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Background: Muscle dysmorphia (MD), a subtype of Body Dysmorphic 
Disorder (BDD), involves an obsessive preoccupation with perceived insufficient 
muscularity despite an objectively muscular physique. While its psychological 
features are well-documented, physiological and attentional underpinnings 
remain underexplored.

Objective: This exploratory, proof-of-concept case series examines the 
psychological, physiological, and attentional characteristics of individuals 
with varying experiences of MD using a multimodal approach combining 
electroencephalography (EEG), galvanic skin response (GSR), and eye-tracking 
technologies.

Methods: Three male participants were purposefully selected to represent 
distinct clinical profiles: one with active MD and steroid use, one in sustained 
remission from MD, and one with no MD history. Participants completed 
validated psychological scales (MDDI, BIDQ, STAI, RSES) and were exposed 
to personalized visual stimuli (past, current, and idealized body images). A 
triangulated recording protocol was used to capture EEG, GSR, and eye-tracking 
data during stimulus exposure.

Results: Participants with current and past MD showed elevated beta wave 
activity, increased skin conductance, and attentional biases toward muscular 
regions, corresponding with higher self-reported distress and anxiety. In 
contrast, the control participant exhibited stable physiological responses and 
emotionally neutral reactions. Triangulated data revealed coherent patterns 
across subjective and physiological domains, supporting the internal validity of 
the findings despite the small sample.

Conclusion: These findings illustrate the potential of multimodal assessment 
in identifying candidate psychophysiological markers of MD. While not 
generalizable, this case-series provides a valuable framework for future 
hypothesis-driven research and supports the need for gender-specific diagnostic 
and intervention strategies in muscle dysmorphia.
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1 Introduction

MD, a subtype of BDD, is characterized by an obsessive 
preoccupation with insufficient muscularity, despite often possessing 
a visibly muscular physique (Sreshta et al., 2017). Initially considered 
a male parallel to eating disorders (Murray et al., 2010), MD is now 
recognized as a complex condition impacting cognitive, emotional, 
and behavioral domains (Rück et al., 2024). Individuals with MD often 
engage in compulsive exercise (Martenstyn et al., 2022a), adhere to 
rigid dietary regimens (Martenstyn et al., 2022b), and may resort to 
anabolic steroid use (Zaiser et  al., 2024), resulting in significant 
psychological distress (Cuadrado et al., 2024) and physical health risks 
(Bonnecaze et al., 2021).

While extensive research has explored the psychological 
dimensions of MD (Prnjak et  al., 2022), including self-esteem 
issues (Greenway and Price, 2020), anxiety (Zheng et al., 2021), and 
body image dissatisfaction (Dal Brun et al., 2024), the physiological 
and neurocognitive underpinnings of MD remain poorly 
understood. To the best of our knowledge no studies have 
examined brain activity, autonomic arousal, and visual attention 
patterns in individuals with MD, leaving a gap in understanding 
the interaction between psychological symptoms and 
physiological responses.

This study is framed as an exploratory, proof-of-concept 
investigation aimed at generating hypotheses about the physiological 
markers of MD using a multimodal design. Given the rarity and 
complexity of muscle dysmorphia, especially among individuals 
actively using anabolic steroids, a case study design was deemed 
appropriate for this exploratory investigation. The use of a small, 
strategically selected sample allowed for an in-depth, multimodal 
examination of distinct MD presentations—active, remitted, and 
asymptomatic. This methodological choice is consistent with the goals 
of early-stage clinical neuroscience research, where detailed 
physiological and psychological profiling of hard-to-reach populations 
serves as a foundation for hypothesis generation and future large-scale 
studies. Importantly, this design provides contextual nuance and 
ecological validity, capturing the lived experiences of individuals 
whose psychological symptoms are often concealed or normalized in 
performance-oriented subcultures. While the findings are not 
intended for generalization, they offer critical insights into the 
neurophysiological correlates of MD, which remain virtually 
undocumented in the existing literature.

This case report employs a multimodal assessment approach, 
integrating EEG, GSR, and eye-tracking technology, combined with 
validated psychological scales MDDI (Devrim and Bilgic, 2019), 
BIDQ (Kuzu et al., 2020), STAI (Döner et al., 2024), RSES (Gnambs 
et al., 2018). Three participants, representing varying experiences with 
MD—an active MD sufferer with steroid use, a former MD sufferer 
post-recovery, and a control participant with no MD symptoms—were 
exposed to personalized visual stimuli of their past, current, and 
idealized body images.

By analyzing both self-reported psychological data and objective 
physiological markers, this study aims to identify patterns of 
emotional and cognitive responses associated with MD, shedding light 
on the neurocognitive and physiological mechanisms underlying body 
image distress. The findings aim to contribute to the development of 
targeted interventions and early detection strategies for individuals 
affected by MD.

1.1 Case descriptions

1.1.1 Case 1: E.S.—active MD diagnosis
E.S., a 24-year-old male, has been actively bodybuilding for 

6 years and using anabolic steroids and performance-enhancing drugs 
(PEDs) since age 20. He follows a rigid six-day training regimen and 
a strict diet. Despite his objectively muscular physique, E.S. reports 
persistent body dissatisfaction, obsessive self-scrutiny, and social 
withdrawal driven by perceived inadequacies in his physical 
appearance. Psychological assessments revealed severe symptoms of 
muscle dysmorphia, significant body image distress, elevated anxiety 
levels, and low self-esteem. E.S. described intense emotional responses 
during visual exposure to body images, including regret, frustration, 
and a strong reliance on steroids despite awareness of their 
adverse effects.

1.1.2 Case 2: A.K.—post-MD recovery
A.K., a 44-year-old male, has a history of competitive 

bodybuilding and anabolic steroid use but discontinued both over 
6 years ago. He now leads a sedentary lifestyle and reflects on his past 
with a mix of pride and regret. In this study, “recovery” was 
operationally defined as the cessation of pathological behaviors 
associated with muscle dysmorphia (e.g., steroid use, compulsive 
training), return to a non-body-centric lifestyle, and scoring below 
clinical thresholds on validated psychological measures for MD, 
sustained for at least 12 months. A.K. met these criteria, though 
he  continues to report occasional intrusive thoughts and mild 
emotional discomfort related to body image. Psychological 
assessments indicated moderate residual symptoms of muscle 
dysmorphia, moderate anxiety, and fluctuating self-esteem. His 
emotional reflections revealed some lingering cognitive patterns—
such as frustration over physical changes and intermittent 
preoccupation with his former physique—that do not currently 
interfere with daily functioning or meet diagnostic criteria.

1.1.3 Case 3: M.T.—neutral and no MD diagnosis
M.T., a 39-year-old male, engages in recreational fitness three 

times a week with no history of steroid use or body dysmorphic 
concerns. He describes his relationship with fitness as health-oriented 
and non-obsessive. Psychological assessments revealed no signs of 
muscle dysmorphia, low anxiety levels, and high self-esteem. 
M.T. reported neutral emotional responses during visual exposure to 
body images, emphasizing contentment with his physical appearance 
and an absence of distress or fixation on specific body features.

2 Materials and methods

2.1 Participants

Three male participants were purposefully selected to represent 
distinct profiles relevant to MD, BDD, and fitness behaviors. The 
inclusion of only male participants was intentional, as muscle 
dysmorphia is predominantly observed in men, and the study aimed to 
minimize gender-related variability in this exploratory case-series 
design. Recruitment occurred via referrals from fitness professionals, 
licensed clinicians, and targeted outreach at fitness facilities. Eligibility 
was assessed through an online screening questionnaire evaluating 
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fitness habits, steroid use, body image concerns, and psychological well-
being, followed by a structured clinical interview conducted by one of 
the authors (GHS), a licensed psychiatrist, using DSM-5 diagnostic 
criteria for Body Dysmorphic Disorder, with specific attention to the 
muscle dysmorphia subtype. Although the SCID-5 was not formally 
administered, the interview systematically assessed the key DSM-5 
criteria for BDD: (1) preoccupation with perceived appearance flaws; (2) 
engagement in repetitive behaviors or mental acts; (3) clinically 
significant distress or impairment; and (4) in the case of muscle 
dysmorphia, a focus on perceived insufficient muscularity. The final 
sample included a 24-year-old with active MD, ongoing steroid use, and 
a strict six-day training and diet regimen; a 44-year-old with a past MD 
diagnosis who discontinued steroid use and bodybuilding 6 years ago 
and now leads a sedentary lifestyle; and a 39-year-old recreational 
gym-goer with no history of MD, steroid use, or body image concerns. 
Participants met the inclusion criteria of being male, aged 18–65, capable 
of informed consent, and free from psychiatric medication or ongoing 
psychotherapy. Exclusion criteria included neurological disorders, severe 
medical conditions, or an inability to comply with the study protocol.

2.2 Study design and procedure

The study employed a case study design, adhering to CARE 
guidelines for methodological rigor (Riley et al., 2017). It comprised 
three phases: baseline psychological assessment, experimental image-
viewing task, and post-exposure emotional assessment. In the baseline 
phase, participants completed validated self-report instruments 
(MDDI, BIDQ, STAI, RSES) to evaluate symptoms of muscle 
dysmorphia, body image distress, anxiety, and self-esteem. This phase 
was followed by a resting-state recording period, during which EEG, 
GSR, and eye-tracking data were collected under neutral conditions 
(e.g., blank screen, eyes open/closed, static neutral stimulus) to 
establish individualized baseline physiological profiles prior to 
stimulus exposure. During the experimental phase, participants 
viewed three personalized body images—past, current, and 
idealized—each displayed for 30 s on a calibrated high-resolution 
monitor, interleaved with 10-s neutral gray screens to minimize 
emotional carryover. EEG, GSR, and eye-tracking metrics were 
recorded continuously throughout the task to capture real-time 
physiological and attentional responses. In the post-exposure phase, 
participants rated their emotional reactions using a Visual Analog 
Scale (VAS) and took part in semi-structured interviews to 
qualitatively explore their cognitive and emotional responses during 
image viewing. To enhance methodological rigor and internal validity, 
the study implemented a triangulation framework that integrated 
subjective psychological assessments with neurophysiological (EEG), 
autonomic (GSR), and attentional (eye-tracking) data sources. This 
multimodal approach allowed for the identification of converging 
patterns across distinct response systems and supported the 
interpretive robustness of findings, despite the study’s limited 
sample size.

2.3 Experimental setup and procedure

The experimental phase took place at the Üsküdar University 
Psycho-Physical Research Laboratory, utilizing EEG, GSR, and 

eye-tracking technologies, integrated through the iMOTIONS 
10.0.1. Participants were seated in a soundproof, controlled 
environment, approximately 60 cm from a calibrated high-
resolution monitor, ensuring session consistency. Participants 
viewed three personalized images—past, current, and idealized 
body images—in random order. Each image was displayed for 30 s, 
separated by a 10-s neutral gray screen to minimize emotional 
carryover. The trial structure included one exposure per image 
condition (past, current, idealized) for each participant. This single-
trial design was chosen based on the personalized and emotionally 
evocative nature of the stimuli, which were derived from 
participants’ own body history and ideals. In line with ethical 
standards and similar research in clinical populations, repeated 
exposures were avoided to prevent emotional habituation, fatigue, 
or distress—particularly for individuals with active or residual MD 
symptoms. Prior literature on body image and affective neuroscience 
confirms that single, high-salience trials are sufficient to elicit 
meaningful physiological responses when data are recorded 
continuously and analyzed relative to individual baselines. This 
design preserved ecological validity while minimizing potential 
carryover effects, allowing for clear within-subject comparisons 
across the three image types.

Participants were instructed to remain still and focused 
throughout the task. Physiological data were continuously recorded: 
EEG captured beta wave activity (13–30 Hz) in frontal and parietal 
regions for cognitive and emotional processing, as altered beta wave 
patterns have been linked to heightened anxiety (Leaf et al., 2023) 
and obsessive thought processes (Perera et al., 2023); GSR measured 
skin conductance changes reflecting emotional arousal, which 
indicates physiological responses to emotional stimuli (Shehu et al., 
2023); and eye-tracking analyzed fixation durations and gaze patterns 
across predefined areas of interest (e.g., chest, arms, abdomen), 
highlighting areas of attentional bias associated with body 
dissatisfaction (Wong et al., 2022). After each image, participants 
rated their emotional distress on a (0–10) VAS (Lukacz et al., 2004) 
and participated in a semi-structured interview (Magaldi and Berler, 
2020) to share reflections on their emotional and 
cognitive experiences.

2.4 Laboratory equipment

The study employed the Emotiv Epoc X EEG headset, Shimmer 3 
GSR + Unit, and iMOTIONS 10.0.1 platform for synchronized data 
acquisition and analysis. The Emotiv Epoc X recorded EEG signals 
from 14 channels with two reference sensors (CMS/DRL at P3/P4). It 
operated with a 14-bit resolution (0.51 μV) or an optional 16-bit 
resolution (0.1275 μV), covering a frequency range of 0.16–43 Hz. The 
Shimmer 3 GSR + Unit measured skin conductance using two Ag/
AgCl electrodes attached to the non-dominant hand’s middle and 
index fingers. It operated within a resistance range of 10kΩ–4.7 MΩ 
(100uS–0.2uS conductance) and featured Bluetooth connectivity and 
onboard data storage. Eye-tracking technology analyzed fixation 
durations, gaze patterns, and heatmaps on predefined areas of interest 
(chest, arms, abdomen). The soundproof and temperature-controlled 
laboratory ensured consistent lighting. Participants sat 60 cm from a 
calibrated monitor, with all equipment calibrated before each session 
for data reliability.
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2.5 Data analysis

EEG data were pre-processed to remove artifacts and filtered 
(0.5–50 Hz) for spectral analysis, focusing on beta wave power across 
targeted regions. Baseline EEG, GSR, and eye-tracking data were 
analyzed to confirm stable physiological states prior to image 
exposure, serving as individualized reference points. To address 
potential sensor noise and reduce the impact of inter-individual 
physiological variability, all outcome measures were computed as 
changes from baseline within each participant. This approach 
ensured that comparisons reflected stimulus-specific reactivity 
rather than raw signal values, which may vary across individuals due 
to anatomical, behavioral, or device-related factors. GSR data were 
analyzed for peak amplitudes using the transformation 
SCR = log(1 + |SC|) and for response latencies during stimulus 
presentation. Eye-tracking data were processed to extract fixation 
durations and generate gaze heatmaps across predefined areas of 
interest (e.g., chest, arms, abdomen). Repeated-measures ANOVA 
with post-hoc pairwise tests was conducted to compare responses 
across the three image types. Mixed-effects models were used to 
account for variability in eye-tracking data, and Pearson’s correlation 
coefficients were calculated to assess associations between 
physiological markers and psychological scale scores. Psychological 
scale results were summarized descriptively with means and 
standard deviations and interpreted in conjunction with 
physiological findings.

2.6 Ethical considerations

The study was approved by the Institutional Review Board of 
Üsküdar University (No: 61351342/020-318). Written informed 
consent was obtained from all participants, who were informed of 
their right to withdraw at any time without consequence. A debriefing 
session followed the experimental phase to address any distress, with 
psychological support offered if needed. Data were anonymized, 
securely stored, and managed according to the Declaration of Helsinki 
and CARE guidelines.

3 Results

Baseline measures showed stable beta wave activity across frontal 
and parietal regions, low and consistent GSR levels indicating minimal 
emotional arousal, and evenly distributed eye-tracking fixation 
patterns. These baselines confirmed neutral physiological states before 
stimulus presentation (Figure 1).

The gaze fixation heatmaps visualize cumulative attention 
distribution across predefined body regions using a 5 × 5 AOI grid. 
Case E.S. (active MD) showed highly concentrated visual attention 
on upper-body regions, with particularly intense focus on chest and 
arm areas. Case A.K. (post-recovery) exhibited a more distributed 
but still upper-body-biased fixation pattern. In contrast, Case 
M.T. (control) displayed relatively balanced attention, with less 
pronounced clustering and lower overall fixation density. These 
heatmaps reflect participant-specific attentional biases that align 
with their clinical status and complement the physiological 
data reported.

3.1 Case 1: E.S.

Baseline EEG data revealed moderate beta wave activity across 
frontal (10.2 μV2, SD = 2.5), parietal (9.6 μV2, SD = 2.1), and 
occipital (8.8 μV2, SD = 2.0) regions during the neutral state. 
During the image-viewing task, beta wave activity significantly 
increased, with the highest activity observed during the idealized 
image (Frontal: 15.6 μV2, SD = 4.1; Parietal: 13.8 μV2, SD = 3.1; 
Occipital: 18.2 μV2, SD = 3.7; p < 0.01). GSR baseline levels 
indicated minimal arousal (SCR Amplitude: 0.9 μS, SD = 0.3), while 
exposure to body images led to significantly elevated SCR peaks, 
peaking during the idealized image (3.1 μS, SD = 0.8, p < 0.01). 
Eye-tracking baseline revealed evenly distributed gaze patterns with 
brief fixations (Mean Fixation Duration: 420 ms, Number of 
Fixations: 8). During image exposure, prolonged fixations were 
observed on chest and arm regions, particularly during the 
idealized image (Fixation Duration: 1,450 ms, Number of 
Fixations: 24).

Psychological assessments showed severe symptoms of muscle 
dysmorphia (MDDI: 51/60), significant body image distress (BIDQ: 
6.2/7), high anxiety levels (STAI-State: 52/80; STAI-Trait: 58/80), and 
very low self-esteem (RSES: 10/30). Correlation analysis revealed 
strong positive associations between MDDI scores and frontal beta 
activity (r = 0.72, p < 0.01) and BIDQ scores with SCR peaks (r = 0.65, 
p < 0.01).

VAS scores indicated severe emotional distress across images, with 
the highest reported distress for the idealized image (10/10). Semi-
structured interviews revealed obsessive preoccupations with 
muscular inadequacy, reliance on steroids, and heightened anxiety 
linked to perceived flaws.

EEG beta wave activity (13–30 Hz) across image types (Past, 
Current, Idealized) for each participant. Case 1 (E.S., active MD) 
exhibited the highest beta activity, particularly in response to the 
idealized body image, while Case 2 (A.K., recovered MD) showed 
moderate elevation. Case 3 (M.T., control) demonstrated stable, low 
beta activity across conditions (Figure 2).

3.2 Case 2: A.K.

Baseline EEG data revealed low-to-moderate beta wave activity 
across frontal (9.1 μV2, SD = 2.2), parietal (8.7 μV2, SD = 2.0), and 
occipital (8.9 μV2, SD = 2.1) regions during the neutral state. During 
the image-viewing task, beta wave activity increased moderately, 
peaking during the idealized image (Frontal: 13.2 μV2, SD = 3.1; 
Parietal: 12.5 μV2, SD = 2.8; Occipital: 14.5 μV2, SD = 3.4; p < 0.05). 
Baseline GSR responses showed low arousal levels (SCR Amplitude: 
0.7 μS, SD = 0.2), with significant increases observed during the 
current image (2.1 μS, SD = 0.5; p < 0.05). Eye-tracking baseline 
indicated balanced gaze distribution and brief fixations (Mean 
Fixation Duration: 390 ms, Number of Fixations: 7). During image 
exposure, fixations became more focused on perceived weaker areas 
such as the arms and abdomen, particularly during the current image 
(Fixation Duration: 920 ms, Number of Fixations: 16).

Psychological assessments reflected mild symptoms of muscle 
dysmorphia (MDDI: 18/60), moderate body image distress 
(BIDQ: 3.8/7), moderate state anxiety (STAI-State: 40/80), and 
moderate trait anxiety (STAI-Trait: 43/80), accompanied by 
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low-average self-esteem (RSES: 16/30). Correlation analysis 
indicated a moderate association between BIDQ scores and SCR 
amplitudes (r = 0.54, p < 0.05).

VAS scores indicated moderate emotional distress, ranging from 
5/10 for the past image to 7/10 for the current image. Semi-structured 
interviews revealed lingering emotional vulnerability, occasional 
distress related to physical changes, and a sense of loss tied to past 
physique ideals.

Skin Conductance Response (SCR) amplitudes across image types 
for each participant. Case 1 (E.S., active MD) showed the strongest 
autonomic reactivity, particularly to the idealized image. Case 2 (A.K., 
recovered MD) demonstrated moderate increases, while Case 3 (M.T., 
control) exhibited the lowest and most stable responses across all 
conditions (Figure 3).

3.3 Case 3: M.T.

Baseline EEG data revealed low beta wave activity across frontal 
(7.8 μV2, SD = 1.9), parietal (7.4 μV2, SD = 1.8), and occipital 
(8.1 μV2, SD = 2.0) regions during the neutral state, with minimal 
variability. During image exposure, beta wave activity remained 

stable across image types (Frontal: 9.4 μV2, SD = 2.5; Parietal: 
8.8 μV2, SD = 2.1; Occipital: 10.1 μV2, SD = 2.3), and statistical 
comparisons revealed no significant differences between past, 
current, and idealized images (p > 0.05). Baseline GSR showed 
consistently low arousal levels (SCR Amplitude: 0.5 μS, SD = 0.2), 
with minimal changes during image exposure (1.3 μS, SD = 0.4; 
p > 0.05). Eye-tracking baseline indicated evenly distributed gaze 
patterns and short fixation durations (Mean Fixation Duration: 
320 ms, Number of Fixations: 6). During image exposure, 
eye-tracking data continued to show evenly distributed fixations 
without specific biases (Fixation Duration: 750 ms, Number of 
Fixations: 12).

Psychological assessments revealed no signs of muscle 
dysmorphia (MDDI: 0/60), minimal body image distress (BIDQ: 
1.8/7), low anxiety (STAI-State: 28/80; STAI-Trait: 30/80), and 
high self-esteem (RSES: 26/30). No significant correlations 
emerged between psychological scores and physiological markers 
(p > 0.05).

VAS scores indicated low emotional distress across all images, 
ranging from 1/10 for the current image to 3/10 for the idealized 
image. During semi-structured interviews, M.T. described a 
neutral emotional response to the images, emphasizing his focus 

FIGURE 1

Gaze fixation heatmaps.
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on health and overall well-being rather than striving for an 
idealized physique.

As shown in Table 1, the psychological test results align with the 
participants’ clinical designations. E.S. presented the most severe 
profile across all domains, with extreme symptom scores and high 

emotional reactivity. A.K. exhibited residual vulnerability, reflected in 
moderate distress and anxiety indicators, while M.T. showed minimal 
psychological symptoms and high self-esteem. These gradations mirror 
the physiological and behavioral data patterns described in each case, 
supporting the internal consistency of the multimodal findings.

FIGURE 2

EEG beta wave activity.

FIGURE 3

Skin conductance response.
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3.4 Participants perspective

E.S., the participant with active muscle dysmorphia, described the 
study as eye-opening, highlighting how the physiological data 
mirrored his internal emotional struggles. Viewing his past image 
evoked regret and self-criticism, while the idealized image triggered a 
mix of aspiration and frustration. He admitted feeling “trapped” by his 
reliance on steroids, fearing their consequences despite recognizing 
their harm.

A.K., with a history of muscle dysmorphia, reflected on the 
emotional complexity of the images. His past image stirred mixed 
feelings of pride and regret, the current image brought frustration over 
perceived physical decline, and the idealized image evoked fleeting 
longing. While his emotional reactivity had decreased, 
he  acknowledged lingering cognitive patterns affecting his self-
perception and valued the study for validating his experience.

M.T., the participant with no history of muscle dysmorphia, 
reported a calm and neutral experience. He viewed the images with 
curiosity rather than distress or fixation, emphasizing that his fitness 
motivation stems from health and well-being rather than aesthetic 
goals. The study reinforced his positive relationship with his body and 
exercise routine.

4 Discussion

This study provides a nuanced understanding of the interplay 
between psychological and physiological responses in individuals 
with varying degrees of MD and body image concerns. Baseline 
measurements provided a neutral reference point, strengthening 
confidence in the observed stimulus-driven changes in EEG, GSR, 
and eye-tracking responses across participants. The integration of 
psychological scales, EEG, GSR, and eye-tracking data offers a 
multimodal perspective on how cognitive and emotional processes 
manifest in both subjective experiences and measurable 
physiological markers. While previous research on BDD has 
extensively explored physiological responses (Kapsali et al., 2020; 
Beilharz et al., 2020; Jefferies et al., 2012), this study represents one 
of the first to apply EEG, GSR, and eye-tracking technologies 
specifically to individuals with MD, highlighting both shared and 
distinct patterns between these related disorders. Recent research 
has further emphasized the distinct nature of male-specific 
appearance concerns, highlighting the central role of body weight 

dissatisfaction in muscle dysmorphia and its overlap with eating-
related psychopathology (Dal Brun et  al., 2024). These findings 
underscore that male body image disturbance is not merely an 
extension of traditional BDD or eating disorder models, but rather 
a domain requiring its own conceptual and diagnostic frameworks—
particularly given the salience of muscularity, leanness, and physical 
control in male populations.

Beyond its novelty, the study’s strength lies in its multimodal 
triangulation approach, which enhances interpretive depth and 
internal validity. Triangulation—by integrating subjective self-report 
data with objective neurophysiological (EEG), autonomic (GSR), and 
attentional (eye-tracking) indicators—allowed us to identify converging 
patterns of cognitive-affective disturbance across methods. For 
instance, participants with high MD symptomatology not only self-
reported severe body dissatisfaction and anxiety but also demonstrated 
elevated beta wave activity in frontal regions, heightened skin 
conductance reactivity, and prolonged fixations on muscular body 
regions during image exposure. The convergence of these measures 
supports the internal coherence of the findings, reducing the likelihood 
that the observed patterns stem from measurement artifact, demand 
characteristics, or transient mood states. In psychopathologies such as 
MD—where insight is often limited and self-report may be affected by 
social desirability or denial—triangulated data are critical for 
uncovering implicit emotional and cognitive processes. This layered 
evidence offers a more reliable and ecologically valid understanding of 
the psychophysiological mechanisms underpinning MD and sets the 
stage for more scalable future investigations using this combined 
measurement framework.

In Case 1 (E.S.), elevated beta wave activity in frontal and occipital 
regions, coupled with heightened skin conductance responses and 
prolonged gaze fixation on muscular areas, revealed significant cognitive 
and emotional distress. These findings align with severe muscle 
dysmorphia symptoms (MDDI: 51/60) and elevated anxiety scores (STAI-
State: 52/80, STAI-Trait: 58/80). Similar patterns have been observed in 
EEG studies of BDD (Giannopoulos et al., 2021a), where heightened beta 
activity has been linked to obsessive thought patterns, hyper-vigilance, 
and emotional dysregulation (Tortella-Feliu et al., 2014; Fusina et al., 2022; 
Giannopoulos et al., 2021b). However, in MD, the specific fixation on 
muscular areas, as revealed through eye-tracking data, underscores a 
more narrowly focused preoccupation compared to the broader physical 
concerns seen in BDD.

In contrast, Case 2 (A.K.) demonstrated moderate beta wave activity, 
reflecting residual emotional arousal despite the cessation of steroid use 

TABLE 1 Psychological assessment and VAS ratings summary.

Psychological test/VAS rating Case 1: E.S. (Current 
MD and BDD)

Case 2: A.K. (Post-
Recovery)

Case 3: M.T. (Control)

MDDI (Muscle Dysmorphic Disorder Inventory) 51/60 (Severe) 18/60 (Mild) 0/60 (None)

BIDQ (Body Image Disturbance Questionnaire) 6.2/7 (High distress) 3.8/7 (Moderate distress) 1.8/7 (Minimal distress)

STAI-State (State Anxiety) 52/80 (Elevated) 40/80 (Moderate) 28/80 (Low)

STAI-Trait (Trait Anxiety) 58/80 (High) 43/80 (Moderate) 30/80 (Low)

RSES (Rosenberg Self-Esteem Scale) 10/30 (Very low) 16/30 (Low-average) 26/30 (High)

VAS-Past Body Image 9 5 2

VAS-Current Body Image 7 7 1

VAS-dealized Body Image 10 6 3
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and bodybuilding. While anxiety and body image distress scores (STAI-
State: 40/80, BIDQ: 3.8/7) were lower than in Case 1, physiological 
markers revealed continued sensitivity to body image-related stimuli, 
particularly in the current image condition. Studies on recovered 
individuals with BDD (Pagano et al., 2007; Phillips et al., 2006; de la Cruz 
et al., 2021; Olave et al., 2021) have reported similar lingering cognitive 
and emotional vulnerabilities, even after symptomatic improvement. 
This parallel suggests that the residual psychological and physiological 
traces of MD persist beyond behavioral change, emphasizing the need 
for sustained psychological support even after symptom remission.

Case 3 (M.T.) presented balanced beta wave activity, stable GSR 
levels, and evenly distributed eye-tracking patterns, consistent with 
low psychological distress (MDDI: 0/60, STAI-State: 28/80) and high 
self-esteem (RSES: 26/30). His physiological responses indicate a 
neutral emotional state and a healthy psychological relationship with 
body image, emphasizing the importance of stable self-perception as 
a protective factor against MD. In contrast to findings in BDD studies 
(Szentágotai-Tătar et  al., 2020; Dietel et  al., 2018), where even 
non-clinical controls often show heightened emotional reactivity 
when exposed to body-related stimuli, M.T.’s responses suggest a more 
detached and emotionally regulated engagement with body images.

The study highlights key associations between psychological 
distress and physiological reactivity, revealing patterns that may serve 
as early diagnostic markers for MD. Elevated beta wave activity in 
frontal and occipital regions, increased SCR peaks, and hyper-focused 
visual attention on muscular areas emerged as consistent indicators of 
cognitive and emotional dysregulation. Similar markers have been 
reported in BDD research (Giannopoulos et al., 2022; Ritter et al., 
2020), yet MD appears to exhibit a more targeted cognitive and 
emotional focus on muscularity rather than generalized physical 
appearance concerns. These findings suggest that a multimodal 
assessment framework may offer potential utility in characterizing 
MD-related profiles, and could serve as a foundation for future studies 
on diagnostic refinement and monitoring.

From a therapeutic perspective, these preliminary results point to 
the potential value of integrated intervention strategies targeting 
cognitive, affective, and physiological processes—though further 
empirical validation is required. Cognitive-behavioral therapy (CBT) 
remains a cornerstone for addressing cognitive distortions and 
emotional preoccupations seen in MD (Cunningham et al., 2017). 
However, physiological markers such as beta wave activity and skin 
conductance responses could offer real-time feedback during 
therapeutic interventions, enhancing self-awareness and emotional 
regulation strategies. Eye-tracking data, particularly fixation patterns, 
might also inform exposure-based interventions by identifying and 
disrupting maladaptive visual attention biases. These exploratory 
findings raise the possibility that biofeedback techniques could 
complement CBT protocols, a direction that may be  valuable to 
explore in future controlled intervention studies.

The use of a single exposure per image condition was a deliberate 
methodological choice rooted in both ethical and empirical 
considerations. Given the emotionally salient and autobiographical 
nature of the stimuli, repeated viewings risked eliciting distress, 
response fatigue, or habituation, particularly among participants with 
active or residual MD symptoms. This concern is consistent with 
previous research in affective neuroscience and clinical body image 

studies, which often employ single-trial designs when using 
personalized or emotionally charged stimuli. Despite the limited 
number of trials, continuous multimodal recording—coupled with 
individualized baseline correction—enabled the detection of 
meaningful within-subject physiological and attentional shifts. Future 
studies employing neutral or standardized images may benefit from 
multiple trials per condition to enhance signal averaging and 
reliability, particularly in larger samples or experimental protocols 
involving less sensitive populations.

While the limited number of cases restricts statistical 
generalization, the present findings should be interpreted as part of an 
exploratory, proof-of-concept framework. The consistent physiological 
and psychological patterns observed across participants—particularly 
in beta wave reactivity, autonomic arousal, and visual fixation—
suggest potential candidate markers for cognitive-affective 
dysregulation in MD. These observations are not intended as 
confirmatory evidence but rather as a foundation for generating 
empirically testable hypotheses in future experimental research. 
Larger-scale, controlled studies will be  required to validate the 
proposed psychophysiological profiles and to examine their diagnostic 
and therapeutic implications.

This case series highlights the value of multimodal assessment in 
uncovering complex interplays between emotional distress, cognitive 
patterns, and physiological reactivity in MD. As a hypothesis-generating 
investigation, it underscores the importance of early-stage research in 
advancing the neurocognitive understanding of underexplored clinical 
conditions. Future studies may build upon this preliminary framework 
to examine diagnostic features, explore targeted interventions, and 
contribute to the development of a more nuanced understanding of the 
neurocognitive dimensions of muscle dysmorphia.

5 Limitations

Despite offering novel insights, this study has several limitations. 
The most prominent is the limited sample size, which precludes 
statistical generalization and reduces the power to detect more 
nuanced effects or subgroup differences. While a case-series design 
was deliberately chosen to enable in-depth multimodal analysis of a 
rare and complex phenomenon, the findings should be interpreted as 
exploratory and hypothesis-generating rather than confirmatory. 
Additionally, although steps were taken to mitigate sensor noise and 
inter-individual variability—such as using baseline-corrected data 
and repeated-measures analysis—physiological signals like EEG and 
GSR remain inherently sensitive to extraneous factors including 
hydration, fatigue, and circadian rhythms. In addition, individual 
differences in baseline autonomic tone or neurocognitive reactivity—
as well as state-dependent variability related to mood, attention, or 
sleep—may influence physiological responses and reduce the 
generalizability of these markers. Differences in participants’ prior 
exposure to psychophysiological assessment, emotional expressivity, 
and cognitive reflection may also influence outcomes in ways not 
fully controllable within a small sample. The subjective nature of 
personalized image stimuli, while ecologically valid, introduces 
variability in stimulus salience that may impact comparability across 
individuals. Finally, although qualitative interviews enriched the data 
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interpretation, thematic saturation was not pursued due to the 
limited number of participants. Future studies employing larger 
samples, standardized stimuli, and longitudinal tracking are needed 
to validate these initial findings and refine multimodal 
indicators of MD.
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