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ARTICLE INFO ABSTRACT

Keywords: Orthorexia Nervosa (ON), a problematic fixation on healthy eating, has captured researchers’ attention for over a
Orthorfema Nervosa decade. We aimed to develop a brief screening tool for ON that captures physical appearance as a motivating
Screening factor, behavioural aspects (rigid control over food selection, consumption and preparation), and nutritional
Assessment . . = . . . . . .

Validit aspects (avoidance of foods considered “impure”). Using a sequential, iterative design, 687 participants
Reliabisllity completed a self-reported survey across four studies: item identification and selection through exploratory factor

analysis (n = 248), testing factorial construct validity with confirmatory factor analysis (n = 127), discriminant
validity via known group differences (n = 241), and test-retest reliability of two subsequent administrations of
the selected items (n = 71). The final unidimensional version of the short Screening Tool for Orthorexia Nervosa
(STONE) comprises eight items. It demonstrated excellent known-group validity and ability to differentiate ON
from other types of strict dietary control (e.g., health-based or religious restrictions). Consistent with the view of
ON as behaviours aimed at rigid dietary control, avoidance of "impure" foods, and motivation to enhance
physical appearance, STONE scores positively related to measures of eating pathology and appearance orien-
tation, while only weakly correlating with obsessive-compulsive tendencies. Based on its psychometric proper-
ties, STONE is recommended as a first-level screening tool for ON in research contexts and epidemiology studies
among adults. Due to its brevity, it can be easily combined with other scales to explore ON or related phenomena.
Future studies should examine convergent validity and test it among adolescents and in different cultural
contexts.

Psychometric scale

1. Introduction

Orthorexia Nervosa (ON) refers to an unhealthy fixation with healthy
eating, where diets are based on perceived quality and not quantity of
foods (Bratman, 1997), and has captured the attention of many. Parallel
to the worldwide attempt to assess the prevalence of ON in diverse
populations, several sets of diagnostic criteria were proposed (Cena
et al., 2019). Recently, a group of researchers published an agreement
document on the definition and diagnostic criteria (Donini et al., 2022).
According to the Donini et al.’s document (2022), ON is characterised by
eating behaviour with self-imposed rigid rules where food exclusion is
not due to following religious practices, delusional ideas and not due to
economic conditions but personal preference, and which requires

excessive time for planning and consuming one’s meals. These rules
reflect an individual’s desire for self-defined “pure” or “healthy” nutri-
tion with foods being excluded often referred to as processed, containing
genetically modified components, or treated with pesticides. Engaging
in behaviours reflective of ON leads to emotional, cognitive, and social
consequences that have a negative impact on individuals’ day-to-day
functioning. Exclusion of foods considered “unhealthy” may lead to
nutritional deficiencies and low body weight. The document specifically
states that there are also factors that have been linked to ON in research
that are yet to be fully understood. These include age, gender, socio-
cultural status, body image, appearance anxiety, alcohol and drug
addiction, physical exercise, veganism and vegetarianism, and engage-
ment with social media. To date, no formal diagnosis of ON exists in the
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Diagnostic and Statistical Manual for Mental Disorders (DSM-5)
(American Psychiatric Association, 2013). ON should not be confused
with a healthy diet. According to the World Health Organisation (WHO,
2020, para. 1), a healthy diet is a “... diet that helps to protect against
malnutrition in all its forms, as well as noncommunicable diseases
(NCDs), including diabetes, heart disease, stroke and cancer”. This
definition recommends balancing the energy intake with energy
expenditure, limiting consumption of free sugars, salt, saturated and
trans-fats, and including a variety of foods, such as fruits, vegetables,
legumes, nuts, and whole grains. While both, ON and healthy eating,
may appear similar on the surface, ON involves rigid rules whereas
healthy eating emphasises flexibility and diversity of dietary intake.
Healthy eating allows for occasional indulgences without guilt, while
ON is marked by experiences of distress when deviating from the
self-imposed standards (Cena et al., 2019).

Despite being an increasingly fast-growing research field and several
existing reviews on ON (e.g., Atchison & Zickgraf, 2022; Horovitz &
Argyrides, 2023; Lopez-Gil et al., 2023), some contentions regarding the
factors contributing to its onset and maintenance exist (Ng et al., 2024).
For example, one such factor is the role of body image and physical
appearance. As mentioned earlier, the agreement document by Donini
and colleagues (2022) states that the panel has not reached a consensus
about the association between ON and “physical shape or body image
disturbances” (p. 3703). However, insights from qualitative research
exploring ON suggest that motivation to maintain or enhance physical
appearance was identified as an important factor for following a
self-defined healthy diet (Mitrofanova, Pummell, et al., 2021) as well as
striving for control over food preparation and consumption (Cheshire
et al., 2020). Interestingly, Barthels et al. (2015) proposed that intended
weight loss may be present while Dunn and Bratman (2016) suggested
that the absence of a desire to lose weight is essential for ON diagnosis.
More recent empirical work supports the link between ON, preoccupa-
tion with overweight, muscularity distortion (Pauzé et al., 2021) and
overvaluation of weight and shape (Messer et al., 2022). Divergence
between proposed diagnostic criteria and empirical findings may be
attributable to several factors. It could be that while some individuals
may initiate behaviours reflective of ON due to the desire for “clean” or
“healthy” nutrition, others may be driven by a desire to improve phys-
ical appearance, indicating a spectrum of motivations behind ON. It
could also be that societal ideals of thinness and muscularity may in-
fluence individuals to pursue “healthy” diet as a socially acceptable way
to achieve desired physical appearance (White et al., 2020). Discrep-
ancies in the conceptualisations of ON lead to different assessment in-
struments and subsequent prevalence rates reported across the studies
that are not comparable. One factor that has been overlooked in all
existing measures are reasons for development and maintenance of di-
etary behaviour characteristic of ON.

Considering that recent studies suggest that cognitions leading to
food restriction based on “purity” may be more complex than proposed
diagnostic criteria (Cinquegrani & Brown, 2018; Fixsen et al., 2020;
Greville-Harris et al., 2019; McGovern et al., 2020; Oberle et al., 2021;
Valente et al., 2020) an assessment instrument should be able to capture
not just behaviours but also reasons for those behaviours. For example,
when considering various reasons for food choices and their connection
to possible ON, Depa and colleagues (2019) found desire to control
weight and affect regulation to display the highest associations with ON.
Furthermore, adopting a vegan diet for the ‘wrong reasons’ (i.e., as an
evidence of self-control) as opposed to environmental and ethical con-
cerns has been described as one of the signs of the onset of ON (Opitz,
Newman, & Sharpe, 2022). Considering reasons and motives for eating
when screening for disordered eating patterns is not a new idea. In fact,
several questionnaires that assess reasons for eating have been devel-
oped to screen for disordered eating patterns characterised by restrictive
eating, bingeing, purging and attempt at emotional regulation (e.g.
Jackson et al., 2003; Van Strien et al., 1986). Furthermore, the ques-
tionnaire used to assess the range and severity of eating disorder
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behaviours EDE-Q (Fairburn & Beglin, 1994) includes items measuring
dietary restraint based on food rules and fear-driven restriction. These
measures helped to extend our understanding of eating disorders rec-
ognised in the DSM-5 beyond the list of symptoms and behaviours
focusing on why individuals engage in these behaviours (Gomez &
Perez, 2022), identify at-risk individuals (Bryant et al., 2021) and have
helped clinicians to design tailored treatment plans (Baer et al., 2005).

Since ON’s first conceptualisation, eleven questionnaires were
developed using different definitions (Cena et al., 2019; Meule et al.,
2020; Opitz et al., 2020; Valente et al., 2019). A recent systematic re-
view of ON reports that all existing questionnaires show strengths (some
more than others), but they also have limitations (Ng et al., 2024). The
first questionnaire (Bratman Orthorexia Scale) was developed in 2000
and included six statements with yes/no responses. No validating pro-
cedures were followed in the development of this scale and no cut-off
point exists for it. This fact, however, did not discourage its use in ac-
ademic research. Bundros et al. (2006), for example, found the scores to
be associated with Eating Attitude Test (EAT-26), Body Dysmorphic
Disorder Questionnaire (BDDQ) and the Obsessive Compulsive In-
ventory (OCI-R). The scale has been criticised for a lack of appropriate
psychometric procedures in its development and for a lack of reporting
on its validity in the studies using this scale (Missbach et la., 2016).
However, research comparing four self-report measures of ON found
BOT to demonstrate convergent validity with the Eating Habits Ques-
tionnaire and Dusseldorf Orthorexia Scale and recommended its use
over the more popular scale ORTO-15.

The ORTO-15 was developed by an Italian research team and was
based on the items from the BOT (Donini et al., 2005). The ORTO-15
includes six BOT and nine additional items intended to reflect
obsessive-compulsive traits. With possible responses on a 4-point
Likert-type scale. The cut-off score was set at 40 with scores below
indicating the presence of ON. However, subsequent research high-
lighted this cut-off score as problematic and suggested a cut-off score to
be set at 35 (Ramacciotti et al., 2011). Validation that followed the
construction of the tool suggested three dimensions of ON:
cognitive-rational, clinical, and emotional. However, the study that
attempted to confirm the factor structure of the 15, 11 and 9 items
versions of ORTO-15 concluded that none of the three versions represent
an acceptable model (Moller et al., 2019). Researchers suggested that
the only version of ORTO-15 with a stable factor structure was a 7-item
single factor. Furthermore, ORTO-15 has been criticised for over-
estimating the prevalence of ON (Reynolds, 2018) due to classifying as
ON dieting behaviour which may not be reflective of the ON-specific
pathology (Dunn et al., 2017). Validity, reliability and internal consis-
tency of the tool have also been questioned (e.g. Barrada & Meule, 2024;
Meule et al., 2020).

The Eating Habits Questionnaire (EHQ) was developed in the USA by
Gleaves and his research team (2013) and was not based on diagnostic
criteria but on the analysis of Bratman and Knight’s case studies. The
questionnaire contains 21 items with responses on a 4-point Likert-type
scale. The authors suggested a three-factor structure: problems associ-
ated with healthy eating, knowledge of healthy eating, and feeling
positively about healthy eating. However, later investigations into the
structure of this scale present a different factor structure. For example, a
four-factor structure has been proposed: healthy eating cognitions, di-
etary restriction, diet superiority, and social impairment (Mohamed
Halim et al., 2020). Furthermore, another study has identified three
items that loaded on the EHQ-Behaviours subscale instead of the origi-
nally intended EHQ-Problems subscale suggesting a need for further
analysis of the internal structure of this questionnaire (Oberle et al.,
2017).

The Dusseldorf Orthorexia Scale (DOS) was developed by Barthels
and colleagues in 2015 in Germany and was also based on the case
studies of Bratman and Knight. The questionnaire consists of ten items
with possible responses on a four-point Likert-type scale. The suggested
cut-off score was 30 with scores between 25 and 29 indicating being at
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risk for ON. The scale was developed and validated in German. Studies
investigating the internal structure of DOS present inconsistent results.
While confirmatory factor analysis of the English version revealed a
poorly fitted one-factor model (Chard et al., 21019), Meule et al. (2020)
confirmed the unidimensional structure. The Chinese version of the
scale demonstrated that a one-factor model did not fit the data very well
and a three-factor structure was proposed instead (He et al., 2019). The
scale has also been criticised for its inability to differentiate between
patients with anorexia nervosa and those displaying ON (Barthels et al.,
2017).

Teruel Orthorexia Scale (TOS) was developed and validated in Spain
and is a 17-item questionnaire that assumes a bi-dimensional structure
(i.e., healthy orthorexia [HeOn] and orthorexia nervosa [OrNe])
(Barrada & Roncero, 2018). There is no cut-off score. There is some
support for the scale’s factor structure. For example, Barthels et al.
(2019) confirmed that the OrNe dimension was positively associated
with negative affect whereas HeOn was positively associated with pos-
itive affect. However, the factor structure may vary across cultures. In a
Greek adaptation study, researchers found that a three-factor model
(comprising Healthy Orthorexia, Emotional Orthorexia, and
Cognitive-Social Orthorexia) provided a better fit than the original
two-factor model (Argyrides et al., 2024). There were also item-level
concerns with various studies suggesting removal of some items. For
example, items 9 and 13 were identified as problematic due to cross
loadings in an English validation study (Chace and Kluck, 2022) while
the adaptation study to French dropped items 9 and 15 (Lasson et al.,
2023).

Bauer et al. (2019) developed the Barcelona Orthorexia Scale (BOS)
in Spain, which includes 64 items with no cut-off score. The strength of
this measure is that it was developed based on proposed diagnostic
criteria available at the time of development. Development of this scale
was based on the Delphi study methodology where Spanish and
English-speaking experts in the field of eating disorders were asked for
their opinions on the representativeness of each item. To date, BOS lacks
psychometric validation, and the authors identified several limitations
in the methodology of its development. Among these is the fact that not
all experts that participated in the process ever published on ON and
level of expertise differed; with some individuals being involved with
eating disorders but not having any experience with ON.

Orthorexia Nervosa Inventory (ONI) was developed in the USA and
includes 24 items, which need to be responded to on a 4-point Likert-
type scale (Oberle et al., 2021). This questionnaire is based on the
items from EHQ and DOS. The authors suggested a three-dimensional
structure: ON behaviours, emotional stress, and physical and social
impairment. This structure was confirmed in later studies (e.g. Fodor
et al., 2025). It is the only available scale that includes items reflecting
physical impairment from ON. This is a promising measure. However, it
does not have a cut-off score.

Some of the questionnaires discussed demonstrate better psycho-
metric properties than others, but none without limitations, which ne-
cessitates development of alternative tools. To summarise, DOS has been
criticised for its inability to differentiate between ON and other eating
disorders such as anorexia nervosa and for its limited incorporation of
functional impairment. EHQ and TOS present uncertainty in terms of
factor structure and cultural relevance of some items. Although ONI
represents a more recent and promising measure (Oberle et al., 2021), it
was not available at the time when STONE was conceived. In compari-
son with STONE, ONI lacks a validated cut-off score and remains rela-
tively long, limiting its practicality as a rapid screening instrument in
broad, multi-measure assessments. Moreover, existing tools, ONI
included, tend to underemphasise motivational factors such as
appearance-driven eating behaviours, which emerging evidence sug-
gests play a key role in ON (Pauzé et al., 2021). Furthermore, to over-
come the inability of some tools to differentiate between individuals
with ON and other possible restrictive practices, the new measure
should be able to demonstrate discriminative capacity across
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comparison groups. Thus, a new assessment tool to further our under-
standing of ON is needed (Ng et al., 2024).

1.1. Aims

The aim was to develop a short screening tool for ON. Short measures
are associated with higher completion rates, reduced participant fatigue,
and are often perceived as less intrusive (Rolstad et al., 2011).
Furthermore, in large epidemiological research, inclusion of short
measures allows for assessment of multiple domains without over-
loading participants. Building on previous studies (Mitrofanova, Pum-
mell, et al., 2021; Mitrofanova, Mulrooney, & Petroczi, 2021), this study
aimed to develop a new assessment tool that includes physical appear-
ance as a motivating factor, behavioural aspects (rigid control over food
selection, consumption and preparation), and nutritional aspects
(avoidance of particular foods considered “impure”).

1.2. Overview of the scale development process

An iterative sequential design was employed, with four independent
studies (Fig. 1), conducted between 2018 and 2020. Study 1 aimed to
generate the item pool and initial testing for psychometric properties.
Study 2 examined the factor structure of the new scale. Study 3 was
conducted to establish evidence for validity and re-examine the factor
structure of the scale with the independent sample. Study 4 sought to
establish test-retest reliability.

Ethical approval was granted for all studies by the Faculty Research
Ethics Committee at Kingston University London. Participants in all
studies were fully informed about the aims, procedures involved, their
rights to withdraw and data treatment via the information sheet. Contact
details of organisations offering psychological support were provided on
the debriefing sheet.

2. Study One

The objective of this study was to generate and test the items
assessing ON-related cognitions, behaviours, and beliefs.

2.1. Method

2.1.1. Measures

The list of items was developed based on qualitative interviews and
nutritional assessments of individuals with suspected ON (Mitrofanova,
Pummell, et al., 2021; Mitrofanova, Mulrooney, & Petroczi, 2021).
Previous studies carried out by this research team explored individuals’
24-hour macro- and micro-nutrient intakes to identify a potential
pattern of dietary restrictions reflective of ON and provided a qualitative
understanding of the reasons, beliefs, and motives for following a diet
indicative of ON. Themes generated from the qualitative interviews
were systematically translated into item content. For example, items
reflecting the impact of individuals’ dietary restrictions on their social
lives, interpersonal communication and their relationships with friends
and family were derived from theme “Social”. Items reflecting perceived
dietary purity, avoidance of foods considered unhealthy, behavioural
control over food preparation and consumption and striving to enhance
physical appearance emerged from theme “Rules/Control” and from the
24-hour recall assessments; items reflecting the “Journey” theme
captured the evolving role of food in one’s life, relating to identity and
self-worth. Putting findings from both qualitative and nutritional
studies, common features were very particular beliefs about foods’
harmful and health-enhancing properties, motivation to maintain or
achieve physical appearance, and a desire for control over food prepa-
ration and consumption which impacted other aspects of individuals’
lives. In all, 80 statements that reflected cognitions, behaviours, and
beliefs of individuals with suspected ON were grouped under eight do-
mains. These domains were ‘preoccupation with healthy eating’,
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Fig. 1. Development process of STONE.

‘compensatory behaviours’, ‘rigidity/control’, ‘physical activity’, ‘iden-
tity/self-worth’, ‘purity of the diet’, ‘social life’, and ‘physical appear-
ance’. Participants were also asked to provide demographic and
anthropometric information, indicate self-perceived weight status,
report existing dietary restrictions, past diagnoses of an eating disorder,
obsessive compulsive disorder, any medical condition that may impact
their eating behaviours, and to complete the Bratman Orthorexia Test
(BOT). Responses were not forced, allowing participants to skip ques-
tions they felt unsure about or uncomfortable with. The questionnaire
with the information sheet can be found in the supplementary materials.

2.1.2. Participants and procedure

The sample in Study 1 consisted of 248 respondents. Participants’
age ranged from 18 to 68 years (M = 26, SD = 9.66); 129 individuals
identified as men and 119 identified as women. Of those participants
that responded to the question about ethnicity, the most represented
ethnic group was White English (n = 60, 24.1 %) and any other White
background (n = 60, 24.1 %) followed by White British (n = 13, 5.2 %),
Black African (n = 13, 5.2 %), Indian (n = 12, 4.8 %), Pakistani (n = 11,
4.4 %), Bangladeshi (n = 11, 4.4 %), any other Asian background (n =
10, 4 %), Chinese (n = 8, 3.2 %), Arab (n = 8, 3.2 %), Black Caribbean (n
=7, 2.8 %), and Mixed White and Black and Mixed White and Asian
(both n = 6, 2.4 %). Most participants (n = 168, 67.5 %) indicated the
UK as their country of residence. The majority identified the English
language as at least one of the languages spoken at home (n = 146, 59.6
%). BMI of the sample ranged from 16.1 to 52.03 kg/m? (M = 23.20, SD
= 4.23). Most participants reported not having any restrictions in their
daily diets (n = 145, 58.5 %). Of those that reported restrictions,
vegetarian and vegan diets were cited most often. Other restrictions
included low carbohydrate, fat, sugar, dairy products, and “fast food”.
Eighteen individuals (7.3 %) reported an eating disorder diagnosis,
while six participants (2.4 %) reported having an OCD diagnosis. Most
individuals did not report any medical or psychological conditions
impacting their diet (n = 210, 84.7 %). Adherence to religious diet was
reported by 36 (14.5 %) participants. Interestingly, most participants in
this sample answered affirmatively to at least five of the BOT items (n =
153, 61.7 %) indicating a possible presence of ON tendencies among the
sample. No exclusion criteria were applied based on socio-demographic
characteristics, however, all participants had to be at least 18 years old.
Recruitment took place in-person and online among undergraduate
university students in England. Students were approached via in-
classroom announcements and asked to complete a hard copy of the
survey. Online participants were contacted via email and social media
platforms (Facebook and Instagram) and asked to complete an identical
survey hosted on a closed platform (SurveyMonkey). Participants were
informed that it would take approximately 20 min to complete the
survey. Items were presented in a fixed order starting with demographic
and anthropometric questions, followed by the scale under development
(80 items) and the BOT. The final part of the survey asked if they were
ever diagnosed with an eating disorder, obsessive-compulsive disorder,
or if there was a known medical or psychological condition that
impacted upon their food choices and if they were following any reli-
gious diets. Participants were encouraged to share the survey link with
their acquaintances.

The sample size for the exploratory factor analysis (EFA) was
determined based on published recommendations for scale develop-
ment. A total of 248 participants completed the 80-item version of the
screening tool, yielding a subject-to-variable ratio of approximately 3:1.
While this is below the commonly cited 5-10 participants per variable
rule of thumb (Gorsuch, 1983), several simulation studies suggest that
lower ratios can still yield reliable factor solutions under certain con-
ditions (e.g., when communalities are greater than .6) (MacCallum et al.,
1999). In this study, due to a lack of meaningful factors resulting from
the EFA, sample size for a hierarchical agglomerative cluster analysis
was considered sufficient. While there are no strict sample size re-
quirements for hierarchical cluster analysis, Formann (1984) recom-
mends the minimum sample size to include no less than 2K cases (k =
number of variables). In this case 2K — 2 % 80 = 160 cases. Finally, the
sample size of 248 was considered sufficient for the EFA with 41 items
remaining from the cluster analysis as it presented a 6:1
subject-to-variable ratio.

2.2. Results

Kaiser’s measure of sampling adequacy for the scale indicated the
data were appropriate for EFA (Kaiser, 1974). The value was .88 which
Kaiser described as “meritorious”. This iteration of the EFA produced 20
factors with eigenvalues >1.00. The analysis failed to reveal any
meaningful factors consistent with the operationalisation of the ON. A
hierarchical agglomerative cluster analysis was, therefore, performed
for data analysis and revealed seven clusters. One cluster was omitted as
it contained only one item. Then, each cluster was assessed by con-
ducting an item-total correlation and identifying the items with the
highest coefficients. Items with corrected item-total correlation values
> .5 were retained. The resulting scale consisted of 41 items. Table A.1
in Appendix A presents the items with their respective cluster mem-
bership and item-total correlation values.

The next step involved subjecting the retained scale to the EFA. EFA
of the 41-item with varimax rotation produced nine factors. However,
two factors were removed as only two items loaded on factor 8 and one
item on factor 9. Decision regarding the number of factors to retain was
based on examining Cattell’s (1966) scree-test and eigenvalues (>1).
Furthermore, items that had large cross loadings, defined as secondary
loadings >.30 on more than one factor, and items with loadings <.3
were removed (Tabachnick & Fidell, 2019). Although higher cut-offs (e.
g., .40) are often recommended for more conservative analyses, a .3
threshold allows for the retention of items that may contribute mean-
ingfully to emerging constructs, especially in the context of new in-
strument development. We followed these criteria as they allowed for
methodological rigour without prematurely discarding potentially
meaningful items at the early stages of scale development. The total
number of items retained after the EFA was 33. At this point, the com-
binations of the items necessitated a review of descriptive labels of the
factors. Table 1 presents the items with their respective factor loadings
and Cronbach’s alpha coefficients for each component. According to
interpretations of alpha coefficients suggested by George and Mallory
(2003) the values fall from acceptable (>.7) to good (>.8). Cronbach’s
alpha for the scale was .938, which is considered excellent.
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Table 1
Factor structure and Cronbach’s alpha coefficients of the seven factors.

Items F1 — Physical F2 — Emotional F3 — Barriers to F4 — Weight F5 - F6 — Subject F7 -
(rational) outcome — overcome to stick management Food interest Control
outcome - Health identification with diet to the diet purity (nutrition)

1 My diet has more health benefits .694

than other diets.
2 Healthy eating is a large part of whoI ~ .685

am.

3 I eat only healthy food. .647

4 My body is pure because of my .561 .360
healthy diet.

5 I have a strict exercise routine to .521 .334
complement my diet.

6 I feel a sense of achievement when I 722
stick to my diet.

7 Being able to stick to my diet has a .638 .342
positive impact on my mood.

8 I eat healthy because I want to 625 .401
improve the way I look.

9 I feel better about myself when I 621 .301

manage to avoid slipping off my
healthy diet.

10 My chosen diet has a direct impact on .595 .380
my appearance.

11 It's difficult to find a restaurant that .690
serves the foods that I eat.

12 My family has to make me a separate .687

meal/dish when eating together (e.g.
Christmas, Easter).

13  Other people have mentioned that 672
my diet is too restrictive.

14 My diet has many rules. .594 .322

15 I avoid food that I haven’t prepared 484
myself.

16  I'm very specific about my food 439 .480
choices.

17  1go out less frequently since I began .387
eating healthy.

18 I follow my diet in order not to gain .796
weight.

19 My diet is designed to keep me at a .700
specific weight.

20  The main motivation behind my food .351 .644
choices is weight management.

21  IfI eat something outside of my diet, .341 .614

I will try to make up for it and eat less
or exercise more the next day.

22 Tavoid foods that were treated with .798
pesticides.

23 Iavoid genetically modified foods. 773

24 Tavoid processed foods. .321 .659

25  It’s important for me to know where .604

the food I buy at the supermarket/
market comes from.

26  Most of my social interactions .682
involve a discussion about my eating
habits.
27  Nutrition is a hobby of mine. .338 424 .589
28 I make sure that my diet is better 418 .540
than most people’s diet.
29  TIactively seek the latest trends/ .486 310
information/news in nutrition.
30 Ispend a lot of time researching .353 317 .448
nutritional composition of foods.
31  Iplan when to allow myself a treat .551
outside of my diet.
32 I measure every portion. .492
33 I carefully monitor the nutritional .376 .481
composition of what I eat.
Reliability (Cronbach’s alpha) .821 .844 .811 .805 .783 .791 732
Despite the satisfactory values of internal consistency demonstrated 3. Study Two
by the factors and the scale, some factors still contained items reflecting
several theoretical dimensions, which warranted further investigation. This study aimed to re-examine the structure of the scale using a

reduced number of items with an independent sample. In addition, we
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added new items to ‘control’ and ‘appearance’ subscales to better reflect
the respective constructs.

3.1. Method

3.1.1. Measures

Two additional items were added to the scale. One item was added to
“control” subscale “All my meals are planned” and one to “appearance”
subscale “My diet is good for my skin”. Both components were high-
lighted as reasons for adherence to the diet of choice in the qualitative
study (Mitrofanova, Pummell, et al., 2021) and were important con-
tributors to the conceptualisation of ON when developing the items for
Study One. All other questions were identical to the questionnaire used
in Study One.

3.1.2. Participants and procedure

The sample consisted of 127 participants (91 females, 36 males) aged
from 18 to 68 years (M = 31.05, SD = 11.06). “Any other ethnic group”
was the most represented category in this sample (n = 40, 31.5 %) fol-
lowed by White English (n = 29, 22.8 %), Black British (n = 14, 11 %),
Asian Indian (n = 8, 6.3 %), and Asian Pakistani (n = 6, 4.7 %). The UK
was the country of residence for most participants (n = 99, 78 %). BMI of
the sample ranged from 15.79 to 42.72 kg/m? (M = 24.21, SD = 4.97).
Most individuals did not have any restrictions in their daily diets (n =
82, 64.6 %). Those who reported restrictions in their diet avoided sugar,
dairy, carbohydrates, “junk food”, and restricted their calorie intakes.
Two individuals were following a vegetarian diet, two individuals were
vegan, and two participants excluded gluten. Seven individuals reported
an eating disorder diagnosis, two participants were diagnosed with
anorexia nervosa, five participants had a diagnosis of bulimia nervosa in
the past. Five participants reported an OCD diagnosis. Psychological and
medical conditions influencing dietary choices were reported by nine-
teen participants. The most common conditions included depression and
anxiety. Twelve people were following a religious diet (halal or kosher).
Six individuals (4.7 %) answered affirmatively to at least five BOT
statements. The sample was drawn from university students in England.
Data collection followed identical steps to Study 1.

Using a new sample of 127 participants, resulted in a subject-to-
variable ratio of approximately 3.6:1. Although this ratio is below the
commonly recommended threshold of 5-10 participants per item
(Gorsuch, 1983), MacCallum et al. (1999) suggest smaller samples may
be adequate when certain conditions are met specifically, when com-
munalities are moderate to high (>.50) and factors are well-defined by
at least three items with strong loadings.

3.2. Results

The value of Kaiser’s measure of sampling adequacy for the scale
(KMO = .86) indicated the data were appropriate for EFA (Kaiser, 1974).
EFA with oblimin rotation was conducted to explore the internal
structure of the scale. To determine the number of dimensions to retain,
parallel analysis (PA) was used (Horn, 1965) and was conducted using R
software (R Core Team, 2017). In addition, visual inspection of the scree
plot, factor loadings, eigenvalues, and face validity of the items were
taken into consideration. Only items with factor loadings above .30 were
retained and considered for inclusion. The results from the PA, which
can be seen in Appendix B Figure B.1, suggested the retention of three
factors in the EFA since three eigenvalues from the sample were greater
than those from the randomly generated datasets. These factors repre-
sented dimensions of “appearance” (7 items), “purity” (8 items), and
“control” (6 items). After assessing items for face validity, five items
were removed as they failed to demonstrate conceptual fit with the
factors. For example, items “I feel better about myself when I manage to
avoid slipping off my diet” and “I feel a sense of achievement when I
stick to my diet” describe the affective element of adhering to a diet
rather than enhancement of one’s physical appearance and were,
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therefore, removed from the “appearance” dimension. Next, item “My
diet is good for my skin” was included in the “appearance” component
and item “It’s important for me to know where the food I buy at the
supermarket/market comes from” was assigned to the “control”. Inter-
nal consistency reliability, assessed by Cronbach’s alpha coefficients,
were .84 for the “appearance”, .82 for the “purity”, .61 for the “control”
subscales, and .84 for the whole scale. The resulting scale included 16
items. Table 2 presents retained items with their factor loadings.

To verify the factor structure, the three-factor scale was subjected to
the Confirmatory Factor Analysis (CFA). Absolute and relative fit indices
were generated and examined. Hooper and colleagues (2008) advocate
reporting the following indices: Chi-squared ()2) its degrees of freedom
and p value, root mean square error of approximation (RMSEA), and
standardized root mean square residual (SRMR), the comparative fit
index (CFI) and one parsimony fit index such as parsimonious normed fit
index (PNFI). Obtained values were compared with the acceptable
thresholds of fit by indices recommended by Hooper et al. (2008), which
were: x2 with a non-significant p value (p > .05), RMSEA value smaller
than .07, SRMR value smaller than .08, CFI value greater or equal to .95,
PNFI within the .50 region while other fit indices achieve values over
.90. However, the goodness of fit statistics revealed that the model
demonstrated a poor fit to the data y2/df = 223.02/101 = 2.208, p <
.00; RMSEA .098; SRMR .113; CFI .817; PNFI .603, but normed
chi-square statistics (y%/df = 2.208) was within the acceptable range of
<2.5. This necessitated further adjustments and assessment of the in-
ternal structure of the scale with the independent sample.

4. Study Three

At this stage, the resulting scale included three factors corresponding
with conceptualisation of ON as a condition that presents as preoccu-
pation with “clean” eating (purity), desire to enhance one’s appearance
via adherence to the diet of choice (appearance), preoccupation with the
topic of nutrition, and rigid behaviours of food preparation and con-
sumption (control). However, the three-factor model demonstrated a
poor fit to the data in Study Two, which necessitated further

Table 2
Factor structure of the 16-item scale.

Items Appearance  Purity  Control
1 I follow my diet in order not to gain .815

weight (A1).
2 1 eat healthy because I want to improve .812

the way I look (A2).
3 The main motivation behind my food 778

choices is weight management (A3).
4 My chosen diet has a positive impact on .675
my appearance (A4).

5 My diet is designed to keep me at a .646

specific weight (A5).
6 1 avoid processed foods (P1). 777
7 It’s important for me to know where the 740

food I buy at the supermarket/market
comes from (C5).

8 I avoid genetically modified foods (P2). 718
1 eat only healthy food (P3). .698

10 My diet has more health benefits than .685
other diets (P4).

11 I avoid foods that were treated with 657
pesticides (P5).

12 My diet is good for my skin (A6). .555

13 Other people have mentioned that my 709
diet is too restrictive (C1).

14 I avoid food that I haven’t prepared .364
myself (C2).

15 I measure every portion (C3). .343

16  Ispend a lot of time researching 331

nutritional composition of foods (C4).

Note: “A” = Appearance, “P” = Purity, “C” = Control.
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investigation into the scale’s structure.

Past literature on ON consistently reflects an association with
obsessive-compulsive tendencies and disordered eating habits (McComb
& Mills, 2019). In addition, qualitative interviews conducted by this
research team revealed the desire to improve one’s appearance as one of
the primary motivations for seeking to eat “healthily” (Mitrofanova,
Pummell, et al., 2021). Therefore, to establish convergent validity of
STONE, we hypothesised that the scale would correlate with the mea-
sures of obsessive-compulsive tendencies, eating pathology, and
appearance orientation. Further, to establish discriminatory power of
STONE, we hypothesised that individuals exhibiting orthorexic ten-
dencies would score significantly higher than participants restricting
their dietary intakes for other reasons and those without dietary re-
strictions. For example, individuals with medical conditions such as ir-
ritable bowel disease, food allergies, coeliac disease, diabetes often have
dietary restrictions to manage symptom severity (Evert et al., 2019).
Many avoid certain foods and engage in fasting as part of practicing
religious beliefs (Diizceker et al., 2021). Furthermore, some may limit
their food intakes for professional reasons. For example, athletes may
manipulate food intake to enhance sport performance (Stoel et al.,
2021). While these examples involve abstaining from food, none of these
practices are inherently pathological. STONE should, therefore, be able
to differentiate between those with a diagnosed eating disorder, those
without any dietary restrictions, and those with high scores on BOT if it
is measuring ON behaviours, cognitions and motivations.

For practical application, the scale was validated against the scores
on the BOT due to the absence of official diagnostic criteria. Assessing
accuracy of a screening tool involves examining its ability to distinguish
a presence of condition from its absence compared to the ‘gold stan-
dard’. Receiver Operating Characteristic (ROC) analysis reports perfor-
mance of a screening tool in terms of the sensitivity (probability of a
positive result in people with a condition) and specificity (probability of
a negative result in people without a condition) using a cut-off score to
define “positive” and “negative” test results (McNeil et al., 1975). The
ROC curve is a graph that provides combinations of sensitivity and
specificity and runs from point 0 to point 1. A screening tool with no
discriminating ability at all has a ROC graph that follows the diagonal
line from point 0 to point 1 covering 50 % of the area under the curve
(AUC) with accuracy approximating random guessing.

Therefore, the purpose of Study Three was threefold: (1) to confirm
the factor structure for the scale in an independent sample, (2) to assess
convergent and discriminant validity, (3) and to identify cut-off points
for practical application.

4.1. Method

4.1.1. Measures

Participants provided demographic information, self-reported height
and weight, the 16-item scale developed in the previous study, and
various self-report measures to assess the validity of the scale (described
below). Study materials were hosted on SurveyMonkey. Items were
presented in random order to each participant.

4.1.1.1. The Eating Attitude Test (EAT-26; Garner et al., 1982). This
questionnaire was used to identify pathological eating behaviours and
attitudes. The test is not a diagnostic measure for eating disorders. The
authors of the scale suggest that scoring above the cutoff point indicates
a presence of a possible eating pathology but do not claim the scale’s
ability to establish an exact diagnosis. Responses are scored on a 6-point
Likert-type scale ranging from “Never” to “Always”. A total score was
used for analysis with a score of 20 and higher indicating a tendency
towards disordered eating. Internal consistency reliability (Cronbach’s
alpha) of this scale in this sample was .89. This measure was included in
this study to demonstrate that STONE measures a distinct eating
behaviour reflective of ON, not pathological eating behaviours and
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attitudes that represent possible presence of eating disorders like
anorexia nervosa and bulimia nervosa. For example, if the scores of
STONE and EAT-26 had a moderate correlation, it would suggest that
STONE captures restrictive eating while still measuring a distinct
condition.

4.1.1.2. The Obsessive Compulsive Inventory Revised (OCI-R; Foa et al.,
2002). The questionnaire is used to assess symptoms of
obsessive-compulsive disorder. This scale is an 18-item measure scored
on a 5-point Likert scale with a score of 21 and higher suggesting the
presence of obsessive-compulsive tendencies. In this sample internal
consistency reliability (the Cronbach’s alpha) was .92. Previous studies
linked ON to obsessive compulsive tendencies (e.g., Koven & Abry,
2015). OCI-R was included to assess this link. We expected positive but
low associations with STONE suggesting that ON behaviours are more
reflective of eating pathology, rather than a condition of
obsessive-compulsive nature.

4.1.1.3. Multidimensional Body-Self Relations Questionnaire Appearance
Orientation subscale (MBSRQ-AO; Cash, 2015). In this study only the AO
subscale of the MBSRQ was used. The items of this subscale measure the
extent of preoccupation and investment into one’s physical appearance
and grooming behaviours. There are 12 items with responses ranging
from “Definitely Disagree = 1” to “Definitely Agree = 5”. Scores are
calculated by estimating an average. There is no cut-off score but
author-provided population average for males is 3.60 and 3.91 for fe-
males. Higher scores indicate greater investment in one’s appearance. In
this sample internal consistency reliability (Cronbach’s alpha) was .90.
This measure was included to assess the extent to which physical
appearance is important in ON. Moderate correlation would suggest that
ON may be driven by motivations to maintain and enhance one’s
appearance.

4.1.2. Participants and procedure

The sample included 241 individuals. All participants were at least
18 years old. The study used purposive sampling technique. Recruitment
took place using Prolific.co. Prolific is an online platform for recruitment
of participants with the aim to explicitly cater to researchers. Partici-
pants were contacted via Prolific using their IDs on the web site. Prolific
allows researchers to not only post a “call” for participation in a study
but also to limit the visibility of this “call” to particular individuals. Once
the “call” is visible, it is entirely up to Prolific participants to take part
(or not) in the study. Participants were selected based on an existing
large dataset collected for previous (unrelated) research projects. This
two-stage approach to recruitment was used to mitigate against the risk
of falsely claiming a behaviour or condition for eligibility to participate
in the study. Participants received a monetary reward for their partici-
pation (average reward rate = 10.55£ per hour). To assess convergent
validity five groups of participants took part in this study: “BOT” — in-
dividuals that scored at least 5 points on BOT scale; “Medical” — in-
dividuals that reported having a medical condition (e.g. diabetes,
irritable bowel syndrome) that impacts their daily diet; “Religious diet”
— those following a religious diet (e.g. Kosher, Halal, Eastern Orthodox);
“ED” - individuals self-identifying as having been diagnosed with an
eating disorder; “Professional reasons” — individuals following a specific
diet to maintain their weight for professional reasons (athletes, models);
“Control” — a group of healthy adults that do not self-identify with any of
the above criteria. Table 3 presents participants’ groups and de-
mographic information.

Sample size for the CFA was considered sufficient as it was greater
than the rule of thumb of 10 cases per variable (Nunnally, 1967). This
sample size was also sufficient for validity testing as a priori power
analysis conducted using G*Power version 3.1.9.7 (Faul et al., 2007)
indicated the required sample size to achieve 80 % power for detecting a
medium effect, at a significance criterion of a = .05, was n = 82 for
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Table 3

Groups and demographic characteristics of participants.
Characteristics n %
Group
BOT 44 18.3
Medical 42 17.4
Religious diet 29 12
ED 41 17
Professional/job-related reasons 45 18.7
Control 40 16.6
Ethnicity
White English/Welsh/Scottish/Northern Irish/British 190 79
Indian 13 5.4
Pakistani 11 4.6
Black African/British 9 3.8
White and Asian 4 2.1
White and Black African/Caribbean 3 1.2
Bangladeshi 3 1.2
White and Black African 1 4
Arab 1 4
Other 6 2.5
Marital status
Never having been married or in civil partnership 140 58.1
Married/civil partnership 91 37.8
Divorced/civil partnership dissolved 8 3.3
Separated from spouse or partner 2 .8
Children under 16 years old in household.
No children 147 61
One child 46 19.1
Two children 29 12
Three children 16 6.6
Four children 2 .8
Five children 1 4

Note: BOT - individuals that scored at least 5 points on BOT scale; Medical —
individuals that reported having a medical condition (e.g. diabetes, irritable
bowel syndrome) that impacts on their daily diet; Religious diet — those
following a religious diet (e.g. Kosher, Halal, Eastern Orthodox); ED - in-
dividuals self-identifying as having been diagnosed with an eating disorder;
Prof. reasons — individuals that follow a specific diet to maintain their weight for
professional reasons (athletes, models); Control — a group of healthy adults that
do not self-identify with any of the above criteria.

Pearson’s correlation. Using the same parameters in G Power sample
size for a one-way ANOVA was calculated to be n = 216, which is below
the sample size in this study.

4.2. Results

4.2.1. CFA

Kaiser’s measure of sampling adequacy for the scale (.89) indicated
the data were appropriate for analysis (Kaiser, 1974). Initial fit indices
were poor, y%/df (555.84/101) = 5.503, p < .00; RMSEA .137 SRMR
.125; CFI.744; PNFI .595. Modification indices were examined and error
terms with values > 20 on the same factor were allowed to correlate.
However, the model still did not demonstrate a satisfactory fit y2/df
(405.425/96) = 4.223, p < .00; RMSEA .116 SRMR .110; CFI .826; PNFI
.629.

After observing the model fit of the 16-item version, the decision was
made to test if single-factor shorter version of the scale could be a viable
solution. Several items (A3, A4, A6) showed high modification indices
with more than one other item suggesting an additional covariances
with items measuring purity of the diet (A4 and P4) and items measuring
the control dimension (A6 and C5). Purity dimension also contained
items with high modification indices suggesting an additional covari-
ance with items on the control dimension (P1 and C2, P2 and C5) and
with items on the same variable (P2 and P5). The CFA was conducted on
the scale that consisted of items that did not demonstrate multiple
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modification indices with values > 20. This version represents an
alternative to the 16-item version consisting of three subscales and in-
cludes only one hypothetical dimension underlying all items — ON; and
consisted of items Al, A2, A5, P3, P5, C1, C3, and C4. This decision
integrated both statistical evidence and theoretical considerations.
Although previous research has conceptualized ON through multidi-
mensional frameworks encompassing behavioral, cognitive, and
emotional domains, this analysis indicates these theoretical dimensions
may demonstrate substantial empirical overlap. Rather than functioning
as distinct constructs, these components appear to coalesce around a
single underlying factor, suggesting that pursuit of dietary purity man-
ifests as an integrated psychological phenomenon. This unidimensional
structure may reflect that cognitive preoccupation with food purity,
behavioral rigidity in eating patterns, and motivation to enhance/
maintain one’s physical appearance operate as mutually reinforcing
elements of a cohesive phenomenon. Initially, model fit indices still did
not meet the recommended values, Xz/df(92.50/20) = 4.63, p < .00;
RMSEA .123 SRMR .064; CFI .872; PNFI .603. Modification indices were
examined for values above 10 and associated error terms were allowed
to correlate (el<e2, MI = 19.159; el<e8, MI = 15.585; el«e3, MI =
15.141; e2-e7, MI = 13.808).

The model fit indices improved after allowing for the correlation of
the error terms, X2(92.50/20) =4.63, p < .00; RMSEA .123 SRMR .064;
CFI .872; PNFI .603. Fig. 2 below presents the model and each item’s
contribution to measuring orthorexic tendencies.

The resulting Screening Tool for Orthorexia Nervosa (STONE) (8
items) demonstrated a very good internal reliability consistency
expressed as Cronbach’s alpha coefficient of .82.

4.2.2. Validity and discriminatory power of STONE

As predicted, STONE demonstrated significant correlations with the
measures administered to assess the convergent validity. There was a
moderate positive correlation between scores on the STONE and the
EAT-26 (r = .454, p < .001), indicating a medium effect size. Approxi-
mately 21 % of the variance in EAT-26 scores was shared with STONE
scores (r? = .21). There was a small but statistically significant positive
correlation between STONE and OCI-R scores (r = .179, p = .01), with
approximately 3 % of the variance shared between the two measures (2
= .03), suggesting a weak association with obsessive-compulsive
symptoms. A moderate positive correlation was also found between
STONE and MBSRQ-AO scores (r = .344, p = .01), indicating a medium
effect size, with 12 % of the variance in appearance orientation scores
explained by STONE scores (r2 = .12). The obtained correlations with
indices of disordered eating (EAT-26) and obsessive-compulsive ten-
dencies (OCI-R) were consistent with the previous studies using other
ON measurement tools (e.g. McComb & Mills, 2019). Correlation with
appearance orientation (MBSRQ-AO) is consistent with the view of ON
proposed by the qualitative findings (Mitrofanova, Pummell, et al.,

Fig. 2. CFA 1-factor structure goodness-of-fit model.
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2021) that suggested exaggerated focus on appearance as a motive
behind the drive for “healthy” nutrition.

One-way ANOVA indicated a significant difference between the
groups on their performance with STONE, F (5, 235) = 9.34, p = .0001.
A Gabriel’s post hoc procedure revealed that the group with suspected
ON scored significantly higher than all other groups (medical p = .0001;
religious diet p = .010; eating disorder diagnosis p = .034; weight
maintainers for professional reasons p = .047; and control group p =
.0001). Table 4 presents means and standard deviations for all groups’
post-hoc comparisons.

4.2.3. Accuracy of STONE

The area under the ROC curve (AUC) for the STONE, differed
significantly from .50 (p < .0001). STONE was able to predict possible
ON status among the control group and those with possible ON (BOT
group). Fig. 3 presents the ROC curve.

Fig. 3 suggests that there would be an 83 % likelihood that a
randomly selected individual from the BOT group would score above the
cut-off point, compared with the control group (AUC = .830, SE = .045,
95 % CI .741, .918). To establish the cut-off scores, we examined the
curve and identified the coordinates that reflect minimum distance from
the left-upper corner of the unit square. To allow for flexibility in
application of the scale, three cut-off points were selected, where point A
prioritises specificity over sensitivity, point B reflects the balance be-
tween specificity and sensitivity, and point C favours sensitivity over
specificity. True and false positive rates and positive and negative
likelihood ratios for each cut-off point are presented in Table 5.

Considering cut-off point B, STONE identified 80 % of the individuals
in the BOT group as having possible ON. The positive likelihood ratio at
this point predicts that individuals who scored above the cut-off value
are 3.55 times more likely to have ON. Negative likelihood ratio of .282
indicates a 28.2-fold decrease in the odds of having ON in a person with
a negative screening test result.

5. Study Four

The last study focused on the test-retest reliability assessment of
STONE.

5.1. Methods

5.1.1. Measures
The measure included only the newly developed 8-item STONE
(Appendix C section).

5.1.2. Participants and procedure

The sample included participants from the control and BOT groups
that took part in Study 3 and responded to the “call” for participation (n
= 71). There were 34 individuals in the Control group and 37 in the BOT
group. The recruitment process took place three weeks after completion
of Study 3 and was identical. Participants recruited via Prolific received
monetary compensation with average reward per hour = £18.75. Par-
ticipants’ Prolific ID was used to match their data to their scores from the
previous study. The measure included only STONE. Pearson correlation
coefficients between the scores of the scale from Study 3 and this study

Table 4

Post-hoc comparison of groups’ performance on STONE.
Group M SD
BOT 30.20 7.41
Medical 23.19 5.84
Religious diet 24.38 6.42
ED 25.46 8.08
Prof. reasons 25.73 7.92

Control 20.08 6.22
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Fig. 3. ROC curve of STONE to predict possible ON between the control group
and individuals that scored at least 5 points on BOT.

Table 5

Cut-off values and associated calculations.
Cut-off Cut-off Sensitivity = 1- TPR FPR PLR NLR
point value Specificity
A 28.5 .614 .051 931 .037 12.04 .083
B 25.5 727 .205 .800 .186 3.55 .282
C 20.5 .886 513 .661 .833 1.73 .579

Note: TPR = true positive rate; FPR = false positive rate; PLR = positive likeli-
hood ratio; NLR = negative likelihood ratio.

were calculated to assess test-retest reliability with coefficients of 1
considered a perfect reliability, >.75 as excellent reliability, from .60 to
.74 as good, and from .40 to .59 as fair (Cicchetti, 1994).

5.2. Results

A good test-retest reliability was observed between the scores of the
control, r = .604, p = .01, and the BOT groups, r = .660, p = .01.
However, there was a small discrepancy between the number of cases
scoring above the cut-off in Study Three and this study (two cases).
Several factors may account for this shift, including natural fluctuations
in eating behaviours, situational changes (e.g., health concerns, expo-
sure to dietary messaging), or response variability due to mood or
context at the time of retest. The shift in classification of two participants
suggests that scores close to the cut-off value may be influenced by these
situational or behavioural fluctuations. However, life changes were not
assessed in the retest phase which limits the ability to interpret the re-
sults. Future studies should include brief behavioural or lifestyle in-
ventories to contextualize changes in STONE scores over time and
strengthen the interpretive value of reliability estimates. Table 6 reports
the true positive/negative and false positive/negative rates from Studies
Three and Four. Cut-off point B was used to estimate classification.
Because not all participants from Study Three responded to the call for
participation, which resulted in unequal sample sizes in Studies Three
and Four, values are presented in percentages.
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Table 6
Percentage of participants scoring above the “B” cut-off point in Studies 3 and 4.
Study 3 Study 4
True True True True
positive negative positive negative
(BOT) (BOT) (BOT) (BOT)
Predicted 72.73 % 20.51 % 81.08 % 32.35%
positive
(STONE)
Predicted 27.27 % 79.49 % 18.92 % 67.65 %
negative
(STONE)

6. Discussion

The aim of the studies described in this article was to develop an
independent short screening tool for ON that would include physical
appearance as a motivation behind individuals’ restrictions on their
diet, reflect avoidance of foods perceived as “unhealthy” or “impure”
and also rigid behavioural practices surrounding food preparation and
food shopping. These components align with the evidence from empir-
ical studies of ON that conceptualize it as a multifaceted condition
driven by internalised appearance ideals and concerns (Messer et al.,
2022). For example, items such as “I follow my diet in order not to gain
weight”, “I eat healthy because I want to improve the way I look”, and
“My diet is designed to keep me at a specific weight” tap into
appearance-driven motives. From a cognitive-behavioural perspective,
STONE items reflect ON as a condition that is driven by beliefs about
food’s quality and reinforced by rigid practices around food consump-
tion and preparation. Items like “I eat only healthy food” and “I avoid
foods that were treated with pesticides” reflect purity- and
health-focused motives. Finally, items such as “Other people have
mentioned that my diet is too restrictive”, “I measure every portion”,
and “I spend a lot of time researching nutritional composition of foods”
capture the behavioural rigidity and obsessive tendencies characteristic
of orthorexia and related to compulsive control seen in
cognitive-behavioural and obsessive-compulsive frameworks. As sum-
marised in Fig. 4, our newly developed screening tool for ON has good
psychometric properties.

The resulting scale includes eight items and is a unidimensional
measure of ON. The scale demonstrated a good model fit and results
supported the internal consistency. STONE showed associations with the
measures of eating pathology, obsessive-compulsive tendencies and in-
vestment in appearance offering evidence for the scale’s convergent
validity. STONE was able to differentiate between the groups with the
group of individuals that self-identified with BOT statements scoring
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significantly higher than all other groups, which points to the scale’s
discriminant validity. We also offered three cut-off points for the prac-
tical application of the scale. In practice, scales that are highly sensitive
run a risk of identifying false positive cases, while high specificity entails
a risk of missing true positive cases (Akobeng, 2007). The first cut-off
value (A) was set prioritising specificity over sensitivity and could be
used in research scenarios when high importance is placed on ON status
as an inclusion criterion. Using cut-off score “A” could potentially ensure
exclusion of false positives from the ON sample. The second cut-off score
(B) was set to represent a reasonable balance between sensitivity and
specificity. The third cut-off score (C) was set prioritising sensitivity and
could be used in cases when the scale is used to identify individuals at
risk of developing ON. In practice, this cut-off score would be useful for
screening individuals involved in disciplines or occupations (e.g.
modelling, bodybuilding) where circumstances might accentuate their
ON tendencies with potential adverse consequences for an individual’s
health. This could constitute a preventative tool against the develop-
ment of pathological eating behaviour.

The test-retest study indicated that the scale identified more in-
dividuals scoring above the cut-off point in the group of those scoring
high on the BOT than in Study Three. This finding was unexpected
considering characteristics of ON behaviours discovered in nutritional
and qualitative studies conducted by this research team (Mitrofanova,
Pummell, et al., 2021; Mitrofanova, Mulrooney, & Petroczi, 2021). In-
dividuals described their diets and their food-related behaviours as
stable with little variation. If the behaviours and diets are the same, then
one possible explanation for the variation in scores obtained three weeks
apart could be that even though the behaviours may remain stable, their
self-perceptions might have changed. This aspect must be researched
further in the future, as to date, studies do not report on pro-
gression/development of ON over time. Considering the discrepancies
observed in the test-retest study, a single application of the scale might
not be enough to form a diagnosis. It is recommended that at-risk in-
dividuals are assessed at two timepoints. The scale should be used in
combination with anthropometric and nutritional measures. Combining
these measures will provide a clearer picture of the level of potential
physical impairment caused by ON.

The scale developed in this article offers an alternative instrument to
assess ON and before discussing the limitations of the presented studies
several advantages are worth mentioning. The structure of the scale was
explored using a sample of individuals that self-identified with the BOT
statements, which were developed based on the diagnostic criteria and
ON definition proposed by Bratman (2017) in contrast to most studies
that attempted to develop diagnostic tools for ON using student samples
(Barrada & Roncero, 2018; Donini et al., 2005; Gleaves et al., 2013) who
cited their sample characteristics as one of the limitations of their

Based ona With a new
sample of 248 sample of 127
university university
students, the students, item
initial item pool was
pool of 80 reduced to 16
items was and three key
reduced to 33. factors were

identified,
namely:
* Appearance
® Purity
¢ Control
— @@ — @@

Scale was In a sample
reduced to 8 from Study 3
items. Data of 71
from 241 participants,
purposefully the 8-item
recruited short scale
participants demonstrated
established good test-
good internal retest
reliability reliability over
consistency 3 weeks.
for a single
factor short
scale and
demonstrated
discriminatory
and
convergent
validity.

— @@ — @

Fig. 4. Summary of the outcomes of the four studies included in the development process of STONE.
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designs. Another advantage is that all items were developed based on
qualitative interviews with an exploration of dietary intakes of in-
dividuals displaying orthorexic tendencies. This method has not been
previously utilised in the development of measures. For example, for the
development of the EHQ scale items were generated based on the
Bratman’s case studies and were agreed on via consultation with grad-
uate researchers familiar with the symptoms of ON. Generating items
informed by the individuals in particular behavioural circumstances,
however, offers an opportunity to ground the concept of ON in real-life
observations and enhance the quality of the measure (Rowan & Wulff,
2007).

6.1. Limitations and future directions

There are some limitations to the developed measure worth noting.
First, the final 8-item scale does not capture negative affect and physical
impairment dimensions of ON proposed by Dunn and Bratman (2016).
Items reflecting negative affect were included in the initial list of items.
However, these items were eliminated at the EFA stage. The items
capture behavioural and motivational aspects of ON but will not assess
whether hypothesised orthorexic behaviours cause any impairment in
individual’s social or occupational functioning. The exclusion of these
items may result in underestimating ON severity among individuals
experiencing emotional distress and psychosocial dysfunction. Also,
application of the scale alone would not be sufficient to identify whether
adherence to self-defined “healthy” diet causes any adverse physical
consequences (e.g. malnutrition). Statements reflecting social impair-
ment and compensatory behaviours were included in the process of
development but were eliminated from the scale during the EFA. STONE
is recommended for use in research settings to identify individuals who
may exhibit ON tendencies. In other settings, assessment should include
measures of negative affect, physical health consequences, and nutri-
tional assessment. For example, its use could be complemented with
other tools that capture impairment and affective distress, such as the
ONI, which includes dedicated subscales assessing emotional and
physical impairment. One direction for future research would be to
generate and test clearly worded items reflecting these factors. Second,
evaluating concurrent validity of the scale was not feasible within the
series of studies we conducted to date and described in this article.
Considering that independently developed questionnaires measure the
same construct, in the future, the scale’s performance needs to be
evaluated with the existing measures of ON (e.g. EHQ, TOS). Future
studies should aim to address this gap. It would be particularly infor-
mative to compare the scales’ performance with the TOS (Barrada &
Roncero, 2018). TOS scale claims to differentiate between the drive for
healthy diet and the pathological dimension when this drive negatively
impacts individual’s functioning. Comparing the scale to TOS would
offer additional information on its ability to place individuals on a
spectrum from a healthy interest in nutrition to the point where this
interest impairs their functioning.

Last, but not least, data collection was carried out in the UK using
adult population. Therefore, validation of STONE in adolescents, and in
different cultural contexts is warranted. Disordered eating often has its
roots in childhood and adolescence (Volpe et al., 2016). Some studies
indicate a similar trend for the onset of ON indicating a higher preva-
lence among younger individuals (Fidan et al., 2010; McComb & Mills,
2016). However very few studies use adolescent samples. Considering
adolescence as an age of vulnerability to disordered eating (Favaro et al.,
2009) and ON, early screening is essential for prevention.

Culture is an important influence on individuals’ food choices, which
can symbolise identity, values, lifestyle, availability of resources, social
norms and environmental attitudes of a group (Enriquez &
Archila-Godinez, 2021). Furthermore, our understanding of disordered
eating practices that were initially considered to be a product of expo-
sure to “Western beauty ideals” in other countries has now evolved to be
viewed as a result of local industrialisation and urbanisation with their
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own culture-specific presentations (Pike & Dunne, 2015). To date,
research exploring ON in various cultural contexts is limited with most
studies focusing on comparing prevalence of ON among individuals
from different cultural backgrounds and yields inconsistent results (e.g.,
Gramaglia et al., 2017; Parra-Fernandez et al., 2019). These in-
consistencies may be due to the use of different questionnaires in such
studies, which does not allow for comparison. Validating STONE in
different cultures could allow for exploration of culture-specific trajec-
tories of ON.

6.2. Recommended use

STONE is a new 8-item tool we recommend as a rapid screening for
ON in the research context. Due to its brevity, it can be easily combined
with other scales in a battery of psychometric tests to explore ON or
related phenomena.

Consistent with the view of ON as a condition that presents as a set of
behaviours aimed at rigid dietary control over food-related practices,
avoidance of foods considered “impure” and motivation to enhance
one’s physical appearance, STONE scores were positively related to
measures of obsessive-compulsive tendencies, eating pathology and
appearance orientation. While the role of body image and desire to
achieve a certain physique have been implicated in eating disorders, the
current understanding of ON lacks clarity about the role of physical
appearance as a motive for rigid food rules (Messer et al., 2022). The
latest set of proposed diagnostic criteria recognised rigid dietary control
and exclusion of “impure” foods among Criteria A1 (Donini et al., 2022).
Low body weight and thin or muscular ideals were suggested by the
same document to be a consequence of ON rather than a motivating
factor. STONE may be useful in research that aims to explore the con-
sequences of ON dietary restrictions and clarify the role of appearance
and related concepts. Given growing interest in the relationship between
ON and sociocultural pressures (e.g., clean eating, body ideals), STONE
is also well-positioned for use in studies exploring the
appearance-related motivations behind restrictive eating and may be
especially relevant for testing models grounded in objectification theory
or body image disturbance, which remain debated in ON research
(Messer et al., 2022; White et al., 2020).

In longitudinal research, STONE can be used to track the develop-
ment and stability of behaviours reflective of ON over time, particularly
when combined with nutritional assessments or qualitative interviews.
This could help clarify how motivational drivers (e.g., purity, appear-
ance) evolve and whether they contribute to the development of func-
tional impairment.

In epidemiology research, STONE could be used to explore ON ten-
dencies among individuals that may be considered vulnerable due to the
nature of their professional occupation (e.g. fashion models, athletes,
nutritionists, dietitians, ballet dancers) or due to a presence of a health
condition (e.g. diabetes, irritable bowel syndrome, coeliac disease).
Considering that such individuals may restrict their diet for reasons
other than ON, using a tool that can differentiate these reasons from ON
would allow for screening in these vulnerable groups.

6.3. Conclusion

STONE is a short tool to screen for orthorexic tendencies in a
research context. It demonstrated good psychometric properties and an
excellent ability to discriminate between individuals that self-identified
with statements reflective of ON symptoms and those that may be
restricting their dietary intake for other reasons. By offering a concise
measure grounded in understanding of motivation, cognitions and be-
haviours indicative of ON, STONE has the potential to enhance con-
ceptual clarity, advance empirical research, and contribute to a more
nuanced understanding of this condition—ultimately informing public
health strategies that distinguish between healthful eating and disor-
dered patterns masked by wellness ideals. The scale does not capture
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negative emotional and physical consequences of ON, which suggests
that it should be used in combination with other measures to capture
these aspects. Future research efforts should focus on validating the
scale with different cultural contexts, particularly in non-Western pop-
ulations where cultural beliefs about health and diet may influence the
expression of orthorexic behaviours. Additionally, research in adoles-
cent populations is warranted, given emerging evidence that orthorexic
attitudes can begin early and may be shaped by social media, school-
based health messaging, and body image concerns. Validating the tool
in this age group could facilitate early identification of risk trajectories.
STONE could be used in research targeting high-risk professional groups
such as athletes, fitness influencers, nutritionists, and dancers, where
certain dietary restrictions are normalised and do not necessarily reflect
pathology. STONE can help differentiate between performance-oriented
dietary control and pathological restriction, allowing for early identifi-
cation of those at risk for orthorexia nervosa within these occupational
groups.
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Appendix A

Table Al
Retained Items with their Corrected-Item-Total-Correlation coefficients.

Cluster Items Corrected Item-Total Correlation
A Healthy eating is a large part of who I am. .747
A My food choices are based on a desire to maximise my health. 737
A Nutrition is a hobby of mine. .690
A I carefully monitor the nutritional composition of what I eat. .669
A I carefully check the ingredients before I buy a food item. .662
A I frequently seek information about nutrition (e.g. on the internet, reading books on nutrition). .651
A My food choices are based on my desire to maximise my fitness performance. .650
A I'm very specific about my food choices. .649
A I spend a lot of time researching nutritional composition of foods. .648
A I plan my meals in advance. .617
A My diet has more health benefits than other diets. 617
A I have a strict exercise routine to complement my diet. .613
A I actively seek the latest trends/information/news in nutrition. .550
A I think about healthy eating while doing something else. 531
B My body is pure because of my healthy diet. .644
B I try to keep my body as pure as possible. .634
B I eat only healthy food. .587
B I plan when to allow myself a treat outside of my diet. 564
B I make sure that my diet is better than most people’s diet. .504
C My diet has many rules. .658
C It’s difficult to find a restaurant that serves the foods that I eat. .556
C Other people have mentioned that my diet is too restrictive. .539
C I avoid food that I haven’t prepared myself. .539
C My family has to make me a separate meal/dish when eating together (e.g. Christmas, Easter). .536
C I measure every portion. .529
C If I wasn’t eating the way I do, people wouldn’t be interested in me. .523
C I go out less frequently since I began eating healthy. .520
C Most of my social interactions involve a discussion about my eating habits. .515
D I feel a sense of achievement when I stick to my diet. .720
D Being able to stick to my diet has a positive impact on my mood. .662
D I feel better about myself when I manage to avoid slipping off my healthy diet. 627
D My chosen diet has a direct impact on my appearance. .606
D I eat healthy because I want to improve the way I look. .565
E It’s important for me to know where the food I buy at the supermarket/market comes from. .629
E I avoid foods that were treated with pesticides. .586

(continued on next page)
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Table A1 (continued)
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Cluster Items Corrected Item-Total Correlation
E I avoid processed foods. .509
E I avoid genetically modified foods. .506
F I follow my diet in order not to gain weight. .687
F My diet is designed to keep me at a specific weight. 630
F The main motivation behind my food choices is weight management. 574
F If I eat something outside of my diet, I will try to make up for it and eat less or exercise more the next day. 551

Appendix B
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Fig. B.1. Parallel analysis of the Scale (35 items).
Appendix C
Table C1
8-item STONE.
Item Dimension
1 follow my diet in order not to gain weight (A1). Appearance
I eat healthy because I want to improve the way I look (A2). Appearance
My diet is designed to keep me at a specific weight (A5). Appearance
1 eat only healthy food (P3). Purity
I avoid foods that were treated with pesticides (P5). Purity
Other people have mentioned that my diet is too restrictive (C1). Control
I measure every portion (C3). Control
I spend a lot of time researching nutritional composition of foods (C4). Control

Data availability
Data will be made available on request.
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