
Emotion recognition from faces 
and bodies in Parkinson’s disease 
and its relationship to MRI-based 
brain volumetry
Petra Brandoburova1,4,7, Veronika Bolekova1,4,7, Michal Hajduk4,5,6, Igor Straka1, 
Michaela Jezberova3, Peter Valkovic1, Radek Marecek2 & Zuzana Kosutzka1

Although Parkinson’s disease (PD) is primarily defined by motor symptoms, non-motor 
manifestations—including deficits in social cognition—are increasingly recognized for their impact 
on daily functioning. Emotion recognition impairment is one such deficit, but prior research has 
mainly focused on facial expressions, neglecting other socially relevant cues such as body postures. 
This study examined recognition of emotions from both faces and bodies and their cognitive and 
neuroanatomical correlates in non-demented patients with PD. We enrolled 25 individuals with mild to 
moderate PD and 24 age-matched healthy controls. Emotion recognition was assessed with validated 
facial (ER-40) and bodily (BR-40) tasks. Cognitive function was evaluated with the Montreal Cognitive 
Assessment, Dementia Rating Scale-2 and Frontal Assessment Battery. Motor symptoms were rated 
using the MDS-UPDRS Part III. Structural MRI data were analyzed with FreeSurfer. Compared with 
controls, patients with PD showed a specific impairment in recognizing emotions from body postures, 
despite comparable overall performance to controls. Within the PD group, poorer recognition was 
associated with greater cognitive impairment and higher bradykinesia subscores. MRI volumetry linked 
emotion recognition performance to the volumes of the cerebellar white matter, hippocampus, and 
left nucleus accumbens. In addition to these structures, facial emotion recognition was specifically 
related to cerebellar cortical volume, whereas body posture recognition showed associations with the 
rightputamen, and right amygdala. These findings highlight modality-specific social cognitive deficits 
in PD, related to both cognition and structural brain changes.
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Parkinson’s disease (PD) is associated with a wide array of both motor and non-motor symptoms, including a 
progressive pattern of cognitive impairment and deficits in social cues processing1,2. The ability to accurately and 
rapidly recognize emotions in others is crucial for adaptive navigation through the everyday social interactions, 
it fosters empathy, and enables effective communication3.

Deficits in emotion recognition are widely reported in PD4–6, they are typically manifested as difficulties 
in recognizing basic emotions from the facial and prosodic stimuli7,8. These results indicate that deficits are 
consistent and almost identical across stimulus modalities. In PD, emotion recognition abilities are linked to the 
duration and severity of the disease, affective symptoms, and pharmacological therapy9. They are also associated 
with lower cognitive performance, primarily on those measuring attention, working memory, and executive 
functions10,11. The effect is more pronounced in the emotional tasks that heavily rely on these abilities4. However, 
some studies did not find the link between cognitive skills and emotion recognition in PD; thus, they may 
manifest independently of general cognitive impairment12,13. In addition, the meta-analysis found no significant 

1Second Department of Neurology, Faculty of Medicine, Comenius University and University Hospital Bratislava, 
Limbová 5, 833 05 Bratislava, Slovakia. 2 CEITEC, Masaryk University,  Brain and Mind Research Program, Brno, 
Czechia. 3 Dr. Magnet Ltd., Dr Magnet Ltd., Bratislava, Slovakia. 4 Department of Psychology, Faculty of Arts, 
Comenius University , Bratislava, Slovakia. 5 Centre for Psychiatric Disorders Research, Science Park, Comenius 
University, Bratislava , Slovakia. 6 Department of Psychiatry, Comenius University and University Hospital 
Bratislava, Bratislava, Slovakia. 7These authors contributed equally: P. Brandoburova and V. Bolekova. email:  
kosutzka1@uniba.sk

OPEN

Scientific Reports |         (2026) 16:5841 1| https://doi.org/10.1038/s41598-026-35889-5

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-026-35889-5&domain=pdf&date_stamp=2026-1-14


link to motor symptoms, indicating separate pathophysiological underlying mechanisms for motor symptoms 
and emotional processing7.

While emotion recognition in PD has been widely studied through facial and vocal cues, the role of 
whole-body posture, which is an essential channel of emotional communication, has been largely overlooked. 
Several studies showed that information extracted from the whole body can substantially improve emotion 
recognition abilities14. Body posture can be a rich source of social cues that are similarly relevant for successful 
social interactions15,  as those expressed by face alone. Especially in situations when people cannot see faces 
with sufficient detail (for example, from a distance), they can easily estimate intentions from the posture and 
movement using a mirror neuron system16.

Growing evidence exists about impaired perception and emotion recognition from body postures in PD. 
One study compared PD and healthy controls (HC) on the judgments of emotional scenes depicting whole-
body movements. The task was to rate the emotional valence of short movies depicting emotional interactions 
between people. In PD, emotional valence evaluations were less intense than controls for positive and negative 
emotional expressions, even though patients could correctly describe the scene17.

In healthy individuals, face emotion processing is associated with the activation of the visual cortex (mainly 
fusiform gyrus), limbic area (amygdala, parahippocampal gyrus, posterior cingulate cortex), temporoparietal 
areas, medial frontal gyrus, putamen, and the cerebellum. In contrast, body perception is mediated by the 
posterior parts of the sulcus temporalis superior and fusiform body area and extrastriate body area15,18. Recently, 
growing evidence supports the cerebellum’s role in processing other people’s body language19. In PD, emotion 
processing was linked to the subcortical areas such as the amygdala, the nucleus accumbens, and other cortical 
regions such as the sulcus temporalis superior, fusiform face area, and extrastriate body area14,20,21.

Emotion recognition impairment may stem from the impact of the PD related neurodegeneration on 
the neural substrate that is responsible for accurate emotion recognition. Structural changes are progressive 
throughout the disease course. Emotion recognition declines more in later-stage PD patients4. It may occur as a 
secondary effect of the denervation of dopaminergic pathways of the ventral striatum, subthalamic nucleus, and 
other basal ganglia regions22. These regions relate to areas involved in emotional processing. Recently, several 
clinical features of PD, such as social cognition impairment, were linked to the cerebellum23.

The aims of this study are threefold. We will assess emotion recognition from facial and bodily expressions 
in individuals with PD and HC. In PD group, we will examine the associations between emotion recognition, 
clinical symptoms, and cognitive impairment severity. Moreover, we will investigate the neural correlates of 
emotion recognition using structural MRI.

Methods
Sample
The sample consisted of 25 patients with mild to moderate PD diagnosed based on MDS criteria Postuma et al.25 
without major neurocognitive disorder and 24 age-matched HC. Table 1 displays the demographic and clinical 
characteristics of the PD and HC and statistical comparisons between these two groups.

All participants were native Slovak speakers. Exclusion criteria for both groups included: non-corrected visual 
or auditory problems; history of alcohol or substance abuse; device-aided therapy for PD; history of traumatic 
brain injury or intracranial surgical operations, neurological (other than PD) or psychiatric illness reported 
by the patient. All patients were taking antiparkinsonian medication, and the levodopa equivalent daily doses 
were counted based on the standard protocol25. The medication regimen remained unchanged during the past 

Healthy controls (N = 24) Parkinson’s disease (N = 25)

p-valueMedian (IQR) Median (IQR)

Age (years) 64 (12) 63 (13) 0.865

Education (years) 17.5 (5) 17 (4.2) 0.676

MoCA 26.5 (4.3) 26 (6) 0.309

FAB 18 (1) 16 (3.5) 0.014*

BDI-II 9.7 (7.5) 11 (9) 0.167

Disease duration (years) NA 5 (5) NA

LEDD (mg) NA 1350 (976) NA

MDS-UPDRS motor part (total score) NA 30 (11) NA

MDS-UPDRS axial subscore NA 5 (3) NA

MDS-UPDRS bradykinesia subscore NA 15 (6) NA

MDS-UPDRS rigidity subscore NA 6 (2) NA

MDS-UPDRS tremor subscore NA 3 (4) NA

Table 1.  Demographic and clinical characteristics of healthy controls and patients with Parkinson’s disease. 
N, number of subjects; IQR, interquartile range; MoCA, Montreal Cognitive Assessment; FAB, Frontal 
Assessment Battery; BDI-II, Beck Depression Inventory-II; LEDD, Levodopa Equivalent Daily Dose; MDS-
UPDRS, Movement Disorder Society-Unified Parkinson’s Disease Rating Scale; NA, not applicable; p-value 
for The Mann–Whitney U test that was used to compare differences in between the two independent groups 
(healthy controls and patients with Parkinson’s disease).
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month. All testing was performed during the ON state, as reported subjectively by the patients approximately 60 
min after their morning dose. Structural MRI was acquired within six weeks following the clinical examination 
in the ON state without dyskinesia. Patients and HC were recruited through the Second Department of 
Neurology, Comenius University Faculty of Medicine and University Hospital Bratislava, Bratislava, Slovakia. 
All participants provided written informed consent, and the study was approved by the local Ethics Committee 
of the University Hospital Bratislava (protocol number 14/2017). All the procedures employed in the study 
complied with the Declaration of Helsinki.

Measures
The Movement Disorder Society Unified Parkinson’s Disease Rating scale (part III)
The severity of the motor symptoms in PD was assessed by the motor section (section III) of the Movement 
Disorder Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS)26,27. Higher scores indicate more 
severe motor symptoms. We divided the MDS-UPDRS III score into four subgroups according to motor 
symptoms in PD. MDS-UPDRS III scores were then subdivided into tremor (sum of items 15–18), rigidity (item 
3), bradykinesia (sum of items 2, 4–9, and 14), and axial (sum of items 1 and 9–13)28. The rating was done by one 
experienced movement disorder specialist right after the acquisition of informed consent.

Emotion recognition tasks
The Penn Emotion Recognition Test (ER-40) was used to assess facial emotion recognition. It includes 40 
photographs of faces expressing four basic emotions (happiness, sadness, anger, or fear) and neutral expressions. 
Stimuli are balanced for gender, age, and ethnicity, and for each emotion category, four high-intensity and four 
low-intensity expressions are included.

The body emotion recognition task (BR-40) was used to assess bodily emotion recognition abilities (an 
example of the stimulus is shown in Fig. 1). The photographs were drawn from The Bodily Expressive Action 
Stimulus Test29. It was developed after ER-40 and was based on the same principle as the forced-choice measure 
of four emotions (happiness, sadness, anger, or fear) and neutral expressions. To maintain balanced gender 
representation, the stimulus set included male and female postures in equal proportion. Participants completed 
a five-alternative forced-choice emotion-categorization task, indicating which emotion was expressed in each 
stimulus.

The stimuli were presented in a random order and remained on the tablet screen until the participant 
responded.

Cognitive assessment
 The Montreal Cognitive Assessment (MoCA30 was used to assess global cognition to identify the presence of 
cognitive impairment. The total score can range between 0 and 30, and higher scores indicate better performance. 
In the present study, a total score was used for the estimation of general cognitive abilities.

Dementia Rating Scale-2 (DRS-233) was used to assess cognitive performance across the whole range of 
cognitive domains, including five subscales: attention (37 points possible), initiation/perseveration (37 points 
possible), construction (6 points possible), conceptualization (39 points possible), and memory (25 points 
possible). The overall total score is derived from all five subscales (144 points possible). In the present analysis, 
we used only the global score in DRS-2.

 Frontal Assessment Battery (FAB33 was used as a brief screening tool of executive functions. It consists 
of six subtests assessing conceptualization, mental flexibility, motor programming, sensitivity to interference, 
inhibitory control, and environmental autonomy. Each subtest is scored from 0 to 3, yielding a total score 
ranging from 0 to 18, with higher scores indicating better executive functioning.

Fig. 1.  Example of the stimulus used in body emotion recognition task (BR-40).
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Image acquisition and volumetry
Magnetic resonance images were acquired using a 3.0 T machine (Ingenia Philips Medical System, Eindhoven, 
Netherlands). Brain MRI protocol contained sequences: 3-dimensional fluid attenuated inversion recovery 
FLAIR, 3-dimensional T1-weighted images, 2-dimensional T2-weighted images, 3-dimensional susceptibility 
weighted imaging SWI, diffusion weighted imaging DWI, perfusion arterial spin labelling ASL. The high-
resolution 3D T1wi turbo field echo (TFE) were acquired in the axial plane (TR/TE 8.3/3.8 ms, matrix 240 × 220, 
voxel size 1 × 1 × 1 mm). The T1 images were pre - processed with FreeSurfer 6.0.0 (FS, ​h​t​t​p​s​:​/​/​s​u​r​f​e​r​.​n​m​r​.​m​g​h​.​
h​a​r​v​a​r​d​.​e​d​u​/​​​​​)​. We inspected visually the outputs from FS to reveal any defects in image registration to standard 
space and to check for imperfections in tissue segmentation. We eventually ran the preprocessing repeatedly 
with manual preregistration to obtain valid outputs. The following analyses were based on atlases built into FS: 
the Desikan-Killiany et al.35 and Destrieux et al. 36. The FS automatically outputs volumes of predefined regions 
provided by the atlases. Regions of interest, including cortical and subcortical structures, were chosen based on 
the previous body of literature relevant to emotion processing in PD and neural correlates14. Two patients with 
PD did not have MRI data.

Statistical analysis
The Mann–Whitney U test was used to compare differences in demographic, clinical and volumetric variables 
between the two clinical groups (HC vs. PD). We utilized repeated measures ANOVA with emotion modality 
type as a within factor (Facial vs. Bodily) and group as a between factor (HC vs. PD). We used the partial 
eta coefficient (ηp2) as an indicator of effect size. The strength of the relationship to demographics, clinical 
characteristics, cognition, and volume of several brain regions relevant to emotion processing was analysed with 
the Spearman coefficient. To address the increased risk of false-positive findings arising from the large number 
of correlations computed across the ER-40, BR-40 scores, and regional volumetric measures, we appliedthe 
Benjamini–Hochberg false discovery rate (FDR) procedure. Only correlations that remained significant after 
FDR adjustment were interpreted in the analyses.

Results
Behavioral results: emotion type
Repeated measures ANOVA (Fig. 2) showed a significant effect of type (F(1, 47) = 39.345, p < 0.001, ηp2 = 0.456). 
Emotion recognition was easier from bodies than from faces in both groups. The significant effect of the group 
suggested overall lower performance in the PD group (F(1, 47) = 5.898, p = 0.019, ηp2 = 0.112). In addition, a 
significant interaction effect (F(1, 47) = 5.820, p = 0.020 ηp2 = 0.110) showed that PD patients had a deficit 
specifically in recognition of emotions from bodies (MHC = 34.16 vs. MPD = 30.64). Overall recognition of facial 
emotions was comparable with HC (MHC = 29.63 vs. MPD = 28.64).

Links to demographics, clinical characteristics, and cognition
In the PD group, ER-40 and BR-40 performance was strongly correlated (rs = 0.720, p < 0.001). BR-40 performance 
was negatively associated with age (rs = − 0.412, p = 0.041). We found no associations between disease duration 
and BR-40 (rs =  − 0.155, p = 0.460), neither with ER-40 (rs = − 0.066, p = 0.755).

The MDS-UPDRS III (motor section) total score did not correlate with ER-40 performance (rs = − 0.222, 
p = 0.286), but a moderate negative association was found with BR-40 (rs = − 0.406, p = 0.044). In an exploratory 
analysis of individual MDS-UPDRS III subscores, the bradykinesia subscale was negatively associated with BR-
40 performance (rs = − 0.469, p = 0.018). The axial subscore also showed a trend toward an association with BR-
40 (rs = − 0.388, p = 0.055), though it did not reach statistical significance. These findings should be interpreted 
with caution given the exploratory nature of the analysis, the issue of multiple comparisons, and the limited 
sample size. Levodopa equivalent daily dose was not associated with emotion recognition performance [ER-40 
(rs = 0.002, p = 0.993), BR-40 (rs =  − 0.004, p = 0.999)]

MoCA performance was positively associated with both ER-40 (rs = 0.426, p = 0.034) as well as BR-40 
(rs = 0.543, p = 0.005). The total score on the DRS-2 showed moderately strong associations in expected directions 

FACIAL EMOTIONS BODILY EMOTIONS
*

Fig. 2.  Comparison between healthy controls (HC) and patients with Parkinson’s disease (PD) of facial and 
bodily emotions with significant intergroup difference marked with asterisk.
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(worse cognitive performance with worse emotion recognition), but it was not significant (ER-40-rs = 0.363, 
p = 0.075 and BR-40-rs = 0.391 p = 0.053). The FAB was associated with performance on BR-40 (rs = 0.720, 
p < 0.001) but not with ER-40 (rs = 0.251, p = 0.248).

Links to brain volumetry: exploratory analysis
No statistically significant differences in the examined volumetric structures were found between HC and 
patients with PD (Supplementary Fig. 1). In the HC group, emotion recognition was not associated with any of 
the selected structures.

In the PD group, we examined links between specific regions of interest spanning from cortical to subcortical 
structures and performance on ER-40 and BR–40. An overview of the associations is provided in Table 2.

We report only the Spearman correlations that remained significant after applying the Benjamini–Hochberg 
false discovery rate correction.

Better performance on facial emotion recognition was associated with larger left cerebellum white matter 
(rs = 0.539, p = 0.049), left cerebellum cortex (rs = 0.516, p = 0.049), left hippocampus (rs = 0.612, p = 0.021), and 
left accumbens area (rs = 0.699, p = 0.006). A similar pattern of results was observed in right cerebellum white 
matter (rs = 0.541, p = 0.049), right hippocampus (rs = 0.642, p = 0.014), and right cerebellum cortex (rs = 0.529, 
p = 0.049).

Body emotion recognition was positively associated with the volume of left cerebellum white matter 
(rs = 0.528, p = 0.049), left hippocampus (rs = 0.573, p = 0.040), left accumbens area (rs = 0.640, p = 0.014). We 
also found associations with the volume of right cerebellar white matter (rs = 0.527, p = 0.049), right putamen 
(rs = 0.513, p = 0.049), right hippocampus (rs = 0.704, p = 0.006), and right amygdala (rs = 0.516, p = 0.049).

Discussion
This study provides new evidence of modality-specific emotion recognition deficits in individuals with PD, 
emphasizing that difficulties in social cognition may vary significantly depending on the type of emotional 
stimulus. In contrast to much of the existing literature6,8, which primarily documents facial emotion recognition 
deficits in PD, our findings demonstrate a more pronounced difficulty recognizing emotions from body postures 
compared to facial emotions. Although patients still recognized emotions from bodies slightly better than 
from faces overall, the relative impairment compared with healthy controls was larger for bodily expressions. 
This indicates that bodily cues may pose a greater cognitive and sensorimotor challenge for individuals with 
PD. Faces are typically considered the primary source of emotional communication36 due to their direct links 
between facial musculature and internal emotional states37, bodily expressions often carry more ambiguous and 
context-dependent cues38,39.

The significant interaction between group and modality supports the interpretation that PD-related deficits 
are particularly evident when decoding emotion from bodies rather than faces. This finding adds a valuable 
dimension to current models of affective processing in PD and underlines the importance of evaluating multiple 
modalities when assessing social cognitive function in neurodegenerative disorders.

Our findings are consistent with the embodied simulation theory40–42, which posits that emotion recognition 
depends on internal somatosensory and motor representations that are activated by perceiving emotional 
expressions in others. In PD, impairments in motor systems may compromise the ability to simulate observed 
bodily states, leading to deficits in emotion recognition, especially from postures. The observed correlation 
between poorer body emotion recognition and higher bradykinesia scores provides empirical support for this 
interpretation, suggesting that slowed or impaired motor functioning directly affects embodied simulation 
processes. Furthermore, the absence of associations with disease duration or levodopa dosage indicates that 

ER-40 BR-40

Right (ρ) p Left (ρ) p Right (ρ) p Left (ρ) p

Cerebellum white matter 0.541 0.049* 0.539 0.049* 0.527 0.049* 0.528 0.049*

Cerebellum cortex 0.529 0.049* 0.516 0.049* 0.340 0.242 0.334 0.244

Thalamus 0.231 0.426 0.282 0.326 0.271 0.348 0.354 0.218

Nucleus caudatus 0.314 0.261 0.115 0.732 0.161 0.603 0.072 0.812

Putamen 0.329 0.244 0.328 0.244 0.513 0.049* 0.451 0.101

Pallidum 0.363 0.216 0.216 0.463 0.093 0.754 -0.020 0.945

Hippocampus 0.642 0.014* 0.612 0.021* 0.704 0.006* 0.573 0.040*

Amygdala 0.376 0.196 0.239 0.412 0.516 0.049* 0.402 0.160

Nucleus accumbens 0.443 0.107 0.699 0.006* 0.473 0.079 0.640 0.014*

Rostral anterior cingulate 0.093 0.754 0.284 0.326 -0.175 0.566 0.145 0.634

Caudal anterior cingulate 0.201 0.489 0.319 0.257 0.108 0.743 0.037 0.916

Lateral orbitofrontal cortex 0.354 0.218 0.503 0.054 0.384 0.188 0.266 0.352

Medial orbitofrontal cortex 0.069 0.812 0.099 0.754 0.207 0.481 0.000 1.000

Fusiform gyrus 0.152 0.622 0.031 0.921 0.256 0.371 0.426 0.126

Table 2.  Associations of emotion recognition tests and brain structures in patients with Parkinson’s disease. 
Significant findings are marked with asterisk.
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these deficits are not simply due to general disease progression or dopaminergic medication effects but may 
instead reflect specific disruptions in motor-affective integration. These results contribute to an expanding body 
of evidence that not only positions the motor system as an executor of movement, but also as a key contributor 
to social cognitive processes.

Cognitive functioning correlated with emotion recognition abilities. We found positive associations between 
performance on both emotion recognition tasks and global cognition, particularly measured by the MoCA. 
Moreover, performance on the FAB was positively correlated with recognition of bodily expressions, indicating 
that frontal–executive functioning is closely linked to the processing of emotion from body cues. This suggests 
that accurate interpretation of bodily affect may depend even more strongly on frontal control systems than 
facial emotion recognition, which may rely relatively more on posterior visual regions. This finding aligns with 
prior research4,43,44 indicating that emotion recognition depends not only on sensorimotor processes, but also 
on higher-order cognitive functions, including attention, memory, and executive control. As PD progresses and 
neurodegeneration extends to cortical and subcortical structures involved in cognition, social cognitive tasks 
such as emotion recognition may be increasingly compromised.

Depressive symptoms can affect recognition of emotions, particularly those associated with negative stimuli. 
Although clinically significant depression in our cohort in PD patients was excluded, the presence of mild 
symptoms may have contributed to reduced performance, representing a potential confounding factor.

The exploratory neuroimaging analysis revealed additional insights into neural correlates of emotion 
recognition in PD. Volumetric data linked better emotion recognition performance (both facial and bodily) 
to structural integrity in the hippocampus, left nucleus accumbens, cerebellar white matter. Specifically, facial 
emotion recognition was additionally associated with cerebellar cortical volume, whereas bodily emotion 
recognition was associated with the volumes of the right putamen and right amygdala. The hippocampus 
and accumbens are components of the mesolimbic system, a network crucial for emotional processing and 
motivation45. The consistent associations across both facial and bodily tasks suggest that these regions support 
domain-general aspects of emotion recognition in PD.

Of particular novelty is the association between cerebellar white matter volume and performance in both 
emotion recognition modalities. While the cerebellum has long been considered primarily a motor structure, 
recent evidence suggests that the posterior cerebellum plays a key role in social cognition, including emotion 
processing19. A recent neuroimaging meta-analysis also showed increased activation of the posterior cerebellum 
associated with social perception processes46. Our results add to this emerging literature and, to our knowledge, 
represent the first demonstration of a relationship between cerebellar white matter and emotion recognition 
in PD. This finding supports the notion that the cerebellum may compensate for deficits in cortical and basal 
ganglia circuits involved in emotion decoding, particularly in tasks that demand integration of sensorimotor and 
affective information.

We also observed a selective association between bodily emotion recognition and the right putamen, which 
was not found for facial emotions or for other basal ganglia structures. Given the putamen’s involvement in 
motor control and sensory integration47, its role in decoding emotional cues from body postures is reasonable 
to hypothesize. Prior functional imaging studies48 have shown that emotional body movements engage the 
putamen, and that dopaminergic deficits in this region reduce the brain’s ability to interpret affective gestures. 
The absence of a similar relationship with facial emotion recognition underscores the modality-specific 
contributions of different neural circuits in social cognition.

Interestingly, only the right amygdala showed a significant association with emotion recognition from body 
expressions, whereas associations with facial expressions were weak and did not reach statistical significance. 
This lateralized effect may reflect the amygdala’s preferential role in processing contextually rich, dynamic 
emotional cues, such as those conveyed through posture and movement.

Limitations
The findings of the present study should be interpreted considering several limitations. First, the sample size 
was relatively small, which restricted the use of more complex statistical approaches and may have reduced the 
robustness of the results. Our analyses of the associations between volume of regions of interest and emotion 
recognition performance were exploratory in nature. Given the large number of pairwise correlations computed, 
there is a possibility that some observed associations may be spurious due to type I error. Some relatively strong 
coefficients might therefore be biased. Future studies with larger and independent samples are needed to replicate 
these findings and may yield more conservative and precise estimates of the observed effects. In addition, larger 
samples are needed for applying more complex statistical approaches such as linear mixed models, that can 
account for subject-level and item-level variability. We also acknowledge that elevated depressive symptoms 
in the PD group could have affected emotion recognition performance, potentially confounding the observed 
associations and limiting the specificity of our findings.

In this study, we focused primarily on brain structures that demonstrated consistent, robust, and bilateral 
associations with emotion recognition performance. The potential involvement of other regions should be 
investigated in future research. Moreover, we acknowledge that volumetric measures of isolated CNS structures 
may not fully account for the observed impairments. Our study did not assess functional alterations or examine 
large-scale brain networks, which likely interact dynamically to support emotion recognition processes. Further 
investigations incorporating functional connectivity and network-level analyses are warranted to provide a more 
comprehensive understanding of these mechanisms.

Conclusion
This study examined emotion recognition impairments in PD, highlighting a modality-specific deficit in 
recognizing emotions from body postures. While both facial and bodily emotion recognition were reduced 
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in PD patients compared to HC, the impairment was more pronounced for bodily cues. These findings 
challenge earlier reports emphasizing facial emotion deficits and underscore the importance of task modality 
and complexity when assessing social cognition in PD. Emotion recognition from facial expressions and body 
postures was associated with the volumetric characteristics of the hippocampus, left nucleus accumbens and 
cerebellar white matter.

Structural neuroimaging also revealed distinct neural correlates for each modality, with body emotion 
recognition particularly associated with the right putamen, and right amygdala, while facial emotion recognition 
showed links with the cerebellar cortex. The involvement of the cerebellum and basal ganglia structures is in 
accordance with embodied simulation theory, suggesting that impaired motor processing and somatosensory 
integration contribute to difficulties in emotional perception. Moreover, the association between bradykinesia 
and body emotion recognition further supports the motor-cognitive interplay in PD.

These results emphasize the need for multimodal assessment approaches in PD and suggest that deficits 
in social cognition are not uniform but depend on the type of emotional information and underlying neural 
integrity. Future research should further investigate compensatory mechanisms and explore interventions aimed 
at enhancing emotion recognition to improve social functioning and quality of life in individuals with PD.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
authors on reasonable request.
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