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Abstract 

Background The ORTO scale was developed in 2004 as a self‑report questionnaire to assess symptoms of orthorexia 
nervosa (ON). ON is an unhealthy preoccupation with eating healthy food. The scale aims to measure obsessive atti‑
tudes and behaviors related to the selection, purchase, preparation, and consumption of pure, healthy food. Since its 
development, the ORTO‑15 has been adapted into several shorter versions. The objective was to conduct a reliability 
generalization meta‑analysis of the ORTO scale and its variant versions in all populations and languages.

Methods A systematic literature search was conducted to identify studies reporting the internal consistency 
of ORTO. Random‑effect models were used to evaluate summary statistics of reliability coefficients, weight‑
ing the coefficients by the inverse variance using the restricted maximum likelihood method. The heterogeneity 
among the reliability coefficients was evaluated and assessed using numerous statistical metrics. The tau (τ),  tau2 (τ2), 
 I2, H2, R2, df, and the Q‑statistic are among those obtained. Meta‑regression analyses were used to examine modera‑
tors such as age and sex.

Results Twenty‑one studies (k = 21) involving 11,167 participants (n = 11,167) were analyzed. The overall effect esti‑
mate on internal consistency was 0.59 (95% CI 0.49–0.68), with a minimum reliability coefficient of 0.23 and a maxi‑
mum reliability coefficient of 0.83. The heterogeneity statistics were found to have an  I2 of 99.31%, which suggested 
high heterogeneity owing to a decrease in the confidence interval (95% CI) and an increase in variability. Sensitivity 
analysis revealed that a few studies strongly influenced the overall estimate. Egger’s test suggested possible publica‑
tion bias. Neither age nor sex significantly moderated reliability via meta‑regression.

Conclusions The ORTO scale has a relatively low pooled reliability coefficient. Alternative ON assessment tools 
with enhanced psychometric properties are needed. Clinicians should not base diagnoses or treatment decisions 
on ORTO alone. Comprehensive psychiatric assessment is essential for accurate ON evaluation.
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Introduction
Background
The term orthorexia nervosa (ON) refers to an exces-
sive obsession with eating healthy foods and an obses-
sive urge to control the biological purity of the foods 
consumed [1, 2]. Thus, ON can lead to severe dietary 
restrictions [1, 2]. Initially, ON was proposed as a type 
of eating disorder that is similar to anorexia [1, 2]. ner-
vosa. However, the distinction between them is based 
on the control of food quality rather than quantity, as 
well as the absence of body image disorders [3].

It must be acknowledged that ON is not yet formally 
classified as an eating disorder, and emerging research 
suggests that negative body image may contribute to 
the development of ON symptoms [4]. A recent study 
revealed that overvaluation of shape and weight spe-
cifically predicts increases in ON symptoms over time 
[4]. This finding indicates that certain facets of nega-
tive body image uniquely confer risk for ON [4]. How-
ever, additional research using longitudinal designs is 
needed to clarify which components of body image are 
implicated and how they interact with ON symptoms 
over time.

Donini et  al. [5] developed the ORTO-15 scale to 
assess the intensity of ON behaviors. The scale was for-
mulated based on the Bratman Orthorexia Test (BOT) 
and the Minnesota Multiphasic Personality Inventory 
(MMPI). There have been several language adaptations, 
including the Turkish ORTO-11 [1, 6] and the Hungar-
ian ORTO-11-HU [7]. Stochel et  al. [40] validated the 
ORTO-15 scale in the 15–21 year age group in Poland, 
and Brytek-Matera et al. [8, 9] validated it in the 18–35 
year age group. The ORTO scale has also been trans-
lated into other languages, such as Arabic [10], Greek 
[11], German [12], and Spanish [13]. They have also 
been applied to clinical and nonclinical populations 
[14, 15].

The prevalence of ON was reported to be 74.5% 
among university students in Liban et  al. [16], 28.3% 
among Polish students [17], and 49.5% among Ameri-
can dieticians [18]. Due to the varied prevalence and 

unstable factorial structure of the ORTO scale, Rogoza 
and Donini refined the original scale, which included 
the six best-fit items from the ORTO scale [19].

Objectives
While several studies have highlighted some issues with 
the reliability of the ORTO scale for assessing ON, a sys-
tematic review and meta-analysis on this topic are lack-
ing. Several individual studies have noted low internal 
consistency and other psychometric flaws [15, 20, 21], 
though some have suggested adequate [22] or high reli-
ability [10, 13, 23, 24]. This meta-analysis aimed to obtain 
a more accurate overall reliability coefficient estimate and 
investigate the reliability coefficient among the various 
adaptations of the ORTO scales (all populations and lan-
guage versions).

Meta-analysis serves several key functions that moti-
vated its use in this review. First, pooling data from 
multiple studies increases the statistical power to detect 
effects that individual studies may lack sufficient power 
to find [25]. Second, using additional data improves the 
precision of effect size estimates [25]. Third, combin-
ing studies allows the examination of consistency and 
sources of heterogeneity, helping to resolve controversies 
arising from seemingly contradictory results [25]. Finally, 
meta-analysis can address questions not fully answered 
by any single study, such as the influence of language on 
ORTO reliability [25]. By increasing power, improving 
precision, clarifying inconsistencies, and answering novel 
questions, this meta-analysis aimed to provide enhanced 
evidence regarding the psychometric issues of ORTO.

Materials and methods
This review utilized the REGEMA (REliability GEnerali-
zation Meta-Analysis) guidelines to improve the report-
ing quality of the meta-analysis [26]. The checklist is 
available as Additional file 1.

Selection criteria
For the inclusion criteria, the review focused on studies 
that used the ORTO scale and its adaptations, including 

Plain English summary 

This review looked at the reliability of the ORTO scale and its shortened versions for assessing orthorexia nervosa (an 
unhealthy obsession with eating healthy foods). The researchers analyzed data from 21 previous studies involving 
over 11,000 participants. Results showed that the ORTO scale had relatively low reliability in consistently measuring 
orthorexia symptoms across studies. The summary reliability score was 0.59 on a 0 to 1 scale, with individual study 
scores ranging from 0.23 to 0.83. There was a significant inconsistency across the different study results. We concluded 
that the ORTO scale has low reliability overall for diagnosing orthorexia nervosa. New assessment tools with better 
measurement properties are needed. Clinicians should not rely solely on the ORTO scale, but should conduct a com‑
prehensive psychological evaluation to properly assess for orthorexia.
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ORTO-R, ORTO-11, ORTO-12, and ORTO-11. The orig-
inal ORTO aka ORTO-15 is a 15-item scale scored on a 
4-point Likert scale, with total scores ranging from 15 
to 60 [5]. Lower scores indicate higher ON risk [5]. The 
scale aims to measure obsessive attitudes and behaviors 
related to the selection, purchase, preparation, and con-
sumption of pure, healthy food [5]. The internal con-
sistency was the type of reliability that was investigated 
in this meta-analysis. The two common metrics used 
to assess internal consistency that were included in this 
meta-analysis were Cronbach’s alpha [27] and McDon-
ald’s omega [28]. Cronbach’s alpha is the most widely 
used method for evaluating internal consistency [27]. 
The correlation between each item and the total reliabil-
ity coefficient was calculated for all the other items [27]. 
The values range from 0 to 1, with higher values indicat-
ing greater internal consistency [27]. McDonald’s omega 
is considered an improvement over Cronbach’s alpha, 
as it makes less restrictive assumptions [28]. Like alpha, 
omega values range from 0 to 1, with higher values indi-
cating greater internal consistency [28]. For both metrics, 
values above 0.7 or 0.8 are considered acceptable in most 
scenarios [27, 28]. An alpha or omega greater than 0.9 
generally indicates excellent internal consistency [27, 28]. 
Values less than 0.5 are usually unacceptable, suggesting 
that the items do not reliably measure the same underly-
ing construct [27, 28].

There were no language, geographical, or cultural 
restrictions that affected the search for the studies [5, 7, 
10, 11, 13, 19–22, 24, 29–42].

Search strategy
The articles were identified through the following data-
bases: Embase, PubMed/MEDLINE, and Scopus from 
January 2004 until June 2022. The relevant keywords 
used for the search were the as follows: List (1) reliability, 
validity, psychometric, internal consistency (Cronbach’s 
alpha or McDonald’s omega); and List (2) orthorexia and 
ORTO*.

The search, screening, and selection process is depicted 
in the REGEMA flow diagram available in the Additional 
file 2.

Data extraction and quality assessment
Two authors (RA and HG) independently extracted and 
coded all the studies that used the ORTO scale, from 
which they computed the internal consistency. Disagree-
ments between the coders were resolved by discussion 
with a third author (LA). No transformation methods 
were applied to the extracted data. To assess interrater 
reliability for study screening and data extraction, two 
reviewers independently performed each step. Cohen’s 
kappa was used to quantify the level of agreement 

between reviewers at each stage [43, 44]. For the title and 
abstract screening stage, Cohen’s kappa was 0.95 (95%), 
indicating excellent agreement. For full-text screening, 
Cohen’s kappa was 0.96 (96%), also reflecting outstanding 
agreement. Cohen’s kappa for data extraction was 0.98 
(98%) before discussion and consensus. After resolving 
any discrepancies through discussion, a full agreement of 
100% was reached.

The methodological quality of the included studies was 
assessed using a modified version (COnsensus-based 
Standards for the selection of health status Measurement 
INstruments) (COSMIN checklist), which evaluates the 
rigor of studies on measurement properties [45]. The 
COSMIN was used to rate the data concurrently with the 
data extracted (by the same authors, RA and HG) to sys-
tematically rate each study on relevant quality criteria.

Reported reliability, estimating reliability induction 
and other sources of bias
2.5 Statistical mode, weighting method, heterogeneity 
assessment, and moderator analyses

Random effects models have been used to compute 
summary statistics of reliability coefficients, thereby 
weighting the coefficients by the inverse variance [33]. 
The restricted maximum likelihood (REML) method was 
used to estimate the variance between studies. The 95% 
confidence intervals (95% CI) were calculated using the 
improved method proposed by Hartung and Knapp [33].

Heterogeneity was assessed using the τ, τ2,  I2, H2, R2, 
df, and Q-statistic [46]. Both τ2 and τ are measures of the 
dispersion of true effect sizes between studies in terms of 
the scale of the effect size [47]. Moreover, τ2 is defined as 
the variance of the true effect sizes. However, τ is defined 
as a measure that approximates the standard deviation 
of true effect sizes with the presumption that these true 
effect sizes are normally distributed. It is useful to indi-
cate the prediction interval. A τ2 = 0 suggested little or no 
heterogeneity, and an increasing τ2 indicated increasing 
heterogeneity [47]. The I-squared statistic  (I2) represents 
the proportion of the total variance between studies that 
is due to heterogeneity instead of sampling errors [48]. It 
is expressed as a percentage with a range of 0 to 100%. It 
is a relative metric, so its usefulness is controversial. Val-
ues of 25%, 50%, and 75% were considered small, moder-
ate, and large amounts of heterogeneity, respectively [49]. 
When  I2 was low, there was no heterogeneity, and such 
analysis was not needed [49]. When  I2 is high, a modera-
tor or subgroup analysis could be recommended [49].

H2 was defined as the ratio of the standard deviation 
of the estimated overall effect size from a random-effects 
meta-analysis to the standard deviation from a fixed-
effect meta-analysis [50]. The Q-statistic, also known as 
"Cochrane’s Q", is known to be a chi-squared (χ2) statistic 
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and is defined as the weighted sum of squared differences 
between the observed effects and the weighted average 
effect [51]. A low p-value indicates that there is poten-
tially some (undetermined) degree of heterogeneity [51].

The risk of publication bias was examined using the 
Fail-Safe N test, Egger’s test, funnel plot inspection, 
and Kendall’s τ test, which were used to interpret the 
results [52]. The difference in fits (DFFITS) value was 
used to indicate the influence of any study after exclud-
ing that study from the model [53]. We carried out sen-
sitivity analyses and determined several influential case 
diagnostic outcomes of the studies, including externally 
standardized residuals, Cook’s distances, DFFITS values, 
covariance ratios, leave-one-out estimates of the amount 
of heterogeneity, and leave-one-out values of the test sta-
tistics for heterogeneity, hat values, and weights [54]. We 
determined the r-student function and discovered that all 
studies had externally standardized residuals between the 
critical values (− 1.96 and + 1.96) [54]. This is indicative 
of the absence of outliers in the selected studies [54].

To examine the potential moderating effects of age and 
sex on the overall estimate, we performed meta-regres-
sion analyses as part of our analyses [49]. We included 
age and sex as independent variables in the meta-regres-
sion models while using the overall estimate of reliability 
as the dependent variable. The meta-regression analyses 
allowed us to assess whether these variables significantly 
influenced the relationship under investigation and may 
also explain the heterogeneity.

Software
R-statistical software was used to conduct the statistical 
analyses. version 4.3.0, which was released on 2023-04-
21. A p-value less than 0.05 was considered to indicate 
statistical significance. The packages used were “meta” 
[55] and “metafor” [56].

Results
Results of the study selection process
Utilizing the REGEMA flowchart, a systematic review 
of the literature was conducted. Initial searches of the 
electronic databases yielded 103 records, with one addi-
tional record identified through ResearchGate, totaling 
104 initial records. These records were screened based on 
relevance, resulting in 47 empirical studies retained for 
full-text assessment. Further evaluation of eligibility led 
to the exclusion of 12 theoretical publications, reviews, 
meta-analyses, and non-English articles. The remaining 
35 empirical studies applied the ORTO scale (and its var-
iants) and were deemed eligible for inclusion. However, 
only 21 (in twenty published studies) of these studies 
reported a reliability coefficient suitable for meta-analy-
sis. The absence of the target statistic precluded the other 

14 studies from quantitative synthesis. The REGEMA 
flow diagram is shown in Additional file 2.

The total sample in this review included n = 11,167 
participants, ranging from 50 to 1289. The mean age 
was 27.3 years, and there was a predominance of female 
participants (71.5% on average). The samples came from 
general adult populations as well as specific groups such 
as university students, dietitians, vegetarians/vegans, and 
high school students. The studies were conducted in 12 
different languages, with English (5 studies) and Spanish 
(4 studies) being the most common. The 15-item ORTO 
scale was the most frequently evaluated version (15 
studies), followed by the ORTO-11, ORTO-12, ORTO-
9, ORTO-7, and ORTO-R versions. The methodologi-
cal quality of the studies ranged from low to high based 
on the COSMIN criteria. Two studies [19, 22] reported 
McDonald’s omega rather than Cronbach’s alpha for 
internal consistency. Table 1 provides a summary of the 
included studies. The reliability coefficients and the data 
are provided at https:// osf. io/ b8ju7. 

Pooled reliability, heterogeneity, and meta‑regression
According to the random effects model, the overall effect 
estimate is 0.59 (95% CI 0.49–0.68), with a minimum 
reliability coefficient of 0.23 and a maximum reliability 
coefficient of 0.83; this finding suggests a low-reliability 
coefficient, demonstrating that the reliability and depend-
ability of the ORTO scale are low and that there is room 
for statistical errors.

The heterogeneity statistics were found to have an  I2 
of 99.31%, which suggested high heterogeneity  (I2 > 90%) 
owing to a decrease in the 95% CI and an increase in vari-
ability. It is also shown that the τ2, or standard error, is 
low (SE = 0.046), estimating that p is 0.05 (0.001), explain-
ing that the sample means are closely distributed around 
the population mean. Figure  1 displays a forest plot of 
ORTO-15 data, without consideration of the weighing 
factor.

Publication bias was assessed by constructing a funnel 
plot with the follow-up statistical test Egger’s test. Egger’s 
test revealed a statistically significant result (p =  < 0.001). 
This statistically significant p-value obtained with Egger’s 
test indicates funnel plot asymmetry. A funnel plot of the 
internal consistency coefficient is shown in Fig.  2. The 
Fail-Safe number of Rosenthal was also determined to 
address publication bias (n = 21). In addition, the Kend-
all’s τ test was performed and revealed a weak relation-
ship (− 0.50, p < 0.001).

The results of the meta-regression analyses examining 
the potential moderating effects of age and sex on the 
overall estimate are as follows. Age did not significantly 
moderate the relationship (p > 0.05), suggesting that age 
was not a significant factor in explaining the observed 

https://osf.io/b8ju7
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heterogeneity. Similarly, the meta-regression analysis 
examining the moderating effect of sex indicated that sex 
was not a significant moderator of the overall estimate 
(p > 0.05). These findings suggest that neither age nor sex 
significantly influenced the relationship under investi-
gation. Therefore, our results indicate that the observed 

heterogeneity in the overall estimate cannot be attributed 
to variations in age or sex across the included studies.

Sensitivity analysis
Studies 17, 18, and 21 were found to have the lowest R 
scores. All the studies had Cook’s distances less than 0.15. 

Fig. 1 Forest plot of ORTO, without the weighing factor

Fig. 2 Funnel plot of Cronbach’s alpha coefficient for the dimensional ORTO scale
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Moreover, studies 17 and 18 had the highest Cook’s dis-
tances among all the studies; i.e., these studies are the 
most influential. All the studies, except 17, 18, and 21, 
had covariance ratios higher than 1, indicating a greater 
influence. Cook’s distance for all studies.

The study weight and overall influence of the results 
were also analyzed. Almost all the studies have similar 
weights. According to the τ2 results, minimal heterogene-
ity was noted.

Discussion
Summary of results
The random effects meta-analysis revealed a low over-
all internal consistency of 0.59 for the ORTO scale, 
indicating low reliability. There was high heterogene-
ity  (I2 = 99.31%), implying significant variability between 
studies. Meta-regressions showed that neither age nor 
sex were significant moderators, meaning that they did 
not explain the heterogeneity. Although this meta-anal-
ysis investigated a large number of studies in different 
regions reporting reliability estimates with the data, the 
data obtained were only in the English language. Addi-
tionally, the meta-analysis was drawn from three data-
bases, namely, PubMed, Embase, and Scopus, which 
further limited the results. Furthermore, this RG meta-
analysis was based mainly on Cronbach’s alpha coeffi-
cients. Although it is familiar, commonly reported, and 
easy to obtain in software, it is determined to be an inap-
propriate measure of reliability. The alpha coefficient 
has been criticized as an internal consistency measure 
due to the inability of the τ equivalent model’s restrictive 
assumptions to meet the test reliability coefficients [57]. 
Rather than using the alpha coefficient, other reliability 
coefficients, such as the omega coefficient, are more real-
istic and are always a better choice despite small samples 
[57].

The low reliability of the ORTO evidenced in this meta-
analysis suggests its current scoring and structure might 
be suboptimal. Moving forward, item response theory 
(IRT) analysis could enhance the scale’s psychometric 
properties [58]. IRT examines how individual items are 
functioning—their difficulty levels and ability to discrim-
inate between individuals along the trait continuum [58]. 
This can identify problematic items for removal and sup-
port recalibrating item weighting and scoring to optimize 
scale reliability and validity [58]. Applying IRT methods 
could potentially improve the ORTO’s dimensionality, 
reliability, and precision in assessing ON symptom sever-
ity. However, items may also need to be added or revised 
to better capture the underlying construct. IRT guid-
ance coupled with a thorough expert review of item con-
tent could yield a more psychometrically sound ORTO 
version.

Implications for future clinical practice
The ORTO scale has been shown to have low to ques-
tionable internal consistency reliability for use in clini-
cal purposes, as the average alphas of the total scale 
and subscales were greater. On the other hand, the 
ORTO administration format did not affect the reliabil-
ity coefficients; hence, this test could be applied online 
rather than face-to-face, thereby increasing its accessi-
bility. The ORTO exhibits low to questionable internal 
consistency reliability; thus, the ORTO needs another 
measurement tool for clinical purposes to assess the 
ON symptomatology of people with ON disorder.

While our findings highlight significant limitations of 
the ORTO-15, several additional psychometric instru-
ments have emerged for assessing orthorexic tenden-
cies. For example, the Eating Habits Questionnaire 
(EHQ) [59], Düsseldorfer Orthorexie Skala (DOS) [60], 
and Teruel Orthorexia Scale (TOS) [61] have dem-
onstrated acceptable internal consistency and valid-
ity [41]. Additionally, the Orion Orthorexia Nervosa 
Inventory (ONI) [62] was recently developed using 
robust scale validation methods and shows adequate 
reliability. Given the strong evidence for the improved 
psychometric properties of the ORTO-15 compared to 
those of the ORTO-15, we recommend that clinicians 
and researchers consider utilizing multiple tools for 
assessing ON. By employing a combination of assess-
ment instruments, a more comprehensive and reliable 
understanding of ON can be obtained. This approach 
allows for a broader assessment of different aspects of 
ON and reduces the potential bias or limitations asso-
ciated with relying solely on a single tool.

It must also be acknowledged that validated assess-
ment tools can aid in the identification of orthorexic 
tendencies, and psychiatric evaluation remains an 
important component of thoroughly assessing individ-
uals who screen positive. Scales provide an initial signal 
of risk but cannot be used to diagnose ON or determine 
specific treatment needs. Comprehensive psychiatric 
evaluation is essential for differentiating orthorexia 
from other eating or mental health disorders, given the 
significant symptom overlap. Expert assessment can 
also identify any cooccurring conditions that may war-
rant tailored intervention. We emphasize that screen-
ing measures should always be paired with detailed 
clinical interviews and examinations by an experienced 
psychiatrist or eating disorder specialist. Using scales 
as an adjunct, rather than a replacement for skilled 
evaluation, will enable comprehensive assessment and 
personalization of treatment approaches.



Page 8 of 10Alshaibani et al. Journal of Eating Disorders           (2024) 12:39 

Implications for future research
In research, we suggest that a second scale be used in 
parallel to the ORTO. There is a need for more inclu-
sivity, which involves a wider range of variety concern-
ing age, nationality, ethnicity, and sex, and comparisons 
of reliability between them. The evaluation should 
consider the differences between cultures and coun-
tries and how they may relate to and affect the results. 
Consider integrating a licensed psychiatric interview 
and evaluation alongside the ORTO scale to ensure 
more thorough and precise outcomes. Consider using 
another scale alongside ORTO to broaden the scope of 
the results.

Conclusions
After conducting a reliability generalization meta-anal-
ysis of the ORTO scale, it was determined that the scale 
is weaker in measuring ON. Despite the potential of the 
ORTO scale to provide valuable insights into the eating 
habits and behaviors of individuals with ON, its lack of 
reliability is a significant issue. Therefore, future studies 
exploring ON should use alternative measures to pro-
vide more accurate and reliable data. It is important to 
ensure that reliable measurements are used in research 
studies to produce valid conclusions that can guide 
clinical practice and treatment options for patients.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40337‑ 024‑ 00997‑y.

Additional file 1. REGEMA checklist.

Additional file 2. REGEMA flowchart.

Acknowledgements
None.

Author contributions
HJ and HG designed the study. LA, AE, Al, JA, KA, RA, ZB, and RAA collected the 
data. LA, AE, Al, JA, KA, RA, ZB, RAA, SRT, KT and HJ wrote the first draft. All the 
authors engaged in writing the manuscript. HJ performed the analyses. All the 
authors have read and approved the manuscript.

Funding
This research received no specific grant from any funding agency in the pub‑
lic, commercial, or not‑for‑profit sectors.

Availability of data and materials
The data are available in Table 1.

Declarations

Ethics approval and consent to participate
Not applicable. This is a systematic review and meta‑analysis of published 
studies that are indexed in the public domain.

Consent for publication
Not applicable. This is a systematic review and meta‑analysis of published 
studies that are indexed in the public domain.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Psychiatry, College of Medicine and Medical Sciences, Arabian 
Gulf University, Manama, Bahrain. 2 Department of Family and Community 
Medicine, School of Medicine, University of Jordan, Amman, Jordan. 3 Depart‑
ment of Nutrition and Food Technology, School of Agriculture, University 
of Jordan, Amman, Jordan. 4 Division of Research and Development, Lovely 
Professional University, Phagwara, Punjab 144411, India. 5 Saveetha Medical 
College and Hospitals, Saveetha Institute of Medical and Technical Sciences, 
Saveetha University, Chennai, Tamil Nadu, India. 6 High Institute of Sport 
and Physical Education of Sfax, University of Sfax, 3000 Sfax, Tunisia. 7 Research 
Laboratory: Education, Motricity, Sport and Health, EM2S, LR19JS01, University 
of Sfax, 3000 Sfax, Tunisia. 8 Government Hospitals, Manama, Bahrain. 

Received: 20 October 2023   Accepted: 13 March 2024

References
 1. Arusoğlu G, Kabakçi E, Köksal G, Merdol TK. Orthorexia nervosa and adap‑

tation of ORTO‑11 into Turkish. Turk Psikiyatri Derg. 2008;19(3):283–91.
 2. Bağci Bosi AT, Camur D, Güler C. Prevalence of orthorexia nervosa in 

resident medical doctors in the faculty of medicine (Ankara, Turkey). 
Appetite. 2007;49(3):661–6.

 3. Varga M, Dukay‑Szabó S, Túry F, van Furth EF. Evidence and gaps in the 
literature on orthorexia nervosa. Eat Weight Disord. 2013;18(2):103–11.

 4. Messer M, Liu C, McClure Z, Mond J, Tiffin C, Linardon J. Negative body 
image components as risk factors for orthorexia nervosa: Prospective 
findings. Appetite. 2022;178: 106280.

 5. Donini LM, Marsili D, Graziani MP, Imbriale M, Cannella C. Orthorexia ner‑
vosa: a preliminary study with a proposal for diagnosis and an attempt 
to measure the dimension of the phenomenon. Eat Weight Disord. 
2004;9(2):151–7.

 6. Fidan T, Ertekin V, Işikay S, Kirpinar I. Prevalence of orthorexia among 
medical students in Erzurum, Turkey. Compr Psychiatry. 2010;51(1):49–54.

 7. Varga M, Thege BK, Dukay‑Szabó S, Túry F, van Furth EF. When eating 
healthy is not healthy: orthorexia nervosa and its measurement with the 
ORTO‑15 in Hungary. BMC Psychiatry. 2014;14:59.

 8. Brytek‑Matera A, Donini LM, Krupa M, Poggiogalle E, Hay P. Orthorexia 
nervosa and self‑attitudinal aspects of body image in female and male 
university students. J Eat Disord. 2015;3:2.

 9. Brytek‑Matera A, Krupa M, Poggiogalle E, Donini LM. Adaptation of 
the ORTHO‑15 test to Polish women and men. Eat Weight Disord. 
2014;19(1):69–76.

 10. Haddad C, Hallit R, Akel M, Honein K, Akiki M, Kheir N, Obeid S, Hallit S. 
Validation of the Arabic version of the ORTO‑15 questionnaire in a sample 
of the Lebanese population. Eat Weight Disord. 2020;25(4):951–60.

 11. Gonidakis F, Poulopoulou C, Michopoulos I, Varsou E. Validation of the 
Greek ORTO‑15 questionnaire for the assessment of orthorexia nervosa 
and its relation to eating disorders symptomatology. Eat Weight Disord. 
2021;26(8):2471–9.

 12. Andreas S, Schedler K, Schulz H, Nutzinger DO. Evaluation of a German 
version of a brief diagnosis questionnaire of symptoms of orthorexia 
nervosa in patients with mental disorders (Ortho‑10). Eat Weight Disord. 
2018;23(1):75–85.

 13. Parra‑Fernandez ML, Rodríguez‑Cano T, Onieva‑Zafra MD, Perez‑Haro MJ, 
Casero‑Alonso V, Muñoz Camargo JC, Notario‑Pacheco B. Adaptation and 
validation of the Spanish version of the ORTO‑15 questionnaire for the 
diagnosis of orthorexia nervosa. PLoS ONE. 2018;13(1): e0190722.

 14. Niedzielski A, Kaźmierczak‑Wojtaś N. Prevalence of Orthorexia nervosa 
and its diagnostic tools: a literature review. Int J Environ Res Public Health. 
2021;18(10):5488.

https://doi.org/10.1186/s40337-024-00997-y
https://doi.org/10.1186/s40337-024-00997-y


Page 9 of 10Alshaibani et al. Journal of Eating Disorders           (2024) 12:39  

 15. Opitz MC, Newman E, Alvarado Vázquez Mellado AS, Robertson MDA, 
Sharpe H. The psychometric properties of Orthorexia Nervosa assess‑
ment scales: a systematic review and reliability generalization. Appetite. 
2020;155:104797.

 16. Farchakh Y, Hallit S, Soufia M. Association between orthorexia nervosa, 
eating attitudes and anxiety among medical students in Lebanese 
universities: results of a cross‑sectional study. Eat Weight Disord. 
2019;24(4):683–91.

 17. Plichta M, Jezewska‑Zychowicz M. Orthorexic tendency and eating 
disorders symptoms in polish students: examining differences in eating 
behaviors. Nutrients. 2020;12(1):218.

 18. Tremelling K, Sandon L, Vega GL, McAdams CJ. Orthorexia nervosa and 
eating disorder symptoms in registered dietitian nutritionists in the 
United States. J Acad Nutr Diet. 2017;117(10):1612–7.

 19. Rogoza R, Donini LM. Introducing ORTO‑R: a revision of ORTO‑15: 
based on the re‑assessment of original data. Eat Weight Disord. 
2021;26(3):887–95.

 20. Meule A, Holzapfel C, Brandl B, Greetfeld M, Hessler‑Kaufmann JB, Skurk 
T, Quadflieg N, Schlegl S, Hauner H, Voderholzer U. Measuring ortho‑
rexia nervosa: a comparison of four self‑report questionnaires. Appetite. 
2020;146: 104512.

 21. Roncero M, Barrada JR, Perpiñá C. Measuring orthorexia nervosa: psycho‑
metric limitations of the ORTO‑15. Span J Psychol. 2017;20:E41.

 22. Gkiouras K, Grammatikopoulou MG, Tsaliki T, Ntwali L, Nigdelis MP, Ger‑
ontidis A, Taousani E, Tzimos C, Rogoza R, Bogdanos DP, et al. Orthorexia 
nervosa: replication and validation of the ORTO questionnaires translated 
into Greek in a survey of 848 Greek individuals. Hormones (Athens). 
2022;21(2):251–60.

 23. Parra‑Fernández ML, Onieva‑Zafra MD, Fernández‑Martínez E, Abreu‑
Sánchez A, Fernández‑Muñoz JJ. Assessing the prevalence of orthorexia 
nervosa in a sample of university students using two different self‑report 
measures. Int J Environ Res Public Health. 2019;16(14):2459.

 24. Rogoza R, Mhanna M, Gerges S, Donini LM, Obeid S, Hallit S. Validation of 
the Arabic version of the ORTO‑R among a sample of Lebanese young 
adults. Eat Weight Disord. 2022;27(6):2073–80.

 25. Lasserson TJ, Thomas J, Higgins JP. Starting a review. Cochr Handb Syst Rev 
Interv 2019:1–12.

 26. Sánchez‑Meca J, Marín‑Martínez F, López‑López JA, Núñez‑Núñez RM, 
Rubio‑Aparicio M, López‑García JJ, López‑Pina JA, Blázquez‑Rincón DM, 
López‑Ibáñez C, López‑Nicolás R. Improving the reporting quality of 
reliability generalization meta‑analyses: the REGEMA checklist. Res Synth 
Methods. 2021;12(4):516–36.

 27. Tavakol M, Dennick R. Making sense of Cronbach’s alpha. Int J Med Educ. 
2011;2:53.

 28. Malkewitz CP, Schwall P, Meesters C, Hardt J. Estimating reliability: a com‑
parison of Cronbach’s α, McDonald’s ωt and the greatest lower bound. 
Soc Sci Hum Open. 2023;7(1): 100368.

 29. Alvarenga MS, Martins MC, Sato KS, Vargas SV, Philippi ST, Scagliusi 
FB. Orthorexia nervosa behavior in a sample of Brazilian dietitians 
assessed by the Portuguese version of ORTO‑15. Eat Weight Disord. 
2012;17(1):e29‑35.

 30. Babeau C, Le Chevanton T, Julien‑Sweerts S, Brochenin A, Donini LM, 
Fouques D. Structural validation of the ORTO‑12‑FR questionnaire among 
a French sample as a first attempt to assess orthorexia nervosa in France. 
Eat Weight Disord. 2020;25(6):1771–8.

 31. Dell’Osso L, Abelli M, Carpita B, Massimetti G, Pini S, Rivetti L, Gorrasi F, 
Tognetti R, Ricca V, Carmassi C. Orthorexia nervosa in a sample of Italian 
university population. Riv Psichiatr. 2016;51(5):190–6.

 32. Graham CC, Hare, K.E., Graham, C.C. and Hare, K.E.: Hadamard sets; 2013.
 33. Hartung J, Knapp G. A refined method for the meta‑analysis of controlled 

clinical trials with binary outcome. Stat Med. 2001;20(24):3875–89.
 34. Heiss S, Coffino JA, Hormes JM. What does the ORTO‑15 measure? Assess‑

ing the construct validity of a common orthorexia nervosa questionnaire 
in a meat avoiding sample. Appetite. 2019;135:93–9.

 35. Hyrnik J, Janas‑Kozik M, Stochel M, Jelonek I, Siwiec A, Rybakowski 
JK. The assessment of orthorexia nervosa among 1899 Polish ado‑
lescents using the ORTO‑15 questionnaire. Int J Psychiatry Clin Pract. 
2016;20(3):199–203.

 36. Li WL, Tan SX, Ouyang RQ, Cui YF, Ma JR, Cheng C, Mu YJ, Zhang SW, 
Zheng L, Xiong P, et al. Translation and validation of the Chinese version 

of the orthorexia nervosa assessment questionnaires among college 
students. Eat Weight Disord. 2022;27(8):3389–98.

 37. Missbach B, Hinterbuchinger B, Dreiseitl V, Zellhofer S, Kurz C, König J. 
When eating right, is measured wrong! A validation and critical examina‑
tion of the ORTO‑15 Questionnaire in German. PLoS ONE. 2015;10(8): 
e0135772.

 38. Mitrofanova E, Pummell E, Martinelli L, Petróczi A. Does ORTO‑15 produce 
valid data for “orthorexia nervosa”? A mixed‑method examination of 
participants’ interpretations of the fifteen test items. Eat Weight Disord. 
2021;26(3):897–909.

 39. Moller S, Apputhurai P, Knowles SR. Confirmatory factor analyses of the 
ORTO 15‑, 11‑ and 9‑item scales and recommendations for suggested 
cut‑off scores. Eat Weight Disord. 2019;24(1):21–8.

 40. Stochel M, Janas‑Kozik M, Zejda J, Hyrnik J, Jelonek I, Siwiec A. Validation 
of ORTO‑15 Questionnaire in the group of urban youth aged 15–21. 
Psychiatr Pol. 2015;49(1):119–34.

 41. Valente M, Syurina EV, Donini LM. Shedding light upon various tools to 
assess orthorexia nervosa: a critical literature review with a systematic 
search. Eat Weight Disord. 2019;24(4):671–82.

 42. Vuillier L, Robertson S, Greville‑Harris M. Orthorexic tendencies are linked 
with difficulties with emotion identification and regulation. J Eat Disord. 
2020;8:15.

 43. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med 
(Zagreb). 2012;22(3):276–82.

 44. McGuinness LA, Higgins JPT. Risk‑of‑bias VISualization (robvis): an R pack‑
age and Shiny web app for visualizing risk‑of‑bias assessments. Res Synth 
Methods. 2021;12(1):55–61.

 45. Mokkink LB, Prinsen CA, Bouter LM, Vet HC, Terwee CB. The COnsensus‑
based Standards for the selection of health Measurement INstruments 
(COSMIN) and how to select an outcome measurement instrument. Braz 
J Phys Ther. 2016;20(2):105–13.

 46. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta‑analysis. 
Stat Med. 2002;21(11):1539–58.

 47. Biggerstaff BJ, Tweedie RL. Incorporating variability in estimates of 
heterogeneity in the random effects model in meta‑analysis. Stat Med. 
1997;16(7):753–68.

 48. Borenstein M, Higgins JP, Hedges LV, Rothstein HR. Basics of meta‑analy‑
sis: I(2) is not an absolute measure of heterogeneity. Res Synth Methods. 
2017;8(1):5–18.

 49. Migliavaca CB, Stein C, Colpani V, Barker TH, Ziegelmann PK, Munn Z, 
Falavigna M. Meta‑analysis of prevalence: I(2) statistic and how to deal 
with heterogeneity. Res Synth Methods. 2022;13(3):363–7.

 50. Laliman V, Roïz J. Frequentist approach for detecting heterogeneity in 
meta‑analysis pair‑wise comparisons: enhanced Q‑test use by using  I2 
and H2 statistics. Value Health. 2014;17(7):A576.

 51. Barili F, Parolari A, Kappetein PA, Freemantle N. Statistical Primer: hetero‑
geneity, random‑ or fixed‑effects model analyses?†. Interact Cardiovasc 
Thorac Surg. 2018;27(3):317–21.

 52. van Aert RCM, Wicherts JM, van Assen M. Publication bias examined in 
meta‑analyses from psychology and medicine: a meta‑meta‑analysis. 
PLoS ONE. 2019;14(4): e0215052.

 53. Chen Z, Zhang G, Li J. Goodness‑of‑fit test for meta‑analysis. Sci Rep. 
2015;5:16983.

 54. Mathur MB, VanderWeele TJ. Sensitivity analysis for publication bias in 
meta‑analyses. J R Stat Soc Ser C Appl Stat. 2020;69(5):1091–119.

 55. Schwarzer G, Schwarzer MG. Package ‘meta.’ R Found Stat Comput. 
2012;9:27.

 56. Viechtbauer W, Viechtbauer MW: Package ‘metafor’. The Comprehensive 
R Archive Network Package ‘metafor’ http:// cran.r‑ proje ct. org/ web/ packa 
ges/ metaf or/ metaf or. pdf 2015.

 57. Ellis JL. A test can have multiple reliabilities. Psychometrika. 
2021;86(4):869–76.

 58. Yang FM, Kao ST. Item response theory for measurement validity. Shang‑
hai Arch Psychiatry. 2014;26(3):171–7.

 59. Mohamed Halim Z, Dickinson KM, Kemps E, Prichard I. Orthorexia ner‑
vosa: examining the Eating Habits Questionnaire’s reliability and validity, 
and its links to dietary adequacy among adult women. Public Health 
Nutr. 2020;23(10):1684–92.

 60. Chard CA, Hilzendegen C, Barthels F, Stroebele‑Benschop N. Psychomet‑
ric evaluation of the English version of the Düsseldorf Orthorexie Scale 

http://cran.r-project.org/web/packages/metafor/metafor.pdf
http://cran.r-project.org/web/packages/metafor/metafor.pdf


Page 10 of 10Alshaibani et al. Journal of Eating Disorders           (2024) 12:39 

(DOS) and the prevalence of orthorexia nervosa among a US student 
sample. Eat Weight Disord. 2019;24(2):275–81.

 61. Barthels F, Barrada JR, Roncero M. Orthorexia nervosa and healthy ortho‑
rexia as new eating styles. PLoS ONE. 2019;14(7): e0219609.

 62. Oberle CD, De Nadai AS, Madrid AL. Orthorexia nervosa inventory (ONI): 
development and validation of a new measure of orthorexic symptoma‑
tology. Eat Weight Disord. 2021;26(2):609–22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Reliability generalization meta-analysis of orthorexia nervosa using the ORTO-111215R scale in all populations and language versions
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Background
	Objectives

	Materials and methods
	Selection criteria
	Search strategy
	Data extraction and quality assessment
	Reported reliability, estimating reliability induction and other sources of bias
	Software

	Results
	Results of the study selection process
	Pooled reliability, heterogeneity, and meta-regression
	Sensitivity analysis

	Discussion
	Summary of results
	Implications for future clinical practice
	Implications for future research

	Conclusions
	Acknowledgements
	References


