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Low carbohydrate and
psychoeducational programs
show promise for the treatment
of ultra-processed food
addiction: 12-month follow-up
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Charlotte Schon Poulsen3 and David A. Wiss4

1The Collaborative Health Community, Oxford, United Kingdom, 2Sweet Sobriety, Belgrade,
MT, United States, 3Levasockerfri, Linkoping, Sweden, 4Nutrition in Recovery LLC, Los Angeles,
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The topic of ultra-processed food addiction has been the subject of many peer-

reviewed publications. Although on average 14% of adults may meet the criteria

for ultra-processed food addiction in prevalence studies, it is not a recognized

clinical diagnosis, hence a lack of published evidence-based treatment protocols

and outcome data. In 2022, we reported outcomes pre- and post-intervention

from an online, real food-based, low-carbohydrate educational program with

psychosocial support related to ultra-processed food addiction recovery. The

intervention was delivered across three locations, offering a common approach.

The programs comprised weekly online sessions for 10–14 weeks, followed by

monthly support groups. The previously published data were outcomes relating

to ultra-processed food addiction symptoms measured by the modified Yale

Food Addiction Scale 2.0, ICD-10 symptoms of substance use disorder related to

food (CRAVED), and mental well-being as measured by the short version of the

Warwick Edinburgh Mental Wellbeing Scale, pre- and post-intervention. The

current report focuses on the same cohort’s 6- and 12-month follow-up data.

The 12-month follow-up data show significant, sustained improvement in ultra-

processed food addiction symptoms and mental well-being. These data are the

first long-term follow-up results to be published for a food addiction program.

Research is now needed to evaluate and compare other long-term interventions

for this impairing and increasingly prevalent biopsychosocial condition.
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GRAPHICAL ABSTRACT
Introduction

The term food addiction (FA) first appeared in the scientific

literature in 1956 (1), and the number of papers on the topic

continues to flourish. Debate has continued regarding a possible

diagnosis (2–4), but FA has not yet been classified in the Diagnostic

and Statistical Manual of Mental Disorders (5) (DSM-5) or the

International Classification of Diseases (6) (ICD-10). Discussion

also continues about the naming of this proposed disorder. A recent

consensus exercise between international clinicians and academics

in the field concluded overwhelmingly that the term ultra-processed

food addiction (UPFA) most appropriately describes this disorder

(7). Consequently, this report uses UPFA to refer to dependency

behaviours related to added sugar, refined carbohydrates, and ultra-

processed foods (8).

The most common operationalization of UPFA has been the

Yale Food Addiction Scale (YFAS), initially published in 2009 (9),

and the updated YFAS 2.0 (10). In terms of the most problematic

foods for people with UPFA, Schulte et al. (2015) reported pizza,

chocolate, chips (crisps), cookies (biscuits), and ice cream as key

culprits (11). There are now several articles describing UPFA

symptoms (12), the prevalence of the disorder (13), and

purported mechanisms (14, 15) in both animal and human
Frontiers in Psychiatry 02
populations. The worldwide prevalence of UPFA in reported

studies is ∼14%. UPFA is associated with increased BMI and

eating disorders (16).

The 11 criteria for substance use disorder (SUD) from the

DSM-5 (5) can be applied to processed foods high in combinations

of refined carbohydrates/sugar, fat, and salt. Two or three

symptoms would indicate mild UPFA, four or five would be

moderate, and six or more would indicate severe UPFA. The

criteria include:
• Consuming the substance in larger amounts or for longer

than intended.

• Efforts to cut down or stop using the substance but not

managing to.

• Time spent getting, using, or recovering from the substance.

• Cravings and urges to use the substance.

• Not managing to perform at work, home, or school because

of substance use.

• Continuing to use the substance despite causing problems

in relationships.

• Giving up important social, occupational, or leisure

activities because of substance use.

• Using the substance repeatedly despite harmful consequences.
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• Continuing to use the substance despite physical or

psychological problems caused or worsened by

the substance.

• Needing more of the substance to get the desired effect.

• Development of withdrawal symptoms, which are relieved

by consumption of substance.
There are six criteria from the ICD-10 for SUD (6) where three

or more symptoms indicate SUD:
• “Craving”, a strong desire or urge to use the substance.

• Difficulty controlling the onset, duration, amount, and

termination of substance use.

• Increasing priority of substance use over other activities

over time.

• Increased tolerance and the need to increase consumption

over time.

• Physiological features of withdrawal when trying to abstain.

• Continued use of the substance despite mental or

physical harm.
An addiction model of increased BMI and lifestyle-related

diseases might explain why individuals struggle to comply with

advice such as “eating in moderation”. An understanding of the

addiction model of eating behavior reduces stigma by changing the

blame narrative away from personal responsibility (17, 18).

According to a recent study, 60% of professionals reported an

interest in receiving training in addictive eating (19). An unmet

need clearly exists.

There is a close association between UPFA and eating disorders

(EDs), leading to calls for ED and UPFA addiction screening to

complement one another (20). Individuals with bulimia nervosa (BN)

have the highest prevalence of UPFA (48–95%), with binge eating

disorder (BED; 55–80%), and anorexia nervosa (AN; 44–70%) also

significantly associated (15, 18, 20–22). It has been suggested that

increases in self-reported UPFA scores may be inflated by efforts to

restrain eating, engage in compensatory behaviours (e.g., purging), or

maintain lower body weights (8). Among adolescents, UPFA

symptoms are an antecedent to dietary restraint (23). Meanwhile,

UPFA symptoms can exist independently of ED symptoms and,

therefore, should be considered as a distinct disorder warranting

targeted evidence-based interventions (8, 20).

UPFA has been the focus of several neurobiological theories.

Wiss et al. (2018) stated that “evidence is accumulating on the

overlap of neural circuitry and commonalities between drug abuse

and FA in humans” (14). Similarly, Lindgren et al. (2018)

conceptualized UPFA via overlapping neural mechanisms with

drug and alcohol addiction; specifically, a dampening of

dopamine signaling and downregulation of the m-opioid receptor,

“coupled with impairment of prefrontal regions that are involved in

inhibitory control” (15). There is a complex interaction between

neurobiology and the hormones regulating eating. Lindgren et al.

point to the challenge of UPFA treatment because, unlike other

SUDs, total abstinence from food is not an option (15). However,

abstinence from ultra-processed foods is entirely feasible. There
tiers in Psychiatry 03
have been no reports of addictive behaviours with real food proteins

and fats.

Several interventions for UPFA have been suggested:

medications (24), cognitive behavioral therapy (25), and brain

stimulation, although published data is lacking. Psychoeducation

improved UPFA severity, but a 73% prevalence post-intervention

was still present (26). A study of 44 people undergoing bariatric

surgery reduced UPFA prevalence from 32% to 2% at 6 months

without further follow-up (27). A recent paper found that bariatric

surgery had the most evidence of effectiveness (28). An energy-

reduced diet in 11 people with BMIs above 30 (obesity) with

symptoms of UPFA was found to normalize brain activation

compared to people with high BMIs without FA (29). However,

the follow-up was only 3 months, and no diet details were provided.

Probiotics (30) and “infra-slow” brain training (31) have also been

proposed. Reche-Garcia et al. (2024) found that studies looking at

UPFA treatment were not of high quality and that there was a

dearth of research on adolescent populations to date (28).

In a randomized controlled trial, Leary et al. (2024)

demonstrated that participants with UPFA encouraged to set

their own goals could increase dietary quality and that

consumption of more nutrient-dense foods correlated with

reduced UPFA symptoms (32).

Low-carbohydrate approaches have been suggested as having

the potential to reduce UPFA symptoms (33). Ultra-processed,

refined, or high-glycemic carbohydrates are a possible “trigger”

mediating a neurochemical reward response similar to that seen in

other addictions. The carbohydrate-insulin model of weight

regulation supports observations of these foods triggering

aberrant blood sugar and insulin spikes, subsequently leading to

changes in metabolic and neurobiological signaling (34). A case

series of three patients with BMI>30, BED, and UPFA managed

over 6–7 months on a low-carbohydrate ketogenic approach

demonstrated that binge eating and UPFA symptoms improved,

accompanied by a 10–24% body weight loss, followed over 9–17

months (35).

Interventions for UPFA should investigate long-term

sustainable improvements in symptoms and mental well-being, as

well as the risk of developing new disorders of eating. UPFA

treatment should not overemphasize weight loss, which can

obscure the focus on the behavioral outcomes of the disorder (8).

Given the increase in attention to weight stigma, clinicians and

researchers may favor a more weight-inclusive approach (36).

In 2022, a poll of an online food addiction professional group

(The Food Addiction Professionals Network) found that 20 out of

25 practitioners recommended carbohydrate-restricted food plans

(unpublished data). This supports carbohydrate reduction as a

common clinical practice for the management of UPFA. Other

practitioners reported including more whole grains and fruit in

their recommendations, and some preferred to assess clients

individually. To our knowledge, no previous audits of long-term

practice outcomes in UPFA have been published. The current audit

describes the 6- and 12-month follow-up data from treatment

services across three different countries offering online group

interventions for people self-identifying as having UPFA,
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including an “abstinent” low carbohydrate “real food” approach

and biopsychosocial education focused on addiction recovery. The

pre- and post-program results have previously been published (37).
Materials and methods

Three clinics in two continents [the United Kingdom (UK);

North America (NA); Sweden (SE)], using online programs for

treating people with UPFA, collaborated to implement the same

screening instruments for intake and follow-up. The ethics protocol

for the National Health Service in the UK was reviewed and

indicated that a formal ethical review was not required as the

project was an audit of pre-existing routine practice, and

participants were self-referred.
Participants

Social media and mailing list advertisements by the authors led

to participant recruitment. Clinicians screened potential

participants through online interviews to confirm self-identified

UPFA symptoms. None of the programs accepted people under 18

years of age, pregnant, having severe mental health problems

requiring ongoing specialist psychiatric support, or any doctor

requesting exclusion. Each participant was given information

about the program and audit process and had the opportunity to

ask questions. Participants completed a consent form as part of the

initial data collection to affirm that their anonymized data could be

used to evaluate the programs. A unique code identified

participants’ data to ensure anonymity. An information sheet

(UK) and protocols are included as Supplementary Materials to

the original publication (37). Participants paid a reduced fee (NA,

SE) or voluntary donation (UK) to participate.
Power calculation

Power calculations using the primary outcome measures of the

mYFAS 2.0 (38) and the short version of the Warwick Edinburgh

Mental Wellbeing Scale (39) (SWEMWBS) indicated that 26

participants were needed to complete the 1-year follow-up in

each location, for a total of 78 total participants. Each location

aimed to have 60–70 participants complete baseline data to ensure

adequate numbers at 1-year follow-up. The total sample size at the

start of the audit was 238 (UK=66, NA=95, SE=77), and at 12

months was 117 participants (UK=44, NA=50, SE=23).
Measures

The mYFAS 2.0 is a short version of the YFAS 2.0 (38). The

mYFAS 2.0 includes 13 items: one for each of the 11 UPFA criteria
Frontiers in Psychiatry 04
in the DSM-5 for SUD and two for assessing clinically significant

impairment or distress. One example item is: “I ate until I was

physically ill.” There are eight frequency choices on a scale from

never to every day. The mYFAS 2.0 has good reliability and

convergent and discriminant validity (38). The scale can be

analyzed as a total number of criteria met (0–11, reported here)

or categorically as an indication of diagnosis and severity.

A brief screening tool for UPFA symptoms based on the six

ICD-10 criteria for SUD (6) was developed by HG and JU as a

simple tool for clinicians. CRAVED, which has not been formally

validated, is described and included in the Supplementary Materials

to the original paper (37). Participants were asked to rate whether

they had experienced the symptom in the last month (yes or no,

possible score 0–6). An example item is: “I had such a strong desire

or sense of compulsion at the thought of eating these foods, that I

could not resist the urge to eat them.” A score of 3 or more out of 6

indicates a potential SUD according to ICD-10 (6).

The SWEMWBS is a short version of the Warwick-Edinburgh

Mental Wellbeing Scale (39). The scale was developed to monitor

mental well-being in the general population and evaluate programs

designed to improve mental well-being. There are seven statements

relating to functioning (e.g., I’ve been thinking clearly) with five

Likert-type responses from none of the time to all the time. The

measure has good construct and external validity and test-retest

reliability (39). Scores range from 7-35, with higher scores

indicating more positive well-being. A representative sample from

England reported a mean of 23.6 (40).

The following data were also collected: age, gender, and body

mass index (BMI). The online survey took approximately 10

minutes to complete.
Programs

The programs consisted of 10–14 weeks of 90–120-minute

sessions in groups of 11–40 participants. Some variation is due to

each location having its own program materials and methods.

Sessions consisted of educational content delivered live or pre-

recorded, coaching discussions, and assigned reflections. The

content of the programs included: understanding addiction

concepts and biochemistry, self-assessment screening and

reflection, abstinent low-carbohydrate individualized “real food”

plan, imagining life beyond UPFA, new habits and tastes, resilience,

relapse prevention planning, and personal lifestyle planning.

Abstinence from sugar, grains, processed food, and any foods the

individual participants reported being unable to moderate (e.g.,

peanut butter) was emphasized. A comparison of the three group

programs and an example food plan (UK) are included in the

Supplementary Materials of the 2022 paper (37). Following the

active program phase, participants joined a monthly 60-minute

clinician-facilitated online support group, which continued for 12

months. All groups also independently established additional social

support through group chats and online meetings.
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TABLE 1 Age and outcome variables at all time points for each location.

UK Sweden (SE) North America (NA)

After
Six

months
12

months
Before After

Six
months

12
months

- - - 48 (11)
†95

- - -

) 4.0 (2.0, 5.0)
†53

p=0.0001

4.0 (1.0, 5.0)
†41

p=0.0007

3.0 (0.0, 4.0)
†23

p=0.004

5.0 (4.0, 6.0)
†95

p<0.0001

3.0 (1.0,
5.0)
†59

p<0.0001

3.5 (0.0, 4.0)
†48

p<0.0001

3.0 (1.0, 4.8)
†50

p<0.0001

2.0 (0.0, 8.0)
†53

p<0.0001

3.0 (1.0, 7.0)
†41

p<0.0001

2.0 (0.0, 4.5)
†23

p=0.0014

8.0 (5.0, 10)
†95

7.0 (1.5,
10)
†59

p=0.0021

1.0 (0.0, 4.2)
†48

p<0.0001

1.0 (0.0, 5.5)
†50

p<0.0001

23 (21, 25)
†53

p<0.0001

23 (19, 25)
†41

p<0.18

23 (21, 25)
†23

p=0.0016

21 (19, 22)
†95

23 (22, 25)
†59

p<0.0001

22 (22, 25)
†48

p<0.0001

23 (20, 25)
†50

p=0.0017

28 (25, 33)
†51

p=0.002

28 (26, 32)
†41

p=0.829

28 (24, 31)
†23

p=0.649

31 (24, 38)
†90

32 (25, 38)
†55

p=0.0005

32 (26, 38)
†44

p=0.1503

29 (24, 36)
†48

p=0.0077

)

Median (IQR)
*mean (sd)

†N

Median
(IQR)

*mean (sd)
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Median (IQR)
*mean (sd)

†N

U
n
w
in

e
t
al.

10
.3
3
8
9
/fp

syt.2
0
2
5
.15

5
6
9
8
8

Fro
n
tie

rs
in

P
sych

iatry
fro

n
tie

rsin
.o
rg

0
5

Variable
Before After

Six
months

12
months

Before

Age at start *52 (11)
†66

- - - *46 (9.3)
†77

CRAVED 5.0 (4.0, 6.0)
†66

3.0 (2.0, 5.0)
†59

p<0.0001

4.0 (1.2, 4.8)
†50

p<0.0001

3.0 (0.0, 5.0)
†44

p<0.0001

5.0 (5.0, 6.0
†77

mYFAS
Diagnostic

6.5 (3.0, 10)
†66

4.0 (0.0, 7.5)
†59

p=0.003

1.0 (0.0, 3.8)
†50

p<0.0001

2.0 (0.0, 5.0)
†44

p<0.0001

8.0 (5.0, 10
†77

SWEMWBS 20 (19, 22)
†66

22 (20, 25)
†59

p<0.0001

21 (19, 24)
†50

p=0.028

22 (19, 25)
†44

p= 0.001

20 (19, 23)
†77

BMI 32 (28, 38)
†66

31 (26, 36)
†58

p=0.010

31 (28, 38)
†49

p=0.492

30 (26, 35)
†43

p= 0.031

28 (26, 33)
†77

Key Median
(IQR)

*mean (sd)
or
†N

Median (IQR)
*mean (sd)

†N

Median
(IQR)

*mean (sd
or
†N

Significant results shown in bold.
* = Mean (SD).
† = N.
)
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Data collection and analysis

Data collection points were scheduled before and after the

online group sessions and at 6 and 12 months thereafter.

Participants entered their data into online forms, which were

analyzed using R v4.4.0. Data were prepared using the tidyr

package, version 1.3.1 (41). P-values were calculated using the

Wilcoxon rank sum test with continuity correction, with p<0.05

considered statistically significant. Change over time was modelled

with linear mixed models using the 1me4 package, version 1.1.35.3

(42), and p-values were estimated using 1merTest and anova

Kenward_Roger approximation. All available data points for each

time point were included in the analysis. Summary statistics were

calculated using random effects models and the DerSimonian-Laird
Frontiers in Psychiatry 06
estimate (43) and visualized as forest plots using the meta package,

version 7.0.0 (44).
Results

Not all participants were available for follow-up, and a small

number of participants who completed follow-up data could not be

matched to baseline data because they entered unidentifiable codes.

There were 44, 49, and 23 sets of matched data for UK, NA, and SE,

respectively. Table 1 shows the demographic and outcome variables

for the participants across the three locations. Participants were

predominantly female (91% UK, 97% NA, and 100% SE). Mean age

at start was 52 (SD 11) (UK), 47 (SD 9.3) (NA) and 50 (SD 11) (SE).
FIGURE 1

(A) mYFAS 2.0, (B) CRAVED, (C) SWEMWBS & (D) weight scores over time for all locations.
FIGURE 2

(A) mYFAS 2.0 severity indicators for participants in each location over time. (B) CRAVED severity indicators for participants in each location
over time.
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Reductions in UPFA symptoms over time were significant

across both mYFAS 2.0 and CRAVED across all locations (all p-

values < 0.005). Improvements in mental well-being (SWEMWBS)

were significant at 12 months for all locations (all p-values < 0.002).

Improvements in BMI were significant at 12 months in the UK

(p=0.031) and NA (p=0.007)

Figure 1 displays significant improvements in mYFAS 2.0,

CRAVED and SWEMWBS scores over time for all locations.

Figure 2A shows the change in mYFAS 2.0 severity indicators

for participants in each location over time. There was a significant

change from predominantly the ‘severe’ category to the ‘no food

addiction’ category at 12 months across all locations (p<0.001).

Figure 2B shows the reduction in CRAVED food addiction score at

12 months.

Figure 3 shows summary statistics using forest plots. The data

show that the aggregated results represent a significant reduction in

food addiction symptoms (mYFAS 2.0 and CRAVED) and

improvement in mental well-being (SWEMWBS) over the 12-

month follow-up period.
Frontiers in Psychiatry 07
Discussion

There is a shortage of published data on intervention outcomes

for individuals struggling with addictive behaviours relating to food.

Even fewer studies report longer-term outcomes. Meanwhile,

clinicians and coaches are actively providing services to clients

seeking help. The data presented here represent the 12-month

follow-up of an audit of similar online low-carbohydrate “real

food” programs with psychoeducation and social support

delivered across three locations in North America and Europe.

Across all three countries, participants independently set up

support groups to share information, challenges, and successes

between sessions. The interventions appeared accessible and

acceptable to participants who provided data.

The significant long-term improvement in UPFA symptoms in

both the mYFAS 2.0 and CRAVED is encouraging. The observation

that individuals maintained improvements following the end of

active treatment is noteworthy, given the known high relapse rates

of other recognized addictive disorders (45).
FIGURE 3

Summary statistics using forest plots. (A) mYFAS 2.0, (B) CRAVED, (C) SWEMWBS.
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High refined sugar and carbohydrate diets have been linked

with poor mental health outcomes (25). Women with more refined

carbohydrates in their diet were more likely to have depression 3

years later (46). Current participants’ mental well-being was lower

than reported UK norms for the SWEMWBS pre-intervention

(mean 23.5, SD 3.9) (38). However, post-intervention scores were

similar to population norms. Improved well-being has measurable

beneficial effects on health and quality of life (47).

Weight loss does not need to be a focus of UPFA treatment.

Notably, 11.4% of people with UPFA are found normal- or

underweight (48). Another study found that 5.5% of normal- and

15% of underweight people meet the criteria for UPFA (49). People

of higher weights often seek UPFA treatment with the hope of

weight reduction. This may explain why some ED professionals are

skeptical of this field (8). The current data show that decreases in

BMI were significant in two locations (UK and NA) despite not

being a focus of the programs.

This audit has some limitations. Participants were

predominantly female. Further studies are needed to establish

suitable interventions for male individuals with UPFA. There is

no control arm to compare participants who did not receive the

intervention. Participants not completing the program and follow-

up data likely had poorer outcomes than those completing the

sessions (attrition bias). Furthermore, the intensive contact with

clinicians and fellow participants can be therapeutic regardless of

the nutrition intervention. The study did not include screening or

measurement of EDs. It is known that UPFA and EDs often co-

occur (16, 20, 22). Some of the outcome variability observed may be

explained by considering this co-occurrence in future

prospective studies.

The current data demonstrate the long-term clinical

effectiveness of a low carbohydrate “real food” intervention

delivered in an online group format with education and social

support for individuals with UPFA symptoms. This intervention

demonstrated clinically significant benefits for participants after 12

months. Larger, controlled and randomized intervention studies are

needed to continue developing effective treatment protocols for this

complex condition. It seems timely to compare an “abstinence-

based” treatment approach described herein with the “all foods fit”

(moderation) approaches among those with co-occurring UPFA

and EDs, particularly binge-type EDs. Integration of UPFA-

informed treatment models should be implemented with

sensitivity to other models of ED recovery; clinicians and

researchers from different schools of thought should join forces to

improve patient care rather than oppose one another from deeply

established intellectual allegiances.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Frontiers in Psychiatry 08
Ethics statement

Ethical review and approval was not required for the study on

human participants in accordance with the local legislation and

institutional requirements. The patients/participants provided their

written informed consent to participate in this study.

Author contributions

JU: Conceptualization, Investigation, Methodology, Project

administration, Supervision, Writing – original draft, Writing –

review & editing. CD: Data curation, Formal analysis, Methodology,

Project administration, Resources, Supervision, Writing – review &

editing. HG: Conceptualization, Investigation, Methodology, Project

administration, Resources, Supervision, Writing – review & editing.

CK: Conceptualization, Investigation, Methodology, Project

administration, Resources, Supervision, Writing – review & editing.

MP: Conceptualization, Data curation, Investigation, Methodology,

Project administration, Resources, Supervision, Writing – review &

editing. FS: Conceptualization, Investigation, Methodology, Project

administration, Resources, Supervision, Writing – review & editing.

CP: Conceptualization, Data curation, Investigation, Methodology,

Project administration, Resources, Writing – review & editing. DW:

Conceptualization, Methodology, Resources, Supervision, Validation,

Writing – review & editing.

Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. Publication was funded by the

Collaborative Community Health Foundation, UK charity 1207031.

Acknowledgments

With grateful thanks to Fiona Griffiths who gave considerable

voluntary administrative support to this project.

Conflict of interest

Authors CK, MP, FS, CP, and DW have fee-paying clients with

ultra-processed food addiction.

Authors DW was employed by Nutrition in Recovery LLC.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
frontiersin.org

https://doi.org/10.3389/fpsyt.2025.1556988
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Unwin et al. 10.3389/fpsyt.2025.1556988
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Psychiatry 09
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Randolph T. The descriptive features of food addiction; addictive eating and
drinking. Q J Stud Alcohol. (1956) 17:198–224. doi: 10.15288/qjsa.1956.17.198

2. Gearhardt A, Hebebrand J. The concept of ‘food addiction’ helps inform the
understanding of overeating and obesity: yes. Am J Clin Nutr. (2021) 113:263–7.
doi: 10.1093/ajcn/nqaa343

3. Hebebrand J, Gearhardt A. The concept of ‘food addiction’ helps inform the
understanding of overeating and obesity: no. Am J Clin Nutr. (2021) 113:268–75.
doi: 10.1093/ajcn/nqaa344

4. Gearhardt A, Hebebrand J. The concept of ‘food addiction’ helps inform the
understanding of overeating and obesity: debate consensus. Am J Clin Nutr. (2021)
113:276. doi: 10.1093/ajcn/nqaa345

5. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, 5th ed (2013). doi: 10.1176/appi.books.9780890425596.

6. World Health Organization. The ICD-10 Classification of Mental and Behavioral
Disorders. Geneva: World Health Organization (1993).

7. Unwin J, Giaever H, Avena N, Kennedy C, Painschab M, La Fata E. Towards
consensus: Using a Delphi Methodology to form an International Expert Consensus
statement on Ultra-Processed Food Addiction.Frontiers in psychiatry. (in press).

8. Wiss D. Clinical consideration of ultra-processed food addiction across weight
classes: an eating disorder treatment and care perspective. Curr Addict Rep. (2022)
22:411. doi: 10.1007/s40429-022-00411-0

9. Gearhardt A, Corbin W, Brownell K. Preliminary validation of the yale food
addiction scale. Appetite. (2009) 52:430–6. doi: 10.1016/j.appet.2008.12.003

10. Gearhardt A, Corbin W, Brownell K. Development of the yale food addiction
scale version 2.0. Psychol Addict Behav. (2006) 30:113–21. doi: 10.1037/adb0000136

11. Schulte E, Avena N, Gearhardt A. Which foods may be addictive? The roles of
processing, fat content, and glycemic load. PloS One. (2015) 10:e0117959. doi: 10.1371/
journal.pone.0117959

12. Gordon E, Ariel-Donges A, Bauman V, Merlo L. What is the evidence for “food
addiction?” a systematic review. Nutrients. (2018) 10:40477. doi: 10.3390/nu10040477

13. Penzenstadler L, Soares C, Karila L, Khazaal Y. Systematic review of food
addiction as measured with the yale food addiction scale: implications for the food
addiction construct. Curr Neuropharmacol. (2019) 17:526–38. doi: 10.2174/
1570159X16666181108093520

14. Wiss D, Avena N, Rada P. Sugar addiction: from evolution to revolution. Front
Psychiatry. (2018) 9:545. doi: 10.3389/fpsyt.2018.00545

15. Lindgren E, Gary K, Miller G, Tyler R, Wiers C, Volkow N, et al. Food addiction:
a common neurobiological mechanism with drug abuse. Front Biosci. (2018) 23:811–
36. doi: 10.2741/4618

16. Praxedes D, Silva-Junior A, Macena M, Oliveira A, Cardoso K, Nunes L, et al.
Prevalence of food addiction determined by the Yale Food Addiction Scale and
associated factors: a systematic review with meta-analysis. Eur Eating Dis Rev. (2022)
30:85–95. doi: 10.1002/erv.2878

17. Latner J, Puhl R, Murakami J, O’Brien K. Food addiction as a causal model of
obesity effects on stigma, blame and perceived psychopathology. Appetite. (2014)
77:79–84. doi: 10.1016/j.appet.2014.03.004

18. O’Brien K, Puhl R, Latner J, Lynott D, Reid J, Vakhitova Z. The effect of a food
addiction explanation model for weight control and obesity on weight stigma.
Nutrients. (2020) 12:294. doi: 10.3390/nu12020294

19. Burrows T, Vedejo-Garcia A, Carter A, Brown R, Andrews Z, Dayas C, et al.
Health professionals’ and health professional trainees’ views of addictive eating
behaviours. Nutrients. (2020) 12:2860. doi: 10.3390/nu12092860

20. Wiss D, Brewerton B. Separating the signal from the noise: how psychiatric
diagnoses can help discern food addiction from dietary restraint. Nutrients. (2020)
12:2937. doi: 10.3390/nu12102937

21. Meule A, Gearhardt A. Ten years of the yale food addiction scale: a review of
version 2. Curr Addict Rep. (2019) 6:218–28. doi: 10.1007/s40429-019-00261-3

22. Fauconnier M, Rousselet M, Brunault P, Thiabaud E, Lambert S, Rocher B, et al.
Food Addiction among female patients seeking treatment for an eating disorder:
prevalence and associated factors. Nutrients. (2020) 12:1897. doi: 10.3390/nu12061897

23. Rios J, Berg M, Gearhardt A. Evaluating bidirectional predictive pathways
between dietary restraint and food addiction in adolescents. Nutrients. (2023)
15:2977. doi: 10.3390/nu15132977
24. Vella SNB, Pai A. Narrative review of potential treatment strategies for food
addiction. Eat Weight Disord. (2017) 22:387–93. doi: 10.1007/s40519-017-0400-2

25. 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) 31:544–72. doi: 10.1111/jhn.12532

26. Hilker I, Sanchez I, Steward T, Jimenez-Murcia S, Granero R, Gearhardt A, et al.
Food addiction in bulimia nervosa: clinical correlates and association with response to a
brief psychoeducational intervention. Eur Eat Disord Rev. (2016) 24:482–8.
doi: 10.1002/erv.2473

27. Pepino M, Stein R, Eagan J, Klein S. Bariatric surgery-induced weight loss causes
remission of food addiction in extreme obesity. Obesity. (2014) 22:1792– 8.
doi: 10.1002/oby.20797

28. Reche-Garcia C, Piernas C, Garcia-Vizcaino E, Lorente-Gallego A Piuvezam G,
Frutos MD, et al. Bariatric-metabolic surgery is the most effective intervention in
reducing food addiction symptoms: A systematic review and meta-analysis. Obes Surg.
(2024) 34:3475–92. doi: 10.1007/s11695-024-07107-6

29. Guzzardi M, Agostini A, Filidei F, Giorgetti A, Mezzullo M. Food addiction
distinguishes an overweight phenotype that can be reversed by low calorie diet. Eur Eat
Disord Rev. (2018) 26:657–70. doi: 10.1002/erv.2652

30. Narmaki E, Borazjani M, Ataie-Jafari A, Hariri N, Doost A, Qorbani M, et al.
The combined effects of probiotics and restricted calorie diet on the anthropometric
indices, eating behavior, and hormone levels of obese women with food addiction: a
randomized clinical trial. Nutr Neurosci. (2020) 2020:1–13. doi: 10.1080/
1028415X.2020.1826763

31. Leong S, Vanneste S, Lim J, Smith M, Manning P, De Ridder D, et al.
Randomised, double-blind, placebo-controlled parallel trial of closed-loop infraslow
brain training in food addiction. Sci Rep. (2018) 8:11659. doi: 10.1038/s41598-018-
30181-7

32. Leary M, Skinner JA, Pursey KM, Verdejo-Garcia A, Collins R, Collins C, et al.
The effectiveness of the TRACE online nutrition intervention in improving dietary
intake, sleep quality and physical activity levels for Australian adults with food
addiction: a randomised controlled trial. J Hum Nutr Diet. (2024) 37:978–94.
doi: 10.1111/jhn.13312

33. Sethi Dalai S, Sinha A, Gearhardt A. Low carbohydrate ketogenic therapy as a
metabolic treatment for binge eating and ultraprocessed food addiction. Curr Opin
Endocrinol Diabetes Obes. (2020) 27:275–82. doi: 10.1097/MED.0000000000000571

34. Ludwig D, Aronne L, Astrup A, de Cabo R, Cantley L, Friedman M, et al. The
Carbohydrate-Insulin model: a physiological perspective on the obesity pandemic. Clin
Nutr. (2021) 114:1873–85. doi: 10.1093/ajcn/nqab270

35. Carmen M, Sfaer D, Saslow L, Kalayjian T, Mason A, Westman E, et al. Treating
binge eating and food addiction symptoms with low-carbohydrate Ketogenic diets: a
case series. J Eat Disord. (2020) 8:2. doi: 10.1186/s40337-020-0278-7

36. Hunger J, Smith J, Tomiyama A. An evidence-based rationale for adopting
weight inclusive health policy. Soc Issues Policy Review. (2020) 14:1. doi: 10.1111/
sipr.12062

37. Unwin J, Delon C, Giaver H, Kennedy C, Painschab M, Sandin F, et al. Low
carbohydrate and psychoeducational programs show promise for the treatment of
UPFA. Front Psychiatry. (2022) 13. doi: 10.3389/fpsyt.2022.1005523

38. Schulte E, Gearhardt A. Development of the modified yale food addiction scale
version 20. Eur Eat Disord Rev. (2017) 25:302–8. doi: 10.1002/erv.2515

39. Shah N, Cader M, Andrews B, McCabe R, Stewart-Brown S. Short Warwick-
Edinburgh Mental Well-being Scale (SWEMWBS): performance in a clinical sample in
relation to PHQ-9 and GAD-7.Health Qual Life Outcomes. (2021) 19:260. doi: 10.1186/
s12955-021-01882-x

40. Stewart-Brown S, Tennant A, Tennant R, Platt S, Parkinson J, Weich S. Internal
construct validity of the Warwick-Edinburgh Mental Well- being Scale (WEMWBS): a
Rasch analysis using data from the Scottish Health Education Population Survey.
Health Qual Life Outcomes. (2009) 7:15. doi: 10.1186/1477-7525-7-15

41. Wickham H, Vaughan D, Girlich M. _Tidyr: Tidy Messy Data_. R package
version 1.3.1 (2024). Available at: https://CRAN.R-project.org/package=tidyr.

42. Bates D, Maechler M, Bolker B, Walker S. Fitting linear mixed-effects models
using lme4. J Stat Software. (2015) 67:1–48. doi: 10.18637/jss.v067.i01

43. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
(1986) 7:177–88. doi: 10.1016/0197-2456(86)90046-2
frontiersin.org

https://doi.org/10.15288/qjsa.1956.17.198
https://doi.org/10.1093/ajcn/nqaa343
https://doi.org/10.1093/ajcn/nqaa344
https://doi.org/10.1093/ajcn/nqaa345
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1007/s40429-022-00411-0
https://doi.org/10.1016/j.appet.2008.12.003
https://doi.org/10.1037/adb0000136
https://doi.org/10.1371/journal.pone.0117959
https://doi.org/10.1371/journal.pone.0117959
https://doi.org/10.3390/nu10040477
https://doi.org/10.2174/1570159X16666181108093520
https://doi.org/10.2174/1570159X16666181108093520
https://doi.org/10.3389/fpsyt.2018.00545
https://doi.org/10.2741/4618
https://doi.org/10.1002/erv.2878
https://doi.org/10.1016/j.appet.2014.03.004
https://doi.org/10.3390/nu12020294
https://doi.org/10.3390/nu12092860
https://doi.org/10.3390/nu12102937
https://doi.org/10.1007/s40429-019-00261-3
https://doi.org/10.3390/nu12061897
https://doi.org/10.3390/nu15132977
https://doi.org/10.1007/s40519-017-0400-2
https://doi.org/10.1111/jhn.12532
https://doi.org/10.1002/erv.2473
https://doi.org/10.1002/oby.20797
https://doi.org/10.1007/s11695-024-07107-6
https://doi.org/10.1002/erv.2652
https://doi.org/10.1080/1028415X.2020.1826763
https://doi.org/10.1080/1028415X.2020.1826763
https://doi.org/10.1038/s41598-018-30181-7
https://doi.org/10.1038/s41598-018-30181-7
https://doi.org/10.1111/jhn.13312
https://doi.org/10.1097/MED.0000000000000571
https://doi.org/10.1093/ajcn/nqab270
https://doi.org/10.1186/s40337-020-0278-7
https://doi.org/10.1111/sipr.12062
https://doi.org/10.1111/sipr.12062
https://doi.org/10.3389/fpsyt.2022.1005523
https://doi.org/10.1002/erv.2515
https://doi.org/10.1186/s12955-021-01882-x
https://doi.org/10.1186/s12955-021-01882-x
https://doi.org/10.1186/1477-7525-7-15
https://CRAN.R-project.org/package=tidyr
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.3389/fpsyt.2025.1556988
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Unwin et al. 10.3389/fpsyt.2025.1556988
44. Balduzzi S, Rücker G, Schwarzer G. How to perform a meta-analysis with R: a practical
tutorial, Evidence-BasedMental Health. (2019) 22:153–60. doi: 10.1136/ebmental-2019-300117

45. Bricca A, Swithenbank Z, Scott N, Treweek S, Johnston M, Black N, et al.
Predictors of recruitment and retention in randomized controlled trails of behavioral
smoking cessation intervention: a systematic review and meta- regression analysis.
Addiction. (2021) 117:299–311. doi: 10.1111/add.15614

46. Gangwisch J, Hale L, Garcia L, Malaspina D, Opler M. High glycaemic index diet
as risk factor for depression. Am J Clin Nutt. (2015) 102:454–63. doi: 10.1111/j.1360-
0443.2006.01310.x
Frontiers in Psychiatry 10
47. Maccagnan A, Wren-Lewis S, Brown H, Taylor T. Wellbeing and society:
towards quantification of the co-benefits of wellbeing. Soc Indic Res. (2018) 141:217–
43. doi: 10.1007/s11205-017-1826-7

48. Hauck C, Weiss A, Schulte E, Meule A, Ellrot T. Prevalence of food addiction as
measured with the Yale Food Addiction Scale 2 in a representative German sample.
Obes Facts. (2017) 10:12–24. doi: 10.1159/000456013

49. Pedram P, Wadden D, Amini P, Gulliver W, Randell E, Cahill F, et al. Food
addiction: its prevalence and significant association with obesity in the general
population. PloS One. (2013) 8:e74832. doi: 10.1371/journal.pone.0074832
frontiersin.org

https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.1111/add.15614
https://doi.org/10.1111/j.1360-0443.2006.01310.x
https://doi.org/10.1111/j.1360-0443.2006.01310.x
https://doi.org/10.1007/s11205-017-1826-7
https://doi.org/10.1159/000456013
https://doi.org/10.1371/journal.pone.0074832
https://doi.org/10.3389/fpsyt.2025.1556988
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Low carbohydrate and psychoeducational programs show promise for the treatment of ultra-processed food addiction: 12-month follow-up
	Introduction
	Materials and methods
	Participants
	Power calculation
	Measures
	Programs
	Data collection and analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


