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Individuals with Parkinson's disease (PD) may exhibit impaired emotion perception. However, research demonstrating this decline has been based almost entirely on the recognition of isolated emotional cues. In real life, emotional cues such as expressive faces are typically encountered alongside expressive bodies. The current study investigated emotion perception in individuals with PD (n = 37) using emotionally incongruent composite displays of facial and body expressions, as well as isolated face and body expressions, and congruent composite displays as a baseline. In addition to a group of healthy controls (HC) (n = 50), we also included control individuals with schizophrenia (SZ) (n = 30), who display, as in PD, similar motor symptomology and decreased emotion perception abilities. The results show that individuals with PD showed an increased tendency to categorize incongruent face-body combinations in line with the body emotion, whereas those with HC showed a tendency to classify them in line with the facial emotion. No consistent pattern for prioritizing the face or body was found in individuals with SZ. These results were not explained by the emotional recognition of the isolated cues, cognitive status, depression, or motor symptoms of individuals with PD and SZ. As real-life expressions may include inconsistent cues in the body and face, these findings may have implications for the way individuals with PD and SZ interpret the emotions of others.
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1 Introduction

Emotion perception, a vital skill for successful social interactions, may be affected by neurological disease, psychiatric disorders, or normal aging of the brain (Phillips et al., 2003; Hayes et al., 2020). Such is the case in PD, a neurodegenerative disorder caused by the breakdown and death of the dopamine-secreting neurons of the substantia nigra pars compacta (for a review, see Argaud et al., 2018). The hallmark manifestation of PD involves motor symptoms such as muscular rigidity, bradykinesia (slowness of movement), tremor, and decreased facial expressivity known as “masked face” (hypomimia), which manifest in the early stages of PD (Gelb et al., 1999; Assogna et al., 2008). Individuals with PD may also display significant non-motor symptoms, such as cognitive decline (Hindle et al., 2014), psychiatric symptoms (Schneider et al., 2008), and difficulties in social interactions, among other systemic symptoms. These non-motor manifestations dramatically impact their quality of life (Bernal-Pacheco et al., 2012).


1.1 Emotion perception difficulties in PD

One important class of difficulties in PD involves a wide range of emotion perception deficits, appearing in the early stages of the disease and deteriorating with its progression (Lin et al., 2016). These latter symptoms include impaired production and perception of emotional prosody (Schröder et al., 2010), impaired discrimination of affective speech (Pell and Leonard, 2003), as well as impaired production and perception of facial expressions (for a meta-analysis, see Jacobs et al., 1995; Simons et al., 2004; Gray and Tickle-Degnen, 2010; Gunnery et al., 2016). Recent meta-analyses and reviews have shown that individuals with PD have a generalized deficit in emotion perception across modalities, which is more pronounced for negative emotional expressions, specifically anger, fear, sadness, and disgust (Argaud et al., 2018; Coundouris et al., 2019; Gothwal et al., 2022). While these overall findings are important, specific results differ across studies, perhaps due to significant variance with regard to participants' characteristics (e.g., the PD stage, cognitive abilities) and experimental tasks and design. As part of this variance, Argaud et al. (2018) noted that roughly a third of the studies found no difference in facial expression perception between individuals with PD and controls.



1.2 Suggested underlying mechanism

The specific mechanisms underlying these difficulties in PD are still unclear. Emotion perception difficulties in PD are only partially accounted for by mood disorders, cognitive decline, disease severity, and dopamine replacement therapy (Argaud et al., 2018; Coundouris et al., 2019). Theories of emotional embodiment suggest that individuals decode facial expressions by partially simulating what they perceive via their own musculature, thus creating motoric re-experiencing of the relevant emotions in the self (Niedenthal, 2007). Such re-experiencing, known as sensorimotor simulation, was supported by several studies (Niedenthal, 2007; Winkielman et al., 2008; Wood et al., 2016). It was suggested that hypomimia (reduction in facial expression activity in PD) disturbs facial simulation feedback, a proposed process for recognizing emotional expressions according to theories of emotional embodiment (Gray and Tickle-Degnen, 2010; Péron et al., 2014; Argaud et al., 2018).



1.3 Considering context: importance of body expressions in emotion perception

Prior research on emotion perception difficulties in PD largely relied on tasks using decontextualized facial expressions—that is, participants view faces in isolation. While methodologically convenient and widely popular in the neuroscience literature, this experimental approach fails to consider the fact that during most physical interactions, facial expressions are typically encountered in a rich context, not as isolated cues. Faces are perceived within a broader visual context, first and foremost the expressive body, which may be congruent or incongruent with the affective signal of the face (Abramson et al., 2017). However, the process of face-context integration in individuals with PD is poorly understood despite its potential importance (Aviezer et al., 2008, 2017). While several visual contextual factors may influence facial expression perception, body expressions constitute an immediate, intra-target source of relevant information (Wieser and Brosch, 2012). In healthy young adults, emotionally congruent body expressions appearing with the face may boost facial expression perception, while emotionally incongruent bodies may dramatically alter facial expression perception (Meeren et al., 2005; Aviezer et al., 2008, 2012; Israelashvili et al., 2019). This effect is further strengthened in the healthy aging brain, such that body expressions play a considerably larger role for older adults when perceiving face-body composites (Abo Foul et al., 2018). Specifically, healthy older adults are more influenced by incongruent body cues than their younger counterparts, emphasizing the contextual importance of bodies and how they are perceptually integrated with faces during emotion perception (Noh and Isaacowitz, 2013; Abo Foul et al., 2018).



1.4 Gap in research and rationale for investigation

To the best of our knowledge, the perception of composite face-body expressions in PD has not been previously investigated. This approach may be more revealing than investigating isolated cues for several reasons. First, the ecological validity of this approach bears a closer approximation to real-life social and emotion perception difficulties experienced in individuals with PD (Gunnery et al., 2016). Second, and more specifically for PD, understanding the effect of body expressions and their integrated perception of faces is essential in disorders that principally affect the body. PD produces motor symptoms in the body and face (e.g., bradykinesia and hypomimia, respectively), which can be considered a naturally occurring motor manipulation, allowing one to test the impact of impaired motor simulation feedback on emotion perception processes. Investigating the impact of motor simulation feedback deficits and their contribution to contextualized emotion perception may shed light on the underlying mechanisms of emotion perception in PD. Thus, as accumulating findings suggest different perception processing of emotions for integrated faces with bodies, investigating emotion perception from combined cues in individuals with PD is important, both clinically and theoretically. As previously emphasized, PD is a multifaceted disorder that impacts various systems, including motor, cognitive, and emotional functions, posing a challenge to attributing any singular deficit to a specific underlying mechanism. While comparing findings to healthy control groups is essential, it may not provide a comprehensive understanding. To address this complexity, we included an additional clinical control group comprising individuals with schizophrenia (SZ), a disorder that shares several intriguing parallels with PD.



1.5 Comparison with schizophrenia

SZ is a neuropsychiatric disorder characterized by a cluster of positive symptoms, such as hallucinations, delusions, and disorganization, as well as a cluster of negative symptoms, which include “affective flattening” (reduced emotional expressions), difficulties in emotional perception, impoverished speech, motivation, anhedonia, and decreased social interaction (for meta-analyses, see Chan et al., 2010; Kohler et al., 2010). While antipsychotic medications effectively manage positive symptoms, they can lead to Parkinsonian-like motor disturbances, encompassing bradykinesia, rigidity, and hypokinesia in facial and bodily expressions (Andreasen and Flaum, 1991; Słowiński et al., 2017; de la Mora et al., 2020). Accumulating research indicates that disruptions in dopamine neurotransmission along neural pathways play a role in the foundation of SZ (de la Mora et al., 2020; Sonnenschein et al., 2020). Individuals with SZ encounter a wide array of challenges related to emotion perception, including difficulties in recognizing emotional vocalizations (for a meta-analysis, see Gong et al., 2021), in addition to the well-documented disturbances in perceiving facial emotional expressions (for a meta-analysis, see Kohler et al., 2010), which may manifest in the early stages of the disorder (Kring and Elis, 2013). Importantly and similar to PD, individuals with SZ exhibit reduced abilities in conveying emotional facial expressions (for a review, see Trémeau, 2022).



1.6 Similarities and parallels between PD and SZ

PD and SZ can be viewed as two related dopamine disorders, marked by impaired and imbalanced dopamine neurotransmission (Meder et al., 2019; de la Mora et al., 2020). The presence of Parkinsonian-like movement disorders in SZ and schizophrenia-like psychosis in PD may suggest dysfunction within a shared network that encompasses the cortex, basal ganglia, thalamus, and cerebellum, while those are linked to emotion perception abilities (Pierce and Péron, 2020; Walther et al., 2020). Individuals with PD and SZ showed emotion perception difficulties, but the precise mechanism underlying these difficulties remains unclear. A comparison of PD and SZ, in addition to healthy controls, may therefore offer insights into specific and unique aspects of the emotion perception process from integrated cues in PD.



1.7 The current investigation

This study examined emotion perception in individuals with Parkinson's disease (PD) using integrated facial and bodily expressions. The performance of the PD group was compared to that of the HC group, as well as that of a group of individuals with SZ. The advantage of the incongruent cue approach is that the responses to the stimuli directly highlight what source (face or body) was prioritized by the perceiver in their judgment. We adopted a more ecological approach in which participants are requested to categorize the emotion of the person while being free to base their judgment on any cue they deem relevant. In addition, we examined emotion perception from isolated cues as well as from congruent faces with bodies. This allowed us to establish a baseline for the recognition of each expressive cue alone and of congruent cues in conjunction. The two clinical groups were age-matched and evaluated not only for emotion perception but also for their motor symptoms using the Unified Parkinson's Disease Rating Scale (UPDRS; Fahn and Elton, 1987). Finally, we included tests of cognition, depression, and motor function to examine if emotion perception abilities are mediated by these domains.




2 Method


2.1 Participants

Individuals with PD (N = 37), individuals with SZ (N = 30), and matched healthy controls (HC, N = 50) comprised our study population (see Sample Characteristics, Table 1). An a priori power analysis was conducted using G*Power3 (Faul et al., 2007) for sample size estimation, using the effect size from a related study (Abo Foul et al., 2018). Considering an alpha of 0.05 and a power of 0.95, the projected sample size needed with this effect size is approximately 36 for the main hypothesis test. The inclusion criteria for PD were (1) idiopathic PD diagnosed by a neurologist, (2) the absence of active or untreated additional neuropsychiatric disorder or psychosis, and (3) Mini Mental State Examination (MMSE) scores above 25. The inclusion criteria for SZ were (1) psychiatric diagnoses according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5; American Psychiatric Association, 2013), (2) the absence of active or untreated neurological conditions, and (3) MMSE scores above 25. For the HC group, the inclusion criteria were (1) the absence of active neurological or neuropsychiatric conditions and (2) MMSE scores above 25.


TABLE 1 Sample characteristics and the screening tests (ACE, MMSE, FAB, MOCA, and BDI) by groups.

[image: Table 1]


TABLE 2 Summary of mixed analysis of variance (ANOVA) for age, years of education, and screening tests (ACE, MMSE, FAB, MOCA, and BDI).

[image: Table 2]

Individuals with PD were recruited from the Hadassah Medical Center's neuropsychiatric clinic in Jerusalem. These participants received neuropsychological assessment as candidates for deep brain stimulation (DBS) surgery. Individuals with SZ were recruited from the Kfar Shaul Mental Health Center, Jerusalem. Characteristics of the clinical groups are shown in Table 3. Older adults were recruited either via (a) social media advertisements or (b) an online Israeli participants' pool (https://www.panel4all.co.il/pages/home.html).


TABLE 3 Clinical characteristics of Individuals with PD and SZ.

[image: Table 3]

Only one HC participant was excluded due to uncompleted experiment tasks. All those taking part had normal or corrected-to-normal vision. The study was approved by the Hebrew University of Jerusalem Ethics Committee and the IRB Committees of the Hadassah Medical Organization and Kfar Shaul Mental Health Center.



2.2 Stimuli: emotional expressions

Face-body composites were constructed with stimuli obtained from standardized sets. Stereotypical images of facial expressions of sadness, anger, fear, and happiness were taken from the Amsterdam Dynamic Facial Expression Set (ADFES) (van der Schalk et al., 2011). Stereotypical body expressions of sadness, anger, fear, and happiness were taken from the Bochum Emotional Stimulus Set (BESST) (Thoma et al., 2013). Six exemplars were used for each emotion, with equal representation across genders. Using Adobe Photoshop, we created realistically proportioned face-body composites by crossing all emotional categories of faces with bodies (Figure 1), resulting in combinations that were congruent (e.g., an angry face on an angry body) and incongruent (for example, an angry face on a fearful body). The experiment comprised three blocks, namely, (1) body only, (2) face only, and (3) face with body. The body-only and face-only blocks each contained 24 stimuli—six exemplars for each emotion (sadness, anger, fear, and happiness) from the sets indicated. The face-only block included isolated faces without bodies. The body-only block included bodies with blurred faces. The face-with-body block included 32 composite stimuli: eight congruent and 24 incongruent. These stimuli have been recently validated in a normal population (Lecker et al., 2017) and in healthy older adults (Abo Foul et al., 2018).


[image: Figure 1]
FIGURE 1
 Examples of composite stimuli used in the experiment. (A) An example of a congruent stimulus—a fearful face combined with a fearful body. (B) An example of an incongruent stimulus—a happy face combined with an angry body. Reproduced with permission from the Bochum Emotional Stimulus Set (BESST) (Thoma et al., 2013) and Amsterdam Dynamic Facial Expression Set (ADFES) (van der Schalk et al., 2011).




2.3 Cognitive assessment
 
2.3.1 Addenbrookes' cognitive examination

ACE (Mioshi et al., 2006) is a paper-based test used for cognitive screening, characterized by good specificity and sensitivity for diagnosing different types of dementia (Mioshi et al., 2006). This test expands the Mini-Mental State Examination (MMSE) for diagnosing dementia. It examines six cognitive domains: orientation (10 points), attention (8 points), memory (35 points), verbal fluency (14 points), language (28 points), and visuospatial abilities (5 points), with a maximal score of 100. Validated versions in Hebrew (Newman, 2005), Arabic (Al Salman, 2013), and English (Mioshi et al., 2006) were used in the study, according to the native language of the participants. The internal consistency of ACE is high (Cronbach's coefficient α = 0.87), and its test-retest reliability as evaluated by the intraclass correlation coefficient (ICC) ranges from 0.64 to 0.82 (Takenoshita et al., 2019).



2.3.2 Frontal assessment battery

FAB (Dubois et al., 2000) is a neuropsychological test designed to assess executive function and address dysexecutive syndrome. This 10-min test contains six domains, namely, conceptualization, mental flexibility, motor programming, sensitivity to interference, inhibitory control, and environmental autonomy. The maximum score is 18, with lower scores indicating greater impairments. The internal consistency of FAB as measured by Cronbach's coefficient α is 0.61 (Goh et al., 2019).



2.3.3 Montreal Cognitive Test

MOCA (Lifshitz et al., 2012) is a widely used 10-min cognitive screening test that comprises eight cognitive domains, namely, visuospatial perception, organizational skills, recognition, naming, short-term memory, attention, verbal ability, abstraction, and orientation. In this study, we used the Hebrew, Arabic, and English versions as they appear on the MoCA test website (www.mocatest.org). The internal consistency of MoCA is high (Cronbach's coefficient α = 0.89), and its test-retest reliability as evaluated by ICC ranges from 0.64 to 0.82 (Bruijnen et al., 2020; Sala et al., 2020).



2.3.4 Beck depression inventory

BDI (Beck et al., 1996) is a widely used self-report questionnaire that measures the severity of depressive symptoms. We used validated versions in Hebrew (Gil and Gilbar, 2001), English (Beck et al., 1996), and Arabic (Abdel-Khalek, 1998), tailored to the native language of the participants. The questionnaire addresses different depression symptoms, scored on a scale of 0–3 [e.g., “(0) I don't feel sad” to “(3) I'm so sad or unhappy that I can't stand it”]. Higher total scores indicate more severe depressive symptoms. The internal consistency of BDI is high (Cronbach's coefficient α = 0.9), and its test-retest reliability as evaluated by ICC ranges from 0.73 to 0.96 (Wang and Gorenstein, 2013).




2.4 Procedure

After providing consent, participants were assessed for cognitive state, followed by the emotion perception tests. The PD and SZ groups were assessed in person, and HC was tested online via Zoom to reduce the COVID-19 infection risk. A neurologist assessed individuals with PD and SZ for motor symptoms using the UPDRS (Fahn and Elton, 1987). At the time of testing, the PD and SZ groups were taking their regular dopaminergic and antipsychotic medications, respectively. Following cognitive assessment, participants performed the experimental emotion perception tasks. Patients were tested in person using an E-Prime-controlled computer, while healthy controls were tested using Gorilla (Anwyl-Irvine et al., 2019), an online experiment platform. Blocks (face, body, and face with body) and stimuli within each block were randomly ordered. Each stimulus appeared for 2,000 ms, but no time limit was imposed for responses. Participants were instructed to select the emotion that best reflected the target's feelings from a list of four labels, namely, fear, anger, sadness, and happiness. In the case of face-body composites, no instructions were given prioritizing the face or body; rather, responses were to be made based on the overall impression of the target's emotion. BDI was completed after the session.



2.5 Analysis strategy
 
2.5.1 Perception of emotion from incongruent composites

Because participants were not requested to base their answer on the face or the body, incongruent face–body composites do not yield an objective “accurate” response. Therefore, to quantify the recognition of emotion from incongruent composites, we analyzed the tendency to categorize the composites as conveying the emotion of the face, the body, or neither. This was done using a 3 (groups: PD, HC, and SZ) × 3 (categorization tendencies: as face, as body, and other) mixed ANOVA. As recent meta-analyses do not support substantial differences as a function of specific emotions (Coundouris et al., 2019), we pooled the main results across emotions. A detailed exploratory analysis of group differences broken down to specific facial emotional expressions is also provided in the Supplementary material.



2.5.2 Perception of faces, bodies, and congruent face-body composites

To assess affective perception, we calculated the mean perception accuracy of each participant separately for each emotion in each cue. As no specific a priori predictions were raised for differences in the perception of specific emotions, accuracy rates were pooled across emotions. The mean perception accuracy of each participant pooled across emotions was subjected to a 3 (groups: PD, HC, and SZ) × 3 (cues: isolated face, isolated body, and congruent faces with bodies) ANOVA. A detailed exploratory analysis with specific emotions is also provided in the Supplementary material using a 3 (groups: PD, HC, and SZ) × 3 (cues: isolated face, isolated body, and congruent face-body) × 4 (emotions: anger, sadness, fear, and happiness) mixed ANOVA.



2.5.3 Additional analysis

We also examined the correlations between affective perception accuracy, categorization tendency, cognitive screening test scores, BDI, years of education, and motor UPDRS scores. When required, p-values were adjusted using Greenhouse-Geisser correction, with Bonferroni corrections applied for follow-up t-tests.





3 Results


3.1 Demographic and clinical characteristics

The demographic, cognitive, and clinical characteristics of the experiment groups are shown in Tables 1–3. The groups were age-matched (p = 0.33) and, importantly, no differences were found between the clinical groups in the UPDRS motor score (p = 0.66). Predictably, the groups differed in cognitive performance: HC scored highest in ACE, followed by individuals with PD, while individuals with SZ scored lowest (all t-contrasts p < 0.001). The PD and HC groups showed comparable cognitive performance in MMSE and FAB (both p = 1), whereas the SZ group was the lowest (all t-contrasts p < 0.001). Individuals with SZ scored highest for depression in the BDI, followed by those with PD, with HC reporting the lowest scores (all t-contrasts p < 0.001). The PD and SZ groups had comparable levels of education (p = 0.14), which were lower than those in the HC group (all t-contrasts p < 0.01).



3.2 Perception of emotionally incongruent faces with bodies in PD, SZ, and HC

A 3 (groups: PD, SZ, and HC) × 3 (categorization tendencies: as face, as body, and as other) mixed ANOVA was performed on the categorizations (see Figure 2). Significant effects were found for categorization tendency, F(2, 226) = 139.35, p < 0.001, η2p = 0.55, and for the interaction of group × categorization tendency, F(2, 226) = 5.64, p < 0.001, η2p = 0.09. Follow-up comparisons revealed that individuals with PD were more likely to be affected by body cues than the HC (p = 0.026) and SZ groups (p = 0.006). HC had a greater tendency to categorize the composites according to facial expression than the PD group (p = 0.006) but no difference was found between the HC and SZ groups (p = 0.64). Individuals with SZ were more likely than HC (p = 0.001) and more likely than individuals with PD (p = 0.03) to categorize composites as conveying an emotion not presented in the face or body.


[image: Figure 2]
FIGURE 2
 Mean categorization tendency of incongruent face-body composite stimuli for the HC, PD, and SZ groups. The categorization tendency [as face-emotion, body-emotion, and other (categorizations do not correspond to face or body emotions)] is shown on the x-axis. Error bars represent standard errors. *p < 0.05, **p < 0.01. HC, healthy controls; PD, Parkinson's disease group; SZ, schizophrenia group.




3.3 Group differences in emotion perception: isolated faces, isolated bodies, and emotionally congruent faces with bodies

A 3 (groups: PD, SZ, and HC) × 3 (cues: face, body, and face with body) mixed ANOVA was run on the mean affective perception accuracy per cue for each participant (see Figure 3). The results revealed significant effects for cue, F(2, 226) = 12.05, p < 0.001, η2p = 0.10, group, F(2, 113) = 6.56, p = 0.002, η2p = 0.10, and importantly for the cue × group interaction, F(4, 226) = 2.54, p = 0.04, η2p = 0.04. To interpret the interaction effects, comparisons between the experimental groups for each cue were performed. For isolated faces, the groups showed comparable mean affective perception accuracy (p = 0.07). For isolated bodies, the SZ group showed significantly worse recognition compared to both the PD and HC groups (both ps = 0.001), while the PD group did not differ from the HC group (p = 0.9). Finally, a trend was found in differences for the perception of emotionally congruent faces with bodies across groups (p = 0.049).


[image: Figure 3]
FIGURE 3
 Mean effective perception accuracy of emotion recognition by cue: face, body, and congruent faces with bodies for HC, PD, and SZ. The results were pooled across emotions. Error bars represent standard errors. *p < 0.001. HC, healthy controls; PD, Parkinson's disease group; SZ, schizophrenia group.


To strengthen our inferences concerning the lack of difference in comparing PD and HC groups in the perception of isolated cues, we conducted Bayesian comparisons. The corresponding Bayes factors suggested moderate evidence for the null hypothesis relative to the alternative hypothesis in the affective perception of isolated faces: BF01 = 4.38 and for isolated bodies: BF01 = 4.144.



3.4 Correlations between the categorization tendency of incongruent composites with cognitive screening tests, BDI, motor UPDRS, and education years

We next examined whether the categorization tendency in emotionally incongruent faces and bodies is related to participant performance in the cognitive tests, depression scores from the BDI questionnaire, motor state from the UPDRS score, and educational level by calculating Pearson's bivariate correlations. Full results are shown in Supplementary Table S2. No significant correlations were found in any of the groups between the tendency to categorize incongruent composites as face or body and participant performance in the cognitive tests (ACE, MoCA, and FAB), their averaged years of education, or their BDI scores. No significant correlations were found between the tendency to categorize as body or face and the motor UPDRS scores and UPDRS face scores of the clinical groups (p > 0.1).



3.5 Correlations between the mean affective perception accuracy of isolated faces, isolated bodies, and congruent faces with bodies with cognitive screening tests, BDI, motor UPDRS, and education years

To examine whether the mean affective perception of the isolated faces, isolated bodies, or congruent faces and bodies is related to participants performance in cognitive screening, depression, motor UPDRS, and educational level, Pearson's bivariate correlations were calculated, see Supplementary Table S3 for full results. Results show that in the SZ group, higher cognitive performance, as tested by MOCA and ACE, was positively correlated with better emotion perception of the isolated body (r = 0.43 and r = 0.43, respectively) and isolated facial expressions (r = 0.55 and r = 0.57, respectively). Significant correlations were found between FAB scores and recognition of isolated facial (r = 0.50), body (r = 0.43), and congruent faces with bodies (r = 0.42) in the SZ group, indicating that higher scores in executive functions are positively correlated with the perception of all of the emotional cues. Additionally, a significant correlation was found between the UPDRS motor score and the mean perception of facial expressions (r = −0.43), but not with isolated bodily expressions or congruent faces with bodies.

In the PD group, significant positive correlations were found between the mean affective perception accuracy of isolated bodies and MOCA, r = 0.41, and FAB scores, r = 0.44. In the HC group, there were significant positive correlations between the mean affective perception accuracy of isolated bodies and MOCA scores, r = 0.29, and the mean affective perception accuracy of isolated faces and FAB scores, r = 0.38. Additionally, despite the lack of statistically significant findings, there were weak negative correlations (ranging from −0.25 to −0.31) observed between UPDRS facial scores and the average accuracy of emotional cue perception.

While not reaching statistical significance, it is noteworthy that a correlation emerged between ACE scores and the mean perception accuracy of emotional cues in both the HC and PD groups (r ranged from 0.23 to 0.31), suggesting a moderate effect size. Together with SZ group findings, the results suggested that individuals who performed worse at selecting the correct emotion in the face or body had lower cognition scores.




4 Discussion

The objective of this study was to examine emotion perception among individuals with PD by assessing their ability to integrate emotionally incongruent face-body composites as well as these cues presented individually and congruently. PD performance was compared to HC and, more importantly, to the SZ group. The results demonstrated that when incongruent face-body expressions were presented as composites, individuals with PD tended to categorize them based on the body's emotion, while HC predominantly categorized them according to the facial emotion. Notably, there was no consistent inclination toward prioritizing either the face or the body in the case of individuals with SZ. When faces and bodies were perceived in isolation, no significant differences emerged between PD and HC in our sample. In contrast, the SZ group showed significantly worse recognition of isolated bodies compared to both the PD and HC groups. When emotionally congruent faces with bodies were presented together, no significant differences were found between the research groups. Thus, the differences between individuals with PD, SZ, and HCs in prioritizing the body over the face could not be explained by the better accuracy or clarity of the isolated cues that formed the composite stimuli. Furthermore, no substantial correlations were identified between cognitive abilities, executive functions, and the categorization tendencies for incongruent composites observed in individuals with PD, SZ, and HC.


4.1 Exploring emotion perception abilities in PD and SZ

The reason for the comparable recognition of isolated faces in individuals with Parkinson's disease (PD) and healthy controls (HC) in our study remains unclear. While such findings are not rare in the literature—approximately one-third of studies indicate no differences in the perception of isolated facial expressions in PD—the typical results demonstrate poorer emotion recognition in PD compared to controls. One potential explanation could be linked to the specific characteristics of the PD individuals preselected as suitable candidates for Deep Brain Stimulation (DBS) procedures. According to DBS referral guidelines, these individuals have idiopathic PD without dementia and lack uncontrolled additional neuropsychiatric disorders (Silberstein et al., 2009). This unique subgroup of PD individuals might contribute to the observed comparable recognition of isolated facial expressions, suggesting that individuals selected for DBS may have a distinct profile or progression of PD impacting facial expression recognition. A second plausible explanation involves dopaminergic replacement therapy (DRT). DRT could influence the perception of facial expressions in two ways: (1) in the late stages of the disease, it may have a beneficial effect (Péron et al., 2014). (2) DRT activates the default mode network, enhancing attentional resources to external cues and emotion perception consequently (Delaveau et al., 2010). In the current investigation, individuals with PD were in the late stages of the disease and were examined while on their regular DRT.

Our results are in accordance with previous findings showing decreased emotion perception abilities in SZ. Individuals with SZ frequently face difficulties in accurately identifying and understanding emotional cues, leading to compromised social functioning and interpersonal difficulties. Kohler et al. (2010) meta-analysis revealed consistent impairments in facial emotion recognition among individuals with SZ, indicating a specific vulnerability in processing facial expressions. Green et al. (2015) further associated emotion perception deficits with poorer functional outcomes in schizophrenia, underscoring the clinical relevance of these impairments.



4.2 Exploring contextualized emotion perception in PD and SZ: insights from facial and body cues integration

Emotion perception abilities were widely investigated in various neuropsychiatric conditions, including SZ and PD, while those usually based on emotion perception of facial expressions were void of context. Recent studies stress the critical role of emotional context—specifically, emotional body context—in perceiving emotion. Information derived from body expression is utilized to disambiguate facial expressions (Aviezer et al., 2008, 2012, 2017). In healthy aging, older adults who perceive incongruent cues are more affected by body vs. face cues than young adults (Abo Foul et al., 2018). In this sense, a response pattern prioritizing body context over faces may reflect an adaptive compensatory approach, potentially beneficial in real-life conditions when a face may be more ambiguous than its context (Abramson et al., 2017; Israelashvili et al., 2019).

It is noteworthy that only a limited number of studies have explored PD individual's capacity to integrate information from multiple cues, whether unimodal or multimodal. For example, Fearon et al. (2015) demonstrated multi-modal facilitation in PD patients using congruent audiovisual stimuli. In our study, participants perceiving composite stimuli were not instructed to base their responses on the face or body but were encouraged to form an overall impression of the expressive target, mirroring daily social interactions. Furthermore, our sample of individuals with PD exhibited proficient perception of both facial and bodily cues when presented independently. These findings raise intriguing questions about the nature and implications of contextualized emotional expression perception in PD and its intricate interplay with other aspects of the disorder.

In the context of receiving multiple emotional cues, individuals with SZ face challenges in multi-sensory integration, as highlighted by Lin et al. (2020) review, suggesting difficulties at different stages of emotional processing. Reflecting on our results, individuals with SZ in the current study were worse at recognizing body emotions and exhibited no consistent pattern in integrating incongruent facial and bodily cues. Furthermore, when they showed incongruent face-body composites, they displayed a disproportionate level of responses that did not fit the face or the body. This response pattern was absent in SZ, suggesting emotion perception deficits may contribute to their social interaction difficulties. Altogether, these findings suggest a breakdown in emotion perception capabilities, especially when the target is complex and potentially ambiguous.

The distinct emotional perception patterns in PD and SZ, despite shared motor symptoms and affective flattening, may hint that motor symptomology alone cannot explain the observed differences. In our study, emotional perception patterns concerning incongruent cues did not correlate with the severity of motor symptoms in the face or the body in either the PD or SZ groups. In line with recent work (Vannuscorps et al., 2020), the current results challenge the hypothesized link between mimicry and emotion perception (Ricciardi et al., 2015, 2017), with embodiment theories positing that recognizing emotional states in others necessitates the simulation of the motor production of the perceived emotional expression, known as sensorimotor simulation (Wood et al., 2016).

In a comprehensive review of the integration of cues from the whole person, Hu et al. (2020) suggest two centers of face-body integration, namely, (1) the dorsal social agent hub that integrates face and body and other temporally synchronous cues and (2) the ventral semantic visual hub, which assimilates contextually semantic information. Although this model does not explicitly address emotion processing in the whole person, our findings, derived from comparisons between neuropsychiatric groups, may present preliminary evidence for the separate processing of emotion perception based on integrated facial and body cues. Exploring the utilization of whole-person cues could prove to be a valuable focus for future research, offering a naturalistic approach that contributes both theoretical and clinical insights to the study of emotion perception.



4.3 Limitations and future directions

Several limitations should be noted in the current work. First, although it included combined facial and body expressions, which are closer to what one encounters in real-life interactions, the stimuli were posed, stereotypical, and static emotional expressions. Recent findings stress the importance of investigating emotional perception using dynamic stimuli, especially in older adults (Abo Foul et al., 2022). Future research utilizing more ecologically oriented stimuli is needed. Second, despite attempts to ensure the matching of age among the experimental groups and of motor UPDRS scores among the clinical groups, differences in cognitive performance were noted. While these differences could potentially influence emotional perception abilities, we believe they are unlikely to account for our primary findings, as correlations with the cognitive scores were found in all of the experiment groups. Future research with larger samples is needed to explore the effects of cognitive abilities and other potential moderators on face-body emotion perception, such as gender. Third, the study focused exclusively on a single aspect of social perception—the perception of emotional visual stimuli. Future studies should broaden their scope to include a wider range of social perception aspects (Castro and Isaacowitz, 2019; Schlegel et al., 2020). Fourth, healthy controls were assessed online, whereas the clinical groups were evaluated in person. Although it remains unclear how such differences might contribute to the specific pattern of results observed, it is plausible that differences in testing methods might yield overall broader discrepancies in results. Consequently, further research conducted under similar experimental conditions is warranted.

Finally, additional exploration is warranted to better understand the relationship between facial motor symptoms and emotion perception. The present investigation may lack sensitivity in revealing connections between facial masking and emotion perception abilities for two main reasons. First, the sample size may be insufficiently powered to detect subtle differences, and second, the UPDRS assessment of facial motor symptoms is somewhat rudimentary and subjective. Future research examining the link between motor symptomatology and emotion perception could benefit from incorporating additional measures, such as electromyography (EMG) and automated video analysis, to assess muscle activity in facial expressions while also employing a larger sample size. This more comprehensive approach would provide valuable insights into the intricate interplay between facial motor function and the perception of emotions.



4.4 Caveats and conclusion

The current study found that individuals with PD showed an increased tendency to categorize incongruent face-body combinations in line with the body emotion, whereas those with HC showed a tendency to classify them in line with the facial emotion. Importantly, individuals with SZ showed no consistent pattern alongside responses that did not correspond to the face or body. These results were not explained by the recognition of the isolated face or body cues, cognitive status, depression, or motor symptoms. As real-life expressions may include inconsistent cues in the body and face, these findings may have implications for the way individuals with PD and SZ interpret the emotions of others.
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