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" Department of Clinical Psychology and Psychotherapy, University of Tuebingen, Tuebingen, Germany, 2 Department of
Clinical Psychology and Psychotherapy, University of Freiburg, Freiburg, Germany

Body image interventions have been shown to reduce self-reported cognitive-emotional
facets of body image disturbance in binge eating disorder (BED). However, more
objective assessment methods are required to evaluate the effects of these interventions.
Therefore, the present study aimed at investigating the usefulness of vocally encoded
emotional arousal as physiological correlate of body dissatisfaction during mirror exposure
in women with BED. Women with BED (n = 60) and weight-matched controls (CG; n = 60)
participated in an experimental thought-sampling procedure including a mirror exposure
and a control condition in a repeated-measures design. Fundamental frequency as a
vocal correlate of emotional arousal as well as negative, neutral, and positive body-related
cognitions during both conditions were analyzed. In line with our hypotheses, the BED
group verbalized more negative, and less positive and neutral body-related cognitions
during the mirror exposure condition compared to the CG. Contrary to our hypotheses,
though, there was a stronger increase in physiological arousal between the control and the
mirror exposure condition in the CG relative to the BED group. Furthermore, a significant
negative correlation between fundamental frequency and the severity of cognitive-
emotional body image disturbances emerged. The findings indicate a cognitive-emotional
over-involvement with physical appearance during mirror exposure in women with BED
compared to weight-matched controls in the absence of a corresponding physiological
pattern. Results are discussed in terms of an impaired ability of women with BED to show
adequate physiological responses to body-related stress. In addition, methodological
recommendations for future research are presented.

Keywords: binge eating disorder, body image, mirror exposure, fundamental frequency, physiology

INTRODUCTION

According to the Diagnostic and Statistical Manual of Mental Disorders (1) binge eating
disorder (BED) is characterized by recurrent episodes of binge eating accompanied by feelings
of loss of control in the absence of inappropriate compensatory weight regulation behavior as
in bulimia nervosa (BN). BED is the most prevalent eating disorder (2) and is associated with
overweight and obesity, elevated psychological and medical comorbidity, as well as psychosocial
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impairment. These severe consequences illustrate the need to
identify and understand the core mechanisms underlying this
eating disorder (3-5).

Although the diagnostic criteria for BED do not include a
criterion relating to body image disturbances, there is increasing
empirical evidence for the detrimental influence of a negative
body image in patients with BED (for an overview see 6). Body
image is a multifaceted construct, which consists of a perceptual,
a cognitive-affective and a behavioral component (7). The
cognitive-affective component, which comprises attitudes,
cognitions, and emotions regarding one’s own body (e.g., body
dissatisfaction, overvaluation of shape and weight), seems to
be especially relevant in distinguishing patients with BED from
weight-matched individuals without an eating disorder. These
results underline the assumption that body image disturbances
in women with BED are not only a result of increased weight,
but of eating pathology (8, 9). This assumption is furthermore
supported by the fact that the level of body image disturbances
observed in BED is comparable to the level of impairment
observed in patients with BN (10). Besides being linked to
severe functional impairment, eating disorder psychopathology,
and depression in women with BED (11, 12), numerous studies
emphasize the importance of body image disturbances for the
development and maintenance of BED. As such, longitudinal
studies have identified body dissatisfaction as a risk factor for
the development of BED in adolescent females (e.g., 13, 14).
Furthermore, negative mood preceding binge episodes is most
frequently triggered by weight and shape related issues (15).
This corroborates findings from an experimental study in which
desire to binge and salivation during mirror exposure relative to
a control condition were only increased in women with BED but
not in weight-matched controls (16). Beyond that, overvaluation
of shape and weight has demonstrated to be one of the most salient
predictors and moderators for remission rates in the treatment of
BED. Thereby, the presence of overvaluation of shape and weight
was associated with significantly lower remission rates at the end
of both a pharmacological and a cognitive-behavioral treatment
(CBT) (17). Additionally, elevated levels of weight concern also
negatively influenced remission rates during a 4-year follow-up
period following CBT treatment in another study (18).

Mirror exposure has been shown to be a validated treatment
for the improvement of body image disturbances in patients with
clinical and subclinical eating disorders (19). It encompasses
the systematic, repetitive viewing of oneself in a mirror under
therapeutic guidance mostly including a non-judgmental
description of the own body parts (19-22). In BED, two
studies have shown that mirror exposure leads to significant
improvements in the cognitive-affective component of body
image, as well as to substantial and stable improvements in
eating-disorder specific and overall psychopathology (23, 24).
Finally, in one study (25), participants with BED underwent a
prolonged and repeated experimental mirror exposure task
without therapeutic support. Here, a decrease in negative mood
and negative body-related cognitions as well as an increase in
appearance self-esteem was found after two prolonged mirror
exposures. This corroborates the assumption that one possible
underlying mechanism of change during mirror exposure might

be habituation to the discomfort and negative affect elucidated
through the confrontation with one’s own body (for a review see
19). Of note, though, the reported cognitive-emotional habituation
effects in mirror exposure mostly rely on self-report data (22,
26, 27) and little research so far has focused on more objective,
psychophysiological responses during mirror exposure in patients
with BED. A more objective approach though is important as
self-report measures are prone to social desirability biases which
might be especially relevant in treatment evaluation (28). Second,
as habituation is said to be one of the mechanisms responsible for
improvements following mirror exposure therapy (19), research
on physiological activation during mirror exposure warrants
further attention.

Admittedly, though, results concerning changes in
physiological arousal over the course of mirror exposure as
measured by heart rate (variability), skin conductance, and
salivary cortisol have been inconclusive despite concomitantly
obtained group differences in self-reported cognitive-affective
body image disturbances (29-32). For example, in the study
conducted by Servian-Franco et al. (31), a greater level of arousal
while focusing on thinness-related body parts like hips, buttocks,
and abdomen during mirror exposure was found in both high
and low body-dissatisfied women, whereas significantly higher
levels of negative emotions and cognitions were observed in
highly dissatisfied women compared to controls. Two studies
investigating physiological changes following body image
therapy also reported heterogeneous results. While Trentowska
etal. (32) found no changes in psychophysiology in women with
BN using heart rate (variability) and skin conductance level
prior to and after mirror exposure therapy, neuroendocrine
changes measured by cortisol level were found in a sample
with patients with BN in a study conducted by Diaz-Ferrer
et al. (30). In BED, only one study so far has investigated the
effect of a mirror exposure by using both self-reported and
physiological measures of stress response. While Naumann
et al. (33) found women with BED and weight-matched
controls to show an increase in body dissatisfaction after
mirror exposure compared to no mirror exposure following a
socioevaluative stress induction by means of the Trier Social
Stress Test for Groups (TSST-G), this increase was significantly
more pronounced in women with BED. However, no difference
in physiological arousal measured by salivary cortisol was
found. Given the inconclusive results concerning physiological
activation during mirror exposure, further research is needed to
understand the relationship between the cognitive-affective and
the physiological activation during mirror exposure. Notably,
physiological assessment methods used in previous studies have
been criticized due to their invasiveness and visibility during
mirror exposure potentially serving as visible distractor (32, 34).
A recently-discussed, non-invasive way of measuring emotional
arousal is the assessment of vocal fundamental frequency (35).

Fundamental frequency (f0) refers to the vibration of the vocal
folds during phonation and is highly correlated with perceived
pitch. During stress, higher f0 scores have been observed in
simulated as well as in naturally occurring stressful situations due
to the heightened tension in the involved speech muscles (36). In
psychological research, f0 has already been used as a correlate
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of emotional arousal in research on couple therapy as well as
in research on mental disorders, especially anxiety disorders
(e.g., 37-42). Referring to some recent results, f0 was able to
differentiate between persons with and without the diagnosis of
a social anxiety disorder during a stress-provoking speech task
(38). In a study on couple interactions, significant correlations
between f0 and other physiological measures like heart rate
variability, blood pressure, and cortisol were found, further
underpinning the usefulness of f0 in psychological research
(39). In the context of body dissatisfaction, only one study so far
has proven the utility of vocally encoded emotional arousal as a
physiological correlate of body distress. During an experimental
mirror exposure, vocally encoded emotional arousal was able
to differentiate between women with overweight and obesity
and normal weight controls, and correlated significantly with
different validated measures of body image (43). Furthermore,
encouraging results have been found concerning the predictive
value of 0 in treatment studies. Vocally encoded emotional
arousal measured during a stress-provoking task prior to
and after pharmacotherapy was able to distinguish between
treatment-responder and non-responder in patients with social
phobia; similarly, in couple therapy, treatment was predicted by
spouses’ {0 scores during a couple conflict prior to therapy (34,
44). Against this backdrop, vocally encoded emotional arousal
seems to be a convincing alternative for assessing emotional
arousal during a stress-provoking task in mental disorders.

Thus, this study aimed at investigating the psychophysiological
and cognitive-affective reactions to an experimental mirror
exposure in women with BED using vocally encoded emotional
arousal during a thought-sampling procedure. We hypothesized
that women with BED would show a greater increase in
f0 between the control and the mirror exposure condition
compared to weight-matched women without an eating disorder.
In line with previous studies (e.g., 23, 45), we expected more
negative (and fewer positive) body-related cognitions and more
self-reported negative emotions by means of visual analogue
scales (stress, insecurity, body dissatisfaction) in the BED group
compared to controls during the mirror exposure relative to the
control condition. Furthermore, significant positive correlations
between the difference score of f0 between the two experimental
conditions, and validated state and trait measure of body image
were hypothesized.

MATERIALS AND METHODS

Participants

The study was approved by the Ethics Committee of the
Medical Faculty of the University of Tuebingen (575/2014BO2).
Females with binge eating disorder (BED; n = 60) and females
with overweight and obesity without an eating disorder (CG;
n = 60) were eligible for participating in this study. The BED
sample was recruited from an ongoing randomized controlled
trial on therapeutic mirror exposure in BED (data from the
comparative RCT will be presented elsewhere). The present
study was conducted as part of a baseline assessment prior to

randomization to the RCT. The CG was matched to the BED
group on BMI and age.

Inclusion criteria for both groups were a) age between 18
and 69, b) female gender, ¢) corrected or normal vision, and
d) German language skills. Furthermore the CG had to have a
body mass index (BMI) of > = 25 and no lifetime diagnosis of an
eating disorder. Exclusion criteria for both groups consisted of
the presence of a) acute psychosis, severe suicidal ideation, manic
episode, or substance abuse/addiction, b) pregnancy or lactation
period, c) borderline personality disorder, or d) severe physical
illness. Eating disorder pathology and the present diagnosis
of BED according to DSM-V (1 binge/week during the last 3
months) was assessed using the Eating Disorder Examination
(EDE; German version: 46) while all other mental disorders
were screened by the Structured Clinical Interview (SCID) for
DSM-IV Axis I and Axis II Disorders (German version: 47). All
participants were financially rewarded.

There were no differences between the two groups regarding
age, BMI, and educational level (see Table 1). However, women
with BED were less frequently in a partnership than controls. As
expected, the BED group self-reported higher scores on measures
of eating pathology and severity of depression. In line with previous
research (3) comorbid mental disorders were more frequent in the
BED relative to the CG, whereby anxiety and affective disorders
were the most frequent ones (anxiety disorders: BED: 18.6%/ CG:
6.8%; affective disorders: BED: 10.2%/ CG: 3.4%).

TABLE 1 | Descriptive characteristics of demographic and psychopathological
variables for women with binge eating disorder (BED) and women with
overweight and obesity (CG).

BED CG Statistics
(n = 60) (n = 60)
Frequency Frequency
Education level?
low 16 18 ¥? (1) =.165
high 43 41
Marital status? %2 (2) = 6.995*
with partner 27 41
single 23 14
widowed/divorced 9 4
Comorbid diagnosis? 16 7 %2 (1) =4.180*
M (SD) M (SD)
Age (years) 42.2 (14.6) 40.13 (14.8) F(1,118)=0.575
BMI 32.8 (6.0) 30 9(9.0 F(1,118) = 1.868
BDI 18.9(11.8) 8(7.6) F(1,118) = 37.404**
EDE 0 2.4 (0.9 4(0.9) F(1,118) = 43.596**
EDEghape concerns 3.6(1.1) 1(1.2) F(1,118) = 55.750**
EDE,cight soncerns 3.2(1.2) 9(1.2) F(1,118) = 32.332**
EDE estraint eating 1.4 (1.3 9(1.1) F(1,118) = 4.736*
EDE¢ating concerns 1.5(1.2) 5(0.9) F(1,118) = 25.243**
BSQ 126.6 (25.1) 87 9 (30.8) F(1,118) = 56.916**

BDI, Beck Depression Inventory; BMI, Body Mass Index; BSQ, Body Shape
Questionnaire; EDE, Eating Disorder Examination (for detailed description see
the section Questionnaires and Interviews); educational level: low < secondary
school; high = baccalaureate or university degree.

*p<.05, " p<.001.

an = 59 in the BED group and the CG due to missing data in questionnaire assessment.
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Measures

Experimental Thought-Sampling

A thought-sampling task was implemented to assess the
occurrence of negative, neutral, and positive body-related
verbalizations as well as to measure vocally encoded emotional
arousal. Therefore, participants were instructed to verbalize
all their concurrent cognitions and emotions in two different
conditions each lasting 5 min while standing alone in a small
soundproof room.

During the control condition (CC), participants stood in
front of a closed mirror wearing their street wear, while during
mirror exposure (ME) they wore a standardized underwear
(nude panty and top) while they were standing in front of a
three-winged full-length mirror. A microphone placed on the
ceiling of the room recorded all verbalizations. Before starting
with the two experimental conditions, participants practiced
thinking aloud while the investigator was present in order to
familiarize with the task.

Each condition started with a 2-min relaxation task to
direct participants’ attention on their concurrent feelings and
thoughts. The order of the two conditions was randomized and
counterbalanced between the two groups. At the beginning of
the experiment as well as after each experimental condition,
participants had to fill in some questionnaires measuring current
stress, insecurity, and body satisfaction level as well as the
motivation to follow the instructions (for further information, see
section Questionnaires and Interviews). After the task, participants
were debriefed.

Questionnaires and Interviews

1) Body dissatisfaction was assessed using the German Version
of the Body Shape Questionnaire (BSQ; 48; German version:
49). The BSQ is a 34-item self-report questionnaire, which is
widely used to assess weight and shape concerns over the past
four weeks on a six-response scale for each item ranging from
1 (never) to 6 (always). The minimum score is 34, reflecting
no shape and weight concerns, whereas the maximum score
of 204 reflects extreme shape and weight concerns. The BSQ
shows excellent reliability, high sensitivity, and validity (50).
Internal consistency was a = .959 in our sample. 2) Severity of
depressive symptoms over the last 2 weeks was measured by the
German version of the Beck Depression Inventory-1I (BDI-II;
51; German version: 52), a 21-item self-report questionnaire
with a four-response scale ranging from 0 to 3, with higher
scores indicating higher symptom severity. The maximum sum
score is 63, with 0-13 representing no depressive symptoms,
14-19 mild, 20-28 moderate depressive, and more than 28
severe depressive symptoms. Several studies confirmed the
BDTI’s high internal consistency, reliability, and discriminant
validity (53). 3) Three 10 cm visual analogue scales (VAS)
anchored “not at all” (0) and “completely” (10) implemented
prior to and at the end of each experimental condition were
used to assess current feelings of insecurity, stress, and body
satisfaction by means of the items “At the moment, how
satisfied are you with your body?” and “At the moment, how
insecure/stressed do you feel?” Another 10 cm VAS anchored

“not at all” (0) and “completely” (10) was used to assess the
self-reported motivation to follow the instructions of thought-
sampling by the item “Please evaluate your motivation to
follow the instruction of thought-sampling”

Procedure

Participants were recruited via newspaper announcements, flyers
in medical centers, and pharmacies as well as by e-mails of the
local university. Interested participants were contacted for a short
telephone screening to assess inclusion and exclusion criteria.
Eligible participants were then invited to a face-to-face diagnostic
assessment by trained psychologists at the local university to assess
eating and general psychopathology by means of the EDE and
SCID as wells as to fill in questionnaires on sociodemographic and
(eating) psychopathological information via Unipark (Globalpark
AG, Hirth), an online survey platform. Prior to the diagnostic
assessment, participants were given a detailed study description and
signed informed consent. An appointment for the experimental
thought-sampling task was scheduled approximately one week
after the diagnostic assessment. Participants then completed the
above-mentioned experimental thought-sampling procedure.

Data Reduction

Quantitative content analysis: All audio files were blinded and
transcribed following prescribed rules (54) and then coded by
independent raters by means of valence (negative vs. positive vs.
neutral) and content (body-related vs. non body-related). For the
present results, only body-related verbalizations were analyzed,
being quantified as the percentage of all verbalized cognitions
and emotions during each condition. Verbalizations were coded
as body-related when participants talked about weight, shape,
physical appearance, age, as well as body-related activities such as
body care or fitness. All other cognitions were rated as non-body-
related. Concerning valence, body-related cognitions were coded
as positive when agreement or acceptance with the own body
was verbalized (e.g., “T feel like I don’t have to hide my body”),
and as negative when participants talked depreciative about their
body (e.g., “When I look at my stomach, I feel frustrated. It’s just
too much!”). Verbalizations, which dealt with the participant’s
former body or the appearance of other persons without direct
comparison to their own body as well as all other body-related
descriptive verbalizations, which were neither positive nor
negative, were coded as neutral (e.g., “I have wide hips”). To
assess interrater-reliability, a second independent rater coded 40
randomly selected transcripts (10 transcripts of each condition
of each group). Separated for contents of cognitions, raters on
average agreed in 96.0% of the cases and on 89.8% concerning
valence of cognitions. Overall, reliability was good with 78.3%
between the two raters. As control variable, the percentage of
time spoken during both conditions as well as the motivation to
follow the instructions was measured.

Vocally encoded emotional arousal: For the voice analysis,
the records were analyzed with Praat, a free multiple platform
program for speech analysis (55). Before analyzing fundamental
frequency, detection errors [background noise (e.g., closing of
a window) and nonverbal speech sounds (sighing, coughing,
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etc.) as well as the detection of periodicity in unvoiced speech
segments] were manually removed from each recording. No
correction was applied when the algorithm was not able to detect
periodicity in voiced segments (e.g., due to irregular phonation).
Range was adapted by the method introduced by Daniel Hirst
in order to restrict f0 scores to the normal range of adult speech
(56). Inline with previous research (e.g., 57), analysis started with
the second minute of each condition. For each condition, mean
f0 estimates were than obtained continuously from all voiced
segments for each 25 ms using autocorrelation methods outlined
by Praat, resulting in a mean f0 score per condition and person.

To account for individual differences in fundamental
frequency, difference scores were calculated per person between
the two conditions (Diff_f0_; ., conwor = mMean_fOmmer - mean_
focentrol) - Positive difference scores, therefore, indicate more
emotional arousal during the mirror exposure relative to the
control condition, whereas negative difference scores indicate
less emotional arousal during the mirror exposure compared
to the control condition (see Tables 2 and 3 for descriptive
statistics of the dependent variables).

Data Analysis

Statistical analyses were made using IBM SPSS Statistics (Version
25.2). We handled missing data by using mean substitution
(body-related cognitions/f0: one participant per group due to
technical problems in data storing; Interview assessment: one
participant per group; BDI-II: three participants with BED;
VAS during thought-sampling: five participants of the CG and
one participant with BED). Box plot analysis outlined by SPSS
were used to detect outliers, extreme outliers (> three times
the interquartile range) were excluded from the analyses. Two
participants in the BED group had to be excluded for the voice
analysis and one participant had to be excluded concerning body
satisfaction ratings during ME.

TABLE 2 | Means (M) and standard deviations (SD) for dependent variables
for women with binge eating disorder (BED) and women with overweight and
obesity (CG).

BED CG
(n =60) (n=60)
M (SD) M (SD)
ME cC ME cC

% of time spoken  23.9 (12.0) 30.7 (12.5) 23.4 (13.0) 25.8 (13.9)
Motivation 3.60 (1.44) 3.71(1.28) 3.71 (1.34) 3.63 (1.393)
Diff_fOrmiror-control 5.7(8.3p 9.5(9.7)
Body-related cognitions (BC)
negative 58.85(16.49) 18.35(19.05) 38.00(20.27) 7.25(11.18)
neutral 22,21 (13.00) 12.49(12.27) 33.67 (15.64) 10.19 (14.67)
positive 4.36 (4.44) 0.68 (1.61) 9.18 (9.04) 1.00 (2.28)

CC, control condition; Diff_f0,,,or-comror difference score of fO between the mirror
exposure and control condition; ME, mirror exposure condition; motivation,
self-reported motivation to follow the instructions of thought-sampling; % of time
spoken, percentage of time spent talking during each condition.

an = 58 in the BED group due to the exclusion of two outliers.

Hypotheses were tested by means of a univariate analysis
of variance (ANOVA) for the vocal analysis and by repeated-
measures ANOVA for body-related cognitions and visual
analogue scales with condition as within-subject factor (mirror
exposure vs. control condition (vs. baseline for VAS)) and group
as between-subject factor (BED vs. CG). Post hoc ANOVAS
and t-tests with Bonferroni correction for multiple testing were
applied when significant main effects and interactions were
detected. If assumption of sphericity was not met (Mauchlys
Sphericity Test: p < 0.05), degrees of freedom for dependent
variables were corrected conservatively by Greenhouse-Geisser.
Being exceedingly robust against violation of normality (58),
ANOVAs were also adopted for variables not normal in
distribution. Pearson product-moment correlation coeflicients
were computed to assess the relationship between vocally
encoded emotional arousal and body-related measures. Effect
sizes of the group differences and interactions are reported by
partial eta squared (1,”), whereby values larger than 0.01 refer to
small, 0.06 to moderate, and 0.14 to large effect sizes (59).

RESULTS

Manipulation Check
Percentage of time spoken: A 2 (Group: BED, CG) x 2 (Condition:
ME, CC) repeated-measures ANOVA for the percentage of time
spoken showed a significant main effect of Condition [F(1,118) =
32.928, p < .001, 1, = .218] as well as a significant interaction
of Group x Condition [F(1,118) = 7.686, p = .006, ,” = .061],
whereas the main effect of Group was not significant [F(1,118) =
1581, p = .211, 1,*> = .013]. Post hoc tests showed that both
groups verbalized more cognitions during CC than ME [BED:
F(1,59) = 33.931, p < .001, 111,2 =.365; CG: F(1,59) = 4.716, p =
.034, 17,> = .074]. Compared to CG, women with BED verbalized
more cognitions during CC [F(1,118) = 4.459, p = .037, 1,” =
.037], while no difference was found in the amount of verbalized
cognitions in the ME [F(1,118) =.049, p = .825, ’7172 <.001].
Motivation: A 2 (Group: BED, CG) x 2 (Condition: ME, CC)
repeated-measures ANOVA for the motivation to follow the
instructions of thought-sampling showed no significant main
effects or interaction [all Fs(1,118) < 1.654, ps >.202, npzs <.014].

Fundamental Frequency

Regarding f0, a significant main effect of Group was found
[F(1,116) = 4.409, p = .038, 7,> = .037] indicating a stronger
increase in f0 from CC to ME in the CG compared to BED group
(Figure 1).

Valence of Body-Related Cognitions
Regarding the valence of body-related cognitions, the three-way
ANOVA for repeated measures (Group x Condition x Valence)
revealed a significant three-way interaction (for statistics see
Table 4). To address our hypotheses, we conducted post hoc
ANOVAs and t-tests separately for Valence (Figure 2).

For negative, neutral, and positive cognitions, significant main
effects for Group and Condition as well as significant interactions
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TABLE 3 | Means (M) and standard deviations (SD) for questionnaire assessment during thought-sampling for women with binge eating disorder (BED) and women with
overweight and obesity (CG).

BED CG
(n =60) (n =60)
M (SD) M (SD)
Baseline cC ME Baseline CcC ME

Visual analogue scales
stress 4.6 (2.5) 4.3 (2.5) 6.3 (2.7) 3.0(2.5 2.7 (2.4) 3.7 (2.6)
insecurity 4.9(2.7) 4.3(2.7) 6.7 (2.8) 3.1 (2.5 2.7 (2.3 4.2 (2.9)
body satisfaction 22(1.8) 2.0(1.9 0.7 (0.9) 4.5(2.0) 4.4 (2.5) 2.7 (2.6)

Baseline, beginning of experimental procedure; CC, control condition; ME, mirror exposure condition.

between Group x Condition were found [all Fs(1,118) > 6.465,
ps < .012, ,% > .052]. In both conditions, women with BED

12 verbalized more negative body-related cognitions than the CG.
BED However, this was more pronounced during ME than CC [ME:

—_— ocG #(118) = 6.182, p < .001; CC: #(118) = 3.893, p < .01]. Concerning

neutral body-related cognitions, no difference was found between

10 w the two groups in the CC, while during ME fewer neutral body-
related cognitions were verbalized by women with BED compared

p = .353]. The same pattern emerged for positive body-related
cognitions. While no difference was found during CC, significant
fewer positive body-related cognitions were verbalized by women
with BED compared to weight-matched controls during ME [ME:
£(118) = 3.707, p < .001; CC: #(118) = .870, p = .386].

J to the CG [ME: #(118) = 4.370, p < .001; CC: #(118) = .932,

[e]

Subjective Ratings of Stress, Insecurity,
and Body Satisfaction

lef_meh‘ror—control in Hz
D

& Stress: Regarding subjective stress level during the thought-
sampling procedure, a 2 (Group: BED, CG) x 3 (Condition:

Baseline, CC, ME) repeated-measures ANOVA revealed

9 significant main effects of Group [F(1,118) = 27.557, p < .001,

n,” = .189] and Condition [F(2,236) = 24.701, p < .001, #,* =

.173] as well as a significant interaction of Group x Condition

[F(2,236) = 3.686, p = .027, ’71’2 = .030]. While there was no

0 difference between baseline and CC in either group (all ts(59) >
1.055, ps 2.296), both groups showed a significant increase in

FIGURE 1 | Mean and standard error for the difference score in mean f0 subjectively rated stress level between CC and ME [BED: #(59) =
between the mirror exposure and control condition in the BED and the 6.038,p <.001; CG: t(59) — 3.556,p — .002]. The increase between

control group (CG). *p < .05. baseline and ME was only significant for women with BED [BED:

TABLE 4 | Statistics for the 3-way ANOVA concerning body-related cognitions.

F df P 1,2 Pairwise comparisons for
main effects
Group 9.361 1,118 .003* .073 BED > CG
Condition 535.537 1,118 <.001* .819 ME > CC
Group x Condition 2.872 1,118 .093 .024
Valence 195.389 2,236 <.001** .623 negative > neutral > positive
Group x Valence 34.536 2,236 <.001** 226
Valence x Condition 93.652 2,236 <.001** 442
Group x Condition x 14.519 2,236 <.001** 110

Valence

BED, females with binge eating disorder; CC, control condition; ME, mirror exposure condition; CG, females with overweight and obesity. * p < .05; ** p <.001
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FIGURE 2 | Mean and standard error for negative, neutral, and positive body-related cognitions in women with BED and the control group (CG) during the control
(CC) and the mirror exposure condition (ME).* p < .01.

#(59) = 4.562, p < .001; CG: £(59) = 2.288, p = .078]. Separated for
groups, women with BED reported significantly stronger feelings
of stress in all conditions being most pronounced during ME [all
Fs(1, 118) = 13.298, ps <.001, 111,25 >.101].

Insecurity: There was a significant main effect of Condition
[F(2,236) = 35.367, p < .001, 17p2 = .231] with higher levels of
insecurity during ME compared to CC and baseline [all £s(119) >
5.548, ps <.001], while there was no difference between insecurity
ratings during baseline and CC [#(119) = 2.173, p = .095]. There
was further a significant main effect of Group [F(1,118) = 24.579,
p <.001, 1,> = .172], whereby women with BED reported higher
levels of insecurity compared to the CG. The interaction of

Group x Condition was not significant [F(2,236) = 2.009, p =
136, 7,7 =.017].

Body satisfaction: There was a significant main effect of
Condition [F(2,234) = 49.208, p <.001, 17,” = .296]. Thereby, body
satisfaction ratings were significantly lower during ME compared
to baseline [#(118) = 8.341, p < .001] and CC [#(111) = 8.581,
p < .001], while no differences between baseline and CC were
found [#(118) = .771, p = .442]. There was further a significant
main effect of Group [F(1,117) = 52.217, p <.001, 5,> = .309] with
the BED group reporting lower ratings of body satisfaction. The
interaction of Group x Condition was not significant [F(2,234) =
778, p = .458, 17,” = .007] (see Figure 3 for all VAS).

10 10 10
9 9 9 === BED
8 § 8 8 —_—CG
7 3 7 g 7
R Aoz S 6
2 ’1’ ] o
57 E- g0 53
8 4 ______ } 2 4 3
) = z 4
3 3 R 3
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baseline control mirror baseline control mirror baseline control mirror
condition exposure condition exposure condition exposure
FIGURE 3 | Mean and standard error for self-reported levels of stress, insecurity and body satisfaction at the beginning of the experiment (baseline) and after the
control and mirror exposure condition in women with binge eating disorder (BED) and women with overweight and obesity (CG). (Order of the two experimental
conditions was counterbalanced between groups. Therefore, the figure presented does not display time sequence).
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Correlations With Fundamental Frequency
No significant correlation was found between the difference score
of fundamental frequency and negative body-related cognitions
during ME as well as with subjective ratings of stress and body
satisfaction during ME (all rs < -.145, p >.118). However, there
was a significant negative correlation between fundamental
frequency and the BSQ (r = -.189, p = .041).

DISCUSSION

The aim of the present study was to investigate psychophysiological
and cognitive-affective responses during an experimental
mirror exposure in women with BED by means of vocally
encoded emotional arousal. For this purpose, women
with BED and weight-matched controls without an eating
disorder underwent an experimental mirror exposure as
well as a control condition by implementation of a thought-
sampling procedure in a repeated-measures design. FO was
used to assess physiological activation as it has already been
implemented as an index of emotional arousal during stress-
provoking tasks in other mental disorders. In addition, vocal
arousal is non-invasive and invisible to participants, and
may therefore be better suited as a physiological assessment
method relative to more distracting, visible measurements
(38, 56, 57).

In accordance with our hypothesis, a cognitive-affective over-
involvement with physical appearance was observed in women
with BED compared to weight-matched controls. This was
indicated by more negative as well as fewer positive and neutral
body-related verbalizations as well as a stronger increase in self-
reported stress level between the two conditions in women with
BED. The results concerning the quantitative content analysis
is in line with previous studies on psychological responses to
mirror exposure in women with BED (25, 45). However, in our
sample, not only differences in the frequency of negative body-
related verbalizations were found, but also significant differences
in the amount of neutral and positive body-related cognitions. A
possible explanation for this difference might be the weight status
of the investigated groups, which was substantially higher in the
present sample relative to the Hilbert and Tuschen-Cafher (45)
study, in which participants’ BMI was only slightly above normal
weight. As body dissatisfaction is increased in women with
overweight and obesity (60), and significant differences between
normal weight and obese persons with BED have been found (61),
this may account for the significant findings relating to positive
and neutral body-related cognitions in our study. Furthermore,
in line with our results on positive body-related verbalizations,
Svaldi et al. (62) found women with BED to be less capable of
retrieving positively valenced shape-/weight-related words using
an experimental recall task compared to weight-matched controls.
Thus, against the backdrop of current cognitive theories of eating
disorders, the activation of underlying body-related schemas (63)
might not only trigger an enhanced bias for negative body-related
cues, but might also impede the retrieval of positive body-related
verbalizations, thereby maintaining body dissatisfaction.

In contrast to our hypothesis, the observed cognitive-
affective activation in women with BED was not accompanied
by increased, but reduced vocally encoded emotional arousal
relative to the CG. At the same time, though, in both groups,
self-reported levels of stress increased significantly from control
to mirror exposure condition. Taking these findings together,
a dissociation between self-reported stress level, verbalized
body-related cognitions, and objectively measured physiological
distress by means of f0 was found in women with BED. This was
further supported by an inverse correlation between severity of
self-reported body dissatisfaction and f0.

In line with previous studies, blunted physiological reactions
to psychosocial stressors have been found in women with BED
(33, 64) as well as in other non-clinical and eating-disordered
samples during mirror exposure (e.g., 29, 31). The reason for
these blunted reactions, however, is poorly understood. General
changes in the psychophysiological response capability in
eating disorders due to starvation and intermittent dieting are
discussed (e.g., 65). Furthermore, habituation processes might
be able to explain altered responses referring to the fact that
females with BED are so used to these negative cognitions and
emotions about their own body, that these cognitive-affective
reactions do not elicit a response anymore. To clarify the specific
mechanisms underlying these blunted responses, further
studies are needed. So far, this dissociation between cognitive-
affective and physiological reactions to body-related distress has
been interpreted as an inability of body-dissatisfied persons to
adaptively engage in physiological responses to body-related
distress. This interpretation is based on the concept of different
emotion theories (e.g., 66, 67). Accordingly, emotional coherence
between experiential, physiological, and behavioral reactions
helps individuals to effectively cope with environmental
demands, while a lack of emotional coherence might reflect
emotional dysregulation. As emotion regulation problems are
a well-known phenomenon in women with BED (68, 69), the
smaller increase in f0 between the two experimental conditions
in participants with BED relative to controls may be attributable
to their previously reported emotion regulation difficulties.
This is in line with a study in which emotional coherence after
a negative, positive, and neutral mood induction was stronger in
response to a more functional relative to a more dysfunctional
emotion regulation strategy (70). In future studies, this variable
should therefore be additionally assessed when investigating the
psychophysiological effects of mirror exposure.

Alternatively, the lack of coherence found in the BED group
might also be attributable to the particular emotions activated
during mirror exposure. Studies which have investigated emotions
during mirror exposure found women with BED and BN to react
with increased levels of sadness, insecurity, tension, anxiety, and
disgust (25, 26). Note that for vocally encoded emotional arousal,
an increase in mean f0 has been found for anger, joy, fear, anxiety,
and stress, while a reduction in mean f0 has been associated
with sadness, disgust, contempt, and boredom (36). Thus, our
induction may have activated counteracting emotions in women
with BED, which may account for the smaller increase in f0. It is
important to note that not only f0 is prone to this limitation, but
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also other physiological assessment methods (71, 72). This might
furthermore explain why associations between vocally encoded
emotional arousal and the self-reported experience of stress
and anxiety was more consistently found in previous studies in
anxiety disorders (38, 57). Taken together, these findings point
to the importance of investigating more thoroughly the different
emotions activated through mirror exposure as it might be a
confounding variable.

Against the backdrop of the adverse effects of a negative
body image in women with BED (11, 16, 17), some important
conclusions can be drawn from the present study. The high
negativity of body-related cognitions during mirror exposure in
the present BED sample might directly maintain binge eating,
as a recent study has shown, that the negative influence of body
shame on binge eating is directly mediated by enhanced self-
criticism (73). Therefore, body-related interventions in BED
should focus on adaptive strategies to enable a better regulation
of body-related distress during exposure like displayed by the
present CG. While mirror exposure has shown to be effective for
the improvement of the cognitive-affective component of body
image in BED (23, 24), the specific underlying mechanisms are
not yet understood (19). Future studies should therefore focus
on mechanisms of change which account for the observed
improvements. A recent study conducted on stress-induced
changes in state body dissatisfaction in women with BED found
the cognitive-affective (anxiety, tension, distress, urge to leave
the situation) rather than the biological stress response to be
predictive for changes in body dissatisfaction (33). This underpins
the importance of cognitive-affective changes during mirror
exposure. However, the results on vocally encoded emotional
arousal should not be neglected. Albeit unexpected, the observed
blunted physiological reaction during mirror exposure in women
with BED might be of predictive value for treatment outcome
given the significant negative correlation with self-reported
body-satisfaction. As the predictive validity of f0 has already been
proven in pharmacological and psychotherapeutic treatment in
other mental disorders (34, 44), future studies should focus on
clarifying this relationship.

The present results should however be interpreted considering
some limitations. First, the control condition used in the
present study needs to be reconsidered. As a higher stress level
was observed in the BED group across the two experimental
conditions, future studies should implement a more suitable
control condition. This notwithstanding, the anticipatory
activation found in the BED group corroborates other studies
on physiological arousal in eating and non-eating disordered
women high on body dissatisfaction (e.g., 31, 33). In the case
of the present study, this might have been because participants
were informed that they will undergo a mirror exposure within
the experimental session. Therefore, future studies should use
authorized deception in order to avoid the activation of body-
related schemas in the control condition (with the disadvantage
not to be able to randomize the experimental sequence of the
control and mirror exposure condition). This is important
though, as the heightened stress level prior to the exposure might
adversely influence vocally encoded emotional arousal. In fact, a
recent study (74) found that a specific level of emotional response

(in this case by means of cortisol) was necessary to observe vocal
changes in reaction to stress in healthy controls. Therefore,
heightened self-reported stress-levels prior to mirror exposure
might have accounted for the smaller difference score in {0 in
women with BED. In other words, changes in vocal arousal might
have already appeared in the anticipatory control condition.

Second, even though we used a large sample with an age and
weight-matched control group, no men were included in the
study. As gender is said to influence body dissatisfaction (75),
studies including men should be used to further understand
physiological arousal during mirror exposure. Third, the coding
system used in this study was only able to capture differences in
frequency, but not in the intensity of body-related cognitions.
That is, sentences such as “I don’t like my body” compared to
“I really hate my body” were both coded as one negative body-
related statement. Future studies should refine this coding system
including a rating on intensity. Fourth, the VAS scales used to
assess insecurity, stress, and body satisfaction over the course
of the experiment might be limited in terms of their reliability.
Future studies should focus on including validated questionnaires
to assess negative emotions. Of note, as stated above, the
differentiation between different negative emotions seems to be
especially relevant in the context of investigating physiological
reactions as different emotions might differentially influence
these measures. Finally, there is some evidence that different
physiological systems (e.g., parasympathetic, sympathetic,
endocrinological system) might react dissimilar during stressful
demands. In two studies on mental stress in women with BED,
different changes were found for the different physiological
markers used (76, 77). Hence, there is a need to include different
physiological assessment methods in future studies.

To conclude, this was the first study to assess physiological
arousal during mirror exposure in women with BED compared to
weight-matched controls by means of vocally encoded emotional
arousal. While findings on cognitive-affective over-involvement
during mirror exposure were replicated, surprisingly, no coherence
emerged in terms of vocally encoded emotional arousal. This might
be explained by an inability of women with BED to create adequate
physiological responses to body-related distress, which might
adversely influence emotion regulation during confrontation.
However, this interpretation should be treated with caution as a
dissociation of emotional coherence might not necessarily reflect
a dysregulated system (78). For this reason, future studies should
take into account different physiological assessment methods
besides investigating emotions and emotion regulation strategies
activated during mirror exposure to control for potential
confounding variables.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the Medical Faculty of

Frontiers in Psychiatry | www.frontiersin.org

November 2019 | Volume 10 | Article 745


https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Baur et al.

Vocal Arousal During Mirror Exposure in BED

the University of Tuebingen. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

JB, KK, BT-C, and ]S contributed to conception and design of
the study. JB and KK were responsible for data collection. JB
and JS performed statistical analysis and wrote the first draft of
the manuscript. KK, BT-C, and ]S contributed to manuscript
revision and mentoring.

REFERENCES

1. American Psychiatric Association, AP. Diagnostic and statistical manual of mental
disorders (DSM-5°). Washington, DC: American Psychiatric Pub. (2013).

2. Kessler, RC, Berglund, PA, Chiu, W', Deitz, AC, Hudson, ]I, Shahly, V, et al.
The prevalence and correlates of binge eating disorder in the world health
organization world mental health surveys. Biol Psychiatry (2013) 73:904-14.
doi: 10.1016/j.biopsych.2012.11.020

3. Hudson, JI, Hiripi, E, Pope, HG Jr., and Kessler, RC. The prevalence and
correlates of eating disorders in the National Comorbidity Survey Replication.
Biol Psychiatry (2007) 61:348-58. doi: 10.1016/j.biopsych.2006.03.040

4. Jenkins, PE, Hoste, RR, Meyer, C, and Blissett, JM. Eating disorders and
quality of life: A review of the literature. Clin Psychol Rev (2011) 31:113-21.
doi: 10.1016/j.cpr.2010.08.003

5. Mitchell, JE. Medical comorbidity and medical complications associated
with binge-eating disorder. Int ] Eating Disord (2016) 49:319-23. doi:
10.1002/eat.22452

6. Lewer, M, Bauer, A, Hartmann, A, and Vocks, S. Different facets of body
image disturbance in binge eating disorder: a review. Nutrients (2017a)
9:1294. doi: 10.3390/nu9121294

7. Cash, TE Body image: Past, present, and future. Body Image (2004) 1:1-5.
doi: 10.1016/S1740-1445(03)00011-1

8. Legenbauer, T, Vocks, S, Betz, S, Bidguena Puigcerver, MJ, Benecke, A,
Troje, NF, et al. Differences in the nature of body image disturbances
between female obese individuals with versus without a comorbid binge
eating disorder: an exploratory study including static and dynamic
aspects of body image. Behav Modif (2011) 35:162-86. doi: 10.1177/
0145445510393478

9. Lewer, M, Nasrawi, N, Schroeder, D, and Vocks, S. Body image disturbance

in binge eating disorder: a comparison of obese patients with and without
binge eating disorder regarding the cognitive, behavioral and perceptual
component of body image. Eating Weight Disord-Studies Anorexia, Bulimia
Obesity (2016) 21:115-25. doi: 10.1007/s40519-015-0200-5

. Barry, DT, Grilo, CM, and Masheb, RM. Comparison of patients with

bulimia nervosa, obese patients with binge eating disorder, and nonobese

patients with binge eating disorder. ] Nerv Mental Dis (2003) 191:589-94.

doi: 10.1097/01.nmd.0000087185.95446.65

Mond, JM, Hay, PJ, Rodgers, B, and Owen, C. Recurrent binge eating with

and without the "undue influence of weight or shape on self-evaluation":

implications for the diagnosis of binge eating disorder. Behav Res Ther (2007)

45:929-38. doi: 10.1016/j.brat.2006.08.011

Grilo, CM, White, MA, and Masheb, RM. Significance of overvaluation

of shape and weight in an ethnically diverse sample of obese patients with

binge-eating disorder in primary care settings. Behav Res Ther (2012b)

50:298-303. doi: 10.1016/j.brat.2012.02.008

. Allen, KL, Byrne, SM, and Crosby, RD. Distinguishing between risk factors

for bulimia nervosa, binge eating disorder, and purging disorder. J Youth

Adolesc (2015) 44:1580-91. doi: 10.1007/s10964-014-0186-8

Stice, E, Gau, JM, Rohde, P, and Shaw, H. Risk factors that predict future onset

of each DSM-5 eating disorder: predictive specificity in high-risk adolescent

females. ] Abnorm Psychol (2017) 126:38. doi: 10.1037/abn0000219

Stein, RI, Kenardy, J, Wiseman, CV, Dounchis, JZ, Arnow, BA, and Wilfley,

DE. What's driving the binge in binge eating disorder?: a prospective

11.

12.

14.

15.

FUNDING

The study was partially funded by the Deutsche
Forschungsgemeinschaft (DFG, German  Research
Foundation) accorded by Prof. Dr. Jennifer Svaldi and Prof. Dr.
Brunna Tuschen-Caffier (SV83/3-1). The article processing
charge was funded by the Deutsche Forschungsgemeinschaft
(German Research Foundation; DFG) and the Eberhard
Karls University Tuebingen in the funding program Open
Access Publishing.

examination of precursors and consequences. Int | Eating Disord (2007)
40:195-203. doi: 10.1002/eat.20352

Naumann, E, Trentowska, M, and Svaldi, J. Increased salivation to mirror
exposure in women with binge eating disorder. Appetite (2013) 65:103-10.
doi: 10.1016/j.appet.2013.01.021

Grilo, CM, Masheb, RM, and Crosby, RD. Predictors and moderators of
response to cognitive behavioral therapy and medication for the treatment
of binge eating disorder. J Consult Clin Psychol (2012a) 80:897. doi: 10.1037/
20027001

Fischer, S, Meyer, AH, Dremmel, D, Schlup, B, and Munsch, STherapy.
Short-term cognitive-behavioral therapy for binge eating disorder: long-
term efficacy and predictors of long-term treatment success. Behav Res Ther
(2014) 58:36-42. doi: 10.1016/j.brat.2014.04.007

Griffen, TC, Naumann, E, and Hildebrandt, T. Mirror exposure therapy for
body image disturbances and eating disorders: A review. Clin Psychol Rev
(2018) 65:163-74. doi: 10.1016/j.cpr.2018.08.006

Delinsky, SS, and Wilson, GT. Mirror exposure for the treatment of body
image disturbance. Int | Eating Disord (2006) 39:108-16. doi: 10.1002/
eat.20207

Hildebrandt, T, Loeb, K, Troupe, S, and Delinsky, S. Adjunctive mirror
exposure for eating disorders: A randomized controlled pilot study. Behav
Res Ther (2012) 50:797-804. doi: 10.1016/j.brat.2012.09.004

Trentowska, M, Bender, C, and Tuschen-Caffier, B. Mirror exposure in
women with bulimic symptoms: how do thoughts and emotions change
in body image treatment? Behav Res Ther (2013) 51:1-6. doi: 10.1016/j.
brat.2012.03.012

Hilbert, A, and Tuschen-Caffier, B. Body image interventions in cognitive-
behavioural therapy of binge-eating disorder: a component analysis. Behav
Res Ther (2004) 42:1325-39. doi: 10.1016/j.brat.2003.09.001

Lewer, M, Kosfelder, ], Michalak, J, Schroeder, D, Nasrawi, N, and Vocks, S.
Effects of a cognitive-behavioral exposure-based body image therapy for
overweight females with binge eating disorder: a pilot study. J Eating Disord
(2017b) 5:43. doi: 10.1186/s40337-017-0174-y

Hilbert, A, Tuschen-Caffier, B, and Vogele, C. Effects of prolonged and
repeated body image exposure in binge-eating disorder. J Psychosom Res
(2002) 52:137-44. doi: 10.1016/50022-3999(01)00314-2

Tuschen-Caffier, B, Vogele, C, Bracht, S, and Hilbert, A. Psychological
responses to body shape exposure in patients with bulimia nervosa. Behav
Res Ther (2003) 41:573-86. doi: 10.1016/S0005-7967(02)00030-X

Vocks, S, Wichter, A, Wucherer, M, and Kosfelder, J. Look at yourself: Can
body image therapy affect the cognitive and emotional response to seeing
oneself in the mirror in eating disorders? Eur Eating Disord Rev: Prof ] Eating
Disord Assoc (2008) 16:147-54. doi: 10.1002/erv.825

Kimberlin, CL, and Winterstein, AG. Validity and reliability of measurement
instruments used in research. Am ] Health-Syst Pharm (2008) 65:2276-84.
doi: 10.2146/ajhp070364

Vocks, S, Legenbauer, T, Wiachter, A, Wucherer, M, and Kosfelder, J.
What happens in the course of body exposure?: Emotional, cognitive,
and physiological reactions to mirror confrontation in eating disorders.
J Psychosom Res (2007) 62:231-9. doi: 10.1016/j.jpsychores.2006.08.007
Diaz-Ferrer, S, Rodriguez-Ruiz, S, Ortega-Roldén, B, Moreno-Dominguez, S,
and Fernandez-Santaella, M. Testing the efficacy of pure versus guided
mirror exposure in women with bulimia nervosa: A combination of

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Frontiers in Psychiatry | www.frontiersin.org

10

November 2019 | Volume 10 | Article 745


https://doi.org/10.1016/j.biopsych.2012.11.020
https://doi.org/10.1016/j.biopsych.2006.03.040
https://doi.org/10.1016/j.cpr.2010.08.003
https://doi.org/10.1002/eat.22452
https://doi.org/10.3390/nu9121294
https://doi.org/10.1016/S1740-1445(03)00011-1
https://doi.org/10.1177/0145445510393478
https://doi.org/10.1177/0145445510393478
https://doi.org/10.1007/s40519-015-0200-5
https://doi.org/10.1097/01.nmd.0000087185.95446.65
https://doi.org/10.1016/j.brat.2006.08.011
https://doi.org/10.1016/j.brat.2012.02.008
https://doi.org/10.1007/s10964-014-0186-8
https://doi.org/10.1037/abn0000219
https://doi.org/10.1002/eat.20352
https://doi.org/10.1016/j.appet.2013.01.021
https://doi.org/10.1037/a0027001
https://doi.org/10.1037/a0027001
https://doi.org/10.1016/j.brat.2014.04.007
https://doi.org/10.1016/j.cpr.2018.08.006
https://doi.org/10.1002/eat.20207
https://doi.org/10.1002/eat.20207
https://doi.org/10.1016/j.brat.2012.09.004
https://doi.org/10.1016/j.brat.2012.03.012
https://doi.org/10.1016/j.brat.2012.03.012
https://doi.org/10.1016/j.brat.2003.09.001
https://doi.org/10.1186/s40337-017-0174-y
https://doi.org/10.1016/S0022-3999(01)00314-2
https://doi.org/10.1016/S0005-7967(02)00030-X
https://doi.org/10.1002/erv.825
https://doi.org/10.2146/ajhp070364
https://doi.org/10.1016/j.jpsychores.2006.08.007
https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org

Baur et al.

Vocal Arousal During Mirror Exposure in BED

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

neuroendocrine and psychological indices. J Behav Ther Exp Psychiatry
(2015) 48:1-8. doi: 10.1016/j.jbtep.2015.01.003

Servian-Franco, F, Moreno-Dominguez, S, and Del Paso, G.a.R. Body
dissatisfaction and mirror exposure: Evidence for a dissociation between
self-report and physiological responses in highly body-dissatisfied women.
PloS One (2015) 10:¢0122737. doi: 10.1371/journal.pone.0122737
Trentowska, M, Svaldi, ], Blechert, J, and Tuschen-Caffier, B. Does
habituation really happen? Investigation of psycho-biological responses to
body exposure in bulimia nervosa. Behav Res Ther (2017) 90:111-22. doi:
10.1016/j.brat.2016.12.006

Naumann, E, Svaldi, J, Wyschka, T, Heinrichs, M, and Von Dawans, B.
Stress-induced body dissatisfaction in women with binge eating disorder.
J Abnorm Psychol (2018) 127:548. doi: 10.1037/abn0000371

Laukka, P, Linnman, C, Ahs, E, Pissiota, A, Frans, O., Faria, V, et al. In a
nervous voice: acoustic analysis and perception of anxiety in social phobics'
speech. ] Nonverbal Behav (2008) 32:195. doi: 10.1007/s10919-008-0055-9
Kirchhiibel, C, Howard, DM, Stedmon, AW. Acoustic correlates of speech
when under stress: Research, methods and future directions. Int ] Speech
Lang Law (2011). 18:1. doi: 10.1558/ijsll.v18i1.75

Juslin, PN, and Scherer, KR. Vocal expression of affect. In J Harrigan, R
Rosenthal & KR Scherer (eds): The new handbook of methods in nonverbal
behavior research. (2005). New York: Oxford University Press. p. 65-135. doi:
10.1093/acprof:0s0/9780198529620.003.0003

Baucom, BR, Atkins, DC, Eldridge, K, Mcfarland, P, Sevier, M, and
Christensen, A. The language of demand/withdraw: verbal and vocal
expression in dyadic interactions. J Family Psychol (2011) 25:570. doi:
10.1037/20024064

Weeks, JW, Lee, C-Y, Reilly, AR, Howell, AN, France, C, Kowalsky, JM,
et al. "The Sound of Fear": assessing vocal fundamental frequency as a
physiological indicator of social anxiety disorder. ] Anxiety Disord (2012)
26:811-22. doi: 10.1016/j.janxdis.2012.07.005

Weusthoff, S, Baucom, BR, and Hahlweg, K. Fundamental frequency during
couple conflict: An analysis of physiological, behavioral, and sex-linked
information encoded in vocal expression. J Family Psychol (2013) 27:212.
doi: 10.1037/a0031887

Gilboa-Schechtman, E, Galili, L, Sahar, Y, and Amir, O. Being "in" or
"out" of the game: subjective and acoustic reactions to exclusion and
popularity in social anxiety. Front Hum Neurosci (2014) 8:147. doi: 10.3389/
fnhum.2014.00147

Fischer, MS, Baucom, DH, Baucom, BR, Weusthoff, S, Hahlweg, K, Atkins,
DC, et al. Emotional arousal predicts observed social support in German
and American couples talking about breast cancer. J Family Psychol (2015)
29:744. doi: 10.1037/fam0000092

Weeks, JW, Srivastav, A, Howell, AN, and Menatti, AR. "Speaking More than
Words": Classifying Men with Social Anxiety Disorder via Vocal Acoustic
Analyses of Diagnostic Interviews. ] Psychopathol Behav Assess (2016) 38:30—
41. doi: 10.1007/s10862-015-9495-9

Baur, ], Krohmer, K, Tuschen-Caffier, B, Naumann, E, and Svaldi, J.
Vocal arousal: a physiological correlate of body distress in women with
overweight and obesity. Eat Weight Disord (2019). p. 1-9. doi: 10.1007/
540519-019-00744-2

Baucom, BR, Weusthoff, S, Atkins, DC, and Hahlweg, K. Greater emotional
arousal predicts poorer long-term memory of communication skills in
couples. Behav Res Ther (2012) 50:442-7. doi: 10.1016/j.brat.2012.03.010
Hilbert, A, and Tuschen-Caffier, B. Body-related cognitions in binge-eating
disorder and bulimia nervosa. J Soc Clin Psychol (2005) 24:561-79. doi:
10.1521/jscp.2005.24.4.561

Hilbert, A, Tuschen-Caffier, B, and Ohms, M. Eating disorder examination:
Deutschsprachige Version des strukturierten Essstorungsinterviews.
Diagnostica (2004) 50:98-106. doi: 10.1026/0012-1924.50.2.98

Wittchen, H, Zaudig, M, and Fydrich, T (1997). “SKID-I/II Strukturiertes
Klinisches Interview fiir DSM-IV. Deutsche Version”. SKID-I/II Structured
Clinical Interview for DSM-IV. German version.

Cooper, P, Taylor, MJ, Cooper, Z, and Fairbum, CG. The development and
validation of the Body Shape Questionnaire. Int ] Eating Disord (1987)
6:485-94. doi: 10.1002/1098-108X(198707)6:4<485::AID-EAT2260060405>
3.0.CO;2-O

49.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Waadt, S, Laessle, RG, and Pirke, KM. Bulimie. Ursachen und Therapie.
Berlin: Springer. (1992). 55-59. doi: 10.1007/978-3-642-77517-8_6

. Pook, M, Tuschen-Caffier, B, and Stich, N. Evaluation des Fragebogens zum

Figurbewusstsein (FFB, Deutsche Version des body shape questionnaire).
Verhaltenstherapie (2002) 12:116-24. doi: 10.1159/000064375

Beck, AT, Steer, RA, and Brown, GK. Beck depression inventory-II. San
Antonio (1996) 78:490-8. doi: 10.1037/t00742-000

Hautzinger, M, Keller, E and Kiithner, CJF (2006). Das Beck Depressions
Inventar II. Deutsche Bearbeitung und Handbuch zum BDI II. Harcourt Test
Services.

Kuehner, C, Buerger, C, Keller, F, and Hautzinger, M. Reliabilitaet und
Validitaet des revidierten Beck-Depressionsinventars (BDI-II). Befunde aus
deutschsprachigen Stichproben. Reliability and validity of the revised Beck
Depression Inventory (BDI-II). Results from German samples. Der Nervenarzt
(2007) 78:651-56. doi: 10.1007/s00115-006-2098-7

Dresing, T, and Pehl, T (2015). “Praxisbuch. Interview, Transkription &
Analyse. Anleitungen und Regelsysteme fiir qualitativ Forschende. 6. Aufl,,
Marburg, 72 S,

Boersma, P, and Weenink, D (2015). Praat: doing phonetics by computer
(version 5.4.22) |[retreived from http://www.fon.hum.uva.nl/praat/]
[Online]. [Accessed ].

Owren, MJ, and Bachorowski, J-A. Measuring emotion-related vocal
acoustics. In JA Coan & JJ Allen (eds.): Handbook of emotion elicitation and
assessment. (2007). New York: Oxford University Press. p. 239-66.
Hagenaars, MA, and Van Minnen, A. The effect of fear on paralinguistic
aspects of speech in patients with panic disorder with agoraphobia. ] Anxiety
Disord (2005) 19:521-37. doi: 10.1016/j.janxdis.2004.04.008

Tabachnick, BG, and Fidell, LS. Using multivariate statistics. Boston, MA:
Pearson (2007).

Cohen, J. Statistical power analysis for the behavioral sciences. 2nd. Hillsdale,
NJ: Erlbaum (1988).

Weinberger, N-A, Kersting, A, Riedel-Heller, SG, and Luck-Sikorski, C.
Body dissatisfaction in individuals with obesity compared to normal-weight
individuals: a systematic review and meta-analysis. Obesity Facts (2016)
9:424-41. doi: 10.1159/000454837

Dingemans, AE, and Van Furth, EF. Binge eating disorder psychopathology
in normal weight and obese individuals. Int ] Eating Disord (2012) 45:135-8.
doi: 10.1002/eat.20905

Svaldi, ], Bender, C, and Tuschen-Caffier, B. Explicit memory bias for
positively valenced body-related cues in women with binge eating
disorder. ] Behav Ther Exp Psychiatry (2010) 41:251-7. doi: 10.1016/j.jbtep.
2010.02.002

Williamson, DA, White, MA, York-Crowe, E, and Stewart, TM. Cognitive-
behavioral theories of eating disorders. Behav Modif (2004) 28:711-38. doi:
10.1177/0145445503259853

Rosenberg, N, Bloch, M, Avi, IB, Rouach, V, Schreiber, S, Stern, N,
et al. Cortisol response and desire to binge following psychological
stress: comparison between obese subjects with and without binge
eating disorder. Psychiatry Res (2013) 208:156-61. doi: 10.1016/j.
psychres.2012.09.050

Pirke, KM. Central and peripheral noradrenalin regulation in eating disorders.
Psychiatry Res (1996) 62(1):43-9. doi: 10.1016/0165-1781(96)02982-4
Ekman, P. An argument for basic emotions. Cogn Emotion (1992) 6:169-200.
doi: 10.1080/02699939208411068

Levenson, RW, Ekman, P, and Davidson, R]. The nature of emotion:
fundamental questions. Hum Emotion (1994) 1:123-6.

Svaldi, ], Griepenstroh, ], Tuschen-Caffier, B, and Ehring, T. Emotion
regulation deficits in eating disorders: a marker of eating pathology or
general psychopathology? Psychiatry Res (2012) 197:103-11. doi: 10.1016/j.
psychres.2011.11.009

Danner, UN, Sternheim, L, and Evers, C. The importance of distinguishing
between the different eating disorders (sub) types when assessing emotion
regulation strategies. Psychiatry Res (2014) 215:727-32. doi: 10.1016/j.
psychres.2014.01.005

Dan-Glauser, ES, and Gross, ]. Emotion regulation and emotion coherence:
Evidence for strategy-specific effects. Emotion (2013) 13:832. doi: 10.1037/
20032672

Frontiers in Psychiatry | www.frontiersin.org

11

November 2019 | Volume 10 | Article 745


https://doi.org/10.1016/j.jbtep.2015.01.003
https://doi.org/10.1371/journal.pone.0122737
https://doi.org/10.1016/j.brat.2016.12.006
https://doi.org/10.1037/abn0000371
https://doi.org/10.1007/s10919-008-0055-9
https://doi.org/10.1558/ijsll.v18i1.75
https://doi.org/10.1093/acprof:oso/9780198529620.003.0003
https://doi.org/10.1037/a0024064
https://doi.org/10.1016/j.janxdis.2012.07.005
https://doi.org/10.1037/a0031887
https://doi.org/10.3389/fnhum.2014.00147
https://doi.org/10.3389/fnhum.2014.00147
https://doi.org/10.1037/fam0000092
https://doi.org/10.1007/s10862-015-9495-9
https://doi.org/10.1007/s40519-019-00744-2
https://doi.org/10.1007/s40519-019-00744-2
https://doi.org/10.1016/j.brat.2012.03.010
https://doi.org/10.1521/jscp.2005.24.4.561
https://doi.org/10.1026/0012-1924.50.2.98
https://doi.org/10.1002/1098-108X(198707)6:4<485::AID-EAT2260060405>3.0.CO;2-O
https://doi.org/10.1002/1098-108X(198707)6:4<485::AID-EAT2260060405>3.0.CO;2-O
https://doi.org/10.1007/978-3-642-77517-8_6
https://doi.org/10.1159/000064375
https://doi.org/10.1037/t00742-000
https://doi.org/10.1007/s00115-006-2098-7
http://www.fon.hum.uva.nl/praat/]
https://doi.org/10.1016/j.janxdis.2004.04.008
https://doi.org/10.1159/000454837
https://doi.org/10.1002/eat.20905
https://doi.org/10.1016/j.jbtep.2010.02.002
https://doi.org/10.1016/j.jbtep.2010.02.002
https://doi.org/10.1177/0145445503259853
https://doi.org/10.1016/j.psychres.2012.09.050
https://doi.org/10.1016/j.psychres.2012.09.050
https://doi.org/10.1016/0165-1781(96)02982-4
https://doi.org/10.1080/02699939208411068
https://doi.org/10.1016/j.psychres.2011.11.009
https://doi.org/10.1016/j.psychres.2011.11.009
https://doi.org/10.1016/j.psychres.2014.01.005
https://doi.org/10.1016/j.psychres.2014.01.005
https://doi.org/10.1037/a0032672
https://doi.org/10.1037/a0032672
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Baur et al.

Vocal Arousal During Mirror Exposure in BED

71.

72.

73.

74.

75.

76.

Mauss, IB, Levenson, RW, Mccarter, L, Wilhelm, FH, and Gross, JJ. The tie
that binds? Coherence among emotion experience, behavior, and physiology.
Emotion (2005) 5:175. doi: 10.1037/1528-3542.5.2.175

Kreibig, SD, Wilhelm, FH, Roth, WT, and Gross, JJ. Cardiovascular, electrodermal,
and respiratory response patterns to fear-and sadness-inducing films.
Psychophysiology (2007) 44:787-806. doi: 10.1111/j.1469-8986.2007.00550.x
Duarte, C, Pinto-Gouveia, J, and Ferreira, C. Escaping from body image
shame and harsh self-criticism: Exploration of underlying mechanisms of
binge eating. Eating Behav (2014) 15(4):638-43.

Pisanski, K, Nowak, J, and Sorokowski, P. Individual differences in cortisol
stress response predict increases in voice pitch during exam stress. Physiol
Behav (2016) 163:234-8. doi: 10.1016/j.physbeh.2016.05.018

McCabe, MP, and Ricciardelli, LA. Body image dissatisfaction among males
across the lifespan: a review of past literature. J Psychosom Res (2004) 56:675—
85. doi: 10.1016/S0022-3999(03)00129-6

Friederich, H, Schild, S, Schellberg, D, Quenter, A, Bode, C, Herzog, W,
et al. Cardiac parasympathetic regulation in obese women with binge eating
disorder. Int ] Obesity (2006) 30:534. doi: 10.1038/s;.ij0.0803181

77. Messerli-Biirgy, N, Engesser, C, Lemmenmeier, E, Steptoe, A, and Laederach-
Hofmann, K. Cardiovascular stress reactivity and recovery in bulimia
nervosa and binge eating disorder. Int ] Psychophysiol (2010) 78:163-8. doi:
10.1016/j.ijpsycho.2010.07.005

78. Mauss, IB, and Robinson, MD. Measures of emotion: a review. Cogn Emotion
(2009) 23:209-37. doi: 10.1080/02699930802204677

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2019 Baur, Krohmer, Tuschen-Caffier and Svaldi. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Psychiatry | www.frontiersin.org

12

November 2019 | Volume 10 | Article 745


https://doi.org/10.1037/1528-3542.5.2.175
https://doi.org/10.1111/j.1469-8986.2007.00550.x
https://doi.org/10.1016/j.physbeh.2016.05.018
https://doi.org/10.1016/S0022-3999(03)00129-6
https://doi.org/10.1038/sj.ijo.0803181
https://doi.org/10.1016/j.ijpsycho.2010.07.005
https://doi.org/10.1080/02699930802204677
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org

	Cognitive-Emotional Involvement During Mirror Exposure Is Not Accompanied by Physiological Activation in Binge Eating Disorder

	﻿Introduction

	﻿Materials and Methods

	﻿Participants

	﻿Measures

	Experimental Thought-Sampling

	Questionnaires and Interviews


	﻿Procedure

	﻿Data Reduction

	﻿Data Analysis


	﻿Results

	﻿Manipulation Check

	﻿Fundamental Frequency

	﻿Valence of Body-Related Cognitions

	﻿Subjective Ratings of Stress, Insecurity, and Body Satisfaction

	﻿Correlations With Fundamental Frequency


	﻿Discussion

	﻿Data Availability Statement

	﻿Ethics Statement

	﻿Author Contributions

	﻿Funding

	References



