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Abstract
This systematic review and meta-analysis examiheevidence supporting the association between
body dysmorphic disorder (BDD) symptomology andrftypes of cognitive processing abnormalities:
local processing, selective attention, interprebigeses, and memory deficits. Twenty-three studies
inclusion requirements that examined differencgseiriormance on cognitive tasks between BDD and
control groups across the four categories. Mukilexwodelling was used to calculate an overall ¢ffec
size for each cognitive category. BDD and controugs differed significantly on measures of selecti
attention ¢=.60, 95% CI=.26: .93), interpretive biasgs.@0, 95% ClI=. 07: .54), and memory deficits
(g=.56, 95% CI=.26: .87). Differences between the Bi¥d control groups on measures of local
processing did not reach significance. These figglsupport the hypothesis that people with BDD may
selectively attend to perceived threats or to diecrelated stimuli, misinterpret ambiguous stinagli
threatening, overvalue the importance of attracgs, and have inaccurate coding and recall faalfac
or bodily stimuli. Recommendations for future resbeof these specific cognitive deficits in BDD
include introducing the use of Modified Dot Protardligms and new treatment targets that can be used

as adjuncts to current treatment modalities.

Keywords. body dysmorphic disorder; meta-analysis; locabpssing, selective attention; interpretive

biases; memory deficits
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Body dysmorphic disorder (BDD) is characteriseddpetitive behaviours or mental acts
concerning preoccupations with perceived flawsppearance (Phillips, 2005). Common behaviours
include mirror checking, camouflaging to conceal flerceived defect, mirror avoidance, seeking
reassurance about appearance, and excessive ggodmamost common areas of focus include the
nose, skin, and hair; however, some patients nsyfatus on areas of the body. For example, muscle
dysmorphia is a specifier of BDD that presents peeaccupation with muscle mass (American
Psychiatric Association [APA], 2013).

BDD affects approximately 1-2% of the populatiofofdsson, Didie, & Phillips, 2010), and is
thought to affect males and females equally. Howesugferers rarely seek out mental health services
and therefore BDD remains a poorly understood amitsresearched disorder, and incidence rates may
be far greater than currently estimated (Bjornsstaal., 2010)Until the recent release of th8 &dition
of the Diagnostic and Statistical Manual of Merm&orders (DSM-5; APA, 2013), BDD was classified
as a somatoform disorder. New evidence surrourdinigal and neuropsychological similarities
between BDD and obsessive-compulsive disorder (O@B)led to the reclassification of BDD under
the obsessive-compulsive and related disordergamsteFor example, BDD and OCD have similar
brain abnormalities that impair frontal lobe fulciing (Labuschagne, Rossell, Dunai, Castle, & Kgjrio
2013). Research also shows commonalities in tredtreeponse to cognitive behavioural therapy
(CBT), exposure and response prevention, and salesgrotonin reuptake inhibitors, suggesting
neuroanatomical similarities between the two dismsdLabuschagne et al., 2013). Furthermore, there
are similarities in the presenting symptoms, wlith dbsessions in both OCD and BDD resulting in
compulsive checking and reassurance-seeking balraviBhillips, 2005).

Theor etical perspectives on the aetiology and maintenance of BDD

Progress in the treatment of BDD remains limitedtnained by the paucity of theoretical
models of BDD, most of which are cognitive behavabin nature. The most recent model encompasses
a comprehensive paradigm related to the evidense-bat currently informs the aetiology of BDD

(Fang & Wilhelm, 2015). In addition to earlier eéxnces of teasing, sociocultural values, andtiene
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factors, Fang and Wilhelm (2015) suggest that pédeism, rejection sensitivity, and fear of negati
evaluation from others may act as precursors taévelopment of four types of cognitive processing
deficits (described below andrable 1), one of which includes selective attention theg heen
highlighted in previous models (e.g., Veale, 2004iese deficits are hypothesised to contributbeo t
development and maintenance of negative emotio, & anxiety and disgust, which then trigger
behaviours characteristic of BDD, namely avoidasweé compulsions. In line with Neziroglu, Roberts,
and Yaryura-Tobias (2004), Fang and Wilhelm (2GuBher contend that these maladaptive
behaviours maintain dysfunctional beliefs by wayefative reinforcement. Although avoidance and
compulsions serve to reduce anxiety in the sham,tenaladaptive beliefs are reinforced in the long
term; BDD sufferers fail to learn that they woulave managed despite engaging in these maladaptive
behaviours.
Cognitive deficits associated with BDD

Central coherence. Weak central coherence, a limited ability to untiard context or to "see
the big picture”, is thought to influence selectatention toward perceived flaws in appearandeerat
than holistically processing body or facial stimiiieusner, Moller, et al., 2010). Studies usingnitbge
tasks like the Inverted Face Task (Thompson, 1986hney Faces Task, Rey Complex Figures Task
(RCFT,; Osterrieth, 1944), a variation of an Invedrkace Task called the Famous Faces Task, assvell a
attractiveness ratings using high and low spat&jifency images and functional magnetic resonance
imaging (fMRI) technology have shown support fasthypothesis (Arienzo et al., 2013; Deckersbach
et al., 2000; Feusner, Hembacher, Moller, & Moo@¢$ 2, Feusner, Moller, et al., 2010; Feusner,
Moody, et al., 2010; Moody et al., 2017; Feusnenviisend, Bystritsky, & Bookheimer, 2007;
Jefferies, Laws, Hranov, & Fineberg, 2016fferies, Laws, & Fineberg, 2012; Li, Lai, Bohenal.,
2015; Toh, Castle, & Rossell, 2017a). However, oshadies using the Benton Facial Recognition Task
(Benton & Van Allen, 1968), a variation of the Imiexl Face Task using houses and facial stimuli, the
Navon task (Navon, 1977), electroencephalogram (EE@gnetic resonance imaging (MRI), fMRI and

the Composite task (Young, Hellawell, & Hay, 198@ye failed to detect significant differences
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between BDD and control groups (Buhlmann, McNdHigoff, Tuschen-Caffier, & Wilhelm, 2004; Li,
Lai, Loo, et al., 2015; Moody et al., 2015; Monzafiiebs, Anson, Veale, & Mataix-Cols, 2013).
Research using a Navon task and an Embedded Figiste@Witkin, 1971) found that compared to
controls, the BDD group performed worsehmth the global and local processing trials (Kerwin,
Hovav, Hellemann, & Feusner, 2014). Furthermoregmithat brain-imaging and the same or similar
variations of cognitive tasks have been found tmpce null findings as well as results both in swpp
of and counter to the hypothesis, results acrassetbtudies suggest that the relationship of dentra
coherence difficulties and associated global prsingsabnormalities (or conversely strengths inlloca
processing) and BDD remain inconclusive.

Selective attention biases. Selective attention biases are thought to accauriiifised attention
toward disorder-related or threat stimuli (MacLeBdtherford, Campbell, Ebsworthy, & Holker, 2002).
In the case of BDD, this involves specific physifesdtures. Neuropsychological research on eating
disorders has described selective attention asnerbalistractibility (Tchanturia, Campbell, Morr&s,
Treasure, 2005). Thus, it has been proposed tFatets of BDD may attend to external stimuli that
have become associated with their obsessions,marteived flaws in appearance, which are congidere
to be relevant (e.g., attractive) or threatening.(dideous) to the disorder. Although so Hibner m
studies which have used Emotional Stroop taskst@MslicKenna, Sharrock, & Trezise, 1986), eye
trackers, symmetry tasks, discrimination tasks, @@rdeptual modification tasks (Buhlmann, McNally,
Wilhelm, & Florin, 2002; Greenberg, Reuman, HammaKasarskis, & Wilhelm, 2014; Grocholewski,
Kliem, & Heinrichs, 2012; Kollei, Horndasch, Eri&,Martin, 2017; Lambrou, Veale, & Wilson, 2011;
Stangier, Adam-Schwebe, Muller, & Wolter, 2008; TGastle, & Rossell, 2017b; Toh, Castle, &
Rossell, 2017c; Thomas & Goldberg, 1995; Yaryurdide et al., 2002), have supported this
hypothesis; other studies using facial discrimovatasks, symmetry tasks, Emotional Stroop tasid, a
video face distortion tasks (Buhlmann, Rupf, Gle&shenderlein, & Kathmann, 2014; Hibner,et al.,
2016;Reese, McNally, & Wilhelm, 2010; Rossell, Labusat@gdDunai, Kyrios, & Castle, 2014) have

failed to detect significant differences betweenB&nd control groups. There remains some
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uncertainty around whether BDD participants, coragao controls, have enhanced discriminatory
abilities solely for their own facial stimuli orif@bjects or other people’s faces. In their 201t gt
Lambrou and colleagues detected a response biasdalgtecting symmetry changes to their own
faces, which did not extend to the object and ethee control conditions, concluding that BDD
sufferers selectively attended to self-referertrimfation.

I nter pretive biases. Interpretive biases describe negative appraisat®@dy image and are
thought to contribute to biases for ambiguous imi@tion and overvalued ideas about the importance of
attractiveness. Interpretive biases, which are teaimk influenced by specific triggers such asssire
negative mood, comments by others, and physiolbgi@nges that occur during adolescence, may in
part account for why BDD sufferers are highly catiof their appearance (Fang & Wilhelm, 2015).
While some studies have found that BDD sufferexetamtendency to misinterpret neutral facial
expressions as expressing negative emotion (Bulmntztooff, & Wilhelm, 2006; Buhlmann, Gleif3,
Rupf, Zschenderlein, & Kathmann, 2011; BuhimannNedlly, Etcoff, Tuschen-Caffier, & Wilhelm,
2004; Labuschagne, Castle, & Rossell, 2011), resolhcerning the specific emotions underlying these
maladaptive cognitions remain inconclusive. Altho®Buhimann et al. (2006) found that compared to
controls, BDD participants had a tendency to méimtet neutral expressions for anger and contempt,
consistent with Buhlmann, Gleil3 et al. (2011), rifisinterpretation of neutral facial stimuli for disst
failed to reach significance. This is somewhat 8sify given that all of the BDD models identify
disgust as one of the central emotions that déwveédance and ritualistic behaviours (Neziroglalet
2004; Veale, 2004; Wilhelm & Neziroglu, 2002). Fhetmore, a 2002 study by Buhlmann, Wilhelm et
al. found that compared to controls, BDD particiganisinterpreted ambiguous situations (general,
social, and body-related scenarios) as threatening.

Results concerning the tendency of BDD sufferesvar-value the importance of attractiveness
are also mixed. While some studies which have tlse&o/No-go Association Task (Nosek & Banaji,
2001), the Implicit Association Task (Greenwald,Giee, & Schwartz, 1998), and a Values Scale to

look at implicit attractiveness beliefs (Buhlmafieachman, & Kathmann, 2011; Buhlmann, Teachman,
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Naumann, & Fehlinger, 2009; Lambrou et al., 20Ia)ehfound significant differences between BDD
and control groups, other studies using the sanasuanes have failed to detect any differences across
these groups (Buhlmann, Teachman, Gerbershageul, RilRief, 2008; Hartmann et al., 2015).

Memory deficits. Results relating tonemory deficits, thought to account for inaccuiading
of facial or bodily stimuli, are also mixed. Sontedies which have looked at verbal, visual, nonakrb
semantic, and spatial working memory (Deckersbaeth ,€2000; Dunai, Labuschagne, Castle, Rossell,
& Kyrios, 2010; Labuschagne et al., 2011; Rosdedl.e 2014) have found significant group differesc
among BDD and controls, while others which havekémbat verbal, visual, and semantic memory
(Hanes, 1998) have failed to detect significanugrdifferences. Furthermore, a study by Toh, Castle
and Rossell (2015) found that compared to conttaésBDD group showed poor immediate recall of
words and stories but did not detect deficits taykd memory, as measured by word, story, anddigur
recall on the Repeatable Battery for the Assessofadeuropsychological Status (Rey, 1964).
Aim of the meta-analysis

The main aim of the current meta-analysis wasvedtigate the empirical evidence supporting
an association between the four cognitive procgsddficits and symptoms of BDD. Specifically, we
seek to answer the following question: comparezbttrols, do clinically-diagnosed BDD participants
display heightened local processing of stimuligste attention biases for disorder-relevant and
symmetrical stimuli, interpretive biases for migimireting neutral facial expressions as represgntin
negative affect and overvaluing the importanceppferance, and memory deficits? This meta-analysis
is the first to investigate the strength of thegmsed relationships between cognitive processifigitde
and BDD, an important undertaking given the presarfso many conflicting findings across individual
studies. Understanding the underlying mechanisrmighaproduce and maintain symptoms of BDD is
crucial for the development of new and existinginéntions.

Method

Search strategy
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No published protocol exists for this review andarn@nalysis. The review process was
conducted according to the PRISMA statement (Madkiberati, Tetzlaff, & Altman, 2009), described
in Figure 1. A PsycINFO (OvidSP) database search was condumedring professional and academic
literature across psychology and other relatedmlises, including medicine, mental health, nursing
nutrition and dietetics, physiology, and linguistid@he following terms were combined using the
“AND” Boolean operator and searched in the databamdy dysmorphic disorder, dysmorphophobia,

BDD, body image, body image disturbance, AND cognition, cognitive, cognitive task. Additional

articles from reference lists and extended searohelading those pertinent to the proposed théwakt
model, were included in the present literaturedearo reduce the likelihood of having included enor
frequently in our analyses studies that were sekdgtchosen for publication due to significantesff
sizes (publication bias), we attempted to locajgublished studies and dissertations that met our
inclusion criteria. Additional searches were condddn PsycINFO, PubMed (OvidSP), CINAHL and
MEDLINE to obtain data from dissertations. Furthere all corresponding authors whose studies met
inclusion criteria were contacted to inquire ababether they were aware of any existing unpublished
BDD studies that used cognitive tasks to asses®thiecognitive processing abnormalities. However,
no additional eligible studies could be locatedtiAfie exception of case studies, all designs and
cognitive tasks used to assess the four cognitifieiticategories were included.

The search resulted in 615 published studies listelllay 10, 2017. Of these, 569 studies were
removed after reviewing the publication and abstraithough included in the systematic literature
review, twenty-three of the remaining forty-six waxxcluded from the meta-analysis, leaving twenty-
three studies. Omitted studies used case studiesithnot include quantitative data (N=1), selfae
measures of cognitive impairment rather than peréoce-based tests (N=1), EEG technology (N=1),
MRI technology (N=1), fMRI technology (N=6), eyetkers (N=6), the use of statistical approaches
which were not readily interpretable in terms déef sizes (N=1), studies where data could not be
readily converted into effect sizes and/or furttieta could not be obtained (N=5), and pilot studies

(N=1). A final search was conducted on November22Q,7, and no additional studies that met our
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specified inclusion criteria were identified. Thiestf author, using the inclusion-exclusion criteria
described below, conducted all screening.

Inclusion Criteria. In order to examine a homogeneous group to givgtbatest clarity in the
face of the varied and inconsistent results to,datly studies of clinical populations were incldde
the meta-analysis. We only selected BDD studiesdtmpared differences in cognitive task
performance. Although one was identified (Yaryu@bigs et al., 2002), given that under normal
conditions, most BDD studies tend to be underposkgritot studies were not considered. Furthermore,
given that some cognitive tasks measure centrareolce on a continuum, where one score is
representative of both global and local processirgyere only able to calculate scores for onde$é
processes. Local processing was prioritised bedahss been theorised that BDD sufferers hyper-
focus on specific, focal aspects of appearancadlifioaally, it has been assumed that heighteneal loc
processing subsequently hinders global processiititjess. However, as evidenced by Kerwin et al.
(2014) who found BDD sufferers to perform worseboith global and local trials, high performance on
one may not be indicative of low performance ondtieer andiisa versa. To avoid cherry picking, each
condition of every task used to capture the founstwicts of interest was included in the analyses.
Studies dated from 1998 when the first such styghearedTherefore the inclusion criteria were as
follows: (1) publication in English, (2) in a peeviewed journal, (3) studies using a clinical pagion
of individuals with BDD where diagnoses were canfid using the DSM criteria, Body Dysmorphic
Disorder Diagnostic Module, and/or a clinical inierv, and (4) studies that assessed at least aoifre of
four cognitive processing deficits using cognitfasks. We contacted Buhlmann et al. (2004), Feusner
et al. (2010), Hartmann et al. (2015), Kerwinle{2014), Monzani et al. (2013), and Toh et aQ1(2b)
to obtain means and standard deviations not prdvidéhe published online studies. To maintain
homogeneity, neuroimaging studies and eye trackers excluded from the analyses. Furthermore, we
excluded the Feusner et al. (2010) study from aafyaes involving central coherence, which used an
Inverted Face Task, as it was not possible to abtiveir results to a similar metric to the otherdées

without making a number of assumptions that woatdehbeen difficult to justify. We were also unable
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to obtain the means and standard deviations i@ and control groups from Jefferies et al. (2010)
who also used an Inverted face Task to look atatwzal processing, Thomas and Goldberg (1995)
who utilised a video face distortion task to lodlselective attention, Buhlmann, Wilhelm, et aD@2)
who used ambiguous scenarios to look at negatteepretation bias, and Moody et al. (2017) who used
attractiveness ratings following presentationsightspatial frequency images to analyse local
processing. The first author performed a qualiseasment and data collection.
Statistical methods

Cohen’sd values used for the meta-analysis were obtaindudtivé means, standard deviations,
and the N from the control and treatment groupsguah online Practical Meta-Analysis Effect Size
Calculator (https://www.campbellcollaboration.offfget-size-calculato.html). Because we wanted a
representation of the population that includedviitlials with and without a diagnosis of BDD, the
pooled estimate of the standard deviation was usgidg Comprehensive Meta-Analysis Version 2
(Borenstein, Hedges, Higgins, & Rothstein, 200%,employed a multilevel model with effect sizes
(level 1) nested within studies (level 2) and randotercepts. This allowed us to use multiple omotes
from any one study while correcting for correlatdxervations in the data. This also allowed us to
account for multiple comparisons, in which the sametrol group was used in the Toh et al. (2015),
(2017a), and (2017b) studies. Forest plots werergéed with Hedge’g values and 95% confidence
intervals (Cl), which were calculated for each undiial study, providing an assessment of
heterogeneity for local processing, selective &ttaninterpretive biases, and memory deficits. &biv
that for some measures a higher score indicatesegreognitive deficit, such as selective attention
tasks, whereas the opposite is true for other meassuch as many of the memory deficit tasks, the
sign of the correlation coefficients were all trimmsed so that a positive value fpindicated a greater
cognitive deficit in the BDD group. Heterogeneitgs also assessed with the Q statistic, a meabure o
weighted squared deviations around the mean (Laadner-Smith, Russell, Hollon, & Walker, 2017),
and thd?statistic, where a value of 0% indicates no obskheterogeneity, 25% low heterogeneity,

50% moderate heterogeneity, and 75% high heterdgdhiiggins & Thompson, 2002). As
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recommended by Moreno et al. (2009), we used rsigredased adjustments for publication bias
available with Egger’s regression intercept.
Results

Studiesincluded in the meta-analysis

A total of 518 BDD participants and 534 controltfApants (all except 20 participants from the
Stangier et al., 2008 study were healthy contnebsle included in the analyses. Due to the paudity o
available research in this field using a singld &s a measure of each construct, a variety ofreifit
tasks were selected to measure similar constraotssthe four cognitive categories. See the
Supplementary Table for a summary description of the studies discusstolw.

L ocal processing. The studies included in these analyses are ligté@ble 2 andFigure 2.
Our analyses included difference scores on thet&oom Benton Facial Recognition Task between a
BDD and control group from the Buhimann et al. (208tudy. When analysing results from the
Deckersbach et al. (2000) study, we only analysedes from the RCFT organisation copy condition,
and not the accuracy copy condition, since onlyottganisation condition could be used to assess loc
processing. Given that it is the inverted condifimm the Famous Faces Task, a variation of the
Inverted Face Task, that is said to tap into lpcatessing, only differences between the BDD and
control group on inverted trials were included frima Jefferies et al. (2012) study. We includedaRd
accuracy scores on local trials of the Navon taskEEmbedded Figures Task to assess local processing
differences between BDD and control groups fromkbewin et al. (2014) study. Monzani et al. (2013)
hypothesised a face inversion effect in the BDDugrdhus we looked at differences in space and part
RT's to the inverted face condition of the Inversitask, as well as differences in accuracy and Rifi's
local trials of the Navon and Composite (aligneckfaondition) tasks. Toh et al. (2017a) used the
Mooney Faces Task to compare global-local procgddifference scores between a BDD, OCD and
healthy control group. To capture differences ralgprocessing between the BDD and healthy control

group, we analysed the accuracy difference scatecen the upright and inverted conditions for the
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facial and object stimuli. In the current meta-gei the mean weighted effect size for local preices
was found to be smal§E. 35, 95% Cl= -.25: .95).

Selective attention. The studies used to investigate selective attemtienisted inT able 2 and
Figure 3. For Emotional Stroop tasks, only RT and Strodypkition/interference conditions were
included, since attention control theories prethiat accuracy conditions produce no differences
between treatment and control groups on these mesafitiysenck, Derakshan, Santos, & Calvo, 2007).
To determine differences between the BDD and cbgtaups in selective attention to disorder-reldévan
or threat stimuli, we selected the mean Stroopfieitence scores to the BDD positive (aigly) and
BDD negative (e.gattractive) word conditions used in the Buhlmann et al. (330ady, RT to the
body condition (e.gnose) and inhibition effect of the body-animal conditifrom the Rossell et al.
(2014) study, and RT to the BDD-positive (edgformed) and BDD-negative (e.dpeautiful) masked
word conditions from the Toh et al. (2017b) studie did not include the Hanes (1998) Stroop task,
because the original task (Stroop, 1935) was usedrpare difference scores between a BDD and
control group for reading words and naming colotUitais, this was a measure of interference using
neutral words and was not used to detect diffeieacenss groups in selectively attending to thoeat
disorder-related stimuli.

We analysed difference scores between the BDD aaliity control group on the Object
Discrimination Task and Facial Discrimination TdEkwin et al., 1992) in the Buhlmann et al. (2014)
study. Similarly, difference scores on the Facimcbimination Task between the BDD and the non-
disfigured dermatological group from the Stangtesle(2008) study were analysed. For the Lambtou e
al. (2012) study, thebject andother face conditions were considered control groups, andithbors
compared differences between BDD, art and desigtrals, and non-art and design controls. Thus, we
analysed difference scores between the BDD andantorentrol groups on all measures used to assess
symmetry preference only for the stimuli depictthg participant’s own face. Symmetry preference was
considered indicative of enhanced discriminatoiiitads and was based on the frequency of selection

heightened accuracy, and less discrepancy in disw@ting among symmetrical stimuli. The conditions
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included were as follow#iesthetic Perceptual Sensitivity (perceptual understanding; perceptual

accuracy); Aesthetic Emotional Sensitivity (perceptual selection pleasure; perceptual selection disgust);
Aesthetic Eval uative Sensitivity (aesthetic standard: attractiveness standar d/perceptual selection;

aesthetic standard: self-ideal/personal standards; aesthetic standard: self-perfect vs ideal/personal
standards). When analysing results from the Reese et al.qeétLidy, we selected the overall symmetry
preference condition, which took into account tetahmetry preference, as measured by RT’s and
accuracy scores for dot arrays and facial stimfulitber people. In the current meta-analysis thamme
weighted effect size for selective attention wamfibto be mediumg(=. 60, 95% CI= .26: .93).

Inter pretive Biases. The studies used to examine interpretive biaselisted inTable 2 and
Figure 4. Buhlmann et al. (2004) administered an Emotioodgaition Task (Ekman & Friesen, 1975)
and compared differences in the ability to acclydtentify facial expressions. In order to assess
interpretive biases toward ambiguous stimuli, wenpared differences between BDD and control
groups in the tendency to misidentify neutral faeipressions for fear-based emotions, which inetud
disgust. Due to insufficient reporting of data ane inability to obtain further information, therstili
“anger” and “scared” were not included in the asa; Buhimann et al. (2006) created both a self and
other-referent scenario, with facial stimuli depigtneutral, angry, disgusted, and surprised esfoBs.
Participants were then asked to rate whether thalfaxpressions represented neutral, angry, disdus
surprised, contemptuous, fearful, or happy emotidfes analysed group differences in accuracy ratings
of the self-referent scenario for misinterpretagiof neutral facial expressions as disgusted, aamgy
contemptuous. Due to insufficient reporting of data the inability to obtain further informatiohgt
stimulus “fear” was not included in the analyseshBnann, Gleil3 et al. (2011) presented participants
with angry, disgusted, happy, neutral, sad, scaned surprised facial expressions. We compared
difference scores between the BDD and control gioupe misidentification of neutral facial
expressions for disgusted and angry expressiorest®insufficient reporting of data and the inahito

obtain further information, the stimulus “scareddswnot included in the analyses.
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In the Buhlmann et al. (2008) study, the Implicés@aciation Task was used to measure
differences between a BDD, subclinical, and corgrolup in RT toward pairing the words “Attractive-
Important”, “Attractive-Meaningless”, “Self-Goodand “Self-Bad”. Our analyses included difference
scores between the BDD and control group on th&édativeness Implicit Association Task” outcome,
which compared differences in overall implicit atttiveness beliefs. We chose to analyse implicit
measures of attractiveness because it has beeassedghat one of the driving forces behind
appearance-related obsessions and compulsion®igeaivalued belief about the importance of beauty
(Fang & Wilhlem, 2015; Phillips, 2005; Veale, 2004) a similar Buhlmann et al. (2009) study, the
Implicit Association Task was used to measure iaiipdielf-esteem and attractiveness beliefs in a BDD
subclinical, and control group. Implicit beliefsmm@rning attractiveness were measured by pairieg th
words “Attractive-Important” and “Attractive-Compett”. We analysed difference scores on the
“Attractive-Important” and “Attractive-Competentfials between the BDD and control group.
Buhlmann, Teachman et al. (2011) used the Go/NAsgociation Task to measure implicit
attractiveness beliefs in a BDD, dermatology, amatiol group. The words “Attractive”, “Beautiful”,
“Good looking”, and “Pretty” were paired with theords “Important”, “Meaningful”, “Crucial”, and
“Significant”. We analysed difference scores betwtee BDD and control group using the “Attractive
Important Go/No-go Association Task” scores, whasBessed overall implicit attractiveness beliefs. |
a similar study, Hartmann et al. (2015) comparegpliii attractiveness beliefs among a BDD, anorexia
nervosa, and control group on the Go/No-go Assiotiatask, which paired the words “Attractive-
Important” and “Attractive-Competent”. We analysditferences in RT scores on the trials that paired
“Attractive-Important” and “Attractive-Competentebween the BDD and control group. In the current
meta-analysis the mean weighted effect size ferpmetive biases was smajH. 30, 95% Cl=. 07:

.54).

Memory Deficits. The studies used to analyse memory deficits in BlbPlisted inTable 2

andFigure 5. Deckersbach et al. (2000) compared differenceesdoetween a BDD and control group

on the RCFT and the California Verbal Learning T&slis, Kramer, Kaplan, & Ober, 1987). We
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compared differences between BDD and control graufise average immediate and delayed recall
scores (percent recall) of the RCFT and percertlren the California Verbal Learning Test. Dunti e
al. (2010) compared differences between a BDD, O&1d,control group on measures of spatial
working memory, including the Spatial Span Test [[Dea et al., 2003), the Spatial Working Memory
Test (De Luca et al., 2003), which included comdisi that assessed within search errors, between
search errors, and search strategy, and the Sgpoki@ambridge task (Shallice, 1982), which incldide
conditions that assessed number of problems satwedber of perfect solutions, and total moves in
excess of the minimum. In addition, a Pattern Reitimn Test (De Luca et al., 2003) was used to look
at differences in visual pattern recognition memdYye analysed difference scores between the BDD
and control group in performance on all measuregask conditions.

Hanes (1998) compared difference scores betweayrdlps on several tasks used to assess
memory impairment, including the Rey Auditory Verbaarning Test (Rey, 1964), the New Tower of
London Task (Shallice, 1982), the Category Flueresk, and the RCFT. We analysed difference
scores between the BDD and control group on theyddlrecall (memory) condition of the RCFT, and
to all conditions of the Rey Auditory Verbal LeargiTest, New Tower of London Task, and Category
Fluency Task. Rossell et al. (2014) measured diffees in semantic memory between the BDD and
control group using a Sentence Verification Tasla(C& Chase, 1972) and the Controlled Oral Word
Association Test (Ruff, Light, Parker, & Levin, )9which was used to assess phonological and
semantic fluency. We analysed difference scoredlaronditions of the Sentence Verification Taskl an
Controlled Oral Word Association Test. In the stiagyToh et al. (2015), we analysed difference score
between the BDD and control group on the overafitiediate memory” and “delayed memory”
subtests of the Repeatable Battery for the Assadsph&leuropsychological Status (Randolph, Tierney,
Mohr, & Chase, 1998). In the current meta-analifsismean weighted effect size for memory deficits
was mediumd =. 56, 95% Cl=.26: .87).

Heter ogeneity
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For the pooled effect size analysis, Q was fourgktsignificant (Q= 57.23%<. 001),
indicating that the observed variability in effsttes across all studies included in the meta-aisalyas
unlikely due to sampling error alone. Furthermaine, overall*was found to be 61.56%, indicating a
moderate to high degree of heterogeneity. Thesinfijs may be explained by differences among the
varying outcomes, and as a result, we conductegrsup analyses by calculating Q dAtbr each
cognitive category separately, finding moderatkitth degrees of heterogeneity for the categories of
local processing and selective attention (Balele 3 for Q andi®values of all cognitive categories).
Potential sources of heterogeneity are outlinagktail below. Se@ able 3 for Q andl?values
Publication Bias

Funnel plots were also created for local processielgctive attention, interpretive biases, and
memory deficits (se8upplementary Figures1to 4). A p value of <. 05 was indicative of publication
bias, as it suggests there is a significant ralatigp between the effect size and precision (Leiral,
2017). When all studies were combined into a siagiysis, there was no indication of publication
bias, as evidenced by Egger’s regression inte{&t=. 50, p=. 40.). Furthermore, when studies were
grouped on cognitive category and analysed separateblication bias was not detected for any @&f th
cognitive categories (S@eble 3 for ERI values across all cognitive categories).
Risk of biasfor individual studies

Based on the recommendations by the Cochrane reyigup, and biases relevant to non-
intervention studies, biases related to individitatlies (reporting, detection, and attrition biasesre
considered (Lundh & Ggtzsche, 2008). Reporting, bfesbiased selection of variables and results
included in the analyses, could not be assessquatptixcols for studies were not available. Detectio
bias refers to systematic differences in how grougomes are determined (Lundh & Gatzsche, 2008).
In all of the included studies, the diagnosis weseased with a diagnostic manual and/or clinical
interview but only one of the studies includedtia ainalyses (Hanes, 1998) reported blinding of the

experimenter to participant diagnosis. Finallyritatin bias refers to systematic differences betwee
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groups due to participant dropout. Generally, dvopof participants was not explicitly stated apart
from two studies (Hartmann et al., 2015; Kerwirlet2014).
Discussion

BDD is a complex disorder that can be hard to tfeahg & Wilhelm, 2015), and further work
is required to identify factors that may explaie #symptomatology and can thus be targeted in
interventions. Two models of BDD have emphasised tite of selective attention in exacerbating BDD
symptomatology (Fang & Wilhelm, 2015; Veale, 200f)e more recent model has also suggested a
role for central coherence, interpretive biased,rmaemory deficits.

Do Specific Cognitive Deficits Account for BDD Symptomology?

The twenty-three studies included in this metaymislprovided 80 tests of four different
categories of cognitive function. Three categosteswed a significant difference between BDD and
control groups, namely selective attention and nrgrdeficits with medium effect sizes, and
interpretive biases with a small difference. Thesailts confirm the central role of selective aitan
highlighted in the Veale (2004) and Fang and With€2015) models and also point to the importance
of memory impairment and interpretive biases inl&xjing BDD psychopathology. Selective attention
toward perceived threats, such as flaws in appearas hypothesised to be the trigger for feeliofys
anxiety and disgust, which then results in a rasfgeehaviours to regulate emotion. Memory deficits
are thought to account for inaccurate coding andlref face or body stimuli. Moreover, abnormaiti
to memory function might interfere with problem-gab abilities (Newell & Simon, 1972), which
could then exacerbate maladaptive coping strategjies as seeking out cosmetic procedures or
incessant mirror checking used to manage symptdmasxety. Moreover, the misinterpretation of
ambiguous stimuli and overvaluation of the impoctaof beauty might also play an important role in
the development and maintenance of BDD psychopagfyolThere were insufficient studies and power
to separate the constructs of misinterpretationcaadvaluation, and the relative contribution cfgh

two will require further studies to be conducted.
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There was no support for abnormalities relatedd¢all processing in BDD, suggesting that this
aspect of cognitive functioning is not useful tolide in theories seeking to inform the developnuént
interventions for BDD. However, null findings mighe partly due to methodological challenges. For
example, there appear to be some discrepanciesrriamg the predicted direction of the effect oridac
recognition tasks (Buhlmann et al., 2004; Jeffe2842; Monzani et al., 2013), and some measures
assessing central coherence make the assumptidowhscores on local processing necessitate high
scores on global processing anmck versa. It is also possible that moderators play a rioée, (subgroups
within BDD populations may exhibit specific def&) but addressing this question would require
substantially more studies and those that includasurement of potential moderators that may
influence cognitive functioning, such as medicastatus, severity of BDD, age, age of onset and
duration of BDD.

Analyses revealed significant heterogeneity fordiegories of local processing and selective
attention. Potential sources of heterogeneity mighite to differences in methodology. Three stidie
produced results outside the 95% CI and each imieed in turn. In the study by Jefferies et al.12))

a methodology that taps into additional aspectghitive processing abnormalities might help to
explain the large effect size observed. For exangiven that the task used to measure local prowess
was made up of stimuli depicting images of famoerspbe, and that celebrities are often perceived as
being aesthetically appealing, it is possible Heghtened symmetry detection for these imagesgdlay
a role in the superior processing of facial stinmiihe BDD group. Moreover, what follows is the
overvaluation of outward appearance that may hlsee@ayed a role in the superior processing ofehe
images. Compared to controls, the BDD group may lead a tendency to more readily attend to
stimuli within their environment that relate to faus people perceived as attractive. Thus, the large
effect size might be explained by the use of a itivgrntask that taps into various cognitive biadesal
processing, selective attention, and interpretiasds), which may have resulted in superior facial

recognition abilities.
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Although some of the studies included in the Igrakessing analyses controlled for the effects
of medication (Deckersbach et al., 2000; Monzaiail.e2013) on cognitive performance, Kerwin et al.
(2014) was the only study to exclude medicated BiaBicipants. It is possible that non-medicated
BDD sufferers have specific characteristics, suchraater symptom severity or lower socioeconomic
status, that distinguish them from the medicatdubdpthereby reducing homogeneity of the sample.
Another possible source of heterogeneity in thigginvolved the recruitment of participants from
three different sources (dermatology, plastic syrgend mental health clinics; posted advertisesjent
internet advertisements). Conversely, the otheliesuincluded under the local processing category
recruited primarily through outpatient clinics ardpitals.

There were several important differences betweer.édmbrou et al. (2011) study and other
studies included under the selective attentiongeate The main factor that distinguished the redear
by Lambrou et al. (2011) et al. from the other &adh this cognitive category was the inclusion of
three separate measures of symmetry preferences@lective attention) with various task condition
Thus, it is possible that a broader construct Efctiwe attention was captured by these measures.
Furthermore, Lambrou et al. (2011) was the onlgyto use the BDD participant’'s own facial stimuli,
detecting a response bias for self-referent inftionaThis finding is consistent with the pilot duby
Yaryura-Tobias et al. (2002) who found that com@acecontrols, the BDD group detected non-existing
symmetry differences in facial stimuli and thasttesponse-bias applied only to personally salient
information. Thus, these results appear to sugfasthe strength of the manipulation of cognitiasks
used to assess cognitive processing abnormalitiB®D may be influenced by the incorporation of
self-referent stimuli. Furthermore, this may reflan important underlying factor common acrossothe
cognitive deficits outlined in the Fang and Wilhg[a®15) BDD model. For example, although not
included in the current meta-analysis due to tleeafi$MRI technology, Feusner et al. (2011) foulnattt
compared to controls, BDD participants were leds tibdeactivate the default mode network (DMN)
when performing an executive task. The DMN is thudug be involved in self-referential thinking that

is less active when engaged in tasks involvingudeof executive functioning resources and most
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active during resting states (Whitfield-GabrieliRrd, 2012). Thus, the authors concluded that less
deactivation during task performance in the BDDugraenight reflect the inability to inhibit self-retd
disorder-relevant thoughts. Furthermore, in thelBalnn et al. (2006) study, the authors found that
compared to the “other-referent” scenarios, the Bjpdup was more likely to misinterpret neutral &ci
expressions as contemptuous when given a selfergfscenario.

Limitations

There are several limitations that may influeneititerpretation of results from the current
meta-analysis. Firstly, many of the included stad@led to adjust for comorbid diagnoses of
depression, eating disorders, and anxiety disomtatsncluded participants who were receiving
pharmacological interventions. This is problematcause it confounds the effects on cognitive
performance with BDD symptomatology. However, du¢he extreme shame and poor insight
characteristic of BDD, sufferers are often reluttarparticipate in research, limiting the poweisath
studies, and making it difficult to adjust for otlactors (Phillips, Didie, Feusner, & Wilhelm, Z)0

Furthermore, Stangier et al. (2008) did not incladesalthy control group, thus we had to
compare differences in selective attention betvaeBDD and a non-disfigured dermatological group.
The authors also reported recruiting female pgdicis exclusively, who may also have had lower
levels of symptom severity. However, results of¢berent meta-analysis did not detect significant
heterogeneity with the inclusion of this study. Hekeless, an important source of heterogeneity was
that inclusion criteria for BDD varied among stugdiéseeSupplementary Table).

The current meta-analysis included studies repprtinonsistencies in measuring central
coherence. In the Buhlmann et al. (2002) studyBigton Facial Recognition Task was used to
measure global-local processing, and it was hyighd that due to preferential processing of sigecif
local facial features, the BDD group would be lassurate at recognising faces, and low scoresisn th
measure would be indicative of an affinity for Ibpeocessing. This is inconsistent with hypotheses
made when administering an Inverted Face Task iamiths variations of this task, as researchers

predicted that due to heightened local procesdiffigctal stimuli, BDD participants would be bettar
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recognising faces in an inverted position (Feuddetler, et al., 2010; Jefferies et al., 2012; Manizet
al., 2013). Furthermore, apart from the Navon, Etdlee Figures Task, Composite tasks, and Mooney
Faces Task, which provided independent scores asumes of global-local processing, the other
cognitive tasks used to assess central coherenasuneel global-local processing on a continuum, with
a single score representing these processes elet,efbgnitive measures, like the Inverted Facd,Tas
make the assumption that global-local processimguially exclusive. This appears to be problematic
as evidenced by the Kerwin et al. (2014) study tvhised the Navon task and found that compared to
controls, the BDD group scored worse on both glalpal local trials. Thus, given that many of thésas
used to assess central coherence measured thtsucbeentinuously, we were unable to analyse eéntr
coherence and instead chose to focus on local gsimgein isolation. Consequently, it is possiblt th
the non-significant effect observed in the locagassing category could be attributed, in part, to
inconsistencies in the methodology used to meakigeonstruct. Further, the inclusion of a variety
different tasks used to measure similar constratsss the four cognitive categories might have
confounded the overall findings reported in thigar@nalysis. Upon the accumulation of more research
in this field, future meta-analytic studies migbhsider using a stricter inclusion criterion foe th
cognitive tasks of interest.

It should also be noted that our Coheathisstimates were calculated using the pooled stdndar
deviation rather than the standard deviation ofcth&trol group. Thus, rather than evaluating group
differences against natural variation in the cdgaitasks that is uncontaminated by variation tesyl
from BDD, estimates for the group differences wittlude more variability in cognitive tasks thato®
from both controls and BDD. In effect, in some senikis confounds variability in the task with
variability created by BDD. This conservative stgt will result in wider confidence intervals, whic
may have obscured some significant findings.

Finally, the current meta-analysis only includeskach published in English, which may have
biased the results (Juni et al., 2002). Furtherpfaileire of most of the included research to blind

experimenters to treatment groups, report attritédas, and disclose all variables omitted from
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analyses, may have led to a reporting of inaccwii¢et sizes, thereby confounding the resultsueut
research should pay more attention to reportingiptessources of individual bias in BDD-related
studies.
Futuredirections

One of the issues encountered in conducting tha-arlysis was the lack of consistency in
reporting results, and the heterogeneity of cogmitasks utilised. Future research should incotpora
reporting more consistent metrics, such as efigessand indices required to calculate effectssize.,
means and standard deviations) for all conditidradl@ognitive tasks administered. For studies
involving comparisons of groups (i.e., BDBcontrol), it would be ideal for researchers to repo
Cohen’sd, as it provides a standardised difference betwgeenps. In an effort to better assess
individual biases across studies, future resedrohld consider disclosing all questionnaires
administered to participants, including those thate omitted from the analyses, blinding
experimenters to treatment groups, and reportimigian rates. It might also be advisable to tést t
proposed cognitive deficits outlined in the Fand &ilhelm (2015) model before moving on to other
constructs and to do this initially in non-clinigadpulations. The advantage of this approach is to
determine whether there are suggestive differeti@@san profitably be followed up in a clinical
population. It would also be useful to agree omalksgroup of important cognitive tasks to inveatig
such that a critical mass of studies can accumaladenform the area. For example, preliminary
research appears to suggest that the inclusioslfafederent information when analysing group
differences in cognitive task performance mighahémportant area warranting further investigation.
Furthermore, to address the limitation of hetereggrcreated as a result of including studies that
evaluated BDD differently, future research mightgider coming to a consensus on a uniform way of
assessing symptomology. Given the small size effibid, it could be advisable to conduct a working
party to discuss and agree on such issues, swehsaachieved by the Obsessive Compulsive

Cognitions Working Party (Obsessions Compulsiongrimns Working Group, 1997).



BODY DYSMORPHIC DISORDER 23

There has been much debate about which underlgigaitive processes are captured when
administering the Emotional Stroop Task, with m@eent theories suggesting that the task capthees t
parallel processing of irrelevant and relevantinfation (MacLeod, 1991). In effect, computerised-Do
Probe Tasks have largely replaced the Stroop Tahlke irecent literature, which also includes medifi
versions in which emotionally salient words areatmat! with neutral words. According to Wells and thiatvs
(1994), the Dot Probe Task is a more direct measattention bias than the Stroop paradigm. Te,dat
selective attention toward disorder-relevant siicaptured by Modified Dot Probe Tasks has beegct in
eating disorder populations (Shafran, Lee, Co®mmer, & Fairburn, 2007; Shafran, Lee, CoopemBal&
Fairburn, 2008). Further, selective attention abradities have been reported in one non-clinicadstu
involving the administration of a Dot Probe Taskdmaip of BDD-relevant stimuli (Onden-Lim, Wu, &
Grisham, 2012).

Given that Buhlmann et al. (2002) and Rossell g&l14) produced inconsistent results when
using the Emotional Stroop task to assess seleatigation in BDD populations, future studies using
Modified Dot Probe Task might yield more consistiimiings. Another potential advantage of using the
Dot Probe Paradigm is that results can be compaitbcdisorders that share similar underlying
psychopathology, such as OCD and anorexia nerwdstge there is evidence of attention bias toward
threatening stimuli (e.g., Amir, Najmi, & MorrisoB009; Blechert, Ansorge, & Tuschen-Caffier, 2010).
Treatment Implications. The results of this meta-analysis have implicatimngleveloping adjuncts to
current treatment modalities for BDD. Implementatad cognitive bias modification techniques could
be used to target specific maladaptive cognitibas thaintain symptoms of BDD, as it has in related
disorders. Cognitive bias modification has beerdwgi¢h some promise in anorexia nervosa (Cardi et
al., 2015) where there is overvaluation of the intgrace of appearance (Hartmann et al., 2015) as the
is in BDD. Attentional probe tasks have been usagtrain attention toward positive stimuli and to
reduce negative interpretations of ambiguous inftimm. Moreover, our findings are consistent with
the existing preliminary evidence supporting a afleognitive bias modification techniques in the

alleviation of BDD symptomology (Premo, Sarfan, &«kin, 2016; Summers & Cougle, 2016). Our
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results suggest that a combination of cognitive hi@dification for attention and interpretation
(MacLeod, 2012) warrants further investigation.tRermore, given that there is preliminary evidence
for the efficacy of Metacognitive Therapy in allatihg symptoms of OCD (Moritz, Jelinek, Hauschildt,
& Naber, 2010) and BDD (Rabei, Mulkens, Kalanti&fglavi, & Bahrami, 2012), and that the
mechanism of action involves increasing awarenkessgnitive biases, the utility of Metacognitive
Therapy in targeting BDD obsessions warrants furitheestigation. Cognitive Remediation Therapy
could also be used to target memory impairmentiBopulations by strengthening executive
functioning and mental flexibility (Fang & Wilheln2015). Enhancing these processes may thereby
serve to ameliorate problem-solving abilities, amdimise reliance on BDD compulsions used to
manage anxiety. Although traditionally, CognitiverRediation Therapy has been used as a treatment
for psychotic disorders, brain injuries, and aftemteficit hyperactivity disorder, a 2014 review b
Tchanturia, Lounes, and Holttum found that thigdpg was a promising new development in the
treatment of anorexia nervosa and OCD. These sggidvide further justification for Cognitive
Remediation Therapy as an adjunct to traditionaDBE2atment modalities.

Examination of the effectiveness of these appraacha also be used to inform the
development of existing models (Craig et al., 20@yen the difficulty of engaging BDD populations
in treatment and research, the most efficient wag$t and modify promising models may be to céntro
for any foreseeable variables, so as to betteblkestteany unknown group differences. Due to the
paucity of existing research in this field, it migtiso be beneficial to first test specific aspettthis
model in non-clinical populations who have sigrafit concerns about appearance prior to evaluation i
BDD populations. Results from these studies ccudth e used to inform treatment studies, which
could later inform how models might be modified¢fiect a greater understanding of the specific
underlying cognitive mechanisms that maintain symat.

Conclusions
The results of the current meta-analysis suggestsgecific cognitive processing abnormalities

involving selective attention, interpretive biasasgd memory deficits may play a key role in the
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development and maintenance of BDD psychopatholallgough local processing failed to produce
significant differences between BDD and controlugp® these results should be interpreted with
caution. Some explanations for this null findinglude possible moderators and methodological
challenges. It is also worth noting that brain-imggstudies used to investigate this construct wete
included in our analyses. Researchers and clirdaisight also consider the use of Modified Dot Probe
Tasks to investigate selective attention, and wetgtions such as Cognitive Bias Modification Therap
and Cognitive Remediation Therapy in order to taspecific cognitive deficits that might be trigger

and maintaining symptoms of BDD.
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Table 1

Summary of Deficitsin Cognitive Processing in BDD
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Cognitive Deficits

Clinical Features

Cognitive Measures

Local Processir

Selective attentic

Interpretation Bie

Memory deficits

Preferential processing
local details, resulting in
preoccupations with
specific flaws in face or
body parts

Fixation on threaand/or
disorder-relevant stimuli/
biased attention to
aesthetic details (e.qg.
symmetry)

Overvalued ideas abo
attractiveness/
misinterpretation of
neutral facial expressions
as representing negative
emotions

Inaccurate coding ar
recall of facial features or
body parts

Composite Tas

Electroencephalogram

Embedded Figures Task

Famous Faces Task

Functional Magnetic Resonance Imaging
Inversion Task

Inverted Face Task

Magnetic Resonance Imaging

Mooney Faces Task

Navon Task

Rey Osterrieth Complex Figures Task (copy)
Short Form Benton Facial Recognition Task

Attractiveness ratings for high spatial freque
images

Discrimination tasks (Aesthetic Perceptual
Sensitivity; Aesthetic Evaluative Sensitivity;
Aesthetic Emotional Sensitivity)

Dot Symmetry Detection Task

Emotional Stroop Task

Eye Tracker

Facial Discrimination Task

Facial Symmetry Detection Task

Video Face Distortion Task

Emotion Recognition Ta:
Go/No-go Association Task
Implicit Association Test
Interpretation Questionnaire
Values-Scale Questionnaire

California Verbal Learning Te

Category Fluency Task

Controlled Oral Word Association Test
Pattern Recognition Test

Rey Osterrieth Complex Figures Task (recall)
Sentence Verification Task

Rey Auditory Verbal Learning Task
Repeatable Battery of Neuropsychological
Status (immediate and delayed recall)
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Spatial Span Te
Spatial Working Memory Test
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Table 2

Meta-analysis statistics used in the analyses for each cognitive category

Studies and mee Outcome Measu g (95% CI) Standar Variance Z p
weighted values Error
Local Processing
Buhlmann et al., 20( BFRT -.16 (-.76: .45) 31 .AC -5C .61
Deckersbach et al., 20 RCFT .80(.12: 1.48) .35 12 2.3C .0z
Jefferies et al., 20: FFT 166 (.8-2.51 .43 A8 3.8¢ .0C
Kerwin et al., 201 EFT, Navol -.68(-1.35: -.00) .34 A2 -1.97 .0t
Monzani et al., 201 Navon, Composite, IF -.05 (-.6C: .50) 28 .0¢ -1¢ .8¢€
Toh et al., 201 MFT .70 (.09: 1.3) 31 AC 2.2¢ .0z
Mean weighted values .35 (-.25: .95) 31 .0¢ 1.14 2%
Selective Attention
Buhlmann et al., 20( Emotional Stroo .93(.22: 1.€4) .36 13 2.5¢ .01
Buhlmann et al., 20: ODT, FD1 .20 (-.26: .67) .24 .0€ .85 .3¢
Hibnel et al., 201 FDT .18 (-.31: .66 2E .0€ a2 .47
Lambrou et al., 201 APS, AES, AEm: 1.22(.79:1.€5) .22 .0t 5.5¢ .0C
Reese et al., 20 FSD, DSL .20 (-.41: .80) 31 AC 68 5%
Rossell et al., 20: Emotional Stroo 39(-.34:1.11) .37 14 1.08 .2¢
Stangier et al., 20( FDT 1.14(.49:1.79) .33 A1 3.4¢ .0C
Toh etal., 2017 Emotional Stroo 54 (-.0€:1.15) .31 .08 1.7¢ .0€
Mean weighted values .60 (.26: .99) A7 .02 350 .0C
I nterpretive Biases
Buhlmann et al., 20( ERT .00 (-.61: 61) 31 .C .0C 1.0C
Buhlmann et al., 20( ERT seltreferent .82 (.15:1.49) 34 Az 2.41 .0z
Buhlmann et al., 20( IAT .21 (-.46: .88) .34 A2z .61 .54
Buhlmann et al., 20( IAT .00 (-.59:.59) .30 .0¢ .0C 1.0C
Buhlmant, Gleiet al., 201 ERT .33 (-.14: .80) 24 .0€ 1.37 .17
Buhlmanr, Teachman et al., 20 GNAT .64 (.17:1.11) 24 .0€ 2.6¢ .01
Hartmann et al., 20: GNAT .03 (-.54:.60) .28 .0¢ JAC .9z
Mean weighted values .30 (.07-.54) Az .01 2.52 .01
Memory Deficits
Deckersbach eal., 200( CVLT, RCF1 50 (-.17:.118 .34 Az 1.4€ .14
Dunai et al., 201 PR, SWM, SOC, £ .82 (.0€: 1.58) 3¢ .15 2.1z .0z
Hanes, 199 RAVLT, NTL, CFT, 13 (-.52:.78) .33 A1 .38 .7C
RCFT
Rossell et al., 20: COWAT, SVT b51(-.23:1.24) .38 14 1.3¢ 1€
Toh et al., 201 RBANS .88 (.2€: 1.51) .32 .10 2.7¢ .01
Mean weighted val ues .56 (.2€: .87) 1€ .02 3.€1 .0C




BODY DYSMORPHIC DISORDER 39

Note: BFRT= Benton Facial Recognition Task; RCFTeyRomplex Figures Task; FFT= Famous Faces Task;
EFT=Embedded Figures Task; IFT=Inverted Face Td$ki= Mooney Faces Task; FSD= Facial Symmetry
Detection; DSD= Dot Symmetry Detection; FDT= Fa@&crimination Task; ODT=0bject Discrimination kas
AES= Aesthetic Evaluative Sensitivity; AemS= Aesth&motional Sensitivity; APS= Aesthetic Perceptua
Sensitivity; FDT PCR= Facial Discrimination Tasloportion of correct responses; FDT ACR= FDT accyrac
change ratings; ERT= Emotion Recognition Task; IAmplicit Association Task; GNAT= Go/No-go Assoadaat
Task; CVLT PR= California Verbal Learning Test partrecall; RCFT PR= Rey Complex Figures Task pgrce
recall; SWM bse= Spatial Working Memory Test betwsearch error; SWM wse= within search error; SVéM s
search strategy; SOC #psol= Stocking of Cambridggk iumber of problems solved; SOC #perf sol= SG@her
of perfect solutions; SOC tmem= SOC total movesxicess of the minimum; SST= Spatial Span Test; COWA
Controlled Oral Word Association Test; RAVLT= Reyditory Verbal Learning Task; NTL= New Tower of
London Task; CFT= Category Fluency Task; SVT= SacgeVerification Task; RBANS= Repeatable Batteny fo

Neuropsychological Status
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Table 3

Analysis of heterogeneity (Q; 1%) and publication bias (ERI) for each cognitive category

Cognitive categorie Q-test? |°-tesf ERI®
Local Processing 25.35* 80.27* 9.4¢
Selective Attention 19.33° 63.79° -.32

I nterpretive Biases 7.2¢ 17.1¢ -1.87
Memory Deficits 3.2Z .0C 1.1%

Note: *p<.05; ®indicates tests of heterogeneftindicates publication bias wheERI=

Egger’s regression intercept
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Listing of titlesfor figures

Figurel

PRISMA diagram of the selection process of stuiiekided in the meta-analysis
Figure 2

Forest plot displaying all local processing studies

Figure 3

Forest plot displaying all selective attention #gd

Figure4

Forest plot displaying all interpretive biases &ad

Figure5

Forest plot displaying all memory deficits studies
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Figure 2
Study nam Outcome measu Hedges’s and 95% C
Buhlmann et al., 2004 BFRT
Deckersbach et € 200 RCFT
Jefferies et al., 20: FFT L
Kerwin et al., 201 EFT, Navol i 3
Monzani et al., 201 Navon, Composite, IF 7
Toh et al., 201a MFT

L

-2.50 -1.25 0.00 1.25 2.50
Favours A Favours B

Note: BFRT= Benton Facial Recognition Task; RCFTeyomplex Figures Task; FFT= Famous Faces

Task; EFT= Embedded Figures Task; IFT= InverteceHeask; MFT= Mooney Faces Task
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Figure 3
Study nam Outcome measu Hedges’'s and 95% C
Buhlmann et al., 2002 Emotional Stroop
Buhlmann et al., 20  ODT, FDT —m
Hubnei et al., 201¢ FDT F—
Lambrou et al., 201 APS, AES, AEm: ——
Reese et al., 20 FSD, DSL e ]
Rossell et al., 20: Emotional Stroo N e —
Stangier et al., 20( FDT 1l = -
Toh et al., 201b Emotional Stroo o
250 125 L0 ] 125 250

Fawours &

Favours B

Note: ODT= Object Discrimination Task; FDT= Fadibkcrimination Task; APS= Aesthetic

Perceptual Sensitivity; AES= Aesthetic EvaluatienS§tivity; AEmS= Aesthetic Emotional

Sensitivity; FDT= Facial Discrimination Task
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Figure 4
Study nam Outcome Measu  Hedges's and 95% C
Buhlmann et al., 2004 ERT
Buhlmann et al., 20( ERT seltreferent —
Buhlmann et al., 20( IAT
Buhlmann et al., 20( IAT
Buhlmani, GleiRet al., 201 ERT ——
Buhlmanr, Teachman et al., 20 GNAT -
Hartmann et al., 20: GNAT
250 125 o 125 25
Favours & Favours B

Note: ERT= Emotion Recognition Task; IAT= Impliéissociation Task; GNAT= Go/No-go

Association Task
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Figure 5

Study nam Outcome Measu Hedges’'s and 95% C

Deckersbach et al., 2000CVLT, RCFT

Dunaiet al., 201 PR, SWM, SOC, S +——

Hanes, 199 RAVLT, NTL, CFT, RCF1 i

Rossell et al., 20: COWAT, SV1 ——

Toh et al., 201 RBANS B
_.__
<

2,50 .25 0.00 1,25 2.50
Favours A Favours B

Note: CVLT= California Verbal Learning Test; RCFTRey Complex Figures Task; PR= Pattern
Recognition Test; SWM= Spatial Working Memory TeSC= Stocking of Cambridge Task; SS=
Spatial Span Test; RAVLT= Rey Auditory Verbal Leiaugn Test; NTL= New Tower of London Task;
CFT= Category Fluency Task; COWAT= Controlled O¥sbrd Association Test; SVT= Sentence

Verification Task; RBANS= Repeatable Battery forudgpsychological Status



Highlights

Cognitive processing abnormalities in Body Dysmorphic Disorder (BDD) were examined
BDD groups were compared to controls

Medium effect sizes for selective attention and memory deficits were found

A small effect size for interpretive biases was found

Use of Dot Probe Tasks to measure selective attention in BDD is proposed





