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ABSTRACT

Background and aims: Data regarding the association between ultra-processed food (UPF) consumption
and eating disorders (ED) are scarce. Our aim was to investigate whether UPF intake was associated with
different ED types in a large population-based study. Methods: 43,993 participants (mean age 5 51.0
years; 76.1% women) of the French NutriNet-Santé web-cohort who were screened for ED in 2014 via the
Sick-Control-One stone-Fat-Food (SCOFF) questionnaire, were included in the analysis. The clinical
algorithm ExpaliTM tool was used to identify four ED types: restrictive, bulimic, binge eating, and other
(not otherwise specified). Mean dietary intake was evaluated from at least 2 self-administered 24-h dietary
records (2013–2015); categorization of food as ultra-processed or not relied on the NOVA classification.
The associations between UPF intake (as percent and reflecting mean daily UPF quantity (g/d) within the
dietary intake, %UPF) and ED types were evaluated using polytomous logistic regression models. Results:
5,967 participants (13.6%) were categorized as likely ED (restrictive n 5 444; bulimic n 5 1,575; binge
eating n 5 3,124; other ED n 5 824). The fully-adjusted analyses revealed a positive association between
UPF intake and bulimic, binge eating, and other ED: ED risk (odds ratio, OR) for an absolute 10-per-
centage point incremental increase in %UPF intake were 1.08 (1.01–1.14; P 5 0.02), 1.21 (1.16–1.26; P <
0.0001), and 1.11 (1.02–1.20; P5 0.02), respectively. No significant association was detected for restrictive
ED. Discussion and Conclusion: This study revealed an association of UPF intake with different ED types
among French adults. Future research is needed to elucidate the direction of the observed associations.
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INTRODUCTION

Feeding and eating disorders (ED) refer to a persistent
disturbance of eating behavior, substantially altering
physical health and psychosocial functioning (American
Psychiatric Association, 2013). Nearly a dozen different ED
have been identified; among them, anorexia nervosa (AN),
bulimia nervosa (BN), and binge eating (BED) are regarded
as typical and have been studied extensively. Individuals
with ED often present with comorbid mental conditions,
such as anxiety and depressive disorders (Keski-Rahkonen
& Mustelin, 2016) and are at increased premature mortality
risk (Chesney, Goodwin, & Fazel, 2014). Moreover, it has
been suggested - despite the present lack of consensus -
that BN and BED display substance dependence charac-
teristics consistent with food addiction, given evidence of
impaired control, repeated intake, importance of situa-
tional cues, and the associated activation of dopamine
reward systems in the brain (Hauck, Cook, & Ellrott, 2020;
Paterson, Lacroix, & von Ranson, 2019; Schulte, Avena, &
Gearhardt, 2015).

A systematic review of ED prevalence worldwide revealed
that 8.4% (range: 3.3–18.6%) of women and 2.2% (range: 0.8–
6.5%) of men suffered from ED at least once in their lifetime
(Galmiche, Déchelotte, Lambert, & Tavolacci, 2019). It was
also suggested that ED point prevalence had doubled, going
from 3.5% during 2000–2006 to 7.8% during 2013–2018
(Galmiche et al., 2019). Although young women are regarded
as being the most affected (and represent the most studied
population subgroup), a recent study among middle-aged
adults reported that nearly 15% of women and 8% of men
were identified as likely ED cases (Andreeva et al., 2019).

Like many other mental disorders, ED have a multifac-
torial etiology, including past and present socio-economic
status, psychosocial and genetic vulnerability, and family
history (Mulders-Jones, Mitchison, Girosi, & Hay, 2017;
Weissman & Bulik, 2007). In addition, given that ED are by
definition directly related to eating behaviors (American
Psychiatric Association, 2013), investigating dietary habits
and food preferences among affected individuals is essential.
Thus far, cross-sectional and case-control studies have re-
ported positive associations of BED with soda intake (Bragg
& White, 2013) and sweet-tasting food preference (Goodman
et al., 2018), and an inverse association between AN and fat
intake/preference (Schebendach et al., 2019); a prospective
study suggested a possible protective effect of the Mediter-
ranean diet on AN and BN risk in women (Leone et al.,
2018). In addition, a study with 48 women with non-purge
BED reported that the most common food items consumed
during episodes of binge eating included breads, pasta,
sweets, high-fat meats and salty snacks (Allison & Timmer-
man, 2007).

In that context, a relatively novel concept has emerged –
that of ultra-processed food (UPF) and its potentially
detrimental impact on health. UPF refers to industrial for-
mulations of fat, salt, sugar and other food substances that

have undergone extensive physical and chemical modifica-
tions; UPF often contains flavorings, colorants and other
additives (Monteiro et al., 2019). The potential health risks
associated with UPF intake were first evoked in 2009
(Monteiro, 2009); a four-level classification with UPF as the
fourth group, known as NOVA, was introduced in 2016
(Monteiro et al., 2016). Distinguishing features of the NOVA
food classification are the focus on the degree of industrial
processing and the presence of food additives. Typically,
UPF is attractively packaged, palatable, relatively affordable,
and ready to eat, all of which explain its substantial and
growing consumption around the world (Baker et al., 2020;
Monteiro et al., 2019; Vandevijvere et al., 2019). Recent data
suggested that in France UPF intake accounted for
approximately 30% of the mean daily energy intake (Calixto
Andrade et al., 2021).

UPF intake has been consistently associated with various
physical health outcomes (Pagliai et al., 2021), whereas only
a handful of studies have explored the link with mental
health (Adjibade et al., 2019; Gómez-Donoso et al., 2020;
Zheng, Sun, Yu, & Zhang, 2020) and none has investigated
the link with ED in the general population. One small,
clinical study (n 5 74 ED patients) reported that 55% of the
average daily intake of AN patients consisted of UPF
(NOVA-4 group), whereas the corresponding percentages
for patients with BN and BED were 72% and 69%, respec-
tively (non-significant differences) (Ayton, Ibrahim, Dugan,
Galvin, & Wright, 2021). It was also highlighted that foods
that were consumed during binging episodes were 100%
ultra-processed.

At present, research in the UPF-ED domain is scarce and
primarily derived from small clinical samples (Allison &
Timmerman, 2007; Ayton et al., 2021) of adolescent or
young adult (often female) participants (Harshman et al.,
2019; Pereira et al., 2021; Werneck, Hoare, & Silva, 2021).
Therefore, we assessed the cross-sectional association be-
tween UPF intake and ED type in a large adult sample,
hypothesizing that UPF intake would be positively associ-
ated with non-restrictive ED types. To the best of our
knowledge, this is the first epidemiological study in this
domain specifically focused on NOVA-derived UPF intake
and using a large and heterogeneous sample of men and
women recruited from the French general population.

METHODS

The NutriNet-Santé web cohort

NutriNet-Santé is an ongoing prospective web-cohort
launched in France in May 2009. Details about the design,
protocol and principal objectives are available elsewhere
(Hercberg et al., 2010). Briefly, adults aged 18 years and
older are recruited from the general population via an-
nouncements in the media (e.g., television, radio, Internet,
printed press). Apart from age, the inclusion criteria pertain
to comprehension of written French and ability to self-
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report information using an Internet platform (https://
etude-nutrinet-sante.fr/). NutriNet-Santé was approved by
the Institutional Review Board of the French Institute for
Health and Medical Research and by the National Com-
mission on Informatics and Liberty. The cohort is registered
(# NCT03335644) at https://www.ClinicalTrials.gov. Each
interested individual is presented with a description of the
study and is required to provide informed consent prior to
enrollment.

At inclusion and yearly thereafter, participants are asked
to complete a five-instrument battery covering socio-de-
mographic and lifestyle profiles, anthropometrics, physical
activity, diet, and health status. Apart from these assess-
ments, all participants are asked to complete about one
nutrition- or health-related questionnaire per month, as part
of the follow-up.

Measures

Dietary data and assessment of ultra-processed food con-
sumption. UPF Intake was the main independent variable in
this analysis. In NutriNet-Santé, dietary intake is evaluated
at inclusion and every six months thereafter, each time using
three non-consecutive 24-h dietary records. The dietary data
collection tool has been validated against dietitian interviews
and against nutritional status biomarkers (Lassale et al.,
2016; Touvier et al., 2011). For each diet assessment day,
participants were asked to report all individual food, bev-
erages, and composite dishes consumed, including the
portion size/quantity, preparation method, and meal setting
(place, time, company, etc.). Portion sizes, for example, were
recorded with the help of validated photographs (Le Moullec
et al., 1996), standard serving containers or directly in g or
ml. Next, NutriNet-Santé has its own food composition table
that includes >3,500 items; it was used to estimate individual
mean daily energy and nutrient intake (Etude NutriNet-
Santé, 2013). All reported dietary data were weighted in
order to respect the 5:7 and 2:7 ratios of week days and
weekend days. Aberrant energy intake values were identified
via Black’s method (Black, 2000). For this analysis, each
participant’s dietary intake was averaged across a minimum
of two 24-h dietary records completed between January 2013
and December 2015 (i.e., three-year window around the ED
assessment date, described below). Individuals with aberrant
daily energy intake values or with fewer than two 24-h re-
cords were excluded from the analysis. Finally, the four-level
NOVA classification (i.e., 1- unprocessed/minimally pro-
cessed food; 2- processed culinary ingredients; 3- processed
food; and 4- UPF) (Monteiro et al., 2016) was applied to all
reported food/beverage items. A team of researchers and
trained dietitians had assigned each item in the NutriNet-
Santé food composition table to one of the four NOVA
groups, as previously reported (Julia et al., 2018).

Eating disorders assessment. The main outcome in this
analysis was ED presence and type. As part of the NutriNet-
Santé follow-up, the validated five-item Sick-Control-One
stone-Fat-Food (SCOFF) questionnaire (Garcia et al., 2011;

Morgan, Reid, & Lacey, 1999) was administrated between
June and December 2014 in order to screen for ED. Each of
the five items is dichotomous (Yes/No); a minimum of two
affirmative responses indicates likely ED; the score has been
shown to approximate actual ED point prevalence (Botella,
Sepúlveda, Huang, & Gambara, 2013). In total, 125,279
NutriNet-Santé enrollees received the SCOFF, of whom
51,073 returned a completed questionnaire. Next, the clinical
algorithm ExpaliTM which relies on the SCOFF score and the
Body mass index (BMI, kg/m2) was used to identify four ED
types: restrictive (including AN, atypical AN, and restrictive
food intake disorder), bulimic (including BN and low-fre-
quency/short-duration BN), binge eating (including BED
and low-frequency/short-duration BED), and other (not
otherwise specified) ED (Tavolacci, Gillibert, Zhu Soubise,
Grigioni, & Déchelotte, 2019). In general, the atypical/low-
frequency/short duration ED were those ED that fall below
the DSM-5 established cutoffs as regards the recurrence of
ED in terms of frequency (≥1 episode/week) and duration
(≥3 months) (American Psychiatric Association, 2013).

Covariate data. Self-reported data on age, sex, educational
level, socio-professional category, marital status, alcohol
consumption, and smoking status were collected by a vali-
dated socio-demographic questionnaire (Vergnaud et al.,
2011). Physical activity was assessed by the International
Physical Activity Questionnaire-Short Form and scoring
followed an established protocol (Craig et al., 2003). Height
and weight were self-reported using a validated anthropo-
metric questionnaire (Lassale et al., 2013); it permitted the
calculation of BMI and its main categories (underweight:
<18.5, normal weight: 18.5–24.9, overweight: 25.0–29.9, and
obese: ≥30.0). Self-reported information about prescription
medication use for the treatment of anxiety and/or depres-
sion was collected using the health status questionnaire. As
all of these questionnaires are administered at baseline and
annually thereafter, we relied on covariate data provided
≤12 months before the completion of the SCOFF.

Statistical analysis

Descriptive characteristics across ED types reflect number
(percent) from chi-squared tests (categorical variables) and
mean (±SD) from ANOVA (continuous variables). Next, a
continuous measure of UPF intake was calculated; it rep-
resented the mean proportion (in %) of UPF in the diet. The
associations between the independent variable (per 10-per-
centage point incremental increase in %UPF intake in the
diet) and ED presence/type were assessed using polytomous
logistic regression models (no ED 5 reference), providing
odds ratios (OR) and 95% confidence intervals (CI). The
first set of analyses (Model 1) was adjusted for age (years,
continuous scale) and sex, whereas the second set of analyses
(Model 2) was adjusted for age (years, continuous scale), sex,
mean total energy intake (Kcal/d, continuous scale), alcohol
consumption (g ethanol/d, continuous scale), smoking status
(never, former, current smoker), physical activity level (low,
moderate, high), educational level (less than high school,
high school diploma or equivalent, college/undergraduate
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degree, graduate degree), socio-professional category
(homemaker/disabled/unemployed, student, manual/blue
collar worker, office work/administrative staff, professional/
executive staff, retired), marital status (living alone or mar-
ried/cohabiting), and number of 24-h dietary records
(continuous scale). Given strong evidence for differences in
the presence and type of ED by sex; (Andreeva et al., 2019;
Galmiche et al., 2019), we performed interaction tests with
the latter variable. The choice of covariates for the multi-
variable model was guided by evidence of statistical sig-
nificance at the bivariate level and also by empirical
evidence from prior hypothesis-driven studies regarding
the association of UPF consumption with mental health
outcomes (Adjibade et al., 2019; Gómez-Donoso et al.,
2020; Zheng et al., 2020). Next, two sets of sensitivity an-
alyses were carried out in order to assess the robustness of
the main findings: the first set addressed the comorbidity of
ED with anxiety/depressive disorders (Keski-Rahkonen &
Mustelin, 2016) and included only participants who did not
report anxiety and/or depression medication use prior to
January 1, 2016; the second set of sensitivity analyses
included only participants with six or more 24-h dietary
records in order to augment the independent variable
assessment. Finally, one supplementary analysis was per-
formed in order to investigate the association between non-
UPF intake (NOVA groups 1–3) and ED presence/type.
The main tests were two-sided and P < 0.05 was considered
as evidence for statistical significance. SAS version 9.4 (SAS
Institute, Inc., Cary NC, USA) was used for all statistical
analyses.

Ethics

The NutriNet-Santé study is conducted according to the
Declaration of Helsinki guidelines. It was approved by the
Institutional Review Board of the French Institute for Health
and Medical Research (INSERM # 00000388FWA00005831)
and by the National Commission on Informatics and Liberty
(CNIL # 908450 and # 909216). NutriNet-Santé is registered
(# NCT03335644) at https://www.ClinicalTrials.gov. Elec-
tronic Informed consent was obtained from all individuals
prior to inclusion in the study.

RESULTS

Description of sample

NutriNet-Santé participants who returned a completed
SCOFF questionnaire (n 5 51,073) were generally older,
more likely to be former/never smokers, to have post-sec-
ondary education and to be married/cohabiting compared
to their counterparts who did not complete the question-
naire (all P < 0.0001) (Andreeva et al., 2019). From the
present analyses, we excluded those lacking anthropo-
metric (n 5 296), socio-demographic (n 5 153), and/or
physical activity (n 5 1,145) data. Next, those with fewer
than two 24-h dietary record and/or with aberrant energy
intake values (n 5 5,486) were also excluded. Thus, we

arrived at a final sample of 43,993 participants (Fig. 1)
(76.1% women; mean age 5 51.0 ± 14.6 years; mean %UPF
5 16.0% ± 8.0%). A total of 5,967 participants (13.6%)
were categorized as likely ED cases, as follows: restrictive
ED, n 5 444; bulimic ED, n 5 1,575; binge eating ED, n 5
3,124; other ED, n 5 824.

Descriptive characteristics across ED types are presented
in Table 1. Individuals in the restrictive and bulimic ED
categories were more likely to be women, younger, home-
maker/disabled/unemployed, students, current smokers, to
live alone, and to consume less alcohol compared to those
in the other ED categories (all P < 0.0001). In the full
simple, the mean number of 24-h dietary records was 9.4
± 4.6.

Association between UPF intake and ED presence/type

Given that the interaction test of %UPF by sex was not
statistically significant (P 5 0.19), the main analysis was
carried out in the full sample. Table 2 shows OR and 95% CI
for the partially (Model 1) and fully-adjusted (Model 2)
association between UPF intake and ED presence/type ob-
tained from polytomous logistic regression. In Model 2, a
significantly higher OR for an absolute 10-percentage point
incremental increase in %UPF in the diet was seen for all ED
types except for restrictive disorders. ORs for bulimic, binge
eating and other ED were 1.08 (1.01–1.14; P 5 0.02), 1.21
(1.16–1.26; P < 0.0001), and 1.11 (1.02–1.20; P 5 0.02),
respectively. The supplementary analysis, focused on the as-
sociation between non-UPF intake (i.e., NOVA groups 1–3)
and ED presence/type revealed a significantly lower OR for
an absolute 10-percentage point incremental increase in non-
UPF intake (%) only for BED (0.89; 0.86–0.93; P < 0.0001).

n= 51,073 completed the SCOFF 
questionnaire (June – December 2014)

Exclusions:

n= 296 missing anthropometric data

n= 153 missing socio-demographic data

n= 1,145 missing physical activity data

n= 49,479 with complete eating disorder
and covariable data

Exclusions:

n= 5,486 with aberrant energy intake 
values and/or < 2 24-h dietary records 

n= 43,993 final sample for analysis

Fig. 1. Participants flowchart
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Table 1. Descriptive characteristics of the sample according eating disorder presence and type, NutriNet-Santé Study, France (N 5 43,933)

Full sample No eating disorder
Restrictive
disorders Bulimic disorders

Binge eating
disorders

Other eating
disorders

P-value1n 5 43,993 n 5 38,026 n 5 444 n 5 1,575 n 5 3,124 n 5 824

Sex
Women 33,457 (76.1) 28,325 (74.5) 422 (95.0) 1,458 (92.6) 2,602 (83.3) 650 (78.9) <0.0001
Men 10,536 (23.9) 9,701 (25.5) 22 (5.0) 117 (7.4) 522 (16.7) 174 (21.1)
Age, years, mean (SD) 51.0 (14.6) 51.4 (14.5) 38.3 (13.5) 43.3 (14.4) 51.2 (13.6) 51.1 (14.9) <0.0001
Age category
18–39 y 11,180 (25.4) 9,340 (24.6) 264 (59.5) 694 (44.1) 682 (21.8) 200 (24.3) <0.0001
40–59 y 17,697 (40.2) 15,197 (40.0) 142 (32.0) 630 (40.0) 1,400 (44.8) 328 (39.8)
≥60 y 15,116 (34.4) 13,489 (35.5) 38 (8.6) 251 (15.9) 1,042 (33.4) 296 (35.9)
Educational level
Less than high school 6,503 (14.8) 5,451 (14.3) 38 (8.6) 195 (12.4) 643 (20.6) 176 (21.4) <0.0001
High school diploma or equivalent 7,755 (17.6) 6,542 (17.2) 86 (19.4) 303 (19.2) 633 (20.3) 191 (23.2)
College, undergraduate degree 13,585 (30.9) 11,721 (30.8) 143 (32.2) 513 (32.6) 955 (30.6) 253 (30.7)
Graduate degree 16,150 (36.7) 14,312 (37.6) 177 (39.9) 564 (35.8) 893 (28.6) 204 (24.8)
Socio-professional category
Homemaker/disabled/unemployed 381 (0.9) 319 (0.8) 14 (3.2) 20 (1.3) 20 (0.6) 8 (1.0) <0.0001
Student 1,201 (2.7) 933 (2.5) 60 (13.5) 108 (6.9) 75 (2.4) 25 (3.0)
Manual/blue collar 8,445 (19.2) 6,851 (18.0) 128 (28.8) 440 (27.9) 808 (25.9) 218 (26.5)
Office work/administrative staff 8,728 (19.8) 7,514 (19.8) 99 (22.3) 368 (23.4) 595 (19.0) 152 (18.4)
Professional/executive staff 11,127 (25.3) 9,830 (25.9) 108 (24.3) 394 (25.0) 646 (20.7) 149 (18.1)
Retired 14,111 (32.1) 12,579 (33.1) 35 (7.9) 245 (15.6) 980 (31.4) 272 (33.0)
Marital status
Living alone (single, divorced,
widowed)

11,450 (26.0) 9,630 (25.3) 199 (44.8) 516 (32.8) 890 (28.5) 215 (26.1) <0.0001

Married/cohabiting 32,543 (74.0) 28,396 (74.7) 245 (55.2) 1,059 (67.2) 2,234 (71.5) 609 (73.9)
Physical activity level2

Low 9,738 (22.1) 8,205 (21.6) 81 (18.2) 339 (21.5) 904 (28.9) 209 (25.4) <0.0001
Moderate 18,549 (42.2) 16,126 (42.4) 185 (41.7) 674 (42.8) 1,247 (39.9) 317 (38.5)
High 15,706 (35.7) 13,695 (36.0) 178 (40.1) 562 (35.7) 973 (31.2) 298 (36.2)
BMI (kg/m2), mean (SD) 23.9 (4.4) 23.6 (4.1) 18.3 (2.6) 22.8 (3.5) 28.0 (5.7) 26.2 (5.3) <0.0001
BMI category
Underweight (<18.5) 2,215 (5.0) 1,874 (4.9) 341 (76.8) 0 (0.0) 0 (0.0) 0 (0.0) <0.0001
Normal weight (18.5–24.9) 27,846 (63.3) 25,014 (65.8) 103 (23.2) 1,412 (89.7) 908 (29.1) 409 (49.6)
Overweight (25.0–29.9) 10,027 (22.8) 8,439 (22.2) 0 (0.0) 95 (6.0) 1,255 (40.2) 238 (28.9)
Obese (≥30.0) 3,905 (8.9) 2,699 (7.1) 0 (0.0) 68 (4.3) 961 (30.8) 177 (21.5)
Smoking status
Never smoker 22,021 (50.1) 19,272 (50.7) 234 (52.7) 757 (48.1) 1,388 (44.4) 370 (44.9) <0.0001
Former smoker 17,106 (38.9) 14,662 (38.6) 127 (28.6) 584 (37.1) 1,376 (44.1) 357 (43.3)
Current smoker 4,866 (11.1) 4,092 (10.8) 83 (18.7) 234 (14.9) 360 (11.5) 97 (11.8)
Alcohol use, g ethanol/d, mean (SD) 7.5 (10.7) 7.7 (10.8) 4.5 (7.7) 5.6 (8.5) 6.4 (9.8) 6.8 (10.8) <0.0001

(continued)
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No other significant associations were observed (Supple-
mentary Table 1).

Sensitivity analyses

The results of the sensitivity analyses are summarized in
Table 3. For the first sensitivity analysis, we retained only
participants who did not report medication use for the
treatment of anxiety and/or depression (n 5 39,383). The
main results were replicated except for bulimic and other
ED; the latter associations were attenuated and became
statistically non-significant. For the second sensitivity anal-
ysis, we retained only participants with a minimum of six
24-h dietary records (n 5 33,832). No substantial change in
the main results was observed.

DISCUSSION AND CONCLUSION

To our knowledge, this large cross-sectional study was the
first to investigate the association between UPF intake and
ED presence and type among adults recruited from the
general population. Largely supporting our main hypothe-
sis, we found that an increase in UPF intake was signifi-
cantly associated with higher odds for bulimic, binge eating,
and other ED. The largest effect size was observed for BED
(21% higher risk compared to those without ED), followed
by the “other” ED category (11% higher risk) and bulimic
ED (8% higher risk). Only one other study among adults –
conducted in a clinical setting with a small sample of pa-
tients with ED – has investigated an association between
UPF intake and ED (Ayton et al., 2021). That descriptive
study used retrospectively-assessed UPF intake and showed
that the average daily intake among patients with BN and
BED consisted of about 70% UPF (NOVA-4 group),
whereas the corresponding percentage among patients
with AN was 55%. The differences, however, were not sta-
tistically significant. The authors further estimated that
foods consumed during binging episodes were 100% UPF
(Ayton et al., 2021). In turn, a small case-control study
using four-day food records reported higher intakes of
refined-carbohydrate processed foods, added sugars, and
total carbohydrates and lower intakes of fruit, vegetables
and protein among children and adolescents with avoidant/
restrictive ED compared to healthy controls (Harshman
et al., 2019). Given that restrictive ED in the present study
include AN, atypical AN, and avoidant/restrictive food
intake disorder, the nature of UPF – often high in both
added/free sugars and saturated fat (Monteiro et al., 2019) –
may partly explain our null findings as regards the rela-
tionship with UPF intake. A handful of studies have explored
UPF in relation to other mental health outcomes. For
example, one cross-sectional and two prospective analyses
among adults showed an increased risk of depression or
depressive symptoms associated with NOVA-categorized
UPF consumption (Adjibade et al., 2019; Gómez-Donoso
et al., 2020; Zheng et al., 2020), and one cross-sectional study
reported a positive association between UPF intake andT
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anxiety-induced sleep disturbance among adolescents
(Werneck et al., 2021).

The substantial sugar/salt/fat content and various addi-
tives (i.e., colors, flavors, emulsifiers) - all of which render
UPF highly palatable (Monteiro et al., 2019) – can help
explain the significant findings observed with bulimic, binge
eating and other ED. It has been suggested - despite the lack
of consensus at present - that BN and BED present sub-
stance dependence characteristics consistent with food
addiction, given evidence of impaired control, repeated
intake and the associated activation of dopamine reward

systems in the brain (Hauck et al., 2020). Findings from
neuroimaging, neurocognitive, genetic, and animal studies
suggest that similar to other impulsive/compulsive disorders,
BED might be associated with maladaptation of the corti-
cothalamic circuitry that controls motivation and impulse
control (Kessler, Hutson, Herman, & Potenza, 2016). In
turn, the combination of sugar and fat is reported to
enhance reward signaling mechanisms causing addictive-like
behaviors (Schulte et al., 2015). Moreover, the reduced fiber
volume found in UPF compared to that in raw food could
lead to faster eating, increased intake, and decreased satiety

Table 2. Association between ultra-processed food intake and eating disorder presence and type, NutriNet-Santé Study, France (N5 43,993)

Model 1 Model 2

Per 10-percentage point
increase in proportion of
UPF in diet, OR (95% CI) P-value

Per 10-percentage point
increase in proportion of
UPF in diet, OR (95% CI) P-value

Restrictive disorders
n 5 444 1.06 (0.95–1.18) 0.29 1.09 (0.98–1.21) 0.12
Bulimic disorders
n 5 1,575 1.09 (1.03–1.16) 0.003 1.08 (1.01–1.14) 0.02
Binge eating disorders
n 5 3,124 1.28 (1.23–1.33) <0.0001 1.21 (1.16–1.26) <0.0001
Other eating disorders
n 5 824 1.16 (1.07–1.26) 0.0004 1.11 (1.02–1.20) 0.02

No eating disorder 5 reference.
Model 1 is a multivariable polytomous logistic regression adjusted for age and sex.
Model 2 is a multivariable polytomous logistic regression adjusted for age, sex, marital status, educational level, socio-professional category,
smoking status, physical activity level, dietary energy intake, alcohol intake, and number of 24-h dietary records.
Values are rounded off to two decimal places.
CI: Confidence interval; OR: Odds ratio.

Table 3. Sensitivity analyses of the association between ultra-processed food intake and eating disorders presence and type, NutriNet-Santé
Study, France

Sensitivity analysis 1 (n 5 39,383) excluding
participants with reported medication use for

anxiety and/or depression
Sensitivity analysis 2 (n 5 33,832) excluding
participants with <6 24-h dietary records

Per 10-percentage point
increase in proportion of
UPF in diet; OR (95% CI) P-value

Per 10-percentage point
increase in proportion of
UPF in diet; OR (95% CI) P-value

Restrictive disorders
No. of cases 338 316

1.04 (0.92–1.18) 0.49 1.13 (0.99–1.29) 0.08
Bulimic disorders
No. of cases 1,281 1,109

1.05 (0.98–1.13) 0.14 1.09 (1.00–1.18) 0.04
Binge eating disorders
No. of cases 2,527 2,258

1.21 (1.15–1.26) <0.0001 1.26 (1.20–1.33) <0.0001
Other eating disorders
No. of cases 699 586

1.08 (0.99–1.18) 0.10 1.25 (1.13–1.38) <0.0001

Results from a multivariable polytomous logistic regression (no eating disorder5 reference) adjusted for age, sex, marital status, educational
level, socio-professional category, smoking status, physical activity level, dietary energy intake, alcohol intake, and number of 24-h dietary
records.
Values are rounded off to two decimal places.
CI: Confidence Interval; OR: Odds Ratio.
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(de Graaf & Kok, 2010). In light of these mechanisms, the
observed positive association between UPF consumption
and binge eating ED (BED and low-frequency/short-dura-
tion BED) could be due to the high palatability and reduced
satiation potential of UPF. Future studies could provide
further evidence by investigating associations of ED with
intake of individual nutrients, foods and food groups.

Another important characteristic of UPF pertains to food
additives, such as colors, emulsifiers, flavor enhancers, sugar
substitutes, etc. The expanding UPF consumption world-
wide has been linked to deleterious metabolic outcomes via
various endocrine, neurobiological and microbiome path-
ways (Ayton & Ibrahim, 2020). Artificial non-nutritive
sweeteners, for example, were initially marketed as healthy
sweetener alternatives yet have been implicated in overeating
owing to potentiation of sugar-cravings and potential sugar
dependence (Onaolapo & Onaolapo, 2018). Moreover,
studies have highlighted higher use of artificial sweeteners by
individuals suffering from ED compared to healthy controls
(Klein, Boudreau, Devlin, & Walsh, 2006; Schebendach et al.,
2017). An enhanced reward value of sweet taste among those
with AN binge/purge type was reported, suggesting that
typical food avoidance seen in AN could be accounted for by
decreased reward value of all taste-related stimuli (Sche-
bendach et al., 2017). Next, a review of animal and in vitro
trials reported that emulsifiers found in UPF could alter
microbiome compositions, elevate fasting blood glucose,
provoke overeating, promote weight gain, and induce he-
patic steatosis (Laster & Frame, 2019).

Some limitations of this study should be noted. First,
the cross-sectional set-up precludes any inference of cau-
sality; it could be speculated that a bidirectional association
might exist between UPF intake and ED, given the nature
of the latter (American Psychiatric Association, 2013). In
addition, null findings emerged regarding bulimic and
other ED in the sensitivity analysis, which excluded in-
dividuals reporting medication use for anxiety and/or
depression. Therefore, future prospective as well as medi-
ation analyses are needed to shed light on temporal aspects
and causal factors involved in the UPF-ED link. Second,
despite adjustment for a large number of covariables, re-
sidual confounding by unmeasured constructs (e.g., ethno-
racial status, family ED history) might be present. As
regards the independent variable assessment, in spite of
efforts to avoid systematic bias (Julia et al., 2018), potential
NOVA misclassification of some food items cannot be
entirely ruled out. Next, some NutriNet-Santé participants
were excluded from the analysis due to having <2 24-h
dietary records or due to having aberrant dietary energy
intake values. The latter might have included individuals
with very low caloric intake, thus leading to a potential
under-estimation of the associations with restrictive ED.
Moreover, despite validation against interviews with a
dietitian and against various biomarkers of nutritional
status (Lassale et al., 2016; Touvier et al., 2011), the self-
reported 24-dietary record - as any dietary data collection
method - has weaknesses stemming from respondent
burden and social desirability (Shim, Oh, & Kim, 2014). As

regards the main outcome, our assessment of ED relied on
a validated screening tool, yet it does not correspond to any
clinical ED diagnosis. In our sample, 13.6% of the partic-
ipants were categorized as presenting likely ED cases,
which is somewhat higher than the mean rates in Western
countries, reported in a systematic review (Galmiche et al.,
2019). It should be noted, however, that ED are insuffi-
ciently recognized and under-diagnosed (Keski-Rahkonen
& Mustelin, 2016). In our study, in addition to SCOFF
(which does not distinguish among the various types of
ED), we employed the validated clinical algorithm Expa-
liTM (Tavolacci et al., 2019) which allowed us to obtain four
distinct ED categories. Finally, caution is advised when
generalizing the present findings. NutriNet-Santé includes
a higher proportion of women and individuals of high
socio-economic status compared to the general French
population (Andreeva et al., 2015), which bears on the
external validity of the study. However, UPF intake in
NutriNet-Santé was similar to that found in a nationally-
representative sample (Calixto Andrade et al., 2021).

Despite these limitations, the study contributes new
knowledge to the growing body of evidence supporting a
deleterious impact of UPF intake on physical and mental
health outcomes. To our knowledge, this is the first large
epidemiological study to report significant associations be-
tween UPF consumption and different ED types. Data were
collected by validated instruments in a socio-demographi-
cally diverse sample of adults. Moreover, dietary intake was
estimated on the basis of a mean of nine 24-h dietary re-
cords. Finally, the association between UPF intake and ED
was assessed in main and sensitivity analyses while con-
trolling for a large number of pertinent covariates.

In conclusion, these findings revealed significant posi-
tive associations between UPF intake and different ED
types, especially BN and BED, across sex. Upon replication,
the results could inform the development of primary and
secondary prevention programs and could nudge public
policy-makers towards the adoption of dietary guidelines
that specifically stress the need to limit UPF consumption;
this is currently the case in some Latin American countries
(Monteiro et al., 2019). In the future, prospective epide-
miological as well as clinical and experimental research
could advance knowledge about causality and mediation
pathways. The accumulation of evidence regarding the
deleterious health impact of UPF could help bring to the
forefront the need for public health policies – nationally
and internationally – aiming to improve availability and
affordability of raw and minimally processed foods on the
population level.
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ABBREVIATIONS

AN anorexia nervosa
ANOVAAnalysis of variance
BED Binge eating disorders
BMI Body mass index
BN Bulimia nervosa
CI confidence interval
ED Eating disorders
OR odds ratio
SCOFF Sick-Control-One stone-Fat-Food questionnaire
UPF Ultra-processed food
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Supplementary Table 1. Association between non-ultra-processed food1 intake and eating disorder presence and type, NutriNet-Santé Study,
France (N 5 43,993)

Model 1 Model 2

Per 10-percentage point
increase in proportion of
non-UPF in diet, OR (95%

CI) P-value

Per 10-percentage point
increase in proportion of
non-UPF in diet, OR (95%

CI) P-value

Restrictive disorders
n 5 444 1.03 (0.93–1.13) 0.61 0.92 (0.84–1.01) 0.09
Bulimic disorders
n 5 1,575 0.98 (0.93–1.04) 0.53 0.97 (0.92–1.03) 0.32
Binge eating disorders
n 5 3,124 0.89 (0.86–0.92) <0.0001 0.89 (0.86–0.93) <0.0001
Other eating disorders
n 5 824 0.97 (0.90–1.05) 0.47 0.97 (0.90–1.05) 0.46

1Non-ultra-processed food: food and beverage products categorized in Group 1 (unprocessed/minimally processed), Group 2 (processed
culinary ingredients) or Group 3 (processed) by the NOVA classification.
No eating disorder 5 reference.
Model 1 is a multivariable polytomous logistic regression adjusted for age and sex.
Model 2 is a multivariable polytomous logistic regression adjusted for age, sex, marital status, educational level, socio-professional category,
smoking status, physical activity level, dietary energy intake, alcohol intake, and number of 24-h dietary records.
Values are rounded off to two decimal places.
CI: Confidence interval; OR: Odds ratio.
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