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Abstract: Body image represents a multidimensional concept including body image evaluation
and perception of body appearance. Disturbances of body image perception are considered to be
one of the central aspects of anorexia nervosa and bulimia nervosa. There is growing evidence
that body image distortion can be associated with changes in pain perception. The aim of our
study was to examine the associations between body image perception, body dissatisfaction,
and nociception in women with eating disorders and age-matched healthy control women. We
measured body dissatisfaction and pain sensitivity in 61 patients with Diagnostic and Statistical
Manual of Mental Disorders-Fourth Edition diagnoses of eating disorders (31 anorexia ner-
vosa and 30 bulimia nervosa) and in 30 healthy women. Thermal pain threshold latencies were
evaluated using an analgesia meter and body image perception and body dissatisfaction were
assessed using Anamorphic Micro software (digital pictures of their own body distorted into
larger-body and thinner-body images). Patients with eating disorders overestimated their body
size in comparison with healthy controls, but the two groups did not differ in body dissatisfac-
tion. In anorexia and bulimia patient groups, body dissatisfaction (calculated in pixels as desired
size/true image size) correlated with pain threshold latencies (#=0.55, p=0.001), while between
body image perception (determined as estimation size/true image size) and pain threshold, no
correlation was found. Thus, we demonstrated that in patients with eating disorders, pain percep-
tion is significantly associated with emotional contrary to sensory (visual) processing of one’s
own body image. The more the patients desired to be thin, the more pain-sensitive they were.
Our findings based on some shared mechanisms of body dissatisfaction and pain perception
support the significance of negative emotions specific for eating disorders and contribute to
better understanding of the psychosomatic characteristics of this spectrum of illnesses.
Keywords: anorexia nervosa, bulimia nervosa, pain perception, body image perception, body
dissatisfaction, Anamorphic Micro

Introduction
Body image is a multidimensional construct that represents body image evaluation that
comprises perceptions, attitudes, and feelings about body size and shape, and related
behaviors.! The perceptual dimension, also called body perception, reflects an indi-
vidual’s subjective expectancy of their body image, and the attitudinal dimension, also
called body satisfaction, reflects an individual’s feelings about their body appearance.>*
Previous research has reported both positive and negative aspects of body image
as a psychologic construct. While a satisfactory body image has been linked to long-
term mental health and to well-being,*’ body image dissatisfaction has been associated
with a variety of disturbances that affect psychosocial functioning and quality of life
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and lead to unhealthy weight control behaviors and suicidal
ideation.®’

Body image dissatisfaction among adolescents has been
shown in those who desired to lose weight and also in those
who desired to gain weight.® Kostanski et al® suggested that
body image dissatisfaction differs significantly depending
upon gender and body mass. They found a significant increase
in body dissatisfaction across body weights among females,
reflecting a prevalent desire to be thinner.’ It was also empha-
sized that adolescent perceptions and not their actual weight
were associated with emotional distress.!

It is relatively well established that the body image is vul-
nerable to damage of the central structures that affect motor
skills (motor cortex, basal ganglia, and cerebellum); however,
the effect of emotions and the role of the peripheral nervous
system are much less clear. Central representation of the body
can be significantly modified by peripheral factors. Patients
with phantom pain after amputation or complex regional
pain syndrome frequently describe altered perceptions of
their bodies.!! Persons so affected perceive their nonexistent
or painful limb as dimensionally altered and in an abnormal
or bizarre position relative to their body, even to the point of
describing different skin texture or temperature.'? Severe pain
is not the only thing that can distort the size of the affected
body part; it is also typical of anesthesia, with the numb area
feeling as though it is of different size, for example, it may
feel larger than normal.'* A similar distortion of body size
can also be observed with pain.'

There is growing evidence to suggest that body image
can be distorted in people with pain, keeping in mind that
the disturbances of body image and pain perception represent
central aspects in anorexia nervosa (AN). Several studies
have confirmed decreased pain sensitivity in patients with
eating disorders; however, it still remains unclear what
physiologic and psychologic factors are associated with this
altered sensitivity.!>!

The aim of our study was to analyze the association
between body image perception (BIP), body dissatisfaction,
and nociception in women with eating disorders, relative to
age-matched healthy women (controls). We hypothesized that
as with patients suffering from chronic pain, a more distorted
(enlarged) whole body image would be related to higher pain
sensitivity, that is, lower pain thresholds.

Methods

Participants
Sixty-one patients with eating disorders were recruited con-
secutively from the inpatients of Eating Disorders Unit at the

Psychiatric Clinic of the First Faculty of Medicine, Charles
University, Prague. Thirty-one patients fulfilled the Diagnos-
tic and Statistical Manual of Mental Disorders-Fourth Edition
criteria for AN and 30 patients for bulimia nervosa (BN).

Patients with eating disorders not otherwise specified,
psychosis, or current abuse of psychoactive substances were
excluded. All patients were tested during the first week of
hospitalization. The control group consisted of 30 healthy
age-matched women who were recruited from the local
community. The additional exclusion criteria for both groups
were current analgesic medication, pregnancy, diabetes, or
neurologic illness.

Forty of the 61 patients were taking psychoactive medi-
cation at the time of the study: selective serotonin reuptake
inhibitor antidepressants (32), olanzapine (7), and sulpiride
(3). Three patients had a concurrent diagnosis of an affec-
tive disorder, 3 had an anxiety disorder (1 posttraumatic
stress disorder), 5 had a previous history of substance abuse
(abstinent for at least 3 months), and 21 had a history of
autoaggressive behavior. As in our previous study, we found
no principal effect of medication or comorbidity; therefore,
patients taking psychoactive medication were not excluded
from the analyses.®

This study was carried out in accordance with the Dec-
laration of Helsinki (Br Med J 1964; 2: 177178, as revised
in 2008). After the procedures were fully explained, each
participant signed an informed consent. The research was
approved by the ethics committee of the Third Faculty of
Medicine, Charles University, Prague.

Pain threshold measurement

Pain threshold latencies for thermal stimuli were measured
by the same method as in our previous studies.'”'® Briefly, the
participants were asked to put their finger on the aperture of
thermal analgesia meter (Model 33; IITC Life Science, Wood-
land Hills, CA, USA), which applies radiant heat at a constant
intensity, and then withdraw their finger when they started
to feel pain. The time from start of the radiant heat to finger
withdrawal was used as a measure of thermal pain threshold
latency. To prevent tissue damage, the maximum duration of
heat exposure was set at 10 s. The pain threshold was measured
on the dorsal aspect of the index, middle, and ring fingers of
the dominant hand (all participants were right-handed). An
average of the three measurements was used in the analysis.

Self-report questionnaires
Body attitude test (BAT) is a measure of body image dis-
turbance (20 items; 0-5 Likert scoring) with a three-factor
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structure. Its three subscales measure negative appreciation
of one’s own body size (BAT-1), lack of familiarity with
one’s own body (BAT-2), and general body dissatisfaction
(BAT-3).'2° For this study, we used the total score. The
Czech translations of the BAT had been previously validated
in samples of eating disorder patients and healthy controls.?!

Anamorphic Micro
BIP and dissatisfaction with one’s own body (DIS) were
measured using Anamorphic Micro Software (Liverpool,
UK). Anamorphic Micro is a computerized body image
assessment program. It is a validated technique that enables to
distort the picture by up to 100% and make the picture either
wider or narrower. In our procedure, a digital photograph of
the participant’s whole body, standing against a plain white
wall was used. The photograph was then downloaded into
the Anamorphic program. Then, the resulting pictures were
enlarged or narrowed using the computer software (Figure 1).
Participants were asked to adjust each photograph according
to the following instructions: first, the image of yourself that
you see on the screen has been modified; please adjust it so
that it matches what you really look like; second, adjust the
modified image, if necessary, so that it corresponds to how
you would like to look.

The participants were asked to perform two estimations (once
with a starting image that was 100% wider and another time with

Estimation Desire

Go to 2nd Test

an image that was 50% narrower) to provide a counterbalancing
effect, thus reducing any bias (Anamorphic User Guide, 2008).
The average of the two values was used for analysis.

The results were presented as three images shown
together: the true image size, the estimated size, and the
desired image size of the volunteer (Figure 1). Anamorphic
Micro then calculates the ratio of the estimated image and
true image in pixels (BIP) and the ratio of desired image
and true image in pixels (DIS). BIP scores >100% indicate
an overestimation of size, whereas DIS scores <100% indi-
cate a desire to be thinner. Similar to previous reports, the
discrepancy between current body size (true size) and ideal
body size (desired size) is a reliable and validated measure
of body size dissatisfaction. Therefore, we used BIP and DIS
scores for data analysis.?>?* Finally, each participant’s weight
and height were measured and the BAT questionnaires were
completed.

Statistical analysis

Between-group differences were analyzed using analysis of
variance. Where indicated, simple planned comparisons were
used in the post hoc analyses. Associations between pain
sensitivity and BIP and DIS were analyzed using the Pearson
correlation. The total scores of BAT were also correlated with
the individual scores obtained for BIP and DIS. Differences
were considered significant if p<0.05.

Reality

Figure | An lllustration from the Anamorphic Micro Program. (The Venus of Dolni Véstonice is a ceramic statuette of a nude female figure dated to 29,000-25,000 BCE,
which was found at a Paleolithic site in the Moravian basin, south of Brno. This figurine is the oldest known ceramic article in the world.)
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Results

Demographic and behavioral measures
Results of analysis of variance are summarized in Table 1.
Except for age and height, significant group differences were
found in all observed variables.

Thermal pain threshold latency

Patients with AN and BN had higher pain thresholds than
controls (F (2, 88)=5.349, p=0.0064; Figure 2). No signifi-
cant differences were found between anorexia and bulimia
patients.

Anamorphic Micro and BAT
Results from the BAT showed that patients with AN and BN
were more dissatisfied with their bodies than control women
(F(2,88)=22.25, p<0.00001). No significant differences were
found between anorexia and bulimia patients (Figure 3).
Both groups of patients with eating disorders over-
estimated their body size (123% in bulimia and 130% in
anorexia) to a greater extent than control women (110%)
(BIP: F (2, 88)=11.16, p=0.00005; Figure 4).
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Pain threshold latency (s)
N
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1

0
F(2,88)=5.349, p=0.006 Bulimia Anorexia Control

Figure 2 Pain threshold latency in AN and BN patients and controls.

Note: *p<0.01 C vs BN; #p<0.05 C vs AN.

Abbreviations: AN, anorexia nervosa; BN, bulimia nervosa; C, controls; SE,
standard error.

Table | Demographic and behavioral measures

Patients with BN were more dissatisfied with their own
bodies (their ideal figure should have been about 82% of
their current figure) than AN and controls (97% and 96%,
respectively) (DIS: F (2, 88)=6.85, p=0.0017; Figure 5).
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F(2,87)=22.25, p<0.00001 Bulimia Anorexia Control

Figure 3 Body attitude test (BAT) in AN and BN patients and controls.

Note: ¥p<0.001 C vs BN; ###p<0.001 C vs AN.

Abbreviations: AN, anorexia nervosa; BN, bulimia nervosa; C, controls; SE,
standard error.
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Figure 4 Body image perception (BIP) in AN and BN patients and controls.
Note: **p<0.001 C vs BN; ###p<0.001 C vs AN.

Abbreviations: AN, anorexia nervosa; BN, bulimia nervosa; C, controls; SE,
standard error.

Anorexia, n=31 Bulimia, n=30 Controls, n=30 ANOVA

MeantSD MeantSD MeantSD F (2, 88) p-value
Age (years) 24.3+5.4 24.615.0 23.0+3.3 0.98 0.384
Weight (kg) 45.3+6.6 59.9+13.3 65.8+8.7 34.12 0.00000
Height (m) 1.6610.07 1.674+0.07 1.68+0.06 0.88 0.418
BMI (kg/m?) 16.612.0 21.5+4.8 233433 29.76 0.00000
BIP (%) 130.4+22.5 122.7+16.6 109.6+10.8 .16 0.00005
DIS (%) 96.8+24.7 81.9£15.7 96.4+9.8 6.85 0.00172
BAT 54.6+20.3 61.6121.3 29.9+15.6 22.25 0.00000

Abbreviations: ANOVA, analysis of variance; BAT, body attitude test; BIP, body image perception; BMI, body mass index; DIS, dissatisfaction with one’s own body.
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Both groups of patients showed greater variability in DIS
than control subjects. In this respect, the control group was
relatively homogeneous in comparison with patients with
eating disorders. DIS and BIP in the control group were near
the true image, which means that there was no substantial
conflict between “what I see” and “what I desire to look like”.

Relationship between BIP, DIS, and BAT

To confirm the validity of the Anamorphic Micro program
results, we correlated scores from the BAT questionnaire with
BIP and DIS. Results are shown in Table 2. We found that in
both groups of patients as well as in controls, DIS negatively
correlated with BAT (AN: r=—0.56, p=0.001; BN: =—0.56,
p=0.002; and controls: »=—0.62, p=0.0003). BIP was not
related to BAT in patients with anorexia (#=0.31, p=0.09), con-
trary to patients with bulimia and controls (»=0.42, p=0.023
and =0.39, p=0.031, respectively). In Anamorphic Micro, the
distortion of the whole body does not permit for manipulation
of separate body parts. This could cause difficulties in assess-
ing BIP among those patients who were dissatisfied with just
specific body part that can be better described in the BAT.
BIP and DIS correlated only in eating disorder groups
(AN: =-0.45, p=0.012; BN: r=—0.54, p=0.002), but not in
controls (r=0.2, p=0.295). These observations may reflect

100 Mean
s +SE
80

60

40

Objective DIS %

20

0

F(2,88)=6.85, p=0.0017  Bulimia Anorexia Control

Figure 5 Dissatisfaction with one’s own body (DIS) in AN and BN patients and
controls.

Note: **p<0.001 C vs BN; ###p<0.001 C vs AN.

Abbreviations: AN, anorexia nervosa; BN, bulimia nervosa; C, controls; SE,
standard error.

more realistic estimation of body size in healthy women,
which is independent of satisfaction and, on the other hand,
body size overestimation in patients predicts greater DIS.

Relationship between pain threshold and
BIP and DIS

Perception of body size (BIP) was not correlated with the pain
perception in any of the groups (Figure 6); however, in both
groups of patients with eating disorders, pain perception sig-
nificantly correlated with DIS (AN: r=0.49, p=0.0047; BN:
r=0.38, p=0.039) vs controls (r=—0.05, p=0.7726), as shown
in Figure 7. Shorter latencies of withdrawal reactions (i.e.,
lower pain thresholds) were found in patients with stronger
desire to be thinner (DIS <100%).

Relationship between pain threshold
modulation and disease characteristics in
anorexia and BN
Twenty-one patients (12 BN and 9 AN) with autoaggressive
behavior did not differ from other patients in any of the moni-
tored items (BIP: 123% vs 128%, t=1.02, p=0.31; DIS: 85%
vs 93%, t=1.38, p=0.17; BAT: 63 vs 55, t=1.50, p=0.14; and
withdrawal latency: 6.9 vs 6.7 s, 1=0.41, p=0.68, respectively).
In addition, the analysis performed within diagnostic
subgroups did not show any significant differences. Using
Student’s ¢-test, AN patients with autoaggressive behavior
did not differ from AN patients without such behavior (BIP:
128% vs 131%, t=0.38, p=0.71; DIS: 91% vs 99%, =0.9,
p=0.37; BAT: 63 vs 51, t=1.6, p=0.12; and withdrawal
latency: 6.6 vs 6.4 s, t=0.28, p=0.78, respectively), and also
BN patients with autoaggressive behavior did not differ from
BN patients without such behavior (BIP: 119% vs 125%,
=1.01, p=0.32; DIS: 80% vs 83%, 1=0.5, p=0.61; BAT: 63
vs 60, t=0.37, p=0.71; and withdrawal latency: 7.1 vs 6.8 s,
t=0.28, p=0.78, respectively). Due to an imbalance in the
number of patients with and without autoaggressive behavior,
we consider these results as preliminary.

Discussion
In patients with eating disorders, the distorted perception and
negative affective evaluation of one’s own body may be but one

Table 2 Correlation matrixes of the data obtained from BAT and the items BIP and DIS from Anamorphic Micro

Anorexia, n=31

Bulimia, n=30

Controls, n=30

BIP DIS BIP DIS BIP DIS
DIS r=—0.45; p=0.012 r=—0.54; p=0.002 r=0.20; p=0.295
BAT r=0.31; p=0.09 r=—0.56; p=0.001 r=0.42; p=0.023 r=—0.56; p=0.002 r=0.39; p=0.03 r=—0.62; p=0.000

Abbreviations: BAT, body attitude test; BIP, body image perception; DIS, dissatisfaction with one’s own body.
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aspect of a more general disturbance in processing of bodily
stimuli. Other manifestations of this hypothetic disturbance
may be insensitivity to fatigue, hunger, and physical pain.

Originally, we expected similar relationship between
perceived body size and subjective pain, as was described
in patients suffering with pain.'*? Therefore, we suspected
that patients with the greatest tendency to overestimate their
body size would have shorter withdrawal latencies (lower
thermal threshold) relative to patients who estimated their
body size more accurately. We were unable to confirm such
a relationship, and therefore, our working hypothesis was
not supported. However, we did find that the pain threshold
in AN and BN groups was correlated with body dissatisfac-
tion. Emotional representation of one’s own body was more
important than visual feedback from a resized image of one’s
own body. Surprisingly, this association was not found in
healthy controls, although there is experimental evidence
that manipulation with a magnified or distorted hand induces
unpleasant emotions in healthy men. More negative emotions
were felt toward the magnified image of the hand and in
another study, pain-related negative body appearance caused
increased pain sensitivity, particularly in subjects with lower
pain thresholds.?6?

Similarity between pain and body perception consists of
partially related perceptual, affective, and cognitive dimensions.
Pain represents a negative emotion, and the amygdala appears to
be a key brain structure in the overall pain matrix; it is thought to
provide both positive and negative emotional values to sensory
information, thus leading to adapted behavioral and affective
responses and contributing to emotional memory.?*? Seeger et
al published the first study that showed right amygdala activa-
tion in AN patients after they were confronted with their own
distorted body image.>* Similar results were observed in both
types of anorexia — restricting and binge/purging — in response
to their own fat image (artificially enlarged); however, this was
not found in bulimia.*! A positive correlation between amygdala
activation and modulation of extrastriate body area suggests that
emotional signals are transmitted to the body-selective areas
from the amygdala.?? Besides amygdala, increased activity
has been observed in the dorsolateral prefrontal cortex, in AN
patients vs healthy controls, in response to an oversized body
picture; additionally, a significant correlation was found in AN
patients between dorsolateral prefrontal cortex activation and
eating disorder psychopathology according to Eating Disorder
Questionnaire — shape concern.** The dorsolateral prefrontal
cortex is involved in regulating responses to emotional stimuli.
When the recovered anorexic patients were exposed to painful
heat stimuli, they showed less activation of posterior insula and
more activation of dorsolateral prefrontal cortex (dIPFC).** AN

is associated with a reduced capacity to accurately perceive
interoceptive bodily signals which are central for basic homeo-
static regulation. Using a heartbeat perception task, patients
with AN displayed decreased interoceptive sensitivity.*> The
insular and anterior cingulate cortices are also involved in the
conscious processing of interoceptive stimuli.

Disturbances in the processing of bodily stimuli may
also be associated with the psychopathological process of
dissociation. In our previous study, the relationship between
body image disturbance and somatoform dissociation was
explored using two self-report measures, which had been
translated into the Czech language.?! The BAT and the
Somatoform Dissociation Questionnaire®” were administered
to 57 female patients with eating disorders (30 with AN; 27
with BN). Compared to a control group of 39 healthy women,
patients with eating disorders scored significantly higher on
both somatoform dissociation and pathologic body attitudes.
Moreover, the two measures were highly positively associated
both within the individual eating disorder groups as well as
across the combined sample. The strongest association was
found between somatoform dissociation and the lack of
familiarity with one’s own body (BAT-2 subscale). The results
suggested that body image disturbance and dissociation in
eating disorders were strongly related.

The BAT questionnaire represents a mixture of both
perceptual and emotional attitudes toward one’s body. In
this study, we showed that the BAT was, in all groups, more
related to body dissatisfaction than to BIP. More specifically,
BAT and BIP were not correlated in patients with anorexia,
which may reflect different processing of visual and verbal
information concerning one’s own body. Some results showed
that AN patients have a disturbance in the metric properties of
the mental representation of their body since they overestimate
the size of tactile stimuli compared to controls.*® Moreover,
in another study, it was shown that patients with AN judged
horizontal tactile stimuli significantly larger than the same
stimuli with vertical orientation. These findings imply that
the human brain perception differs according to body repre-
sentations and that the attitude to body size might influence
the specific somatosensory process of tactile experience.*

This study has several limitations. Perception of pain
and perception of the body were tested independently in
different days; therefore, when we discuss an association
between these two factors, we rather describe trait instead
of state relationships. We did not assess how pain threshold
is modulated in a given moment by DIS, but how general
body dissatisfaction is related to individual pain sensitivity.
Nevertheless, it does not mean that the observed relationships
will be time invariant.
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Many studies have repeatedly found increased pain
thresholds in patients with eating disorders,'®!74042 while
others have found no changes in pain thresholds during short-
term treatment.*> However, there are no studies that have
described the stability of this phenomenon from a long-term
perspective. On the other hand, Probst et al* assessed patient
body experience before and after intensive therapy in 290
eating disorder patients using the BAT, the Eating Disorder
Inventory, and the Eating Disorder Evaluation Scale, and
they found that negative body experiences improved after
therapy and these positive changes lasted for up to 1 year.
The Eating Disorder Inventory scores and the Body Mass
Index appeared to be the strongest predictors of the total BAT
score at follow-up.** Although body dissatisfaction can be
quite persistent in eating disorders, intensive treatment can
substantially improve the patient’s body experience.

Contrary to this, very recent studies have demonstrated
that body image can fluctuate in different situations and
contexts, that is, body image is a dynamic phenomenon modi-
fied by many different stimuli such as eating food, one’s own
emotional signals, and other people’s opinions and criticism
about oneself and one’s appearance.***¢ Further studies are
needed to explore the long-term fluctuation of body and pain
perception and their impact on course of the illness.

In this study, using anamorphic techniques, we found no
relation between pain perception and the perception of one’s
own body size, that is, no association with the visual sensory
component of body perception either between groups of
patients with eating disorders or between patients and the
women used as controls. In contrast to this finding, pain percep-
tion was significantly associated with the emotional component
of body perception in both groups of patients. Greater DIS
and, therefore, a greater desire to be thinner were associated
with greater sensitivity to pain. Our results demonstrate that
DIS reflects specific negative emotions in eating disorders that
significantly influence eating behavior and pain perception.
Our findings should significantly impact on our understanding
of the psychosomatic characteristics associated with the clini-
cal evaluation and treatment of patients with eating disorders.
We also hope that our results will be included in the ongoing
genetic research for new phenotypes linked to eating disorders.

Conclusion

In patients with eating disorders, pain perception is signifi-
cantly associated with emotional, but not with sensory (visual)
processing of their body image. Body dissatisfaction reflects
negative emotions that share some mechanisms with the pain
processing system. Specific body dissatisfaction may induce in
those with eating disorders a greater sensitivity to bodily pain,

in contrast with time-limited subjective relief of psychological
pain associated with a narrowed focus on body appearance.
This mechanism might explain the psychosomatic relation-
ships, the long-term course of which needs further clarification.

The preliminary data of this paper were presented at a
conference EFIC “Pain in Europe” in Florence, Italy, 2013.%
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