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Sammendrag

Hensikt: Ortorexia nevrosa (ON) er foreslatt som en ny type spiseforstyrrelse, karakterisert
med en overopptatthet av a spise kvalitativt sunn mat. Per dags dato finnes det ikke
systematisk litteraturoversikt eller meta-studie som viser prevalens av ON blant personer som
trener regelmessig. Malet med denne studien var derfor & vurdere studier som oppgav
prevalensen av ON hos personer som trente regelmessig, for a kalkulere en overordnet
prevalens med en random effekt meta-analytisk tilneerming. Og undersgke assosiasjoner av
ON prevalens og fysisk aktivitet, ved & bruke en random-effekt meta-regresjon.

Metode: Det ble utfart systematisk litteratursgk i falgende databaser: PubMed, Embase, Web
of Science, Psychinfo, CHINAL, Google Scholar and Open Net. Fglgene sgketermologi ble
benyttet: Orthore* AND (prevalenc* OR incidenc* OR frequen* OR cut-off OR epidem*).
Totalt ble 613 artikler gjennomgatt av to individuelle anmeldere. 24 studier ble kodet og
kvalitetsvurdert (Holy m.fl). Metaregresjons-analysen inkluderte tre uavhengige variabler
(kjann, sportstype og utvalgsstarrelse).

Resultat: Den overordnede prevalensen av ON var 55,3% (95% CI =43.2 — 66.8). Cochran

O var 11,436.38 (df =23, p <0.0000), og 2 var 98.4%, som indikerte en hay heterogenitet
pa tvers av studiene. Ingen av de uavhengige variablene (kjonn, sportstype og
utvalgssterrelse) var signifikant relatert til variasjonen 1 ON prevalens.

Diskusjon: Prevalensen av ON blant fysisk aktive populasjoner var svart hoy. Forskjellen
mellom studiene var stor, men kunne ikke forklares av de inkluderte moderatorene. En
fjerdedel av studiene hadde moderat risiko for skjevhet. Flertallet av studiene spesifiserte ikke

relevant demografisk informasjon om utvalget, og informasjonen om sportstype var ofte ikke

oppyitt.

Abstract

Aim: Orthorexia nervosa (ON) is a proposed type of eating disorder that is necessary to
research further. There are currently no systematic reviews or meta-analyses concerning the
prevalence of ON in the exercising population. The aim of this study was to review studies
that report the prevalence of ON in people who exercise, to calculate an overall prevalence by
a random effects meta-analysis approach, and investigate the association of ON prevalence
and physical activity using a random-effects meta-regression.

Method: Systematic searches were conducted in the following online databases: PubMed,
Embase, Web of Science, Psychinfo, CHINAL, Google Scholar and OpenNet. The following
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search terms were used: Orthore* AND (prevalenc* OR incidenc* OR frequen* OR cut-off
OR epidem*). 613 unique hits were reviewed of two blinded authors. 24 studies were coded
and assessed for risk of bias (Holy et.al). The meta-regression included three independent
variables (sex, type of sport, and sample size).

Results: The overall prevalence of ON in the exercising population was 55.3% (95% CI =

43.2-66.8). Cochran’s Q was 11,436.38 (df = 23, p < 0.0000), and the 12 was 98.4%,
indicating high heterogeneity across studies. None of the independent variables were related
to ON prevalence.

Discussion: The overall prevalence of ON in exercising populations was very high. The
between-study disparity was large but could not be explained by the proposed moderators.
One fourth of the studies had moderate risk of bias. The majority of the studies did not specify
relevant demographic information about the sample, and information about the type of sport
was frequently missing.

Keywords: Review, Meta-regression, Meta-analysis, Orthorexia, Prevalence, Frequency,

Exercise, Eating disorder

Plain English summary

Orthorexia nervosa (ON) is a proposed type of eating disorder characterized by an excessive
preoccupation with eating healthy food of high quality. This proposed disorder is found
among sports athletes in some studies, and there is an assumed link between ON and physical
activity in general. In this systematic review and meta-analysis we were looking at the overall
prevalence of ON in the exercising population. We searched in scientific databases and ended
up with 24 of 613 articles that met the rigorous inclusion criteria. We found that the overall
prevalence of ON in the general exercising population was 55.3%. This prevalence was
thought to be predictable by sex, type of sport, and sample size, but we found no significant
associations. This may be due to poor study quality and to lack of demographic information of
the participants in some of the included studies. Other predictors worth investigating might be
age, student status, status as vegetarian/vegan, psychiatric comorbidity, and level of physical
activity. This knowledge can help prevent, and provide the right treatment for people at risk

of developing ON.
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Introduction

Orthorexia nervosa (ON), literally meaning “correct appetite”, is a relatively new type of
eating disorder and was named by Steven Bratman in 1997 (1). He observed that some people
became obsessive and dysfunctional in their way of trying to eat a perfect diet. In the book
Health Food Junkies (2) he describes this disorder in detail. Orthorexics typically restrict their
food consumption according to what they believe is pure and healthy because their main
motivation is to achieve “optimal health” (3). However, such food restrictions may lead to
nutritional deficiencies, malnourishment, and unwanted/unhealthy weight loss because of
their elimination of certain food groups and nutrients (4, 5). In 2004 the first peer-reviewed
article about ON was published in which a tool, ORTO-15, to measure the disorder was
presented (6). Today the ORTO-15 and the Orthorexia Self-Test (also known as the Bratman
Orthorexia Test) (7) are the most commonly used ON instruments.

Ten years after the first peer-reviewed paper were published, Moroze and colleagues
proposed the first diagnostic criteria (8). Several definitions and diagnostic criteria for ON
have since been proposed, but consensus has so far not been reached and ON is yet to be
included as a formally recognized disorder in any psychiatric diagnostic system (9). Papers
about its prevalence and its correlates as well as case-studies seemed to make up a major
proportion of the academic literature regarding ON (8, 10-12).

As eating disorders in general are well known in the sport and exercise population (13-
17), it comes as no surprise that instances of ON are also linked to peoples’ physical activity
level (18-21). Physical activity and good diet are both regarded as important factors in
achieving optimal physical health, and therefore the association between physical activity and
ON has been studied and documented extensively (13). Despite the fact that there is a link
between exercise and ON (13), prevalence studies of ON in sport and exercising populations
present large discrepancies in terms of results (22).

In the same way that eating disorders in general have a higher incidence and
prevalence in certain groups, it is conceivable that the same also applies to ON. It has been
shown that women are at higher risk of eating disorders than men (23) based on the
assumption that women, compared to men, add greater value to their physical appearance. For
many women a thin and slim body is the ideal, and this is fuelled by social media exposure to
retouched bodies and models (24, 25). Thus, a higher prevalence of ON is expected to be
found among women.

Because eating disorders are often linked to a distorted self-image (26), it is likely that

those in question have a strong focus on themselves. Studies suggest that athletes in
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individual sports suffer more frequently from stress, anxiety, and depression than those
involved in team sports, probably because individual athletes are more concerned about goals,
whereas team sport members are more motivated by having fun. In addition, the performance
of individual athletes is more under scrutiny than that of team sport members (27, 28). Based
on the above, we assumed that ON occurs more frequently in individual sports or types of
exercise than in team sports and exercises.

Although sample size probably affects estimates less often in prevalence studies than
in trial studies, there is still some evidence to suggest that small study effects may influence
prevalence estimates (29). Hence, sample size should be investigated as a potential moderator
for prevalence estimates across ON studies.

As mentioned above, the prevalence of ON in exercising/sports samples seems to vary
considerably. So far, no systematic review or meta-analysis of the ON prevalence within this
population has been conducted, although a meta-analysis can provide a quantitative synthesis
of the individual findings as well as identify potential variables moderating the prevalence
figures across studies. Against this backdrop we conducted a meta-analysis of all prevalence
studies of ON in exercising/sports samples. In addition, a meta-regression including sex, type
of sports (individual, team, mixed/unknown), and sample size was conducted to identify

potentially relevant moderators.

Methods

Protocol and guidelines

This systematic review and meta-analysis was pre-registered with PROSPERO
(CRD42022301749) and adhered to the guidelines found in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) procedure (30, 31) as well as the
recommendations of the Meta-analysis of Observational Studies in Epidemiology (MOOSE)
(32) . The first PROSPERO registration for this metanalysis only covered “athletes™ as a
sample, but it was changed to “exercising populations” in general due to extremely few
studies. Figure 1 presents the literature search and selection process. See Appendix A for a

completed PRISMA-guideline checklist (31).

Systematic search strategy
Systematic searches and a comprehensive literature search were conducted in five electronic
databases —PubMed, Embase, Web of Science, Psychinfo, and CHINAL. In addition, we

searched through Google Scholar and OpenNet in order to identify potential grey literature in
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the field. The literature searches were conducted between January 20, 2022, and February 1,
2022. The following keywords were used: Orthore* AND (prevalenc* OR incidenc* OR
frequen* OR cut-off OR epidem*). Reference lists of included articles were further hand-
searched for identification of relevant articles for inclusion. No restrictions in terms of time
frame were used. The search strategy and the keywords were approved by a librarian at the
University of Bergen.

A total of 1,300 hits (including the first 200 hits in Google Scholar) were identified
from the database search. First, all the hits were transferred to Endnote Online X9 — which
automatically removed duplicates. Second, the remaining hits were transferred to the
Covidence software (33) that was used for the remaining screening and data extraction. After
removing duplicates (by software and manually) a total of 76 articles were assessed for
eligibility. Of this pool a total of 24 articles met the inclusion criteria and were consequently

included in the meta-analysis.

Study selection criteria

The key inclusion criteria for the articles in this systematic review and meta-analysis were as
follows. 1) The study informed about the prevalence of ON among athletes or people who
exercise frequently. “Frequent exercisers” were defined as subjects who exercised at least
once week, and all types of physical activities and sports were included. Students studying
sports-related themes were included based on the assumption that a high interest in sports
most often presupposes to being active in sports participation. See reference (34) for the
definition of athletes used. 2) The study presented original data on the prevalence of ON. 3)
The study was published in any European language. 4) The study used a tool for measuring
ON where the procedure provided a categorization of pathological ON (e.g., based on cut-off
scores or an interval that was categorized as either “ON”, “risk of ON”, or “tendencies of
ON”. In the analysis we used the most liberal cut-off scores (the scores that provided the
highest prevalence) if the study reported more than one. This decision was based on the most
liberal cut-off score for the ORTO-15 as recommended by the scale constructors (35).

The exclusion criteria were as follows: 1) participants stemming from a clinical
sample only, 2) studies reporting the prevalence of “healthy orthorexia”, 3) studies only
reporting mean scores on ON measures, hence failing to report proportions/percentages
scoring above cut-offs/categorization of ON, and 4) studies based on qualitative data, case
studies, interviews, case reports, or reviews. Two reviewers (SMH and JB) preformed

title/abstract and full text screening independently of each other. A third reviewer (SP)
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participated in the final discussion about the included articles. Discrepancies were resolved

through discussions.

Data extraction

The following study and participant characteristics were extracted from the identified studies
and coded into a data extraction template, including author, year of publication, country and
continent, study type, sample type, type of selection, sex, age range (mean + SD), age
category, total sample size, percentage exercisers, percentage women, frequencies of
exercising, type of ON measurement, cut-off / score-interval used for measurement of ON,
type of sport (individual, team, mixed/unknown), prevalence of ON, and response rate.

In the categories “country and continent”, we stated the country/continent of the origin
of the manuscript and for the participants. If several countries/continents were mentioned, we
selected all that applied.

In the category “sample type”, we chose between the following four options: 1)
general population, 2) students, 3) athletes/exercisers, and 4) others. A specific category was
scored if 75% or more of the sample consisted of that category. If the sample consisted of
several categories, then all the categories could be coded for the respective study. We defined
the sample as athletes or exercisers if the sample fit with the definition of athletes being used
(34), if the sample was defined as yoga-practitioners, if the whole sample was selected from a
fitness-gym or a CrossFit-centre, or if the article authors specifically named the sample as
athletes. If the study did not provide demographic information for the exercising population,
we used the information about the whole sample.

The category of age contained five different age-groups: 1) adolescents 15-18 years,
2) young adults 18-34 years, 3) adults 35-64 years, 4) older adults 65+ years, and 5) mixed
ages. The sample ended up in one of the first four categories if 75% or more belonged to one
specific age category. The category “type of selection” had two options: 1) random population
sampling and 2) non-random sampling.

The category “percentage exercisers”, includes the proportion of the total sample was
categorized as frequent exercisers/athletes if the participants performed a sport, or a specific
exercise form (e.g., yoga) for at least once a week they were categorized as
exercisers/athletes. Participants who specifically reported that they rarely or never performed
any physical activity were excluded from the “exercising sample”. Participants reporting to be

physically active or very active were categorized within the exercising sample. Students
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called “students athletes” or students belonging to a field of sports studies at a university were
categorized as athletes/exercisers and were included in the exercising sample.

In the category “frequency of exercising”, we chose between four levels: 1) exercising
1-3 times a week, 2) exercising 4—6 times a week, 3) athletes, or 4) unknown exercise
frequency. The sample were categorized in one of the first three categories if 75% or more of
the sample belonged to that specific category.

In the category “type of sport” we differed between three codes. 1) Individual sport —
which contained athletes/exercisers such as runners, dancers, gymnastics, boxers, wrestlers,
martial artists, cyclists, figure skaters, Olympic weightlifters, powerlifters, body-builders, and
CrossFitters. Also people belonging to a fitness gym or yoga centre were included in this
category on the basis that they do not work together on a team to achieve a goal. 2) Team
sport — which contained every sport where one performs as a team, e.g., football, hockey,
rugby, netball, cheerleading, lacrosse, baseball, handball, basketball, or floorball. 3) Mixed/
unknown — which was used if both individual and team sports athletes/exercisers were
included or if the study did not inform about which type of sport/physical activity the
participants performed. The athletes/exercisers ended up in one of the two first categories if
75% or more of the sample consisted of that category.

The extraction was conducted independently by two reviewers (SMH and JB).

Disagreements were resolved through discussions.

Risk of bias assessment

All the included studies were assessed for risk of bias using a modified quality assessment
checklist for population-based prevalence studies developed by Holy et.al. (36). This risk of
bias assessment contains 10 items reflecting different characteristics of the included articles
aiming at evaluating their internal and external validity. Each of the 10 items was scored
cither “yes” (0-points, low risk of bias) or “no” (1-point, high risk of bias). High risk of bias
was indicated as follows: 1) the target population was not representative of the national
population, 2) the sampling frame was not representative of the overall target population, 3)
the sample was not randomly selected, 4) the response rate was less than 65%, 5) data were
collected from a proxy, 6) no acceptable definition or delimitation of ON was used, 7) the ON
measurement instrument was not shown to have reliability or validity, 8) the same mode of
data collection was not used for all participants, 9) the shortest prevalence period for the
parameter was not suitable, and 10) the numerator(s) or denominator(s) were not suitable.

Based on the 10 items, a composite risk of bias score was calculated: high risk of bias (7-10



THE PREVALENCE OF ORTHOREXIA IN EXERCISING POPULATIONS Page 9 of 25

points), moderate risk of bias (4-6 points), or low risk of bias (0-3 points). Two reviewers
(SMH and JB) conducted the risk of bias assessment independently of each other, and in case

of disagreement consensus was reached through discussions.

Data synthesis and analysis

For all types of coding (inclusion/exclusion, study characteristics extraction, and risk of bias
evaluation), percentages of initial agreement between the two reviewers were calculated. The
prevalences and the corresponding 95% confidence intervals (95% Cls) of the included
studies were synthesized using a random-effects model, which did not assume that the
included studies came from the same population of studies (37). The between-study variance
was estimated by using the Der Simonian and Laird approach (38). Heterogeneity was
assessed based on Cochran’s Q and 12 statistics, the latter of which reflects the proportion of
variation in the observed effects that is due to variation in true effects (39). According to
Higgings et al. (40) an 12 of 0% suggests no heterogeneity, 25% suggests low heterogeneity,
50% suggests medium heterogeneity, and 75% suggests high heterogeneity. Publication bias
was investigated by the Egger test (41) and Duwal and Tweedie’s trim and fill procedure. The
latter is based on a funnel plot with the largest and most precise studies situated at the top (y-
axis) of the funnel plot with the effect size situated along the x-axis. The trim-and-fill
procedure trims off asymmetric outlying studies and replaces them with studies around the
centre, whereupon and adjusted effect size and 95% CI are calculated (42). Finally, a random-
effects meta-regression analysis was conducted to examine whether the following predictors
explained heterogeneity in ON prevalence: a) percentage women, b) type of sport (1 =
individual, 2 = team, 3 = mixed/unknown, where the latter category comprised the reference),
and c) sample size. The meta-analysis and the meta-regression analysis were conducted using

the Comprehensive Meta-Analysis 3.0 software (43).

Availability of data, code and other materials
Data extracted from included studies; data used for all analyses; analytic code; any other
materials used in the review can be provided by the corresponding author

(stine.hafstad@hotmail.com).
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Figure legends

FIGURE 1. PRISMA 2020 (30) flow diagram for new systematic reviews for ON prevalence.

FIGURE 2. Forest plot of the included studies.
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Identification of studies via databases and registers

Identification of siudies via other

Records identified from®:
Databases (n = 1089)

Web of Science (n = 307)
Embase (n = 266)
Psychlnfo (n = 94)
PubMed (n = 365)
Chinal {n= 57)

|

.

Records screened

{n= 600)

Reports sought for retrieval

(n=74)

Reports assessed for eligibility
(n=74)

Included

Studies included in review
(n=24)
Reports of included studies
(n=24)

Records removed before screening:

Duplicate records removed
(n=489 )

Records marked as ineligible by

automation tools {n = 0)

Records identified from:
Websites {n = 2950)
Organisations (n = 11)
Citation searching (n = 0)

Records excluded®*™
(n=526)

Reponts not retrieved
(n=10)

Reports sought for retrieval

Google scholar (a = 200)
OpenGrey (n I}}

Reponts excluded:
Wrong outcomes (n = 13)
Wrong study design (n= 5)

Wrong study population (i = 34)

.

Reports assessed for eligibility
(n=211)

v

Reports not retrieved
(n=10)

F

Y

Reports excluded:
Duplicates (n = 198)
Wrong outcomes (n =11)

NOTE: There were found 600 unique hits from databases, and 13 unique hits from grey literature. 74 studies from databases,

and 2 from grey literature were screened in full-text.
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FIGURE 2

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit
Almeida et al., 2018 0,518 0,448 0,588
Bert et al., 2019 0,719 0,671 0,763
Bo et al., 2014 0,265 0,208 0,330
Civil, 2020 0,755 0,678 0,819
Clifford & Blyth, 2018 0,766 0,681 0,835
Dabal, 2020 0,373 0,276 0,482 -
Dunn et al., 2017 0,742 0,686 0,792
Erkin & Gal, 2019 0,750 0,664 0,820
Freire et al., 2020 0,800 0,680 0,883
Kattan, 2016 0,684 0,606 0,753
Keller & Konradsen, 2013 0,084 0,046 0,149 | ]
Kiss-Leizeret al., 2019 0,369 0,332 0,407 [ |
Labossiére & Thibault, 2020 0,113 0,069 0,179
Lewis, 2013 0,663 0,617 0,706 |
Malmborg et al., 2017 0,788 0,705 0,853 .
Marchi & Baratto, 2018 0,732 0,577 0,845 —i-
Rizzieri et al., 2019 0,892 0,791 0,948 . |
Rudolph, 2017 0,043 0,032 0,057
Segura-Garcia et al., 2012 0,288 0,252 0,326 [ |
Silva et al., 2021 0,053 0,030 0,091
Sural a et al., 2020 0,883 0,839 0,916 |
Tocchetto et al., 2018 0,780 0,645 0,874 ==
Uriegas et al., 2021 0,679 0,651 0,706 u
Valera et al., 2014 0,860 0,791 0,909 |
Overall 0,553 0,432 0,668 -
-1,00 -0,50 0,00 0,50

JTTETR

1,00



THE PREVALENCE OF ORTHOREXIA IN EXERCISING POPULATIONS Page 13 of 25

Results

Description of the studies

Of the 24 included studies, publication years ranged from 2012 (44, 45) to 2021 (46, 47).
Studies were conducted in Portugal (k = 4: (19, 48-50)), Italy (k = 3: (18, 51, 52)), the US (k =
3: (22, 44, 46), Brazil (k = 2: (47, 53)), Turkey (k = 2: (54, 55)), Poland (k = 2: (56, 57), and
one study each from the UK (3), Germany (58), Sweden (59), Denmark (45), Hungary (60),
Lebanon (61), Spain (62), and Canada (63).

Samples were mostly recruited from fitness gyms, sports universities, or specific
groups of athletes (k = 17: (3, 18, 19, 44-49, 52-56, 58, 62, 63)). For six studies the sample
was recruited from regular universities (students) (22, 50, 51, 57, 59, 61), and one study was
based on a general population sample (60). All of the studies had cross-sectional study
designs and used a non-random selection method — except for one study that employed a
random selection of participants (61). All of the studies were peer-reviewed research papers,
except for two studies that were theses (one master theses (61) and one doctoral theses (44))
and one study published in a journal for Danish nurses (45).

The majority of studies (k = 18: (3, 18, 19, 22, 44, 46, 48-53, 56, 57, 59, 61-63))
assessed ON using the ORTO-15 questionnaire (6). In addition, three studies (54, 55, 60) used
the ORTO-11 questionnaire (64), one study (45) used the Orthorexia Screen (65), one study
(58) used the Dusseldorf Orthorexia Scale (66), and one study (47) used the Teruel Orthorexia
Scale.

The studies included a total of 7,592 participants, ranging from 41 (50) to 1,090 (46)
respondents with a mean of 316 (SD = 3) participants. In total 4,288 participants were
females, and 3,304 were males. Table 1 presents further characteristics of the included

studies.

Prevalence estimates and heterogeneity

The results of the meta-analysis are presented as a forest plot (Figure 2). The overall
prevalence across all 24 studies was 55.3% (95% CI = 43.2-66.8). Cochran’s Q was
significant (Q = 1,436.38, df = 23, p < 0.0000), suggesting heterogeneity across the

prevalence estimates, and the 12 statistic was 98.4%, indicating very high heterogeneity.

Correlates of ON prevalence
Because of the significant heterogeneity, a meta-regression analysis based on a random-

effects model was conducted including percentage female, type of sport (individual = 0, team
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Overall, the regression model was not significant (Q = 5.97, df = 4, p = 0.2011, pseudo R2 =

0%).

Percentage female (b = 0.018, p = 0.23), individual sport and team sport (b = -0.442, p

=0.43, b =0.658, p = 0.511; mixed/unknown comprised the reference), and sample size (b =

—0.002, p = 0.09) were accordingly unrelated to ON prevalence among the exercise

populations.

Publication Bias
The results of the Egger test (b =0.312, 95% CI =-6,891 to 7,52, t = 0.090, p 1-tailed =
0.465, p 2-tailed = 0.929) did not suggest publication bias. The funnel plot suggested a minor

deviance from symmetric distribution, thus suggesting a lack of studies to the left of the

distribution. The Duwal and Tweedies’ trim-and-fill procedure trimmed three studies and

consequently implied a minor change in the overall estimated prevalence (51.4%, 95% CI =

39.6%-63.9%)

TABLE 1. Characteristics of prevalence studies of exercise populations.

Study 1D Country Selection Sample Age Age ON Cut-off N % Female Sport type 0N RR %
type range Mean+SD  instrumen previ
t
Almeida etal., 2018 Portugal Mon-random  Exercisers 18-59 128+ 116 ORTO-15 35 192 585 Individual 51.8 100
Bert et al., 2019 Italy MNon-random Athletes 18-40 kS5+£54 ORTO-15 40 367 255 Mixed/ 719 100
unknown
Boetal, 2014 Italy Mon-random Students Mot 199+ 18 ORTO-15 i5 200 325 Mixed/ 26.5 870
provided unknown
Civil, 2020 Turkey  MNon-random Athletes 18-37 120443 ORTO-11 7 143 315 Individual 755 100
Clifford & Blyth, 2018 UK Mon-random  Students & 18-27 210 ORTO-15 40 116 580 Team sport T6.6 100
athletes
Dabal, 2020 Poland Mon-random Students 18-35 1539+47  ORTO-15 i5 83 49.6 Mixed/ 373 100
unknown
Drunn et al 2017 UsA Mon-random Students Motsited 21.7+48 ORTO-15 40 264 680 Individual 742 4935
Erkin & Gal, 2019 Turkey  MNon-random Athletes 18-56 305+92 ORTO-11 7 118 924 Individual 750 771
Freire et al., 2020 Brazil Non-random  Exercisers 18-34 266+ 78  ORTO-15 40 60 633 Individual B0L0 100
Eattan, 2016 Lebanon Bandom Students 18-30 MT+1G ORTO-15 40 152 4.0 Mixed/ 684 100
unknown
Keller, 2013 Denmark Mon-random  Exercisers 16-29 22434 05 7 11% 538 Individual 8.4 100
Kiss-Letzer et al., 2019 Hungary  Non-random General 18-72 2974102 ORTO-11 14-19 635 792 Individual 369 100
population
Labossiére & Thibault, 2020  Canada  Mon-random  Students & Mot 31.3+1.7 ORTO-15 i5 133 714 Mixed/ 11.3 N
athletes provided unknown
Lewis, 2013 UsA Mon-random  Students & 18-23 205+1.2 ORTO-15 40 427 44.0 Team sport 66.3 TL0
athletes
Malmborg et al., 2017 Sweden  MNon-random Students 19-29 228422 ORTO-15 40 118 542 Mixed/ 788 66,1
unknown
Marchi & Baratto, 2018 Portugal  Non-random Students 18-39 21 £ not ORTO-15 40 41 L ER!] Mixed/ 132 96.5
provided unknown
Rizzieri et al., 2019 Portugal Non-random  Exercisers 20-59 299+7 ORTO-15 40 63 554 Individual Rin2 100
Rudolph, 2017 Germany  Mon-random Athletes Not 2944116 DOS 30 1008 445 Individual 43 100
provided
Sepura-Garcia et al., 2012 Italy Non-random Athletes 16-45 223447  ORTO-15 15 577 328 Mixed/ 288 B6.8
unknown
Silva et al., 2021 Brazil Mon-random  Exercisers 18-60 ITE+51 TOS 50-75 20 163 Individual 53 100
Surala et al., 2020 Poland Non-random Athletes 14-39 2009+ 4.7 ORTO-15 40 273 45.8 Mixed/ BR.3 100

unknown
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TABLE 1. Continued
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Tocchetto et al , 2018 Portugal Non-random  Students & MNotsited 235+1.4 ORTO-15 40 50 46.0 Mixed! 78 100
athletes unknown
Uriegas, 2021 USA Non-random  Students $ 15-40 196+14  ORTO-15 40 1090 69.4 Mixed’ 67.9 986
athletes unknown
Valera et al., 2014 Switzer] Non-random  Athletes 20-55 6T ORTO-15 40 1368 655 Individual 6.6 234
and
TABLE 2. Risk of bias/methodological quality (36) of the included studies.
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. Total Risk
Study ID N-represen- N-frame Randomization Non-response Primary Operatio- Instrument Consistency Period Estimation Risk Category
tativeness bias data nalization score
Almeida et.al., 2018 1 1 1 0 0 0 0 0 0 0 3 Low
Bertetal., 2019 1 1 1 0 0 0 0 0 0 1 4 Moderate
Boetal., 2014 1 1 1 0 0 0 0 0 0 0 3 Low
Civil, 2020 1 1 1 0 0 0 0 0 0 0 3 Low
Clifford & Blyth, 2018 0 1 1 0 0 0 0 0 0 0 2 Low
Dabal, 2020 0 1 1 0 0 0 0 0 0 0 2 Low
Dunn et al. 2017 1 1 1 0 0 0 0 0 0 0 3 Low
Erkin & Gal, 2019 1 1 1 0 0 0 0 0 0 0 3 Low
Freire et al., 2020 1 1 1 0 0 0 0 0 0 0 3 Low
Kattan, 2016 1 0 0 0 0 0 0 0 0 0 1 Low
Keller & Konradsen, 2013 1 1 1 0 0 0 0 0 0 0 3 Low
Kiss-Leizeret al., 2019 1 1 1 0 0 1 0 0 0 0 4 Moderate
Labossiére & Thibault, 2020 1 1 1 1 0 0 0 0 0 0 4 Moderate
Lewis, 2013 1 1 1 1 0 0 0 0 0 0 4 Moderate
Malmborg et al., 2017 0 1 1 1 0 0 0 0 0 0 3 Low
Marchi & Baratto, 2018 1 1 1 1 0 0 0 0 0 0 4 Moderate
Rizzieri et al., 2019 0 1 1 0 0 0 0 0 0 0 2 Low
Rudolph, 2017 0 1 1 0 0 0 0 0 0 0 2 Low
Segura-Garcia et al., 2012 1 1 1 0 0 0 0 0 0 0 3 Low
Silva et al., 2021 1 1 1 0 0 1 0 0 0 0 4 Moderate
Surala et al., 2020 0 1 1 0 0 0 0 0 0 0 2 Low
Tocchetto et al., 2018 1 1 1 0 0 0 0 0 0 0 3 Low
Uriegas et al., 2021 1 1 1 0 0 0 0 0 0 0 3 Low
1 1 0 1 0 0 0 0 0 0 3

Valera et al., 2014

Low

Item score: (0: low risk, 1: high risk). §Total quality/risk score: [range (0—10): high quality/low risk (0-3),

moderate quality/risk (4—6), poor quality/high risk (7-10)].

TABLE 3. Results of meta regression of percentage female, type of sport and sample size on

ON prevalence among the exercising populations.

Predictor Coefficient SE 95% CI Z-value  2-sided p
Percentage female 0.0176 0.0145  -0.0109, 0.0460 1.21 0.226
Indvidual sport' —0.4420 0.5602  -1.5000, 0.6559 —0.79 0.430
Team sport' 0.6575 09990  -1.3006, 2.6155 0.66 0.511
Sample size —0.0016 0.0010  —0.0035, 0.0003 -1.71 0.087

Mote: SE = standard error, 95% CI = 95% confidence interval, 'Mixed sports/unknown comprised the reference category.
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Discussion

A total of 24 studies fulfilled the inclusion criteria and were consequently included in the
meta-analysis. The studies yielded an overall ON prevalence of 55.3%. The dispersion of
effect sizes was significant, ranging from 4.3% (58) to 89.2% (49). The prevalence of ON was
overall very high across the included studies and suggests that approximately over half of the
population are suffering from it, indicating that ON is a frequent eating disorder among
exercising populations. Hence, a significant proportion of those who aim to achieve and/or
maintain good physical health may be prone to a preoccupation with healthy eating to a
dysfunctional level (18, 48, 55, 56, 58, 60). Accordingly, focusing on prevention and
treatment of ON among exercising populations should be prioritized (67). The reported
prevalence of ON was considerably higher compared to the prevalence of eating disorders in
general among athletes, which is estimated to be 13.1% (14), but is still comparable to the ON
prevalence in the general population (41% estimated by the ORTO-15) (65).

Although these findings can be regarded as support for the high prevalence of ON in
exercising populations, the findings should still be interpreted with caution. ON is currently
not acknowledged as a diagnostic entity in formal psychiatric nosology (ICD-11 and DSM-
V), and thus there is still a lot of discussion about the diagnostic criteria and methods and
tools used for its classification (65). Furthermore, pathological ON is often overlapping with
healthy orthorexia and orthorexic behaviours (68). Accordingly, many have criticized the
methods used to assess ON for being too unspecific and insensitive and for having various
cut-offs and for being based on different definitions of ON (4, 8, 68-70). The ambiguity
associated with the ON diagnosis and its measuring tools can lead to false positive results and
inflated prevalence rates. On the other hand, it cannot be ruled out that the high prevalence
reflects real problems, mirroring the more invisible symptoms and characteristics of ON in
contrast to the more tangible symptoms associated with other eating disorders such as
anorexia nervosa and binge-eating disorder (71, 72). In addition, the high prevalence of ON
can also reflect a willingness to report, and even over-report, the relevant symptoms, which in
contrast to other eating disorders may be regarded as desirable, which seems to be the case for
symptoms of exercise addiction (73).

In all, 11 of the 24 studies consisted of students, where the mean age across those
studies was 18.8 years (3, 22, 44, 46, 48, 50, 51, 57, 59, 61, 63). This may also have an impact
on the prevalence. Another factor that may affect the prevalence is geographical location.
Only seven (22, 44, 46, 47, 53, 61, 63) of the included studies were conducted outside

Europe, and only three (47, 53, 61) of these stemmed from non-western countries. The
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predominance of studies from western countries may be yet another reason for the high
prevalence rates because studies on other eating disorders (e.g., anorexia nervosa) show a
higher incidence in western countries compared to non-western countries (65, 74).

The high heterogeneity in terms of prevalence rates of ON found in this review
resonates well with the differences in ON prevalence reported from the general population,
where it varies between 6.9% and 75.2% (65). This large disparity in prevalence might be
explained by the same factors as mentioned above, however it may also reflect divergence on
other study characteristics as well. In order to elucidate this further in terms of the present
study, a meta-regression analysis with three independent variables was conducted. The
independent variables included sex (percentage females), type of sport (individual, team sport,
mixed/unknown), and sample size. Females were hypothesized to show higher prevalence
than men (23), those involved in individual sports were hypothesized to be more predisposed
for ON than those involved in team sports (75), and sample size was hypothesized to be
inversely related to the prevalence.

However, none of the independent variables were significantly associated with the
prevalence rates. This implies that other study characteristics may explain the heterogeneity.
Possible candidate variables in this context are risk of bias and other sample characteristics. It
is further conceivable that athletes compared to more recreational exercisers put stronger
emphasis on diet and thus would score higher on orthorexic tendencies. Other potential
moderators entail age (76), student status (77), status as vegetarian/vegan (78), psychiatric
comorbidity (79), and level of physical activity(80). These should thus be investigated in

future studies.

Limitations of the included studies

Notably, one fourth of the included studies had moderate risk of bias, typically associated
with low external validity. Further, it should be noted that only one of the included studies
used random selection to recruit the sample (61). Two of the included studies were not
published in a peer-reviewed journal (44, 61), and two of the included studies did not use a
specific cut-off and rather used a score-interval that resulted in “high risk” in terms of internal
validity regarding defining ON (47, 60). Hence, future studies should improve especially on
these study dimensions in order for the field to move forward. Further, it is conspicuous that
all studies were based on a cross-sectional design. Some studies had limitations in terms of
reporting, as only demographic information of the total sample, and not specifically for those

included as exercisers were reported in eight studies (22, 50, 51, 57, 59-61).



THE PREVALENCE OF ORTHOREXIA IN EXERCISING POPULATIONS Page 18 of 25

Limitations and strengths of the present meta-analysis

Almost half (18, 46, 48, 50-52, 56, 57, 59, 61, 63) of the included studies lacked information
about the type of sport and were consequently grouped as unknown for this parameter. In
addition, detailed demographic information about the exercising sub-samples was sometimes
lacking, hence descriptive data for the whole samples was in these cases included in the
analysis. This represents limitations regarding sex and type of sport as moderators. Still, it
should be noted that the authors of the present meta-analysis contacted the study authors in an
attempt to obtain missing information. The present meta-analysis targeted the inclusion of
grey literature, as recommended for the calculation of non-biased estimates in meta-analyses
(37). No restriction in terms of time frame were applied, articles in all European languages
were included, and the meta-analysis was conducted in line with the updated PRISMA
guidelines (30), and these all are strengths of the present study. Although searches were
conducted in several relevant databases, we cannot rule out that some relevant papers were
not included. All prevalence data and quality assessments of the included studies were coded
independently by two reviewers. The inter-rater reliability of the study screening procedure
was provided by the Covidence software and showed a proportional agreement of 96.0% in
the title/abstract screening (Cohen’s kappa = .82) and 94.7% in the full-text screening (kappa
=.88). This indicates a substantial agreement between the two reviewers. Still, for some
parameters there were substantial disagreements. This is not necessarily a problem (81), and
disagreement encouraged discussion between the reviewers, finally resulting in consensus
being reached. Some of the included articles had with several cut-offs, of which the most
liberal was selected, which to some degree may have inflated some of the single as well as the

overall prevalence estimates.

Conclusions and recommendations for further studies

The present meta-analysis revealed a high prevalence of ON, albeit with a large disparity
between studies. Still, none of the moderators (sex, type of sport, and sample size) could
explain this heterogeneity. To expand our knowledge in this field, we need a better definition
and agreed-upon diagnostic criteria of ON. Sensitive and reliable measurements of ON should
also be developed. In addition, more longitudinal studies are warranted in order to identify
predictors and not just correlates of ON. Prevalence studies including respondents from
multiple sports, with wider age-ranges, from non-western countries, and based on

representative samples will also help advance the field. More knowledge of actual ON
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prevalence and predictors are instrumental in order to estimate the actual need for treatment

and to develop targeted preventive efforts.

Abbreviations

CI: confidence interval; df: degrees of freedom; 12; heterogeneity; ON: orthorexia nervosa;
ORTO-15: Orthorexia Nervosa 15 Questionnaire; SD: standard deviation

Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Availability of data and materials

The data are available in the selected studies. The dataset that was generated after extracting
the themes from the selected studies is available upon a substantiated request to the
corresponding author.

Competing interests

The authors declare that they have no competing financial interests.

Funding

None.

Authors’ contributions

Study conceptualization, literature search, data analysis, and coding of studies were conducted
by SMH and JB. SMH contributed to interpretation of data, writing, and revising the work
critically for important intellectual content. All authors read and approved the final version of
the work to be published and agree to be accountable for all aspects of the work in ensuring
that questions to the accuracy of any part of the work are appropriately investigated and
resolved.

Acknowledgements

Not applicable.

Authors’ information

SMH is a student at the faculty of psychology at University in Bergen (UiB). JB is co-author
and an exchange student from Germany.

Correspondence: Stine Marie Hafstad. Stine.hafstad@hotmail.com



THE PREVALENCE OF ORTHOREXIA IN EXERCISING POPULATIONS Page 20 of 25

References

1. Bratman S. The health food eating disorder. Yoga J. 1997:42-50.

2. Bratman S, Knight D. Health Food Junkies: overcoming the obsession with healthful
eating. New York: BB. 2000.

3. Clifford T, Blyth C. A pilot study comparing the prevalence of orthorexia nervosa in

regular students and those in University sports teams. Eat Weight Disord.
2019;24(3):473-480.

4. Koven NS, Abry AW. The clinical basis of orthorexia nervosa: emerging perspectives.
Neuropsychiatric Disease and Treatment. 2015;11:385-94.

5. Nevin SM, Vartanian LR. The stigma of clean dieting and orthorexia nervosa. J Eat
Disord. 2017;5(1):37.

6. Donini LM, Marsili D, Graziani MP, Imbriale M, Cannella C. Orthorexia nervosa: a

preliminary study with a proposal for diagnosis and an attempt to measure the
dimension of the phenomenon. Eating and Weight Disorders-Studies on Anorexia,
Bulimia and Obesity. 2004;9(2):151-7.

7. Kinzl JF, Hauer K, Traweger C, Kiefer I. Orthorexia Nervosa in Dieticians.
Psychotherapy and Psychosomatics. 2006;75(6):395-6.

8. Moroze RM, Dunn TM, Holland JC, Yager J, Weintraub P. Microthinking About
Micronutrients: A Case of Transition From Obsessions About Healthy Eating to Near-
Fatal "Orthorexia Nervosa" and Proposed Diagnostic Criteria. Psychosomatics.
2015;56(4):397-403.

9. Cena H, Barthels F, Cuzzolaro M, Bratman S, Brytek-Matera A, Dunn T, et al.
Definition and diagnostic criteria for orthorexia nervosa: a narrative review of the
literature. Eat Weight Disord. 2019;24(2):209-46.

10. Catalina Zamora ML, Bote Bonaechea B, Garcia Sanchez F, Rios Rial B. Orthorexia
nerviosa. Un nuevo trastorno de la conducta alimentria? [Orthorexia nervosa. A new
eating behavior disorder?]. Actas Esp Psiquiatr. 2005;33(1):66-8.

11. Park SW, Kim JY, Go GJ, Jeon ES, Pyo HJ, Kwon YJ. Orthorexia nervosa with
hyponatremia, subcutaneous emphysema, pneumomediastimum, pneumothorax, and
pancytopenia. Electrolyte Blood Press. 2011;9(1):32-37.

12. Saddichha S, Babu GN, Chandra P. Orthorexia nervosa presenting as prodrome of
schizophrenia. Schizophrenia Res. 2012;134(1):110.

13. Bratland-Sanda S, Sundgot-Borgen J. Eating disorders in athletes: overview of
prevalence, risk factors and recommendations for prevention and treatment. Eur J
Sport Sci. 2013;13(5):499-508.

14. Sundgot-Borgen J, Torstveit MK. Prevalence of eating disorders in elite athletes is
higher than in the general population. Clin J of Sport Med. 2004;14(1):25-32.

15. Resch M. Evészavarok a sportban--sport az evészavarokban. Orv Hetil.
2007;148(40):1899-1902.

16.  Martinsen M, Sundgot-Borgen J. Higher prevalence of eating disorders among

adolescent elite athletes than controls. Med Sci Sports Exerc. 2013;45(6):1188-97.
17. Currie A, Morse ED. Eating disorders in athletes: managing the risks. Clin Sports
Med. 2005;24(4):871-883, ix.



THE PREVALENCE OF ORTHOREXIA IN EXERCISING POPULATIONS Page 21 of 25

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Segura-Garcia C, Papaianni MC, Caglioti F, Procopio L, Nistico CG, Bombardiere L,
et al. Orthorexia nervosa: a frequent eating disordered behavior in athletes. Eat Weight
Disord. 2012;17(4):e226-233.

Almeida C, Vieira Borba V, Santos L. Orthorexia nervosa in a sample of Portuguese
fitness participants. Eat Weight Disord. 2018;23(4):443-451.

Oberle CD, Watkins RS, Burkot AJ. Orthorexic eating behaviors related to exercise
addiction and internal motivations in a sample of university students. Eat Weight
Disord. 2018;23(1):67-74.

Rudolph S, Goring A JM. The prevalence of orthorectic eating behavior of student
athletes. Dtsch Z Sportmed. 2017;68(1):10-13.

Dunn TM, Gibbs J, Whitney N, Starosta A. Prevalence of orthorexia nervosa is less
than 1 %: Data from a US sample. Eat Weight Disord. 2017;22(1):185-192.
Striegel-Moore RH, Rosselli F, Perrin N, DeBar L, Wilson GT, May A, et al. Gender
difference in the prevalence of eating disorder symptoms. Int J Eat Disord.
2009;42(5):471-474.

Hsu LKG. The gender gap in eating disorders: Why are the eating disorders more
common among women? Clin Psychol Rev. 1989;9(3):393-407.

Fitzsimmons-Craft EE, Krauss MJ, Costello SJ, Floyd GM, Wilfley DE, Cavazos-
Rehg PA. Adolescents and young adults engaged with pro-eating disorder social
media: eating disorder and comorbid psychopathology, health care utilization,
treatment barriers, and opinions on harnessing technology for treatment. Eat Weight
Disord. 2020;25(6):1681-1692.

Mantilla EF, Birgegdrd A. The enemy within: the association between self-image and
eating disorder symptoms in healthy, non help-seeking and clinical young women. J
Eat Disord. 2015;3:30.

Pluhar E, McCracken C, Griffith KL, Christino MA, Sugimoto D, Meehan WP, 3rd.
Team sport athletes may be less likely to suffer anxiety or depression than individual
sport athletes. J Sports Sci Med. 2019;18(3):490-496.

Erlacher D, Ehrlenspiel F, Adegbesan OA, EI-Din HG. Sleep habits in German
athletes before important competitions or games. J Sports Sci. 2011;29(8):859-66.
Richter D, Wall A, Bruen A, Whittington R. Is the global prevalence rate of adult
mental illness increasing? Systematic review and meta-analysis. Acta Psychiatr Scand.
2019;140(5):393-407.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Getzsche PC, loannidis JPA, et al. The
PRISMA statement for reporting systematic reviews and meta-analyses of studies that
evaluate healthcare interventions: explanation and elaboration. BMJ. 2009;339:b2700.
Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev. 2015;4(1):1.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-
analysis of observational studies in epidemiology: a proposal for reporting. Meta-
analysis Of Observational Studies in Epidemiology (MOOSE) group. JAMA.
2000;283(15):2008-2012.



THE PREVALENCE OF ORTHOREXIA IN EXERCISING POPULATIONS Page 22 of 25

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Kellermeyer L, Harnke B, Knight S. Covidence and Rayyan. Journal of the Medical
Library Association : JMLA. 2018;106:580-583.

Aratjo CG, Scharhag J. Athlete: a working definition for medical and health sciences
research. Scand J Med Sci Sports. 2016;26(1):4-7.

Donini LM, Marsili D, Graziani MP, Imbriale M, Cannella C. Orthorexia nervosa:
validation of a diagnosis questionnaire. Eat Weight Disord 2005;10(2):e28-e32.

Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, et al. Assessing risk of bias in
prevalence studies: modification of an existing tool and evidence of interrater
agreement. J Clin Epidemiol. 2012;65(9):934-939.

Rosenblad A. Introduction to Meta-Analysis. International Statistical Review / Revue
Internationale de Statistique. 2009;77(3):478-479.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7(3):177-188.

Borenstein M, Higgins JP, Hedges LV, Rothstein HR. Basics of meta-analysis: I(2) is
not an absolute measure of heterogeneity. Res Synth Methods. 2017;8(1):5-18.
Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-
analyses. Bmj. 2003;327(7414):557-560.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by
a simple, graphical test. Bmj. 1997;315(7109):629-634.

Duval S, Tweedie R. Trim and fill: A simple funnel-plot-based method of testing and
adjusting for publication bias in meta-analysis. Biometrics. 2000;56(2):455-63.
Borenstein M, Hedges L, Higgins J, Rothstein H. Comprehensive Meta-Analysis
Software. 2021. p. 425-441.

Lewis DW, Jr. Understanding prevalence and attitudes: Dietary and exercise behaviors
among African American collegiate athletes. Dissertation Abstracts International:
Section B: The Sciences and Engineering. 2013;74(2-B(E)).

Keller MF, Konradsen H. Orthorexia in young fitness participants. Klinisk Sygepleje.
2013;27(4):63-71.

Uriegas NA, Winkelmann ZK, Pritchett K, Torres-McGehee TM. Examining eating
attitudes and behaviors in collegiate athletes, the association between Orthorexia
nervosa and eating disorders. Front Nutr. 2021;8:9.

da Silva WR, Marmol CHC, Neves AN, Maroco J, Campos JADB. A Portuguese
adaptation of the Teruel Orthorexia Scale and a test of its utility with Brazilian young
adults. Percept Mot Skills. 2021;128(5):2052-2074.

Tocchetto BF, Caporal GC, Schons P, Alves FD, Antunes L, Cadore EL, et al.
Evaluation of orthorexia, muscular dysmorphia and levels of physical fitness in
university recreational sportsmen. Rbne-Revista Brasileira De Nutricao Esportiva.
2018;12(71):364-373.

Rizzieri LB, Toriani SD, Turmina J. Prevalence of orthorexic behaviors in physical
exercise practitioners in Joinville-SC. Rbne-Revista Brasileira De Nutricao Esportiva.
2019;13(83):1177-1184.

De Marchi P, Baratto 1. Prevalence of orthorexia nerve in academic nutrition course in
an institution of higher education in Parana southwestern. Rbone-Revista Brasileira
De Obesidade Nutricao E Emagrecimento. 2018;12(74):699-706.



THE PREVALENCE OF ORTHOREXIA IN EXERCISING POPULATIONS Page 23 of 25

51. Bo S, Zoccali R, Ponzo V, De Carli L, Benso A, Rainoldi A, et al. University courses,
eating problems and muscle dysmorphia: Are there any associations? J Transl Med.
2014;12(1):221.

52. Bert F, Gualano MR, Voglino G, Rossello P, Perret JP, Siliquini R. Orthorexia
Nervosa: A cross-sectional study among athletes competing in endurance sports in
Northern Italy. PLoS ONE. 2019;14(8).

53. Freire GLM, Paulo JRD, da Silva AA, Batista RPR, Alves JFN, do Nascimento JRA.
Body dissatisfaction, addiction to exercise and risk behaviour for eating disorders
among exercise practitioners. J Eat Disord. 2020;8(1):9.

54.  Erkin O, Gol I. Determination of health status perception and orthorexia nervosa
tendencies of Turkish yoga practitioners: a cross-sectional descriptive study. Progr
Nutr. 2019;21(1):105-112.

55. Civil T. A Cogitation on elite weight athletes' obsessions with healthy eating in terms
of some variables. Ambient Science. 2020;7:309-313.

56. Surala O, Malczewska-Lenczowska J, Sadowska D, Grabowska I, Bialecka-Debek A.
Traits of Orthorexia nervosa and the determinants of these behaviors in elite athletes.
Nutr. 2020;12(9):11.

57.  Dabal AK. Characteristics and nosological separation of orthorexia nervosa.
Psychiatria i Psychologia Kliniczna. 2020;20(1):32-42.
58. Rudolph S. The connection between exercise addiction and orthorexia nervosa in

German fitness sports. Eat Weight Disord. 2018;23(5):581-586.

59. Malmborg J, Bremander A, Olsson MC, Bergman S. Health status, physical activity,
and orthorexia nervosa: A comparison between exercise science students and business
students. Appetite. 2017;109:137-143.

60. Kiss-Leizer M, Téth-Kiraly I, Rigd6 A. How the obsession to eat healthy food meets
with the willingness to do sports: the motivational background of orthorexia nervosa.
Eat Weight Disord. 2019;24(3):465-472.

61. Al Kattan M. The prevalence of orthorexia nervosa in Lebanese university students
and the relationship between orthorexia nervosa and body image, body weight and
physical activity (Master's thesis). United Kingdom: University of Chester; 2016. 66.

62. Herranz Valera J, Acuna Ruiz P, Romero Valdespino B, Visioli F. Prevalence of
orthorexia nervosa among ashtanga yoga practitioners: A pilot study. Eat Weight
Disord. 2014;19(4):469-472.

63.  Labossiere S, Thibault I. Psychological characteristics associated with disordered
eating in university athletes. Transl Sports Med. 2020;3(5):426-431.

64. Parra-Fernandez ML, Rodriguez-Cano T, Perez-Haro MJ, Onieva-Zafra MD,
Fernandez-Martinez E, Notario-Pacheco B. Structural validation of ORTO-11-ES for
the diagnosis of orthorexia nervosa, Spanish version. Eat Weight Disord.
2018;23(6):745-752.

65. Niedzielski A, Kazmierczak-Wojtas N. Prevalence of Orthorexia nervosa and its
diagnostic tools—A literature review. Int J Environ Res Public Health. 2021;18(10).

66.  Brytek-Matera A. The Polish version of the Dusseldorf Orthorexia Scale (PL-DOS)
and its comparison with the English version of the DOS (E-DOS). Eat Weight Disord.
2021;26(4):1223-1232.



THE PREVALENCE OF ORTHOREXIA IN EXERCISING POPULATIONS Page 24 of 25

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Bonci CM, Bonci LJ, Granger LR, Johnson CL, Malina RM, Milne LW, et al.
National athletic trainers' association position statement: preventing, detecting, and
managing disordered eating in athletes. J Athl Train. 2008;43(1):80-108.

Dunn TM, Bratman S. On orthorexia nervosa: A review of the literature and proposed
diagnostic criteria. Eat Behav. 2016;21:11-7.

Varga M, Thege BK, Dukay-Szabo S, Tury F, van Furth EF. When eating healthy is
not healthy: orthorexia nervosa and its measurement with the ORTO-15 in Hungary.
BMC psychiatry. 2014;14(1):1-11.

Roncero M, Barrada JR, Perpiid C. Measuring orthorexia nervosa: psychometric
limitations of the ORTO-15. The Span J Psychol. 2017;20:E41

Morris J, Twaddle S. Anorexia nervosa. BMJ. 2007;334(7599):894-898.

Peat CM, Huang L, Thornton LM, Von Holle AF, Trace SE, Lichtenstein P, et al.
Binge eating, body mass index, and gastrointestinal symptoms. J Psychosom Res.
2013;75(5):456-461.

Lichtenstein MB, Emborg B, Hemmingsen SD, Hansen NB. Is exercise addiction in
fitness centers a socially accepted behavior? Addict Behav Rep. 2017;6:102-105.
Makino M, Tsuboi K, Dennerstein L. Prevalence of eating disorders: a comparison of
Western and non-Western countries. MedGenMed. 2004;27;6(3):49.

Ronkainen N, Aggerholm K, Allen-Collinson J, Ryba TV. Beyond life-skills: talented
athletes, existential learning and (Un)learning the life of an athlete. Qual Res Sport,
Exercise Health. 2022:1-15.

Kjeldbjerg ML, Clausen L. Prevalence of binge-eating disorder among children and
adolescents: a systematic review and meta-analysis. Eur Child Adolesc Psychiatry.
2021;27.

Eisenberg D, Nicklett EJ, Roeder K, Kirz NE. Eating disorder symptoms among
college students: prevalence, persistence, correlates, and treatment-seeking. J Am Coll
Health. 2011;59(8):700-707.

Sergentanis TN, Chelmi ME, Liampas A, Y fanti CM, Panagouli E,
Vlachopapadopoulou E, et al. Vegetarian diets and eating disorders in adolescents and
young adults: A systematic review. Children (Basel). 2020;28,8(1):12.

Momen NC, Plana-Ripoll O, Yilmaz Z, Thornton LM, McGrath JJ, Bulik CM, et al.
Comorbidity between eating disorders and psychiatric disorders. Int J Eat Disord.
2022;55(4):505-517.

Udo T, Grilo CM. Physical activity levels and correlates in nationally representative
sample of U.S. adults with healthy weight, obesity, and binge-eating disorder. Int J Eat
Disord. 2020;53(1):85-95.

Villiger J, Schweiger SA, Baldauf A. Making the Invisible Visible: Guidelines for the
Coding Process in Meta-Analyses. Org Res Methods. 2021:10944281211046312.



THE PREVALENCE OF ORTHOREXIA IN EXERCISING POPULATIONS

Appendix A

& PRISMA 2020 Checklist

Page 25 of 25

Section and Checkiist item where item
is reported
TITLE
Title ‘ 1 | Identify the report as a systematic review. P
ABSTRACT
Abstract [ 2] Seethe PRISMA 2020 for Abstracts checkist. P.23
INTRODUCTION
Rationale [ 3] Describe the rationale for the review in the cantext of existing knawledge. P.4
Objectives ‘ 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses. P.5
METHODS
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. P.6
Information & | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specifythe | P. 5§
sources date when each source was last searched or consulted.
Search strategy 7 | Present the full search strategies for all registers and websites, including any filters and limits used. P.5
Selection process 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record | P. 6-7
and each report retrieved, whether they worked i y, and if appli details of aL ion tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked P.7-8
process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the
process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each P.9
study were sought (e.g. for all measures, time points, analyses), and if nol, the methods used to decide which results to collect.
10b | List and define all other variables for which data were sought (e.q. participant and intervention characteristics, funding sources). Describe any P.7-8
ions made about any missing or unclear information.
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool{s) used, how many reviewers assessed each | P. 8
assessment study and whether they worked independently, and if applicable, details of automation tools used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) {e.g. risk ratio, mean difference) used in the synthesis or presentation of results. P. 9
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and P.9
methods comparing against the planned groups for each synthesis (item #5)).
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary stalistics, or data P.7-8
conversions.
13¢ | Describe any methods used to tabulate or visually display results of individual studies and syntheses. P.9
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the P.9
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of heterogeneity among study resulls (e.g. subgroup analysis, meta-regression). P. 8
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. P.8
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis {arising from reporting biases). P. 8
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. P.9
assessment
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in | P. 13
the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. P.11
Study 17 | Cite each included study and present its characteristics. P.14-15
char
Risk of bias in 18 | Present assessments of risk of bias for each included study. P.15
sludies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision P 12
individual studies {e.g. confidence/credible interval), ideally using structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the cf istics and risk of bias among conftributing studies P.15
syntheses 20b | Present results of all i y If meta lysis was done, present for each the summary estimate and its precision (e.g. P.15
cor ible interval) and of istical heterogeneity. If ing groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results. P.13
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. P.13-14
Reporting biases 21| Present of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed P.13-14
Certainty of 22 | Present of certainty (or ) in the body of evidence for each cutcome assessed. P.13
evidence
DISCUSSION
Di i 23a | Provide a general interpretation of the results in the context of other evidence. P. 16
23b | Discuss any limitations of the evidence included in the review. P17
23c | Discuss any limitations of the review processes used. P.18
23d | Discuss implications of the results for practice, policy, and future research. P.17-18
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including register name and registration number, or state that the review was not registered. P.5
protacol 24b | Indicate where the review protocel can be accessed, or state that a protocol was not prepared. P\'O;DOD‘ not
madsa
24c | Describe and explain any to ion provided at 1 or in the protocol P.5
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. None
Competing 26 | Declare any competing interests of review authors. Nana
interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included P.g
data, code and studies; data used for all analyses; analytic code; any other materials used in the review.
other materials

From: Page MJ, McKenzie JE, Bossuyt PM, Boutren I, Hoffmann TC, Mulrow CD, el al. The PRISMA 2020 slatement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71
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