during obesity treatment. Obesity 2014, 22, 52–55. [CrossRef] [PubMed]
48. Murray, S.M.; Tweardy, S.; Geliebter, A.; Avena, N.M. A Longitudinal Preliminary Study of Addiction-Like

Responses to Food and Alcohol Consumption Among Individuals Undergoing Weight Loss Surgery.
Obes. Surg. 2019, 29, 2700–2703. [CrossRef]

49. Pepino, M.Y.; Stein, R.I.; Eagon, J.C.; Klein, S. Bariatric surgery-induced weight loss causes remission of food
addiction in extreme obesity. Obesity 2014, 22, 1792–1798. [CrossRef]

50. Wing, R.R.; Hill, J.O. Successful weight loss maintenance. Annu. Rev. Nutr. 2001, 21, 323–341. [CrossRef]
51. San-Cristobal, R.; Navas-Carretero, S.; Celis-Morales, C.; Brennan, L.; Walsh, M.; Lovegrove, J.A.; Daniel, H.;

Saris, W.H.; Traczyk, I.; Manios, Y.; et al. Analysis of dietary pattern impact on weight status for personalised
nutrition through on-line advice: The Food4Me Spanish cohort. Nutrients 2015, 7, 9523–9537. [CrossRef]

100



Nutrients 2020, 12, 3687

52. Hutchesson, M.J.; Collins, C.E.; Morgan, P.J.; Watson, J.F.; Guest, M.; Callister, R. Changes to dietary intake
during a 12-week commercial web-based weight loss program: A randomized controlled trial. Eur. J.
Clin. Nutr. 2014, 68, 64–70. [CrossRef]

53. Kong, A.; Beresford, S.A.; Alfano, C.M.; Foster-Schubert, K.E.; Neuhouser, M.L.; Johnson, D.B.; Duggan, C.;
Wang, C.Y.; Xiao, L.; Jeffery, R.W.; et al. Self-monitoring and eating-related behaviors are associated with
12-month weight loss in postmenopausal overweight-to-obese women. J. Acad. Nutr. Diet. 2012, 112, 1428–1435.
[CrossRef] [PubMed]

54. Vidmar, A.P.; Pretlow, R.; Borzutzky, C.; Wee, C.P.; Fox, D.S.; Fink, C.; Mittelman, S.D. An addiction model-based
mobile health weight loss intervention in adolescents with obesity. Pediatric Obes. 2019, 14, e12464. [CrossRef]
[PubMed]

55. Nikiforova, I.; Barnea, R.; Azulai, S.; Susmallian, S. Analysis of the Association between Eating Behaviors
and Weight Loss after Laparoscopic Sleeve Gastrectomy. Obes. Facts 2019, 12, 618–631. [CrossRef] [PubMed]

56. Lennerz, B.; Lennerz, J.K. Food addiction, high-glycemic-index carbohydrates, and obesity. Clin. Chem.
2018, 64, 64–71. [CrossRef] [PubMed]

57. Cope, E.C.; Gould, E. New evidence linking obesity and food addiction. Biol. Psychiatry 2017, 81, 734–736.
[CrossRef]

58. Burrows, T.; Kay-Lambkin, F.; Pursey, K.; Skinner, J.; Dayas, C. Food addiction and associations with mental
health symptoms: A systematic review with meta-analysis. J. Hum. Nutr. Diet. 2018, 31, 544–572. [CrossRef]

59. Chu, D.T.; Nguyet, N.T.M.; Nga, V.T.; Lien, N.V.T.; Vo, D.D.; Lien, N.; Ngoc, V.T.N.; Le, D.H.; Nga, V.B.; Van
Tu, P.; et al. An update on obesity: Mental consequences and psychological interventions. Diabetes Metab.
Syndr. Clin. Res. Rev. 2019, 13, 155–160. [CrossRef]

60. Jorm, A.F.; Korten, A.E.; Christensen, H.; Jacomb, P.A.; Rodgers, B.; Parslow, R.A. Association of obesity with
anxiety, depression and emotional well-being: A community survey. Aust. N. Z. J. Public Health 2003, 27, 434–440.
[CrossRef]

61. Kamody, R.C.; Thurston, I.B.; Decker, K.M.; Kaufman, C.C.; Sonneville, K.R.; Richmond, T.K. Relating
shape/weight based self-esteem, depression, and anxiety with weight and perceived physical health among
young adults. Body Image 2018, 25, 168–176. [CrossRef]

62. Strine, T.W.; Mokdad, A.H.; Dube, S.R.; Balluz, L.S.; Gonzalez, O.; Berry, J.T.; Manderscheid, R.; Kroenke, K.
The association of depression and anxiety with obesity and unhealthy behaviors among community-dwelling
US adults. Gen. Hosp. Psychiatry 2008, 30, 127–137. [CrossRef]

63. Bell, C.G.; Walley, A.J.; Froguel, P. The genetics of human obesity. Nat. Rev. Genet. 2005, 6, 221–234.
[CrossRef] [PubMed]

64. Davis, C.; Loxton, N.J.; Levitan, R.D.; Kaplan, A.S.; Carter, J.C.; Kennedy, J.L. Food addiction’ and its
association with a dopaminergic multilocus genetic profile. Physiol. Behav. 2013, 118, 63–69. [CrossRef]
[PubMed]

65. Osadchiy, V.; Labus, J.S.; Gupta, A.; Jacobs, J.; Ashe-McNalley, C.; Hsiao, E.Y.; Mayer, E.A. Correlation of
tryptophan metabolites with connectivity of extended central reward network in healthy subjects. PLoS ONE
2018, 13, e0201772. [CrossRef] [PubMed]

66. Santacruz, A.; Marcos, A.; Wärnberg, J.; Martí, A.; Martin-Matillas, M.; Campoy, C.; Moreno, L.A.; Veiga, O.;
Redondo-Figuero, C.; Garagorri, J.M.; et al. Interplay between weight loss and gut microbiota composition
in overweight adolescents. Obesity 2009, 17, 1906–1915. [CrossRef]

67. Huseinovic, E.; Winkvist, A.; Bertz, F.; Brekke, H.K. Changes in food choice during a successful weight loss
trial in overweight and obese postpartum women. Obesity 2014, 22, 2517–2523. [CrossRef]

68. Assunção, M.C.F.; Gigante, D.P.; Cardoso, M.A.; Sartorelli, D.S.; Santos, I.S. Randomized, controlled trial
promotes physical activity and reduces consumption of sweets and sodium among overweight and obese
adults. Nutr. Res. 2010, 30, 541–549. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

101





nutrients

Article

Ultraprocessed Food: Addictive, Toxic, and Ready
for Regulation

Robert H. Lustig 1,2,3

1 Department of Pediatrics, University of California, San Francisco, CA 94143, USA; Robert.Lustig@ucsf.edu
2 Institute for Health Policy Studies, University of California, San Francisco, CA 94143, USA
3 Department of Research, Touro University-California, Vallejo, CA 94592, USA

Received: 27 September 2020; Accepted: 23 October 2020; Published: 5 November 2020

Abstract: Past public health crises (e.g., tobacco, alcohol, opioids, cholera, human immunodeficiency
virus (HIV), lead, pollution, venereal disease, even coronavirus (COVID-19) have been met with
interventions targeted both at the individual and all of society. While the healthcare community is
very aware that the global pandemic of non-communicable diseases (NCDs) has its origins in our
Western ultraprocessed food diet, society has been slow to initiate any interventions other than public
education, which has been ineffective, in part due to food industry interference. This article provides
the rationale for such public health interventions, by compiling the evidence that added sugar, and
by proxy the ultraprocessed food category, meets the four criteria set by the public health community
as necessary and sufficient for regulation—abuse, toxicity, ubiquity, and externalities (How does
your consumption affect me?). To their credit, some countries have recently heeded this science and
have instituted sugar taxation policies to help ameliorate NCDs within their borders. This article
also supplies scientific counters to food industry talking points, and sample intervention strategies,
in order to guide both scientists and policy makers in instituting further appropriate public health
measures to quell this pandemic.

Keywords: processed food; nutrition; non-communicable disease; metabolic syndrome; diabetes;
addiction; policy

1. Introduction: Pandemics and Public Health

We are in the midst of two pandemics. The COVID-19 pandemic had an identifiable start in January
2020. Yet despite media attention and warnings from scientists, many countries are experiencing a
“second wave”; here in the United States, we never even cleared the first wave. There is no cure,
at least not yet; all we have to mitigate this pandemic are public health efforts—social distancing,
handwashing, and face masks—which do not seem to work very well voluntarily, unless made
mandatory by authorities. The second pandemic, of non-communicable diseases (NCDs; type 2 diabetes,
cardiovascular disease, fatty liver disease, hypertension, heart disease, stroke, cancer, and dementia),
has been more insidious, slowly building over a 50-year time frame [1]. There is also no cure for this
pandemic; all we have are educational efforts such as voluntary “diet and exercise”, which do not seem
to work very well either.

NCDs now account for 72% of deaths [2] and 75% of health care dollars in the United States [3]
and globally [2]; and the morbidity, mortality, and economic costs continue to climb. In the U.S.,
Medicare is expected to be insolvent by 2026, and Social Security will be broke by 2034 [4], due to both
the loss of economic productivity combined with increased healthcare expenditures. Without young
and healthy people paying into the system, old and infirm people cannot take out. The cost of these
diseases is not limited to the U.S. [5], and NCDs have been declared a global health crisis by the United
Nations (U.N.) [6]. Thus, NCDs pose an existential threat to the survival of each country, and indeed
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the entire planet. Identifying the cause(s) of NCDs, and upstream policy initiatives to mitigate them is
of paramount importance.

Nonetheless, the world has recently faced down two other chronic disease pandemics, tobacco and
ethanol; both caused by hedonic substances readily available for purchase, and both responsive to
public health regulatory interventions. It was not until the U.S.’s Master Settlement Agreement and
the World Health Organization (WHO) Framework Convention on Tobacco Control that we saw a
reduction in cigarette consumption and reduction in lung cancer [7]. For alcohol, individual countries
have passed their own public health ethanol regulatory efforts, with clear improvements [8].

2. Criteria for Public Health Regulation

The question for public health officials is whether there is something specific and identifiable that
could be regulated on a global scale that could help to mitigate the pandemic of NCDs. While some
behaviors can be mandated (e.g., mask-wearing), most are left up to each individual (e.g., exercise).
Rather, targeting a substance or class of causative substances would be more effective, as predicted by
the Iron Law of Public Health, which states that reducing availability of a substance reduces consumption,
which reduces health harms [9]. Public health officials have identified the four criteria which must be
met in order to be considered for public health regulation [10]:

• Abuse (why can’t you stop?)
• Toxicity (why do you get sick?)
• Ubiquity (why can’t you escape it?)
• Externalities (why does your consumption harm me?)

To generate enthusiasm for any public health regulatory effort, the science and the logic of each of
these criteria must be obvious and inescapable. The goal of this treatise is to provide the science that
ultraprocessed food in general, and sugar in particular, meet all four criteria, and should be considered
as targets for regulation of the NCD pandemic by the public health community and by policymakers.

However, first we must deal with the “elephant in the room”; the mythology that calories are
the cause of obesity, and obesity is the cause of NCDs. If this were the case, then the processed food
industry can use the mantra that “any calorie can be part of a balanced diet”, and thus deflect criticisms
of their products. In order to provide evidence for the specific roles of sugar and ultraprocessed food
in the pandemic of NCDs, we must first confront and dispel this mythology, by demonstrating that
obesity is not a cause of NCDs because normal-weight individuals get NCDs as well. We must also
demonstrate that the effects of sugar and ultraprocessed food on NCD prevalence and severity are
exclusive of inherent calories, and independent of effects on obesity [11].

3. Obesity Is a ‘Marker’, Not a Cause of Non-Communicable Diseases (NCDs)

Most clinicians mistakenly attribute the growing rise of NCDs to growing prevalence of obesity
because of the quantity of the food ingested. This is untrue, for five separate reasons. (a) While obesity
prevalence and diabetes prevalence correlate, they are not concordant [12]. There are countries
that are obese without being diabetic (such as Iceland, Mongolia, and Micronesia), and there are
countries that are diabetic without being obese, such as India, Pakistan, and China (they manifest a
12% diabetes rate). This is further elaborated looking at years of life lost from diabetes vs. obesity [13].
(b) Twenty percent of individuals with obesity are metabolically healthy and have normal life
spans [14–16], while up to 40% of normal weight adults harbor metabolic perturbations similar to
those in obesity, including type 2 diabetes mellitus (T2DM), dyslipidemia, non-alcoholic fatty liver
disease (NAFLD), and cardiovascular disease (CVD) [17,18]. Indeed, in the U.S. 88% of adults exhibit
metabolic dysfunction [19], while only 65% are overweight or obese—some normal weight people are
metabolically ill as well. (c) The “Little Women of Loja” are a founder-effect cohort in Ecuador who are
growth hormone-receptor deficient, and who become markedly obese yet are protected from chronic
metabolic disease such as diabetes and heart disease [20]. (d) The secular trend of diabetes in the U.S.
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from 1988 to 2012 has demonstrated a 25% increase in prevalence in both the obese and the normal
weight population [21]. (e) The aging process does not explain T2DM, as children as young as the first
decade now manifest these same biochemical processes [22,23]. Now children get two diseases that
were never seen before in this age group—T2DM and fatty liver disease. These two diseases used to be
prevalent only in the elderly, or in those who abused ethanol.

These five lines of reasoning argue that obesity is a “marker” for the pathophysiology of NCDs
(e.g., insulin resistance), but not a primary cause—because a percentage of normal weight people get
NCDs as well, while a percentage of people with obesity are metabolically healthy. If obesity was
a cause of NCDs, then one could by extension make the case that “eating is addictive”—but clearly
neither are true. That young and normal weight people can contract these diseases suggests an
exposure, rather than a behavior, at the root of the NCD pandemic, and that the quantity of the food is
not the cause.

4. Ultraprocessed Food Is the Cause of NCDs

Rather, the quality of the food is the cause. Ultraprocessed food, defined as industrial formulations
typically with 5 or more ingredients [24], is the category of food that drives NCDs [25], such as
obesity [26,27], diabetes [28], heart disease [29], and cancer [30]. In particular, added sugar
(i.e., any fructose-containing sweetener; sucrose, high-fructose corn syrup, maple syrup, honey,
agave) is the prevalent, insidious, and egregious component of ultraprocessed food that drives that risk.

In this article, using scientific and legal evidence, I will elaborate three related arguments. First,
I will demonstrate that ultraprocessed food is addictive because of the sugar that is added to it, and that
the food industry specifically adds sugar because of its addictive properties. Second, I will highlight
the specific mechanisms by which sugar is toxic to the liver, which leads to NCDs. Lastly, I will argue
that added sugar is more appropriately defined as a food additive rather than as a food. In so doing, I will
argue that added sugar, and by extension the entire ultraprocessed food category, meets these criteria
established by the public health community for regulation of a substance (abuse, toxicity, ubiquity,
externalities) [9].

5. Added Sugar Is Abused

The seminal role of the Western Diet in the pandemic of NCDs is unchallenged [31]. For instance,
ultraprocessed food consumption correlates with body mass index (BMI) in the U.S. [26] and in
19 European countries [27]. As market deregulation policies of the 1990s took hold, fast food sales
increased incrementally in all countries and cultures to which it has been introduced, along with
commensurate increases in BMI [32]. Indeed, every country that has adopted the Western diet is
burdened with the development of NCDs and their resultant costs [33]. However, the food industry
continues to promulgate the argument that it is the quantity, not the quality of the foods that are
to blame. This is not a semantic argument. Quantity is determined by the end user, a personal
responsibility issue; while quality is determined by manufacturers, a public health issue. But what if
the quality altered the quantity? Those that favored either view over the other would thus appear
to be justified within their own stance. Indeed, this debate seems to have drawn to an academic
stalemate [34–36]. This must be answered before any form of societal intervention can be contemplated.

5.1. ‘Food Addiction’ versus ‘Eating Addiction’

Recent revelations in the popular literature have alluded to the addictiveness of the Western
diet [37,38], driving excessive consumption. Physiologic [39,40] and neuroanatomic [41] overlap
between obesity and addiction pathways have been elucidated. Some investigators have argued that
specific components of processed food, and in particular those in “fast food”, are addictive in a manner
similar to cocaine and heroin [42,43]. The Yale Food Addiction Scale (YFAS) logs specific foods as
having addictive properties [44], and a children’s YFAS also reveals that food addiction is common,
especially in obese youth [45].
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However, not everyone subscribes to this expanded view of specific foods having addicting
properties. For instance, a group of academics in Europe called NeuroFAST does not accept the
concept of food addiction, rather calling it “eating addiction” [46]. This group has proffered its
own “eating addiction scale” in which all foods are treated similarly [47], and it is the behavior that
distinguishes the phenomenon. These investigators state that even though specific foods can generate
a reward signal, they cannot be addicting because they are essential to survival. In their own words:

“In humans, there is no evidence that a specific food, food ingredient or food additive causes a
substance-based type of addiction (the only currently known exception is caffeine which via specific
mechanisms can potentially be addictive). Within this context we specifically point out that we do not
consider alcoholic beverages as food, despite the fact that one gram of ethanol has an energy density of
7 kcal [48]”.

NeuroFAST recognizes caffeine as addictive, but gives it a pass. Xanthine alkaloids are present
naturally in many foods, yet caffeine is classified by the U.S. Food and Drug Administration (FDA) as
a food additive. It is also a drug; we give it to premature newborns with underdeveloped nervous
systems to stimulate the central nervous system (CNS) to prevent apnea. NeuroFAST also recognizes
ethanol as addictive, and also gives it a pass. Natural yeasts constantly ferment fruit while still on the
vine or tree, causing it to ripen [49], yet NeuroFAST acknowledges that purified ethanol is not a food.
Rather, ethanol is a drug; we used to give it to pregnant women to stop premature labor.

Recently, another European group with food industry ties assessed the effects of specific foodstuffs
on “eating dependence” in a cohort of university students, using weight gain as the metric of food
addiction. In their study, they found no difference between fats and sugars as cause for weight gain [50].
However, as stated earlier, using weight gain as the metric of food addiction is inherently flawed.

In order to assess mechanism of effects of food on the addiction pathway in the brain, our group
at UCSF studied a cohort of postmenopausal women with obesity who received orally the mu-opioid
receptor antagonist naltrexone as a probe of the brain’s reward system. We found that the amplitude
of cortisol responses and nausea generation in response to naltrexone correlated with symptoms of
craving for sweet palatable foods in these women. These data suggest that naltrexone interfered with
endogenous opioid peptide (EOP) tone that mediated these cravings. In so doing, we have discerned a
phenomenon of “Reward Eating Drive” (RED), which belies those individuals with obesity who appear
to respond excessively to hedonic food cues [51–53], and which is tied to the opioidergic component
of the reward system in the brain, which is driven by sweet foods. Furthermore, using functional
magnetic resonance imaging (fMRI) studies, other investigators have defined the prefrontal cortex as
responsible for the response of sweet tastes as being “attractive” or “unattractive” [54].

5.2. Addictive Potential of Food Components

If there was a class of consumables that was uniquely addictive, it would have to be “fast food”.
But is it just the calories, or is there something specific about fast food that generates an addictive
response? Fast food contains four components whose hedonic properties have been examined: salt,
fat, caffeine, and sugar [37,42].

5.2.1. Salt

In humans, salt intake has traditionally been conceived as a learned preference [55] rather than
as an addiction. The preference for salty foods is likely learned early in life. Four- to six-month-old
infants establish a salt preference based on the sodium content of breast milk, water used to mix
formula, and diet [56]. Because energy-dense fast foods are relatively high in salt [57], in part as a
preservative to reduce depreciation, the preference for salty foods is associated with higher calorie
intake. For example, a study in Korean teens showed a correlation between frequent fast food intake
and preference for saltier versions of traditional foods [58]. Another study examined 27 subjects
undergoing opiate (mostly oxycodone) withdrawal and showed significant increases in fast food intake
and weight gain over 60 days [59], suggesting “addiction transfer”. On the other hand, studies show
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that people can ‘reset’ their preference for less salty items. This has been demonstrated in adolescents
deprived of salty pizza on their school lunch menu, and hypertensive adults who were retrained to
consume a lower sodium diet over 8 to 12 weeks [55]. Furthermore, at low levels, salt intake is well
known to be tightly regulated. For example, patients with salt-losing congenital adrenal hyperplasia
who lack the mineralocorticoid aldosterone modulate have an obligatory salt loss, which modulates
their salt intake [60], until appropriate doses of fludrocortisone are supplemented. The notion that
human sodium intake is “physiologically fixed” had been used to criticize recent public health efforts
to reduce sodium intake so drastically [61]. Nonetheless, the U.K. government engaged in a secret
mass campaign to reduce public salt consumption by 30%, and saw a 40% reduction in hypertension
and stroke without signs of withdrawal [62].

5.2.2. Fat

The high fat content of fast food is vital to its rewarding properties. Indeed, there may be a
“high-fat phenotype” among human subjects, characterized by a preference for high-fat foods and weak
satiety in response to them, which acts as a risk factor for obesity [63]. However, so-called “high-fat
foods” preferred by people are almost always also high in carbohydrate (e.g., potato chips, pizza,
or cookies). Indeed, adding sugar significantly enhances preference for high-fat foods among normal
weight human subjects; yet there was no limit for preference with increasing fat content [64]. Thus,
the synergy of high fat along with high sugar is likely to be more effective at stimulating addictive
overeating than fat alone. However, these rewarding properties of fat appear to be strictly dependent
on simultaneous ingestion of carbohydrate, as low-carbohydrate high-fat (LCHF) [65] and ketogenic
diets [66] consistently result in reduced caloric intake, significant weight loss, and resolution of
metabolic syndrome. In other words, fat increases the salience of fast food, but does not appear to be
addictive in and of itself.

5.2.3. Caffeine

Caffeine is a “model drug” of dependence in humans [67], meeting the DSM-IV and DSM-5 criteria
for tolerance, physiologic withdrawal, and psychological dependence in children [68], adolescents [69],
and adults [70]. Headache [70], fatigue, and impaired task performance [68] have been demonstrated
during withdrawal. While adolescents and children get their caffeine from soft drinks and hot chocolate,
adults get most of their caffeine from coffee and tea [71]. These drinks average 239 calories and provide
high amounts of sugar [72]. Soft drink manufacturers identify caffeine as a flavoring agent in their
beverages, but only 8% of frequent soda drinkers can detect the difference in a blinded comparison of a
caffeine-containing and caffeine-free cola [73]. Thus, the most likely function of the caffeine in soda is
to increase the salience of an already highly rewarding (high sugar) beverage. These drinks may be
acting as a gateway for caffeine-dependent customers to visit a fast food restaurant and purchase fast
food [74].

5.2.4. Sugar

Other than caffeine, the component with the highest score on the YFAS is sugar [44]. Adding a
soft drink to a fast food meal increases the sugar content 10-fold. Multivariate analysis of fast food
transactions demonstrate that only soft drink intake is correlated with changes in BMI; not animal
fat products [32]. While soda intake has been shown to be independently related to obesity and the
diseases of metabolic syndrome [75,76], fast food eaters clearly consume more soft drinks. Sugar has
been used for its analgesic effect in neonatal circumcision [77], suggesting a link between sugar and
EOP tone. Indeed, anecdotal reports from self-identified food addicts describe sugar withdrawal as
feeling “irritable”, “shaky”, “anxious” and “depressed” [78]; symptoms also seen in opiate withdrawal.
Other studies demonstrate the use of sugar to treat psychological dependence [79]. Sugar craving can
vary widely by age, menstrual cycle and time of day [80].
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Sugar is added to food either as sucrose, high-fructose corn syrup (HFCS), honey, maple syrup,
or agave. In general, each are assumed to consist of half fructose, half glucose; although this percentage
has recently come into question when an analysis of store-bought sodas in Los Angeles revealed a
fructose content as high as 65% [81]. This difference may be relevant, as fructose appears to generate a
greater reward response and more toxicity than does glucose (see below).

5.3. Correlates of Addiction in Animals Exposed to Sucrose

In rodents, oral sucrose administration uniquely induces the acute reactant c-fos in the ventral
tegmental area, implying activation of the reward pathway [82]. Furthermore, sucrose infusion directly
into the nucleus accumbens reduces dopamine and μ-opioid receptors similar to morphine [83],
and fMRI studies demonstrate the establishment of hard-wired pathways for craving [84]. Furthermore,
sucrose administration to rodents induces behavioral alterations consistent with dependence;
i.e., bingeing, withdrawal, craving, and cross-sensitization to other drugs of abuse [85]. Indeed,
in one oft-quoted rat study, sweetness surpassed cocaine as reward [86].

5.4. Differential Effects of Fructose vs. Glucose vs. Fat on the Human Brain

Despite being calorically equivalent (4.1 kcal/gm), fructose and glucose are metabolized differently.
Glucose is the energy of life. Glucose is so important that if you do not consume it, your liver makes
it from amino acids and fatty acids (gluconeogenesis). Conversely fructose, while an energy source,
is otherwise vestigial; there is no biochemical reaction in any eukaryote that requires it. Our research has
shown that when provided in excess of the liver’s capacity to metabolize fructose via the tricarboxylic
acid cycle, the rest is turned into liver fat, promoting insulin resistance, and resultant NCDs [87–89].

Physiologically, chronic fructose administration promotes fasting hyperinsulinemia and
hypertriglyceridemia [90], which blocks leptin’s ability to cross the blood brain barrier [91],
and attenuates leptin’s ability to extinguish mesolimbic dopamine signaling in rodents [92] and
humans [93], thus promoting tolerance and withdrawal [94]. Furthermore, fructose does not
suppress the stomach-derived hunger hormone ghrelin [95]. Through these pathways, fructose fosters
overconsumption independent of energy need [96]. A comparison of the two monosaccharides
demonstrates increased risk for bingeing with fructose (similar to sucrose) as opposed to glucose [97],
suggesting the fructose molecule is the moiety that generates both reward and addiction responses.

Neuroanatomically, human fMRI studies show that acute glucose vs. fructose administration
exert effects on different sites in the brain. One study infused each monosaccharide intravenously,
and measured blood oxygenation level-dependent (BOLD) fMRI signal in cortical areas of the brain;
glucose increased the BOLD signal in cortical executive control areas, whereas fructose suppressed
the signal coming from those same areas [98]. Another study examined regional cerebral blood flow
(rCBF) after oral glucose vs. fructose. With glucose, rCBF within the hypothalamus, thalamus, insula,
anterior cingulate, and striatum (appetite and reward regions) was reduced, while fructose reduced
rCBF in the thalamus, hippocampus, posterior cingulate cortex, fusiform, and visual cortex [99].
Consistent with other studies, fructose demonstrated lack of satiety or fullness in comparison
to glucose. Furthermore, glucose increased “functional connectivity” of the caudate, putamen,
precuneus, and lingual gyrus (basal ganglia) more than fructose; whereas fructose increased functional
connectivity of the amygdala, hippocampus, parahippocampus, orbitofrontal cortex and precentral
gyrus (limbic system) more than glucose [100]. In obese youth, the effects of oral fructose on dopamine
activation of the nucleus accumbens is severely attenuated, suggesting down-regulation of dopamine
receptors [101]. Lastly, the effects of fat and sugar both separately and together (adjusting for calories)
on fMRI signaling have been assessed [102]. High-fat milkshakes increased brain activity in the
caudate and oral somatosensory areas (postcentral gyrus, hippocampus, inferior frontal gyrus);
while sugar increased activity in the insula extending into the putamen, the Rolandic operculum,
and thalamus (gustatory regions). Furthermore, increasing sugar caused greater activity in those
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regions, but increasing fat content did not alter this activation. In other words, the fat increases the
salience of the sugar, but it is the sugar that effectively recruits reward and gustatory circuits.

To summarize, added sugar (and specifically the fructose moiety) is unique in activating reward
circuitry; fructose works both directly and indirectly to increase consumption; and that both obesity
and chronic fructose exposure down-regulate dopamine receptors, requiring greater and greater stimuli
to enact a reward-signaling effect (tolerance), a primary component of addiction.

5.5. ‘Food’ Addiction Is Really ‘Food Additive’ Addiction, and ‘Added Sugar’ Is a Food Additive

In the past, the concept of food addiction was not embraced by psychiatrists. For instance,
the DSM-IV published in 1993 listed “substance use disorder” as requiring both tolerance and
withdrawal as necessary criteria for the definition of addiction, and (apart from caffeine and ethanol)
no foodstuff elicited withdrawal. However, as the public health difficulties stemming from addiction
expanded, the definition, of necessity, expanded. The DSM-5 published in 2013 reclassified the field so
as to include “behavioral addictions”, such as gambling (internet gaming was included in the Appendix
as “requiring further study”). Thus, a revised set of criteria related to psychological dependence was
proffered [103], including:

1. Craving or a strong desire to use;
2. Recurrent use resulting in a failure to fulfill major role obligations (work, school, home);
3. Recurrent use in physically hazardous situations (e.g., driving);
4. Use despite social or interpersonal problems caused or exacerbated by use;
5. Taking the substance or engaging in the behavior in larger amounts or over a longer period

than intended;
6. Attempts to quit or cut down;
7. Time spent seeking or recovering from use;
8. Interference with life activities;
9. Use despite negative consequences.

However, food addiction was not codified in the DSM-5. Nonetheless, systematic reviews of
the literature demonstrate that ultraprocessed foods have the highest addictive potential due to their
added sugar content [104]. While sugar itself does not exhibit the DSM-IV criteria of classic tolerance
and withdrawal, sugar clearly meets the DSM-5 requirements of tolerance and dependence (use despite
conscious knowledge and recognition of their detriment).

Coca leaves are medicinal in Bolivia, yet cocaine is a drug, and regulated. Opium poppies are also
medicinal, but morphine is a drug, and regulated. Caffeine is found in coffee (medicinal for many),
yet concentrated caffeine is a drug, and regulated. In ancient times, sugar was a spice. Through the
Industrial Revolution it was a condiment. Now it is purified, and it is a drug. Refined sucrose is the
same compound found in fruit, but the fiber has been removed, and it has been crystallized for purity.
This process of purification has turned sugar from “food” into “drug” [105]. Like these other addictive
consumables, it can be present in low dose in nature and not exert toxic effects; but when purified and
added to food, it becomes addictive.

Drugs are a luxury, food is a necessity. NeuroFAST asks how can foods that are necessary to
survival also be addicting? Because certain “foods” are not necessary for survival. Of the hedonic
substances found in food, only alcohol, caffeine, and sugar are addictive. But these are food additives,
not foods. Some form of sugar has been added to 74% of the food supply [106], because the food industry
knows that when they add it, we buy more [107]. For instance, the tobacco industry manipulated
nicotine levels in cigarettes specifically to keep users consuming, and to convert as many as possible
into “heavy users” [108]. The food industry has engaged in similar practices, which has increased
the percent of calories as added sugar (58%) in ultraprocessed foods [27]. In fact, sugar’s allure is
a big reason why the processed food industry’s current profit margin is 5% (it used to be 1%) [109].
The addictive nature of sugar is also revealed in its economics. For instance, coffee is price-inelastic,
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i.e., increasing price does not reduce consumption much. When prices jumped in 2014 due to decreased
supply, Starbuck’s sales remained constant, owing to its hedonic effects [110]. As consumables go,
soft drinks are the second most price-inelastic, just below fast food [107]. When the price is raised
by 10% (e.g., with taxes), consumption dropped only 7.6%, mostly among the poor, as was seen in
Mexico [111]. Thus, sugar consumption is only minimally responsive to either its economic or caloric
value, consistent with its addictive properties.

6. Added Sugar Is Toxic

Toxicity is defined as “the degree to which a substance can damage an organism”. Such detrimental
effects must be exclusive of caloric equivalence, or else all calories are toxic, which is clearly not
true. Just because a substance is an energy source does not mean that it is not toxic. For instance,
alcohol possesses a caloric equivalence (7 kcal/gm), yet we humans have an upper limit of hepatic
and brain metabolism, beyond which toxicity becomes manifest, either acute (mental status changes)
or chronic (fatty liver disease progressing to cirrhosis, insulin resistance). Alcohol is not dangerous
because of its calories or its effects on weight. Alcohol is dangerous because it is alcohol [112];
the biochemistry of the molecule in the liver confers its toxicity. Alcohol exerts its negative effects
on liver metabolism through two mechanisms: (1) liver mitochondrial overload with diversion of
substrate to the process of de novo lipogenesis (DNL; new fat-making), with subsequent hepatic fat
accumulation and insulin resistance [113]; and (2) the non-enzymatic binding of the intermediate
metabolite acetaldehyde to liver proteins, known as the Maillard or “aging” reaction, with subsequent
“carbonyl” stress (see Section 6.1.2), protein denaturation, subsequent inflammation, and cell death.

6.1. Detrimental Effects of Fructose on Liver Metabolism

The metabolic perturbations associated with fructose consumption exclusive of its caloric
equivalence are well documented by numerous investigators [114,115]. There are no biochemical
reactions that require dietary fructose. The same two primary molecular mechanisms of alcohol
delineate the toxicity of fructose apart from its caloric equivalence [105].

6.1.1. De Novo Lipogenesis

Only the liver metabolizes fructose for energy, and a fructose bolus (e.g., a soft drink) absorbed
across the intestinal lining delivers the majority of the fructose via the portal vein to the liver.
Fructose is particularly lipogenic, as the glycolytic intermediate acetyl-CoA is delivered to the liver
mitochondria in an unregulated fashion, driving hepatic DNL, which will either be exported as
triglyceride (which contributes to heart disease); or possibly overwhelming the liver’s lipid export
capacity, leading to intrahepatic lipid deposition and hepatic steatosis, resulting in liver insulin
resistance, which is a driving force behind all the NCDs [89]. The intermediate metabolic pathways
have been elucidated elsewhere [116].

6.1.2. Carbonyl Stress—The Maillard Reaction

Carbonyl stress occurs when the reactive aldehyde or keto-group of a carbohydrate molecule
binds non-enzymatically to the amino-group of a protein, leading to the Maillard or the “browning
reaction” [117]. This is why bananas brown as they age. This is also why humans get wrinkles as they
age. This is also why patients with diabetes check their hemoglobin A1c measurement (which is a
carbohydrate molecule bound to position 1 of the globin chain), to determine if their diabetes is out of
control. Every time this reaction occurs, the protein becomes less flexible (leading to cell dysfunction),
and an oxygen radical is produced, which if not quenched by an antioxidant, can lead to protein or
lipid peroxidation, cell damage, and death.

Due to its unique stereochemistry, the ring form of fructose (a five-membered furan with axial
hydroxymethyl groups) is under a great deal of ionic strain, which favors the linear form of the molecule,
exposing the reactive 2-keto position, which engages in the fructosylation of exposed amino-moieties of
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proteins via the Maillard reaction, and 7 times faster than the 1-aldehyde position of glucose reacts with
those same proteins. Each Maillard reaction generates one oxygen radical, which must be quenched by
an antioxidant, or else cellular damage can ensue. Thus, due to its chemical makeup, fructose leads to
increased cellular damage [118] and disease progression compared to glucose, and unrelated to its
caloric equivalence.

6.1.3. Tying Two Pathophysiologic Mechanisms Together—Methylglyoxal

Recently, our UCSF/Touro research group has determined that methylglyoxal, a specific
intermediate in the glycolytic pathway, is likely the nidus of both of these toxic phenomena within the
liver [119]. Methylglyoxal is a transient metabolic intermediate of the process of anaerobic glycolysis,
whose production is dependent on the availability of excess substrate (either glucose or fructose) in
the liver; but, because virtually 100% fructose load is handled by the liver, compared to only 20% of
glucose, then fructose is the primary driver of its formation. Methylglyoxal is an alpha-dicarbonyl;
it is both a reactive aldehyde (like glucose) and a reactive ketone (like fructose) at the same time.
Therefore, it engages in the Maillard reaction 35 times faster than fructose, and 250 times faster than
glucose, generating 250 times the oxygen radicals. Methylglyoxal is detoxified to the byproduct
D-lactate, which can be measured in the blood, and serves as a proxy of the rate of methylglyoxal
formation. D-lactate levels are higher in obese adolescents [120], and reductions in D-lactate levels by
fructose restriction in obese children correlate with improvements in DNL, liver fat content, and insulin
sensitivity [121], all unrelated to caloric equivalence or obesity. These findings argue that fructose is a
chronic, dose-dependent hepatotoxin, which drives progression of NCDs.

6.2. Dissociating Added Sugar from Its Calories and Effects on Weight

The food industry often tries to divert the public health conversation toward obesity [50,122].
Sugar ranks below potato chips and French fries as a cause of weight gain [123]; the data correlating
sugar consumption to obesity are weak, accounting for only about 10% of the observed effect [124].
If sugar is only one of many causes of weight gain, it can iterate its mantra, ‘a calorie is a calorie’.
However, a new study demonstrates that the correlation between added sugar consumption and
population obesity obeys a slightly more complex function, taking into account both current and
previous consumption of added sugar [125]. This model predicts the effects of added sugar on obesity
quite accurately.

But, as stated before, obesity is the wrong metric. Obesity and diabetes are discordant; there are
countries where diabetes rates are high yet obesity rates are low, such as India, Pakistan, and China;
while their sugar consumption has increased by 15% in the past 6 years alone [126]. When weight
and calories are factored out, the correlation between sugar consumption and type 2 diabetes is even
stronger [12,127]. To date, the food industry refuses to engage in a discussion on the role of added
sugar in chronic metabolic diseases, exclusive of obesity.

There are many case-control studies (reviewed in [128,129]) which point to dietary fructose
consumption as a primary cause of T2DM, but such studies are not controlled for calories or weight.
In order to prove that fructose (and, therefore, added sugar) is specifically toxic, the molecule must be
dissociated from its inherent calories and its effects on weight. Furthermore, standard cross-sectional
or correlational studies without a time-factor analysis component are not acceptable, as they cannot
distinguish reverse or intermediate causality; it is like the snapshot rather than the movie. Lastly,
the food industry is quick to point out that most fructose studies are done in rodents, with large doses
over a short period of time. In defense, a recent study in rats shows that sugar at normal levels of
consumption can cause morbidity and mortality [130], and a primate study demonstrates similar
detrimental effects [131]. Nonetheless, in order to prove toxicity, this section will be limited to human
studies using doses of added sugar routinely consumed.
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6.2.1. Prospective Association Studies

Three recent studies, all controlled for calories and adiposity and with a time analysis, support
sugar as a specific and direct causative agent in T2DM. First, a prospective cohort analysis of the
European EPIC-Interact study found that sugar-sweetened beverage (SSB) consumption increased risk
for development of diabetes over a 10-year period. The multivariate modeling, which adjusted for both
energy intake (EI) and for adiposity (BMI), demonstrated that each SSB consumed increased the hazard
risk (HR) ratio by 1.29 (95% CI 1.02, 1.63) exclusive of energy intake (calories) or BMI (obesity) [132].
In the U.S., we are currently consuming the equivalent of 2.5 servings of SSB’s per day; so our HR ratio
is 1.68.

Second, a meta-analysis of studies isolated consumption of soda (n = 17) and fruit juice (n = 13)
separately, while controlling for calories and adjusting for adiposity [76]. This meta-analysis showed
that both soda and fruit juice significantly increased the relative risk (RR) ratio for diabetes (1.27,
1.10, respectively) over time. Furthermore, this study specifically took into account the fact that food
industry-sponsored studies frequently demonstrate publication and information bias, and calibrated
for these biases.

Third, our UCSF group evaluated the National Health and Nutrition Examination Survey
(NHANES) adolescent database across three cycles 2005–2012, to determine nutritional consumption
and any changes within the American diet within that interval. We then binned subjects into quintiles
based on added sugar consumption, and after controlling for caloric intake and BMI, determined what
aspects of the diet predicted the prevalence of metabolic syndrome [133]. We set the HR ratio for
metabolic syndrome in the 1st quintile (median added sugar consumption = 30 gm/day) at 1.0; by the
4th quintile (median added sugar consumption = 125 gm/day), the HR ratio for metabolic syndrome
had increased to 9.7.

6.2.2. Econometric Analyses

One econometric analysis [134] of 156 countries over the period 1995–2014 demonstrated that
global availability of sugar and sweeteners was correlated with diabetes prevalence, health care costs
per diabetic, and health care costs per capita; demonstrating both personal and societal harm related to
added sugar consumption. This analysis also showed that this correlation occurred in both developed
and developing countries. However, this study did not account for calories or obesity, and could not
account for other aspects of the diet.

Our UCSF/Stanford group performed an econometric analysis to assess what foods were specifically
implicated in altered diabetes rates over time [12]. We melded three freely available databases together;
(1) the Food and Agriculture Organization statistics database (FAOSTAT; a branch of the World
Health Organization), which lists by food availability per person by country, by year 2000–2010,
and by line item (total calories, fruits excluding wine, meats, oils, cereals, fiber-containing foods,
and sugar/sweeteners); (2) the International Diabetes Federation (IDF) database which lists diabetes
prevalence by country by year 2000–2010; and (3) the World Bank World Development Indicators
Database for the years 2000–2010, in which Gross Domestic Product is expressed in purchasing power
parity in 2005 US dollars for comparability among countries to control for poverty. It also controls
for urbanization, aging, physical activity, and obesity. We asked what food(s) availability predict
change in diabetes prevalence country by country over the decade? We performed this analysis
using generalized estimating equations with a conservative fixed-effects approach (Hausman test),
a hazard model to control for selection bias (Heckman selection test), and period effects controlled for
secular trends that may have occurred as a result of changes diabetes detection capacity or importation
policies. Most importantly, we examined longitudinal data between 2000 and 2010, which allowed us to
determine what dietary changes preceded the changes in diabetes prevalence (Granger causality test).

We demonstrated that retrospective changes in sugar availability predicted the prevalence of
diabetes during the decade 2000–2010, exclusive of total calories, other foodstuffs, aging, obesity,
physical activity, or income. For every 150 calories per day in excess, diabetes prevalence increased
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0.1%, but if those 150 calories happened to be a can of soda, diabetes prevalence increased 11-fold,
by 1.1% [12]. These data meet the Bradford Hill criteria for “causal medical inference”, because we
demonstrate dose (more sugar, more diabetes), duration (longer sugar exposure, more diabetes),
directionality (the few countries where sugar availability went down experienced a reduction in
diabetes), and precedence (we noted a three-year lag between increase in sugar availability and increase
in diabetes prevalence; in a prospective modeling study we noticed a three-year lag between sugar
reduction and decrease in diabetes prevalence [3]).

This econometric analysis has been criticized for two reasons. First, it is an “ecological study”,
which by convention is hierarchically considered of low quality. Rather, this econometric analysis is more
rigorous and of higher quality than all studies except randomized controlled trials [135], as it assesses
multiple points in time, discerns complex relationships between internal and external motivating
factors (adjusted over time), and allows for determination of causation (Granger causality test). Second,
the FAOSTAT database assesses country-specific food availability rather than consumption, and waste
is not taken into account. Rather, assessing availability is a positive feature rather than a negative,
as availability is more accurate, easily quantifiable, not subject to the vicissitudes of individual recall,
and independent of food wastage.

6.2.3. Interventional Starch-for-Sugar Exchange

Our UCSF/Touro research group documented the effects of isocaloric substitution of sugar
with starch in 43 Latino and African-American children with metabolic syndrome over a 10-day
period [87–89]. We performed food questionnaires and interviews using sophisticated software to
assess their total caloric consumption, as well as specific macronutrient and fiber intake. On Day 0,
we assessed their metabolic health on their home diet using: (1) baseline analyte levels; (2) oral glucose
tolerance testing; and (3) dual-emission X-ray absorptiometry (DEXA) scanning. Then, for the next
9 days, we catered their meals, to provide the same caloric content, the same fat, protein, and fiber
content, and the same amount of total carbohydrate; but we reduced the percent calories from dietary
sugar from a mean of 28% to 10%, and the percent calories from fructose from 12% to 4%. They were
allowed fruit, but not fruit juice. We gave them a scale to take home and called them every day. If their
weight was declining, we made them eat more, and they were given extra snacks to prevent weight
loss. Then we studied them again 10 days later.

Every aspect of their metabolic health improved, with essentially no change in weight.
Blood pressure reduced by 5 mmHg, triglycerides by 33 mg/dL, low-density lipoproteins (LDL)
by 10 mg/dL, glucose levels reduced by 5 mg/dL, glucose area under the curve dropped by 8%,
fasting insulin dropped by 10 mU/L, insulin area under the curve dropped 25%, on the same number
of calories and without weight loss, just by removing the added sugar and substituting with starch.
Furthermore, subcutaneous fat did not change (as there was no weight loss), but visceral fat reduced
by 7%, and most importantly liver fat was reduced by 22%. We also showed that insulin dynamics
improved markedly, thus reversing their predisposition to T2DM.

Taken together with the aforementioned studies [12,136,137], Koch’s Postulates for causation of
NCDs by added sugar are fulfilled. Sugar is a chronic, dose-dependent liver toxin unrelated to calories
or obesity, similar to ethanol, because fructose and ethanol exert similar effects on the liver and the
brain [112].

7. Added Sugar Is Ubiquitous

Sugar has become ubiquitous in the Western diet, increasing from 15 gm/day at the beginning of
the 20th century to 94 gm/day at the beginning of the 21st century [138,139]. In the U.S. 56% of the diet
is now ultra-processed food, 62% of sugar in the American diet is in this category [28], and some form of
sugar has been added to 74% of the items in the American grocery store [106], because the food industry
knows that when they add it, we buy more. Similarly, world sugar consumption tripled 1960–2010 while
the world population doubled over the same time [140], arguing that most of the world’s population
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has experienced a significant increase in added sugar consumption in the 50 years that NCDs have
become prominent [140]. For instance, changes in consumption of Coca-Cola over the interval
1993–2006 correlated with changes in diabetes prevalence in both China and Mexico. During this
interval, the consumer price index for sugared beverages increased 50% vs. food, and 25% vs. fruits
and vegetables [141]. The introduction of high-fructose corn syrup in 1975 reduced cost the cost of
sugar by 50%, which allowed serving size to rise, and sugar to be added to foods that previously
did not contain it. For instance, 50% of milk sales in elementary and middle schools are for flavored
milk (chocolate, strawberry). Furthermore, in most developing nations, soda is cheaper than water,
which has increased consumption of added sugar around the world. Processed foods and sugared
beverages are marketed heavily as they are extremely profitable; in 2006, food marketers spent USD
$1.05 billion on marketing to children and adolescents; half of which were for sugared beverages [142].

Marketing practices by tobacco and food companies are highly congruent [143]. Big Tobacco in the
past, and Big Food currently, have used “commercial speech” provided by the First Amendment to cull
favor with the public through advertising and sponsorships. For instance, both have in the past engaged
in vigorous advertising campaigns to recruit new users that was defused only by regulatory agency
action [144,145]. For decades Big Tobacco provided corporate sponsorship of various public events
around the world, such as the Olympics, baseball and football games, and sporting events around the
world. The fast food and beverage industries engage in similar marketing practices, sponsoring global
events around the world. Big Tobacco shamelessly marketed their products to children (e.g., Joe Camel);
while the food and beverage industries have followed suit (e.g., Ronald McDonald). Both have used
deceptive business practices to maintain increased use of their product among “heavy users” [146,147].

8. Added Sugar Exerts Externalities

Substances that produce societal harms impact even the non-user. Second-hand smoke and
drinking-driving provided strong arguments for tobacco and alcohol control, respectively. The above
data demonstrate that the long-term healthcare, human, and economic costs of NCDs place the chronic
effects of fructose overconsumption in the same category [148].

Sugared beverages alone kill 184,000 people per year globally [149]. The U.S. wastes $65 billion
in work productivity and $150 billion in health care resources, and experiences a 50% increase
in absenteeism and health insurance premiums, all to care for the co-morbidities of metabolic
syndrome [150]. Currently, 75% of all health care dollars are spent on treating these diseases or
resultant disabilities. Rising global NCD rates yield an annual mortality of 35 million people, with a
disproportionate 80% of these deaths occurring in low- and middle-income countries, wasting precious
medical resources [151]. Lastly, the past three Surgeons General and the Chairman of the Joint Chiefs
of Staff have declared obesity a “threat to national security”. The original Pentagon report from
2012 has been updated in 2018, and 33% of recruits are now deemed “Still Too Fat To Fight” [152].
Even among those recruited, 43% cannot be deployed into the field due to Stage 3 dental caries due to
sugar consumption [153].

Population-wide sugar reduction would prevent premature death, save economies billions and
improve quality of life for millions across the globe. Our UCSF group used advanced Markov
modeling (using fatty liver disease as the sentinel disease) to demonstrate that reduction of added sugar
consumption of just 20% (e.g., a tax) could reduce obesity, type 2 diabetes, heart disease, death rates,
and medical expenditures within three years in the United States, and save $10 billion annually, while a
50% reduction (e.g., adhering to U.S. Dept. of Agriculture (USDA) guidelines) could save $31.8 billion
annually [3]. On the productivity side, Morgan Stanley modeled global economic growth rates from
2015 to 2035 in low-sugar and high-sugar simulations [154], and showed that using a low-sugar case,
economic growth would be maintained at 2.9%, while using a high-sugar case (e.g., the present),
economic growth would slowly decline to 0.0%. Thus, the externalities of added sugar consumption
are direct and affect everyone.
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9. Food Industry Counters

9.1. Personal Responsibility

Education of the public through emphasis on “personal responsibility” over the last 30 years
have not been effective in stemming the tide of obesity and metabolic syndrome. This should not
be surprising, as educational efforts have been unsuccessful in reducing the consumption of other
substances of abuse [9,155]. Add to this the fact that 74% of the items in the food supply are spiked with
added sugar by the food industry [106]; thus it is virtually impossible for most individuals to disabuse
sugar, and to be able to go “cold turkey” in order to reduce toxicity and dependence. This is especially
true of the poor, who have limited access to healthy food, and are often limited in their purchases to
high-sugar processed food on the Supplemental Nutrition Assistance Program (aka Food Stamps).
The ostensible reason that the food industry has added more and more sugar to processed food is for
“palatability”. Indeed, when they do, we buy more; which reinforces the practice by increasing profits.
Indeed, efforts to reduce the negative health impact of “junk food” by former Pepsi CEO Indra Nooyi
by introducing a “good for you” category (to offset their “fun for you” category) have met with rancor
by her own Board of Directors due to a $349 million reduction in profits [156].

The personal responsibility strategy was first deployed by tobacco companies in 1962 as a reason
to keep on smoking [157]. This ideology requires four pre-requisites:

9.1.1. Knowledge

Information labelling is not easily understandable by the regular consumer buying food products
in the supermarket. Many will trust and buy a product on the way it is promoted, rather than on its
nutritional value. Until recently, the US Institute of Medicine, and in the UK and the rest of Europe for
the past 15 years, guideline daily amounts on labels have suggested that daily consumption of up to
22 teaspoons of sugar is healthful [158].

9.1.2. Access

Over 70% of foods in the supermarket contain added sugar—it has become almost unavoidable.
Processed sugary food and drinks have permeated workplaces, gyms, and schools. Several American
hospitals (including UCSF), and the British National Health Service (NHS) have instituted a ban on
sugary drinks sold in hospitals, in order to provide a role model for the public. Our UCSF group has
documented the metabolic health benefits of a workplace ban on sugared beverages [159].

9.1.3. Affordability

One should be able to afford their choice, and society has to afford it too. Healthy food was twice
as expensive as processed food in 2002, and its cost increased by the equivalent of US $0.22 per year
over the next 10 years, compared with processed food, which increased by the equivalent of
US $0.09 per year [160].

9.1.4. Non-Anarchy

The medical costs of chronic metabolic disease due to sugar consumption will cause a doubling of
Medicare costs in the next decade [161], bankrupting health care systems around the world [162,163],
and the NHS is under an ever-tighter squeeze, resulting in lengthier waiting times [164]. The argument
that your actions cannot harm anyone else ignores the diet-related harm experienced by children who
are especially vulnerable to poor diet at critical development stages.

Americans currently consume an average of 19.5 tsp/day of added sugar. The American Heart
Association has recommended a reduction in added sugar consumption to 6 tsp/day for women and
9 tsp/day for men, a reduction by 2/3 to 3

4 in amount. Of these 22 tsp, 1/3 can be found in beverages,
and 1/6 in desserts. This means that fully 1

2 of the added sugar in our diet is in foods that we did not
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know contained sugar, such as salad dressing, bread, tomato sauce, ketchup, and many other common
food items. Thus, even if we removed all the soft drinks and desserts from our diet, we would still be
over our “sugar limit”, which has been set so high by the food industry. Thus, “personal responsibility’
alone cannot be expected to confer any relief. Indeed, our food supply has been “adulterated” by the
addition of added sugar by the food industry. Furthermore, there are 262 names for sugar, most of
which are unknown to the population at large [165]. As the Nutrition Labeling and Education Act of
1990 [166] requires listing food ingredients by mass, the food industry can hide added sugar by using
various forms of sugar and thus moving each form further down the label, so that the consumer does
not know that the food they are purchasing is laden with added sugar [167]. Furthermore, while each
disease within metabolic syndrome can be temporized, there is no pharmacologic “fix” for metabolic
syndrome itself. Paracelsus said in 1537: “The dose determines the poison”. Added sugar has an
upper limit of 25–37.5 gm/day for adults and 12 gm/day for children; and we have been placed over
our limit by the food industry.

The reduction of added sugar from the American diet must become the top priority to reverse
the prevalence and severity of NCDs. Prevention strategies of necessity must occur through public
health interventions to alter the food environment. But how? Food is a personal choice, most consider
sugar as just “empty” calories, and if individuals want to consume their discretionary calories as sugar,
why should they not be allowed to do so? Yet, tobacco and alcohol similarly pose significant societal
threats due to their abuse, toxicity, ubiquity, and externalities (negative impact on society) [155,168],
and they are regulated [169].

9.2. Is Added Sugar ‘Food’?

The food industry will debate any argument for regulating added sugar with two talking points.
First, they will point out that sugar is a primary component of fruit, and fruit has been shown to be
preventive against NCDs [170]. In contradistinction, fruit juice has been shown to be correlated with
these same diseases [76,171]. The reason is that the fiber prevents intestinal absorption, thus reducing
the systemic burden of the sugar in whole fruit [172]. Second, the industry argues that dietary sugar is
on the FDA’s Generally Recognized as Safe (GRAS) list, which gives the food industry license to use
any amount of sugar in any foods they wish. Fructose was grandfathered into the first GRAS list in
1958, as it was “natural” and had been used for generations without any obvious ill effects—although
sugar was known to be associated with gout as early as the 17th century [173], and known to raise
serum uric acid levels (the mechanism of gout) in 1967 [174]. It should be noted that inclusion on
the GRAS list prior to 1 January 1958 was through either scientific procedures or experience based
on common use in food (requiring a substantial history of consumption for food use by a significant
number of consumers) and thought there is reasonable certainty that the substance is not harmful
under the intended conditions of use (Food, Drugs, and Cosmetics Act (FDCA) 321(s), 21 CFR 170.30(c),
170.3(f)). However, in 1958 our consumption of added sugar averaged 2 ounces per day, and currently
it averages 6.5 ounces per day. Thus, GRAS determinations in 1958 do not hold for today’s food supply.
The issue of GRAS outliving its intentions is seen for trans-fats and salt; both used by the processed
food industry, both proven to be detrimental at doses above what were thought to be safe, and now
both under scrutiny by the FDA (although not removed from the GRAS list).

Trans-fats used to be “food”, but subsequent research showed they cause heart disease and other
metabolic diseases. Nitrates used to be “food”, yet research showed they cause colon cancer. Both were
eventually removed from the GRAS list, and are now regulated as food additives. Ethanol has always
been a food additive, and caffeine dosage above 0.02% (in cola drinks) is similarly regulated.

The question is, does added sugar legally qualify as food? It depends on how you define the
word “food”. The Food, Drug, and Cosmetics Act (FDCA, 1938) 321.201(f) defines the term “food”
as: (1) articles used for food or drink for man or other animals, (2) chewing gum, and (3) articles used for
components of any such article. The first rule of vocabulary is that you are not allowed to use the word in
the definition. The Merriam-Webster Dictionary defines “food” as: a material consisting essentially of
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protein, carbohydrate, and fat used in the body of an organism to sustain growth, repair, and vital processes and
to furnish energy. Fructose supplies energy, so that should make it a food. Or does it? Ethanol supplies
energy (7 kcal/gm), but it is clearly not a food. There is no biochemical reaction in any eukaryote that
requires it. When consumed chronically and in high dose, ethanol is toxic, unrelated to its calories or
effects on weight. Not everyone who is exposed becomes addicted, but enough do to warrant public
health intervention [175]. Clearly, ethanol is NOT a food, it is a food additive. Similarly, added sugar is a
food additive—like ethanol, it is not essential for life, it is toxic in chronically high dosage, and a good
percentage of the population is addicted. Indeed, the petitioning for removal of fructose from the GRAS
list is being currently being entertained by public health non-governmental organizations (NGOs).

10. Possible Societal Interventions

In the last 30 years, there have been four global cultural tectonic shifts in behavior to ameliorate
four public health problems: (a) smoking in public places; (b) drunk driving; (c) bicycle helmets and
seat belts; (d) condoms in public bathrooms. In each case, public education was necessary but not
sufficient, and some form of regulatory policy also had to be enacted to insure compliance. There are
many lessons from alcohol and tobacco control policies that can be brought to bear on sugar and
ultraprocessed food.

10.1. Public Education

One the most important things we have learned from tobacco and alcohol policy research is that
public education, despite being the most popular and a necessary component of prevention, does not
work alone [168,176]. Evidence from the U.S. suggests that government labels warning consumers
about the health effects of excessive drinking have no effect on alcohol consumption, but might
have had some limited effect on risky drinking patterns, such as drunk driving [177]. The most
popular approaches–school-based health education, public information campaigns, product labeling,
and government guidelines—do not work in isolation [178,179]. It should be noted that education
alone has not solved any substance of abuse. Nonetheless, education softens the playing field, so that
societal policy interventions can become acceptable and take hold.

We must take a look as to what works to reduce the consumption of addictive substances.
Research on alcohol policy demonstrates that regulatory controls on the pricing, marketing,
and distribution of alcohol are highly effective worldwide in reducing the negative impacts of
alcohol consumption [10,168,176]. This strategy has also been effective with tobacco [180]. There are
three ways to reduce availability: pricing strategies (e.g., taxation), restriction of access (e.g., blue laws),
and interdiction (e.g., banning). No one thinks interdiction is a good idea—alcohol prohibition was
tried, and was singularly unsuccessful.

10.2. Pricing Strategies-Taxation

Society accepts taxation because taxes affect only those who use those products. While tobacco
and ethanol are significant burdens to society, sugar is by far and away the most expensive burden.
The question is, what is the real goal? Making money for the state, or reduction in consumption?
Because if you reduce consumption, you limit revenue generation. For a tax on a hedonic substance to
work, it has to hurt. Most soda taxes are 10%, but an Oxford group modeled that a soda tax would
have to be at least 20% to reduce general consumption [181].

The good news is that due to the emergence of the science around sugar and the inability of
education to stop the diabetes pandemic, six American cities and 28 countries globally have enacted
sugar taxes, and others are considering some form of legislation [182].

10.3. Pricing Strategies-Subsidies

Agricultural subsidies are payments and other kinds of support extended by the U.S. federal
government to certain farmers and agribusinesses. They are a holdover from the original Farm Bill of
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1933, when it was necessary to provide cheap food to a destitute population across the country. In the
U.S., currently seven states are awarded 45% of the subsidies: Texas 9.6%; Iowa 8.4%; Illinois 6.9%;
Minnesota 5.8%; Nebraska 5.7%; Kansas 5.5%; and North Dakota 5.3% [183]; and these are the states
that that are the largest producers of corn, soybeans, wheat, and rice—the basics for ultraprocessed
food production. There is no economist on the planet who believes in food subsidies, because they
distort the market. They make available the wrong stuff while making the right stuff harder to afford.
As long as commodities are cheap, real food will stay out of reach for much of the population.

What would happen if subsidies ended? The Giannini group at UC Berkeley modeled what food
would actually cost; and the only two items that would increase in price are sugar and corn [184],
which is just what we would want to happen. Not surprisingly, these are two of the major industries
fighting to maintain the status quo. Still, people will argue, the overall price of food will go up.
Well maybe it should, The U.S. spends the least percentage of GDP on food of all nations at 7%—that
is because all the food is commodity crop-based and processed. The next two are the UK at 9% and
Australia at 11%, the three fattest nations [185].

10.4. Restriction of Access-Workplace Bans

The workplace presents an educational moment and venue. At UCSF, all sugared beverage
sales—soda and flavored coffee drinks—were banned from sale in the cafeterias, vanished from
patients’ meal trays, and disappeared from the menus of any vendors bringing food onto campus.
We studied a subgroup of 214 employees who regularly drank sugared beverages before and one year
after the ban was put in place [159]. They reported a daily intake of 35 ounces at baseline and 18 ounces
at follow-up—a 17-ounce decrease, a cut by almost half. In addition, waist circumference reduced by
2.1 cm. Reductions in sugared beverage intake correlated with improvements in waist circumference,
insulin sensitivity, and a pattern of reduction in blood lipids. Some employers may face challenges in
implementing a workplace culture where SSB sales bans are perceived as paternalistic. Nevertheless,
this proves the Iron Law does indeed work.

10.5. Restriction of Access-Stipends

The U.K. provides people with a monthly stipend—which can only be exchanged for real food [186].
This allows each person to use their stipends to vote on local food policy, and in so doing, promote local
farmers and organic practices.

10.6. Combination Strategies-Differential Subsidization

Differential subsidization combines the “carrot and stick” approach—the inducement with
the punishment [187]. Differential subsidization was employed in 1977 in the Nordic countries,
including Sweden, Denmark and Norway, to curb the increasing number of alcoholics in their respective
countries. The three countries collectively adopted two pieces of legislation: first, they nationalized the
liquor stores resulting in the same products sold at the same amount everywhere; second, they taxed
high-alcohol spirits, and then used the money from the tax to subsidize low-alcohol beer. In doing
so, they were able to nudge the public away from hard spirits and toward the low-alcohol beer, thus,
reducing alcohol consumption. In the process, hospitalizations decreased, car accidents reduced,
cirrhosis of the liver declined, and economic productivity improved [188].

This could easily be used to cut sugared beverage consumption—tax soda, and use the revenue
generated from the tax to subsidize water. The beverage makers will not care, because they are
also selling the water. It is just a straight up exchange, nudging people to a healthier option with a
zero-sum scheme. In so doing, you can “nudge” people into doing the right thing, and they won’t
complain—and most of the time, they will not even notice they have been nudged.
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11. Conclusions

When it comes to public health, personal intervention (read: rehab) must be balanced with societal
intervention (read: laws). For tobacco, alcohol, opioids, cholera, HIV, lead, pollution, and venereal
disease, invoking “personal responsibility” and railing against the “nanny state” was ultimately
unsuccessful, and both forms of intervention were ultimately deemed necessary. For added sugar and
NCDs, we currently have nothing. The argument for societal intervention in NCDs has been lacking
because the food industry has convinced the public that “a calorie is a calorie”, that sugar are just
“empty calories”, and that “personal responsibility” is the answer. While public educational efforts
are necessary to warn about the hazards of chronic excessive sugar consumption, they will not be
sufficient, as has been seen for every other hedonic substance.

Added sugar, like tobacco, alcohol, cocaine, and opioids, meets public health criteria for societal
intervention, i.e., regulation. The roadmap to successful intervention is complex, but we have templates
based on how tobacco and alcohol regulation were enacted. As with tobacco and alcohol, the Iron Law of
Public Health is in force, which states that reduction in availability results in reduction in consumption,
which results in reduction in health harms [10]. Policies that target availability, affordability or
acceptability (e.g., the Mexico sugar tax) are effective in curbing sugar consumption [111]. But similar to
what occurred with the tobacco industry (e.g., Merchants of Doubt), the sugar industry, their legislative
partners, and their political allies have utilized numerous instruments to deflect culpability and derail
policy changes. Some involve influencing science, some involve influencing public opinion, and yet
others influence legislatures directly [189]. These activities must be understood and countered before
any specific and meaningful policy measures can be proffered.

In this article, I have provided evidence that: (1) sugar is addictive and toxic unrelated to calories;
(2) sugar reduction confers health and societal benefits; (3) added sugar, and by inference ultraprocessed
food, meets criteria for regulation; (4) sugar reduction is not only possible but required to save health
and healthcare, and (5) societal interventions to reduce consumption of processed foods containing
added sugar are achievable and necessary. Those interventions (administrative, legislative, judicial)
will likely be geographically, politically, and culturally specific; and certain policy interventions will
not work in certain venues.
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Abstract: The role of stress, trauma, and adversity particularly early in life has been identified as
a contributing factor in both drug and food addictions. While links between traumatic stress and
substance use disorders are well documented, the pathways to food addiction and obesity are less
established. This review focuses on psychosocial and neurobiological factors that may increase risk for
addiction-like behaviors and ultimately increase BMI over the lifespan. Early childhood and adolescent
adversity can induce long-lasting alterations in the glucocorticoid and dopamine systems that lead to
increased addiction vulnerability later in life. Allostatic load, the hypothalamic-pituitary-adrenal axis,
and emerging data on epigenetics in the context of biological embedding are highlighted. A conceptual
model for food addiction is proposed, which integrates data on the biological embedding of adversity
as well as upstream psychological, social, and environmental factors. Dietary restraint as a feature of
disordered eating is discussed as an important contextual factor related to food addiction. Discussion
of various public health and policy considerations are based on the concept that improved knowledge
of biopsychosocial mechanisms contributing to food addiction may decrease stigma associated with
obesity and disordered eating behavior.

Keywords: food addiction; eating disorder; obesity; stress; trauma; early life adversity; adverse
childhood experience; dopamine; epigenetics; biopsychosocial

1. Background

The quest to discover the precise mechanisms of hedonic overeating began decades ago. While
many theories have been proposed, none have been widely accepted, and the obesity epidemic
continues to grow. The Nutrition Transition theory describes a global trend toward consumption of
processed foods that are low in fiber and high in added sugars and fats [1]. The changing global
food landscape in the past four decades have increased access to convenient “snack” foods and
decreased time spent preparing foods at home [2]. Several lines of research have explored the idea
that highly palatable foods can alter brain reward pathways. For example, a landmark study showed
that dopamine (DA) receptors were significantly lower in individuals with obesity [3]. Soon after,
investigators documented overlapping neuroimaging characteristics in humans with obesity and
those with substance use disorders (SUDs), showing reductions in DA-D2 receptors [4]. It was then
suggested that individuals may overeat to compensate for DA-D2 receptor dysfunction [5]. To date,
it is not clear whether these neurochemical associations are a cause of addiction-like overeating or a
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consequence [6]. However, similar to other addictions, changes that occur in obesity show that food
reinforcement adapts, strongly implicating biological underpinnings. Given the limited success in
reversing the obesity trends, a better understanding of the various biopsychosocial mechanisms may
help inform public health efforts.

Bart Hoebel pioneered the concept of food addiction (FA) research using animal models, showing
evidence of bingeing, withdrawal, craving, and concomitant changes in dopaminergic and opioidergic
systems in response to overeating sugar [7–14]. In rodent studies, early life adversity (ELA) has
been shown to induce alterations in DA neuronal activity and synaptic function [15], impacting
reward-directed behavior and partially accounting for individual variation along the mesolimbic DA
projection [16]. More recently it has been shown that chronic stress dysregulates the reward system,
promotes addiction-like eating, and contributes to the development of obesity [17]. Furthermore,
palatable diets buffer against the negative impact of social stressors in juvenile rats [18]. Interestingly,
environmental enrichment (larger space with conspecifics and novel objects) reduced sugar seeking
and consumption [19]. Other rodent studies documented early and persistent alterations in amygdala
circuitry and function following exposure to ELA, which were not diminished when the stressor was
removed [20]. This suggests that ELA is not always redeemable by subsequent experience. At present,
there is a gap in our understanding of how various forms of stress, trauma, and adversity link to
addiction-like eating in real-world settings, particularly when viewed in social context, as well as over
the lifespan.

In humans, various forms of ELA are associated with illicit drug use later in life [21–23]. In addition,
there are established links between ELA and obesity [21,24], however, the exact mechanisms are not
understood. A recent systematic review on childhood obesity implicated stress as a midstream factor
that can lead to “junk food” self-medication and subtle addiction, in order to alleviate uncomfortable
emotional states [25]. In a nationally representative sample of young adults (n = 10,813) exposure
to multiple types of child maltreatment predicted excessive sugary beverage consumption [26]. In a
Brazilian sample (n = 7639) FA was independently associated with early life physical and sexual
abuse [27]. A positron emission tomography (PET) study also found that long-term exposure to
adversity is associated with reduced striatal DA synthesis capacity [28]. Functional magnetic resonance
imaging (fMRI) studies have linked ELA to blunted subjective responses to reward-predicting cues [29],
and to altered connectivity in the extended reward network, leading to increased vulnerability to FA
and obesity later in life [30]. While there are sufficient data that describes life course associations
between ELA and adult weight outcomes [24], the actual biological mechanisms are less understood,
which is a primary focus of this review. Another aim is to integrate psychologically relevant contextual
factors such as weight stigma and pathological dieting.

The purpose of this review is to focus on literature from FA as well as obesity in the context of
exposure to trauma, stress, and adversity, in an effort to answer three questions: (1) is FA a biologically
plausible explanation for a life course association between ELA and obesity? (2) how might other
relevant psychological, social, and environmental factors contribute to FA and to obesity? (see Figure 1)
and finally, (3) what does it mean for public health? For simplicity, we have conceptually merged
stress/trauma/adversity (STA) at several points throughout, particularly when reviewed outside of the
context of early life, however we acknowledge these are not identical concepts. We also acknowledge
that FA does not always lead to obesity, and that obesity can occur in the absence of FA. Additionally,
ELA is used synonymously with adverse childhood experience (ACE) to describe exposures in the
first 18 years of life. This review draws from literature across multiple disciplines in order to consider
both individual and population health perspectives, and to describe contextual factors related to the
neurobiology of FA. It is important to translate obesity science into a relevant social context, in order to
identify achievable intervention targets which may have a meaningful impact upstream.
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Figure 1. Food addiction and obesity following exposure to stress, trauma, and adversity:
A biopsychosocial perspective of contextual factors.

1.1. The Biopsychosocial Model & Other Foundational Theories

Social and biological processes overlap and are inextricably linked. However, research methods
are often incapable of capturing all features of an observed phenomenon, such as the various drivers
of obesity (see Figure 1). Another example is how addiction neuroscience overlooks key social factors
such as exclusion and marginalization which would make these findings more clinically relevant [31].
Biopsychosocial models were originally proposed by Engel as a new way to understand health and
disease, by considering influence from various domains [32]. Biopsychosocial obesity research has
found that lower educational attainment is associated with higher BMI, after adjusting for biological
(energy intake and expenditure), psychological (decisional balance) and social (support) factors [33].
A biopsychosocial approach to childhood obesity should consider the (1) biology of the child (2)
family environment and immediate psychosocial influences and (3) wider environmental, social,
and cultural influences [34]. This creates opportunity for collaboration across multiple academic
and clinically-focused disciplines. The current review employs a biopsychosocial perspective on
FA, considering obesity as one possible outcome. This manuscript also incorporates Krieger’s
Ecosocial Theory which emphasizes the social production of disease over biomedical individualism,
describing “embodiment” as the biological incorporation of social and ecological circumstances into
everyday life [35]. A Life Course Perspective is used to link ELA to adult health [36–38]. Finally,
a Developmental Psychology perspective views human development as relational, pertaining to dynamics
(e.g., community features) which require individuals to be contextually situated into multidirectional
and reciprocating ecological systems [39–41].
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1.2. Food Addiction & Eating Disorders

With the validation of the Yale Food Addiction Scale (YFAS) in 2009 [42] and the updated YFAS 2.0
in 2016 [43], FA in humans has been operationalized across hundreds of studies. At the present time,
FA has not been recognized as an official eating disorder (ED) in the Diagnostic and Statistical Manual
(DSM) of Mental Disorders. Unique aspects of addictions include the importance of the substance,
withdrawal, and tolerance, whereas unique aspects of EDs include restraint/rules, and shape/weight
concerns [44]. It is well-established that dietary restraint/restriction can lead to rebound bingeing [45]
yet it remains unclear if this is a cause or consequence of FA symptoms (discussed in Section 5.1).
Thus, disordered eating characterized by dietary restraint provides important context for FA data.
It has been recently suggested that the presence of dieting behavior must be carefully evaluated in
order to separate the FA “signal” from the “noise” [46]. For example, ED research has identified
significant overlap between FA and bulimia nervosa (BN), with FA symptoms improving when BN
symptoms remit [47]. FA prevalence is the highest in BN [48] compared with other EDs, suggesting
that FA treatment models should consider symptom contribution from dietary restraint and other
compensatory behaviors. It has been proposed that FA is a transdiagnostic disorder associated with
neurobiological vulnerability in certain people, who are more susceptible to using food as a coping
mechanism [49]. It has also been shown that FA predicts a worse treatment outcome in patients with
binge eating disorder (BED) [50].

Among those with an ED diagnosis, Brewerton (2017) proposed that the presence of FA be
conceptualized as a meaningful correlate of post-traumatic stress disorder (PTSD) severity and
symptoms [51]. For example, data from the Nurses’ Health Study II has shown that severe physical
and sexual abuse are associated with a 90% increase in FA risk [52]. The same dataset also suggested
that symptoms of PTSD are associated with an increased prevalence of FA [53]. In a sample of 301
overweight and obese women, the association between FA and childhood trauma remained significant
after adjusting for potential confounders such as socioeconomic status (SES) [54]. In a sample of bariatric
surgery seeking patients (n = 1586), elevated ACE scores correlated with an increased likelihood of
screening positive for FA [55]. A recent meta-analysis showed that multiple ACEs increased the odds
of adult obesity by 46% (95% CI: 28–64%) [24] but several unmeasured confounders likely influence
this estimate, such as the presence of EDs and SUDs, which frequently cluster, co-occur, and lead to
weight fluctuations [56,57]. Therefore, risk estimates between childhood adversity and adult obesity
would likely be higher after adjusting for these diagnoses often associated with dietary restriction and
weight control, however this has not been formally tested. While data linking ELA to EDs are robust,
only recently has it been shown that FA symptoms can mediate this pathway, as well as exacerbate ED
symptoms significantly across all forms of childhood maltreatment [58]. Although EDs are not directly
featured in Figure 1, the constructs of dietary restraint and weight stigma are used to contextualize
important associations between EDs and FA. Notwithstanding, there are likely paths from ELA to
obesity that are better captured by more classic ED pathology (e.g., BED) rather than FA, which are not
directly featured by the model.

2. Food Addiction Neuroscience & Social Context

A frequent criticism of FA data in clinical settings is that the measure itself does not account for
restrained eating [46] (discussed in Section 5.1). Another criticism is that it remains unclear how to
intervene once FA has been detected. A recent systematic review of mostly pilot and feasibility studies
concluded that currently there are no empirically supported psychosocial interventions for FA [59].
The authors recommend that clinicians assess for comorbid ED, and if present, provide evidence-based
treatments (e.g., cognitive behavioral therapy) for those conditions. There is growing support for the
FA construct in studies using the YFAS as well as neuroimaging studies on obesity that do not use “food
addiction” terminology, with several examples provided below. It is worth noting that many authors
reject the FA term in favor of other language such as eating addiction [60], or with additional qualifiers
such as refined or processed food addiction [61,62], and even food use disorder [63]. Figure 1 proposes
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that FA is one driver of obesity, although there are several others, including some not captured by the
model (discussed further in Section 2.1).

Neurobiological overlaps between obesity and addiction have been described within the
mesolimbic pathway between the ventral tegmental area (VTA) and the ventral striatum, with further
projection to limbic (amygdala and hippocampus) and cortical regions (prefrontal cortex [PFC] and
cingulate gyrus) [64]. Recent data suggests that among 110 healthy lean adults, exposure to a
Western-style diet for one week led to rapid declines in hippocampal-dependent learning and memory,
as well as appetitive control [65]. Research has shown that obesity (similar to SUD) is associated with
deficits in executive functioning, an umbrella term encompassing the higher-order cognitive processes
that help people take goal-directed action [66]. In a sample of women with obesity (n = 36), FA severity
has been associated with impaired decision-making, compared to controls [67]. Resting-state fMRI
data has shown decreased functional connectivity in the frontal gyrus in adults with obesity (n = 20)
compared to controls [68]. A large cross-sectional study of children ages 9–11 (n = 2700) showed
that increased BMI is associated with a reduced mean cortical thickness as well as lower executive
functioning [69]. A follow-up report from the same study (n = 3190) suggested that BMI is associated
with PFC development as well as diminished working memory [70]. Interestingly, a nationally
representative sample of US adults (n = 4769 mean age 29) found that obesity is associated with
poor working memory in women, but not men [71]. While tempting to consider that biological sex
differences explain these findings, social context would suggest that the experience of weight stigma
(discussed in Section 5.2), which is higher in women than men [72] may be a contributing factor. Recent
data on school-age children (n = 176) suggests that weight-related stereotype threat (fear of confirming
a negative stereotype) may explain working memory deficits more so than excess body weight [73].

Among patients with obesity (n = 224), FA is more closely correlated with psychological factors
(depressive symptoms, quality of life) than with metabolic parameters (BMI, fat percentage, waist
circumference) [74]. In a small sample of adult community members (n = 52), individuals with FA had
significantly higher scores on depressive symptoms, emotion dysregulation, emotional eating, demand
characteristics, motives, impulsivity, and family history of mental health problems and addiction [75].
Impulsivity can be defined as decision-making with limited forethought (rash-spontaneous behavior),
having strong associations with FA [76–79]. Impulsivity hinders inhibitory control and is associated
with increased intake of food [80] and drugs [81], often heightened in response to novel stimuli [82].
Delay discounting (preference for “smaller sooner” rather than “larger later” rewards) is closely
associated with impulsivity and has been correlated with YFAS scores [83]. These authors believe
it to be a predisposing factor rather than a consequence, although bidirectionality is likely. It has
been suggested that impulsivity-related domains such as lower self-control, higher reward sensitivity,
and negative affect help explain some similarities between addiction and obesity [84]. While impulsivity
has heritable components linked to the mesocorticolimbic system [85] as well as serotonin-related
candidate genes (e.g., HTR2A) [86], the potential for these traits to be influenced by epigenetic
modification following psychosocial adversity will be explored in Section 3.1.

2.1. Food Environment as a Driver of Food Addiction & Obesity

The proposed pathways in Figure 1 suggest that FA may partially mediate the relationship between
the food environment and obesity. Other pathways also exist. For example, census tract data have
been used to show that wealthier neighborhoods (using median income) have better access (physical
availability) to markets with healthier foods compared to poor neighborhoods [87]. Considering the
importance of the built environment, neighborhood features (e.g., crime) that discourage outdoor
physical activity are consistently linked to higher BMIs [88]. Recognizing that built, socioeconomic,
and social characteristics co-occur [89], several investigators have advocated for a better understanding
of theory-driven mediators and moderators in the relationship between neighborhood context and
obesity [90,91]. Given the link between STA and FA, unsafe environments associated with lower
SES neighborhoods are likely to impact BMI through increases in reward-based eating. It has been

133



Nutrients 2020, 12, 3521

established that diet quality tends to follow a SES gradient [92]. It has also been shown that parental
fruit/vegetable consumption is linked to adolescent fruit/vegetable consumption [93], suggesting
that the home food environment is important. Not eating dinner as a family has also been linked
with increased BMI in kindergarten age children, regardless of SES [94]. It has been proposed that
the maltreatment-obesity association is spurious, driven by confounding through the home food
environment. However, after testing, researchers have found limited confounding influence [95] which
supports arguments in favor of biological mechanisms.

Innovative methods that assess food environments include examining the (1) ratio of fast-food
to full-service restaurants (2) ratio of bars/pubs to liquor stores and (3) presence of markets [96].
Multilevel models typically adjust for individual factors (education, hours of walking per week)
as well as neighborhood factors (deprivation, walkability score). Perhaps the combination of food
environment features matters more than individual components [96]. While several studies have
described neighborhood “food swamps” (high density of high-calorie junk food) as predictive of
obesity [97], few studies have looked at the potential roles of psychosocial pathways (mental health
and wellbeing) [98]. A recent systematic review found that overall psychological resources (i.e., stress)
had more consistent evidence of mediation than external neighborhood in the relationship between
SES and BMI [91]. One study (n = 1112 adults) showed that paths from neighborhood characteristics
to BMI could be partially explained by psychological distress and measures of inflammation [99]
(discussed in Section 3). Taken together, FA is one potential pathway linking the food environment
to obesity, however there is a “backdoor path” [100] through SES to STA, as well as a pathway that
may not include FA (i.e., through the built environment). Comprehensive biopsychosocial frameworks
cannot be tested or explained by any single study. There is conceptual support for the theory that the
external environment (quick, cheap, highly palatable foods) is an upstream driver of EDs however
this not been thoroughly investigated (discussed in Section 6.1). Figure 1 represents a synthesis of
literature reviewed so far, as well as a roadmap for subsequent sections.

2.2. Socioeconomic Status

Given the inverse relationship between SES and BMI [101,102], obesity can also be viewed as a
social phenomenon. This negative relationship has been shown in numerous countries outside of the
US (e.g., Netherlands, Turkey, Morocco, South Asia) [103]. Hot-spot analysis in the US shows that
higher BMI clusters are more likely in socioeconomically disadvantaged minority neighborhoods [104].
Meanwhile, large datasets (n = 43,864) have shown that obesity risk is decreased when positive
contextual factors (maternal mental health, school safety, and child resilience) are present [105]. A large
population-based cohort from the UK (n = 18,733) found that home-based deprivation was more
closely associated with changes in child BMI than school-based deprivation [106]. On the other hand,
some authors believe that the root cause of ACEs are largely based in the community, originating from
an accumulation of contextual risk factors beyond a child’s control, including family history, failed
attachment, safety/security, and neighborhood risks [107]. While models of addiction and obesity are
incomplete without psychosocial context, current research methods cannot adequately contextualize
risk. Hence, literature from multiple disciplines was used to synthesize our conceptual model, which
could be expanded with additional constructs such as resilience.

To illustrate further, a recent study showed that individuals with higher ACE scores were more
likely to report not finishing high school, unemployment, and living below the poverty level [108].
Sustained activation and loss of capacity to respond to chronic stress might lead to a higher risk
of illness and disease among people in lower SES categories [109]. It has been recognized that the
processes which mediate the relationship between ELA and adult obesity might differ between men
and women [110–112]. For example, a recent systematic review found that perceived stress from
structural racism and weight stigma among black women creates negative emotions which predict
emotional eating [113]. These stressors may then increase metabolic disturbance. Obesity itself can be
a stressful state due to high prevalence of weight stigma [114] (discussed in Section 5.2), as highlighted
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by the feedback loop in Figure 1. Obesity may be driving changes in stress biology rather than stress
biology driving obesity [115]. Next, we consider the impact of ELA (as well as STA more broadly) from
a life course perspective, describing precise (as well as candidate) mechanisms by which social factors
impact health, seen primarily through recent SUD and obesity research.

3. Biological Embedding of Stress, Trauma, & Adversity

The fetal and infant origins of adult disease was proposed by Barker in 1990 [116]. This focus on
the biological basis of disease gave rise to concepts such as allostatic load (AL), defined as the “cost
of chronic exposure to fluctuating or heightened neural or neuroendocrine response resulting from
repeated or chronic environmental challenge” [117]. This can be operationalized using a range of
biomarkers that indicate inflammation and long-term “weathering.” A simpler definition of AL is the
price of adaption that leads to disease states over time. It has been suggested that frequent activation
of the stress response and the failure to shut off allostatic activity creates “wear and tear” [118].
A landmark study showed that higher AL scores were associated with poorer cognitive and physical
functioning, increasing the risk of cardiovascular diseases independent of sociodemographic risk
factors [119]. Higher levels of AL (indexed by measures of blood pressure, C-reactive protein, fibrinogen,
cholesterol ratio, triglycerides, and cortisol) have been observed in higher weight individuals [120].
This research suggested that these cumulatively elevated biomarkers link to decreased inhibitory
control, highlighting the potential for disordered eating to become very difficult to overcome, similar
to drug addiction.

It has been suggested that inflammatory mediators act on cortico-amygdala (threat) and
cortico-basal ganglia (reward) circuits in a manner which predisposes individuals to “self-medicating”
behaviors such as drug use, smoking, and the excess consumption of highly palatable foods [121].
Such behaviors further propagate inflammation and create a self-sustaining feedback loop.
The “neuroimmune network hypothesis” proposes that ELA amplifies the communication between the
brain and the immune system, promoting low grade peripheral inflammation [122]. The “glucocorticoid
cascade hypothesis” posits that stress hormones impair brain function which further increases
cortisol levels [123]. Adolescents exposed to childhood adversity have larger pituitary gland
volume, associated with lower cortisol awakening response [124]. These authors propose that
attenuation of hypothalamic-pituitary-adrenal (HPA) axis function may derive from stress-induced
chronic hyperactivation during childhood. Heightened susceptibility may be due to differences
in corticotrophin-releasing hormone (CRH) within the HPA axis, responsible for the output of
cortisol [125]. Individual differences in inflammatory reactivity might explain why people have
differing susceptibility to the consequences of stress, which may include neuroinflammation from
stress-induced pro-inflammatory cytokines [126]. A recent cohort study of nine- and ten-year-old
children showed that pro-inflammatory diets (i.e., high in saturated fats) increase neuroinflammation
in reward-related brain regions, which in turn lead to further unhealthy eating and obesity [127].

A meta-analysis of 1781 people documented significantly decreased hippocampal volumes
following ELA, with weaker evidence of increased amygdala volumes [128]. Alterations in corticolimbic
circuitry following exposure to trauma make adolescents (n = 64) less able to relax and more vulnerable
to risky behavior [129]. Other observable neural changes following ELA include (1) structural variation
in gray and white matter (2) functional variation in brain activity and functional connectivity and (3)
altered neurotransmitter metabolism [130]. In line with what has been observed in rodent studies [131],
these effects might not be restricted to one’s own lifespan but may also be transmitted to offspring [132].
It is well established that paternal drug exposure has long-lasting consequences including altered drug
sensitivity in subsequent generations [133] but only recently has intergenerational transmission of
trauma consistent with epigenetic explanations been described [134]. In animal models, the effects of
maternal care on developing DA pathways and reward-directed behavior may account for individual
differences in the mesolimbic DA system [16]. In social context, addictions may promote compromised
parenting increasing the possibility that suboptimal care may be provided to the next generation. There
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is a timely need for longitudinal studies that capture the precise biological mechanisms that link ELA
to addictions over time, as well as their consequences.

3.1. Epigenetic Mechanisms of Biological Embedding

Epigenetics is the study of how the environment regulates the genome, best described as changes
in gene function without changes in gene sequence. DNA methylation is an enzymatically-catalyzed
modification of DNA and is one plausible mechanism through which early life exposures (low SES,
nutritional patterns) become biologically embedded [135]. Methylation changes are apparent even
years after the exposure but can be reversible in some cases. Epigenetic processes may be a key mediator
between social environments during childhood and disease risk throughout life. Both DNA methylation
and demethylation mechanisms are likely recruited during early life unfavorable experiences [136].
Other forms of epigenetic modification include histone modification and noncoding ribonucleic
acids [137].

A milestone study confirmed what had been previously shown in animal models: human
parental care impacts epigenetic regulation of hippocampal glucocorticoid receptor gene (NR3C1)
expression [138]. Such epigenetic marks that persist into adulthood may influence vulnerability for
psychopathology through its impact on HPA axis function. However, it is difficult to determine if
DNA methylation changes are the immediate results of ELA or a consequence of the phenotypes
associated with such adversity [139]. Notwithstanding, NR3C1 has been linked to prenatal stress [140]
and is the most studied gene to date related to abuse and neglect [141]. Other genes involved in HPA
axis regulation such as corticotrophin-releasing factor (CRF) have been investigated [142]. It is not
implausible that developmental programming of the HPA axis and subsequent regulation of the stress
response might impact addiction susceptibility, thereby increasing intake of substances known to
activate reward pathways, including highly palatable food.

Epigenetic control of the expression of opioid receptor genes (mu-, delta-, and kappa-) has been
reviewed in the context of SUDs [143]. While methylation at the mu-opioid receptor (MOR) gene
is most strongly associated with drug addiction [144] as well as incentive motivation for processed
food [145,146], decreased methylation at the kappa-opioid receptor (KOR) in the anterior insula has
been shown in child abuse [147] (discussed further in Section 4.1). In this study of postmortem
brain structures, the investigators were unable to detect a change in MOR expression, suggesting
different epigenetic signatures associated with addictions and ELA. It is worth noting that different
drugs have impacts at different brain regions and many include histone modifications in the nucleus
accumbens (NAc) [148]. Other potentially relevant epigenetic modifications include the serotonin
transporters [149–151] and proopiomelanocortin (POMC) [152]. Additional research is needed to
determine how various epigenetic modifications associate with various forms of disordered eating,
including FA.

In a sample of 206 women with bulimic symptomatology, there was evidence of increased
methylation of the DA-D2 gene promoter, compared to controls [153]. Taq1A polymorphisms at the
D2 receptor has been well-studied and known to influence impulsive behavior [154]. Recent data
shows that DNA methylation in obesity-related genes may relate to obesity risk in adolescents [155].
Increased obesity susceptibility genes (e.g., FTO) have been found in the insula and substantia nigra
(brain regions involved in addiction and reward) [156]. It has been shown that the methylation status
on DA signaling genes (SLC18A1 and SLC6A3) might underlie epigenetic mechanisms contributing to
carbohydrate and calorie consumption, as well as fat deposition [157]. Recently authors have linked
specific dietary components with the gut microbiome in an effort to determine epigenetic factors on
offspring susceptibility to obesity [158]. Expression levels of candidate genes implicated in glucose
and energy homeostasis (e.g., HDAC7 and IGF2BP2) could be epigenetically regulated by gut bacterial
populations [159]. The link between epigenetic marks and gut microbes appear to be mediated
by host-microbial metabolites acting as substrates and cofactors for key epigenetic enzymes in the
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host [160]. More research linking epigenetics to the microbiome is timely and warranted, particularly
in the context of dysfunctional eating behavior (including both under- and overeating).

4. Stress & Obesity

While a PTSD diagnosis is associated with an altered stress response, chronic stress can exist
in the absence of PTSD, and has been the focus of several investigations related to eating behavior.
Multiple pathways have been described which link stress to obesity, including (1) interference with
cognitive processes (executive function, self-regulation) (2) behavior (eating, physical activity, sleep)
(3) physiological changes (HPA axis, reward processing, gut microbiome) and (4) production of
biochemical hormones and peptides (leptin, ghrelin, neuropeptide Y) [114]. At a basic level, stress may
lead to food consumption in the absence of hunger. It is established that poor executive functioning
is associated with consumption of palatable food, leading to inflammation and metabolic changes
promoting weight gain [161–163]. Other pathways which have been identified include the autonomic
nervous system (cardiovascular functioning), the epigenome (intergenerational transmission), and the
metabolome (profile of metabolites in body) [164]. The vagus nerve (part of the autonomic nervous
system) has been identified as an important physiological stress pathway linked to gut microbiota [165].
With rising interest in the gut-brain axis, novel pathways which include FA are being explored [166].
FA can be considered as a partial mediator in the stress-obesity pathway, likely resulting from one or
many of the biologically embedded pathways described herein.

To illustrate further, individual differences in neural response to food cues under stress have
been observed in human neuroimaging studies [167], lending support to differential susceptibility.
It is well established that amygdala function is moderated by stress-induced glucocorticoid (GC)
release [20], and a less efficient HPA axis negative feedback loop may represent a deficiency in emotion
and stress regulation [168]. Highly palatable foods stimulate stress hormones that alter the limbic
system (emotions) and striatal (motivational) pathways, promoting further food craving and excessive
intake [169]. Rewarding foods upregulate CRF in the amygdala and related limbic striatal pathways.
The most direct physiological pathway is dominated by cortisol, which stimulates fat storage and
changes dietary behavior through increased reward sensitivity (DA and opioid systems) and increased
appetite (arcuate nucleus in the hypothalamus) [165]. Future research should attempt to clarify
the biological embedding of chronic stress both in the absence and presence of diagnosed PTSD,
specifically impacting reward-related pathways associated with consumption behavior. Additionally,
more research is needed on biopsychosocial factors of resilience in the context of both FA and obesity.

4.1. Stress & Addictions

Given the established links between stress and obesity, these links can be used to conceptualize
relationships between stress and FA. The phenomenon of stress-induced reinstatement of drug-seeking
is generalizable to other substances, including food [170]. To illustrate, the DA and GC systems are both
highly involved in substance addictions, and ELA may induce long-lasting alterations in these systems.
One of the most profound effects of stress is the activation of the HPA axis with release of CRF from the
paraventricular nucleus. Human studies have shown stress exposure increases alcohol craving [171].
Both chronic stress and long-standing alcohol use promote PFC dysfunction [172]. Changes in CRF
activity that result from chronic alcohol exposure within the extended amygdala network is thought to
be key factor in withdrawal symptoms [173]. It has been proposed that repeated altered activity in the
DA system and sustained activation of the CRF system leads to AL and negative emotional states [174].
The central thesis in Koob’s allostatic view of stress and addiction is that stress leads to changes in
brain CRF that have a direct impact on addiction [175]. Withdrawal can produce elevated levels of
GCs and increase release of CRF in the central nucleus of the amygdala [175].

It has also been suggested that increased CRF alters serotonin release in the brain which facilitates
DA in the accumbens [176]. Prolonged exposure to stress can lead to irregular changes in GC
receptor density (epigenetics) which may increase the reinforcing effects of alcohol and drugs [177,178].

137



Nutrients 2020, 12, 3521

Interestingly, a higher salivary cortisol level in response to stress has been associated with higher
drop-out rates in treatment [179]. It has also been suggested that variability in stress-related genes may
contribute to the ability of certain individuals to remain abstinent from heroin, possibly due to higher
stress resilience [180]. Importantly, not only does STA increase addiction behaviors, some authors
have suggested this association also exists in the opposite direction [181,182]. With illicit drugs, their
procurement and use can predispose individuals to traumatic stress [183,184]. In animal models,
chronic opioid pretreatment is able to robustly augment associative fear learning [185]. These changes
were not observed when opioids were given after the traumatic event, and potentiation lasted
beyond discontinuation of drug exposure. This concept has been thoroughly described as part of the
withdrawal process in widely accepted addiction models [186–188]. However, more research is needed
to understand how long-term exposure to highly palatable foods may alter one’s long-term response
to stressful life experiences, and how this dynamic can play out in reciprocal and bidirectional ways,
for example in the presence of weight stigma and dietary restraint (and cumulatively over time).

A recent review of preclinical data suggests three mechanisms by which DA and GCs interact: (1)
GCs upregulate tyrosine hydroxylase (rate-limiting enzyme in DA synthesis) (2) GCs down-regulate
monoamine oxidase (enzyme responsible for DA removal) and (3) GCs are hypothesized to decrease
DA uptake subsequently increasing synaptic DA [189]. Clearly stress enhances substance abuse-related
effects at multiple points along the mesolimbic projection. The KOR system plays an important role in
behavioral stress responses and has been implicated in stress-induced maladaptive responses [190].
While MOR activation produces euphoria, KOR is generally aversive and may contribute to negative
affect states in withdrawal. According to some authors, it is possible that a stress-induced increase in
KOR function promotes drug seeking by reducing DA transmission [190]. Meanwhile, reduced MOR
has been observed in comorbid binge eating disorder and obesity [191] and across SUDs [144] which
strongly suggest neurochemical overlap in these conditions, and which can persist despite weight loss
or periods of drug abstinence. Any change in stress neurobiology is likely to influence reward. Based
on observed deficits in the ventral striatum, reward responsiveness and processing may be a primary
mediator of the effects of ELA [192]. Taken together, FA is a biologically plausible explanation for
the life course association between ELA and obesity, however important contextual factors from the
psychological domain deserve further consideration.

5. Psychological Correlates of Food Addiction & Obesity

Thus far we have highlighted several social and environmental factors associated with STA and
addiction-like eating. We have reviewed emerging data on the biological embedding of adversity,
which may increase an individual’s susceptibility to FA, and potentially lead to obesity over time.
Based on the overlap between FA and EDs as well as SUDs, we have recommended including these
variables into statistical models which investigate weight outcomes. Finally, we have proposed a
comprehensive conceptual framework to further contextualize these relationships by including two
psychological (as well as socially constructed) correlates of FA, EDs, and obesity: dietary restraint and
weight stigma.

5.1. Dietary Restraint

Restrained eating is generally defined as a cognitive effort to eat less in order to lose weight [193],
which has been viewed both as the problem and solution to obesity [194]. More recently it has become
clear that theories of weight loss based on low-calorie dieting are failing, likely due to neurochemical,
endocrine, and gastrointestinal factors which are not adequately captured by simple models of energy
balance. While the concept of dietary restraint has been linked to some positive outcomes (e.g., weight
management, prevention efforts) [195], it is included in our model as a risk factor for eating pathology,
often associated with EDs (sometimes referred to as restriction). A classic study conducted by
Ancel Keys in the 1940s examined the link between starvation and changes in human biology and
behavior [196]. The study showed that significant (intentional) weight loss produced the onset of binge
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eating in 30% of participants (n = 36). Many of the individuals who were reduced to 50% of their
baseline caloric intake for extended periods of time (months) began collecting recipes and cookbooks.
The finding that caloric restriction leads to preoccupation with food has been widely cited in the ED
literature. Meanwhile, it is less clear if deliberate efforts to eat differently (focusing on dietary quality
rather than quantity) should be classified as pathological restraint. Extreme diets intended for health
reasons which impair daily function have been described as “orthorexia nervosa” which appears to be
growing problem [197]. Research linking FA recovery to orthorexia is timely and warranted.

A dieting intervention on 121 females which included monitoring and restricting showed that
monitoring increases perceived stress, while restricting increases the cortisol output [198]. Dieting
is stressful, which may explain why engaging in dieting behaviors aimed at losing weight can
actually have the opposite effect. Future iterations of Figure 1 may include an arrow directly from
dietary restraint to STA, whereas in the current model there is only a backdoor path through weight
stigma. A twin study from Finland (n = 4129) showed that dieters are prone to future weight gain
independent of genetic factors [199]. A recent fMRI study showed that “successful” restrained eaters
had stronger activation in the middle frontal gyrus and cerebellum (associated with executive function
and inhibition) suggesting that food temptations may trigger processes of positive inhibition in some,
but not others [200]. It is likely that altered neurochemistry from SUD and/or ELA/STA will impact the
degree of success with dietary restraint. More research is needed on the impact of trauma on various
eating behaviors, including restriction. It will prove important to better define dietary restraint in the
context of FA recovery.

There is considerable debate on how to approach FA from a nutritional standpoint, including
incorporating FA data into the traditional ED landscape [201]. Meule has stated that “dietary restraint
does not have to be dysfunctional as long as flexible elements are added” [202]. Based on available
data linking FA and EDs (Section 1.2), it is proposed that restrained eating moderates the link
between food environment and FA, as well as the link between FA and obesity (Figure 1). In other
words, individuals engaging in dietary restraint are predicted to display higher levels of FA severity.
Future research should examine the directionality as well as cumulative interplay of this relationship.
Furthermore, it is proposed that individuals who meet criteria for FA and engage in dietary restraint
may experience different effects on their weight status, depending on whether or not the restraint
is successful, unsuccessful, pathological, or part of a restrictive ED. These theories need to be tested
in both observational and experimental studies in an effort to better develop the emerging field of
behavioral health nutrition. Recently, an 8-step process has been proposed to help clinicians discern
FA from dietary restraint in order to inform inclusive vs. exclusive nutrition strategies [46]. The key
discerning factors include the presence of SUD, PTSD, and ELA, which, if all present, can provide more
confidence in the strength of an FA signal, particularly in the absence of dieting behaviors.

5.2. Weight Stigma

Weight stigma has been described as a “vicious cycle” where weight stigma begets weight
gain [203]. Similar to dieting, the experience of stigmatization increases cortisol, which may drive
food consumption by sensitizing the reward system [203]. In addition to increased cortisol, weight
stigma also increases oxidative stress [204] providing further evidence of biological embedding. In a
large sample of adolescents (n = 115,180), perceiving one’s body as overweight increases risk of
suicidality [205]. Conceptually, weight stigma is similar to other forms of STA, which we consider as
midstream drivers of eating behavior and subsequent weight outcomes, both through biological and
psychosocial pathways. While unproven, it is possible that body dissatisfaction and self-stigma drives
avoidance behaviors (e.g., weight loss to avoid adiposity) which is similar to the avoidance experience
in PTSD. This may be one reason why efforts to lose weight can be persistent (or even relentless) for so
many, despite the fact that weight loss efforts have been unsuccessful (or unsustainable) in the past.

In a large national sample (n = 5129), weight discrimination was associated with overeating
(specifically convenience foods) and less regular meal timing [206]. Individuals who are the target
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of weight stigma have been shown to decrease self-control and perceived capacity for weight
management [207]. In a large sample of adolescents (n = 1497), FA and psychological distress
mediated the association between weight-related self-stigma and binge eating [208]. It is worth
acknowledging differences between externalized (others) and internalized (self) weight bias. It has
also been shown that some people will experience longer term distress from weight stigma than
others [209]. Perceptions and/or experiences of weight bias in primary care settings have been shown
to negatively influence patient engagement with health care services [210]. In summary, weight stigma
has emerged as an important component of obesity context, with strong arguments in favor of adopting
weight-inclusive health policy [211]. While the FA explanation for weight control has been shown to
decrease weight stigma among groups [212,213] it has been suggested that FA can increase internalized
weight stigma among individuals [214]. More research is needed on the role of weight stigma driving
dietary restraint, both as a cause and consequence of addiction-like eating.

6. What Does It Mean for Public Health?

Research on biological programming attempts to identify the most critical and sensitive periods
that underlie the developmental origins of later childhood and adult disease [215]. It has been suggested
that the timing of adversity explains more variability in DNA methylation than the accumulation or
recency of exposure [216]. It has also been observed that different dimensions of adversity have distinct
influences on neurodevelopment [217]. The exact mechanisms which link human DNA methylation
with psychological disorders have not been elucidated [151]. What we do know is that the cumulative
effects of STA can impact neural function with significant implications for substance-seeking behaviors.
All addictions share a common neurobiology and have known relationships to STA in both directions.
Sugar, salt, and fat added to foods make them more palatable and reinforce “drug-like” behavior
with loss of control, continued use despite consequences, binge episodes, and other similarities with
traditional drugs of abuse. It is clear that obesity causes changes in opioid and DA signaling which alter
reward processing [218]. Given the established links between ELA and the propensity for behavioral
health disorders including SUD, ED, and FA, prevention efforts might have a meaningful impact
upstream. Addressing clusters of disorders with shared underpinnings jointly may be more fruitful
than a one-disorder-at-a-time approach [122].

A recent study of New Orleans children showed that neighborhood stress exerts a direct influence
on obesity, after adjusting for diet and activity [219]. Such findings support the need to improve social
conditions rather than efforts to address obesity at the individual level. It will be important to identify
positive contextual factors such as neighborhood and school safety, as well as resilience [105] and develop
community-based programs that promote these protective factors. Resiliency-building programs
that reduce delay discounting may decrease addictive behaviors [220]. Meanwhile, socioeconomic
differences in the quality of early life create “cumulative disadvantage” that contribute to gradients
in health status [37]. SES indicators are upstream determinants of health while biological factors are
more proximate determinants [221]. Neighborhood disadvantage creates social context which may
become biologically embedded [222]. The impact of low SES can become embedded into inflammatory
processes, the HPA axis, and neural function/structure, all of which are epigenetically controlled [135].
It is not unreasonable to assume that normalizing/improving HPA axis function may be beneficial in
the treatment and relapse of addiction-related disorders. Given that epigenetic patterns are sculpted
during early life [137], reducing stressors appears crucial to the long-term management of FA.

A “systems thinking” multilevel approach will be critical to reverse obesity trends. For example,
trauma-informed treatment and stress management curriculum should be made available in
underserved communities, starting with schools [107]. Mobilizing cross-sector interdisciplinary
partnerships to connect ELA to later life health outcomes will be critical. It has been stated that
“fostering increased societal awareness about toxic stress exposures that are often hidden, stigmatized,
and attached to shame needs to occur across generations” [223]. Greater awareness of the biological
mechanisms discussed herein are likely to reduce weight stigma, which is a known barrier for individual
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help-seeking behaviors in those with obesity [224] as well as SUDs [225]. Feelings of rejection associated
with weight stigma and disordered eating are additional stressors which may further perpetuate a
negative cycle [114,168]. A recent study showed that the FA model explanation for obesity resulted in
lower stigma than the traditional “diet and exercise” explanation that attributes obesity to personal
responsibility [213]. Given that weight stigma is a psychosocial contributor to maladaptive eating
behavior, interventions targeting stigma (at the individual and societal levels) are warranted.

6.1. Food Policy

This paper has reviewed evidence to suggest that improving the early childhood environment
might impact obesity risk and therefore should be a public health priority. Meanwhile, if reward-related
neuroadaptations associated with addiction persist over time, addressing only the underlying factors
may fail to create lasting changes in eating behavior, suggesting that policies targeting the food
environment will also be important. Given that the food environment in the US promotes easy access
to foods with addictive potential [226] it is not unreasonable to hypothesize that highly palatable foods
leave a biological imprint which may perpetuate FA symptoms across the lifespan and into subsequent
generations, as has been shown in animal models [131]. Western-style diets rapidly impair appetitive
control, compared to those on their habitual diet [65]. Combined with heightened susceptibility to STA
stemming from ELA, efforts to address the obesity epidemic may be futile without strategic multilevel
interventions targeting corporate responsibility (i.e., “Big Food”) [227].

There is mounting evidence of the harmful effects of processed foods in contemporary diets.
A recent trial comparing the caloric intake of those on ultra-processed foods (containing minimal
whole foods) compared to unprocessed/whole foods for two weeks found ad libitum intake was
increased by approximately 500 kcal/day on the ultra-processed diet [228]. Not surprisingly, people
gained weight on the ultra-processed diet and lost weight on the unprocessed. Cross-sectional data
(NHANES 2005–2014) has shown that higher consumption of ultra-processed foods is associated with
excess weight and is more pronounced in females [229]. A study from Spain showed that four or
more servings per day of ultra-processed foods is associated with a 62% increased hazard for all-cause
mortality, where each additional serving increased all-cause mortality by 18% [230]. It remains unclear
if the negative health effects are due to the direct impact of the processed foods, or the displacement of
nutrient-dense high-fiber foods protective against oxidative stress and associated inflammation.

Public health interventions to increase access to healthy foods in lower SES communities have
been unsuccessful in reducing obesity, therefore new approaches are needed. Identifying certain
foods to be addictive may encourage collective efforts to avoid them [231] and is associated with
support for policies to curb their use [232] similar to how public health officials addressed Big
Tobacco. Only recently have researchers and policy makers begun to explore targeting the food
environment in universal ED prevention efforts [233]. It has been suggested that “processed food
addiction is the result of an intentional epidemic of addiction not an incidental by-product of Western
environments” [62]. The term “processed food addiction” implicates the food industry rather than the
individual. There is a critical need for increased awareness of FA and the role played by multinational
food corporations in promoting processed foods with addictive qualities [214]. Evidence suggests that
aggressive marketing of these foods to children, adolescents, and young adults disproportionately
affects vulnerable groups [234–238]. While it is highly unlikely that food companies will re-formulate
their products based on self-regulation, it also unrealistic to expect food-addicted individuals to
regularly avoid food-related temptations. Policy support should include warning labels, industry
reductions on sugar, and product bans (e.g., energy drinks) [232] while legal tools include advertising
restrictions and class-action litigation [239]. Several authors have recommended policies restricting fast
food advertising to adolescents [240,241]. Based on growing evidence for FA, this may be indicated.
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7. Conclusions

The biological underpinnings of addictions strongly imply a role for ELA in the development of FA
and obesity. Importantly, ELA can alter the physiological response to various forms of psychosocial STA
across multiple body systems, which can have a cumulative impact on health behaviors over the lifespan.
FA research which began in animal models has since been described in human neuroimaging studies
which capture neurobiological and behavioral overlap between FA and SUDs. A biopsychosocial
perspective on FA considers biomarkers such as inflammatory markers and other measures of AL,
the HPA axis including the output of cortisol, epigenetic mechanisms including those that influence the
HPA axis, and various structural, functional, and morphological brain changes, following exposure to
ELA and STA. In order to contextualize risk, a biopsychosocial model considers the upstream drivers
and fundamental causes of health disparities, such as SES and environmental (e.g., neighborhood)
factors that impact food access and food choices. Furthermore, obesity frameworks should incorporate
weight stigma as an important cause and consequence of the epidemic, suggested herein as a form of
STA that can also become biological embedded. Finally, the role of dietary restraint has been included
as an important psychological factor that should be accounted for when conceptualizing FA and obesity,
particularly given the strong relationship between ELA and EDs, as recently reviewed elsewhere [46].

Stress proliferates over the life course and across generations, widening health disparities
between advantaged and disadvantaged groups [242]. This might explain why public health nutrition
interventions in low SES communities have had limited success. Consumption of highly palatable
foods to “self-medicate” the long-term biological impact of chronic stress may be a critical factor in
understanding the obesity crisis. This is particularly true for marginalized groups with less access
(e.g., affordability) to unprocessed foods. Higher SES groups are more likely to have success in reducing
addiction-like eating compared to lower SES groups who are constrained by access and resources. Public
health interventions should account for the growing inequities in health outcomes. Biopsychosocial
approaches that consider the cumulative interplay between social and biological factors are helpful when
conceptualizing multiple systems driving substance-related disorders, whether it be alcohol, drugs,
nicotine, or food [243]. A biopsychosocial model may contribute to conceptual and methodological
advances in our understanding and treatment of obesity. Meanwhile, separating constructs into
biological, psychological, and social factors (as in Figure 1) can be contraindicated by ecological models
that emphasize the dynamic reciprocity between these levels. However, our conceptual model has
discerned between these factors in order to encourage further contextual analysis of FA.

Based on the biological plausibility of FA as a consequence of psychosocial STA, potential solutions
to the obesity epidemic may include: (1) improve social conditions in order to reduce exposure to ELA,
as well develop community-based programs for early intervention (2) decrease weight stigma based
on FA data implying that body weight is not simply a “choice” (3) mind-body approaches (e.g., yoga,
meditation) designed to improve the human stress response and (4) policy proposals aimed at the food
industry to reduce exposure to highly palatable foods. More information is needed about the role of
nutrition in the reversibility of unfavorable gene expression. More research is needed to investigate
whether long-term dietary changes such as abstaining from highly palatable foods is even feasible.
If so, will this improve the microbiome and stimulate/reverse epigenetic change and/or lead to altered
reward pathways in the brain? At a minimum, it is reasonable to predict that reducing exposure
to addiction-like eating can improve executive functioning. Since dietary restraint is a known risk
factor for the development of EDs, drastic individual nutrition changes should be implemented in
consultation with a qualified professional such as a registered dietitian nutritionist, particularly when
there is underlying trauma and/or SUD. Treatment models should be trauma-informed and include
staff trainings.

FA and SUD share multiple predisposing factors including ELA which can become biologically
embedded. These findings may link social determinants to specific health outcomes and elucidate
pathway effects of risk across the life course. Epigenetic processes may be a key mediator between
social environments during childhood and disease risk in adulthood. Mediating mechanisms such as
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AL, the HPA axis, DNA methylation, and altered reward sensitivity (i.e., dopamine systems) have
scientific merit, however the fundamental causes of health inequalities present in society should not be
overlooked. Low SES and neighborhood disadvantage remain important drivers of ELA, particularly
within the context of the obesity epidemic. The cumulative effects of STA that impact neural function
and heighten threat vigilance have significant implications for substance-seeking behaviors, including
eating. The FA construct has gained credibility from animal and human studies reviewed herein,
which may help reduce stigma associated with addiction-like behaviors, including obesity. More
research is needed to understand the differential impact of inflammatory signaling markers on the
brain, including assessment of blood brain barrier integrity. The study of neuroinflammation is likely
to add explanatory power to our conceptual model and guide future research questions.

If the DSM accepts FA, it will lead to better treatment and eventually public health efforts to
improve the national food environment and global nutrition landscape. More resources should
be allocated for nutrition education during pregnancy and lactation, particularly in underserved
communities where stress and adversity are high, and the food environment is suboptimal. Applying
the FA framework has the potential to influence the way people view food, and to ultimately decrease
addiction in future generations. FA treatment does not always require specific “food abstinence” but
it does warrant reduced exposure and harm reduction strategies. Given the strong evidence that
neurobiological responses to food differ among people, personalized precision nutrition interventions
are warranted. In order for these strategies to be successful, cultural shifts around food norms will
be necessary. Furthermore, FA is both an individual and collective health problem, and should be
addressed at the societal level with broad policy interventions. We propose that unregulated promotion
of addictive foods by the food industry are major contributors of obesity, particularly in the face
of disadvantage and distress. Government interdiction may be required to reduce the epidemic of
obesity and the growing problem of food addiction. Multidisciplinary efforts using trauma-informed
integrated biopsychosocial frameworks will be necessary to reverse obesity trends.
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Abstract: As food addiction is being more commonly recognized within the scientific community,
parallels can be drawn between it and other addictive substance use disorders, including tobacco use
disorder. Given that both unhealthy diets and smoking are leading risk factors for disability and death,
a greater understanding of how food addiction and tobacco use disorder overlap with one another is
necessary. This narrative review aimed to highlight literature that investigated prevalence, biology,
psychology, and treatment options of food addiction and tobacco use disorder. Published studies up
to August 2020 and written in English were included. Using a biopsychosocial lens, each disorder
was assessed together and separately, as there is emerging evidence that the two disorders can
develop concurrently or sequentially within individuals. Commonalities include but are not limited
to the dopaminergic neurocircuitry, gut microbiota, childhood adversity, and attachment insecurity.
In addition, the authors conducted a feasibility study with the purpose of examining the association
between food addiction symptoms and tobacco use disorder among individuals seeking tobacco use
disorder treatment. To inform future treatment approaches, more research is necessary to identify
and understand the overlap between the two disorders.

Keywords: food addiction; nicotine; tobacco use disorder; comorbidity

1. Introduction

Smoking and obesity are the two most prevalent causes of preventable chronic disease morbidity
and mortality worldwide [1,2]. Smoking and food addiction are both maladaptive behaviors in which
an individual experiences loss of control and compulsive engagement in the behavior despite known
harmful consequences. We have reached a pivotal time for understanding food addiction, similar to
a time when tobacco use disorder was perceived as habit forming and not addictive. While food
addiction does meet several of the American Psychiatric Association’s diagnostic criteria outlining
substance use disorder [3], more research is necessary to determine if certain foods are addictive and
how to prevent and treat this condition.

The concept of food addiction represents a relatively new domain of research [4]. Food addiction
refers to an “eating behavior involving the overconsumption of specific foods in an addiction-like
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manner”. While the term “food addiction” was introduced to scientific literature in 1956 [5],
research investigating the mechanisms, neurobiology, and genetics of food addiction was not pursued
until the early 2000s. Food addiction in relation to certain foods has not been widely accepted or
studied. As such, the diagnostic criteria of food addiction are not well established and are not formally
recognized by the American Psychiatric Association as either a substance use disorder or a behavioral
disorder in the Diagnosis and Statistical Manual of Mental Disorders 5 (DSM 5) [3]. Regardless,
the criteria for food addiction have been modeled from substance use disorder criteria outlined in
the DSM 5 [6].

In the DSM 5, substance use disorder is defined as a complex condition manifested by compulsive
substance use despite harmful consequences. Furthermore, regular substance use may develop
dependence and tolerance. The DSM 5 currently lists nine distinct disorders (e.g., tobacco use
disorder and alcohol use disorder), but nearly all substances are diagnosed on the basis of the same
overarching criteria [3]. Hallmark symptoms of food addiction include loss of control and frequent
overconsumption, desire or repeated failed attempts to reduce or stop consumption, increased time
spent in activities necessary to obtain and eat food, giving up on important activities such as physical
exercise, continued consumption despite physical or psychological problems, and clinically significant
impairment or distress [7].

Currently, limited research exists pertaining to food addiction and how it relates to other
substance use disorders. Given that both unhealthy diets and smoking are among the leading risk
factors for all-cause disability-adjusted life years, total deaths, and years lived with disability [8],
a greater understanding of how food addiction and tobacco use disorder overlap with one another is
necessary [9]. Furthermore, the role of food addiction in the common but understudied phenomenon of
post-cessation weight gain among smokers trying to quit has not been researched. The purpose of this
narrative review is to present and summarize the most up-to-date research findings on the prevalence,
biology, psychology, and treatment of tobacco use disorder and food addiction as individual disorders,
identifying overlap and commonalities that may help inform treatment approaches. It is important to
understand each individual disorder in the context of the other since there is emerging evidence that
the two disorders can develop concurrently or sequentially within individuals. To provide background
on food addiction and tobacco use disorder, this review first discusses the prevalence of these disorders,
measurements that assess severity, and theories of food addiction. This review then covers various
subtopics such as biology, gut microbiome, psychosocial factors, and treatment options. The studies
examined for this review mainly focus on food addiction rather than obesity and eating disorders,
as these are two separate and complex conditions.

2. Methods

To locate relevant publications on the relationship between food addiction and tobacco use disorder,
the following databases were searched: Ovid Medline, PsycInfo, and Embase. The Medline search
strategy included both relevant medical subject headings (MESH) and keywords for the concepts of food
addiction and tobacco use disorder/cessation. Food addiction-related terms included “food adj3 addict”,
“eat adj3 addict”, “food adj3 dependence”, “food use disorder”, “compulsive eating”, “Yale Food
Addiction Scale”, “obes”, “diabetes”, and “binge eating disorder”. Smoking terms included “tobacco use
disorder”, “tobacco depend”, “nicotine”, “((nicotine or tobacco or smoking) adj3 (cessation or quit
or quitting or quits or give up or giving up or stop or stopping or stopped or stops))”, “((nicotine or
tobacco or smoking) adj3 withdraw)”, and “smoking cessation/or tobacco use cessation”. The Medline
search strategy was adapted for the controlled vocabulary of the other databases searched. All of the
search results were limited to English language publications, but no date or study type limitations
were applied. Furthermore, the database search was complemented by a manual review of reference
lists from the retrieved articles. Articles related to the purpose of this narrative were retrieved from the
database search. Studies examining eating disorders and obesity in the absence of food addiction were
not reviewed as this was outside of the scope of this review.
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3. Discussion

3.1. Prevalence

3.1.1. Prevalence and Severity Measurement of Tobacco Use Disorder

In 2017, 15% of the Canadian population (about 4.6 million people) were current smokers.
Within that population, 11% and 4% reported being daily smokers and occasional smokers,
respectively [10]. Daily smokers averaged approximately 14 cigarettes per day, with a higher percentage
of smokers being male (17%) than female (13%) [10]. Furthermore, in 2018, nearly 34% of Canadian youth
reported trying an electronic cigarette (e-cigarette) at least once in their lifetime [11]. Evidence suggests
that e-cigarette use in youth increases the risk of developing tobacco use disorder later in life [12].
Similar statistics are reported in the United States, where approximately 12% of the population
(or 40 million people) are daily smokers [13].

The DSM 5 replaced the DSM-IV’s categories of nicotine abuse and dependence with tobacco use
disorder. Within this context, problematic patterns of tobacco use must cause significant impairment
and distress for at least two symptoms within a 1 year period to be considered a disorder. Other common
measures of nicotine dependence severity include the Fagerstrom Test for Nicotine Dependence (FTND),
Heaviness of Smoking Index (HSI), and time to first cigarette (TTFC). The FTND contains six questions
scored 0–3 for a total possible score of 0–10. Higher scores indicate greater the physical dependence
on nicotine. Similarly, HSI contains two measures: TTFC of the day and daily consumption of
cigarettes. These metrics have been used to predict behavioral and biochemical indices of smoking,
including ability to quit and cancer incidence and mortality [14]. Both measures are reliable over time
and are important predictors of quitting [15,16].

3.1.2. Prevalence and Severity Measurement of Food Addiction

Food addiction is commonly measured using the Yale Food Addiction Scale (YFAS) [17], a 25-item
tool developed in accordance with the substance dependence criteria of the DSM-IV [7,18]. The YFAS
applies these criteria to the concept of food addiction for the purpose of identifying individuals
who possess a predisposition toward the overconsumption of highly palatable foods within the
previous 12 months [7,19]. The YFAS is capable of providing two scoring measures: (i) a cutoff score
(yes/no) is achieved when an individual fulfills a minimum of three criteria and satisfies a clinical
significant impairment or distress criterion, and (ii) a symptom count (0–7) in which the total number
of endorsed criteria, with the exception of clinically significant impairment or distress criteria, is added
together [7,18]. The YFAS represents a valid and reliable tool in identifying individuals who meet
criteria for food addiction [7,20]; however, a major limitation of the YFAS is the reliance on self-reporting
of symptoms. To date, there are no biological measurements to confirm the presence or absence of
food addiction. Therefore, in conjunction with the lack of formal recognition by the DSM 5, a clinical
diagnosis for food addiction does not exist at this time.

With the release of the DSM 5, criteria for diagnosing substance-related and addiction disorders
have changed. Consequently, the 35-item YFAS 2.0 was developed to accurately align the concept
of food addiction with the new DSM 5 substance use disorder criteria [21]. Another adaptation,
the modified version of the YFAS (mYFAS), is an abbreviated nine-item version of the YFAS. Within the
mYFAS, each of the seven DSM-4 substance dependence criteria is represented by one question [18].
The remaining two items of the mYFAS pertain to whether food or eating causes an individual clinically
significant impairment or distress [18]. Both YFAS 2.0 and mYFAS have demonstrated marginal to
good psychometric properties [20,22].

The observed prevalence rate of food addiction in a meta-analysis of 20 studies from North
American and European countries was 19.9% (range: 16.3% to 24.0%) [23]. In a more recent meta-analysis
of 36 articles, Burrows et al. (2018) concluded that the prevalence of individuals with mental health
symptoms who met the cutoff for food addiction was 16.2% (range: 13.6% to 19.3%) [22]. A sex
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difference was also observed, where higher prevalence of food addiction appeared among females
(12.2%) compared to males (6.4%) [23].

Although many individuals may not meet the threshold for food addiction, it is not uncommon
for individuals to report specific symptoms. On average, individuals with mental health symptoms
endorse approximately three symptoms for food addiction [22,23]. Of the seven YFAS symptoms for
food addiction, “persistent desire or unsuccessful attempts to cut down or control eating” is one of the
most frequently endorsed symptoms of food addiction [19,23,24].

3.1.3. Theories of Food Addiction

Several theories link specific high-caloric and palatable foods to food addiction. Similar to addictive
substances, these foods exist on a spectrum of addiction [7]. For example, individuals meeting the
cutoff for food addiction convey significant problems with highly palatable foods such as chocolate,
doughnuts, cookies, cake, candy, white bread, pasta, rice, crackers, French fries, and hamburgers
compared to their counterparts without food addiction [25,26]. In addition, more frequent consumption
of hamburgers, candy bar, milk chocolate, butter, pizza, and low-calorie beverages was associated with
meeting the cutoff for food addiction [26]. Conversely, more frequent consumption of dark chocolate,
homemade cookies, white rice, and sugar-sweetened beverages was negatively associated with food
addiction [26]. Other theories suggest that food itself is not addictive, but the manner in which the food
is consumed is an addictive behavior. Specifically, the repetitive behavior of food restriction and dieting
leads to periods of overeating and binging. While controversy surrounds the addictive properties of
foods, it is important to consider that tobacco took several decades before it was declared an addictive
substance [27]. Addictive substances including alcohol, tobacco, and cannabis have gained acceptance
at some point and it was not until these substances were recognized as being addictive that society
implemented changes that would provide opportunities for individuals to receive treatment [27].

3.2. Biology

3.2.1. Neurobiological Parallels between Food Addiction and Tobacco Use Disorder

Within the past several decades, neuroimaging has allowed the quantification of specific proteins
and neurotransmitter receptors, the investigation of food and tobacco cues and their effects on neural
activation, and the investigation of the integrity of gray and white matter, using positron emission
tomography (PET), functional magnetic resonance imaging (fMRI), and structural MRI, respectively.
Although no specific neuroimaging study has investigated the neural correlates of tobacco use disorder
with comorbid food addiction, when investigated separately, the effects of food addiction on the
brain often resemble those of tobacco use disorder. Specifically, highly palatable foods, such as those
with high fat and sugar content, can activate the dopaminergic (DAergic) reward pathways [7,28–30],
and specific conditioned food cues such as its sight, smell, and taste may trigger the desire or craving of
eating [31]. This suggests that common neural substrates exist for both food and tobacco use disorder,
both of which depend on DAergic pathways.

To date, no PET studies have investigated dopamine (DA) receptor availability in individuals
with food addiction. Although obesity and food addiction are distinct disorders, most neurobiological
literature surrounding food addiction is derived from obesity studies since the two conditions often
co-occur. The first human neuroimaging study to examine striatal DA D2 receptor availability in
relation to obesity was Wang et al. 2001 [32]. Measured by [11C]raclopride PET, striatal DA D2 receptor
availability was significantly lower in obese individuals compared to healthy controls, and body
mass index (BMI) was negatively correlated with D2 receptor availability. Similarly, low levels of DA
are often reported in individuals addicted to drugs including cocaine [33], alcohol [34], opiates [35],
and nicotine [36], and low DA receptor levels are associated with addictive behaviors irrespective
of food or addictive drugs [32]. DA deficiency may perpetuate pathological eating to replenish the
mesolimbic DAergic pathway, and feeding has been shown to increase extracellular DA levels in the
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nucleus accumbens (NAcc) [37], a region thought to contribute to the reinforcing effects of euphoria [38].
It is possible that chronic overconsumption of food leads to increases in DA, resulting in DA D2 receptor
downregulation. This produces a feed-forward cyclical pattern where overconsumption of food must
then be sustained to replenish DA levels to avoid food cravings and withdrawal symptoms [39].

DA receptor availability in individuals with tobacco use disorder has been extensively investigated
with [11C]raclopride PET. For example, a 26% to 37% reduction in binding potential, indicative of
greater DA release, was observed in the left ventral caudate, NAcc, and left ventral putamen in cigarette
smokers compared to nonsmokers [40]. In contrast, several other PET studies using tobacco cigarettes
and alternative methods of nicotine administration, such as nicotine nasal sprays and nicotine gum,
found no significant changes in binding potential within smokers [41–44]. More recent nonhuman
primate PET studies found [11C]PHNO ([11C]-(+)-propyl-hexahydro-naphtho-oxazin) to be more
sensitive to nicotine-induced DA release compared to [11C]raclopride [45]. To date, three studies have
utilized [11C]PHNO PET in relation to nicotine administration and smoking-associated cues in humans.
Specifically, following cigarette smoking, a 12% to 15% reduction in D2 and D3 receptor binding
potential was observed compared to control conditions [46]. These findings are likely influenced by
genetics, where, during abstinence, slow metabolizers of nicotine had lower [11C]PHNO-binding
potential compared to fast metabolizers within the D2 regions of the striatum [47]. Interestingly,
there was no change in [11C]PHNO-binding potential in the striatum of nicotine-dependent individuals
following the presentation of tobacco-associated cues [48].

The effects of food cues and craving on neural activity and DA receptor binding have been
widely investigated. fMRI studies demonstrated that food cues activate the amygdala, insula,
orbitofrontal cortex, and striatum brain regions compared to neutral cues [49,50]. These cues of
highly palatable foods activate similar reward neurocircuitry to tobacco use disorder [51]. Furthermore,
food cravings are associated with increased bold-oxygen-level-dependent (BOLD) signals in the
hippocampus, insula, and caudate [50], regions involved in craving, motivation, and memory [52].
PET studies demonstrated a positive association of food cravings and increased dorsal caudate and
putamen regional cerebral blood flow [53], as well as an association of DA ligand binding within the
dorsal striatum and feeding [54]. In summary, molecular imaging studies food cues provide supportive
evidence of DAergic pathway activation.

Similar to food addiction, fMRI studies have examined the neuronal activation patterns produced
by nicotine. For example, dose- and time-dependent BOLD signal increases were observed within the
anterior cingulate cortex, dorsolateral prefrontal cortex, and medial prefrontal cortex brain regions in
cigarette smokers [55]. This pattern of brain activation is consistent with DAergic pathways innervating
the frontal cortex, as well as evidence supporting acute nicotine’s role in positively enhancing reaction
time, short-term memory, working memory, and attention [56]. Furthermore, smoking-cue fMRI
studies demonstrated that nicotine-dependent smokers exhibited more BOLD signal activation than
nonsmokers in the prefrontal cortex, ventral striatum, and NAcc brain regions [57,58]. In addition,
contextual factors such as cigarette availability can affect neural activity, and variation in tobacco use
disorder severity and genotype can modulate cue-induced activity [59].

3.2.2. Neurobiology Unique to Tobacco Use Disorder

Nicotine is the main psychoactive component of tobacco, and it specifically acts as an agonist of
nicotinic acetylcholine receptors (nAChRs) in the brain. nAChRs containing the α4 and β2 subunits
are critical for mediating nicotine reinforcement, nicotine sensitivity, reward motivation, and DA
release [60–65]. nAChRs are located throughout the brain, with highest density within the thalamus,
basal ganglia, frontal cortex, cingulate cortex, occipital cortex, and insula [66,67]. Most importantly,
nicotine stimulates the release of DA in the mesolimbic area, the corpus striatum, and the frontal
cortex [68,69]. These DAergic pathways are critical in nicotine-induced rewarding behaviors [70],
as well as in regulating reward, motivation, decision-making, learning, and memory [71].
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Several preclinical and clinical studies of tobacco use disorder examined the effects of cigarette
smoking and smoking-related behaviors on brain function, specifically β2-nAChR desensitization
and subsequent upregulation [72]. Preclinical studies assessing nicotine administration in animals
and postmortem human studies of smokers demonstrated β2-nAChR upregulation throughout the
striatum, frontal cortex, anterior cingulate cortex, temporal cortex, occipital cortex, and cerebellum [73],
suggesting greater levels of β2-nAChR desensitization and inactivation produced by long-term
smoking or nicotine administration [74]. Brain imaging studies examining β2-nAChR availability
in human smokers mimicked these preclinical finding [74–77]. Dysregulation of these brain regions
following drug use is commonly associated with processing of drug cues and loss of inhibitory control,
the primary contributing factor to relapse [78–80]. Furthermore, human postmortem studies of smokers
with variable lifelong smoking histories and former smokers demonstrated that nAChR upregulation
was reversible following abstinence [81]. Taken together, many preclinical and clinical brain imaging
studies support the theory that long-term nicotine administration or chronic smoking can lead to
nAChR desensitization and upregulation in smokers [82], but this upregulation is reversible following
extended periods of smoking abstinence [81,83].

3.2.3. Neurobiology Unique to Food Addiction

With the exception of the DAergic system, the literature on other neurocircuits implicated in
food addiction is limited. To date, only a few fMRI studies have been conducted in individuals who
met the YFAS cutoff threshold for food addiction. The first study by Gearhardt et al. (2011) found a
positive correlation between food addiction scores and neural activation in the anterior cingulate cortex,
medial orbitofrontal cortex, and amygdala when participants anticipated highly palatable foods [84].
Furthermore, upon tasteless food cue presentation, a negative correlation was observed between food
addiction scores and activation in the caudate, a region implicated in reward motivation [84]. In a more
recent fMRI study, Schulte et al. (2019) investigated food-cue effects on neural activity in obese women
who either met the YFAS 2.0 threshold cutoff or did not [85]. When presented with highly palatable
foods, participants with food addiction exhibited moderate, elevated activation in the superior frontal
gyrus. Decreased activations were observed when minimally processed food cues were presented.
Interestingly, participants in the control group had opposite responses in this region [85]. Most of the
literature on the neurobiology of food addiction is derived from studies examining obesity; however,
the findings from Schulte et al. (2019) presented food addiction as a unique phenotype within obesity.

Provided the limited neuroimaging research, it is theorized that dysregulation in the hypothalamus
may also contribute to food addiction given its role as the main homeostatic regulation center for
feeding behaviors. The hypothalamus integrates different hormonal and neuronal signals to control
appetite and energy. This regulation system monitors body adiposity by using hormones such as
leptin, insulin, and ghrelin [86]. Ghrelin, the “hunger peptide”, stimulates DAergic reward pathways,
whereas leptin and insulin inhibit these circuits [49]. Several brain regions, such as the amygdala,
hippocampus, insula, orbitofrontal cortex, and striatum, are also involved with the regulation of feeding
and appetite [49]. These brain structures are involved in learning about food, allocating attention and
effort towards food, conditioning reward with specific food cues in the environment, and integrating
homeostatic information such as hunger with availability of food in the environment [49,71]. For a
recent review of potential mechanisms for food addiction (in the presence of obesity) using a systems
approach, see [87].

3.3. Role of the Gut Microbiome

3.3.1. Parallels in the Role of Gut Microbiome in Both Tobacco Use Disorder and Food Addiction

As discussed in the section above, both food addiction and tobacco use disorder reflect an
imbalance in the extended reward system in response to environmental stimuli. Peptides that regulate
appetite such as glucagon-like peptide 1 (GLP-1), ghrelin, leptin, peptide YY, and neuromedin U are
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expressed throughout the brain reward circuitry, providing strong evidence that food addiction and
tobacco use disorder share overlapping gut–brain axis mechanisms [88]. Endocrine signals play a
significant role in reward regulation and dysregulation, which is a hallmark feature of all addictive
disorders. The neuropeptides that have been studied most extensively are ghrelin and GLP-1.

There were only a few studies exploring the mechanism via which the gut microbiome affects
the behavioral response to drugs of abuse [89–91]. Nonetheless, there is preliminary clinical and
preclinical evidence of bacterial dysbiosis in response to drugs of abuse, which requires further
investigation [92–96].

3.3.2. Tobacco Use Disorder and the Gut Microbiome

The effect of smoking on the brain–gut axis and its behavioral implications has been largely
unexplored. However, it has been shown that smoking induces specific changes in the microbiome.
Furthermore, evidence suggests that smoking cessation induces an increase in microbial diversity [97,98],
thereby reversing the negative effects of smoking and tobacco dependence on gut microbiota. A study
by Biedermann et al. (2013) examined the association between smoking and gut microbiota in smokers
without specific diseases [98] and showed that smoking cessation induced an increase in Firmicutes
and Actinobacteria and a decrease in Bacteroidetes and Proteobacteria [98]. However, this study was
conducted in only 10 subjects, and most of the participants developed an increased BMI following
smoking cessation [98]. Previous studies showed that higher BMI is associated with increased
Firmicutes and decreased Bacteroidetes in the gut compared to normal BMI [99,100]. Therefore,
changes in gut microbiota following smoking cessation [98] might be associated with cessation-induced
weight gain, as well as with smoking itself.

In a more recent large-scale cross-sectional study that included current, former, and never male
smokers, smoking status influenced gut microbiota composition. Specifically, current smokers had a
higher proportion of Bacteroidetes compared to never and former smokers, as well as lower proportions
of Firmicutes and Proteobacteria compared with never smokers [89]. There were no observed differences
in the composition of gut microbiota between never and former smokers, suggesting that smoking
cessation allows gut microbiota composition to recover to pre-smoking status. The three groups did
not differ significantly in terms of BMI or nutrient intake, thereby providing stronger evidence for the
reversal of gut microbiota changes to normal upon smoking cessation.

Furthermore, a recent study compared the oral and gut microbiota in current smokers,
current e-cigarette users, and healthy controls [101]. Tobacco smoking was associated with significant
differences in the bacterial profiles in fecal, buccal, and saliva samples, while the e-cigarette users
were no different to healthy controls. In keeping with previous studies, tobacco smokers had higher
relative abundance of Prevotella and lower relative abundance of Bacteroides in their gut microbiota.
This is in accordance with existing data demonstrating gut microbiotal changes following smoking
cessation [98,102]

3.3.3. Food Addiction and the Gut Microbiome

Eating behavior is regulated by both homeostatic and hedonic mechanisms in the central
nervous system (CNS). These mechanisms involve orchestrated signaling from several sources
including gut peptides, endocrine signals, and neuronal impulses, as well as signals from the gut
microbiota. For example, ghrelin signals hunger and craving, putatively via amplification of DA
signaling [103]. On the other hand, satiety is signaled by other intestinal hormones such as glucagon-like
peptide 1 (GLP-1) and peptide YY [104]. Insulin also triggers hunger and increases the palatability
of sugar. There is evidence that the gut microbiota can regulate insulin sensitivity through various
mechanisms [105]. As discussed in the previous section, normal eating behavior is under the control of
the extended reward network, which is involved in the processing of all rewarding stimuli including
but not limited to food-related behaviors. These processes become maladaptive when the salience of a
specific type of reward such as highly palatable food is greater than that of other stimuli and becomes
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preferred at the expense of other rewards, thereby leading to addiction-type behavior. At this point,
the hedonic system becomes more prominent than the homeostatic system in the regulation of food
intake. Therefore, eating behavior becomes driven predominantly by activation of the salience network
of the brain, whereby food cues activate this network leading to increased attentional bias to the food
cues at the expense of other cues. This in turn results in the uncontrolled overconsumption of highly
palatable food.

While there is currently no evidence in humans that food addiction is caused by an altered gut
microbiome or that it is driven by particular gut microbes or microbial metabolites, there is substantial
evidence from rodent models that point to a role of the gut microbiome in food addiction-like behaviors.
However, there is overwhelming evidence that a high-sugar, high-fat diet results in changes to the gut
microbiome, which further “supports” addictive-like eating behaviors [87].

The few studies that examined the relationship between the gut microbiome and its metabolites
with addictive-like eating behaviors have shown that tryptophan metabolites are implicated in
modulating brain–gut–microbiome interactions [106]. In a recent study [107], the association between
microbial profiles and tryptophan metabolites with food addiction was examined in a sample of
human females with high BMI. The study found that there was a difference in the gut microbiome of
females with food addiction versus those without, whereby levels of Bacteroides and Akkermansia were
negatively associated with food addiction.

3.4. Psychological

3.4.1. Childhood Adversity

Adverse childhood experiences (ACEs) have been shown to have deleterious effects on adult
health [108–110]. To standardize the operationalization of childhood adversity within studies,
Felitti et al. (1998) developed the ACE Survey, which quantifies an individual’s reports of exposure
to abuse, neglect, and household dysfunction before the age of 18 [111]. These questions surveyed
ACEs by asking about behaviors rather than subjective experiences of trauma. This survey originally
encompassed seven categories including three of abuse and four of household dysfunction. More recent
versions of the ACE study capture two additional categories of neglect and parental separation or
divorce [112]. Cronholm et al. proposed the expansion of the concept of ACEs to include experiences
such as witnessing violence, feeling discrimination, living in an unsafe neighborhood, experiencing
bullying, and living in foster care to fully understand the influence of childhood adversity on adult
substance use [113].

3.4.2. Overlap in Childhood Adversity of Tobacco Use Disorder and Food Addiction

Childhood adversity influences various physiological and behavioral mechanisms that contribute
to adult addictive behaviors. Studies demonstrate that chronic stress in childhood may cause changes
in the nervous, endocrine, and immune systems. Alterations in these systems may lead to impairments
in cognitive, social, and emotional development that predispose individuals with ACEs to adopt
addictive behaviors [114–116]. The original ACE study reported that individuals who experienced
four or more categories of adversity were 2.2 times more likely to be a current smoker and 1.6 times
more likely to have a BMI ≥ 35 (severe obesity) [111]. This study did not evaluate food addiction.
While the focus here is on tobacco use disorder and food addiction, individuals who report ACEs
also engage in other addictive behaviors including alcohol abuse and drug use [111]. This suggests
that childhood adversity may have significant and varying downstream effects on numerous adult
health behaviors. While there is research on the relationships between childhood adversity and food
addiction and between childhood adversity and tobacco use disorder, research is needed to better
understand the overlap of food addiction and tobacco use disorder.

162



Nutrients 2020, 12, 3834

3.4.3. Childhood Adversity and Tobacco Use Disorder

Using the ACE Survey, Felitti et al. (1998) produced a landmark paper describing the gradient
relationships between the number of categories of childhood adversity and the prevalence of current
smoking. Specifically, 6.8% of participants who reported no adversity (zero categories) and 16.5% of
participants who reported four or more categories of adversity were current smokers. Participants who
reported four or more categories of adversity were 2.2 times more likely to smoke than those who
reported no adversity (odds ratio (OR) adjusted for age, gender, race, and educational attainment) [111].
Since then, a systematic review and a meta-analysis of 37 studies found that individuals who reported
at least four categories of ACEs were more than twice as likely to be current smokers. Furthermore,
there was a moderate association between childhood adversity and smoking [113].

3.4.4. Childhood Adversity and Food Addiction

There is limited research into food addiction. One study identified childhood abuse as a risk
factor for food addiction. This study of 57,321 adult women examined the association between child
abuse (specifically, physical and sexual child abuse) and food addiction (defined as three or more
clinically significant symptoms on the mYFAS). In this sample, over 8% of participants reported severe
physical abuse in childhood, 5.3% reported severe sexual abuse, and 8% met the criteria for food
addiction. Findings indicated that women with food addiction had a higher BMI than women without
food addiction. Furthermore, severe physical and severe sexual abuse was associated with about 90%
increased risk for food addiction (physical abuse: relative risk (RR) 1.92, 95% confidence interval (CI)
1.76 to 2.09; sexual abuse: RR 1.87, 95% CI 1.69 to 2.05). The RR for combined severe physical abuse
and sexual abuse was 2.40 (95% CI 2.16 to 2.67) demonstrating the additive effects of adversity [117].
Childhood adversity has also been linked to disordered eating, including food addiction, obesity,
and binge eating, which has overlapping characteristics with food addiction [111,118–122].

3.4.5. Attachment Insecurity

Attachment theory describes how individuals internalize experiences with their caregivers to
form mental representations of themselves and others. Individuals with high attachment anxiety
tend to have negative self-views, are concerned about rejection, magnify their expressions of distress,
and prefer close proximity to and support from a partner [123,124]. Individuals with high attachment
avoidance tend to report positive self-views [123], suppress expressions of distress, and prefer emotional
distance in relationships [124]. Individuals can be characterized by varying levels of attachment
anxiety and avoidance, and both types of insecurity can co-occur [124]. The experience of childhood
trauma is associated with both attachment anxiety and attachment avoidance in adulthood [125].
Attachment theory provides another framework to understand tobacco use disorder.

3.4.6. Overlap in Attachment Insecurity of Tobacco Use Disorder and Food Addiction

Attachment insecurity may influence several processes that may in turn contribute to tobacco use
disorder and food addiction. While there is research on the relationships between attachment
insecurity and food addiction and between attachment insecurity and tobacco use disorder,
research is needed to better understand the overlap of food addiction and tobacco use disorder.
Attachment insecurity is related to affect regulation [126], i.e., “the process by which individuals
influence which emotions they have, when they have them, and how they experience and express
these emotions” [127]. Emotional regulation involves efforts to up- and downregulate positive and
negative emotions [127]. High levels of attachment insecurity are associated with a deficit in affect
regulation [128]. Individuals with high attachment insecurity may feel less capable of disengaging
from negative feelings and in turn attempt to calm themselves through food or other substances.
Food or other substances (e.g., tobacco, alcohol, or drugs), when consumed in order to reduce feelings
of insecurity, have been called “external regulators of affect” [129]. Individuals with high attachment
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insecurity are more likely to use these “external regulators of affect” instead of utilizing more adaptive
emotional regulation strategies. Attachment insecurity has been studied in the context of disordered
eating, eating disorders, and obesity, but there is still limited research on food addiction [130–132].

3.4.7. Attachment Insecurity and Tobacco Use Disorder

Insecure attachment patterns, specifically attachment anxiety, are associated with the use of
tobacco and other drugs [133–136]. Attachment anxiety was associated with increased use of tobacco to
reduce stress in college students [135]. In undergraduate and graduate students, significant differences
in attachment patterns in tobacco users and nonusers were observed [122]. In a study of adults,
findings suggested that attachment anxiety, but not attachment avoidance, was associated with current
smoking [137]. In contrast, a study in adult women found that attachment avoidance was associated
with being a current smoker [133]. It is currently unclear whether a particular dimension of attachment
insecurity, such as attachment avoidance or attachment anxiety, is associated with tobacco use disorder.

3.4.8. Attachment Insecurity and Food Addiction

Few studies examined the association of attachment insecurity and food addiction. One study
of a national nonclinical sample of 1841 respondents in the Czech Republic found that attachment
insecurity was associated with increased scores of mYFAS 2.0 [138]. In a study of 195 adult women
from an eating disorder treatment center, the prevalence of food addiction was 83.6%, and the most
frequently reported food addiction criteria were “clinically significant impairment or distress in relation
to food”, “craving”, and “persistent desire or repeated unsuccessful attempts to cut down”. Within this
sample, no differences in attachment insecurity were found between those meeting the criteria for food
addiction and those who did not fulfill the criteria for food addiction [132]. As such, there may be a
similarity between food addiction and eating disorders in terms of attachment patterns. The literature
suggests that attachment insecurity is associated with unhealthy eating, including anorexia nervosa,
bulimia nervosa, nonclinical levels of disordered eating, and obesity [130,131,139–148].

3.5. Treatment

3.5.1. Treating Tobacco Use Disorder

There is a wide array of smoking cessation interventions that are well-established by evidence from
several systematic reviews. Individualized treatments such as nicotine replacement therapy (NRT),
varenicline, bupropion, behavioral supports, e-cigarettes, and combination therapies have positive
outcomes on cessation rates and sustained abstinence. In addition, community- or government-level
efforts such as prohibiting smoking in public spaces, advertising restrictions, and health warning labels
contribute to reductions in smoking.

NRT is a common first-line, over-the-counter cessation aid that is available in forms such as
the patch, lozenge, inhaler, and gum. NRT has a >6.5% sustained abstinence rate after 6 months,
more than double that of placebo [149,150]. Compared to placebo, NRT shows no statistically significant
differences in adverse events, except nausea, which has been listed as a common side effect [150].
Using the NRT patch together with another type of NRT (e.g., gum, lozenge, mist, or inhaler),
can increase that rate by an additional 15–36% [151]. NRT dose and duration also affect quit rate.
Quit success is positively correlated with higher-dose NRT patches (25 mg worn over 16 h or 21 mg
worn over 24 h) compared to smaller-dose patches (15 mg over 16 h or 14 mg over 24 h) [151].

Varenicline is well established as achieving the highest quit and sustained abstinence rate of all
cessation aids, with minimal risk for adverse effects (see, for example, [149–151]). Varenicline more
than doubles the chances of quit compared to placebo [152,153], helping approximately 50% more
people to quit and have sustained abstinence than the NRT patch, tablets, spray, lozenge, and inhaler,
and 70% more than NRT gum [152]. The antidepressant bupropion has similarly high quit success,
making it 52–71% more likely that a person will quit [154]. There have been concerns surrounding
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varenicline and bupropion’s linkage to psychiatric adverse events. A systematic review did not support
this for varenicline, where the most frequently reported adverse event was nausea [153]. However,
there is high-certainty evidence that unwanted mental health side-effects and adverse events linked to
taking bupropion lead to lower medication adherence [154]. Furthermore, highest quit and sustained
abstinence rates occur when pharmacotherapies are used in combination with behavioral supports.
Behavioral therapy has been shown to increase effectiveness of pharmacotherapies by 83% to 97%
across different care settings [155]. One systematic review compared the effects of brief physician advice
to quit with offering assistance in the form of behavioral support or medication [156]. Physicians who
offered assistance generated more quit attempts than those who gave advice to quit on medical grounds.
Furthermore, when assistance was delivered in the form of motivational interviewing, a goal-oriented
and patient-centered counseling approach that elicits motivation for change, abstinence rates were
statistically significant and demonstrated up to 45% greater odds of smoking abstinence than control
groups [157].

In recent years, e-cigarettes have become commonly used smoking cessation aids. While evidence is
currently limited, the literature suggests the promise of e-cigarettes being an effective smoking cessation
aid [158,159]. There is moderate-certainty evidence [using Grading of Recommendations Assessment,
Development and Evaluation (GRADE)] from Cochrane systematic review that e-cigarettes with
nicotine are more effective at helping people stop smoking for at least 6 months than NRT (three studies;
1498 participants), nicotine-free e-cigarettes (three studies; 802 participants), and no support or
behavioral support alone (four studies; 2312 participants) [158]. Of the adverse events reported for
e-cigarettes, throat and/or mouth irritation was the most commonly reported. Moderate-certainty
evidence indicates the potential for results to change when more evidence becomes available.
More research is needed to determine if e-cigarettes with nicotine are the preferred option for
smoking cessation.

In summary, combination therapies that include either pharmacotherapy and behavioral support
or a lower-risk nicotine product such as NRT or e-cigarettes with behavioral support increased quit
attempts and boosted the level of sustained abstinence after one year. Organizational interventions
also played a role in the sale and ease of promoting healthier smoking behaviors.

3.5.2. Treatment Options for Food Addiction

There is currently no well-established treatment model for intervening on food addiction. This is
unsurprising given that there is no formal recognition of food addiction as a neurological or behavioral
disease within the DSM 5 due to the debate of perceiving food addiction as a (non)substance use
disorder or as a behavioral addiction. Furthermore, the heterogeneity of addiction makes it difficult to
translate addiction into a working treatment model.

In its contextualization along the spectrum of eating disorders within the scientific literature,
there are notable behavioral treatment options. Psychosocial interventions for food addiction include
reducing access to processed foods, reducing habit-based eating, removing restrictions on eating healthy
foods, and behavioral therapies to improve emotional regulation and to help combat submission to
cravings and emotional eating [160]. Furthermore, participation in an integrative and psychological
weight management group demonstrated promise in treatment efficacy [161]. Learning about mindful
eating, keeping a food diary and keeping track of body weight, creating and maintaining an exercise
plan, and planning for social eating are tactics that are taught to enable the maintenance of healthy
body weight [161]. A systematic review revealed that additional research is needed to develop and test
the efficacy of these types of interventions within the context of food addiction [162].

Noninvasive brain stimulation has been used most frequently for the treatment of addictions such
as tobacco use disorder [163]. Transcranial direct current stimulation (tDCS) in particular, is a safe,
economical, and accessible means of modifying neural activity [163]. A systematic review highlighted
that tDCS significantly improved the symptoms of food addiction by reducing food cravings brought on
by visual stimuli [164]. Craving was measured before and after stimulation using visual analogue scales,
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eye tracking, or the Food Craving Questionnaire—State, and tDCS was found to significantly repress the
desire to eat, leading to less food consumption [164]. However, due to underpowered studies and the
complexity of addiction, more research is necessary to make any definitive comments about the success
of tDCS on food addiction. Tailoring neuromodulating interventions to individuals or subgroups,
on the basis of cognitive and neural profiling, might prove to be useful [163]. Since food addiction
often presents with comorbidities, current research suggests using evidence-based interventions to
address other conditions first [162].

4. Current and Future Research Directions

Evidence demonstrates that individuals can expect to gain an average of 4 to 5 kg of weight after
successfully achieving smoking cessation [165,166]. For many tobacco users, this potential increase in
weight can be a substantial obstacle when attempting smoking cessation [167,168], thereby leading
to continued tobacco use. One possible explanation for post-smoking cessation weight gain is that
quitting smoking increases the desire to consume highly palatable, high-calorie foods. Consequently,
the authors of this review developed a feasibility study with the purpose of examining the association
between food addiction symptoms and smoking behavior among individuals seeking treatment for
tobacco use disorder. This feasibility study recruited individuals from the Nicotine Dependence Clinic
at the Centre for Addiction and Mental Health (CAMH) who had yet to begin their smoking cessation
treatment. Those individuals who provided consent to participate in the study were asked to complete
a survey which included the FTND and mYFAS questionnaires.

The sample of this feasibility study included 51 participants seeking treatment for tobacco use
disorder. The majority of participants in this convenience sample were male (58.8%). Two-thirds of
the sample consumed <20 cigarettes per day (CPD). The prevalence of individuals meeting the
cutoff for food addiction was 11.8%. The average symptom count for food addiction was 1.5 ± 1.8
(standard deviation (SD)) symptoms.

Spearman rank correlation coefficients were conducted to examine the association between
tobacco use disorder, specifically CPD, and food addiction symptom count, as measured by the mYFAS.
No significant association was observed between CPD and food addiction symptom count for the
overall sample (rs = 0.21, p = 0.14) or by sex (male: rs = 0.20, p = 0.28; female: rs = 0.24, p = 0.31).

The results of this feasibility study, even though underpowered, represent an important initial
step in developing future research. Using a cross-sectional study design, we were unable to observe a
significant association between food addiction symptom count and CPD. The findings from another
cross-sectional study examining the association between smoking and food addiction found that
male smokers report twice as many YFAS symptoms compared to male nonsmokers [169]. However,
among females, no relationship was observed between food addiction symptoms and smoking [169].
While this study provides some evidence of an association between smoking and food addiction,
more research is needed. Applying a longitudinal study design and examining how changes in
smoking behavior relate to changes food addiction symptoms could provide greater insight into the
relationship between smoking cessation and weight gain. Furthermore, the feasibility study also
revealed that the prevalence of food addiction may be lower among individuals seeking smoking
cessation treatment compared to the general population, suggesting, perhaps, that food addiction
may have a minor role in post-cessation weight gain. Therefore, examining other concepts such as
the role that the gut microbiome may have on smoking cessation weight gain could be promising.
However, it is also plausible that achieving smoking cessation could result in the adoption of an
addictive behavior involving the overconsumption of highly palatable foods, a process known as
addiction transfer [170].

E-cigarettes have been demonstrated to be effective smoking cessation aids [158]. As outlined
above, e-cigarette users have gut and oral microbiomes that are more similar to healthy controls than
to tobacco smokers [103]. Given that Bacteriodes, the bacterium that is most commonly significantly
decreased in smokers compared to healthy controls and e-cigarette users, is also implicated in
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obesity [171], there is the potential that switching smokers to e-cigarettes may decrease their risk of
cessation-related weight gain. This hypothesis has not yet been tested, and there is no clear evidence
that smokers who switch to e-cigarettes avoid weight gain. As such, these are important research gaps
to address.

5. Limitations

This was a narrative review; thus, limitations with respect to the scope of literature covered are
present. The authors made every attempt to be systematic in their initial literature search, but they may
have missed some important publications. Narrative reviews are also subject to bias, but the authors
did their best to mitigate this by using systematic approaches to their literature search.

6. Conclusions

Food addiction and tobacco use disorder share similar but not identical neurological, physiological,
and behavioral abnormalities. We attempted to summarize these similarities between the two disorders
where there is evidence of their existence. Differences between the two disorders should not lead one to
conclude that food addiction is not a “real” disorder. As argued in a recent perspective [172], core features
of addiction can differ dramatically depending on which substance is being used, reflecting different
underlying neurobiological processes at play. For example, the pattern of consumption and symptoms
of withdrawal exhibited in cocaine use disorder completely different to what is seen in tobacco
use disorder.

Addiction is a complex disorder that we are only beginning to understand at a system level.
The role of the gut–brain axis in brain reward mechanisms related to addiction needs to be further
researched. In addition, more attention needs to be paid to the role that early life events have on the
risk of developing an addictive disorder. Taking learnings from different types of addictive behaviors
such as food addiction, as well as newer “behavioral addictions” such as internet gaming, will help to
further our understanding of the underlying mechanisms common to all addictive disorders. This will
in turn pave the road toward effective treatment options. Exploring the commonalities between tobacco
use disorder and food addiction is a step in this direction.
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Abstract: Disturbed eating behaviours have been widely reported in psychotic disorders since the
early 19th century. There is also evidence that antipsychotic (AP) treatment may induce binge eating
or other related compulsive eating behaviours. It is therefore possible that abnormal eating patterns
may contribute to the significant weight gain and other metabolic disturbances observed in patients
with psychosis. In this scoping review, we aimed to explore the underlying psychopathological and
neurobiological mechanisms of disrupted eating behaviours in psychosis spectrum disorders and the
role of APs in this relationship. A systematic search identified 35 studies that met our eligibility criteria
and were included in our qualitative synthesis. Synthesizing evidence from self-report questionnaires
and food surveys, we found that patients with psychosis exhibit increased appetite and craving for
fatty food, as well as increased caloric intake and snacking, which may be associated with increased
disinhibition. Limited evidence from neuroimaging studies suggested that AP-naïve first episode
patients exhibit similar neural processing of food to healthy controls, while chronic AP exposure
may lead to decreased activity in satiety areas and increased activity in areas associated with reward
anticipation. Overall, this review supports the notion that AP use can lead to disturbed eating patterns
in patients, which may contribute to AP-induced weight gain. However, intrinsic illness-related
effects on eating behaviors remain less well elucidated, and many confounding factors as well as
variability in study designs limits interpretation of existing literature in this field and precludes firm
conclusions from being made.

Keywords: food intake; eating behaviour; diet; overconsumption; binge eating; weight gain; obesity;
hedonic pathway; homeostatic pathway
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1. Introduction

Psychosis is the hallmark feature of various psychiatric illnesses, including schizophrenia
(SCZ), schizoaffective disorder, schizophreniform disorder and bipolar disorder [1]. It is a severely
debilitating condition with an estimated worldwide prevalence of approximately 4.6 per 1000 people [2].
The American Psychiatric Association and World Health Organization have conceptualized psychosis
as consisting of altered perception and impaired reality testing, including positive symptoms such as
hallucinations and delusions [3]. Severe mental illnesses additionally are associated with cognitive
deficits and negative symptoms, which can drive functional impairment and illness associated
disability [4,5].

Antipsychotic (AP) medications are currently the cornerstone treatment for psychotic disorders [6].
Unfortunately, APs are associated with serious metabolic adverse effects [7], which increase patients’
risk of developing metabolic syndrome, type 2 diabetes, and cardiovascular disease (CVD). Notably,
CVD is the leading cause of premature mortality in severe mental illness, reducing life expectancy
by 11–20 years [8–10]. While clozapine and olanzapine carry the greatest metabolic liability [11],
all AP medications cause weight gain in younger patients with limited previous AP exposure [12].
Similarly, these medications have been shown, independently of class or individual agent, to increase
risk of type 2 diabetes in patients with SCZ [10].

Weight gain, a common consequence of AP treatment, occurs when there is a positive energy
balance, meaning that energy intake exceeds energy expenditure [13]. Beyond the metabolic effect
of APs, weight gain in psychotic disorders is also, in part, explained by unfavorable behaviours.
For instance, patients with SCZ may have higher intake of calorie dense foods and lower intake of healthy
foods than the general population [14]. Other contributing factors include lower levels of physical
activity and significantly higher rates of smoking and alcohol consumption [15]. All these behaviours
are also associated with lower socioeconomic status and higher unemployment among patients with
SCZ [15,16]. Furthermore, epidemiological reviews have suggested that approximately 10% of patients
with SCZ suffer from binge eating disorder (BED) or night eating syndromes, which is five times
higher than in the general population [17]. Thus, disturbed eating behaviour may also contribute to
the significant weight gain and metabolic disturbances experienced by these patients.

Looking beyond social, environmental and behavioural factors, energy homeostasis is controlled
by intricate physiological pathways. Patients with SCZ may have subclinical metabolic dysregulations
including dyslipidemia [18], hyperglycemia and insulin resistance [19] present at the earliest stages of
the illness, which are further exacerbated by AP therapy [20,21]. Furthermore, impaired regulation of
appetite related hormones including elevated insulin (linked with insulin resistance) and low leptin
and adiponectin (secreted by adipose tissue) levels are also implicated in the pathophysiology of weight
gain in psychosis spectrum disorders [18,22]. Ghrelin, which stimulates hunger, does not appear to
be altered in AP-naïve or largely unmedicated first episode psychosis (FEP) patients [18]; however,
olanzapine use may be associated with decreased ghrelin levels, which is a similar phenomenon to
what is observed in obesity [23].

While the physiological homeostatic mechanisms underlying altered eating patterns in this
population have been the subject of recent meta-analyses and reviews [18,20], less is known about the
psychopathological and neurobiological mechanisms that may be implicated in the non-homeostatic
regulation of food intake. Non-homeostatic eating behaviour involves the hedonic and reward aspects
of food intake that is separate from the physiological drive stimulated by energy requirement [24].
This aspect of eating behaviour is regulated by the reward system, which includes the mesolimbic
dopamine circuit (involving the ventral tegmental area and nucleus accumbens), as well as nuclei
in the amygdala and hippocampus that are interconnected to the hypothalamus and brainstem
(the latter implicated in homeostatic feeding regulation) [25]. Disruption at any level of these complex
neural networks regulating eating behaviour may be implicated in the weight gain and metabolic
sequalae associated with SCZ. Moreover, these disruptions are likely to involve aspects intrinsic to
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SCZ, and/or associated with AP treatment [26]. The reward and limbic pathways involved in eating
behavior and appetite are depicted in Figure 1 in more detail.

Figure 1. Limbic and reward pathways involved in eating behaviour and appetite. Eating behavior
is closely associated with activity of the reward circuitry of the brain, which involves a group of
neuronal structures that become activated and release dopamine when exposed to rewarding stimuli
like food [27]. The pathway most associated with reward circuitry of the brain is referred to as the
mesolimbic dopamine pathway, which starts with production and release of dopamine in the ventral
tegmental area (VTA). The mesolimbic dopamine pathway then relays VTA signaling to the nucleus
accumbens (NA), an area associated with motivation. The other aspect of the reward system is known
as the mesocortical pathway which connects the VTA to the prefrontal cortex (PFC). This region also
includes the orbitofrontal cortex (OFC), a key area involved in cognitive processes, such as decision
making and memory. The PFC additionally forms connections with sensory and limbic pathways
as well. Importantly, the reward pathway is activated, both before and after receipt of a reward
suggesting that dopamine increases reward seeking behavior. Thus, any disruption of these pathways
could potentially lead to disordered eating behavior. The VTA is also functionally and anatomically
connected to the hypothalamus (H), primarily the lateral hypothalamus. The hypothalamus integrates
homeostatic signals from various peripheral organs along with reward responses to modulate food
intake and energy expenditure according to changes in metabolic state [28]. The arcuate nucleus
of the hypothalamus (not shown), where neuropeptide Y (orexigenic) and proopiomelanocortin
(anorexigenic) producing neurons reside, is the main area responsible for energy sensing and eating
behavior. VTA, ventral tegmental area; NA, nucleus accumbens; H, hypothalamus; PFC, prefrontal
cortex; OFC, orbitofrontal cortex; A, amygdala; ACC, anterior cingulate gyrus; S, striatum.

Given the high metabolic comorbidity observed in psychosis spectrum disorders, elucidating the
psychopathological and neurobiological mechanisms underlying disrupted eating behaviours is crucial
in helping to improve both the physical and psychological well-being of patients. In this scoping
review, we aim to provide a comprehensive overview of disordered eating behaviours observed in
psychosis spectrum disorders. We synthesize evidence from clinical studies employing self-report
questionnaires and surveys to measure changes in food intake, craving and appetite, as well as
behavioural neuroimaging studies to further explore the neurobiological mechanisms underlying
these disturbances in eating patterns. In an attempt to distinguish illness intrinsic effects from those
caused by treatment with APs, we present separately, when possible, results from studies examining
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AP-naïve patients (vs. matched healthy controls), and healthy controls (HCs) or AP-naïve patients
beginning APs.

2. Methods

Our protocol was developed using the scoping review methodological framework proposed by
the Joanna Briggs Institute [29]. The objectives, inclusion criteria and methods for this scoping review
were specified in advance and documented in a protocol.

2.1. Search Strategy

An a priori search strategy was developed and tested in consultation with the Education and
Liaison Librarian for the Institute of Medical Science at the University of Toronto. Databases searched
included Ovid MEDLINE, Ovid EMBASE, Ovid PsychINFO, EBSCO’s CINAHL, CENTRAL on Wiley
and Scopus. A grey literature search was also performed by mining references from relevant articles
and review papers identified in the search, as well as searching SCOPUS for conference proceedings.
Vocabulary and syntax were adjusted across databases. There were no language, date or methodology
restrictions, with the exception of case studies and opinion pieces, which were excluded from the
results. The specific search string for each database can be found in Supplementary Table S1.

2.2. Source of Evidence Screening and Study Selection

Article screening, including automatic duplicate removal, was completed using Covidence [30].
Two authors independently screened and assessed titles and abstracts (NS and AG), while another
two independently completed the full-text screening (ES and RA). Conflicts were resolved by discussion
and consensus between the authors and in consultation with the senior authors (SMA and MH).
At all stages, screening decisions were made according to prespecified inclusion and exclusion criteria
which are outlined in Table 1.

Table 1. List of inclusion and exclusion criteria for selected studies.

Inclusion Criteria Exclusion Criteria

1. Schizophrenia or other Schizophrenia Spectrum Disorders

a. First episode patients (FEP)
b. Chronic
c. AP-naïve

2. Psychosis, psychotic disorders
3. Bipolar disorder
4. Eating disorders

a. Bulimia nervosa
b. Binge eating disorder
c. Night eating syndrome

5. Food addiction
6. Behavioral studies

a. Neuroimaging
b. Questionnaires

7. Antipsychotics

a. First Generation Antipsychotics (FGA)/typical
b. Second Generation Antipsychotics (SGA)/atypical

1. Any psychiatric diagnosis not listed in the inclusion criteria
(e.g., major depression disorder, anxiety disorders) included
as the primary population of interest

2. Off-label AP use
3. Opinion pieces, letters
4. Treatment studies of APs for Anorexia Nervosa
5. At-risk/subclinical psychosis/psychotic-like experiences

included as primary population of interest
6. Purely physiological studies (i.e., no

behavioural/appetite measures)
7. Pre-clinical studies (mice/rodent, other non-human animals)

2.3. Charting the Data

A data extraction template was created and piloted among study authors (NS, ES, RA) and was
refined and finalized based on data extracted from a sample of studies. The information displayed in
Table 2 was extracted from each included full-text article.
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Table 2. List of information extracted from each full-text article meeting inclusion criteria.

Extracted Data

1. Author(s)
2. Year of publication
3. Origin/country or ethnicity of participants
4. Aims/purpose
5. Type of study
6. Population and sample size within the source of evidence (if applicable)
7. Population demographics (Sex/gender, age)
8. Methodology/methods
9. Intervention type, comparator and details of these (e.g., duration of the intervention) (if applicable).

Duration of the intervention (if applicable)
10. Outcomes and details of these (e.g., how measured) (if applicable)
11. Key findings that relate to the scoping review question/s and concepts

2.4. Synthesis and Presentation of Results

Studies were summarized and presented according to their relevant category: (1) Studies describing
eating patterns, food preferences and diet composition using dietary recall, food diaries and food
frequency questionnaires; (2) studies measuring self-reported appetite, hunger and/or satiety using
a mix of validated questionnaires and semi-structured interviews (see Table 3); and (3) studies using
neuroimaging methodologies to assess neurobiological changes in relation to aspects of eating or
food intake. A narrative summary of each study is reported in its respective subsection, with overlap
in other subsections if applicable. Where appropriate, tables were created to concisely summarize
characteristics of included studies and relevant findings (see Tables 4–6).

3. Results

3.1. Search Results

Our initial search revealed 3545 results, which was reduced to 2654 after removal of duplicates.
Following title and abstract screening, 94 studies were assessed for full-text eligibility. A total of 35 studies
that considered dietary composition, food preference and cravings and/or eating patterns in patients with
SCZ or HCs exposed to APs were deemed eligible and included in our qualitative synthesis (Figure 2;
preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram).

The studies identified in our search used a number of validated methodologies and questionnaires
to examine different aspects of eating behavior. The most commonly employed subjective dietary
assessments include food diaries, 24-h dietary recall, the Three Factor Eating Questionnaire (TFEQ),
the Dutch Eating Behavior Questionnaire (DEBQ), visual analog scales (VAS), the Food Craving
Inventory (FCI), the Food Craving Questionnaire (FCQ) and the Food Frequency Questionnaire (FFQ).
The TFEQ addresses three aspects of eating behaviour including restriction of food intake, loss of control
of food intake and responsivity to internal hunger cues. Previous studies in the general population
indicate that increased body weight is positively associated with TFEQ scores [31–33], particularly
disinhibition and susceptibility to hunger [34–36]. The DEBQ is a self-report questionnaire designed to
assess different factors regulating eating behaviour including desire to restrict food intake, tendency
to eat in response to emotions and responsivity to external cues. Overweight and obese individuals
generally display greater scores in all DEBQ domains compared to normal weight individuals [37–39],
with the most robust relationship found for the emotional eating factor [37,39,40]. General hunger
and appetite rating scales (VAS, and Likert scales) are also frequently employed to assess eating
behaviour [41], while the FCQ and FCI are used to measure general and specific food cravings,
respectively. A more detailed description of these questionnaires can be found in Table 3.
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Figure 2. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart.
Literature search and selection process of included studies.

Our search yielded 9 studies that described dietary composition (summarized in Section 1 below);
19 studies that looked at eating patterns and food-related cognitions (summarized in Section 2 below);
and 7 studies that used neuroimaging methodologies (summarized in Section 3 below). In order to
facilitate elucidation of the specific effects of illness vs. APs, we have divided the results within each of
the three methodology-based sections into three subsections based on population type: Patients only,
patients (specifying AP-naïve cohorts) vs. controls and HCs exposed to APs.

3.2. Findings from Subjective Food Preference and Dietary Composition Studies

We retrieved nine studies that measured dietary composition and food preference using 24-h
dietary recall, food diaries and the Food Frequency Questionnaire (FFQ) [53]. Only two studies
indicated that part of the patient population studied were AP-naïve, although no subgroup analyses
for these patients were available [54]. Table 4 summarizes the characteristics of included studies in this
section, along with main findings.
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3.2.1. Patients vs. Healthy Controls

Seven of the included dietary composition studies compared patients with healthy controls [55–61];
of these studies, only three matched patients to HCs according to key baseline features, such as age,
sex and BMI [55,56,58].

Three cross-sectional studies [57–59] revealed that patients consumed significantly more total
calories per day than HCs. However, results regarding specific dietary composition (carbohydrates,
fat, protein) were less consistent, with the authors reporting either increased protein consumption
and decreased saturated fat consumption by patients [58], decreased protein consumption and
a trend towards increased saturated fat [57] or no difference between patients and controls [59].
Gattere et al. (2018) noted a trend towards increased scores on the FCQ with increasing psychopathology
(psychotic disorders > at risk mental states > controls), suggestive of a relationship between food
cravings and disease state, while Nunes et al. (2014) found no significant association between body
mass index (BMI) and antipsychotic type (FGA, SGA).

The three remaining case-control studies also noted differences in nutritional patterns between
patients and HCs, including increased fat consumption and more frequent snacking in patients [57,62].
Interestingly, these studies also stratified their results by sex, revealing differences in dietary composition
and eating behaviour such as snack preference and calorie intake. Details of the differences between
males and females are reported in Table 4. Beyond sex effects, Stefanska et al. (2017) also found
that in the patient group, lower caloric intake was associated with lower BMI, waist circumference,
waist-to-hip ratio and body fat content [60].

The final study included in this section explored eating behaviour differences between HCs and
patients with SCZ on OLA treatment. This study revealed that that 70% of the OLA-treated patients
reported ingesting a significantly greater amount of food than usual, with no compensatory increase in
physical activity levels [56].

3.2.2. Patients Only

Only one dietary composition study explored the effects of APs on food intake and energy
expenditure in patients [54]. The study was conducted in males only and compared patients treated
with olanzapine to those treated with haloperidol. After four weeks, the olanzapine group experienced
a significant increase in BMI and caloric intake, but no difference in dietary composition, energy
expenditure or physical activity level. Important to note is that, similar to the aforementioned study by
Eder et al. (2001) [56], physical activity levels were low [54], suggesting that olanzapine may lead to
weight gain through a combination of increased caloric intake and decreased physical activity.

3.2.3. Healthy Controls Only

Consistent with the patient-only studies discussed above, an HC study conducted by
Fountaine et al. revealed that volunteers randomized to receive olanzapine gained more weight
and consumed significantly more calories than those randomized to placebo [53]. Interestingly,
this weight gain was accompanied by an increase in resting energy expenditure and a trend towards
increased physical activity in the olanzapine group, which the authors hypothesize may have occurred
to compensate for the increase in caloric intake.

3.3. Findings from Subjective/Self-Report Questionnaires on Appetite, Satiety and Craving

In total, there were 19 studies [50,62–79] that examined differences in eating behaviour, subjective
appetite and food craving using self-reported questionnaires and interviews. Table 5 presents a detailed
summary of these studies. Seven studies specifically considered DSM-IV diagnostic and research
criteria for eating disorders (EDs) including binge eating disorder (BED); Section 2.1) [62–68],
while the remainder of the studies assessed subjective appetite and/or eating-related cognitions
(Section 2.2) [50,69–74,76,77].
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3.3.1. Binge Eating and Other Eating Disorder-Related Behaviours

Seven studies [62–68] explored the occurrence of binge-eating symptomatology in patients being
treated with SGAs. In all cases, binge eating symptomatology was determined based on DSM-IV
research criteria for BED unless otherwise specified.

3.3.2. Patients Only

Consistent with the dietary composition studies discussed above, all five patient studies [63–67]
found that treatment with clozapine or olanzapine increased appetite, food intake, food craving
and/or risk of weight gain in non-FEP patients. Interestingly, the studies further suggest that these
changes may be related to AP-mediated induction of binge eating. For example, one study [63] found
that 17% of patients reported episodes of binge eating after starting clozapine, with one patient
seeing remittance and re-occurrence of binge eating after discontinuing and then restarting treatment.
In another study, the authors found that half of all included clozapine- and olanzapine-treated patients
screened positively for binge eating behaviour (BE group), with over half reporting onset of episodes of
binge eating during the current medication regime [66]. A similar retrospective clozapine/olanzapine
study [64], found that 14% of patients met DSM-IV diagnostic criteria for an ED, specifically eating
disorders not otherwise specified (including BED) or bulimia nervosa. Subsequent comparison of scores
from the Questionnaire on Eating and Weight Patterns QEWP [51] and adverse drug reaction (ADR)
scale [81] revealed that ED onset was “definitely” or “probably” linked to AP exposure. Prospective
studies also appear to support a relationship between clozapine/olanzapine treatment and binge
eating, with one showing a significant increase in binge eating episodes from baseline to endpoint [65],
and another identifying a positive correlation between olanzapine-induced appetite increases and
behaviours similar to DSM-IV BED criteria such as “preoccupation with food” and ”eating until
uncomfortably full” [67].

3.3.3. Patients vs. Controls

Similar to the findings mentioned above, two case-control studies conducted by Khazaal et al.
found evidence of a link between psychosis and disordered eating. In their first study [62], the authors
observed altered self-esteem and self-control, greater fear of weight gain, and a greater desire to control
weight in patients with SCZ compared to controls as determined by a revised version of the Mizes
Anorectic Cognitive Questionnaire (MAC-R). They also found that females had higher MAC-R scores
than men, suggestive of sex and/or gender effects. In the second study [68], they found a significantly
higher prevalence of DSM-IV binge eating symptoms and BED in overweight/obese patients with SCZ
compared to weight-matched controls.

3.4. Subjective Appetite, Hunger and Satiety

Our search identified 12 studies [50,69–74,76,77] that used self-report measures including
visual analog scales (VAS), the TFEQ and the DEBQ to measure subjective appetite/hunger and
eating-related cognitions.

3.4.1. Patients Only

Conclusions from longitudinal studies regarding the effects of AP medications (particularly
SGAs) on appetite were mixed. For example, two studies, one in which patients were randomized
to receive olanzapine or risperidone [71], and another where patients were randomized to either
disintegrating or standard olanzapine tablets [70] found no significant effect of AP treatment on appetite
(Eating Behaviour Assessment and VAS) with a non-significant trend towards decreased appetite.
In contrast, two different studies found significant weight-related changes in eating behaviour following
AP exposure. In particular, Ryu et al. found that SGA treatment increased weight as well as subjective
hunger, appetite and food craving (Drug-Related Eating Behaviour Questionnaire; DR-EBQ) [50].
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On the other hand, despite failing to report overall longitudinal changes, Garriga et al. (2019) observed
interesting moderating effects of baseline BMI, stage of illness and sex in clozapine-treated patients [69]
(see Table 5). The authors also found a significant positive correlation between specific food cravings
(FCI) and subsequent consumption (Cuestionario de Frecuencia de Consumo de Alimentos; CFCA),
suggesting that psychological desire may translate into behavioural changes.

In the only cross-sectional study identified, Sentissi et al. compared eating behaviour between
AP-naïve or AP-free, FGA-treated and SGA-treated patients with SCZ [72]. They found that BMI
status was positively associated with TFEQ disinhibition (significant) and hunger (nearing significance)
scores. Furthermore, SGA-treated patients showed greater reactivity to external eating cues (DEBQ)
than the FGA-treated, but not the untreated patients.

3.4.2. Patients vs. Healthy Controls

All five studies comparing patients and controls were cross-sectional studies. Generally, there were
mixed results regarding group differences in appetite/satiety, which highlights a need for longitudinal
studies in this area.

In one study, although patients experienced increased hunger (VAS) and decreased satiation
compared to HCs following a standardized meal [74], the groups did not differ in spontaneous intake
and food preference during a buffet-type meal three hours later. The authors also found that patients had
increased TFEQ scores in all three domains (cognitive restraint, disinhibition, susceptibility to hunger),
a finding that remained significant after controlling for BMI. A separate study exploring executive
functioning (which is known to be impaired in SCZ), found that patients displayed significantly worse
delay of gratification and executive functioning than HCs in a task involving food reinforcement [76].
These impairments were associated with increased restrained eating behaviour and disinhibition,
as well as increased BMI, suggesting that disease-related dysfunction in the dorsolateral prefrontal
cortex (DLPFC) and dorsal anterior cingulate cortex (ACC) (prefrontal-ACC network) may increase
susceptibility to overeating, thereby promoting weight gain.

In contrast to the studies discussed above, Schanze et al. (2008) found no group differences
between patients with SCZ, patients with major depressive disorder, and HCs in any of the
TFEQ domains [77]. Furthermore, they observed no effect of medication class (AP, antidepressant,
no medication) on TFEQ scores [77]. Similarly, Abbas et al. (2013) found no significant difference in
food craving (FCI) between AP-treated patients with SCZ and HCs [73]. Finally, Folley et al. (2010)
found that patients and HCs did not differ in their response time or food preference when asked to
choose between two food images [75]. Interestingly, although patients generally gave higher positive
ratings to food stimuli than HCs, instances when they gave lower ratings were correlated with increased
anhedonia. This led the authors to suggest that while preference judgements appear to be intact in
patients, the hedonic value they place on food may be altered.

3.4.3. Controls Only

Our search retrieved two randomized, double-blind, placebo-controlled studies in HCs examining
subjective appetite/hunger following short-term SGA exposure. In the first study, Roerig et al. (2005)
found that two weeks of either olanzapine or risperidone exposure led to weight gain compared to
placebo, although only olanzapine reached statistical significance [78]. The authors also observed
a trend towards both greater food intake (kcal/day) and an increase in appetite (measured using a
100 mm VAS) in the olanzapine group relative to the other groups. In contrast, Teff et al. (2015) observed
no significant change in weight, subjective hunger/fullness or calorie intake following nine days of
SGA exposure [79]. Importantly, in contrast to the aforementioned HC study by Fountaine (2010),
neither study reported significant changes in physical activity or energy expenditure in association
with AP treatment.
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3.5. Findings from Neuroimaging and Brain Structure Studies

Our search yielded seven studies that used neuroimaging methodologies to study food preference
and eating behavior in patients with SCZ. The characteristics of these studies and a summary of
their main findings can be found in Table 6. Six studies used functional magnetic resonance imaging
(fMRI) along with visual analog scales (VAS) and/or eating questionnaires [82–87] and one study
used structural MRI to study brain morphology [88]. One study was conducted on AP-naïve (n = 22)
patients [88], and one was conducted on patients who were AP-naïve (n = 9) or had been medication
free for at least six weeks (n = 20) [86] (Section 3.2).

3.5.1. Patients Only

A study by Stip (2015) and colleagues compared brain activity (fMRI) in response to videos of food
in patients with SCZ before and after initiating or switching to olanzapine therapy [84]. The authors
found that 16 weeks of olanzapine exposure led to significantly decreased neuronal activation in the
salience network (SN), an important network involved in reward processing and reward anticipation.
Specific regions affected by olanzapine included the anterior fronto-insular (aFI) cortex, amygdala,
thalamus and anterior cingulate cortex (ACC). The decrease in SN activation was associated with
a decrease in dietary restraint (TFEQ), leading the authors to suggest that AP-mediated disruptions of
the SN may promote changes in eating behaviour.

3.5.2. Patients vs. Healthy Controls

In an earlier publication (conducted in the same cohort as the 2015 study [84], but including a HC
comparator), Stip et al. (2012) used static food images and examined subjective appetite (VAS) and
TFEQ scores in patients with SCZ before and after starting olanzapine [85]. Using fMRI, they found
that 16 weeks of olanzapine treatment led to a significant increase in activation in the supplementary
motor area, right fusiform gyrus, insular cortex, amygdala and parahippocampal regions in response to
static food images. Comparing these changes in activation to controls, it was found that neural activity
in the premotor area, somatosensory cortices and bilaterally in the fusiform gyri of patients with
SCZ was normalized, while activity in the insular cortices, amygdala and cerebellum was ‘overshot’.
Interestingly, this hyperactivation was positively correlated with disinhibition (TFEQ), suggestive
of an association between OLA-induced increases in brain activity and dysfunctional processing of
food-related stimuli.

An earlier study, using the same patient cohort (but pre-switch to olanzapine) as the
two aforementioned studies by Stip and colleagues [84,85], similarly assessed brain activity (fMRI) in
response to food cues [83]. Relative to HCs, patients with SCZ showed increased activation in brain
regions involved in action planning and regulation of homeostatic signals including the red thalamic
nucleus, left parahippocampal gyrus and left middle frontal gyrus. Furthermore, the authors found
that activity in the red thalamic nucleus was positively correlated with cognitive restraint (TFEQ
Factor 1), while activity in the left middle frontal gyrus was associated with increased disinhibition
(TFEQ Factor 2). This led them to suggest that cortical processes may disrupt or override sub-cortical
hypothalamic appetite regulation signals in patients with SCZ. Additional correlational analyses
controlling for either AP dose (chlorpromazine CPZ equivalents) or disease severity (Positive and
Negative Syndrome Scale; PANSS) revealed a significant positive correlation between AP dose and
susceptibility to hunger (TFEQ Factor 3) and a significant negative correlation between PANSS score
and cognitive restraint. This led to the conclusion that both SCZ and AP medications may contribute
to appetite dysregulation in patients, but through different mechanisms.
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In a similar but independent fMRI study, Grimm et al. (2012) asked chronic patients with SCZ and
HCs to rate their appetite levels on a VAS following presentation of neutral or appetitive stimuli [82].
Even after adjusting for body weight and AP dose (CPZ equivalents), patients were found to have
significantly weaker activation in the dorsal striatal region (post appetitive stimulus vs. neutral images)
compared to controls. In keeping with the findings by Stip et al. 2012 [84], these results led the authors
to suggest that SCZ may involve intrinsic disruptions in the SN, leading to altered reward anticipation
and eating behavior. However, despite these functional differences (and in contrast to some of the
studies already discussed), Grimm et al. found no significant difference in appetite between patients
and controls.

3.5.3. First Episode Patients vs. Controls

In a structural MRI study, Emsley and colleagues [88] investigated morphological brain changes
after 13 weeks of AP treatment (risperidone or flupentixol injections) in AP-naïve FEP patients
with SCZ, in relation to changes in BMI and metabolic indices. Regions of interest included the ventral
diencephalon (vDC) and prefrontal cortex (PFC), which respectively represent key homeostatic and
hedonic food intake regulatory areas. As there were no differences in MRI or metabolic outcomes
between AP treatment groups, patients from both groups were pooled together for analysis. The authors
found that compared to HCs, patients experienced a volume reduction in the vDC (a region containing
the hypothalamus), which was strongly correlated with BMI and glucose increases and dyslipidemia.
In contrast, no changes were observed in the PFC region, leading the authors to suggest that acute
AP treatment primarily results in disruption of homeostatic functions (and not reward pathways).
However, following post-hoc testing, these volume reductions were no longer significant and increased
volumes in the control group were reported, which the authors attributed to random fluctuations due
to small sample size.

In a recent fMRI study, Borgan et al. (2019) investigated neural responsiveness to appetitive
stimuli in untreated FEP patients and HCs [86]. Comparing fMRI blood oxygen level dependent
(BOLD) signaling response to appetitive stimuli between groups, the authors found that patients
consistently exhibited the same regional patterns of neural activity observed in controls, indicative of
normal neural responses to food cues. This led them to suggest that neural processing of food may be
unaltered in the early stages of the illness and may instead be influenced by AP treatment.

3.6. Healthy Controls Only

We retrieved one neuroimaging study in HCs, which examined the effects of seven days of
olanzapine administration on fMRI responses to visual stimuli (appetitive and neutral) as well as to
receipt of an actual food reward [87]. Olanzapine treatment resulted in increased appetite as measured
by both liquid breakfast intake and TFEQ scores (particularly disinhibition). This was accompanied by
increased activation in brain regions involved in the reward pathway in response to both anticipation
(inferior frontal cortex, striatum and ACC) and receipt (caudate, putamen) of appetitive stimuli.
Interestingly, they also observed a concurrent decrease in activation in the lateral orbitofrontal cortex,
which is thought to be involved in satiety.

4. Discussion

We performed a scoping review, which aimed to explore associations between psychosis spectrum
disorders, food consumption, and disruptions in appetite and eating behaviors. Our search retrieved
35 studies, which we subsequently organized into three sections based on main theme or methodology:
(1) Food composition and dietary preference, (2) patterns of eating behaviour and subjective appetite
and (3) neural correlates of appetite and eating behavior. These sections are discussed individually,
followed by a discussion of postulated mechanisms, and a more general discussion of limitations and
future directions of this field.
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4.1. Food Composition and Dietary Preference

The studies identified in our search provide evidence that overconsumption, in the form
of both increased frequency and quantity of food consumption, differs between patients and
HCs [57–60], which may contribute to the high rates of obesity in patient populations. In keeping
with the general population, lower calorie intake among patients is associated with lower BMI,
waist circumference, waist-to-hip ratio and body fat content [60]. Furthermore, dietary preference
appears to be sex-specific [55,60,61], which could explain the differential propensity for weight gain
among male and female SCZ spectrum disorder patients [89].

Disentangling the extent to which observed differences in caloric intake and dietary composition
relate to biological factors intrinsic to the illness and/or AP treatment is challenging. While work in
AP-naïve FEP populations can be helpful in delineating intrinsic illness related factors, only two of the
dietary composition studies we retrieved included AP-naïve individuals [56,57]. However, subgroup
analyses comparing HCs and AP-naïve patients were not performed, precluding inferences on
dietary alterations that may primarily result from intrinsic illness effects. Unfortunately, it is similarly
difficult to delineate the relative effects of APs on diet as studies in HCs indicate either no significant
difference [78,79] or a significant increase in caloric intake [53] following SGA exposure.

It is also important to consider socioeconomic, environmental, and lifestyle factors that may
precipitate a snowball effect on unhealthy dietary patterns among patients. Patients with psychosis
spectrum disorders tend to belong to lower socioeconomic status (SES) groups [15,90]. This in turn
relates to their ability to afford or have access to a nutritious diet. Notably, none of the dietary
composition studies we reviewed matched patients to HCs in terms of SES, including income
and education level. Three cross-sectional studies did, however, report significant differences in
socio-demographic variables of patients vs. controls [58,60,61]. As such, it is possible that psychosocial
stress related to socioeconomic factors, or symptoms of psychosis, may influence food intake in patients.
Chronic stress has also been associated with hyperphagia [91] and preference for palatable foods [92].
Thus, failure to match patients to HCs according to key demographic features such as SES is a potential
source of variation and should be considered in future studies.

4.2. Eating Behaviour, Cravings and Subjective Appetite

Synthesis of the studies identified in our search revealed a positive association between
BMI/weight and altered appetite, hunger and/or food cravings in patients with psychosis
spectrum disorders [50,64,65,69,72], as well as between SGA treatment and binge eating
symptomatology [62–66,68]. Similar to what is observed in the ED literature [93,94], two studies also
noted a relationship between restrictive eating behaviour (high restraint and high disinhibition scores)
and increased consumption and weight gain among patients [72,74]. This may potentially suggest a
common mechanism between EDs and the disordered eating patterns seen in psychosis patients.

In addition, APs may increase appetite and response to both internal and external hunger
cues (as assessed by the TFEQ), putting patients at higher risk of overeating and subsequent
weight gain [54,56,74,83,89]; however, the literature appears quite contradictory [70,71,73,82].
Potential explanations for these discrepancies could be choice of rating scale or questionnaire [95] and
experimental conditions (i.e., fasting state, meal challenge and type), which differed widely across
studies. As such, it is difficult to determine the relative contribution of illness vs. AP drugs on appetite.

Longitudinal HC studies also provide mixed evidence regarding the effects of APs on appetite
and eating behaviors. Some studies indicate increased appetite, body weight and food intake following
olanzapine treatment, indicative of a potential causal link [53,87], while other studies indicate SGA
exposure does not significantly affect appetite or food intake despite inducing weight gain [78] and
metabolic changes such as insulin resistance [79]. The latter point may suggest that central insulin
and/or leptin resistance resulting from AP-induced weight gain and increases in adiposity may lead to
appetite change, rather than appetite driving weight change [79].
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4.3. Neural Correlates of Appetite and Eating Behavior

A variety of neuroimaging strategies have been employed to examine neurobiological mechanisms
implicated in food intake patterns in patients, with a majority of the work (six out of seven retrieved
studies) focusing on functional changes captured by fMRI in response to appetitive cues. Unfortunately,
though, the different behavioural paradigms and brain regions of interest of each study made it difficult
to draw any broad conclusions or generalizations. Two studies suggest that APs may contribute to
disrupted appetite regulation and eating behaviour by increasing activation in areas involved in action
planning and homeostatic signals [85], and regions implicated in cognitive and motivational processing
of food [83]. However, these findings appear limited to static appetitive stimuli as dynamic stimuli led
to decreased activation of the SN [84]. Interestingly, changes in regional activation correlated with
disinhibition (TFEQ) scores across all three studies [83–85]. Similarly, AP treatment in HCs appears
to [87] enhance activation in the brain reward circuitry, and decrease activation in the lateral orbital
frontal cortex, consistent with loss of inhibitory effects on eating behaviour.

In determining the relative effects of illness vs. AP treatment, one AP-naïve study did not report
any neural differences between patients or controls, indicating that food-related neural processing is
not intrinsically dysregulated in SCZ [86]. In contrast, a different study found that chronic patients
with SCZ on stable AP therapy exhibited significantly reduced activation in striatal regions involved
in reward processing, an association that persisted even after controlling for AP dose. This suggests
that the neural alterations involved in appetite regulation may be related to factors intrinsic to SCZ,
which become more prominent as the illness progresses, and further exacerbated by AP therapy.
This is consistent with structural MRI findings, which found that AP treatment reduced the volume of
the vDC, but not the PFC in AP-naïve FEP patients [88].

4.4. Postulated Neurobiological Mechanisms Involved in Appetite/Feeding Regulation

While the contributing effects of intrinsic illness related factors vs. those of AP medications remain
difficult to separate, existing theoretical frameworks may provide a neurobiological rationale for the
differences in eating behaviours and appetite between patients with pychosis spectrum disorders
and HCs. The postulated disruptions in hedonic/motivational and homeostatic mechanisms in patients
with pyschosis spectrum disorders are summarized in Figure 3.

4.5. Hedonic Reward Mechanisms

The mesolimbic dopamine reward system is instantiated by a network of brain structures
innervated by dopaminergic projections from the ventral tegmental area (VTA), including the nucleus
accumbens (NAc), hypothalamus, amygdala, and PFC regions [96,97] (see Figure 1). Mesolimbic
dopamine has primarily been implicated in the incentive motivational dimension of reward,
including reward prediction [98], and the attribution of motivational salience to reward-related
cues (associated with the concept of ‘wanting’ or ‘craving’) [99].

In turn, increased dopaminergic transmission in the striatum is a core neurobiological feature
of SCZ that responds to first line AP treatment [100,101]. The striatum integrates inputs received
from the majority of the cortex and projects to the mesolimbic dopamine system and cortical salience
networks [102]. Its role has been associated with making inferences about the current state of the
environment [103], whereas abnormal dopaminergic reactivity in the striatum may lead to misattribution
of salience to external or internal cues relating to food or appetite.

Moreover, reward hypoactivity, which is related to negative symptoms of SCZ [104,105], may result
in compensatory responses such as increased food consumption to achieve sufficient rewarding
stimulation [82,106]. Furthermore, as function in the dorsal striatum is believed to be modulated
by body weight, metabolic dysregulations accumulated throughout the course of the illness and
perturbated by AP therapy may also be implicated in reduced striatal activity, similar to what is seen
in obese individuals [106].
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Figure 3. Overview of the homeostatic and hedonic pathways regulating appetite and eating behaviour.
Text in green boxes describe the function of each pathway and implications for regulation of eating
behaviour; text in purple boxes describes antipsychotic-induced effects; text in yellow boxes describes
how weight gain affects pathway function. Abbreviations: VTA, ventral tegmental area; NA, nucleus
accumbens; H, hypothalamus; PFC, prefrontal cortex; OFC, orbitofrontal cortex; A, amygdala;
ACC, anterior cingulate gyrus; S, striatum; AP, antipsychotic; D2 = dopamine 2.

Additionally, disrupted function in the DLPFC, ACC and mediodorsal nucleus of the thalamus
has been associated with impaired executive function in SCZ [107]. Analogous to observations of
diminished executive function in the obese population, this may lead to poorer choices in food selection
or difficulty in inhibiting responses to cravings. Consistent with this, several studies included in this
review suggest that patients with SCZ have increased disinhibition [72,74,83–85], and an increased
incidence of binge eating [59,67,68,72,81,108], which may reflect deficits in executive function related
to prefrontal-ACC dysfunction [107].

The limited body of literature reporting on AP-naïve FEP patients precludes direct attribution of any
dysregulations to inherent illness factors. However, APs share the uniting property of dopamine 2 (D2)
receptor antagonism, which may mimic decreased D2 receptor availability, and thus contribute to the
reward deficiency/overcompensation phenotype. Indeed, a relationship between reduced D2 receptor
function and reward dysfunction has already been observed in obesity [109]. Beyond their effects
on the dopamine system, APs also interact with serotonergic, histaminergic, adrenergic, muscarinic
and cholinergic receptors, all of which are differentially involved in appetite modulation [84,110].
As such, the role of APs in disturbed eating behaviours is likely complex, involving widespread regions
of the brain and signaling networks, with additional interfaces with illness-related disruptions in
these pathways.

4.6. Homeostatic Mechanisms

Homeostatic mechanisms of food regulation are thought to be primarily regulated by the
hypothalamus, a region anatomically situated to confer accessibility to hormones (leptin, ghrelin,
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insulin) and nutrients (glucose, fatty acids) in the blood and cerebral spinal fluid (CSF) to relay
information about the body’s energy stores to the brain [28] (see Figure 3). The topic of impaired
hormonal regulation of feeding in SCZ has been the subject of a recent comprehensive review, supporting
that early disruptions in these pathways likely progress over the course of illness and are further
exacerbated by APs [20]. These homeostatic pathways are also thought to interact with dopamine
reward circuits to regulate eating behavior and energy balance [111], potentially mediated by the high
concentration of D2 receptors in the lateral hypothalamus [20] Thus, it is possible that the connections
between these pathways may be altered in SCZ. For example, Stip et al. (2012) found evidence of
increased signaling in the amygdala, a key limbic structure responsible for integrating homeostatic
signals with extrinsic influences to modulate eating behavior [85]. However, this field of research is
not well developed and is likely further complicated by the interaction between intrinsic aspects of
psychosis spectrum disorders, AP treatment and psychological or environmental factors [112,113].
Interestingly, one study included in our review demonstrated volume reductions in the hypothalamus
of AP-naïve patients following olanzapine treatment [88]. However, the relevance of changes in
hypothalamic size in relation to obesity and metabolic disorders as well as the effects of AP treatment
in relation to brain volume changes are controversial [114,115]. Further research combining advanced
neuroimaging approaches (functional and structural) with food cues and stimuli relevant to hedonic
and non-hedonic aspects of eating and assessments of hormonal activity is needed.

4.7. Strengths, Limitations and Future Directions

A key strength of this scoping review is that the search was broad, allowing for a comprehensive
overview of the current state of the literature pertaining to eating behaviours and food consumption
in psychosis spectrum disorders. Moreover, to the best of our knowledge, this is the first review
to summarize the findings of neuroimaging studies that sought to elucidate the neurobiological
mechanisms underlying eating behaviours among psychosis spectrum patients.

Nevertheless, there are some limitations which must be addressed. First, our search revealed high
heterogeneity in both study design and questionnaires employed, which made comparing studies
difficult and precluded conclusions from being made. Second, the majority of studies used subjective
self-report measures of appetite/craving, results of which may be influenced by factors outside of
hunger [58]. Additionally, the use of patient recall, as in the case of food diaries or during retrospective
interviews, may lead to inaccurate estimations of food intake [57]. This is particularly relevant given
that recall is known to be impaired in SCZ [58]. As alluded to by others, future studies that use both
subjective and objective measures of appetite (e.g., calorie intake) [71], complemented by neuroimaging
approaches [82] are required to move the field forward. Furthermore, only one fMRI study examined
the effect of somatosensory (gustatory) stimuli on appetite and eating preferences [87]; the remaining
five studies focused solely on visual processing of food-related cues, potentially missing key mediators
of altered eating behaviour [116].

Importantly, very few of the studies identified in our search considered AP-naïve FEP patients,
with the vast majority involving patients who had previously been exposed to AP therapy. This makes
it difficult to determine whether any abnormal eating patterns observed in patients are intrinsic to
the illness or secondary to the effects of APs. Additionally, while HC studies are a good way to
remove the confounding effect of illness, they preclude identification of any interaction between
intrinsic dysfunction in eating and AP effects. Prospective studies in which AP-naïve patients are
exposed to APs would be particularly useful in exploring this illness-treatment interaction. Moreover,
it should also be considered that studies in chronic patients with SCZ are confounded by cumulative
illness associated lifestyle factors and treatments, which may affect both eating patterns and weight
gain [7,117]. Further to this point, once obesity and other metabolic comorbidity is established, this may
have secondary effects on physiology of feeding regulation [28]. Finally, metabolic consequences of AP
treatment are known to be most pronounced in AP-naïve or FEP patients, suggesting that this may
represent the critical period to capture early changes in eating behavior and appetite, which drive early
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weight gain [118]. Unfortunately, at present, the temporal course or trajectory of disordered eating
in psychosis cannot be determined as most studies did not report trends over multiple timepoints.
This would be a point worth considering when designing future longitudinal studies.

Finally, many of the studies comparing patients with HCs did not match groups on key
sociodemographic and physiological (i.e., BMI, gender/sex) factors (see Tables 4–6), constituting
a significant confound. To this last point, while sex emerged as an important mediator of appetite and
feeding disruptions in some of the studies included in this review, the majority of studies did not account
for sex. This is highly relevant given that in the general population, global obesity rates differ for males
and females (10% and 18%, respectively [119]), as do TFEQ and DEBQ scores [36,120,121]. Furthermore,
in SCZ, females seem to be more at risk for AP-induced metabolic disturbances than males [122,123].
Further investigation is therefore warranted to determine whether sex-related differences in eating
behaviors can explain this increased vulnerability.

5. Conclusions

While disruptions in hormones involved in homeostatic mechanisms of appetite control in patients
with pychosis spectrum disorders have been the subject of several reviews and meta-analyses, our
scoping review highlights the behavioral and neurobiological underpinnings of altered eating behaviour
in this population. Our synthesis of evidence from food surveys and self-report questionnaires generally
supports the notion that patients with pychosis spectrum disorders exhibit increased appetite and
craving for fatty food, increased caloric intake and increased frequency of (over) consumption, which
may be associated with increased disinhibition. Early evidence also suggests that disturbed eating
behaviours in this population could be mediated by abnormal processing of food-related stimuli
within neural systems related to the mesolimbic reward circuit. In addition, it is possible that impaired
cognitive restraint and executive functioning intrinsic to psychosis may make patients more susceptible
to developing disordered eating patterns in response to weight gain and/or increased appetite and
cravings. Future prospective studies with larger samples and AP-naïve populations are needed to
improve the evidence base in this field and help dissect the intrinsic and extrinsic illness factors
involved in disturbed appetite regulation. This will have important implications for development of
pharmacological and behavioral interventions which, by targeting cardiometabolic comorbidities, may
have the potential to increase patient life span and improve overall quality of life.
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Abstract: The rapidly increasing prevalence of overweight and obesity indicates a need to
search for their main causes. Addictive-like eating and associated eating patterns might result
in overconsumption, leading to weight gain. The aim of the study was to identify the main
determinants of food intake variety (FIV) within eating addiction (EA), other lifestyle components,
and sociodemographic characteristics. The data for the study were collected from a sample of 898
Polish adults through a cross-sectional survey in 2019. The questionnaire used in the study included
Food Intake Variety Questionnaire (FIVeQ), Eating Preoccupation Scale (EPS), and questions regarding
lifestyle and sociodemographic factors. High eating addiction was found in more than half of the
people with obesity (54.2%). In the study sample, physical activity at leisure time explained FIV in
the greatest manner, followed by the EPS factor: eating to provide pleasure and mood improvement.
In the group of people with obesity, the score for this EPS factor was the best predictor of FIV, in that
a higher score was conducive to a greater variety of food intake. Sociodemographic characteristics
differentiated FIV only within groups with normal body weight (age) and with overweight (education).
In conclusion, food intake variety (FIV) was associated with physical activity at leisure time, and then
with EPS factor “Eating to provide pleasure and mood improvement”, whereas sociodemographic
characteristics were predictors of FIV only within groups identified by body mass index (BMI).
Nevertheless, our observations regarding the eating to provide pleasure and mood improvement
factor and its associations with food intake variety indicate a need for further research in this area.
Future studies should also use other tools to explicitly explain this correlation.

Keywords: overweight; obesity; food addiction; eating addiction; food intake variety; eating
behavior; overeating

1. Introduction

In spite of the growing prevalence of overweight and obesity, determining their main risk factors is
still a challenge. Body weight and body mass index (BMI) are greatly influenced by energy intake and
its adequacy [1]. However, the link between diet and those anthropometric parameters cannot be solely
assessed on the basis of calorie intake, but should also include other elements of dietary patterns (eating
frequency, diet quality, food variety, or proportions between different food groups) [2]. Lifestyle-related
factors, such as unhealthy dietary patterns but also low physical activity, inadequate sleep hygiene,
poor stress management, and tobacco smoking, can majorly alter energy intake and expenditure,
and thus induce a positive energy balance [3]. Research shows that lifestyle factors are correlated with
each other. Low physical activity is associated with the consumption of unhealthy foods [4,5]. In turn,
less stress or negative as well as highly positive effects are associated with engagement in healthy
behaviors, especially in physical activity [6]. Physical activity can reduce stress as well as negative
emotions and, at the same time, enhance positive emotions. By contrast, human emotional functioning
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is associated with food, including emotional eating [7]. Physically active emotional eaters may want to
eat when under emotional distress; however, they also choose more healthy foods to cope with this
distress [8]. These interrelationships between selected lifestyle components, but also within human
psychological functioning, implicate the necessity of including such parameters while exploring eating
behaviors characteristics.

Some dietary patterns, such as uncontrolled excessive consumption, may resemble addictive
behavior, and some foods may have addictive potential [9]. Gearhardt et al. [10] developed the first tool
to assess FA, the Yale Food Addiction Scale (YFAS), as well as the follow-up, YFAS 2.0 [11]. These tools
enable identification of addictive-like eating behaviors particularly towards highly processed and
palatable foods. Elevated YFAS and YFAS 2.0 scores are both positively associated with body mass
index (BMI), binge eating symptoms, and weight-cycling [11]. Research suggests that people diagnosed
as food addicts consume more calories [12–16], especially derived from processed, energy-dense
foods like confectionary, fast-food, and salty snacks, and their diet is higher in fat [12,14,16] than
non-food-addicted individuals. Several studies have revealed that food addiction can be correlated
with lower consumption of fruit, vegetables, and other core products [13,15].

Overeating might be associated with one of the following eating styles: restrained, emotional, or
external. In restrained eating, when someone is following a strict dietary regimen, eating something
forbidden may induce an “all-or-nothing” reaction leading to overconsumption [17]. Negative,
positive, or neutral emotional states (e.g., sadness, anxiety, joy, boredom) might also increase food
intake (emotional eating). Lastly, environmental factors, such as availability of food or presence of
others eating, might also affect the consumption in so-called external eating [18]. Studies have found
that emotional eating might favor undesirable food behaviors, including higher intake of snacks [19,20],
“fast-food” [19], and sweet foods [21,22], whereas external eating may increase total calorie intake [19]
as well as predispose to higher consumption of snacks [19,23]. Although dietary restraint can be
conducive to lower intake of sweets [19] and total energy intake [19,24,25], it may simultaneously serve
as a risk factor for excessive body weight [19,24,25]. The possible explanation of this phenomenon
might be related to the possibility that people following strict dietary rules may be more susceptible to
external and emotional eating, which can lead to weight gain [26]. Food-related thoughts are believed
to be another crucial factor in the etiology of excessive food consumption as they can induce a specific
food craving. When the urge to fulfill this craving arises, it can be difficult to resist overeating. Food
preoccupation might therefore take the form of obsession [27].

In previous studies, also those using YFAS or YFAS 2.0, dietary assessment did not take into account
food intake variety (FIV), which reflects the number of food products consumed by the individual.
For many years, FIV was being promoted as a vital component of dietary guidelines. It was believed
that a wider range of products will improve intake of macro- and micronutrients and provide adequate
nutritional status [28]. Although a systematic review of 26 studies has shown that it is still unclear how
total FIV affects body weight and measures of body adiposity [28], this parameter is of special concern
to medical scientists and health professionals due to the growing obesity epidemic [29]. Results from
the studies assessing the relationship between FIV and diet quality or eating habits remain inconsistent.
Some research suggests a negative impact [30,31], whereas several studies have found that FIV might
favor healthy eating habits, such as adequate intake of fruit and vegetables [32,33], or predispose to
greater diet quality [34,35]. The existing research results suggest that sociodemographic characteristics,
such as gender and age, can differentiate assessed variables and their correlations [30,33,34].

We assume that differences in food intake variety (FIV) can be explained by eating addiction
assessed using the Eating Preoccupation Scale (EPS). However, we hypothesize that EPS explains the
differences in FIV to a lesser extent than some components of lifestyle (i.e., physical activity, following
a diet, smoking) but the importance of these factors may vary depending on BMI. Thus, the aim of
the study is to assess eating addiction in a group of Polish adults, and to then answer the following
questions: (1) Does eating addiction show a relationship with food intake variety? (2) Do such lifestyle
components as following a diet, smoking, and physical activity differentiate the food intake variety

218



Nutrients 2020, 12, 1304

more than the eating addiction? (3) Do the relationships between the examined variables differ after
taking BMI into account?

2. Materials and Methods

2.1. Study Design and Sample Collection

The data were collected from February to March 2019 through a cross-sectional quantitative
survey. The study was approved by the Ethics Committee of the Faculty of Human Nutrition and
Consumer Science, Warsaw University of Life Sciences, in Poland on the 29 October 2018 (Resolution
No. 22/2018). Informed consent to participate in the study was collected from participants.

According to the study design, recruitment and data collection were conducted by a research
agency—ARC Market and Opinion. Adults aged 18–65 were recruited from the panel (epanel.pl)
of approximately 64,000 adults. After sending an invitation to participate in the study, 2025 people
gave their consent to participate in the study. Quota selection using gender, age, place of residence,
and education was used to ensure the representativeness of the Polish population. During the
recruitment, 78 people stopped filling out the questionnaire during the interview, and 932 people
did not qualify due to filling the quota, while eight people were removed from the database at the
collection control stage because of errors indicating the lack of credibility of their answers. As a result,
the study consisted of 1007 participants. The computer-assisted web interviewing (CAWI) technique
was used to collect all data. During the data check, 71 participants were excluded from the sample
due to missing data, i.e., body mass and height, which did not allow calculation of the BMI. Then,
during the data analysis, one more criterion of exclusion was used, namely being underweight (body
mass index (BMI) < 18.5 kg/m2). Thirty-eight participants were excluded from the analyses due to BMI
lower than 18.5 kg/m2. The total sample consisted of 898 people.

2.2. Food Intake Variety

Food intake variety was assessed using the food consumption frequency method, applying Food
Intake Variety Questionnaire (FIVeQ) [36]. Information on the consumption of 63 food product groups
over the last 7 days was collected using the FIVeQ questionnaire [36]. Quantity was specified for each
product: seven slices for cereal products, seven cups for dairy and beverages with the exception of
wine (quantity defined as 1 glass of wine—100 mL) and spirits (one shot of liquor—50 mL), amount
sufficient for one slice of bread well covered (approx. 20 g) for cold cuts and sausages, 10 cubes for
chocolate, and two tablespoons for the rest of the food products (e.g., groats, nuts, fish, and butter).
The participant declared the consumption of such quantity of each product within the last 7 days
(Yes/No). Food intake variety is expressed in the food intake variety index (FIVeI). FIVeI was calculated
as the number of product groups eaten weekly (maximum 60 products/week) after excluding 3 groups
of alcoholic beverages (beer, wine, vodka, and other strong alcohols). According to the methodology
and assessment criteria developed by the authors of the questionnaire [35], the following four groups
of people with a varied food intake (FIV) were distinguished:

Inadequate FIV (<20 food products weekly)
Sufficient FIV (20–29 food products weekly)
Good FIV (30–39 food products weekly)
Very good FIV (≥40 food products weekly)

2.3. Eating Addiction

Eating Preoccupation Scale (EPS) was used to assess eating addiction [37]. EPS consists of 18
statements, to which the respondent answers on a scale of 1—hardly/never; 2—rarely; 3—sometimes;
4—often; up to 5—almost/always (Table 1). This scale allows measuring an overall score of eating
addiction and three EPS factors, which include focusing on eating activities; eating to provide pleasure
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and mood improvement; and compulsion to eat and loss of control over food. The overall score
(range from 18 to 90 points), which was the sum of all ratings, allows evaluating a person’s behavioral
characteristics for eating addiction (EA) included in EPS. A score above 48 points indicates a high EA,
40–48 points an average EA, and below 40 points a low EA [37].

Table 1. The Eating Preoccupation Scale (EPS).

Statements from the Eating Preoccupation Scale (EPS)
Mean Score ±
Standard
Deviation *

EPS factor: Focusing on eating activities
2. I think about eating and about my body weight 3.0 ± 1.2
6. I believe that my relationship with food is terrible 2.3 ± 1.1
8. I feel embarrassed about the amount of food I eat 2.2 ± 1.1
9. I plan ahead for situations when I will be able to eat alone 1.9 ± 1.0
10. I am worried about being unable to control the amount of food consumed 2.3 ± 1.1
16. I have a low self-esteem because of my uncontrolled eating 2.1 ± 1.1

EPS factor: Eating to provide pleasure and mood improvement
1. Eating is a very important part of my life 3.4 ± 1.1
11. Eating greatly enhances my mood 3.2 ± 1.0
12. Eating is a great pleasure of mine 3.6 ± 1.0
13. I make myself “food feasts” for no clear reason 2.2 ± 1.1
17. I feel great satisfaction after an abundant meal 2.8 ± 1.1
18. I am willing to sacrifice other pleasures for eating 2.3 ± 1.0

EPS factor: Compulsion to eat and loss of control over food
3. I eat vast amounts of high-calorie foods in a short period of time 2. 6 ± 1.0
4. I snack throughout the day 2.9± 1.0
5. I eat even when I am not feeling hunger 2.4 ± 1.0
7. I eat more than I had planned 2.7 ± 1.0
14. I wake up to eat at night 1.8 ± 1.0
15. I clear up my plate even when I am not feeling hungry anymore 2.9 ± 1.2

* 5-point scale: 1—hardly/never; 2—rarely, 3—sometimes, 4—often, 5—almost/always.

The internal compliance of the questionnaire was assessed using Cronbach’s coefficient, which was
0.89. Internal stability, measured using a correlation coefficient in studies conducted after 6 weeks on
a group of 30 women, was 0.72. Validity of the Eating Preoccupation Scale was tested by assessing
the correlation of its results with the results of the Eating Related Behaviors Questionnaire [37],
which measures the tendency toward habitual and emotional overeating, but also following
dietary restrictions.

2.4. Physical Activity and Other Lifestyle Factors

Self-reported physical activity was recorded in the questionnaire on a 3-point scale: 1—”low”,
2—”moderate”, and 3—”high” [38]. The description of the scale was presented separately for physical
activity during leisure and work/school time. For leisure time, “low” was described as “sedentary
lifestyle, watching TV, reading the press, books, light housework, taking a walk for 1–2 h a week”;
“moderate”—”walks, cycling, gymnastics, gardening or other light physical activity performed for
2–3 h a week “, and “high”—”cycling, running, working on a plot or garden, and other sports activities
requiring physical effort, taking up more than 3 h a week”. “Low” activity at work/school time was
described as “over 70% of the time in a sitting position”, “moderate” as “approximately 50% of the
time in a sitting position and about 50% of time moving”, and “high” as “about 70% of the time in
motion or doing physical work associated with a lot of effort” [38].

Two questions were used to assess smoking: “Do you smoke cigarettes?” (Yes/No) and “If you smoke,
how many cigarettes a day do you smoke?” (I smoke occasionally; up to 10 a day, 10–20 a day, more than 20
a day). In addition, respondents answered the question “Have you followed a special diet in the last 3
months?” (Yes/No).
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2.5. Sociodemographic Characteristics

The questionnaire collected information about sociodemographic characteristics of the study
sample, i.e., gender, age, education, and place of residence. Body mass index (BMI) was calculated
using self-reported body weight and height and categorized according to International Obesity Task
Force (IOTF) standards [39]. During the data analysis, three categories of respondents were identified,
i.e., people with normal weight (BMI between 18.5 and 24.99 kg/m2), overweight (BMI between 25.0
and 29.99 kg/m2), and obesity (BMI ≥ 30 kg/m2).

2.6. Statistical Analysis

Descriptive statistics were performed. The chi-square test and the one-way analysis of variance
ANOVA test were used to compare variables, and p < 0.05 was considered significant.

The classification tree was used to determine independent variables explaining differences in food
intake variety. This method was used because it allows computing both numerical and categorical data.
Moreover, it offers clear graphic data presentation and is easy to interpret [40]. Separate classification
trees were made in the study sample, and then in a group of people with normal body weight,
overweight, and obesity. The method CHAID (chi-squared automatic interaction detector) was used
to build the tree. The first node (node 0) is always the distribution of the dependent variable (FIV).
The next nodes can include sociodemographic variables (gender, age, education, place of residence),
variables describing eating addiction (eating addiction—overall score, three factors of eating addiction:
focusing on eating activities, eating to provide pleasure and mood improvement, compulsion to eat and
loss of control over food) and lifestyle variables (following a diet, smoking, physical activity during
leisure time, and work/school time).

Statistical analysis was conducted using IBM SPSS Statistics for Windows, version 24.0 (IBM Corp,
Armonk, NY, USA).

3. Results

3.1. Characteristics of the Study Sample

The sample consisted of 898 participants (433 women and 465 men) aged 18 to 65 years. Some
details concerning sociodemographic characteristics of the study sample are displayed in Table 1.

More men than women were overweight or obese. Among people with normal weight the majority
were people of the age of 18–34, while among overweight and people with obesity respondents aged
45–65 were the most numerous in this group. The average age of people with overweight and obesity
did not differ, but was significantly higher compared to people with normal body weight. Education
and place of residence did not differentiate groups identified according to BMI (Table 2).

3.2. Food Intake Variety and Other Lifestyle Factors

About 60% of the study sample displayed good or very good food intake variety (36.8% and
23.7%, respectively). FIV did not differ in BMI groups (Table 3).

Slightly more than 10% of participants declared following a diet. Almost two-thirds of the study
participants (64.0%) declared they did not smoke. In the study sample, there were less heavy smokers
(10 or more cigarettes a day) than light smokers (16.6% and 19.4%, respectively). About two-fifths of
the study sample (38.3%) described their physical activity at work/school as low, and the same numbers
of people evaluated their leisure activities in the same way. More than one-half of people with BMI ≥
30 kg/m2 (57.6%) declared low physical activity in leisure time. More people with overweight than
ones with normal body weight indicated low activity in leisure time (37.7% and 32.8%, respectively)
(Table 3).
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3.3. Eating Addiction

Over two-fifths of study sample (42.1%) displayed a high eating addiction (EA) on the EPS.
The mean value of the overall score from the EPS was 46.4 points, which indicates the average EA.
Only differences in the overall score of EPS between people with normal weight and people with
obesity were shown. The mean value of the overall score in the obese group exceeded 48 points and,
therefore, meant a high EA. Low EA was displayed by 33.7% of people with normal body weight and
by almost three times less of those with obesity (13.1%). However, a high EA was found in more than
half of the people with obesity (54.2%) and in more than one-third of people with normal body weight
(37.7%). Compulsive eating and loss of control of food consumption characterized eating behaviors
of people with obesity to a higher extent compared to people with normal body weight. There were
differences in the mean score for the “Focusing on eating activities” factor in the BMI groups. The larger
the BMI, the more people were focused on eating behaviors were (Table 4).

3.4. Relationship between Food Intake Variety and Eating Addiction

Food intake variety (FIV) has shown differences only due to EPS factor “Eating to provide pleasure
and mood improvement” (Figure 1). In the group of people with high or moderate physical activity at
leisure time and at work/school time, a higher score for the EPS factor “Eating to provide pleasure and
mood improvement” (above 18 points) favored an increase in FIV (nodes 7 and 8). Almost two-fifths
of people with a score above 18 had very good FIV. Similarly, in the group of people with low physical
activity at leisure time (nodes 5 and 6), a higher score for this EPS factor (above 16 points) was conducive
to a greater variety of food intake (Figure 1).

In the group of people with obesity, the score of EPS factor “Eating to provide pleasure and mood
improvement” was the most powerful predictor for FIV (nodes 1 and 2). A higher score for this EPS
factor (above 16 points) was conducive to a greater variety of food intake. Almost three times more
people with a score above 16 (29.5%) than with a score of 16 and below (10.3%) had a very good FIV
(Figure 2).

3.5. Relationship between Food Intake Variety and Lifestyle and Sociodemographic Variables

In the study group, FIV has shown differences due to physical activity at leisure time (nodes
1 and 2) and physical activity at work/school (nodes 3 and 4), —as seen in Figure 1. Higher FIV
was demonstrated in people with moderate and high physical activity at leisure time (p < 0.001).
Over one-quarter of people (27.6%) with moderate or high physical activity and 17.7% of those with
low physical activity at leisure time were characterized by very good FIV. Twice as many people with
low physical activity in their leisure time were characterized by inadequate FIV compared to other
people. Twice as many people with high and moderate physical activity in leisure time and the same
physical activity at work/school showed very good FIV (32.5%) compared to people with low physical
activity at work/school (15.5%) (nodes 3 and 4) (Figure 1).

In the group of people with overweight (nodes 1 and 2), more people with secondary education
than the other categories had good FIV (46.8%, 34.9%, respectively) and very good FIV (29.4%, 22.2%,
respectively (Figure 3).

In people with normal body weight, FIV differed among age groups (nodes 1, 2, and 3). The number
of people aged 18–24 was the least when it came to showing very good FIV (8.3%), while most people
aged 55–65 (31.8%). More than two-thirds of people aged 18–24 had inadequate FIV (11.1%) or sufficient
FIV (56.9%). By contrast, more than three-quarters of people aged 25–54 years were characterized by
good (40.9%) or very good FIV (25.5%). In this age group (nodes 4 and 5) more people with moderate
or high physical activity in leisure time than others had good (44.4%, 34.3%, respectively) and very
good (29.9%, 17.2%, respectively) FIV (Figure 4).
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4. Discussion

The study provided some support for our hypotheses that differences in food intake variety (FIV)
can be explained by eating addiction assessed using the Eating Preoccupation Scale (EPS). The results
concerning associations between FIV and EPS indicate that only one of the EPS factors, “Eating to
provide pleasure and mood improvement”, was related to FIV. Moreover, this indicator did not serve
as the most important predictor of FIV, as physical activity during leisure time explained this parameter
in a greater manner. Other EPS factors and total EPS did not differentiate FIV. In view of the previous
research, it can be assumed that “Eating to provide pleasure and mood improvement” as a factor
correlated with FIV might favor both overall dietary variety and dietary variety within particular food
groups only. Few available studies, which attempted to explain differences in food intake variety,
indicate that this parameter might be linked to the amount of food consumed with regard to selected
foods [13,41]. People with overeating tendencies usually opt for a wide range of food products, yet it
only applies to products considered as palatable. Thus, a wide range of palatable foods might be a
factor involved in the development of addictive-like eating behaviors [42]. Other authors also point
out that not all foods seem to be equally related to addictive-like eating behaviors. Foods rich in
refined carbohydrates and added fat are more likely to be consumed in an addictive manner than
low-processed foods [43,44]. High-fat and high-sugar foods were consumed more frequently among
individuals who met the criteria of the Yale Food Addiction Scale for food addiction [13]. These foods
also appear to trigger behavioral responses that are consistent with addictive-like eating behavior, for
example such foods are frequently consumed during binge episodes [45]. Moreover, foods high in
fat and sugar are more likely to be intensely craved [41,46,47] and consumed in greater quantities in
response to negative affect [48,49]. The results of these studies are consistent with those obtained in our
research among people with obesity. Within this group, the EPS factor “Eating to provide pleasure and
mood improvement” was the most important factor in explaining FIV. Almost three times more people
with a higher score of this EPS factor were characterized by higher FIV in comparison to people scoring
lower on this subscale. It might be considered as a cause of overconsumption though longitudinal
research is required to determine the direction of causality.

Our hypothesis was also supported, that EPS explains the differences in FIV to a lesser extent
than some components of lifestyle (i.e., physical activity, following a diet, smoking) but the importance
of these factors may vary depending on BMI. Physical activity at leisure time was the most important
predictor of FIV in the study sample, while in the groups distinguished by BMI, differences in FIV
predictors were observed. Greater food intake variety (FIV) correlated with moderate or high physical
activity during leisure time, which may be the result of higher awareness of healthy lifestyle, healthier
food choices, and greater adherence to dietary rules among physically active people [50,51]. Similarly
as for the whole study group, the association between food intake variety (FIV) and physical activity
in leisure time was supported among individuals with normal body weight aged 25–54, and greater
FIV was observed in those more physically active within this age group. According to our best
knowledge, an association between FIV and physical activity has not been the subject of previous
research. Nevertheless, some studies have shown that physical activity favors healthier food choices
among adults [52–54]. However, a few studies have revealed that being physically active might not
always determine healthy eating nor prevent unfavorable eating behaviors [55]. On the premise that
FIV might be linked to both health benefits and the higher intake of unhealthy foods, our results
indicating that greater FIV is observed among physically active people is supported by previous studies.

Higher levels of physical activity observed in individuals presenting eating addiction symptoms
might be caused by an attempt to make up for the excessive amount of calories consumed through
exercise [56]. Physically active people are able to self-regulate food intake more precisely due to
the effect of working out in lowering the reactivity of the brain reward system to food stimuli [57].
Moreover, among individuals in the group of moderate or high physical activity, both in leisure or
school/work time, a positive correlation was seen for the result of “Eating to provide pleasure and mood
improvement” subscale and FIV, which can be linked to self-contentment associated with satisfaction
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from living a healthy lifestyle, beneficial for health and wellbeing. A similar correlation was noted in
the group with low physical activity in leisure time. It seems that low physical activity can induce food
cravings in a manner resembling an addiction mechanism [58]. In those individuals, food can serve as a
major source of pleasure, since sedentary behaviors favor food consumption. This association was not
seen for the eating addiction total score in our study, and these results are supported by Li et al. [56].

Sociodemographic features as predictors of FIV were noticed only in groups separated due to
BMI. Food intake variety in individuals with normal body weight was associated with age, which can
be confirmed by previous research. Due to involutional processes along with environmental and
psychological factors, older people tend to change their eating habits, which leads to lower calorie
as well as macro- and micronutrient intake. Inadequate intake of nutrients increases the risk of
malnutrition [59,60]. Greater FIV among older adults in our study, including having the largest number
of very good FIV and, at the same time, the largest number of inadequate FIV, indicates that the
recommendations on dietary diversity in older people [35,60] are being partly fulfilled. Higher FIV in
older people was also noted by Drewnowski et al. [61].

The age was not associated with food intake variety in individuals with overweight and obesity.
However, people with overweight with secondary education had greater FIV than the others. The impact
of education on FIV in people with overweight may be explained in different ways. Environment,
awareness of physical activity, dietary knowledge, and health literacy as well as social roles and cultural
norms related to health and nutrition seem to be significant factors affecting this correlation [62]. Among
people with lower educational status, a less varied diet might be linked to their living environment with
limited access to more diverse and affordable fresh foods, but also to other components of a healthy
lifestyle, including safe places for physical activity. On the other hand, alcohol, tobacco, and fast-food
might be more accessible, which are conducive to a high-calorie diet combined with sedentary
behaviors [63]. By contrast, people with higher education are expected to have more opportunities
for being physically active, but also greater access to diverse food products. Educational status
might be considerably associated with salary, and thus influence food choices and food variety [64,65].
Moreover, higher educated people should be more predisposed to favoring new or unfamiliar foods [66].
Nonetheless, the above possible explanations and mechanisms involving dietary knowledge and
health literacy [67,68] cannot explain the results revealed in our study indicating that among those in
the overweight group, people with higher education had lower FIV than individuals with secondary
education. Despite having greater nutrition knowledge, more highly educated individuals might
conform more to cultural norms, e.g., the thin ideal, which is often perceived as a condition of
success [69]. Some authors suggested that body weight dissatisfaction might serve as a driver for
unhealthy dieting behaviors [70,71]. It can be assumed that in our study sample, overweight people
with higher education could have been particularly susceptible to social norms which, in turn, led to
following a strict dietary regimen, thus resulting in lower FIV [70,71].

Strengths and Limitations

The strength of our study is its relatively large sample, representative of the Polish population in
terms of the region of residence, gender, education, and age. Although our findings are specific to
the Polish population and should not be generalized to populations of other cultural backgrounds,
the observations could be of potential use in designing research and interventions. The analysis of
relationships between eating addiction and lifestyle elements of great importance for health, i.e., diet
(dietary variety and following a diet), and physical activity brought a wider perspective on adequate
diet. To the best of our knowledge, this paper is the first to study the association between eating
addiction and food intake variety. The use of the hitherto unknown Eating Preoccupation Scale can be
considered as both a strength and a weakness. On the one hand, it may be noticed by other researchers
and recognized as a tool that deserves further use. On the other hand, the use of this scale is a limitation
of our study. The measure of eating addiction used in the present study (EPS) has not been extensively
used and there is a need for additional research on its psychometric properties and its association with
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measures of related constructs such as food addiction, emotional eating, and binge eating. Additionally,
this cross-sectional study design does not provide an opportunity to find a causal relationship between
food intake variety and other variables. Some limitations are related to the potential biases that
may occur when self-reported data are analyzed [72]. People tend to underreport their weight and
overreport their body height [73], which may have led to underestimation of individuals with excessive
body weight according to the BMI categories in our research. Self-reported indicators of lifestyle can
be considered not quite satisfying, however, and using other measurement indicators confirms the
results from the analysis of self-reported data [74].

5. Conclusions

The study found that food intake variety (FIV) was associated with physical activity at leisure
time, and then with the EPS factor “Eating to provide pleasure and mood improvement”, whereas
sociodemographic characteristics were predictors of FIV only within groups determined by BMI.
In the study sample, physical activity both at leisure and at work/school time proved to be a stronger
predictor than the EPS factor related to pleasure and mood. However, the EPS factor “Eating to
provide pleasure and mood improvement” was the only predictor of FIV among people with obesity.
Sociodemographic characteristics differentiated FIV only within the group with normal body weight
(age) and with overweight (education). Based on the findings of this study, it is possible to better
understand the relationships between food intake variety and some components of lifestyle, including
addictive behaviors. Moreover, additional focus on the groups identified by BMI and the performed
analysis will allow the results to be used in dietary practice. However, there is still a need for further
research involving the use of tools that can identify the “eating addiction” construct. Symptoms of
eating addiction might serve as a marker of disordered eating, while early diagnosis can significantly
affect both prevention and treatment of overweight and obesity. Further research attempting to clarify
the association between FIV and EA should use also other tools to explicitly explain this correlation.

Author Contributions: M.P. and M.J.-Z. made substantial contributions to the study conception and design;
M.P. was involved in the data acquisition; M.J.-Z. analyzed the data; M.J.-Z. and A.M. interpreted the data and
wrote the manuscript; M.J.-Z., M.P., and A.M. were involved in critically revising the manuscript, and have
given their approval to the manuscript submitted. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Polish Ministry of Science and Higher Education within funds of Faculty
of Human Nutrition and Consumer Sciences, Warsaw University of Life Sciences (WULS), for scientific research,
grant number 505-10-102500-Q00306-99.

Acknowledgments: We wish to thank all our study participants for their participation.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Elmadfa, I.; Meyer, A. Developing Suitable Methods of Nutritional Status Assessment: A Continuous
Challenge. Adv. Nutr. 2014, 5, 5905–5985. [CrossRef] [PubMed]

2. Schulze, M.; Martínez-González, M.; Fung, T.; Lichtenstein, A.; Forouhi, N. Food based dietary patterns and
chronic disease prevention. BMJ 2018, 361, k2396. [CrossRef] [PubMed]

3. Blair, S.N.; Hand, G.A.; Hill, J.O. Energy balance: A crucial issue for exercise and sports medicine. Br. J.
Sports Med. 2015, 49, 970–971. [CrossRef] [PubMed]

4. Hobbs, M.; Pearson, N.; Foster, P.J.; Biddle, S.J. Sedentary behaviour and diet across the lifespan: An updated
systematic review. Br. J. Sports Med. 2014, 49, 1179–1188. [CrossRef]

5. Compernolle, S.; De Cocker, K.; Teixeira, P.J.; Oppert, J.-M.; Roda, C.; Mackenbach, J.D.; Lakerveld, J.;
McKee, M.; Glonti, K.; Rutter, H.; et al. The associations between domain-specific sedentary behaviours and
dietary habits in European adults: A cross-sectional analysis of the SPOTLIGHT survey. BMC Public Health
2016, 16, 1057. [CrossRef]

232



Nutrients 2020, 12, 1304

6. Schultchen, D.; Reichenberger, J.; Mittl, T.; Weh, T.R.M.; Smyth, J.M.; Blechert, J.; Pollatos, O. Bidirectional
relationship of stress and affect with physical activity and healthy eating. Br. J. Health Psychol. 2019, 24,
315–333. [CrossRef]

7. Devonport, T.J.; Nicholls, W.; Fullerton, C. A systematic review of the association between emotions and
eating behaviour in normal and overweight adult populations. J. Health Psychol. 2019, 24, 3–24. [CrossRef]

8. Dohle, S.; Hartmann, C.; Keller, C. Physical activity as a moderator of the association between emotional
eating and BMI: Evidence from the Swiss Food Panel. Psychol. Health 2014, 29, 1062–1080. [CrossRef]

9. Gearhardt, A.N.; Corbin, W.R.; Brownell, K.D. Food addiction: An examination of the diagnostic criteria for
dependence. J. Addict. Med. 2009, 3, 1–7. [CrossRef]

10. Gearhardt, A.N.; Corbin, W.R.; Brownell, K.D. Preliminary validation of the Yale Food Addiction Scale.
Appetite 2009, 52, 430–436. [CrossRef]

11. Gearhardt, A.N.; Corbin, W.R.; Brownell, K.D. Development of the Yale Food Addiction Scale Version 2.0.
Psychol Addict. Behav. 2016, 30, 113–121. [CrossRef] [PubMed]

12. Ayaz, A.; Nergiz-Unal, R.; Dedebayraktar, D.; AkyoL, A.; Pekcan, A.G.; Besler, H.T.; Buyuktuncer, Z.
How does food addiction influence dietary intake profile? PLoS ONE 2018, 13, e0195541. [CrossRef]
[PubMed]

13. Pursey, K.; Collins, C.; Stanwell, P.; Burrows, T. Foods and dietary profiles associated with ‘food addiction’ in
young adults. Addict. Behav. Rep. 2015, 2, 41–48. [CrossRef] [PubMed]

14. Pedram, P.; Sun, G. Hormonal and dietary characteristics in obese human subjects with and without food
addiction. Nutrients 2014, 7, 223–238. [CrossRef]

15. Burrows, T.; Hides, L.; Brown, R.; Dayas, C.V.; Kay-Lambkin, F. Differences in Dietary Preferences, Personality
and Mental Health in Australian Adults with and without Food Addiction. Nutrients 2017, 9, 285. [CrossRef]
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Łódź, Poland, 2009.

38. Beliefs and Eating Habits Questionnaire. Behavioral Conditions of Nutrition Team, Committee of Human
Nutrition Science. Polish Academy of Science. Warsaw 2014. Available online: http://www.knozc.pan.pl/
(accessed on 15 October 2018).

39. Cole, T.J.; Lobstein, T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and
obesity. Pediatr. Obes. 2012, 7, 284–294. [CrossRef]

40. James, G.; Witten, D.; Hastie, T.; Tibshirani, R. An Introduction to Statistical Learning; Springer: New York, NY,
USA, 2015; ISBN 978-1-4614-7137-0.

41. Gilhooly, C.H.; Das, S.K.; Golden, J.K.; McCrory, M.A.; Dallal, G.E.; Saltzman, E.; Kramer, F.M.; Robert, S.B.
Food cravings and energy regulation: The characteristics of craved foods and their relationship with eating
behaviors and weight change during 6 months of dietary energy restriction. Int. J. Obes. 2007, 31, 1849–1858.
[CrossRef]

42. Hebebrand, J.; Albayrak, Ö.; Adan, R.; Antel, J.; Dieguez, C.; de Jong, J.; Leng, G.; Menzies, J.; Mercer, J.G.;
Murphy, M.; et al. “Eating addiction”, rather than “food addiction”, better captures addictive-like eating
behavior. Neurosci. Biobehav. Rev. 2014, 47, 295–306. [CrossRef]

43. Curtis, C.; Davis, C. A qualitative study of binge eating and obesity from an addiction perspective. Eat. Disord.
2014, 22, 19–32. [CrossRef]

44. Schulte, E.M.; Avena, N.M.; Gearhardt, A.N. Which foods may Be Addictive? The roles of processing, fat
content, and glycemic load. PLoS ONE 2015, 10, e0117959. [CrossRef] [PubMed]

45. Vanderlinden, J.; Dalle Grave, R.; Vandereycken, W.; Noorduin, C. Which factors do provoke binge-eating?
An exploratory study in female students. Eat. Behav. 2001, 2, 79–83. [CrossRef]

46. Ifland, J.R.; Preuss, H.G.; Marcus, M.T.; Rourke, K.M.; Taylor, W.; Theresa Wright, H. Clearing the confusion
around processed food addiction. J. Am. Coll. Nutr. 2015, 34, 240–243. [CrossRef] [PubMed]

47. White, M.A.; Grilo, C.M. Psychometric properties of the Food Craving Inventory among obese patients with
binge eating disorder. Eat. Behav. 2005, 6, 239–245. [CrossRef]

48. Epel, E.; Lapidus, R.; McEwen, B.; Brownell, K. Stress may add bite to appetite in women: A laboratory study
of stress-induced cortisol and eating behavior. Psychoneuroendocrinology 2001, 26, 37–49. [CrossRef]

49. Zellner, D.A.; Loaiza, S.; Gonzalez, Z.; Pita, J.; Morales, J.; Pecora, D.; Wolf, A. Food selection changes under
stress. Physiol. Behav. 2006, 87, 789–793. [CrossRef]

50. Loprinzi, P.; Smit, E.; Mahoney, S. Physical Activity and Dietary Behavior in US Adults and Their Combined
Influence on Health. Mayo Clin. Proc. 2014, 89, 190–198. [CrossRef]

51. Wadolowska, L.; Kowalkowska, J.; Lonnie, M.; Czarnocinska, J.; Jezewska-Zychowicz, M.; Babicz-Zielinska, E.
Associations between physical activity patterns and dietary patterns in a representative sample of Polish girls
aged 13–21 years: A cross-sectional study (GEBaHealth Project). BMC Public Health 2016, 16, 698. [CrossRef]

234



Nutrients 2020, 12, 1304

52. Wammes, B.; French, S.; Brug, J. What young Dutch adults say they do to keep from gaining weight:
Self-reported prevalence of overeating, compensatory behaviours and specific weight control behaviours.
Public Health Nutr. 2007, 10, 790–798. [CrossRef]

53. Lee, I.; Djoussé, L.; Sesso, H.D.; Wang, L.; Buring, J.E. Physical activity and weight gain prevention. JAMA
2010, 303, 1173–1179. [CrossRef]

54. Charreire, H.; Kesse-Guyot, E.; Bertrai, S.; Simon, C.; Chaix, B.; Weber, C.; Touvier, M.; Galan, P.; Hercberg, S.;
Oppert, J.-M. Associations between dietary patterns, physical activity (leisure-time and occupational) and
television viewing in middle-aged French adults. Br. J. Nutr. 2011, 105, 902–910. [CrossRef] [PubMed]

55. Kesse-Guyot, E.; Bertrais, S.; Peneau, S.; Estaquio, C.; Dauchet, L.; Vergnaud, A.-C.; Czernichow, S.; Galan, P.;
Hercberg, S.; Bellisle, F. Dietary patterns and their sociodemographic and behavioural correlates in French
middle-aged adults from the SU.VI.MAX cohort. Eur. J. Clin. Nutr. 2009, 63, 521–528. [CrossRef] [PubMed]

56. Li, J.T.E.; Pursey, K.M.; Duncan, M.J.; Burrows, T. Addictive Eating and Its Relation to Physical Activity and
Sleep Behavior. Nutrients 2018, 10, 1428. [CrossRef]

57. Luo, S.; O’Connor, S.G.; Belcher, B.R.; Page, K.A. Effects of Physical Activity and Sedentary Behavior on
Brain Response to High-Calorie Food Cues in Young Adults. Obesity 2018, 26, 540–546. [CrossRef] [PubMed]

58. Shook, R.; Hand, G.; Drenowatz, C.; Hebert, J.R.; Paluch, A.E.; Blundell, J.E.; Hill, J.O.; Katzmarzyk, P.T.;
Church, T.S.; Blair, S.N. Low levels of physical activity are associated with dysregulation of energy intake
and fat mass gain over 1 year. Am. J. Clin. Nutr. 2015, 102, 1332–1338. [CrossRef] [PubMed]

59. Yannakoulia, M.; Mamalaki, E.; Anastasiou, C.; Mourtzi, N.; Lambrinoudaki, I.; Scarmeas, N. Eating habits
and behaviors of older people: Where are we now and where should we go? Maturitas 2018, 114, 14–21.
[CrossRef]

60. Tsujim, T.; Yamamoto, K.; Yamasaki, K.; Hayashi, F.; Momoki, C.; Yasui, Y.; Ohfuji, S.; Fukushima, W.;
Habu, D. Lower dietary variety is a relevant factor for malnutrition in older Japanese home-care recipients:
A cross-sectional study. BMC Geriatr. 2019, 19, 197. [CrossRef]

61. Drewnowski, A.; Henderson, S.A.; Driscoll, A.; Rolls, B.J. The Dietary Variety Score: Assessing diet quality
in healthy young and older adults. J. Am. Diet. Assoc. 1997, 97, 266–271. [CrossRef]

62. Morozink Boylan, J.; Cundiff, J.M.; Jakubowski, K.P.; Pardini, D.A.; Matthews, K.A. Pathways Linking
Childhood SES and Adult Health Behaviors and Psychological Resources in Black and White Men.
Ann. Behav. Med. 2018, 52, 1023–1035. [CrossRef]

63. Adler, N.E.; Stewart, J. Health disparities across the lifespan: Meaning, methods, and mechanisms. Ann. NY
Acad. Sci. 2010, 1186, 5–23. [CrossRef]

64. Pechey, R.; Monsivais, P. Socioeconomic inequalities in the healthiness of food choices: Exploring the
contributions of food expenditures. Prev. Med. 2016, 88, 203–209. [CrossRef] [PubMed]

65. Worsley, A.; Blaschea, R.; Ball, K.; Crawford, D. The relationship between education and food consumption
in the 1995 Australian National Nutrition Survey. Public Health Nutr. 2004, 7, 649–663. [CrossRef] [PubMed]

66. Eertmans, A.; Baeyens, F.; Van den Bergh, O. Food likes and their relative importance in human eating
behavior. Review and preliminary suggestions for health promotion. Health Educ. Res. 2001, 16, 443–456.
[CrossRef] [PubMed]

67. Lumbers, M.; Raats, M. Food choices in later life. In The Psychology of Food Choice; Frontiers in Nutritional
Sciences; Shepherd, R., Raats, M., Eds.; CABI Publishing: Wallingford, UK, 2006; Volume 3, pp. 280–310.

68. Conklin, A.; Forouhi, N.; Suhrcke, M.; Surtees, P.; Wareham, N.; Monsivais, P. Variety More Than Quantity of
Fruit And Vegetable Intake Varies By Socioeconomic Status And Financial Hardship. Findings From Older
Adults In The EPIC Cohort. Appetite 2014, 83, 248–255. [CrossRef]

69. Glass, C.; Haas, S.; Reither, E. The Skinny On Success: Body Mass, Gender And Occupational Standing
Across The Life Course. Social Forces 2010, 88, 1777–1806. [CrossRef]

70. Duncan, D.; Wolin, K.; Scharoun-Lee, M.; Ding, E.; Warner, E.; Bennett, G. Does Perception Equal Reality?
Weight Misperception in Relation to Weight-Related Attitudes and Behaviors among Overweight and Obese
US Adults. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 20. [CrossRef]

71. Millstein, R.A.; Carlson, S.A.; Fulton, J.E.; Galuska, D.A.; Zhang, J.; Blanck, H.M.; Ainsworth, B.E.
Relationships between body size satisfaction and weight control practices among US adults. Medscape J. Med.
2008, 10, 119.

72. Burton, N.W.; Brown, W.; Dobson, A. Accuracy of body mass index estimated from self-reported height and
weight in mid-aged Australian women. Aust. N. Z. J. Public Health 2010, 34, 620–623. [CrossRef]

235



Nutrients 2020, 12, 1304

73. Visscher, T.L.; Viet, A.L.; Kroesbergen, I.H.; Seidell, J.C. Underreporting of BMI in Adults and Its Effect on
Obesity Prevalence Estimations in the Period 1998 to 2001. Obesity 2006, 14, 2054–2063. [CrossRef]

74. Kurina, L.M.; McClintock, M.K.; Chen, J.-H.; Waite, L.J.; Thisted, R.A.; Lauderdale, D.S. Sleep duration and
all-cause mortality: A critical review of measurement and associations. Ann. Epidemiol. 2013, 23, 361–370.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

236



MDPI
St. Alban-Anlage 66

4052 Basel
Switzerland

Tel. +41 61 683 77 34
Fax +41 61 302 89 18

www.mdpi.com

Nutrients Editorial Office
E-mail: nutrients@mdpi.com

www.mdpi.com/journal/nutrients





MDPI  
St. Alban-Anlage 66 
4052 Basel 
Switzerland

Tel: +41 61 683 77 34 
Fax: +41 61 302 89 18

www.mdpi.com ISBN 978-3-0365-1109-2 


	Blank Page

