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Abstract

Problematic weight control behaviors during adolescence are associated with an increased risk of
chronic obesity. Understanding how adolescents with obesity respond to body-related visual cues
may offer insights into underlying motivational deficits. This experimental pilot study employed a
peripherally measured startle reflex paradigm to assess the involuntary emotional responses to
images of underweight, normal-weight, and overweight bodies. Twenty female adolescents with
obesity and 21 normal-sized control subjects between 14 and 21 years of age were presented with
photos of female bodies. Images from the International Affective Picture System served as reference
material. The Self-Assessment Manikin was used as subjective measure, while startle reflex
magnitude and skin conductance response served as objective measures. A significant interaction
emerged for body-related stimuli. In the normal-weight group, underweight and overweight body
images elicited increased skin conductance responses (indicative of heightened attention) and
potentiated startle reflexes (indicative of behavioral avoidance). In contrast, adolescents with obesity
exhibited a general physiological down-regulation across all body image categories, suggesting a
dysfunction in motivational processing. These findings may reflect reduced emotional salience of
body-related cues, potentially undermining intrinsic weight loss motivation. Future research should
investigate the neurobiological basis and clinical significance of this response pattern.

Keywords: adolescents; body image; psychophysiology

1. Introduction

1.1. Theoretical Background

Due to the risk of chronicity, problematic weight control behaviors during adolescence are
associated with particularly severe somatic [1] and psychological harm [2—4]. Between 1975 and 2016,
the proportion of overweight children and adolescents increased from 0.7% to 5.6% among girls and
0.9% to 7.8% among boys [5]. A further increase occurred during the COVID pandemic [6], with The
Lancet of Gastroenterology and Hepatology [7] even referring to it as a ‘second pandemic’.
Approximately 80% of overweight adolescents will remain over-sized into adulthood [8], and
according to the Look AHEAD study [9], over 75% of participants who achieved a weight loss of
more than 7.5% were unable to maintain this success for longer than four years. Over-eating and
reduced physical activity are known as main causes [10], but the underlying motivational
mechanisms are still unclear.
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Self-report studies suggest that adolescents with obesity experience a broad range of
motivational drivers and barriers related to weight loss [11,12]. Motivators span both the incentive
system (e.g., attaining a socially accepted body shape) and the behavioral avoidance system (e.g.,
avoiding body-related teasing or bullying). However, one of the most commonly cited barriers is a
lack of internal motivation or self-discipline — a finding consistent across both adolescent and adult
populations [13].

To better understand the involuntary components of weight loss motivation, stimulus-response
paradigms have been used, particularly those that measure physiological reactions to emotionally
charged stimuli. Among these, the affective startle reflex paradigm has demonstrated strong validity
[14,15]. The startle reflex — a rapid, involuntary blink response to sudden stimuli such as loud noise
—is modulated by affective valence: It is potentiated in negative emotional states and inhibited during
positive emotional experiences [14,15], indicating an activation of the behavioral avoidance vs.
behavioral approach system [16]. The reflex is primarily controlled by the nucleus reticularis pontis
caudalis in the brainstem and is modulated by activation of subcortical emotional structures, such as
the amygdala and nucleus accumbens [17]. For example, exposure to aversive stimuli reliably
increases amygdala activity [18,19] and potentiates the startle reflex response [20,21], while appetitive
stimuli activate dopaminergic systems in the nucleus accumbens [22] and inhibit the reflex [21].

Following Omondi and Freysteinson [23], the sight of a slim body in the mirror can be used as
an incentive for weight regulation through food restriction or more physical activity, whereas the
sight of an extremely oversized body may serve as an aversive motivator. Healthy individuals
generally show aversive physiological responses (e.g., potentiated startle reflex or increased mimic
muscle activity indicating disgust) to both overweight [24-28] and underweight bodies [24,25,27]. In
contrast, normal-weight bodies were found to be associated with positive evaluations [29,30] and
inhibited startle responses [25], suggesting a more positive, incentive-based valuation. This pattern
is believed to support healthy body weight regulation.

In individuals with anorexia nervosa, an exaggerated anti-fat bias has been observed on both
explicit and implicit levels [29,31]. Neuroimaging findings support these observations, with increased
amygdala and medial prefrontal cortex activation during exposure to extreme overweight stimuli
[32,33]. Additionally, Reichel et al. [25] found an appetitive response to extremely underweight body
images only on implicit measures such as the startle reflex.

In obesity, preliminary evidence indicates that insulin resistance may affect dopaminergic
reward pathways [34,35], controlling incentive motivation [22]. Alterations in amygdala function and
the hypothalamic-pituitary-adrenal axis, controlling avoidance motivation [18,19], have also been
observed in individuals with higher Body Mass Index (BMI) [36-39]. However, experimental studies
investigating motivation in individuals with obesity by using stimulus-response paradigms are
sparse and have mainly focused on food cues. While some studies report enhanced reward activation
to food stimuli and a positive correlation with future BMI [40,41], others do not [42,43], with age often
acting as a moderator [44]. Research using body images as stimuli is limited, often focusing on
cognitive evaluations (e.g., via affective priming) [29,30], adult samples, or individuals with binge
eating disorder [45-47].

Degner et al. [29] and Schwarz [30] found less negative (or even slightly positive) evaluations of
overweight bodies in obese adults via affective priming. However, these studies measured attitudes
('liking”) rather than motivational salience ("wanting’) [48,49]. Leehr et al. [50], using a gaze-cue
paradigm, found reduced visual attention to body images in obese adults, especially toward normal-
and overweight figures. Yet, no study to date has evaluated these attentional effects using peripheral
physiological measures such as skin conductance response (SCR).

1.2. Aims

To address these gaps, the present study employed a startle reflex paradigm combined with skin
conductance recording to examine implicit emotional and attentional responses to underweight,
normal-weight, and overweight body stimuli in obese versus normal-weight adolescent females. This
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design allowed assessment of involuntary motivational processing through both valence-related
(startle reflex [14,15]) and attention- related (SCR [51]) physiological measures.

1.3. Hypotheses

e Hypothesis 1: Obese adolescents will report less negative feelings and exhibit lower startle reflex
potentiation toward overweight bodies compared to normal-weight controls, consistent with
prior evidence of less negative or even slightly positive evaluation in this population [29,30].

¢ Hypothesis 2: Obese adolescents will report lower arousal and exhibit reduced SCR to normal-
and overweight body images, reflecting diminished attention, as observed in eye-tracking studies
[50].

e Hypothesis 3: No specific hypotheses were made regarding underweight body images, as this is
the first study to examine responses to these stimuli in adolescents with obesity.

2. Materials and Methods

2.1. Participants

Forty-four female adolescents and young adults (20 obese participants, 24 healthy normal-
weight participants) aged 14 to 21 years were recruited for the study. Both groups were matched for
age, gender, and level of education. All psychiatric diagnoses were based on ICD-10 criteria and were
established by experienced clinical raters.

Sample size calculation. The sample size calculation was based on study [52]. In that project,
the subjective and physiological processing of images depicting extremely underweight bodies was
investigated in two groups of female adolescents (anorexia nervosa vs. healthy controls). The authors
reported high effect sizes for self-report data and low effect sizes for physiological data. Assuming
an effect size of n2 = .14, a = .05, and 1- (power) = .80, a one-way univariate variance analysis
(ANOVA) would require n = 26 per group (N = 52) to detect a significant effect. Due to drop outs
during the measurement period, our final sample size was slightly below this target; accordingly, the
limited power for small effects should be acknowledged as a limitation.

Screening questionnaires. The following screening questionnaires were used: Structured
Interview for Anorexic and Bulimic Disorders (SIAB) [52], Composite International Diagnostic
Interview (CIDI) [53], Inventory of Eating Behavior and Weight Problems (IEG) [54], and Toronto
Alexithymia Scale (TAS) [55]. Adolescents with neurological diseases (e.g., history of seizures), severe
hearing or visual impairments, medications that influence the startle reflex response [17], recent
medication changes within the last two weeks, or insufficient knowledge of German were excluded
from the study.

Patient sample. Inclusion criteria for patients included a body weight above the age-corrected
90th BMI percentile. All patients participated in the outpatient therapy program of the
Interdisciplinary Obesity Center at Charité Universitidtsmedizin Berlin. Patients with documented
severe mental disorders (e.g., drug abuse, dementia, schizophrenic psychosis, and intellectual
disability) were excluded from the study.

Control sample. For the control sample, only healthy individuals with a body weight between
the age-corrected 10th and 90th BMI percentiles and no psychiatric diagnoses according to ICD-10-
GM were recruited. Recruitment methods included advertisements in newspapers, newsletters, and
postings on university campuses and in Berlin youth leisure centers. Demographic and clinical
characteristics of the sample are summarized in Table 1.
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Table 1. Demographic and Clinical Sample Characteristics.

Overall Patients Controls PPGvs.cG
Age 16.3 (2.1) 15.6 (2.0) 16.9 (2.0) .057
BMI 27.3 (9.8) 35.2(7.9) 19.5 (1.8) .001**
Education 16 high level 5 high level 11 high level A11

5 middle level 4 middle level 1 middle level

2 low level 2 low level 0 low level
Startle (uV) 21.9 (13.7) 20.2 (13.8) 24.4 (13.8) 432
SCR (uS) 19.8 (8.8) 18.7 (9.6) 21.5 (7.6) 407
TAS-26 58.4 (15.0) 45.6 (12.1) 68.6 (7.0) <.001***
IEG -72.2 (68.5) -43.4 (74.5) -94.1 (56.0) .024*

Group differences were tested using univariate variance analyses (ANOVA for age and BMI) or Pearson-Chi-
Quadrat test (for education). * p <.05; ** p <.01; *** p <.001.

2.2. Procedure

Preparation. The authors declare that this study was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by the Ethics Committee of the Charite” University
Medicine Berlin with the application number EA2/140/08. Written informed consent was obtained
from all individual participants included in the study. For minor participants, written consent was
also obtained from their legal guardians. Demographic data were collected, and screening
questionnaires were completed. Participants who did not meet the inclusion criteria were excluded
from further steps. Participants were then asked to complete body estimation tasks and
questionnaires assessing weight- and figure-related attitudes.

Pre-test procedure. Immediately before testing, situational factors such as mood, arousal,
hunger, body satisfaction, and motivation to lose weight were assessed using Visual Analogue Scales
(VAS).

Stimulus-response experiment. Each participant was placed 1.5 meters away from a 1.5 x 1.7
meter computer screen. Electrodes were attached, and picture presentation and psychophysiological
measurements commenced. To elicit the startle reflex, picture presentation was combined with
irregularly occurring sounds (white noise, 95 dB, continuous rise time). Pictures accompanied by
sound were used to record the electromyographic startle response (electromyographic activity,
EMG), while images presented without sound were used to record electrodermal activity (EDA)
parameters to prevent sound interference. At the beginning of the measurement period, three startle
reflex- triggering sounds were played to minimize potential habituation effects. The 30 images were
then presented in alternating sequences with black screens in two pseudo-randomized orders,
divided into two balanced blocks separated by a 15-minute break. Each image was displayed for 12
seconds. The duration of the black screens varied randomly between 12, 14, 16, and 18 seconds. Three-
quarters of the images in each category and one-quarter of the black screens were paired with startle
sounds. To prevent anticipation effects, the sounds occurred at variable times (3.5, 4.0, and 4.5
seconds after the start of the trials). The time interval between the end of trial n and the beginning of
trial n + 1 was defined as the inter-trial interval (12 seconds).

Post-test procedure. At the end of the experiment, half of the images from each category were
presented again for subjective ratings. Following this step, situational factors such as mood, arousal,
hunger, body satisfaction, and motivation to lose weight were reassessed via VAS. Upon request,
participants received individual feedback on their results.

2.3. Stimulus Material

For the experimental part of the study, 30 color photographs (1024 x 768 pixels) were presented.
The stimulus material consisted of three affective standard picture categories (5 negative, 5 neutral,
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and 5 positive) and three body picture categories (5 extremely underweight, 5 normal-weight, and 5
extremely over-weight).

Affective standard pictures. Pictures from the International Affective Picture System (IAPS)
[56,57] served as affective standard pictures (mean values and standard deviations based on Self-
Assessment Manikin [SAM] ratings [58] in brackets): Negative: Image Nos. 2095, 2800, 2811, 6230,
6540, 6550, 9140, 9300, 9301, 9571, 9800, 9810 (mean SAM valence: 1.8 + 1.33; mean SAM arousal: 6.8
+2.22); neutral: Image Nos. 2190, 2200, 2210, 2214, 2215, 2495, 2512, 7006, 7009, 7185, 7187, 7002 (mean
SAM valence: 5.1 + 1.87; mean SAM arousal: 3.1 + 2.01); positive: Image Nos. 1463, 1710, 4643, 4650,
8040, 8041, 8179, 8180, 8185, 8178, 8490, 8496 (mean SAM valence: 7.3 + 3.57; mean SAM arousal: 6.1
+ 2.22). Negative and positive pictures were matched for arousal level using SAM scales. Images
related to body and food, as well as content unsuitable for young audiences (e.g., blood, mutilation,
or age-inappropriate sexual depictions), were excluded from the study.

Body pictures. Whole-body photographs of extremely under-sized, normal-sized, and
extremely over-sized individuals were used as body pictures. The images were preselected from so-
called ‘Pro-Ana’ websites, which host collections labeled “Thinspiration” (depicting individuals with
severe underweight) and ‘Fatspiration’ (depicting individuals with severe overweight), intended to
serve as motivational content for further weight loss. From an initial pool of 8,000 retrieved images,
arandom sample of 50 was drawn. This set was further refined based on expert evaluations, in which
the images were assessed for visible signs of cachexia and obesity. The remaining 36 images were
presented to a group of 100 healthy female students for subjective rating. The 5 x 3 images that
received the most extreme ratings (most negative, most exciting, and most deviant from normal
weight) were selected for the study. To protect the anonymity of the subjects, full faces were
obscured, and relevant areas were digitally edited using Photoshop software. For copyright reasons,
these images were not presented at congresses or seminars. It was ensured that these images did not
differ from the standard stimuli in terms of key features, e.g., size, format, or background.

2.4. Instruments

2.4.1. Self-Assessment-Manikin

Subjective emotional reactions were assessed using the valence (from 1: negative to 9: positive,
reversed for better comparability) and arousal scale (from 1: low arousal to 9: high arousal) of the
SAM by Bradley and Lang [58]. Additionally, five single emotion scales were used to assess picture-
elicited admiration, fear, disgust, pity vs. neutral feelings on a dichotomous (yes/no) scale, with
multiple responses allowed.

2.4.2. Physiological Measures

The LabLinc V Tower from Coulbourn Instruments was used to record physiological reactions
and generate the startle sound. This modular system includes connections for EMG and EDA as well
as an audio module. The Human Startle Reflex System (HMS 500) software from Coulbourn
Instruments was used to control data collection and evaluation.

Startle reflex. The eyelid closure component of the startle reflex was recorded using Ag/AgCl
miniature electrodes to measure the activity of the left orbicularis oculi muscle (lat. musculus
orbicularis oculi). To elicit the startle reflex, a 95-decibel tone (white noise) with a continuous rise
time of 50 milliseconds was presented binaurally through headphones, following the
recommendations of Blumenthal et al. [59]. The Audio Source Module V85-05 from Coulbourn
Instruments was used to generate the sound. The raw EMG signal was recorded and processed using
the Isolated Bioamplifier V75-04. Digital sampling began 100 milliseconds before the auditory
stimulus onset and ended 400 milliseconds afterward. The signal was sampled at a frequency of 1000
Hertz and filtered using a 30 to 500 Hertz bandpass filter. The raw EMG signal was then aligned and
integrated with a time constant of 20 milliseconds. The integrated EMG amplitude was evaluated
manually based on magnitude and onset latency. "EMG magnitude’ was defined as the difference
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between peak EMG (highest EMG value within 20 to 150 milliseconds after the noise) and baseline
EMG (EMG value within the last 100 milliseconds before) consistent with Blumenthal et al. [59]. Trials
were categorized as non-responses and set to zero in the analysis if no reflex response occurred, the
EMG amplitude was less than 0.1 microvolt, or the onset latency exceeded 150 milliseconds. Trials
were considered missing and removed from analysis if they exhibited an onset latency greater than
20 milliseconds, motion artifacts, or excessive baseline activity.

Skin conductivity. EDA was measured using Ag/AgCl standard electrodes placed on the
hypothenar surface of the non-dominant palm. The Isolated Skin Conductance Coupler V71-23, with
a time constant of 5000 milliseconds, was used for measurement, with a constant voltage of 0.5 volts
applied across the electrodes. Digital sampling began 1000 milliseconds before image onset at a
frequency of 10 Hertz and continued for 4000 milliseconds afterward. The EDA waveform was
evaluated digitally for SCR based on amplitude and peak latency. ‘SCR amplitude” was defined as
the difference between peak SCR (highest EDA value within 900 to 4000 milliseconds after image
onset) and baseline SCR (EDA value within the last 1000 milliseconds before). Trials were categorized
as non-responses if the amplitude was below 0.1 microSiemens. Trials with motion artifacts or
excessive baseline activity were considered missing and removed from analysis.

2.4.3. Potential Confounding Variables

Situational factors prior to testing, as well as other aspects of body image, were considered
potential confounding variables.

Situational factors. To control for situational influences, mood (ranging from -50: very bad to
+50: very good), arousal (ranging from -50: relaxed to +50: excited), hunger (from -50: hungry to +50:
fed up), body satisfaction (from -50: dissatisfied to +50: satisfied), and motivation to lose weight (from
-50: low motivation to + 50: high motivation) were assessed both before and after the image
presentation using VAS.

Other body image aspects. For the assessment of body-related perceptual distortions, the Body
Image Distortion in Children and Adolescents (BID-I) [60] was used. Participants were asked to
estimate the size of specific body regions (arm, waist, and thigh) using a piece of string. The actual
circumferences of these body parts were then measured, and difference scores were calculated by
comparing the estimated and actual measurements. To assess figure- and weight-related attitudes,
the German version of the IEG [54] was used. Additionally, the Contour Drawing Rating Scale [61]
was used to assess discrepancies between real, ideal, and expected body image.

2.4.4. Statistics

The data were statistically processed using IBM SPSS Statistics 22.0 software.

Descriptive statistics. Group comparisons of descriptive data were conducted using two-tailed
ANOVAs or non-parametric methods (Pearson’s chi-square test). For the stimulus-response
experiment, the raw data for each subject were averaged per picture category. To avoid confounding
with the startle noise, EDA data were analyzed only for non-startle trials.

Inference statistics. The main hypotheses were tested using repeated-ANOV As. The normality
assumption was tested using the Kolmogorov-Smirnov test. Due to positive skewness, physiological
SCR data were logarithmically and square root transformed. Before this transformation, a constant
of 1 was added to avoid negative values. ‘Picture category’ (positive vs. neutral vs. negative; under-
sized vs. normal-sized vs. over-sized) was used as a within-group factor, ‘group’ (patients vs.
controls) as a between-group factor, and SAM valence (from 1: negative to 9: positive), SAM arousal
(from 1: low arousal to 9: high arousal), startle reflex magnitude, and SCR as dependent variables.
For all analyses, p-values < 0.05 (two-tailed) were considered statistically significant. When
Bonferroni corrections for multiple comparisons were necessary, the calculated p-value was
multiplied by the number of comparisons. If sphericity was violated, the Greenhouse-Geisser
correction for degrees of freedom was applied. If Levene’s test for equality of variances was
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significant, a robust Welch ANOVA was performed. For empirically well-founded hypotheses on
general emotional reactivity, contrast analyses were conducted. For all other cases, post-hoc tests
were performed as needed.

3. Results

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

3.1. Processing of the Affective Standard Pictures

For the manipulation check, a two-factorial mixed-design ANOVA was conducted with “picture
category’ (positive vs. neutral vs. negative) as a within-group factor and ‘group’ (patients vs. controls)
as a between-group factor. Only affective standard pictures were included. The results showed
significant valence and arousal changes in both groups, with no significant interaction effects, as
summarized in Figures 1-4.

SAM Valence Score

Group

EPatients
M Controls

SAM Valence Score
(from 1 = unpleasant to 9 = pleasant)

Positive Neutral Negative
Picture Category
Error Bar +/- 2 SE

Figure 1. Manipulation Check for Subjective Valence Data.
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SAM Arousal Score
8,00 Group

Eratients
M Controls

SAM Arousal Score
(from 1 = low arousal to 9 = high arousal)

positive neutral negative
Picture Category
Error Bar +/- 2 SE

Figure 2. Manipulation Check for Subjective Arousal Data.

Noise-induced Startle Reflex Magnitude (in pV)
1,000 Group

Eratients
M Controls

Startle Reflex Magnitude (in pV)
baseline-corrected

Positive Neutral Negative

Picture Category
Error Bar +/- 2 SE

Figure 3. Manipulation Check for Startle Reflex Data.
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Skin Conductance Response Amplitude

Group

M Patients
Econtrols

-
o
=]

80

B0

40

baseline-corrected

20

Skin Conductance Response Amplitude
square root and logarithmically transformed,

00

positive neutral negative

Picture Category
Error Bar +- 2 SE

Figure 4. Manipulation Check for the Skin Conductance Data.

3.1.1. SAM Valence Score

For the SAM valence score (ranging from 1: negative to 9: positive), a significant main effect for
‘picture category’ was found (p <.001): Positive pictures were rated as significantly more pleasant (p
< .001), negative pictures were rated as significantly more unpleasant (p <.001), both compared to
neutral pictures in both groups. The main effect for ‘group’ (p = .460) and the ‘picture category’ x
‘group’ interaction effect (p = .242) were not significant.

Changes in the Self-Assessment Manikin (SAM) valence value for the three standard picture
categories (positive, neutral, negative) for both groups (patients, controls). The SAM valence scale is
reaching from 1: negative to 9: positive. Values are means with standard error bars.

3.1.2. SAM Arousal Score

Analysis of the SAM arousal score (ranging from 1: low arousal to 9: high arousal) also revealed
a significant main effect for ‘picture category’ (p <.001): Negative and positive pictures were rated as
significantly more arousing than neutral pictures (p < .001), as expected. No significant main effect
for ‘group’ (p = .570) and no significant ‘picture category’ x ‘group’ interaction effect was found (p =
.072).

Changes in the Self-Assessment Manikin (SAM) arousal value for the three standard picture
categories (positive, neutral, negative) for both groups (patients, controls). The SAM arousal scale is
reaching from 1: low arousal to 9: high arousal. Values are means with standard error bars.

3.1.3. Startle Reflex Magnitude

For startle reflex magnitude, a linear increase from positive to neutral to negative pictures was
expected, as demonstrated in previous studies [14]. This pattern was replicated: A significant main
effect for ‘picture category’ was found (p < .001). Negative pictures induced a higher startle
magnitude than positive pictures (p <.001). No significant main effects for ‘group’ (p = .328) and no
significant ‘picture category’ x ‘group’ interaction effect were found (p = 1.000).

Changes in the noise-induced baseline-corrected startle reflex magnitude (in pV) for the three
standard picture categories (positive, neutral, negative) for both groups (patients, controls). Values
are means with standard error bars.
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3.1.4.SCR

Analysis of the square root- and logarithmically transformed SCR data revealed a significant
main effect for ‘picture category’ (p <.001): Negative pictures induced a significantly higher SCR than
neutral pictures (p <.001). No significant difference was found between positive and neutral pictures
(p =1.000). A significant main effect for ‘group’ was observed, with patients showing a significantly
lower SCR than controls (p = .004). The ‘group’ x ‘picture category’ interaction effect was not
significant (p = .246).

Changes in the sqare root and logarithmically transformed baseline-corrected skin conductance
response (SCR) for the three standard picture categories (positive, neutral, negative) for both groups
(patients, controls). Values are means with standard error bars.

3.2. Processing of the Body Pictures

The effect of body pictures was examined using a two-factorial mixed ANOVA design with
‘picture category’ (under-sized vs. normal-sized vs. over-sized) as a within-group factor and ‘group’
(patients vs. controls) as a between-group factor. The results are illustrated in Figures 5-8.
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Figure 5. Subjective Valence Reactions for the three Body Picture Categories.
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Figure 6. Subjective Arousal Reactions for the three Body Picture Categories.
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Figure 7. Startle Reflex Reactions for the three Body Picture Categories.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.2142.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 October 2025 do0i:10.20944/preprints202510.2142.v1

12 of 23

Skin Conductance Response Amplitude

Group

E Patients
Econtrols

e
in
[=]

T
[=]
=]

n
=1

o
a

=0

Skin Conductance Response Amplitude
(square root transformed, baseline-corrected)

00

Under-sized MNormal-sized Overs-sized

Picture Category
Error Bar +- 2 SE

Figure 8. Skin Conductance Reactions for the three Body Picture Categories.

3.2.1. SAM Valence Score

A significant main effect of ‘picture category” on the SAM valence score (from 1: negative to 9:
positive) was found (p < .001): Over-sized bodies (p < .001) and under-sized bodies (p < .001) were
rated as significantly more negative than normal-sized bodies. No significant difference was found
between over-sized and under-sized bodies (p =.192). The main effect of ‘group” was not significant
(p =1.000), and there was no significant “picture category’ x ‘group” interaction effect (p = 1.000).

Changes in the Self-Assessment Manikin (SAM) valence value for the three body picture
categories (extremely under-sized, normal-sized, extremely over-sized) for both groups (patients,
controls). The SAM valence scale is reaching from 1: negative to 9: positive. Values are means with
standard error bars.

3.2.2. SAM Arousal Score

The analysis of the SAM arousal score (ranging from 1: low arousal to 9: high arousal) revealed
a significant main effect for ‘picture category’ (p < .001), showing a linear increase in arousal from
normal-sized to over-sized to under-sized bodies (under- vs. normal-sized: p <.001; over- vs. normal-
sized: p = .020; under- vs. over-sized: p <.001). No significant main effect for ‘group” was found (p =
1.000). No significant ‘group’ x “picture category’ interaction effect was found (p =.084).

Changes in the Self-Assessment Manikin (SAM) arousal value for the three body picture
categories (extremely under-sized, normal-sized, extremely over-sized) for both groups (patients,
controls). The SAM arousal scale is reaching from 1: low arousal to 9: high arousal. Values are means
with standard error bars.

3.2.3. Startle Reflex Magnitude

The analysis of the startle reflex data revealed a significant main effect for “picture category’ (p
< .001), but no significant main effect for ‘group’ (p = .494) and no significant ‘group’ x “picture
category’ interaction effect (p =.868): Over-sized (p <.001) and under-sized pictures (p = .006) elicited
a significantly higher startle reflex magnitude than normal-sized pictures. Over-sized pictures
induced stronger startle potentiation than under-sized pictures (p <.001). Separate analyses for each
group, corrected for multiple comparisons, indicated differential effects: In the control group,

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.2142.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 October 2025 d0i:10.20944/preprints202510.2142.v1

13 of 23

participants showed a clear emotional differentiation between the three body categories. In the
patient group, however, a lack of behavioral avoidance response was observed: Startle potentiation
for over-sized bodies compared to normal-sized bodies was no longer significant (p = .082). Startle
potentiation for under-sized bodies compared to normal-sized bodies was also not significant (p =
.162). Startle reflex responses for over- and under-sized bodies did not differ (p = 1.000).

Changes in the noise-induced baseline-corrected startle reflex magnitude (in uV) for the three
body picture categories (extremely under-sized, normal-sized, extremely over-sized) for both groups
(patients, controls). Values are means with standard error bars.

3.2.4. SCR

For the SCR data, a significant main effect for ‘picture category” was found (p = .024): Under-
sized bodies elicited a significantly higher SCR than normal-sized bodies (p = .032). However, the
SCR increase from normal-sized to over-sized bodies did not reach statistical significance (p =.184).
No significant ‘group’ x ‘picture category’ interaction effect was found (p = .640), but a significant
main effect for ‘group’ was observed (p = .002): Patients exhibited a significantly diminished SCR
across all three body picture categories.

Changes in the sqare root and logarithmically transformed baseline-corrected skin conductance
response (SCR) for the three body picture categories (extremely under-sized, normal-sized, extremely
over-sized) for both groups (patients, controls). Values are means with standard error bars.

3.2.5. Single Emotion Scales

The data from the five dichotomous single emotion scales were analyzed using Pearson’s chi-
square test separately for the three body picture categories (under-sized vs. normal-sized vs. over-
sized) corrected for multiple comparisons (Tables 2—4). No significant differences were found
between groups in their reported fear and pity. However, a significant difference was found for
disgust and a trend-level difference for admiration: In the patient group, under-sized bodies elicited
significantly more disgust (p =.043), and over-sized bodies elicited admiration (p =.078). The findings
are summarized in Tables 2—4.

Table 2. Specific Subjective Emotions for Over-sized Bodies.

Overall Patients Controls prG s
CG
Disgust 77.8 % 38.9 % 38.9 % 1.000
Pity 52.8 % 33.3 % 19.4 % .561
Fear 11.1 % 8.3 % 2.8 % 1.000
Admiration 255 ¢ 19.4 % 2.8% 078t
Neutral 19.4 % 13.8 % 25.6 % .813

Values indicate the percentage of participants who selected the respective emotion. Group differences were

tested using Pearson-Chi-Quadrat test. * p <.05; ** p <.01; *** p <.001, ttendency.

Table 3. Specific Subjective Emotions for Under-sized Bodies.

Overall Patients Controls PPGvs.CG
Disgust 72.2 % 47.2 % 25 % .043*
Pity 77.8 % 36.1 % 41.7 % 459
Fear 41.7 % 16.7 % 25 % 582
Admiration 11.1 % 8.3 % 2.8 % 1.000
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Neutral 11.1 % 8,3 % 2.8 % 1.000

Values indicate the percentage of participants who selected the respective emotion. Group differences were
tested using Pearson-Chi-Quadrat test. * p <.05; ** p <.01; *** p <.001.

Table 4. Specific Subjective Emotions for Normal-sized Bodies.

Overall Patients Controls PrGvs. cG
Disgust 27.8 % 19.4 % 8.3 % . 597
Pity 25 % 19.4 % 5.6 % .249
Fear 16.7 % 8.3 % 8.3 % 1.000
Admiration 722 % 44.4 % 27.8 % 1.000
Neutral 75 % 30.6 % 44.4 % .036*

Regarding the normal-sized bodies, patients (PG) and controls (CG) differed significantly in their report of
neutral feelings, but not in their disgust, pity, fear, and admiration. Values indicate the percentage of participants
who selected the respective emotion. Group differences were tested using Pearson-Chi-Quadrat test. * p <.05; **
p <.01; *** p <.001.

3.3. Quality of the Measurement and Potential Confounders

3.3.1. Internal Consistency

The Self-Assessment Manikin (SAM) is an established instrument for assessing subjective
emotional reactions and shows good test-retest reliability (coefficients ~ .55-.78) as well as solid
internal consistency [58]. The BID-I [60], the IEG [54], and the Contour Drawing Rating Scale [61] are
established measurement instruments with good internal consistency. For the startle-reflex and SCR
measurement, Cronbach’s alpha was computed between odd and even trials (only black screens),
indicating acceptable to good internal consistency (startle reflex: o =.730, SCR: « = .947).

3.3.2. Situational Influences

To control for situational influences, VAS scores before and after the experiment were compared
using two-tailed univariate ANOVAs, with ‘group’ as the independent factor (Table 5). No significant
group differences were found, either before or after the experiment. Moreover, changes in mood and
arousal from pre- to post-test did not differ significantly between groups. No significant ‘time x
group’ interaction effects were observed.

Table 5. Visual Analogue Scale (VAS) Ratings Before and After the Experiment.

Full Sample Patients Controls PG vs. CG
M SD M SD M SD p-
Pre Mood 198 219 126 268 246 127 182

Arousal -125 233 -13.0 228 -11.0 245 1.000
Hunger 152 257 249 238 50 241 .038

Satisfaction -1.3 332 -237 259 225 214 <.001

Motivation 14.6 320 394 146 -151 213 <.001
Post Mood 8.9 184 64 219 111 149 876

Arousal 5.7 227 -01 265 -11.7 16.6 .266
Hunger 11.1 280 243 256 -29 238 .006
Satisfaction 24 347 269 238 235 237 <.001
Diff Mood 95 215 -62 236 -13.0 19.0 .359

Arousal 6.7 186 129 274 02 29.1 .193
Hunger 42 243 -61 291 -79 181 .380
Satisfaction -1.1 186 -32 23.0 1.0 12.8 516
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Motivation -4.2 170 -1.9 11.7 -70 21.8 .397

Current mood, arousal, hunger, body satisfaction, and motivation to lose weight before and after the experiment

in both groups were assessed via Visual Analogue Scales: VAS Mood (from -50: very bad to +50: very good),
VAS Arousal (from -50: relaxed to +50: excited), VAS hunger (from -50: hungry to +50: fed up), VAS body
satisfaction (from -50, dissatisfied, to +50, satisfied), VAS motivation (from -50: low motivation to + 50: high
motivation). Group differences and pre-post-differences were tested using univariate variance analyses
(ANOVA). Values are means (M) and standard deviations (SD). * p <.05; ** p <.01; ** p <.001.

3.3.3. Influence of Other Body Image Dimensions

On the perceptual level, both groups showed a significant overestimation of specific body parts
(upper arms: p < .001, and upper legs: p = .024) in the BID-CA [32] with significantly greater
overestimation in the patient group (Table 6). Comparable results were observed for the cognitive
aspect of body image: The IEG score [54] in both groups remained below the threshold for
pathological eating- and weight-related attitudes, although obese adolescents scored significantly
higher (p =.024). On the Contour Drawing Rating Scale [61], patients correctly assessed themselves
as larger than controls (Table 7). Consequently, discrepancies between real and ideal body image (p
<.001), as well as between expected and real body image (p < .001), were more pronounced in the
patient group. However, there were no significant group differences in the absolute ratings of ideal
(p=.129) or expected body image (p = .478). Covariance analyses (ANCOV As) with the above-named
variables as covariates showed that these aspects did not influence the performance in the stimulus-
response experiment (Tables 8 and 9).

Table 6. Test for Body Image Distortion in Children and Adolescents (BID-CA) [32].
Overall  Patiens Controls Welch dfl df2 PPG vs. CGc
Overall 39.3 (22.3) 47.5(26.8) 29.9 (10.3) 6.2 1 21.2 .084
Upper Arms 8.8 (4.8)  11.4 (4.4) 5.8 (3.2) 171 1 28.8  <.001**
Upper Legs 14.7 (10.8) 19.3(12.0) 9.4 (6.1) 90 1 243  .024%
Abdomen 15.8 (12.2) 16.8 (16.0) 14.7 (6.0) <1 1 20.9 1.000

Patients (PG) and controls (CG) differed significantly in their assessment of the own body, assessed by the
difference between real and estimated circumference of the upper arms, the upper legs, the abdomen and the
whole body (in centimeters). Values are means, standard deviations and degrees of freedom (df) with p-levels

corrected for multiple measurements.* p <.05; ** p <.01; *** p <.001.

Table 7. Contour Drawing Rating Scale [61].

Body Image Overall Patients Controls PPG vs. CGe
Real 6.5 (1.8) 8.2 (0.5) 5.1(1.1) <.001***
Ideal 4.6 (0.9) 4.9 (0.8) 4.4 (1.0) 129
Expected 5.8(1.2) 5.9 (1.5) 5.7 (0.9) 478
Real - Ideal 1.9 (1.6) 3.4 (1.1) 0.7 (0.9) <.001***
Expected - Real -0.7 (2.0) -2.3(1.6) 0.5 (1.4) <.001***
Expected - Ideal 1.2 (1.1) 1.1(1.2) 1.2 (1.0) 617

Patients (PG) and controls (CG) differed significantly in their assessment of their real body, but not in their
assessment of their ideal or expected body. The Contour Drawing Rating Scale [61] with values from 1: extremely
under-sized to 9: extremely over-sized was used. Values are means and standard deviations with p-levels

corrected for multiple measurements. * p <.05; ** p <.01; ** p <.001.
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Table 8. Startle Reflex Magnitude during Viewing of Body Pictures after Inclusion of the BID-CA Score, the IEG

Score, and the Contour Drawing Rating Scale Score as Covariates.

Main Effect Body Picture Category F dfi  df2 p
Patients  BID-CA Score 1.6 2 30 .210
IEG Score 1.2 2 28 324
Contour Drawing Rating 1.2 2 30 .309
Scale
Controls BID-CA Score 3.4 1.3 23.5 .067
IEG Score 3.7 1.2 23.5 .059
Contour Drawing Rating18.2 1.3 245 .001**
Scale

After inclusion of the BID-CA score [32], the IEG score [54], and the Contour Drawing Rating Scale score
(Thompson and Gray, 1995) as covariates, the startle reflex findings remained stable. The influence of these
covariates was tested using analyses of covariance (ANCOVA) with group (patients vs. controls) and picture
category (under-sized, normal-sized, over-sized) as factors. Values are F-values (F), degrees of freedom (df), and
p-values (p), if necessary, corrected for multiple measurements using Bonferroni (pc). * p <.05; ** p <.01; ** p <

.001; t= tendency.

Table 9. Skin Conductance Response (SCR) during Viewing the Body Pictures after Inclusion of the BID-CA

Score, the IEG Score, and the Score of the Contour Drawing Rating Scale as Covariates.

Main Effect Group F dft df2 p
Overall BID-CA Score 12.2 1 17 .003**
IEG Score 14.8 1 19 <.007***

Contour Drawing Rating 7.7 1 21 .011**

Scale

After inclusion of the BID-CA score [32], the IEG score [54], and the Contour Drawing Rating Scale score
(Thompson and Gray, 1995) as covariates, the SCR findings remained stable. The influence of these covariates
was tested using analyses of covariance (ANCOVA) with group (patients vs. controls) and picture category
(under-sized, normal-sized, over-sized) as factors. Values are F-values (F), degrees of freedom (df), and p-values
(p), if necessary, corrected for multiple measurements using Bonferroni (pc). * p <.05; ** p <.01; ** p <.001; t=

tendency.

4. Discussion

This study should be understood as a pilot investigation that expands current knowledge on the
motivational underpinnings of unsuccessful weight control behavior in adolescents with obesity. By
employing a stimulus-response paradigm, disruptions in the involuntary processing of body-related
stimuli were assessed. Participants were presented with images of extremely under-sized, normal-
sized, and extremely over-sized female bodies, and both subjective and objective emotional reactions
were recorded using a physiological measurement approach. In addition, affective standard pictures
from the IAPS were presented.

Processing of the Affective Standard Stimuli

Prior research, such as the study by Giel et al. [62], demonstrated reduced subjective emotional
intensity — including diminished disgust -when adults with obesity viewed images from the IAPS. In
the current adolescent sample, however, this pattern was not replicated. Neither subjective ratings
nor startle reflex responses differed significantly between adolescents with obesity and their normal-
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weight peers. One group difference did emerge: Adolescents with obesity exhibited lower SCR across
all affective picture categories. However, baseline SCR levels were comparable between groups,
diverging from previous findings of reduced tonic arousal in obesity [63]. These results suggest that,
despite a reduced attention, there is no evidence of a generalized motivational dysfunction in the
obese adolescents sample. Physiological and subjective motivational responses to non-body-related
affective stimuli appear largely intact.

Processing of the Body Pictures

A distinct pattern emerged for body-related stimuli, where clear and consistent group
differences were observed: Among healthy individuals, consistent with previous findings [24-28],
both an anti-fat bias and an anti-cachexia bias were observed — that is, over- and under-sized bodies
were experienced as more negative and more arousing than normal-sized bodies. These responses
were physiologically mirrored by significantly increased startle reflexes (indicating involuntary
activation of the behavioral avoidance system [14,15]) and elevated SCR (indicating heightened
attention [51]). In contrast, adolescents with obesity showed a discrepancy between subjective and
objective responses: Although they rated over- and under-sized bodies as comparably aversive and
arousing as the control group, and rated normal-sized bodies — representing the societal beauty ideal
- as significantly more arousing and attractive, they did not exhibit the expected physiological
avoidance or approach responses. Instead, a generalized emotional down-regulation was observed
across all three body categories: Both the startle reflex and SCRs were significantly reduced.

Physiological Downregulation

Several potential mechanisms may explain the observed physiological downregulation in
response to body-related stimuli among adolescents with obesity:

1. Habituation: Repeated exposure to the same or similar stimuli can lead to a decrease in skin
conductance response (SCR), reflecting reduced attention - a process known as habituation [51,64,65].
From this perspective, the blunted emotional response to overweight body cues may result from
adolescents with obesity encountering their own body shape regularly (e.g., in mirrors), leading to
desensitization. However, this explanation falls short of accounting for the reduced reactivity to both
underweight and normal-weight body images, which are not typically part of these adolescents’
visual routine. Therefore, habituation alone is insufficient to explain the full pattern of results.

2. Emotional avoidance behavior: Avoidance of weight- and body-related cues is a well-
documented coping strategy in individuals with obesity, persisting even after weight-loss treatment
[66,67]. The reduced attention to body cues observed in the present study - consistent with findings
from gaze-cue paradigms [50] - could reflect an unconscious “looking away” strategy intended to
protect against the distress of upward social comparison. However, this mechanism typically results
in a dissociation: increased physiological reactivity (due to internal conflict) despite reduced
subjective arousal [68]. This pattern was not observed in the current study: Here, the physiological
responses were blunted. Thus, emotional avoidance may be contributing, but does not fully account
for the data.

3. Lack of intrinsic motivational salience: The most compelling explanation may be a body-cue-
specific deficit in intrinsic incentive and avoidance motivation among adolescents with obesity. Prior
research suggests that obesity — particularly when associated with insulin resistance [34,35] — can lead
to functional and structural changes in brain regions critical for motivational processing, including
the amygdala and dopaminergic systems [36-39,69-71]. These systems govern both behavioral
avoidance [18,19] and reward anticipation [22]. Since adolescence is a critical window for
neurodevelopment [72,73], such cerebral vulnerabilities may result in an attenuated motivational
response to salient body cues. The physiological blunting observed here may thus reflect
neurobiological dysfunction in in body image processing motivational circuits — a hypothesis
requiring further investigation.
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Subjective vs. Objective Discrepancy

The fact that this blunting was limited to the physiological domain raises an additional question:
Why did subjective reports not mirror this disruption? Two interpretations are plausible:

1. Socially desirable response behavior: Social desirability bias may have influenced participants’
self-reporting, leading them to express the “expected” attitudes toward thinness and overweight [74].

2. Wanting vs. linking: Alternatively, the 'wanting’ vs. ‘liking" distinction [48,49] offers a
compelling framework. While ‘liking” refers to the conscious experience of pleasure, ‘wanting’
reflects the incentive salience attributed to a stimulus — a largely unconscious motivational process
that shapes behavior even in the absence of awareness. Previous studies in obesity research have
documented similar subjective-objective discrepancies when measuring responses to food cues [75].

Implications

The findings have the following implications: If the perception of extreme overweight as
aversive and the perception of normal-weight as desirable are blunted, a key motivational factor for
weight loss is diminished. In such cases, the motivation to lose weight may be driven solely by
cognitive reasoning (‘I have to lose weight’) or by social desirability pressures, rather than by an
intrinsic emotional drive.

To address this issue, effective treatment approaches should incorporate emotion-activating
techniques, such as mirror exposure therapy [76], and interventions that raise awareness of body-
cue-related emotional blunting. While therapeutic strategies aimed at processing negative body-
related emotions (e.g., body image exposure therapy) may be beneficial, the current findings suggest
that emotional blunting in adolescents with obesity reflects not an excess of negative affect, but rather
a lack of motivational salience in response to body-related stimuli. This distinction is critical for
refining intervention strategies. If a link between this blunted physiological reactivity and insulin
resistance can be confirmed, it may open the door to pharmacotherapeutic interventions targeting
metabolic and motivational systems. Early clinical studies on semaglutides, particularly glucagon-
like peptide-1 (GLP-1) receptor agonists, have shown promise in reducing insulin resistance and
supporting weight loss in obese adults [77], and their potential use in adolescents is currently under
discussion [78].

However, the current findings underscore the need for further research into the neurobiological
mechanisms underlying emotional downregulation in obesity. Future studies should incorporate
functional neuroimaging, insulin sensitivity markers, and longitudinal designs to better understand
whether these motivational disruptions are a cause or consequence of obesity, and whether they are
modifiable through combined behavioral and pharmacological interventions.

Limitations

Several limitations must be acknowledged. The pilot study was conducted with a low sample
size, and the effects found were small. Due to drop outs during the measurement period, our final
sample size was slightly below the calculated target of 26 participants per group; accordingly, the
limited power for small effects and especially the increased risk of false-negative effects should be
acknowledged as a limitation. The results are limited to a specific demographic (female adolescents),
so no conclusions can be drawn for older individuals or males with obesity. Comorbidity with binge
eating disorder was not recorded, which may have confounded the results, particularly those related
to perceptual body image distortions. Furthermore, the positive standard images used in the study
were not sufficiently arousing, especially for control participants, which may have affected the
comparability between groups. Participants viewed images of strangers rather than of themselves;
therefore, it remains unclear whether viewing one’s own body (e.g., via body morphing techniques)
would produce similar patterns of emotional down-regulation. This study does not provide insight
into the long-term consequences of emotional blunting in response to body-related stimuli. To
evaluate the behavioral relevance of these findings over time, future research should incorporate
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follow-up assessments, including objective behavioral measures such as actual eating behavior,
treatment adherence, and long-term weight trajectories. Moreover, the current design was not suited
to investigate the neurobiological mechanisms underlying the observed motivational deficits. To
address this gap, future studies should integrate neuroimaging techniques (e.g., fMRI) to measure
cerebral activation patterns during exposure to body-related cues. In addition, covariance analyses
involving insulin sensitivity markers could clarify the potential role of metabolic dysregulation —
particularly insulin resistance — in shaping motivational and emotional processing in obesity.

5. Conclusions

Building on recent neuroimaging research suggesting that insulin resistance may disrupt the
incentive and avoidance motivational systems in adolescents with obesity, the present pilot study
investigated — for the first time — the involuntary motivational processing of body-related cues in this
population. While previous stimulus-response experiments have predominantly focused on food
cues [44], this study examined physiological and subjective reactions to extremely underweight,
normal-weight, and extremely overweight body images.

A clear dissociation emerged between subjective self-reports and physiological measures:
Although obese and non-obese adolescents reported similar emotional experiences, obese
participants exhibited a generalized physiological blunting across all body categories. Specifically,
startle reflex modulation (reflecting behavioral avoidance and reward system activation) and SCR
(indicating attentional engagement) were significantly reduced in the obesity group. In the case of
the startle reflex response, this blunting was specific to body stimuli; no group differences were
observed in startle reflex response to affective standard images, suggesting that general motivational
processing remains intact.

Although limitations such as the small sample size must be considered, these findings provide
a promising extension to prior research and highlight the need for further studies exploring the
complex interplay between adolescence-related obesity, brain-based motivational deficits, and body-
cue-specific emotional reactivity.
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