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Increasing affective distance - leftward prism adaptation amplifies alexithymia in healthy females
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Introduction: Emotional processing is linked with spatial attention, which prioritizes emotional stimuli over neutral ones. The interconnection between spatial and emotional processing may rely on the overlap between the networks underpinning such cognitive functions. Recent evidence has indeed identified a link between the rightward visuospatial bias exhibited by healthy individuals and the challenge in understanding emotional states, so-called alexithymia. However, while spatial attention has been manipulated by prism adaptation (PA), a well-known sensorimotor training, whether this is possible with emotional processing has never been investigated.

Methods: Ninety-five participants completed alexithymia questionnaires, Toronto Alexithymia Scale (TAS-20) and Perth Alexithymia Questionnaire (PAQ), before and after a single session of either leftward or rightward deviating PA.

Results: While both males and females showed the expected sensorimotor aftereffect solely leftward PA modulated alexithymia scores, and it did so only for women. The results indicate that leftward PA not only affects visuospatial performance, but also emotional processing, particularly in how individuals perceive and interpret emotional proximity and distance.

Discussion: Alexithymia may be, therefore, metaphorically linked to impaired perception of emotional closeness and remoteness. These findings suggest that PA may modulate emotional capacities in a sex-dependent manner, offering insights into its therapeutic potential while also highlighting the need for caution as prolonged PA-based interventions may affect emotional well-being.
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1 Introduction

The relationship between spatial attention and emotion processing has been a key area of research.

Emotional stimuli attract spatial attention (Compton, 2003; Yiend, 2010), however, while fearful cues enhance attentional spatial resolution, they also negatively affect the temporal one emphasizing the strong interaction between emotion and attention (Bocanegra and Zeelenberg, 2021). Interestingly, the right hemisphere is relatively dominant in both emotional and spatial attention processing. This includes its role in conscious and unconscious emotional processing, attentional biases toward emotional stimuli, and the interplay between emotional valence and spatial attention (Armaghani et al., 2014; Hartikainen, 2021; Schwartz et al., 1979).

The relative dominance of the right hemisphere in attention is believed to be responsible for the inherent leftward bias, generally exhibited by young healthy individuals, known as pseudoneglect (Brooks et al., 2014; Jewell and McCourt, 2000). Pseudoneglect is opposite in terms of direction to the well-known pathological rightward bias observed in neglect patients. Right hemisphere disfunction, following for example a stroke, can indeed cause neglect - the failure to direct attention to the contralesional, left side, of space (Vallar, 1993). Interestingly, neglect-like behavior can be modeled in intact brains by temporary and reversibly hypo-activating the right parietal cortex, a crucial node of the attentional network (Behrmann et al., 2004; Malhotra et al., 2009). This can be achieved with either inhibitory transcranial magnetic stimulation (TMS; Fierro et al., 2001; Salatino et al., 2014; Schintu et al., 2021) or prism adaption (PA; Crottaz-Herbette et al., 2014; Schintu et al., 2022; Schintu et al., 2023). PA is a sensorimotor training that, by shifting vision laterally, recalibrates the sensorimotor coordinates and affects cognition in both neglect patients and healthy individuals (Bultitude et al., 2013; Michel, 2016; Redding and Wallace, 2006; Stratton, 1896).

Right hemisphere dysfunction has been also linked to alteration of emotional processing, known as alexithymia (Aftanas and Varlamov, 2007). Alexithymia is characterized by difficulty in identifying and describing one’s own feelings and emotions (Taylor and Bagby, 2012). Whether alexithymia represents a stable personality trait or a transient state remains a topic of ongoing debate in the literature. Longitudinal and clinical studies support both perspectives. On the one hand, trait-level alexithymia has been described as relatively stable and potentially rooted in neurobiological or developmental factors (e.g., Porcelli et al., 1996; Salminen et al., 1994; Schmidt et al., 1993; Taylor et al., 1997). On the other hand, several studies have shown that alexithymia levels can fluctuate and may be influenced by affective state or psychopathology, such as depression, anxiety, or substance use disorders (Haviland et al., 1994; Honkalampi et al., 2001). This distinction between trait and state (Martínez-Sánchez et al., 2003) suggests that while alexithymia may exhibit moderate to high relative stability over time, it is not entirely immune to short-term modulations, particularly in specific contexts or populations. State-dependent changes have been observed in response to acute stressors or psychopathological episodes (Cruise and Becerra, 2018; Messina et al., 2014).

Namely, right hemisphere dysfunctions have been associated with heightened levels of alexithymia (Lumley and Sielky, 2000; Spalletta et al., 2001). Interestingly, disruption in right hemisphere emotional processing may even lead to challenges in emotional speech emphasizing that language functions alone are insufficient without the right hemisphere’s contribution to emotional integration (Tabibnia and Zaidel, 2005; Sifneos, 1988; Zeitlin et al., 1989). The network underpinning alexithymia and the one responsible for spatial attention, particularly in terms of hemispheric lateralization, do overlap. Similar to the anatomically defined brain lesion network implicated in visuospatial awareness (Doricchi and Tomaiuolo, 2003; Doricchi et al., 2008), alexithymia has been associated with decreased activation in the right inferior parietal cortex and the right prefrontal cortex, alongside increased activation in the left inferior parietal cortex when compared to non-alexithymic individuals (Kano et al., 2003; Sturm and Levenson, 2011). This overlap suggests that dysfunctions in the right hemisphere, which impair emotional processing, may concurrently affect visuospatial biases. This commonality is further supported by the link between alexithymia and a rightward visuospatial shift observed by our laboratory in a large group of healthy individuals (Vicario et al., 2021). Namely, we found that the higher was the alexithymia score, as quantified by the Toronto Alexithymia Scale (TAS-20), the greater was the rightward bias those participants exhibited, as measured by the line bisection task. This was an interesting finding that brought up an even more intriguing question – can we manipulate alexithymia level as we manipulate visuospatial biases? Indeed, while visuospatial attention has been successfully modified in healthy individuals (Colent et al., 2000; McIntosh et al., 2023; Michel et al., 2003; Bultitude and Woods, 2010; Fortis et al., 2011; Schintu et al., 2014, 2018) whether the same can be done to the ability of verbalizing emotions (i.e., alexithymia level) has never been investigated.

As modulatory technique we chose PA that, according to the deviation of the visual displacement, reduces the pathological rightward bias in neglect patients (right PA; Crottaz-Herbette et al., 2017; Gammeri et al., 2024; Newport and Schenk, 2012; Rossetti et al., 1998) and induces a rightward bias in healthy individuals (left PA; Colent et al., 2000; Crottaz-Herbette et al., 2017; McIntosh et al., 2019; Schintu et al., 2014, 2017) by modulating the interhemispheric balance (Pisella et al., 2006). Another reason that guided our choice of PA as interventional tool is its wide-ranging aftereffects, which extend beyond spatial cognition. It has been indeed shown to effectively modulate performance in different cognitive domains, such as learning (Schintu et al., 2018) and memory (Turriziani et al., 2024) as well as language-related processes, namely phonemic fluency (Turriziani et al., 2021). Remarkably, it has been even found to influence obsessive behavior, thus extending its effect to the psychiatric domain (Magnani et al., 2022). The present study investigated whether PA-induced modulation could extend to emotional and affective processing, and thus whether it could be a possible tool to temporary influence emotional self-awareness mechanisms. Since healthy individuals generally exhibit a small but significant rightward bias in spatial judgments after adaptation to left PA (for example Colent et al., 2000; McIntosh et al., 2023; Michel et al., 2003; Schintu et al., 2014, 2017) we hypothesized left PA to increase alexithymia levels in healthy individuals. This prediction aligns with prior evidence indicating a positive relationship between rightward bias and alexithymia scores (Vicario et al., 2021). On the other hand, we anticipated that right PA, commonly used as a “control” for left PA in experimental paradigms (see Schintu et al., 2017), would have no effect or eventually reduce alexithymia levels. Finally, it is well known that men and women differ in their emotional communication skills (Buck et al., 1974) along with reported sex-based differences in hemispheric lateralization (Hall and Matsumoto, 2004; Kesler-West et al., 2001; Killgore and Yurgelun-Todd, 2001; Williams et al., 2005). While some research highlights a right-lateralized amygdala activation in males and a more bilateral or left-dominant pattern in females (Cahill et al., 2001; Schneider et al., 2011), meta-analyses have yielded inconsistent results, suggesting that emotional lateralization may vary by brain region and stimulus valence (Fusar-Poli et al., 2009; Wager et al., 2003). Electrophysiological studies also indicate greater right-hemisphere dominance in men and more bilateral or left-lateralized activation in women during emotional tasks (Arnone et al., 2011; Gasbarri et al., 2007; Proverbio et al., 2006). In light of these findings, we investigated the potential modulatory effect of PA separately in female and male participants.

In summary, we hypothesized that left-deviating PA would increase alexithymia levels in healthy individuals, whereas right-deviating PA would have no effect or, if anything, reduce alexithymia levels. Furthermore, given evidence of sex-related differences in emotional communication skills and hemispheric lateralization, we explored whether PA-induced changes might differ between males and females. Since PA acts on interhemispheric balance and males and females differ in the cerebral lateralization (Hall and Matsumoto, 2004; Kesler-West et al., 2001; Killgore and Yurgelun-Todd, 2001; Williams et al., 2005), we expected PA to differentially modulate emotional processing as a function of sex.

Understanding the interaction between visuospatial processing and emotional regulation mediated by hemispheric lateralization and sensorimotor recalibration through PA, would be useful to guide interventions for psychological distress.



2 Materials and methods


2.1 Participants

A total of 95 right-handed participants (50 females), between 18 and 35 years of age (mean age 23.2 ± standard deviation (SD) 3,97 years), with normal or corrected-to-normal vision participated in the study. All participants self-reported no history of neurological or psychiatric disorders and no use of medications affecting the central nervous system. Participants were randomly assigned to the two PA conditions (leftward and rightward) to avoid potential order bias. The groups were not matched a priori for baseline alexithymia scores (right-deviating PA: N = 49, 25 females, mean age: 23.42 ± SD 3.74 years; left-deviating PA: N = 46, 25 females, mean age: 22.95 ± SD 4.24 years). Participants were recruited through the University of Messina, primarily via university-wide announcements and departmental e-mailing lists. Participation was voluntary, and no financial compensation was provided. Written informed consent was obtained from all participants prior to participation and no financial compensation was provided. The study was approved by the local ethics committee of the Department of Cognitive, Psychological, Educational, and Cultural Studies, University of Messina, Italy (protocol n. COSPECS_4_2022) on 22 April 2022 and was conducted in accordance with the principles outlined in the Declaration of Helsinki.



2.2 Procedure

Following the informed consent procedure, participants completed the Edinburgh Handedness Inventory to quantify handedness (Oldfield, 1971). Before and after the single session of either right-deviating or left-deviating PA, they completed the Toronto Alexithymia Scale (TAS-20) and Perth Alexithymia Questionnaire (PAQ) (Figure 1). The order of administration of the two questionnaire was counterbalanced to prevent any potential learning effects due to close temporal proximity in which those were completed. Additionally, participants performed the open-loop pointing task (Figure 1) as part of the experimental protocol. For both the open-loop pointing and PA procedures, participants were comfortably seated in front of a horizontal board with their heads supported by a chinrest. Three circular targets (8 mm in diameter) were positioned on the board at 0° (center), −10° (left), and +10° (right) relative to the body midline, at approximately 57 cm from the participants’ nasion. Participants rested their left hand on the left thigh and pointed with their right index finger. The starting position for the right index finger was a 1.5 cm diameter Velcro® pad located near the participant’s chest at the midline.
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FIGURE 1
Experimental design. Upper panel illustrates the sequence of tasks. Alexithymia assessment (TAS-20 or PAQ) and open loop pointing were administered before and after adaptation to rightward or leftward prism adaptation. To eliminate any visual feedback, participants were unable to see their hands in the starting position or during the initial third of the pointing movement. Lower panel illustrates the three stages of left and right prism adaptation (PA). Before PA, the participants’ pointing performance aligns with the target. During PA, participants wear wedge prism glasses that deviate vision rightward (Left PA) or leftward (Right PA), and when asked to point to the target they show an error in the same direction of the PA deviation. Such error will be compensated as the pointing goes and participants will be able toward the end of training to point accurately to the target; they will be adapted to PA. Post PA, wedge glasses are removed and when participants are asked to point to the target they will show the sensorimotor after-effect, which is a pointing error in the direction opposite to the PA one (Schintu et al., 2020).




2.3 Prism adaptation

The PA procedure followed protocols similar to those used in previous studies (e.g., Schintu et al., 2014, 2018). Participants wore prism goggles (25 diopters) that shifted the visual field either leftward (left PA) or rightward (right PA). They performed 150 pointing movements to the right (+10°) and left (−10°) targets in a pseudorandom order, as verbally cued. Participants were instructed to extend their index finger in a single, continuous movement at a fast but comfortable speed. To ensure proper adaptation, participants were unable to see their hands in the starting position or during the initial third of the pointing movement (Figure 1).



2.4 Open-loop pointing

The open-loop pointing task assessed the sensorimotor shift induced by PA. Participants performed six pointing movements toward a central target (0°) without visual feedback and were instructed to maintain a consistent speed throughout the movement. Prior to each trial, participants were directed to visually fixate on the central target, subsequentially close their eyes, point toward the target while their eyes remained closed, and then return their finger to the starting position. To eliminate any visual feedback regarding the landing position of the finger, a cardboard baffle obscured the participant’s arm after they had looked at the target and closed their eyes. The baffle was removed only after the finger was returned to the starting pad, allowing the target to be visible for the subsequent movement (Schintu et al., 2018). The experimenter recorded the landing position of the participant’s finger with a measurement accuracy of 0.5 cm.



2.5 Alexithymia assessment

To assess both stable and context-sensitive components of alexithymia, we administered two complementary questionnaires, each grounded in distinct theoretical frameworks. The TAS-20 is based on the original conceptualization of alexithymia as a stable personality trait, characterized by difficulties in identifying and describing feelings and a tendency toward externally oriented thinking (Bagby et al., 1994; Taylor et al., 1997). In contrast, the PAQ is rooted in the Attention-Appraisal Model (Preece et al., 2017), which reconceptualizes alexithymia as a multidimensional construct involving deficits in emotional attention and appraisal. The PAQ was developed to address limitations of earlier measures by distinguishing between difficulties related to positive and negative affect, as well as between emotional awareness and expression (Preece et al., 2018). This dual-assessment strategy enabled us to capture both the trait-like and potentially state-sensitive aspects of alexithymia, thereby offering a broader and more nuanced perspective on potential modulation effects induced by PA.


2.5.1 The 20-item Toronto Alexithymia Scale (TAS-20)

The TAS-20 is a widely recognized instrument for assessing alexithymia and includes three scales: difficulty identifying feelings (DIF; seven items, e.g., “I am often confused about what emotion I am feeling”), difficulty describing feelings (DDF; five items, e.g., “It is difficult for me to find the right words for my feelings”), and externally oriented thinking (EOT; eight items, e.g., “I prefer to just let things happen rather than to understand why they turned out that way”). The responses were measured using a five-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree). According to Bagby et al. (1994) and Taylor et al. (1997), the TAS-20 utilizes three cut-off scores for the classification of individuals: alexithymic subjects (≥61), borderline (score range between 51–60), and non-alexithymic subjects (≤50). In this study, the Italian version of the TAS-20 was used, which was validated by Bressi et al. (1996), Cronbach’s alpha: 0.75)



2.5.2 Perth alexithymia questionnaire (PAQ)

The PAQ (Preece et al., 2018) is a 24-item self-report measure. Five subscales can be derived from the PAQ which capture the facets of alexithymia across positive and negative emotions: difficulty identifying negative feelings (N-DIF; e.g., “When I feel bad, I can’t tell if I’m sad, angry, or scared”), difficulty identifying positive feelings (P-DIF; e.g., “When I’m feeling good, I can’t tell if I’m happy, excited, or enjoying myself”), difficulty describing negative feelings (N-DDF; e.g., “When I feel bad, I can’t find the right words to describe those feelings”), difficulty describing positive feelings (P-DDF; e.g., “When I feel good, I may not find the right words to describe those feelings”) and oriented thinking outward (G-EOT; e.g., “I tend to ignore how I feel”). These five subscales can be summed to derive several composite scores, including the overall alexithymia total score. Subjects answer each item on a 7-point Likert scale, ranging from 1 (strongly disagree) to 7 (strongly agree), with higher scores indicating greater levels of alexithymia.




2.6 Statistical analysis

To ensure comparability of scores from the two alexithymia scales, data from each scale were normalized to their respective maximum score (i.e., TAS-20: 100; and PAQ: 168) and subsequently multiplied by 100. Statistical analyses were conducted using JASP (version 0.19.3) with a significance level set at α = 0.05. All results are presented as means accompanied by the within-subjects standard error of the mean (SEM). Effect sizes are reported for any significant effects identified.

For the Alexithymia scores, we used non-parametric tests since the data were not normally distributed as assessed by the Shapiro-Wilk test (p < 0.05). Baseline differences in alexithymia between males and females were tested with Mann–Whitney U tests. To assess the effects of PA on alexithymia, we compared post–pre change scores between left and right PA groups separately for each sex, also using Mann–Whitney U tests. Additional Mann–Whitney U tests were conducted to exclude potential order-of-administration effects of the two questionnaires.

To examine construct consistency, convergent validity between TAS-20 and PAQ subscales was tested with Spearman’s rank correlations. Correlations between alexithymia levels and sensorimotor aftereffects, as well as between alexithymia and handedness, were also assessed using Spearman’s (or Pearson’s, where normality was met) correlations.

For the open-loop pointing task, sensorimotor shifts were analyzed with independent-samples t-tests comparing left versus right PA groups separately for males and females. Finally, to verify that participants adapted to comparable levels, independent-samples t-tests were used to compare the absolute magnitude of the sensorimotor aftereffect between left and right PA, again reported separately for each sex.




3 Results


3.1 Alexithymia questionnaires

To quantify changes in alexithymia levels, mean scores for the PAQ and TAS-20 were calculated across pre- and post-assessment phases, with respect to the PA condition (left or right) and participant sex (Table 1). For each group, the alexithymia score before PA was subtracted from the post-PA score to obtain an alexithymia level. Negative values indicated a relative decrease from the baseline, and positive values indicated a relative increase.


TABLE 1 Meanscores for PAQ and TAS-20 by PA condition, order, and sex.


	PA condition
	Order
	Sex
	Pre (baseline)
	Post (after PA)





	Left PA
	PAQ → TAS-20
	Overall
	67.66 (PAQ pre)
	44.66 (TAS-20 post)



	Female
	55.78 (PAQ pre)
	40.0 (TAS-20 post)



	Male
	84.3 (PAQ pre)
	51.2 (TAS-20 post)



	Right PA
	PAQ → TAS-20
	Overall
	67.41 (PAQ pre)
	43.87 (TAS-20 post)



	Female
	75.33 (PAQ pre)
	48.16 (TAS-20 post)



	Male
	59.5 (PAQ pre)
	39.58 (TAS-20 post)



	Left PA
	TAS-20 → PAQ
	Overall
	46.05 (TAS-20 pre)
	74.5 (PAQ post)



	Female
	50.45 (TAS-20 pre)
	91.55 (PAQ post)



	Male
	41.63 (TAS-20 pre)
	57.45 (PAQ post)



	Right PA
	TAS-20 → PAQ
	Overall
	43.24 (TAS-20 pre)
	66.44 (PAQ post)



	Female
	42.84 (TAS-20 pre)
	64.92 (PAQ post)



	Male
	43.66 (TAS-20 pre)
	68.08 (PAQ post)






We compared the alexithymia level between the left and right PA groups to investigate the effect of PA-induced alexithymia modulation. Given prior evidence that PA acts on interhemispheric balance and that males and females differ in hemispheric lateralization and emotional processing, we hypothesized that PA effects might differ based on sex. For this reason, we stratified the analyses by sex, independently of baseline difference. To confirm this assumption, we first tested whether baseline alexithymia levels differed between males and females. A Mann–Whitney U test revealed no significant sex difference at baseline (U = 1160.000, p = 0.797, r = 0.031), indicating that any observed modulation following PA cannot be attributed to pre-existing differences between groups.

For females, the Mann-Whitney U test revealed that the alexithymia level increased in the left PA group (5.58 ± 2.48) compared to the right PA group (−0.59 ± 2.07; z = U = 198.500, p = 0.028, r = −0.365, Figure 2). No difference was found for males between the left PA (−3.41 ± 1.89) and the right PA group (0.85 ± 1.91; U = 325.500, p = 0.097, r = 0.292).
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FIGURE 2
Alexithymia Index. The alexithymia index (Y-axis) was calculated for each group by subtracting the pre-PA score from the post-PA score. Negative values indicate a decrease, while positive values indicate an increase relative to baseline. Females Left PA (N = 25), Females Right PA (N = 25), Males Left PA (N = 21), Males Right PA (N = 24). PA, prism adaptation. Bars represent the Standard Error of the Mean (SEM). *p < 0.05.


As expected, solely left PA modulated cognition, and it did so by increasing the alexithymia level in females while no changes were produced in males.

To further control for a possible order-of-administration effect of the two alexithymia questionnaires, we conducted a Mann–Whitney U test, which revealed no significant difference (U = 101.000, p = 0.202, r = 0.312). This indicates that the modulation of the alexithymia level after left PA was not driven by one questionnaire being more sensitive than the other in detecting changes.

To address potential concerns regarding construct consistency, we conducted a convergent validity analysis between corresponding subscales of the TAS-20 and the PAQ. The convergent analysis (or convergent validity) is a method used in psychometrics and behavioral science to test whether two different measures that are theoretically supposed to measure the same construct are related in practice (Cheung et al., 2024). The results demonstrate strong and statistically significant correlations:

Right PA:


	•TAS-DIF and PAQ-DIF (combined positive and negative): r = 0.7701, p < 0.0001

	•TAS-DDF and PAQ-DDF (combined positive and negative): r = 0.7568, p < 0.0001

	•TAS-EOT and PAQ-G-EOT: r = 0.7091, p < 0.0001




Left PA:


	•TAS-DIF and PAQ-DIF (combined positive and negative): r = 0.6590; p < 0.001

	•TAS-DDF and PAQ-DDF (combined positive and negative): r = 0.7029; p < 0.001

	•TAS-EOT and PAQ-G-EOT: r = 0.5294; p < 0.001




These significant correlations provide evidence for the convergent validity of the two instruments and justify their combined use as a unified alexithymia level. While the PAQ offers a more nuanced structure, the strong alignment with the TAS-20 indicates that they measure a common underlying construct. Thus, the integration of these tools strengthens, rather than compromises, the validity of our pre/post comparison.



3.2 Open loop pointing task

The sensorimotor score before PA was subtracted from the post-PA score to obtain a sensorimotor index. Negative values indicated a relative leftward shift, and positive values indicated a relative rightward shift.

We compared the sensorimotor index between left and right PA groups to test the PA-induced sensorimotor shift. For females, the independent two-tailed t-test revealed that pointing performance differed between the left and right PA group [t(48) = –21.171 p < 0.001, d = 6.11; Figure 3], with the sensorimotor shift being rightward (5.32 ± 0.35 cm) after left PA and leftward (−3.83 ± 0.26 cm) after right PA. Similarly, for the male group, the pointing performance differed between the left and right PA group [t(43) = –17.461, p < 0.001, d = 5.33], with the sensorimotor shift being rightward (5.71 ± 0.46 cm) after left PA and leftward (−3.74 ± 0.31 cm) after right PA.


[image: Bar graph showing Sensorimotor Index (cm) comparing Left PA and Right PA for females and males. Females and males both display higher indices for Left PA. An asterisk indicates a significant difference between Left and Right PA for both groups.]
FIGURE 3
Sensorimotor Index. The sensorimotor index (Y-axis) was calculated by subtracting the pre-PA score from the post-PA score. Negative values indicate a leftward shift, while positive values indicate a rightward shift. Females Left PA (N = 25), Females Right PA (N = 25), Males Left PA (N = 21), Males Right PA (N = 24). PA, prism adaptation. Bars represent the Standard Error of the Mean (SEM). *p < 0.05


No sex differences were observed in the amount of sensorimotor adaptation, either after Left PA [t(44) = –0.684, p = 0.497, d = –0.023] or Right PA [t(47) = –0.224, p = 0.823, d = –0.064].

As expected, these results revealed that both males and females significantly adapted to both left and right PA, which induced the well-known leftward and rightward sensorimotor after-effects.

To check whether participants were adapted to comparable levels, we computed a t-test comparing the absolute value of the sensorimotor after effect between left and right PA, which resulted significant for both females [t(48) = –3.438, p = 0.001, d = –0.973] and males te [t(43) = –3.628, p < 0.001, d = –1.084] indicating that the sensorimotor aftereffect following left PA was larger than the one induced by right PA.

Finally, the Pearson correlation between the sensorimotor shift and the alexithymia level of the female group for whom left PA modulated it revealed no significant effect (r = −0.263, p = 0.204), meaning that the increase in alexithymia was not related to the amount of adaptation. For the same group, the Pearson correlation between the alexithymia level and handedness score revealed no significant correlation (r = 0.117, p = 0.576), meaning there was no significant relationship between the strength of handedness lateralization and alexithymia modulation.




4 Discussion

The present study investigated the impact of PA, a classical sensorimotor training that modulates spatial cognition, on alexithymia level. Building on previous research showing a tight correlation between alexithymia level and visuospatial bias (Vicario et al., 2021), as well as the effects of left PA on individuals with intact brain functions (Bultitude and Woods, 2010; Reed and Dassonville, 2014; Schintu et al., 2014) we hypothesized that left PA would increase alexithymia level, while no modulation was expected after right PA. Additionally, given the well-known difference in emotional processing and lateralization pattern between sexes, we explored the effect of PA separately for men and women. The results indicate that left PA increased alexithymia level among females, while no change was observed following right PA or among male participants.

A possible account for the effect of PA on emotional processing lies in the functional hemispheric asymmetry observed in spatial cognition and emotional processing along with the critical involvement of the parietal cortex in both functions as well as PA mechanism of action (Beraha et al., 2012; Crottaz-Herbette et al., 2014; Luauté et al., 2009; Shomstein, 2012). An original and influential model posits that PA shifts visuospatial attention by modulating the interhemispheric balance; namely by hypo-activating the parietal cortex ipsilateral to the PA deviation and hyper-activating the contralateral one (Boukrina and Chen, 2021; Pisella et al., 2006; Striemer and Danckert, 2010). Recent fMRI evidence from our group, in agreement with previous imaging findings in neglect patients (Saj et al., 2013), have instead shown no differential effect of PA across hemispheres in intact brains, but rather a bilateral decrease in connectivity following left PA (Schintu et al., 2020, 2022). Grounding on these recent findings and given that left PA induces a rightward visuospatial bias in healthy (Michel et al., 2003; Schintu et al., 2014, 2017) and, as shown here, also increases alexithymia, we reconduct such effect to the right hemisphere dominant role in spatial and emotional processing. Individuals with alexithymia as compared to non-alexithymia ones have indeed shown hypoactivation of the right parietal cortex, that correlated with alexithymia levels (Kano et al., 2003). Since the network associated with alexithymia overlaps with the visuospatial processing one, it is therefore plausible for left PA to exacerbate alexithymia levels by modulating the right hemisphere, which is dominant in emotional and spatial processing.

The absence of an effect following right PA may be attributed to the fact that significant behavioral modulation, such as alterations of visuospatial cognition, are rarely induced by right PA in healthy participants, to the extent that right PA has been often regarded as the gold-standard control condition for left PA. Numerous studies have indeed found that while left PA consistently induces significant visuospatial modulation, right PA frequently does not yield any noteworthy behavioral changes (Bultitude et al., 2013; Colent et al., 2000; Kano et al., 2003; Loftus et al., 2009; Michel et al., 2003; Reed and Dassonville, 2014; Schintu et al., 2014). The opposite, however, appears to hold true for pathological brains: only right PA ameliorates neglect behavior, while left PA leaves symptoms unchanged (Luauté et al., 2012). While this is the first evidence that PA can modulate emotional processing, it is possible, based on spatial-domain findings, that right PA could reduce alexithymia in individuals with pathologically high levels of the state/trait. This hypothesis however remains to be tested. Importantly, the present findings are not interpreted as evidence of a lasting transformation in personality traits. Instead, they are considered within a short-term modulation framework, consistent with the transient nature of PA effects. Previous studies (e.g., Schintu et al., 2014) have shown that PA can induce measurable changes in visuospatial attention that persist for approximately 40 min. Given the similarity in experimental design and timing, it is plausible that the observed changes in alexithymia reflect a comparable, state-like modulation rather than a stable trait alteration. Similarly, Fernández-Ruiz et al. (2004) identified a dual-phase decay pattern, with a rapid initial reduction in aftereffect magnitude within the first minute, followed by a more stable phase lasting up to 20 min. While longer-lasting effects have been observed, such as those persisting up to 7 days following extended adaptation sessions (Hatada et al., 2006), these typically require prolonged or repeated exposure. Thus, the present results align with the temporal window commonly reported for short-term PA-induced.

The observed sex differences likely stem from inherent variations in how cognitive and emotional networks interact, with women possibly exhibiting heightened sensitivity to the downstream effects of hemispheric modulation induced by PA. This sensitivity could be related to increased activation in emotional processing regions, such as the limbic system, as shown in brain imaging studies (e.g., Gur et al., 2002; Schintu et al., 2014). Additionally, emotional coping strategies differ between the sexes; women are generally more inclined to reflect upon and express their emotions, whereas men often tend to suppress or minimize emotional expression (Nolen-Hoeksema, 2012). This difference may make women more attuned to emotional shifts or challenges induced by interventions such as PA, whereas men’s tendency to suppress emotions might reduce their sensitivity to these changes. These variations in emotional responsiveness could explain the observed sex differences in alexithymia levels, with women showing greater sensitivity to changes in emotional processing. Importantly, no baseline differences in alexithymia were found between males and females, and no order-of-administration effect was detected between the two questionnaires. Furthermore, to our knowledge, no previous studies have reported differences in the sensitivity of the TAS-20 or PAQ across sexes. These controls suggest that the observed female-specific modulation is unlikely to be driven by baseline variability or measurement sensitivity.

Further support for the observed differences to be linked to higher-level emotional processing rather than low-level sensorimotor changes is given by the finding that both males and females successfully adapted to both left and right PA, with the two correlations found to be non-significant. This is not surprising given that the sensorimotor and cognitive aftereffects induced by PA rely on two functionally distinct subnetworks (Panico et al., 2022; Schintu et al., 2022). This indicates that the PA-induced changes may interact with emotional network differently across sexes. Finally, emotional distance and sensitivity to emotional cues are more readily modulated in females (Gur et al., 2002; Kring and Gordon, 1998), perhaps explaining why they show changes in alexithymia scores post-PA (Ooi et al., 2001).

Interestingly, the comparison of the absolute value of the sensorimotor aftereffect between left and right PA revealed a larger aftereffect following left PA in both males and females. We however believe that this asymmetry, although not consistently reported in previous studies (e.g., Schintu et al., 2017), does not affect the interpretation of our primary findings since sensorimotor and cognitive aftereffects rely on distinct mechanisms and typically do not correlate (Panico et al., 2020; Schintu et al., 2022). Moreover, participants of both sexes successfully adapted to both PA directions, and the modulation of alexithymia emerged only in females despite comparable sensorimotor adaptation across sexes. This suggests that the observed effects reflect higher-order emotional processes rather than low-level sensorimotor recalibration.

The neural reuse theory (Anderson, 2016), which posits neural circuits originally developed for specific functions can be repurposed for new tasks, may be a valuable framework for interpreting our findings. PA, traditionally used to recalibrate spatial attention, may also influence emotional processing through the mechanism of neural plasticity. In this context, PA might “repurpose” neural mechanisms associated with spatial perception to influence emotional regulation, particularly in individuals with alexithymia. This perspective offers insight into how interventions designed to manipulate spatial attention may yield downstream effects on emotional capacities, such as those related to alexithymia.

Furthermore, our results show that the modulation induced by PA has implications not only for spatial tasks, such as perceiving the length of lines (Cai et al., 2020) which relate to physical distance, but also for tasks involving affective processing. This suggests an interplay between the perception of physical and affective distances, how showcased in recent literature (Chen and Li, 2018) indicating that perception of spatial environment can reflect and influence emotional states and vice versa. Such interplay indicates that spatial cognition is not merely a navigational tool but also a framework through which we interpret emotional world. The perception of physical space around us is intricately linked with our emotional states. For example, a location that evokes feeling of emotional closeness may be perceived as physically nearer, than it actually is (Bar-Anan et al., 2007; Liberman et al., 2002). Conversely, entities or experiences associated with emotional distance may be perceived as physically more remote. This relationship demonstrates how spatial perception can influence feelings of proximity or separation. Psychological distance, defined as the extent of emotional connection experienced in interpersonal interactions (Wu and Bai, 2020), plays a crucial role in this context. In this regard, alexithymia can be metaphorically likened to a distorted perception of emotional proximity and distance. Just as PA affects spatial attention and perception of physical length, it may similarly impact how individuals interpret emotional proximity and distance. This analogy between the physical perception of space and the perception of affective distance in the context of alexithymia offers an intriguing perspective on how attentional processes might influence both our physical and emotional perceptions.

To summarize, our findings show that left PA increases alexithymia level solely in female participants, whereas right PA did not yield significant effects in either male or female participants. These findings not only suggest that PA, traditionally employed for spatial attention rehabilitation, may have broader applications such as influencing emotional capacities, but also underscore the importance of considering sex differences when designing PA-based interventions. Furthermore, given that alexithymia is associated with negative outcomes such as personal distress, somatic disorders, and anhedonia (Dubey and Pandey, 2003; Koppelberg et al., 2023), these results warn clinicians to consider these associations when developing repeated PA-based rehabilitation sessions. The potential side effects of prolonged PA use, particularly concerning emotional well-being, necessitate thorough psychological evaluation to mitigate any adverse impact.

Although an increase in alexithymia scores was observed in healthy females following left PA, and the effects of right PA on pathological brains have yet to be tested, we nonetheless urge caution, particularly in neglect rehabilitation, where patients often undergo repeated PA sessions. While the cognitive benefits of right PA are well established, its potential emotional side effects remain unknown. Overall, our findings highlight the importance of psychological monitoring during PA-based rehabilitation to mitigate any unintended effects on emotional processing.

Despite the relevance of these findings, some limitations of the current study should be acknowledged. First, the use of a composite alexithymia level derived from two questionnaires based on different theoretical models, the TAS-20 and the PAQ, may have limited the specificity of the results. While the dual-instrument approach was intended to provide a broader assessment of alexithymia, it may have obscured valence-specific or construct-specific differences. Future studies should consider measures aligned with a single theoretical framework. Second, the sample consisted exclusively of right-handed university students aged between 18 and 35 years. This sample may limit the generalizability of our findings to other age groups or clinical populations. Future research should include more diverse participants in terms of age, handedness, and educational background to assess the broader applicability of PA-induced emotional modulation. Finally, the absence of an emotional control task restricts the construct specificity of our findings, as it remains unclear whether the observed modulation reflects a selective effect on alexithymia or a broader influence on emotional processing. Future studies should incorporate additional emotional control measures to better disentangle PA-specific effects on alexithymia from more general effects on affective functions.

In conclusion, the present study highlights the potential for PA to modulate emotional processing, specifically alexithymia, in a sex-dependent manner. Overall, this study paves the way for a deeper understanding of how interventions targeting spatial attention may contribute to emotional regulation, providing promising insights into the novel therapeutic applications of PA.
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