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Abstract
Purpose  Age, gender and body mass index (BMI) are commonly described risk factors for the development of eating dis-
orders. However, the magnitude of these factors (individually and together) is still not well-defined in some populations.
Methods  A systematic search was performed for studies that reported the prevalence of eating disorder risk among medical 
students using the Eating Attitudes Test-26 (EAT-26) and age, gender and BMI as risk factors. We included studies published 
in English peer-reviewed journals between 1982 and 2017. A total of 14 studies were included in the analyses, and the meta-
regression analyses were performed using mean age (years), gender (proportion of female subjects), and mean BMI (kg/m2) 
as moderators with the risk of eating disorders measured using EAT-26 as an outcome variable. Four interaction terms were 
created (1) age × gender (2) age × BMI (3) gender × BMI and (4) age × gender × BMI to assess if two or more independent 
variables simultaneously influence the outcome variable.
Results  Utilizing the EAT-26, the pooled prevalence of at risk for eating disorders among medical students (k = 14, N = 3520) 
was 10.5% (95% CI 7.3–13.7%). Meta-regression model of age, gender and BMI alone revealed poor predictive capabilities. 
Meta-regression model of age × gender × BMI interaction revealed statistically significant results with a covariate coefficient 
of 0.001 and p value of 0.044.
Conclusion  Results from this sample of medical students provided evidence for the role of interactions between risk factors 
(e.g., age × gender × BMI) in predicting individuals at risk for eating disorders, whereas these variables individually failed 
to predict eating disorders.
Level of evidence  Level I, systematic review and meta-analysis.
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Introduction

Eating disorders are complex and very serious psychiatric 
illnesses that emerge from the interaction of a number of 
biological (e.g., physical maturation, genetic vulnerabilities, 

temperament, status such as overweight or obese), psycho-
logical (e.g., overvaluation of weight and shape), and envi-
ronmental factors (e.g., developmental stressors, sexual 
assault, sexual objectification) [1–3]. Prevention and treat-
ment programs designed to reduce the incidence and impact 
of eating disorders would certainly benefit from increased 
knowledge about these risk factors [3–5]. The working defi-
nition of a ‘risk factor’ in this review refers to a quantifi-
able property that is significantly correlated with and pre-
cedes the onset of a disorder [6]. ‘Modifiable’ risk factors 
(e.g., stress, glorification of the thin ideal) are those that 
can change spontaneously or be modified by an interven-
tion, and are therefore the most relevant for prevention or 
early intervention [3, 7]. On the other hand, ‘non-modifiable’ 
risk factors (e.g., age) cannot be changed, although vari-
ables associated with them (e.g., stressors within develop-
mental transitions; see below) might as well be malleable. If 
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a preventive intervention significantly reduces or eliminates 
a risk factor and thus obviates or delays the onset of an eat-
ing disorder, then that variable (e.g., internalization of the 
thin beauty ideal) can be designated as a ‘causal risk factor’ 
[7, 8].

This review highlights current knowledge of some of the 
factors that likely put medical students in particular “at risk” 
for eating disorders. The main focus will be on age, gender, 
and body mass index (BMI) = [weight in kilograms/(height 
in meters)2]. The documented range for age of onset is quite 
large, perhaps from 8 until 70 years [9, 10]. However, the 
best available knowledge suggests that eating disorders typi-
cally manifest during adolescence or early adulthood, with 
a reported range of modal ages of onset between 12 and 22 
years [11, 12]. It is therefore very likely that the transition 
in and out of adolescence is associated with a greater risk 
for eating disorders. Epidemiological studies have shown 
that gender differences exist between males and females, and 
the extent of the difference depends on the specific eating 
disorder symptomatology under discussion. For example, 
anorexia nervosa and bulimia nervosa are significantly more 
common in women than men, while binge eating disorder is 
generally comparable in women and men [13].

Overweight is also one of the risk factors for development 
and maintenance of eating disorders [14, 15]. A possible 
explanation is that overweight or obese persons internalize 
weight-based stigma originating from multiple sources and 
thus may have greater concerns about body image and a 
greater investment in weight loss, both of which lead them 
to exhibit more unhealthy weight and shape control efforts 
compared to their normal weight peers [14, 16]. Several 
studies have highlighted the association between both body 
dissatisfaction and elevated weight and shape concern and 
the risk of eating disorders, particularly in adolescents and 
young adults [3, 14, 17].

The literature has identified medical students as a high-
risk group for several mental health problems, including eat-
ing disorders. Point prevalence estimates of the risk of eating 
disorders vary between studies, ranging from 2% (below the 
general population prevalence) to 30% [18, 19]. A recent 
systematic review and meta-analysis showed that in general 
one out of ten medical students is at risk for developing eat-
ing disorders [20], which is consistent with the estimate of 
approximately 10% for the population of people of the same 
age [21–23]. The same review also showed women medi-
cal students are at greater risk than their male counterparts. 
However, the exact association between risk of eating dis-
orders, as determined by a valid screening instrument, and 
known risk factors for the development of these disorders 
remains unclear, particularly for university students. Accord-
ingly, this meta-regression analysis aimed at studying the 
association between the risk of eating disorders in medical 
students and the risk factors of age, gender and body mass 

index. Based on previous research with other groups, we 
hypothesized that in medical students the status of at risk 
for eating disorders would be associated with female gender, 
younger age and higher BMI.

Methods

The methodology of this meta-regression analysis was 
guided by the Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) statement [24].

Databases searches

An electronic database search was performed indepen-
dently by three researchers using EMBASE, MEDLINE, 
ProQuest and Google Scholar for published literature. The 
research team developed a list of search strategies, including 
the following combination of keywords: medical students 
AND eating disorder(s) OR feeding disorder(s) OR eating 
problem(s) OR eating attitude(s) OR eating behavior(s). The 
reference sections of the identified papers were then indi-
vidually screened by the researchers to identify more articles 
for potential inclusion in the review.

Inclusion criteria

Inclusion criteria were: (1) the full text is published in the 
English language, (2) published between January 1982 to 
December 2017, (3) assessed medical students as a target 
population, (4) reported disordered eating risk using the Eat-
ing Attitude Test-26 (EAT-26), and (5) described at least 
two of the independent variables (age, gender and BMI) that 
could be used in the regression analysis.

The review team independently screened titles and 
abstracts and assessed studies for eligibility criteria (see 
Fig. 1). Two members performed the initial data coding, 
which was later verified by third review member. Any con-
flicts in study appropriateness for inclusion in the review 
were resolved through dialogue with the senior reviewer/
expert clinician and panel consensus. To standardize data 
extraction, the review team agreed to collect the following 
variables: study characteristic (e.g., name, year, sample size, 
country), participant characteristics (e.g., age, gender, BMI), 
and the main findings of the prevalence of eating disorders 
risk according to EAT-26.

Data synthesis and statistical analyses

The prime purpose of this statistical review was to exam-
ine, across multiple studies, the strength of association 
between the presence or absence of eating disorders in 
medical students and the risk factors of age, gender, and 
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body mass index. Meta-regression analysis [25], using 
a random effects model, was performed using mean age 
(years), gender (proportion of female subjects), and mean 
BMI (kg/m2) as moderators (i.e., independent or predictor 
variables), and the risk of eating disorders measured using 
continuous scores on the EAT-26 as the basis for a dichot-
omous outcome variable. Specifically, the prevalence of 
high risk for eating disorders was estimated for statistical 
modeling using the number of cases that screened posi-
tive using an EAT-26 score of ≥ 20 [26], adjusted for the 
total sample size. The EAT-26 at the cutoff point of 20 
has a sensitivity value of 88.1% and a specificity value of 
96.1% [27].

To examine whether two or more independent vari-
ables simultaneously predicted the outcome variable, four 
statistical interaction variables were created and each was 
tested in a separate model. These were (1) age × gender, (2) 
age × BMI, (3) gender × BMI, and (4) age × gender × BMI. 
It is common to include interaction terms in the model only 
if the corresponding main effects are also included, but 
reporting models with interaction terms only is justified in 
some instances [28]. To illustrate, here we reasoned that 
being female with a specific age and BMI profile may be 

important from research and clinical perspectives, whereas 
either fact alone is of little or no importance.

All meta-analyses were performed using OpenMetaAna-
lyst software provided by the Centre for Evidence Synthesis 
in Health/Center for Evidence-Based Medicine, The School 
of Public Health, Brown University [29]. Other descriptive 
statistical analyses were performed using STATA 14.0 [30].

Ethical considerations

Because this review assessed data from published articles 
that are indexed and available in the public domain, nei-
ther ethical approval nor informed consent was applicable 
or necessary.

Results

Study characteristics

Fourteen studies, involving a total of 3520 respondents 
from six countries, met the inclusion criteria for the cur-
rent investigation [18, 19, 31–41]. A systematic summary of 

Fig. 1   Flow diagram of study 
inclusion. *See Jahrami et al. 
[20]
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the selected characteristics of those studies is presented in 
Table 1. The median number of respondents per study was 
223 (range 75–500). The median age (of the distribution of 
means across studies) of the respondents was 20 years (range 
19–23 years), and the median BMI (of the distribution of 
mean BMI for each study) was 21 kg/m2 (range 20–23 kg/
m2). Approximately, 75% of the respondents self-identified 
as female, and four studies included only females. Among 
these medical students, the pooled prevalence of those at risk 
for eating disorders was 10.5% (95% CI 7.3–13.7%), I2 = 94, 
τ2 = 0.003, Q = 0.001.

Risk factors of individuals identified ‘at risk’ 
for eating disorders

Meta-regression analysis revealed that, individually, the 
potential risk factor variables of age, gender and BMI do 
not appear to account for individual differences in the devel-
opment of an eating disorder (see Table 2, see Figs. 2, 3, 4).

When interaction variables were examined (see Table 2), 
there was a significant finding for age × gender × BMI 
interaction, with a covariate coefficient 0.001 (95% CI 
0.0001–0.001), omnibus p value = 0.044 (Fig.  5). For 
female subjects, the combination of either (or both) higher 
age and high BMI predicted a higher risk of an eating dis-
order, whereas for males of age- and BMI- matched the 
risk remains lower. There was a statistical trend toward an 
age × gender interaction, with a covariate coefficient of 
0.008 (95% CI − 0.001 to 0.016), omnibus p value = 0.068 
(Fig. 6). There was another statistical trend toward gen-
der × BMI interaction, with a covariate coefficient of 0.011 
(95% CI − 0.001 to 0.022), omnibus p value = 0.051 (Fig. 7). 

Then, age × BMI interaction failed to predict the risk of eat-
ing disorders, omnibus p value = 0.275 (Fig. 8).

Although the small beta coefficients appear negligible in 
absolute terms, their effects retain their true value. That is, 
the size of these coefficients can be explained by the fact that 
they are largely scale dependent. This is seen in the model 
involving the age × gender × BMI interaction. The computed 
beta coefficient for the interaction term is 0.001. Therefore, 

Table 1   Selected characteristics of the studies examined ED risk amongst medical students included in the meta-regression

NR not reported
a Mean ± SD

Serial Authors Country Cases Sample size Agea (years) BMIa (kg/m2) % Female

1 Szweda and Thorne [31] UK 14 95 19.03 ± 2.00 21.2 ± 2.20 100
2 Babar et al. [32] Pakistan 6 94 21 ± 2.08 20.83 ± 2.88 100
3 Liao et al. [34] China 13 484 18.47 ± 0.85 20.16 ± 2.47 63
4 Memon et al. [33] Pakistan 99 435 20.5 ± 1.67 20.1 ± 3.3 79
5 Liao et al. [34] China 10 500 20.49 ± 0.86 20.2 ± 2.2 60
6 Alberton et al. [35] Brazil 39 391 20 ± NR NR 51
7 Shashank et al. [19] India 39 134 21.4 ± 2.20 22.38 ± 3.30 100
8 Bosi et al. [36] Brazil 24 202 21.8 ± 2.80 22.2 ± 3.30 100
9 Manaf et al. [37] Malaysia 13 206 19.5 ± 2.63 NR 66
10 Panchami and Samuel [51] India 7 150 20 ± NR NR 91
11 Haroon et al. [38] Pakistan 17 75 20.2 ± 1.50 NR 68
12 Gupta et al. [39] India 12 250 20.15 ± 1.32 NR 45
13 Vijayalakshmi et al. [40] India 23 241 20 ± 2.00 23.06 ± 4.34 62
14 Ngan et al. [41] Malaysia 29 263 22.8 ± 1.10 22 ± 3.80 65

Table 2   Meta-regression models of the prevalence of at risk for eat-
ing disorders as an outcome variable with selected risk factors

At risk for eating disorders was measured using Eating Attitudes Test 
26 (EAT-26)
*Significant at 0.05

Risk factor β (SE) 95% CI p value

Age 0.022 (0.017) − 0.013 to 0.056 0.216
Intercept − 0.334 (0.356) − 1.032 to 0.364 0.349
Gender 0.160 (− 0.030) 0.349 to 0.097 0.098
Intercept − 0.012 (0.074) − 0.156 to 0.133 0.871
BMI 0.023 (0.025) − 0.025 to 0.072 0.344
Intercept − 0.382 (0.529) − 1.420 to 0.655 0.470
Age × gender 0.008 (0.004) − 0.001 to 0.016 0.068
Intercept − 0.013 (0.068) − 0.146 to 0.119 0.843
Age × BMI 0.001 (0.001) − 0.001 to 0.002 0.275
Intercept − 0.18 (0.275) − 0.717 to 0.358 0.510
Gender × BMI 0.011 (0.006) − 0.001 to 0.022 0.051
Intercept − 0.073 (0.100) − 0.268 to 0.122 0.465
Age × gen-

der × BMI
0.001 (0.001) 0.000 to 0.001 0.044*

Intercept − 0.061 (0.091) − 0.238 to 0.117 0.505
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a population of medical students that is 50% female and has 
a mean age of 20 years and a mean BMI of 20 kg/m2 will 
yield a 14% of risk of eating disorders after correcting for 
intercept, because 0.001 × (20 × 0.5 × 20) − 0.06 = 0.14.

Discussion

In the present study, the risk of eating disorders among 
medical students in the six countries for which data were 
available was similar to those previously reported by other 

university students in the same or similar countries [21–23]. 
The primary outcome of this investigation was that indi-
vidual differences in age or gender or BMI alone do not 
appear to be significant predictors of high risk for eating 
disorders. However, the age × gender × BMI interaction, the 
gender × BMI interaction, and the age × gender interaction 
were successful predictors of high risk for development of 
eating disorders.

The association between the risk of eating disorders (par-
ticularly binge eating-related disorders) and BMI has been 
previously reported by numerous studies [42, 43]. Based on 

Fig. 2   Strength of association 
between the prevalence of eat-
ing disorders and age

Fig. 3   Strength of association 
between the prevalence of eat-
ing disorders and gender (pro-
portion of female participants)

Fig. 4   Strength of association 
between the prevalence of eat-
ing disorders and BMI
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the literature, we initially thought that BMI is among a group 
of risk factors that appear to be specific for the development 
of eating disorders, such as body shape, weight concerns, 
dietary restraint, and positive family history of eating dis-
orders [3, 8]. Thus, in our analysis the failure of BMI in 
predicting eating disorders was unexpected. Our results sug-
gest that the relationship between BMI and eating disorders 
is mediated by other factors, perhaps internalized weight 
stigma and fear of fat, that motivate unhealthy weight control 
behaviors. This finding needs replication, because the range 

of mean BMIs in the studies reviewed here was extremely 
truncated.

The interaction between age × gender × BMI also points to 
the importance of looking at developmental paths to eating dis-
orders. Furthermore, these risk factors seem to be correlated and 
have a cumulative effect [1, 3, 44, 45]. For example, it is likely 
that, as women go through puberty, have babies, grow older, go 
through menopause, etc., their actual BMI and perceived (over)
weight status increase. Smolak and Levine’s model of the devel-
opmental psychopathology of eating disorders states that, in the 
context of (a) cultural obsessions with slenderness, sexiness, and 

Fig. 5   Strength of associa-
tion between the prevalence of 
eating disorders and age × gen-
der × BMI

Fig. 6   Strength of association 
between the prevalence of eat-
ing disorders and age × gender

Fig. 7   Strength of association 
between the prevalence of eat-
ing disorders and age × BMI
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youth, (b) weight-based stigma, and (c) striving for success in a 
competitive, demanding occupation that is androcentric and that 
allows precious little time for self-care, increases in BMI and 
perceived overweight cause women in medical school to have 
higher levels of body dissatisfaction and to feel more pressure, 
than age-matched men (male gender) to lose weight [46]. Future 
studies should examine the proposition that, in the presence of 
these multiple and normative stressors, medical students’ invest-
ment in increased weight control measures might include use 
of harmful and unhealthy weight control behaviors, thereby 
increasing the risk for eating disorders.

The key issue here for future prevention and intervention 
programs is to identify the general and specific risk factors 
for eating disorders, for eating disorders with comorbid con-
ditions (e.g., depression), and for those comorbid conditions 
(e.g., depression) in the absence of eating disorders, and then 
to subdivide both the general risk factors for psychopathol-
ogy and the specific risk categories into modifiable vs non-
modifiable risk factors. Ideally, prevention and intervention 
programs should focus on specific and modifiable risk fac-
tors. The findings of this meta-regression clearly highlight 
that different risk factors interact with each other to produce 
an effect. It is noteworthy that, although gender and age are 
basically fixed and BMI is very difficult to modify in a sus-
tained manner, gender roles and standards of attractiveness 
are modifiable, are expectations for and support for develop-
mental tasks [46]. Similarly, the cultural, social, and personal 
meanings of weight need to change, as they have been shown 
to be key facets of eating disorders and obesity as public 
health problems [47]. In this regard, the nature and man-
agement of contextual stressors presented by medical school 
have recently received a great deal of attention [48, 49].

Limitations

The limitations of this meta-analytic review are very impor-
tant to consider when interpreting the results. First, the 
findings need to be replicated with larger and more diverse 

samples of medical students. Second, because this review 
focused on medical students as a population, in the absence 
of other meta-analyses the results may not be generalize to 
other populations, (including university graduate students 
in general or people in similar competitive, high stress cir-
cumstances), such as students in elite dance schools. Larger 
meta-analyses (e.g., including multiple populations that vary 
in age, culture, context, etc.) are needed to produce results 
that are more generalizable and more clinically useful in 
a broad sense. Inclusion in future studies of non-English 
language research papers and unpublished work will give 
further insight into the topic. Third, the risk factors in this 
review were minimal due to the limited availability of ade-
quate information in the original articles. Researchers con-
ducting future cross-sectional and prospective studies are 
encouraged to include more demographic information and 
to give more attention to risk factors that are specific to eat-
ing disorders, such as overinvestment in weight and shape, 
thin ideal internalization, dieting, and body dissatisfaction.

Fourth, it is well-known that meta-analyses are an attrac-
tive form of review, because the increased statistical power 
of aggregate level data provides a closer estimate of the 
‘true’ population effect size. In this regard, meta-regression 
can identify trends in the available data not revealed in the 
original studies. However, confidence in the outcomes of 
a meta-analysis is completely dependent on the quality of 
the data in the studies being reviewed. Some experts have 
pointed out that the overdependence on cross-sectional data 
from ‘patient’ samples in epidemiological studies inves-
tigating the risk factors of eating disorders has played a 
significant role in limiting our ability to distinguish risk 
factors from correlates or consequences of illness. Devel-
opment of multivariate models based on longitudinal data 
from community-based samples, age-specific samples (e.g., 
high school or university age students), or context-specific 
groups (e.g., medical students, elite athletes, dancers) offers 
more insight than even data obtained from well-designed, 
case–control studies of specialty clinic-based samples [44, 
50].

Fig. 8   Strength of association 
between the prevalence of eat-
ing disorders and gender × BMI
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Conclusion

In conclusion, results from this sample of studies of medi-
cal students provided evidence for the role of interactions 
between risk factors (i.e., age × gender × BMI) in predict-
ing medical students at risk for eating disorders. Future 
prospective studies are needed to uncover the interac-
tive nature of these risk factors and to use the findings to 
construct prevention and treatment programs to improve 
the outcomes of individuals at risk for or with eating 
disorders.
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