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H I G H L I G H T S

• Patients with Anorexia Nervosa and Bulimia Nervosa over-estimate their body with ES = 0.63

• The degree of overestimation is moderated by the assessment method and patient diagnosis.

• We suggest a revised framework for BSE that integrates neuroscientific findings with previous models of body representation.

• Within this framework, we provide a clinical interpretation of body size overestimation.
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A B S T R A C T

A distorted representation of one's own body is a diagnostic criterion and core psychopathology of both anorexia
nervosa (AN) and bulimia nervosa (BN). Despite recent technical advances in research, it is still unknown
whether this body image disturbance is characterized by body dissatisfaction and a low ideal weight and/or
includes a distorted perception or processing of body size. In this article, we provide an update and meta-analysis
of 42 articles summarizing measures and results for body size estimation (BSE) from 926 individuals with AN,
536 individuals with BN and 1920 controls. We replicate findings that individuals with AN and BN overestimate
their body size as compared to controls (ES= 0.63). Our meta-regression shows that metric methods (BSE by
direct or indirect spatial measures) yield larger effect sizes than depictive methods (BSE by evaluating distorted
pictures), and that effect sizes are larger for patients with BN than for patients with AN. To interpret these
results, we suggest a revised theoretical framework for BSE that accounts for differences between depictive and
metric BSE methods regarding the underlying body representations (conceptual vs. perceptual, implicit vs. ex-
plicit). We also discuss clinical implications and argue for the importance of multimethod approaches to in-
vestigate body image disturbance.

1. Introduction

A distorted representation of one's own body is a diagnostic cri-
terion and core psychopathology of both anorexia nervosa (AN) and
bulimia nervosa (BN) (American Psychiatric Association, 2013): despite
being of a normal weight or even underweight, patients are convinced
that they need to lose weight. This body image disturbance is con-
sidered to be a highly relevant factor for both AN and BN (Fairburn,
Cooper, & Shafran, 2003; Pennesi &Wade, 2016; Tabri et al., 2015).
Despite their relevance in research and clinical settings, the distinctive

features of body image disturbance in AN and BN are still unknown.
Specifically, it is unclear whether body image disturbance is char-
acterized by body dissatisfaction in conjunction with a low ideal weight
and/or includes distorted perception of one's own body size or the
bodies of others.

Body size estimation (BSE) tasks were developed to investigate the
perceptual component of how individuals perceive their body size, but
have not yet yielded conclusive results. In this article, we provide an
update and meta-analysis of the literature summarizing measures and
results for body size estimations in AN and BN and suggest a revised
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theoretical framework for BSE. Our revised framework additionally
accounts for differences between depictive and metric BSE methods,
and clarifies the clinical interpretation of their results.

1.1. BSE as a research and clinical tool

BSE tasks were developed in the 1960s and 1970s in pursuit of an
objective measure of body perception suitable for the investigation of
pathogenic mechanisms in AN (Slade & Russell, 1973). In clinical set-
tings, BSE is commonly used as a therapeutic tool or progress indicator.
There are two distinct types of BSE methods to assess visual estimates of
self-perceived body size: in depictive methods, participants estimate
their body size based on individualized, weight-distorted mirror, photo
or video images of their body in standard clothing. Typically, they are
asked to select the correct option or adjust the body to their current or
ideal body size. Usually, the whole body is presented, therefore de-
pictive methods are also referred to as “whole body” methods
(Cash & Deagle, 1997; Farrell, Lee, & Shafran, 2005; Gardner & Brown,
2014). Until recently, depictive methods predominantly used optical
distortion techniques, with the distortion often implemented as mere
widening or squeezing of a photo in the horizontal dimension. More
sophisticated and biometrically plausible distortion methods were de-
veloped only recently (Piryankova et al., 2014; Tovée, Benson, Emery,
Mason, & Cohen-Tovée, 2003).

In metric methods, participants estimate their size on a spatial
measure by indicating the size of different body parts for example with
a caliper, a rod or movable markers in a dedicated space in front of
them (for example a wall). These distances are then taken in metric
units, for example centimeters. In clinical settings, participants usually
wear their own clothes and are not hindered from looking down at their
body while doing the task, to make the task as naturalistic as possible.
Unlike in depictive methods, participants do not express their judg-
ments about pictures of their body, but reproduce their size as dis-
tances, with a focus on local spatial estimates and not on the global
visual appearance of the body. While depictive methods use percent
global distortion as outcome, outcomes in metric methods are measured
in metric units, for example as shoulder, breast, or hips width in cen-
timeters. It is customary, but not standard, to determine a whole body
estimate as average of the different body part estimates; however, in
contrast to depictive methods, this score represents an aggregate of
several local estimates and not a global estimate. Therefore, composite
whole body estimates may differ from whole body estimates as derived
in depictive methods. Metric methods are also referred to as “body part
methods” (Cash & Deagle, 1997; Farrell et al., 2005; Gardner & Brown,

2014). Table 1 provides an overview of different BSE methods.
The most commonly used outcome in BSE tasks is the body per-

ception index (BPI) which is calculated according to the formula BPI =
(estimated/actual body size) × 100 (Slade & Russell, 1973). Values
below 100 indicate an underestimation and values above 100 indicate
an overestimation in terms of percent of the actual body size. It is im-
portant to bear in mind that the BPI is a relative measure standardized
to the individual's size; hence, the same absolute overestimation would
result in a higher BPI when actual body size is smaller. However,
switching to absolute units has not been found to improve the clarity of
results (Smeets, Smit, Panhuysen, & Ingleby, 1998).

On a theoretical level, BSE tasks have so far usually been discussed
in the context of the “dual model” framework of body representations
(Cash & Deagle, 1997; Farrell et al., 2005; Gardner & Brown, 2014).
Generally, models in this framework distinguish between an action-
serving representation often labeled as body schema and a representa-
tion serving perception of the own physical appearance, attitudes to-
wards one's body and conceptual issues, often called body image (de
Vignemont, 2010). As yet, BSE research has generally been motivated
by the assumption that a perceptual distortion of body image, namely
an overestimation of the self-perceived body size in the mental picture
of the own body, may foster body dissatisfaction and may be a pa-
thology mechanism of AN and BN (Farrell et al., 2005; Gardner, 1996;
Gardner & Brown, 2014).

A major flaw of this framework is the inconsistency in how different
models belonging to it conceptualize body image and interpret BSE:
some authors, typically in neurology and cognitive neuroscience, define
body image as a mental picture of the body and thereby mainly per-
ceptual (Paillard, 1999). Others, typically in the eating disorder lit-
erature, suggested a sub-division into a perceptual and an attitudinal
component (Gadsby, 2017; Gardner & Bokenkamp, 1996), or even in a
system of perceptual component, attitudinal component and cognitions
(Gaudio &Quattrocchi, 2012). Consequently, BSE was usually inter-
preted as being indicative for a perceptual distortion, although this was
not properly defined and several studies suggested there might not be a
perceptual distortion at all (Fernandez-Aranda, Dahme, &Meermann,
1999; Gardner & Bokenkamp, 1996; Smeets, 1997; Smeets, Klugkist,
van Rooden, Anema, & Postma, 2009). Generally, suitability of the
“dual model” framework as appropriate structure for studying body
representation has been questioned (de Vignemont, 2010). To over-
come this conceptual confusion, this study re-analyzes previous studies
within an updated theoretical framework (Longo, 2015, 2016; Longo,
Azañón, & Haggard, 2010) that is sensitive to the aforementioned dis-
tinction between perceptual and attitudinal components of body

Table 1
Overview on methods used in included studies.

Method Description Size # of included
studies

Example

Metric methods
Image marking The width of body parts, typically shoulders, waist, hips is indicated by marking

their endpoints on a wallpaper
Lifesize 8 Askevold (1975)

Uys and Wassenaar (1996)
Movable markers The width of body parts, typically face, chest, waist and hips is indicated by

adjusting movable markers, such as light points or a caliper
Lifesize 14 Slade and Russell (1973)

Mizes (1992)
Tape measure The width or circumference of body parts is indicated by adjusting a tape measure

or rod to the estimated size
Lifesize 2 Horne, Van Vactor, and Emerson

(1991)
Smeets et al. (2009)

Depictive methods
Photo Distortion Distorted static photos of the participant in standard clothing are shown and the

participants choose or adjust the correct one, or answer whether the respective
photos are wider or thinner than themselves

Screen to
lifesize

11 Collins (1987)
Tovée et al. (2003)
Urdapilleta, Cheneau, Masse, and
Blanchet (2007)

Video Distortion A video of the participants in standard clothing is taken and presented after optical
distortion. Some earlier studies distorted optically only using a distorting mirror.
Participants are typically asked to adjust their current size.

Screen to
lifesize

16 Smeets et al. (1999)
Probst, Vandereycken, van
Coppenolle, and Pieters (1995)
Touyz, Beumont, Collins, McCabe,
and Jupp (1984)
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representation distortion, as well as to the extent to which the distorted
body representations are implicit versus explicit.

1.2. Previous BSE findings in patients with AN and BN

So far, empirical evidence on performance of patients with AN and
BN in BSE tasks is very heterogeneous and partly inconclusive. In an
earlier meta-analysis of measures assessing body image disturbance, a
moderate overestimation effect in both AN and BN patients was found
(Cash & Deagle, 1997). Further, Cash and Deagle (1997) found larger
effects for depictive methods than for metric methods. In a subsequent
review, Farrell et al. (2005) replicated the overestimation finding, but
due to the validity problems that they assigned to most methods, they
concluded that the significance of this overestimation is unclear. Im-
portantly, Farrell et al. (2005) emphasize that validity problems did not
only concern technical challenges of the experimental setups limiting
ecological validity, but also a lack of theoretical concepts about what
exactly the different BSE tasks assess. It is obvious that BSE recruits not
only size representations, but potentially also memory, proprioception,
cognitions and so forth.

More recent reviews report that subsequent research focused on
solving the problem of ecological validity by improving BSE assessment
methods while conceptual problems of BSE remain unsolved. As
Gardner and Brown (2014) report in a recent review focusing only on
individuals with AN, advanced photo distortion technique was the most
common assessment method in recent publications. While Gardner and
Brown (2014) report a trend for more homogeneous results finding
overestimation in adult individuals with AN, Legenbauer, Thiemann,
and Vocks (2014), on the other hand, found very heterogeneous results
for children and adolescents with AN. To our knowledge, there are no
follow up reviews involving BN patients. In summary, while the mod-
erate general effect of body size overestimation in individuals with AN
and BN seems to be a robust finding, it is still unclear whether this
originates from perceptual distortions of the self-perceived body size or
from attitudinal processes. In the meantime, however, theoretical ad-
vances of body representation frameworks allow for a more differ-
entiated conceptualization of BSE tasks, and comparisons of estimates
in different conditions might reveal insights into the meaning of over-
estimation.

1.3. Revisiting the theoretical framework of BSE

Recently, Longo suggested a new framework of body representa-
tions that includes body image and body schema among multiple other
body representations (Longo, 2015, 2016; Longo et al., 2010). This
framework is based on a neuroscientific perspective and encompasses
sensory processing as well as higher order concepts of and about the
body. It comprises multiple distinct body representations that are in-
formed by different sensory modalities and can be arranged along two
orthogonal axes. One of these axes represents how perceptual versus
conceptual the representation appears to be, thereby retaining the
traditional notion of the dual model (Longo, 2015). According to the
framework, body representations that were previously classified as
body schema or perceptual body image are located at the perceptual
end of the dimension, and summarized under the term “somato-
perception”. Representations in the cognitive-affective body image
domain fall at the conceptual end of the continuum, and are summar-
ized under the term “somatorepresentation”. The second dimension
specifies how implicit versus explicit the representation is, that is, how
easily it can be accessed by conscious introspection. Notably, the model
assumes that multiple body representations can be active at the same
time, but may be recruited more or less by specific tasks.

Although Longo's framework was initially developed for research on
somatosensory processing, the authors subsequently used and revised it
for the investigation of BSE tasks. Longo and Haggard (2012) concluded
that metric and depictive BSE methods differ in how implicit or explicit

the recruited representations are: Depictive methods might address
explicit representations, namely what the participants think their body
looks like. Metric methods could be located in the middle of the con-
tinuum, because they may also recruit implicit representations of one's
width, depth, length, like they are also used for motor action. In other
words, although metric methods require participants to provide an
explicit visual estimate of their body size, they may additionally recruit
more implicit body representations, for example from proprioception.
As a consequence, systematic differences in BSE between the methods
could indicate whether overestimation is rather driven by distortions in
explicit or in implicit representations.

Regarding the perceptual versus conceptual dimension, it is cur-
rently unclear where to locate depictive versus metric methods best
within Longo's framework. Although Longo (2015b) defines the body
image as a perceptual representation not influenced by attitudinal
factors, it has already been shown that attitudes towards one's own
body can influence size estimation differently in individuals with eating
disorders compared to controls (Cash & Deagle, 1997; Gardner, 1996;
Hsu & Sobkiewicz, 1991; McCabe, Ricciardelli, Sitaram, &Mikhail,
2006; Smeets, Ingleby, Hoek, & Panhuysen, 1999). Also, the focus of the
instruction on the “felt” versus “known” size can influence size esti-
mates (Bowden, Touyz, Rodriguez, Hensley, & Beumont, 1989). Con-
sequently, BSE tasks appear to assess a broad range of perceptual and
conceptual representations, with the relative proportions remaining
unclear in respect to study context and sample. For example, as physical
appearance is central to the self-evaluation in individuals with eating
disorders, BSE may activate more conceptual representations such as
feelings and attitudes towards the body in individuals with AN and BN
than in controls. Hence, the same BSE task could be more conceptual for
individuals with an eating disorder than for healthy controls. In-
dividuals with AN or BN would then overestimate their size not because
they perceive the body differently, but because BSE in individuals with
eating disorders assesses attitudes more than perception. Consequently,
average differences in attitudes towards the body between different
eating disorders should be reflected in BSE. Fig. 1 illustrates the clas-
sification of BSE tasks within this revised BSE framework.

1.4. Objectives of the present study

The present article aims to provide an updated review and meta-
analysis on BSE tasks in both individuals with AN and BN. Unlike recent
reviews, we integrate a meta-analysis of the results to investigate dif-
ferences between the two eating disorders and between studies using
depictive versus metric methods for estimating body size. Our

Fig. 1. The revised framework of BSE is based on a body model proposed by Longo (2016)
in which two axes organize body representations depending on how perceptual or con-
ceptual they are, and how implicit or explicit. Any given body representation will be
located in a point in this space (for example perceptual and implicit). Each BSE task
assesses multiple body representations. Depictive methods assess explicit representations
only while metric methods assess explicit as well as implicit representations. Both
methods are generally perceptual, but can target conceptual representations depending
on the exact task specification and participant.
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objectives are to investigate a) whether patients with AN and BN
overestimate their body size compared to control participants and how
large the overall effect size is in current literature. Further, we use
Longo's framework to investigate what type of body representations
could drive mis-estimation in AN and BN by analyzing b) whether the
degree of overestimation varies between patients with AN and BN and
c) whether the degree of overestimation depends on the used method
(depictive versus metric). In this context, we also consider to what
extent the body representations involved in depictive vs. metric BSE are
conceptual versus perceptual, and implicit versus explicit. We discuss
implications for clinical practice and further research.

2. Methods

A systematic literature search was conducted according to PRISMA
guidelines for systematic reviews and meta-analyses (Liberati et al.,
2009; Moher, Liberati, Tetzlaff, & Altman, 2009).

2.1. Electronic searches

We searched the databases PubMed and PsycInfo for literature
published up to October 2016 on body schema or body image distor-
tions. For PubMed, the search terms used in the general search were
“body schema distorted/distortion/distortions” or “body schema size
estimation”. Since Medical Subject Headings (MeSH terms) for “body
schema” were also included in the search, these keywords also covered
combinations with the terms “body image” and “body representation”.
We narrowed the search to articles examining “Humans”. The full
search path for PubMed (not considering the restrictions) is [(“body
image”[MeSH Terms] OR (“body”[All Fields] AND “image”[All Fields])
OR “body image”[All Fields] OR (“body”[All Fields] AND “schema”[All
Fields]) OR “body schema”[All Fields]) AND (distortion[All Fields] OR
distorted[All Fields] OR distortions[All Fields]) OR ((“body
image”[MeSH Terms] OR (“body”[All Fields] AND “image”[All Fields])
OR “body image”[All Fields] OR (“body”[All Fields] AND “schema”[All
Fields]) OR “body schema”[All Fields]) AND size[All Fields] AND es-
timation[All Fields])]. For PsycInfo, we used the equivalent search
terms, using the Boolean search term [(body schema OR body image OR
body representation) AND (distortion OR distorted OR distortions OR
(size estimation))]. Again, we narrowed the search to human popula-
tions.

In addition, review articles were examined for relevant citations
(Cash & Deagle, 1997; Farrell et al., 2005; Gardner & Brown, 2014), the
Journal of Eating Disorders and Body Image were searched manually and
The International Journal of Eating Disorders was searched manually from
1996 on to locate any additional studies.

2.2. Eligibility criteria

We included studies in the analysis if they met the following cri-
teria: (1) Peer-reviewed journal article; (2) Language English, French or
German; (3) Examination of adult individuals with AN or BN (no mixed
eating disordered group) and control participants. AN or BN had to be
defined according to classification systems that were up-to-date at the
time of the study and controls had to be non-eating disordered; (4)
reports results of a BSE task; (5) sample sizes, primary diagnosis, group
mean of body perception index and standard deviation for whole body
or body parts provided or derivable.

Studies were regarded as questionnaire surveys and not as BSE tasks
if participants gave ratings on non-individualized material (as in figure
rating tasks) or if the task was conducted as a structured interview in
which predefined questions were read aloud and answers were re-
corded per to a predefined rating scheme. Methods were considered as
BSE tasks if participants estimated their size based on their imagined
own body or based on individually distorted visualizations of them.
Reviews, meta-analyses, comments and letters to the editor were not

included.

2.3. Study selection procedure

First, search results were imported into Endnote X7.1 and duplicates
were removed. Afterwards, SCM and LK screened publications by title
and abstract to remove articles that clearly did not meet eligibility
criteria. At this step, we excluded articles only if both examiners as-
sessed them to be irrelevant. Third, we obtained full texts of potentially
relevant reports and both raters independently examined articles to
determine whether they met eligibility criteria. Disagreements about
study eligibility occurred for instance when due to complex study de-
signs it was unclear which of the reported measures corresponded best
to the measures reported in other studies. These disagreements were
discussed and, if no immediate consensus was obtained, a third in-
dependent rater made a judgment about inclusion and rules were de-
fined on which data to extract.

2.4. Data collection

We extracted the following data from the eligible studies: (1) sample
sizes; (2) primary diagnose of patient sample; (3) type of BSE task used
(depictive methods: photo or video distortion; metric methods: movable
markers, tape measure, image marking); (4) mean BPI and standard
deviations of each group for all reported body estimates. SCM and LK
performed data extraction and data evaluation. In longitudinal and
experimental studies, baseline performance was extracted. Some stu-
dies investigated the influence of different instructions on BSE (e.g.
“How do you feel you look like?” versus “How do you think you look
like?”). In these studies, we extracted the results for the most neutral
instruction and if not applicable, for the most cognitively-focused in-
struction (i.e. for the “think” instruction and not for the “feel” in-
struction). In case of different control groups, the least preselected one
was used (e.g. when anorexia nervosa patients were compared to re-
strained eaters and unrestrained eaters, values for unrestrained eaters
were chosen). When a study examined several patient groups or used
several methods, each of the group-wise comparisons for the respective
methods and patient groups were extracted and all outcomes included
into the analysis. If mean BPI and standard deviations for patient or
control group were not explicitly reported but could be derived from
the data provided (e.g. when raw data was presented or standard errors
instead of standard deviations were reported), the authors performed
calculations and the results were extracted.

Seven studies used metric methods and did not report a composite
BPI for the whole body. While a post-hoc calculation of composite mean
BPI could be performed based on the reported body part estimates,
computation of the composite standard deviation was problematic:
Computing the standard deviation of a sum of correlated terms requires
knowledge of the correlations between the measures, in our case be-
tween the body part estimates. As most studies did not report correla-
tions between body part estimates, a post-hoc calculation of whole body
BPI was in part speculative. We still exploratively estimated these
covariances based on pooled correlations between body part estimates
for patient and control groups derived from all available correlation
matrices (Button, Fransella, & Slade, 1977; Pierloot & Houben, 1978;
Slade & Russell, 1973). However, all studies used to estimate the cor-
relations investigated patients with AN, used movable markers
methods, and reported different correlations for patients with AN and
controls, suggesting that it might not be justified to transfer correlations
from one group to another. Out of the nine analyses without composite
BPI, only four were alike, the other five ones analyzed patients with BN.
Three out of these five studies additionally used different body sites and
one even used another metric method. We therefore did not include
these post-hoc whole body BPI estimates in the meta-analysis, but only
exploratively re-ran the meta-analysis including them and presented the
results in terms of a sensitivity analysis.
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2.5. Analysis of single studies

An overview of studies was obtained in a standardized way by
computing Hedge's g as a measure of effect size for each reported group
comparison and performing t-tests to test whether the respective group
comparisons were statistically significant. Study characteristics and

main findings were then summarized in Table 2.

2.6. Meta-analysis of studies reporting whole body BPI

As listed in Table 2, 35 (86%) of the studies reported BPI for the
whole body, either directly derived (depictive methods) or as a

Table 2
Sample sizes, body size estimation method and reported group comparisons of body perception index from included studies. > and<denote a significantly larger or smaller Body
Perception Index of patients as compared to controls at 0.05 level (t-test), n.s. denotes reported but non-significant differences between groups. References of included studies are
provided in Appendix (A).

Article nAN
patients

nBN patients nControls Body size estimation
method

Patients' BPI compared to controls

Whole
body

Face Shoulders Chest Waist Hips

Hagman et al. (2015) 74 11 Photo distortion >
Øverås et al. (2014) 37 35 Photo distortion >
Mohr et al. (2010) 16 16 Photo distortion n.s.
Schneider et al. (2009) 75 268 Tape measure > n.s.
Urdapilleta et al. (2007) 22 22 Photo distortion n.s.
Vocks et al. (2007) 30 55 Photo distortion >
Tovée et al. (2003) 30 137 Photo distortion n.s.

30 137 Photo distortion n.s.
Smeets et al. (1999) 30 36 Video distortion >
Hennighausen, Enkelmann, Wewetzer, and

Remschmidt (1999)
36 18 Photo distortion n.s.

Kulbartz-Klatt, Florin, and Pook (1999) 40 40 Video distortion n.s.
Szymanski and Seime (1997) 20 20 Video distortion >
Probst, Vandereycken, and Van Coppenolle (1997) 38 45 Video distortion >

34 45 Video distortion >
87 45 Video distortion n.s.

Uys and Wassenaar (1996) 11 51 Image marking n.s. n.s. > n.s.
Probst et al. (1995) 53 36 Video distortion n.s.

38 36 Video distortion n.s.
Mizes (1992) 8 11 Movable markers n.s.

15 11 Movable markers n.s.
Probst, Van Coppenolle, Vandereycken, and Goris

(1992)
67 105 Video distortion n.s.

Horne et al. (1991) 55 61 Tape measure > > > n.s.
Bowden et al. (1989) 12 24 Movable markers >

12 24 Image marking >
12 24 Video distortion n.s.

12 24 Movable markers n.s.
12 24 Image marking >
12 24 Video distortion n.s.

Franzen, Florin, Schneider, and Meier (1988) 15 15 Video distortion n.s.
Lindholm and Wilson (1988) 12 12 Video distortion >
Mizes (1988) 20 20 Movable markers >
Nudelman, Rosen, and Leitenberg (1988) 20 20 Movable markers >
Gardner and Moncrieff (1988) 9 9 Video distortion n.s.
Whitehouse, Freeman, and Annandale (1988) 12 20 Image marking n.s. n.s. > n.s.

12 20 Video distortion n.s.
Willmuth et al. (1988) 20 20 Movable markers >
Gleghorn, Penner, Powers, and Schulman (1987) 55 55 Photo distortion >

55 55 Image marking n.s. > > >
55 55 Movable markers n.s. > > >
55 55 Movable markers n.s. > > >

Collins (1987) 25 50 Photo distortion n.s.
Proctor and Morley (1986) 24 30 Movable markers > > > >
Whitehouse, Freeman, and Annandale (1986) 22 20 Image marking > n.s. > >

22 20 Video distortion >
Willmuth et al. (1985) 20 20 Movable markers > > >
Freeman et al. (1985) 24 33 Video distortion >
Touyz et al. (1984) 15 15 Video distortion n.s.
Meermann (1983) 36 35 image marking n.s. n.s. n.s. n.s. n.s.

36 35 Video distortion > >
Garfinkel et al. (1983) 23 12 Video distortion >
Strober, Goldenberg, Green, and Saxon (1979) 18 24 Image marking n.s. n.s. n.s. n.s.
Casper, Halmi, Goldberg, Eckert, and Davis (1979) 79 130 Movable markers n.s. n.s. >
Garfinkel, Moldofsky, Garner, Stancer, and Coscina

(1978)
26 16 Photo distortion n.s.

Pierloot and Houben (1978) 31 20 Image marking > n.s. > n.s.
31 20 Movable markers > > > >

Button et al. (1977) 20 16 Movable markers n.s. n.s. n.s. n.s.
Garner, Garfinkel, Stancer, and Moldofsky (1976) 18 16 Photo distortion >
Slade and Russell (1973) 14 20 Movable markers > > > >
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composite score from body part estimates (metric methods). On these
data, we performed a meta-analysis using R statistics software with
package metafor (Viechtbauer, 2010). We accounted for clustered data
structure using article as outer factor and assessment method (video
distortion, photo distortion, image marking, movable markers, tape
circumference) as inner factor. Following Borenstein, Hedges, Higgins,
and Rothstein (2009) we tested: (a) whether patients overestimate their
body size compared to control participants, (b) whether the degree of
overestimation varies between patients with AN and BN, and (c) whe-
ther accuracy of BSE depends on the method category used (depictive
versus metric method). First, we performed a random effects meta-
analysis to obtain a general estimate of overall effect size. In a second
step, we performed a meta-regression using a random-effects model
with “patient diagnosis” and “assessment method” as moderators to
explore whether they are meaningful moderators of effect size. Ad-
ditionally, we performed a random-effects meta-regression on BPI
measures of control participants only using method category (depictive
versus metric) as a moderator to check for baseline differences between
the method categories, as suggested by Longo and Haggard (2012). In
this analysis, we excluded double records due to multiple patient
samples within one study, however modeled the clustered data struc-
ture with article as outer factor and assessment method as inner factor.

3. Results

3.1. Study selection

Our search in electronic databases yielded 1836 hits, 27 records
were additionally identified through handed search. We eliminated 231
duplicates and discarded 1273 articles after reviewing title and ab-
stract. The remaining studies were rated and 317 articles were excluded
because they did not fulfil the eligibility criteria. 42 studies met all
eligibility criteria and were included. Fig. 2 illustrates the study selec-
tion process in detail.

3.2. Study characteristics

Table 2 provides an overview of the included studies and their re-
sults. All included studies investigated women only. In recent years,
photo distortion was the most commonly used method to assess BSE,
continuing away from the trend of body part methods towards whole
body methods. Generally, if studies found a significant difference be-
tween patient and control participant BPI, patients always had larger
BPI compared to controls, supporting the overestimation findings of
previous studies.

3.3. Body part estimates

Studies that used metric methods mostly investigated waist, hips,
either shoulder or chest, and face width (Table 2). In 70% of the metric
studies, estimates were aggregated and a composite BPI score was re-
ported for the whole body. Only six studies reported no BPI for the
whole body, another study did not report a composite whole body BPI
for body part methods, but provided a whole body estimate based on
photo distortion. The most consistent significant difference between
patient and control BPI was found for the waist, where 72% of group
comparisons report a significant group difference. For the shoulder
width, only 33% of group comparisons yielded a significant difference
between patients' and controls' estimates. Pooled correlations between
face, chest, waist and hips estimates ranged between r = 0.67 and
r = 0.85 in individuals with AN and between r= 0.54 and r = 0.84 in
controls, suggesting that generally, aggregation to a composite whole
body BPI is justified. Shoulder size estimates, however, correlated more
weakly with other body part estimates (between r = 0.50 and r= 0.59
in individuals with AN and between r = 0.25 and r = 0.81 in controls).

3.4. Meta-Analysis of whole body BPI

The random-effects model estimated the pooled effect size of all
studies reporting group means of whole body BPI to be ES = 0.63 (CI
[0.49–0.78], p < 0.001), which can be interpreted as an overall
moderate effect in the sense that patients with AN and BN overestimate
their body size as compared to controls. However, there was significant
moderate heterogeneity in effect sizes (Q(df= 49) = 135.69,
p < 0.001), indicating that effect sizes vary systematically across the
studies (Higgins, Thompson, Deeks, & Altman, 2003).

As the meta-regression showed, the proposed moderators “patient
diagnosis” and “assessment method category” accounted together for a
significant proportion of heterogeneity among effect sizes in group
comparisons (QMod(df = 2) = 17.31, p < 0.001). Specifically, in
comparison with studies investigating patients with AN and using a
depictive method (dAN_dep = 0.45, CI [0.28; 0.61], p < 0.001), studies
using a metric method yielded larger effect sizes (βmetric = 0.40, CI
[0.16; 0.63], p < 0.01) and studies investigating patients with BN
yielded larger effect sizes (βBN = 0.21, CI [0.03; 0.41], p < 0.05).
Interactions were not considered in the model. Residual heterogeneity
in effect sizes was still moderate (QE(df = 47) = 94.91, p < 0.001).
The forest plot (Fig. 3) provides an overview about the effect sizes of the
different studies and subgroups. The funnel plot (Fig. 4) shows a
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Fig. 2. PRISMA-Flowchart of the study selection procedure.
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symmetric distribution of standard errors, indicating that publication
bias is likely to be absent in the analyzed studies.

Two explorative meta-regressions were performed with post-hoc
estimated composite whole body BPI for studies that had not reported
whole body estimates. In a first step, we included only four additional
studies that matched our data base for pooled correlations between
body part estimates as they investigated individuals with AN and used
movable markers as method. In this analysis, the overall effect in-
creased to ES = 0.65 (CI [0.50; 0.80]) with no considerable change in
moderator effects. In addition, we included five more data sets from
two other studies investigating individuals with BN, one of them with
an image marking method. In this analysis, the overall effect size re-
mained ES = 0.65 (CI [0.50; 0.80]), but the moderator effects were no
longer significant (all p > 0.10). Hence, while the overall effect size

was very robust, the significance of the moderator effects was sensitive
to the study selection.

Further, we analyzed the absolute BPI of control participants in a
separate random effects meta-analysis and meta-regression. Through
this, we obtained an average BPI for control participants, and could
evaluate whether healthy people are also generally less accurate in
metric methods than in explicit methods, as suggested by Longo and
Haggard (2012).We found that on average, control participants are
accurate in estimating their body size (BPIest = 100.20, CI [94.40;
106.00], Q(39) = 12,266.56, p < 0.001). Assessment method cate-
gory was a significant moderator of effect size. Confidence intervals of
intercept and moderator weight show that already healthy people are
accurate in depictive methods while they overestimate in metric
methods (BPIdep = 95.80, CI [89.74; 101.86]; βmetric = 14.33, CI [6.90;

Fig. 3. Sample sizes for patient and control group, effect sizes Hedge's g and confidence intervals (CI) of effect sizes for group comparisons of whole body perception indices. The overall
effect size from the random-effects meta-analysis is depicted by a black diamond, estimated effect sizes for the combined factors from the meta-regression are depicted as grey diamonds.
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21.75], p < 0.001; QMod(1) = 14.28, p < 0.001; QE(38)
= 11,153.30, p < 0.001).

4. Discussion

Like previous reviews, we observed a robust mean effect of
ES = 0.63 for whole body estimates, reflecting a moderate over-
estimation of self-perceived body size in individuals with AN and BN
compared to controls (Cash & Deagle, 1997; Farrell et al., 2005;
Gardner & Brown, 2014). Interestingly, our meta-regression shows that
the factors “assessment method category” (depictive versus metric) and
potentially “eating disorder diagnosis” (AN versus BN) significantly
moderate effect sizes. Effect sizes were found to be larger in BN than in
AN, and self-perceived body size was overestimated more when metric
methods were used than when depictive methods were used. Within the
revised theoretical framework for BSE this suggests that body size
overestimation is not driven by a perceptual distortion, but rather by
distorted implicit representations and conceptual representations.

We used our meta-regression on controls' estimates to evaluate
whether it is appropriate to transfer Longo and Haggard's (2012) con-
siderations on classification of BSE tasks from hand size estimates to
estimates of the whole body. Importantly, in our meta-regression of
control participants' performance, we observed the same pattern that
Longo and Haggard (2012) report for the hand size estimates: While in
depictive methods, controls were accurate in estimating their size, we
found controls to clearly overestimate in metric methods. As this re-
plicates Longo and Haggard (2012), we conclude that metric methods
likely assess not only explicit knowledge about the body size, but also
implicit representations.

In our meta-regression of effect sizes from eating disorder versus
control group comparisons, we found that metric assessment methods
produce larger effect sizes than depictive methods. Following our re-
vised framework, this indicates that body image disturbance may not be
as much an issue of explicit body representation but rather of implicit
body representation. This interpretation is in line with recent evidence
showing impairments in somatosensory and proprioceptive tasks in
individuals with AN. According to this research, individuals with AN
and BN would have no visual misperception of their body, but diffi-
culties in generating a coherent self-perceived body representation
arising from distortions in more implicit representations (Case,
Wilson, & Ramachandran, 2012; Keizer et al., 2013; for a review see
Gaudio, Brooks, & Riva, 2014;).

Regarding the perceptual versus conceptual classification of body
representation, we propose both the moderator effect of eating disorder
diagnosis and the review of body part wise results from metric methods
are informative. Given the broad confidence interval and the sensitivity
analysis, we interpreted the moderator effect of eating disorder diag-
nosis carefully. We found no evidence that individuals with AN

generally overestimate more than individuals with BN, as suggested by
recent research (Cornelissen, Bester, Cairns, Tovée, & Cornelissen,
2015; Cornelissen, Johns, & Tovée, 2013; Moscone, Amorim, Le
Scanff, & Leconte, 2017). However, our results agree with this line of
research insofar as we also conclude that visual perception is likely not
generally disturbed in eating disorders. If individuals with BN were to
overestimate more than individuals with AN, this would mirror findings
on conceptual body representations, particularly attitudes. It has been
shown that individuals with BN have higher drive for thinness and body
dissatisfaction than individuals with restrictive AN (Garner,
Olmsted, & Polivy, 1983; Paul & Thiel, 2005). Consistent with this hy-
pothesis, we found that in metric methods, overestimation was most
consistent for body parts that are emotionally salient for individuals
with an eating disorder, such as the waist and hips. Moreover, it has
been shown that in mirror scenarios, individuals with AN and BN have
an attentional bias towards the body parts that they are least satisfied
with compared to healthy controls (Tuschen-Caffier et al., 2015). We
therefore consider it likely that conceptual representations (explicit or
implicit), in the form of attitudes towards the body, influence BSE es-
timates, especially in individuals with an eating disorder.

4.1. Methodological imitations

Methodological limitations of this review arise from our study se-
lection process as well as from the included studies. As we only sear-
ched for published results, a publication bias towards significant effects
cannot be excluded. Although the funnel plot showed a symmetric
distribution of effect sizes, our results could still be an overestimation of
the true effect size. Moreover, our explorative meta-analysis with esti-
mated composite whole body BPI for studies that did not report it
suggested that the moderator effects of eating disorder diagnosis and
method category might not be robust. Further, as terminology in the
field is very heterogeneous, it is possible that despite our broad search
strategy, we missed relevant articles. To encounter problems arising
from study heterogeneity, we also limited our search to studies re-
porting their results in terms of BPI (or convertible), thereby excluding
studies with different, but potentially related outcomes. Notably, some
of the included studies had small sample sizes and may have been un-
derpowered. In addition, procedures varied considerably in how they
quantified the percentage of mis-estimation. For example, while many
metric measures use average indicated width in centimeters, depictive
methods can rely on optical properties or even pixel counts.
Unfortunately, as studies were very heterogeneous in if and how they
reported attitudes towards one's body, we were also not able to include
attitudes as a potential moderator in our quantitative analysis.

Fig. 4. Funnel plot for included studies.
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4.2. Conclusions and further directions

In this systematic review and meta-analysis, we replicated the
finding that individuals with AN and BN overall moderately over-
estimate their body size (ES= 0.63), and observed that this effect is
moderated by BSE assessment method and potentially by eating dis-
order diagnosis. To clarify the reasons behind this overestimation, we
interpreted these results in the light of Longo's framework of body re-
presentation (Longo, 2015). According to this model, the traditional
notion of BSE targeting the mental picture and visual perception of the
body applies to depictive methods only, while metric methods may
additionally assess more implicit representations.

Our meta-analysis emphasizes that while perceptual representations
are plausibly involved in both depictive and metric body size estima-
tion, it is not adequate to generally interpret body size estimates as
measures of “perceptual distortion” or “visual distortion”
(Cash & Deagle, 1997; Farrell et al., 2005; Gardner & Brown, 2014;
Slade & Russell, 1973). Rather, even the purportedly simple BSE tasks
assess an integration of several body representations. It may depend on
task characteristics, and also on the participants themselves as to which
representations are targeted by the respective task. Hence, over-
estimation findings are unlikely to reflect only a disturbed visual body
perception, as has been stated previously (Farrell et al., 2005;
Gardner & Brown, 2014). To better understand body image disturbance
in AN and BN, it is necessary to investigate the different types of body
representation and their interplay in multi-method approaches.

In particular, as effect sizes were larger for metric methods, and in
light of recent findings that suggest distorted implicit representations
(Gaudio et al., 2014), we assume that within the perceptual component
of body image disturbance, implicit body representations may be im-
paired to a larger extent than explicit body weight representation.
Furthermore, we discussed that BSE is not a pure measure of body
perception, but also involves conceptual representations such as atti-
tudes towards the body.

We see a major challenge for further research in investigating which
body representations are assessed by different tasks, and what role
different body representations play in eating disorders. Specifically,
regarding the perceptual component of body image disturbance, further
research is needed that targets implicit body representation and how
those representations interact with explicit perceptual and cognitive-
affective body representations. For example, combining BSE with tasks
involving somatosensation, affordances, or actions (cf. Gaudio et al.,
2014 for a review) could help to shed light on the interplay between
different types of body representations and their disturbances in eating
disorders.

The lack of adequate etiologies in eating disorders is considered a
significant hurdle in the development of more effective therapies
(Pennesi &Wade, 2016; Schmidt & Campbell, 2013). Specific exposure
therapies targeting body perception have already been tentatively de-
veloped, but so far usually address body dissatisfaction, body checking,
and avoidance (Koskina, Campbell, & Schmidt, 2013). In pursuit of a
mechanism-oriented psychotherapy, it is crucial to understand more
about the contributions of a distorted mental image of the body and
other, potentially implicit body representations to body image dis-
turbance. In addition, it would benefit the field to better understand the
relationships between distorted body representations and other cogni-
tive and affective disturbances in eating disorders, such as social pro-
cessing, reward processing and emotionality (Caglar-Nazali et al., 2014;
Lavender et al., 2015; O'Hara, Campbell, & Schmidt, 2015).
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